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RESUMO 

 

Introdução: O câncer é um dos principais problemas de saúde pública e a segunda 

causa de morte global, sendo o câncer endometrial (CE) o sexto mais comum. Para 

combater a doença, a cirurgia para a retirada do útero, ovário e tubas uterinas ainda 

é o procedimento mais indicado. Dependendo da agressividade da doença, 

tratamentos como quimioterapia e radioterapia são administrados adjuntamente. Há 

estudos que sugerem que os canais iônicos também podem ter contribuição no 

processo de carcinogênese, uma vez que suas funções de transporte iônico estão 

envolvidas em uma série de processos celulares fisiológicos, os quais podem estar 

alterados na iniciação e na progressão do câncer. Objetivos: elaborar uma revisão 

narrativa compilando os trabalhos que descrevem o envolvimento dos canais iônicos 

no câncer endometrial. Métodos: Foram buscados todos os trabalhos na literatura 

científica, na base de dados PubMed, com os descritores “proteínas de transporte de 

membrana”, “canais iônicos” e “neoplasia endometrial”, com o uso de operadores 

booleanos. Foram selecionados os artigos de pesquisa original que descreviam 

algum método de estudo dos canais iônicos no CE, além de artigos adicionais 

usados na construção da narrativa do texto, que descreviam características do 

câncer uterino e dos canais iônicos. Resultados e Conclusões: foram utilizados 

127 artigos científicos para elaboração da revisão narrativa, evidenciando o papel 

das principais famílias de canais iônicos nos mais diversos processos celulares 

envolvidos no estabelecimento e progressão tumoral. Embora o câncer não seja 

catalogado como uma canalopatia, os canais e as bombas iônicas têm papel de 

destaque na progressão do câncer, na autossuficiência em sinais de crescimento, 

proliferação, evasão da morte programada, angiogênese, diferenciação celular, 
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migração, adesão e metástase. As funções dos canais iônicos e transportadores 

como potenciais alvos terapêuticos estão entre as abordagens mais inovadoras para 

o tratamento anticâncer, apesar de não existirem ainda estudos avaliando os canais 

iônicos possíveis alvos de tratamento oncológico para o câncer endometrial. 

 

Palavras-chave: Câncer endometrial. Canais iônicos. Canalopatia. 
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ABSTRACT 

 

Introduction: Cancer is a significant public health problem and the second leading 

cause of global death, with endometrial cancer (C) being the sixth most common. To 

combat the disease, surgery to remove the uterus, ovary, and tubes is still the most 

indicated procedure. Depending on the aggressiveness of the disease, treatments 

such as chemotherapy and radiotherapy are administered adjunctly. There are 

studies that suggest that ion channels may also have a contribution to the 

carcinogenesis process since their ion transport functions are involved in a series of 

physiological cellular processes, which may be altered in the initiation and 

progression of cancer. Objectives: to develop a narrative review compiling the works 

describing ion channels' involvement in endometrial cancer. Methods: We searched 

for all studies in the scientific literature, in the PubMed database, with the descriptors 

“membrane transport proteins”, “ionic channels” and “endometrial neoplasm”, using 

Boolean operators. Original research articles that described some method of studying 

ion channels in the EC were selected, as well as additional articles used in 

constructing the text narrative, which described characteristics of uterine cancer and 

ion channels. Results and Conclusions: 127 scientific articles were used to prepare 

the narrative review, highlighting the role of the main families of ion channels in the 

most diverse cellular processes involved in the establishment and progression of 

tumors. Although cancer is not classified as a channelopathy, channels and ion 

pumps play an important role in cancer progression, in self-sufficiency in growth 

signals, proliferation, evasion of programmed death, angiogenesis, cell differentiation, 

migration, adhesion, and metastasis. The functions of ion channels and transporters 

as potential therapeutic targets are among the most innovative approaches for 
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anticancer treatment, although there are still no studies evaluating possible ion 

channels oncological treatment targets for endometrial cancer. 

 

Keywords: Endometrial cancer. Ion channels. Channelopathy. 
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LISTA DE ABREVIATURAS 

 

(H+/K+-ATPase): Hidrogênio-Potássio Adenosina trifosfatase (H+-ATPase): 

Hidrogênio Adenosina trifosfatase 

(Na+/K-- ATPase): Sódio-Potássio Adenosina trifosfatase 

AEH: hiperplasia com lesões de atipia (do inglês, atypical endometrial 

hyperplasia) 

AQP: Aquaporina 

ASICs: Canais iônicos sensíveis a ácido (do inglês, acid-sensitive ion channels) ATP: 

Trifosfato de adenosina 

ATPase: Adenosina trifosfatase Ca2+: Cálcio 

CACNA2D3: Subunidade auxiliar de canal fechado por tensão de cálcio alpha 2 delta 

3 (do inglês, 

CE: Câncer endometrial 

CEE: Carcinoma endometrioide endometrial 

CFTR: Regulador de condutância transmembrana da fibrose cística (do inglês, 

Cystic fibrosis transmembrane conductance regulator) CIC: Canais de cloreto (do 

inglês, chloride channels) Cl-: Cloreto 

CLICs: Canais iônicos intracelulares de cloreto (do inglês, chloride intracelular ion 

channels) 

EH: Hiperplasia endometrial (do inglês, endometrial hyperplasia) 

ENaC: Canais de sódio epiteliais (do inglês, epithelial sodium channels) ER: 
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Receptores de estrogênio (do inglês, estrogen receptors) 

FIGO: Federação Internacional de Ginecologia e Obstetrícia 

FSH: Hormônio folículo-estimulante (do inglês, follicle-stimulating hormone) ICT: 

Canais e transportadores de íons (do inglês, ion channels and transporters) IGF1: 

Fator de crescimento semelhante à insulina 1 (do inglês, insulin-like growth fator 1) 

IGF-IR: Receptor de IGF-I K+: Potássio 

K2P: Canais de potássio de domínio de dois poros (do inglês, two-pore domain 

potassium channels) 

KCa: Canais de potássio ativados por cálcio Kir: Canais de potássio retificadores 

internos 

LH: Hormônio luteinizante (do inglês, luteinizing hormone) Na+: Sódio 

NCEE: carcinoma endometrial não-endometrioide 

PR: Receptor de progesterona (do inglês, progesterone receptor) 

ROCCs: Canais de cálcio operados por receptor (do inglês, receptor-operated 

calcium channels) 

SAICs: Canais iônicos ativados por estiramento (do inglês, stretch-activated 

calcium channel) 

SHBG: Globulina ligadora de hormônios sexuais (do inglês, sex hormones 

binding globulin) 

SOCCs: Canais de cálcio operados por armazenamento (do inglês, store- 

operated calcium channels) 

TRP: Potencial receptor transitório (do inglês, transient receptor potential) VDAC: 

Canal aniônico dependente de voltagem (do inglês, voltage-dependent anion 
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channel) 

VGCCs: Canais de cálcio controlados por voltagem (do inglês, voltage-gated 

calcium channels) 

VGKC: Canais de potássio dependentes de voltagem (do inglês, voltage-gated 

potassium channel) 

VGSC: Canais de sódio dependentes de voltagem (do inglês, voltage-gated 

sodium channel) 
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1 REFERENCIAL TEÓRICO 

 

1.1 CÂNCER ENDOMETRIAL 

 

O câncer apresenta-se como um dos principais problemas de saúde pública e 

a segunda causa de mortalidade global (1). Estima-se que em 2020 foram mais de 

19 milhões de novos casos (incluindo câncer de pele não melanoma) e 10 milhões 

de mortes por câncer. Na população feminina, os cânceres ginecológicos 

apresentam as maiores incidências, sendo o câncer uterino o sexto câncer mais 

comum entre as mulheres no mundo. Aproximadamente 417.000 novos casos e 

97.000 mortes causadas por câncer uterino foram diagnosticados em 2020 (2). 

A grande parte dos cânceres uterinos é comumente referido como câncer 

endometrial (CE), que se origina do revestimento interno da cavidade uterina 

(endométrio) (3). Com base nas características histológicas, estágios e expressão do 

receptor hormonal, o CE é classificado em dois tipos: carcinoma endometrioide 

endometrial (CEE; Tipo 1) e não-CEE (NCEE; Tipo 2). O CEE corresponde a mais de 

80% dos casos e geralmente é dependente de estrogênio e o NCEE se desenvolve 

independentemente do estrogênio (3). Os estágios do câncer de endométrio variam 

entre I a IV de acordo com a Federação Internacional de Ginecologia e Obstetrícia 

(FIGO) (4) e o sistema de estadiamento TNM do American Joint Committee on 

Cancer (5). Estágios mais altos correspondem a cânceres de maior grau e 

apresentam maiores chances de metástase (6). 

O processo de carcinogênese inclui o suporte da sinalização proliferativa, a 

evasão à ação de supressores de crescimento e a resistência à morte celular, 

permitindo a imortalidade replicativa e a metástase. Neste sentido, a proliferação fora 
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dos padrões das glândulas endometriais acarreta uma elevação da relação 

glândula/estroma quando comparado ao endométrio da fase proliferativa do ciclo. 

Grande parte das lesões neoplásicas endometrioides parece evoluir de hiperplasia 

endometrial com lesões de atipia (HEA) até CE bem diferenciado (7,8).  

Sabemos que o estrogênio possui a capacidade de atravessar livremente a 

membrana celular devido a sua característica lipofílica e quando o faz, liga-se a seu 

receptor no núcleo celular. Com isso, este hormônio se torna capaz de modular a 

expressão de diversos genes, o que inclui os que codificam receptores de 

progesterona e fatores de crescimento (9) Acredita-se que a maioria dos casos de 

CE ocorra devido à estimulação do endométrio pelo exposição crônica ao estrogênio 

sem oposição progestagênica, também chamado de “estrogênio sem oposição” (10)  

Quando o estrogênio endógeno ou exógeno não é equilibrado simultaneamente por 

um progestagênio, ocorre aumento do risco de induzir a atividade mitótica das 

células endometriais (11).  

O endométrio pode receber estimulação estrogênica, de forma que não ocorra 

nenhuma oposição, através de diversas vias ou mecanismos: (I) iatrogênica (por 

exemplo, reposição hormonal apenas com estrogênios); (II) produção de estrogênios 

por tumores funcionais (por exemplo, tumor de células da granulosa); (III) 

perimenopausa, que leva a níveis elevados de hormônio folículo-estimulante (FSH), 

diminuição da reserva ovariana e ciclos anovulatórios frequentes; (IV) obesidade, que 

leva à resistência à insulina, aumento dos níveis de insulina, diminuição dos níveis de 

globulina ligadora de hormônios sexuais (SHBG) e aromatização de andrógenos em 

estrogênios; (V) síndrome dos ovários policísticos, que se desenvolve com 

hiperinsulinemia, aumento da relação hormônio luteinizante (LH)/FSH, 

hiperandrogenemia e ciclos anovulatórios (8). Em uma via contrária, os NCEEs (Tipo 
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2) tendem a ser independentes de estrogênio, muitas vezes associados à atrofia 

endometrial em mulheres na pós-menopausa, em vez de HE como no CEE (Tipo 1). 

CEs tipo 2 são clinicamente mais agressivos e estão associados a um pior 

prognóstico clínico (12). 

Entre os principais fatores de risco reconhecidos para o acometimento do 

câncer endometrial estão a síndrome metabólica e o uso de contraceptivos orais. 

Alguns autores também cogitam que a nuliparidade (ausência de gestação) possa vir 

a ser um dos fatores contrbuintes para o desenvolvimento de CE. (13,14) Considera-

se que os níveis de estrogênio e progesterona são afetados durante a gestação e 

por isso a ausência de gestação pode ser um fator para a modulação do câncer de 

endométrio (13) porém ainda não há um consenso na literatura científica.  

As mulheres que apresentam CE após a menopausa de uma forma geral 

apresentam sangramento (12, 13). Porém, quando o CE ocorre antes da 

menopausa, esse sangramento pode ser apresentado de forma intermenstrual ou na 

forma de menstruação prolongada onde muitas vezes antes disso pode ser 

percebida uma irregularidade nesses períodos menstruais (12, 13). De uma forma 

clínica, essas pacientes devem ser analisadas com exames físico e ginecológico (12, 

13). Para dar continuidade a investigação, deve ser solicitado uma ultrasonografia 

transvaginal o diagnóstco final de CE pode ser feito através de biópsia da avaliação 

histológica do tecido endometrial (12, 13). 

Em larga escala, em parte devido ao aumento das taxas de obesidade e 

envelhecimento da população, a incidência de CE está aumentando constantemente 

(15). A histerectomia com salpingo-ooforectomia bilateral é a forma de combate mais 

utilizada na prática clínica para CE (3). Tratamentos concomitantes com radioterapia 

e quimioterapia podem ser recomendados dependendo do grau de diferenciação do 
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tumor. Para aqueles pacientes com doença metastática ou que desejam preservar a 

fertilidade, a terapia hormonal (inibidores da aromatase, progestinas e agonistas do 

hormônio liberador de LH) é um tratamento alternativo (16). 

Prognósticos favoráveis são encontrados em grande parte dos casos de 

pacientes recém-diagnosticados com CE, com taxas de sobrevida relativa de cinco 

anos de 81% (17). No entanto, espera-se que 15 a 20% das pacientes 

diagnosticadas precocemente tenham recorrências ou metástases após a cirurgia 

(18). Há estimativa de que a radioterapia e/ou quimioterapia após o tratamento 

cirúrgico beneficiem entre 10 e 15% dos pacientes (19). Pacientes com EC 

recorrente ou que apresentam metástases têm prognóstico ruim, com sobrevida 

inferior a 1 ano (20). A taxa de sucesso dos tratamentos hormonais também está 

limitada ao perfil responsivo individual, bem como a expressão positiva dos 

receptores de estrogênio pelas células tumorais (21). 

 

1.2 CANAIS IÔNICOS 

 

Etapas de processos fisiológicos como equilíbrio do pH, respostas 

imunes, secreção, contração muscular, regulação do volume e do ciclo celular e 

sinais elétricos (nervos, músculos e sinapses) são mediados pelo movimento de íons 

entre o fluido intracelular e extracelular (22). Canais e transportadores de íons (ion 

channels and transporters, ICT) são proteínas transmembrana que controlam 

estritamente o movimento de íons através da membrana celular, mantendo os 

gradientes iônicos das células. Desta forma, os ICTs auxiliam na natureza 

seletivamente permeável da membrana celular, funcionando como portas de entrada 

para íons carregados que não podem se difundir livremente através das barreiras da 
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membrana lipídica (23). 

Os canais iônicos se caracterizam por serem excelentes translocadores, pois 

agem de forma rápida e possuem poros que permitem que íons específicos 

atravessem a membrana em favor de um gradiente eletroquímico. Alguns canais, ao 

exemplo dos que dependem da voltagem, têm a condição de responder a variações 

de potencial elétrico, abrindo ou fechando em resposta à magnitude do potencial de 

membrana. Canais iônicos também podem ser controlados por sinais químicos 

extracelulares (neurotransmissores) e intracelulares (segundo mensageiro) ou 

podem responder a estímulos mecânicos e térmicos. Em oposição a esses fatores, 

os transportadores (também chamados de bombas de íons) realizam movimentações 

de forma lenta e o movimento de íons ocorre ativamente contra o gradiente de 

concentração usando energia, tipicamente na forma de trifosfato de adenosina (ATP) 

(22,23). 

Há indicativos crescentes que sugerem que os canais iônicos também 

desempenham um papel importante no processo de carcinogênese. Embora o 

câncer não seja catalogado como uma canalopatia, os canais e as bombas iônicas 

têm papel de destaque para a progressão do câncer desempenhando papéis 

importantes na autossuficiência em sinais de crescimento, proliferação, evasão da 

morte celular programada (apoptose), angiogênese, diferenciação celular, migração, 

adesão e metástase (24,25). Fatores de crescimento e hormônios são reconhecidos 

por terem envolvimento no estabelecimento e/ou progressão de muitos cânceres e 

podem regular alguns canais iônicos e bombas, cuja função pode contribuir para a 

carcinogênese (26). 

Ao passo em que são criticamente importantes na carcinogênese, os CI 

tendem a se tornar alvos terapêuticos promissores quando aliados ou não com 
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quimioterapia, imunoterapia ou outras moléculas que afetam processos essenciais 

nas células tumorais, como estresse oxidativo e vias metabólicas (27).  

As funções dos canais iônicos e transportadores como potenciais alvos 

terapêuticos estão entre as abordagens mais inovadoras para o tratamento 

anticâncer (27). No entanto, o acompanhamento terapêutico oncológico deve ser 

específico para um determinado canal ou tipo iônico de bomba, a fim de danificar o 

tipo celular alvo, evitando causar efeitos tóxicos importantes em outros tecidos 

expressando os mesmos canais ou canais relacionados em outras células (26,28). 

Os canais seguem sua classificação de acordo com o íon para o qual são 

seletivos. Eles podem receber subdivisões de acordo com propriedades funcionais, 

como um mecanismo de regulação (ativado por Ca2+) ou uma característica biofísica 

(retificador interno). No entanto, os canais operados por receptores (seletivos para 

cátions ou ânions) e novos canais de potencial receptor transitório (TRP) (que 

discriminam mal entre cátions monovalentes e divalentes) não se enquadram nessas 

regras simples (28). 

 

1.2.1 Canais de Potássio 

 

Os canais de potássio (K+) são caracterizados por serem uma família 

complexa de canais iônicos e podem receber quatro divisões quanto as suas 

classes: (I) Canais de potássio dependentes de voltagem (VGKC), (II) Canais de 

potássio ativados por cálcio (KCa), (III) Canais de potássio retificadores internos (Kir) 

e (IV) Canais de potássio de domínio de dois poros (K2P) (23). Os níveis de K+ 

podem desempenhar papel importante no controle do potencial de membrana, 

determinação e duração do potencial de ação, modulação da secreção de hormônios 
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e equilíbrio dos sinais excitatórios nas células (29). 

Alterações no ciclo celular em células que apresentam tumores têm sido 

relacionadas à perda de função ou expressão alterada de canais de K+ em vários tipos 

de tumores (23). No caso de VGKC e KCa, o controle da proliferação de células 

tumorais pode ocorrer através da modulação do potencial de membrana (Vm), que 

por sua vez regula o fluxo transmembrana de cálcio (Ca2+). Os níveis intracelulares 

de Ca2+ participam no controle dos checkpoints do ciclo celular, na proliferação 

normal e neoplásica (30). 

 

1.2.2 Canais de Sódio 

 

Há dualidade entre tipos deferentes de canais de sódio (Na+): (I) canais de 

sódio dependentes de voltagem (voltage-gated sodium channel, VGSC) e (II) canais 

de sódio epiteliais (epitelial Na+ channel, ENaC). Presentes em epitélios absortivos 

(como túbulos torcidos distais dos rins, cólon, pulmão e ducto da glândula salivar), os 

ENaC tem relação com a absorção de Na+ e desempenham papéis fundamentais na 

manutenção da homeostase do íon sódio, que está diretamente ligada  à  

regulação  do  volume  de líquido  extracelular  (31). Entretanto, os VGSC estão 

envolvidos na fase inicial do potencial de ação na maioria das células, sendo 

importantes na geração e propagação do potencial de ação (23). 

Os VGSC apresentam em sua formação principal a glicoproteína de 

membrana integral de múltiplas extensões formadoras de poros (subunidade α) que 

pode ser associada a uma ou mais subunidades β reguladoras. As subunidades β 

são proteínas integrais de membrana que modulam a corrente de sódio e podem 
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atuar como moléculas de adesão celular em termos de interação com moléculas da 

matriz extracelular, comunicação entre células adjacentes, regulação da migração 

celular, agregação celular e interação com o citoesqueleto (32). A expressão/função 

aberrante de VGSCs está relacionada à migração celular, invasão e metástase 

tumoral (23). 

 
1.2.3 Canais de Cloreto 

 

O cloreto (Cl-) se caracteriza por ser o ânion em maior quantidade nos 

espaços extra e intracelular e o transporte de Cl- através da membrana plasmática 

está envolvido em vários processos fisiológicos, desde a homeostase até o controle 

do volume e regulação das células excitáveis (33). Os canais de cloreto (ClC) são 

uma família de canais aniônicos que medeiam o transporte de íons Cl- através da 

célula. Eles podem desempenhar sua função ao atuarem por dependência de 

voltagem, desencadeados pelo cálcio, ou ativados por vários ligantes e segundos 

mensageiros e podem ser divididos em duas grandes classes: canais de Cl 

voltagem-dependentes da família ClC e a condutância transmembrana da fibrose 

cística regulador (CFTR) (34). 

A desregulação dos canais de Cl-  foi detectada em uma grande 

diversidade de cânceres, relacionada à migração celular, invasão e metástase 

(27,33). O canal iônico intracelular Cl (CLICs) é uma classe emergente de canais 

envolvida no desenvolvimento do câncer (35). O CFTR se expressa nas células 

epiteliais de vários tecidos e órgãos. Embora o CFTR defeituoso esteja bem descrito 

como associado à fibrose cística, a desregulação no CFTR pode promover ou 

suprimir a progressão do câncer (36). 
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1.2.4 Canais de Cálcio 

 

O cálcio se destaca por ser uma importante molécula sinalizadora e serve 

como segundo mensageiro para vários processos celulares fundamentais, como 

controle do ciclo celular, migração e apoptose (37). A regulação dos níveis de Ca2+ 

intracelular envolve o fluxo de Ca2+ através da membrana plasmática e a liberação 

de estoques de Ca2+ intracelular no retículo endoplasmático e nas mitocôndrias (23). 

Os canais de Ca2+ têm sua ativação realizada em grande parte em resposta à 

despolarização da membrana e, além disso, medeiam o influxo de cálcio em 

resposta a potenciais de ação e sinais despolarizantes (38). Os canais de cálcio 

recebem suas classificações de acordo com seu mecanismo de ativação: (I) Canais 

de cálcio controlados por voltagem (voltage-gated calcium channels, VGCCs), (II) 

canais de cálcio operados por receptor (receptor- operated calcum channels, 

ROCCs), (III) canais de cálcio operados por armazenamento (store-operated calcium 

channels, SOCCs), (IV) canais de potencial receptor transiente (transient receptor 

potential, TRPs), (V) canais iônicos sensíveis a ácido (acid-sensitive ion channels, 

ASICs) e (VI) canais iônicos ativados por estiramento (stretch-activated ion 

channels, SAICs) (39). 

Tais canais se destacam por desempenhar importantes papéis na fisiologia 

humana e não é surpresa que disfunções dos canais de cálcio estejam associadas a 

proliferação, sobrevivência, angiogênese e migração de células tumorais (23, 39, 

40). 
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1.2.5 Porinas 

 

O canal aniônico dependente de voltagem (voltage-dependent anion channel, 

VDAC) regula a troca de metabólitos entre o citosol e as mitocôndrias, a homeostase 

da energia celular e tem ligação com a apoptose mediada pelas mitocôndrias. Há 

três isoformas de VDAC (VDAC1, VDAC2 e VDAC3), e alterações na expressão de 

VDAC já foram relatadas em patologias humanas, incluindo câncer (41). 

Aquaporinas (AQP) se destacam por serem proteínas integrais de membrana 

que servem como canais e permitem a regulação do transporte de água essencial à 

homeostase em resposta a gradientes osmóticos criados pelo transporte ativo de 

solutos. As isoformas de AQP identificadas em mamíferos se apresentam em 

diversos órgãos e tecidos e estão envolvidas em muitas funções biológicas. A 

expressão alterada de AQP está relacionada à carcinogênese em diversos tecidos, 

especialmente motilidade, invasividade e angiogênese (42, 43). 

 

1.3 CANAIS IÔNICOS E SEU PAPEL NO CÂNCER ENDOMETRIAL 

 

Os canais iônicos apresentam um papel de suma importância na regulação da 

receptividade e implantação do embrião no endométrio. Anormalidades  no  

transporte  de  íons  estão  relacionadas  a  doenças endometriais, como 

infertilidade e câncer (21). Os papéis dos canais iônicos nos comportamentos 

celulares relacionados ao câncer e a expressão específica e os perfis funcionais de 

vários canais característicos de certos cânceres humanos têm sido estudados como 

potenciais alvos diagnósticos e terapêuticos (44). 
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Dentre os fatores a serem associados ao desenvolvimento e progressão do 

câncer, pode-se mencionar a modulação da expressão de canais iônicos por 

hormônios e fatores de crescimento (45). Os canais de potássio, seguidos pelos 

canais de cálcio, sódio e cloreto, são os mais investigados em diversas patologias 

(46). A expressão desses canais pode ser modulada por fatores de crescimento, 

como o fator de crescimento endotelial vascular (VEGF) (47) e o fator de 

crescimento semelhante à insulina 1 (IGF1) (48, 49), e hormônios, como os 

hormônios esteróides ovarianos estradiol e progesterona (50, 51). 

Considerando o papel dos canais iônicos em inúmeros processos fisiológicos 

e que sua expressão e/ou atividade alterada pode estar associada com a progressão 

tumoral, é fundamental o desenvolvimento de estudos básicos e clínicos no intuito de 

identificar possíveis tratamentos anticâncer utilizando estas proteínas como alvo (52) 

Na literatura, diversos estudos descreveram a atuação direta de canais 

iônicos na oncogênese endometrial. O padrão alterado entre tecido normal e 

tumoral, possivelmente relacionado à sinalização hormonal desequilibrada, pode 

estar relacionado à via mediada pelo canal necessária para a progressão do tumor 

endometrial. Ainda, os diferentes tipos de canais iônicos alterados entre 

tecidos/células tumorais e não tumorais podem destacar os potenciais alvos dos 

canais iônicos para terapias anticâncer (53). Há que se salientar, no entanto, que o 

uso de canais iônicos como alvo terapêutico tende a trazer efeitos colaterais e riscos, 

uma vez que muitos dos canais iônicos identificados nas células cancerígenas 

são expressos em células normais saudáveis (54). 

Apesar de diversos trabalhos descreverem o papel de vários tipos de canais 

no desenvolvimento e progressão tumoral endometrial, não há na literatura, até o 

presente momento, um artigo de revisão sumarizando toda a informação disponível 
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a respeito deste envolvimento dos CI no câncer endometrial. Assim, este estudo de 

revisão foi elaborado para reunir as informações disponíveis na literatura sobre o 

papel das principais famílias de canais iônicos no estabelecimento e progressão 

câncer endometrial, incluindo possíveis alvos de tratamento oncológico. 
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3 OBJETIVOS 

 

3.1 OBJETIVO GERAL 

 

Elaborar um artigo de revisão narrativa sobre o papel dos canais iônicos no 

desenvolvimento e progressão do câncer endometrial. 

 

3.2 OBJETIVOS ESPECÍFICOS 

 

Fazer um levantamento da literatura disponível a respeito do papel dos canais 

iônicos no desenvolvimento e progressão do câncer tumoral, para elaboração de 

uma revisão; 

Abordar, na revisão, a possibilidade de uso dos canais iônicos como alvos 

terapêuticos para tratamentos do câncer endometrial. 
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Simple Summary: Uterine or endometrial cancer is one 
of the most common types of cancer among the female 
population. Different alterations of molecules are related 
to many types of cancer. Some molecules called ion 
channels have been described as involved in the 
development of cancer, including endometrial cancer. We 
review the scientific evidence about the involvement of 
the ion channels in endometrial cancer and how some 
treatments can be developed with these molecules as a 
target. Even though they are involved in the progression 
of endometrial cancer, since they are present throughout 
the whole body, some possible treatments based on 
these could be studied. 
 
Abstract: Uterine or endometrial cancer (EC) is the sixth 
most common neoplasia among women worldwide. 
Cancer can originate from a myriad of causes, and 
increasing evidence suggests that ion channels (IC) play 
an important role in the process of carcinogenesis, taking 
part in many pathways such as self-sufficiency in growth 
signals, proliferation, evasion of programmed cell death 
(apoptosis), angiogenesis, cell differentiation, migration, 
adhesion, and metastasis. Hormones and growth factors 
are well-known to be involved in the development and/or 
progression of many cancers and can also regulate some 
ion channels and pumps. Since the endometrium is 
responsive and regulated by these factors, the ICs could 
make an important contribution to the development and 
progression of endometrial cancer. In this review, we 
explore what is beyond (ion) flow regulation by 
investigating the role of the main families of ICs in EC, 
including as possible targets for EC treatment. 
 
Keywords: endometrial cancer; ion channels; tumor 
growth; tumor progression 
 
1. Introduction 
Cancer is considered the main public health problem and 
the second leading cause of global mortality [1]. In 2020, 
there were estimated to be more than 19 million new 
cases (including non- melanoma skin cancer) and 10 
million deaths from cancer. In the female population, 
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33  

gynecological cancers are common, and uterine cancer is 
the sixth most common cancer among women worldwide. 
Approximately 417,000 new cases and 97,000 deaths 
caused by uterine cancer were diagnosed in 2020 [2]. 
Cell proliferation, migration, apoptosis, and differentiation 
are involved in cancer initiation and progression, and it is 
well- recognized that ion channels and transporters have 
a central role in regulating these processes. 
For this review, a vast search was performed in the 
principal sources of biomedical literature to find studies 
involving the function and/or expression of ion channels 
in endometrial cancer.  
To give an overview of the topic, we also searched for 
complementary information about the general 
characteristics of each ion channel family. To perform the 
search about the role of IC in EC, the MeSH terms 
(((“Membrane Transport Proteins”[Mesh]) AND “Ion 
Channels”[Mesh]) AND “Endometrial Neoplasms”[Mesh]) 
were selected. In-cited literature was used as a search 
source to find and include other papers not shown in the 
initial search. 
 
1.1. Endometrial Cancer 
Most uterine cancers are usually referred to as 
endometrial cancer (EC), originating from the inner lining 
of the uterine cavity (endometrium) [3]. Based on the 
histological characteristics, stages, and hormone receptor 
expression, EC is classified into two types: endometrioid 
endometrial carcinoma (EEC; Type 1) and non-EEC 
subtype (NEEC; Type 2). EEC corresponds to more than 
80% of the cases and is generally estrogen-dependent, 
and NEEC develops independently of estrogen [3]. The 
stages of endometrial cancer vary from I to IV according 
to the International Federation of Gynecology and 
Obstetrics (FIGO) [4] and the American Joint Committee 
on Cancer TNM staging system [5]. Higher stages 
correspond to a higher grade and have higher chances of 
cancer spreading throughout the body [6]. 
Carcinogenesis includes the support of proliferative 
signaling, the avoidance of growth suppressors, the 
resistance to cell death allowing for replicative 
immortality, and metastasis. The presence of genomic 
instability and mutations, inflammation, and 
reprogramming of energy metabolism are considered 
emerging hallmarks and enabling characteristics [7]. The 
abnormal proliferation of the endometrial glands 
increases in the gland/stroma ratio when compared to the 
endometrium of the proliferative phase of the cycle. The 
majority of endometrioid neoplastic lesions appear to 
evolve from endometrial hyperplasia (EH) without atypia 
to hyperplasia with atypia lesions (AEH) until well-
differentiated EC [8,9]. It is believed that most ECs occur 
because of stimulation of the endometrium by unopposed 
estrogens. Endogenous or exogenous estrogen is not 
balanced simultaneously by progestogen, increasing the 
risk of inducing mitotic activity of the endometrial cells 
[10]. 
The  endometrium  can  receive  “unopposed”  estrogenic 
stimulation by several routes or mechanisms: (I) 
iatrogenic (for 
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example, hormone replacement with estrogens only); (II) 
production of estrogens by functional tumors (for 
example, granulosa cell tumor); (III) perimenopause, 
which leads to high levels of follicle-stimulating hormone 
(FSH), a decreased ovarian reserve, and frequent 
anovulatory cycles; (IV) obesity, which leads to insulin 
resistance, increased insulin levels, decreased levels of 
sex hormone-binding globulin (SHBG), and aromatization 
of androgens into estrogens; (V) polycystic ovary 
syndrome, which develops with hyperinsulinemia, an 
increased luteinizing hormone (LH)/FSH ratio, 
hyperandrogenemia, and anovulatory cycles [9]. 
Conversely, NEECs (Type 2) tend to be estrogen-
independent, often associated with endometrial atrophy 
in postmenopausal women rather than with EH as in EEC 
(Type 1). Type 2 ECs are clinically more aggressive and 
are linked with a poorer clinical prognosis [11]. 
The main known risk factors for developing endometrial 
cancer are metabolic syndrome, use of oral 
contraceptives, and null parity [12–14]. The incidence of 
EC is steadily increasing, mainly as a result of raised 
rates of obesity and population aging [15]. Surgery 
(hysterectomy with bilateral salpingo-oophorectomy) is 
still the most frequent treatment for EC used in clinical 
practice [3]. Radiation and chemotherapy as adjuvant 
treatments may be recommended depending on the 
tumor degree differentiation. For those patients with 
metastatic disease or who wish to preserve their fertility, 
hormonal therapy (aromatase inhibitors, progestins, and 
LH-releasing hormone agonists) is an alternative 
treatment [16]. 
A favorable prognosis is found in most patients newly 
diagnosed with EC, with five-year relative survival rates 
of 81% [17]. However, it is expected that 15 to 20% of 
patients diagnosed early have recurrences or metastases 
after surgery [18]. It is estimated that radiotherapy and/or 
chemotherapy after surgical treatment benefit only 10 to 
15% of patients [19]. Patients with recurrent EC or who 
have metastases have a poor prognosis, with survival 
rates of less than one year [20]. The success rate of 
hormonal treatments is also limited to the individual 
response profile as well as the positive expression of 
estrogen receptors by tumor cells [21]. 
Therapeutic resistance leads to highly harmful side 
effects for patients as it limits the use of medications and 
the way they are administered [22]. The identification of 
new biomarkers and therapeutic targets for EC is 
essential to broaden therapeutic approaches and 
increase the overall survival of patients. Increasing 
evidence points to ion transport mechanisms as an 
adjuvant in the carcinogenesis process, also offering 
novel therapeutic possibilities [23]. 
 
1.2. Ion Channels 
Physiological processes such as the pH balance, volume, 
and cell cycle regulation, immune responses, secretion, 
muscle contraction, and electrical signals (nerves, 
muscles, and synapses) are mediated by the movement 
of ions between intracellular and extracellular fluid [24]. 
Ion channels and transporters (ICTs) are transmembrane 
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proteins that strictly control the movement of ions across 
the cell membrane while maintaining the ionic gradients 
of cells. In this way, ICT assists in the selectively 
permeable nature of the cell membrane, functioning as 
gateways for charged ions that cannot diffuse freely 
through the lipid membrane barriers [25]. 
Ion channels are fast translocators and have pores that 
allow specific ions to cross the membrane in favor of an 
electrochemical gradient. Some channels, such as those 
dependent on electrical voltage, can detect the electrical 
potential opening or closing in response to the magnitude 
of the membrane potential. Ion channels can also be 
controlled by extracellular (neurotransmitter) and 
intracellular (second messenger) chemical signals or they 
can respond to mechanical and thermal stimuli. In 
contrast, transporters (also called ion pumps and 
exchangers) slow translocations, and the movement of 
ions occurs actively against the concentration gradient 
using energy, typically in the form of adenosine 
triphosphate (ATP) [24,25]. 
Rising evidence suggests that ion channels also play an 
important role in the process of carcinogenesis. Although 
cancer is not cataloged as a channelopathy, channels 
and ion pumps contribute to the progression of cancer by 
playing important roles in self-sufficiency in growth 
signals, proliferation, evasion of programmed cell death 
(apoptosis), angiogenesis, cell differentiation, migration, 
adhesion, and metastasis. [26–28]. Growth factors and 
hormones are well-known to be involved in the 
development and/or progression of many cancers and 
also can regulate some ion channels and pumps, 
contributing to carcinogenesis [29]. 
Given they are critically important in carcinogenesis, ICs 
may represent promising therapeutic targets, potentially 
combined with chemotherapy, immunotherapy, or other 
molecules that affect essential processes in tumor cells, 
such as oxidative stress and metabolic pathways [30]. 
The role of ion channels and transporters as potential 
therapeutic targets is one of the most innovative 
approaches to anticancer treatment [30]. However, the 
oncologic therapeutic strategy must be specific to a given 
ionic channel or pump to damage the targeted cell 
without causing toxic effects in other tissues expressing 
the same channels [27,29]. 
Channels are usually classified by the ion to which they 
are selective. They can be subdivided according to 
functional properties, such as a mechanism of regulation 
(Ca+2-activated) or a biophysical characteristic (inward 
rectifier). However, the receptor- operated channels 
(selective for either cations or anions) and novel transient 
receptor potential (TRP) channels (which discriminate 
poorly between monovalent and divalent cations) do not 
adhere to these simple rules [31]. 
 
1.2.1. Potassium Channels 
The potassium (K+) channels are a complex family of ion 
channels. They can be divided into four classes: (I) 
voltage-gated potassium channels (VGKC), (II) calcium-
activated potassium channels (KCa), (III) inward 
rectifying potassium channels (Kir), and (IV) two-pore 
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domain potassium channels (K2P) [26]. The K+ levels 
play an important role in membrane potential control, 
determination, and duration of the action potential, 
modulation of hormones’ secretion, and balancing 
excitatory signals in cells [32]. 
Changes in the cell cycle in tumor cells have been related 
to loss of function or altered expression of K+ channels in 
several tumor types [26]. At least in the case of VGKC 
and KCa, the control of cancer cell proliferation can occur 
through the modulation of membrane potential (Vm), 
which, in turn, regulates transmembrane calcium (Ca+2) 
flow. Intracellular Ca+2 levels participate in cell cycle 
checkpoints’ control in normal and neoplastic proliferation 
[33]. 
 
1.2.2. Sodium Channels 
There are two very different types of sodium (Na+) 
channels: 
(I) voltage-gated sodium channels (VGSC) and (II) 
epithelial sodium channels (ENaC). Present in absorptive 
epithelia (such as distal twisted tubules of the kidneys, 
colon, lungs, and ducts of the salivary gland), the ENaC 
are involved in Na+ absorption and a play key role in 
maintaining Na+ homeostasis, which is linked directly to 
the volume of extracellular fluid [34]. However, VGSC are 
involved in the initial phase of the action potential in most 
cells, being important for the generation and propagation 
of the action potential [26]. 
VGSC are formed mainly by a pore-forming multi-
spanning integral membrane glycoprotein (α subunit) that 
can be associated with one or more regulatory β 
subunits. The β subunits are single- span integral 
membrane proteins that modulate the sodium current. 
They can also act as cell adhesion molecules in terms of 
interaction with extracellular matrix molecules, 
communication between adjacent cells, regulation of cell 
migration, cellular aggregation, and interaction with the 
cytoskeleton [35]. Aberrant expression/function of VGSCs 
is related to cell migration, invasion, and tumor 
metastasis [26]. 
 
1.2.3. Chloride Channels 
Chloride (Cl−) is the most abundant anion in the extra- 
and intracellular spaces. Cl− transport through the 
plasma membrane is involved in numerous physiological 
processes, from homeostasis to volume control and 
regulation of excitable cells [36]. The chloride channels 
(ClC) are a family of anion channels that mediate the 
transport of Cl- ions across the cell. They can act through 
voltage dependency, triggered by calcium, or activated by 
several ligands and second messengers, and can be 
divided into two major classes: voltage-dependent Cl- 
channels of the ClC family, and the cystic fibrosis 
transmembrane conductance regulator (CFTR) [37]. 
Dysregulation of Cl- channels has been reported in 
multiple cancer types related to cell migration, invasion, 
and metastasis [26,27]. The Cl- intracellular ion channels 
(CLICs) are an emerging class involved in cancer 
development [38]. CFTR is expressed in the epithelial 
cells of various tissues and organs. Although defective 
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CFTR leads to cystic fibrosis, dysregulation of CFTR can 
promote or suppress cancer progression [39].  
 
1.2.4. Calcium Channels 
Calcium is an important signaling molecule and serves as 
a second messenger for several fundamental cellular 
processes such as cell cycle control, migration, and 
apoptosis [40]. Regulation of intracellular Ca+2 levels 
involves the flow of Ca+2 through the plasmatic 
membrane and the release of intracellular Ca+2 stocks in 
the endoplasmic reticulum and mitochondria [26]. 
The Ca+2 channels are generally activated in response 
to membrane depolarization and mediate the influx of 
calcium in response to action potentials and depolarizing 
signals [41]. Calcium channels can be classified 
according to their activation mechanism: 
(I) voltage-gated calcium channels (VGCCs), (II) 
receptor-operated calcium channels (ROCCs), (III) store-
operated calcium channels (SOCCs), (IV) transient 
receiver potential channels (TRPs), (V) acid- sensing ion 
channels (ASICs), and (VI) stretch-activated ion channels 
(SAICs) [42]. These channels play important roles in 
human physiology and it is not a surprise that calcium 
channel disorders are associated with tumor cell growth, 
survival, angiogenesis, and migration [26,42,43]. 
 
1.2.5. Porins 
Voltage-dependent anion channel (VDAC), also known 
as a mitochondrial porin, regulates metabolites exchange 
between cytosol and mitochondria, cellular energy 
homeostasis, and is involved in mitochondria-mediated 
apoptosis. There are three VDAC isoforms (VDAC1, 
VDAC2, and VDAC3), and alterations in VDAC 
expression have been reported already in human 
pathologies, including cancer [44]. 
Aquaporins (AQP) are integral membrane proteins that 
serve as channels and enable the regulated transport of 
water essential to homeostasis in response to osmotic 
gradients created by the active transport of solutes. AQP 
isoforms identified in mammals present in multiple organs 
and tissues are involved in many biological functions. 
Altered AQP expression is related to carcinogenesis in 
diverse tissues, especially motility, invasiveness, and 
angiogenesis [45,46]. 
 
2. ICs’ Expression in Endometrial Cancer 
Ion channels play an important regulatory role in 
receptivity and embryo implantation in the endometrium. 
Abnormalities in ion transport are related to endometrial 
diseases such as infertility and cancer [47]. The roles of 
ion channels in cancer-related cellular behaviors and the 
specific expression and functional profiles of various 
channels characteristic of certain human cancers have 
been studied as potential diagnostic and therapeutic 
targets [28]. Table 1 shows evidence collected to date 
about the role of ICT in endometrial cancer (Table 1). 
 
2.1. Potassium Channels 
The human EAG-related gene (hERG), which encodes 
the alpha subunit of the Kv11.1 channel, belongs to the 
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EAG (ether-à- go-go) family, a subfamily of the Kv 
channels encoded by the KCNH gene family [48]. 
Aberrant hERG expression in various cancer cells has 
been correlated with cancer progression [49]. Cherubini 
et al. (2000) analyzed human samples and found high 
gene and protein hERG expression in endometrial 
cancers compared to normal and hyperplastic 
endometrium. The authors suggested the possible use of 
hERG K+ channels’ expression as a discriminatory 
molecular marker between cancerous and non- 
cancerous endometrium [50]. Suzuki et al. (2004) 
evaluated the multiple pore-forming and regulatory 
subunits of voltage-gated potassium (Kv) channel gene 
expression in uterine cancer cells. Although they did not 
use non-tumor endometrial cells, hERG- KCNE channel 
complexes may be selectively involved in the proliferation 
of endometrial cancer cells. However, the hERG channel 
blocker E-4031 did not reduce endometrial cancer cell 
proliferation [51]. 
hERG plays a role in depolarizing and hyperpolarizing the 
membrane potential. K+ channel-dependent 
hyperpolarization seems critical to cell cycle progression 
(G1 to S phases). Ca+2 influx evoked by 
hyperpolarization and the opening of more KCa is 
associated with mitogenic factors’ synthesis [52]. KCa are 
divided into three subfamilies: big conductance (BKCa; 
activated by depolarization and/or by increases in 
intracellular [Ca+2]), intermediate conductance (IKCa; 
activated by low intracellular [Ca+2]), and small 
conductance (SKCa; activated by low intracellular 
[Ca+2]) [53]. 
 

Ion Channel 
or 
Transporter 

Cellular 
Process(es) or 
Pathway(s) 

Methods of Analysis Type of Alteration Reference 

Potassium Channels 

Kv11.1 alpha 
subunit 
(hERG) 

Differentiation and 
growth 

Endometrial samples: RT-
PCR and IHC 

▲frequency of hERG gene and protein 
expression in EC compared to NE 

[50] 

 
Kv11.1 alpha 
subunit 
(hERG) 

 
Differentiation and 
growth 

 
In vitro: RT-PCR and specific 
K+ channel blockers 

(+) expression of hERG channel, and 
their potential auxiliary KCNE subunits 

are involved in cell proliferation 
▼hERG did not reduce cell 

proliferation 

 
[51] 

 
 

IKCa1 

 
 
Tumor progression 

Endometrial samples: RT-
PCR and WB 

In vitro: Downregulation and 
activity inhibition of IKCa1 

In vivo: Mouse model of EC 

▲gene and protein expression of 
IKCa1 in EC specimens compared to 

NE 
▼IKCa1 suppressed cell proliferation 

and restrained cancer growth 

 
 

[54] 

 
KCa3.1 

Cell proliferation, 
migration, and 

invasion 

In vitro: Downregulation and 
activity inhibition of KCa3.1 

▼KCa3.1 channel inhibits cell 
proliferation, cell cycle progression, 

migration, and cellular invasion 

 
[55] 

 
BKCa 

 
Cancer initiation and 
development 

Endometrial samples: IHC In 
vitro: Downregulation of 

BKCa 

▲ BKCa expression in EC tissues 
compared to NE 

▼ BKCa inhibited cell proliferation and 
migration 

 
[56] 
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BKCa 

 
Cell proliferation and 
migration 

 
In vitro: Overexpression and 

downregulation of BKCa 
In vivo: Mouse xenograft 

model 

▲ BKCa stimulated proliferation and 
migration 

▼ BKCa inhibited cell proliferation and 
migration and impaired tumor growth 

in vivo 

 
 
[57] 

 
K2P 

 
Cell proliferation 

Endometrial samples: RT-
PCR and IHC 

In vitro: K2P activity inhibition 

▲ TREK-1 expression in proliferative 
phase of endometrium 

▼ Cell proliferation by K2P channel 
blockers 

 
[58] 

Calcium channels 

 
Cav1.3 

 
Cell proliferation and 
migration 

Endometrial samples: IHC In 
vitro: Downregulation of 
Cav1.2 channel and E2 

Treatment 

▲ expression of Cav1.3 in EC and AEH 
specimens compared to NE 

▼ Cav1.3 inhibited cell proliferation and 
migration 

 
[59] 

 
Cav1.3 

Cell proliferation, 
apoptosis, and 

autophagy 

 
In vitro: Cav1.3-antagonist 

▼ Cav1.3 suppressed cell proliferation 
and migration 

▼ Cav1.3 increased apoptosis and 
autophagy 

 
[60] 

 
 
CACNA2D3 

 
 
Cell proliferation and 
migration 

Endometrial samples: RT-
PCR and IHC 

In vitro: Overexpression of 
CACNA2D3 and P4 

treatment In vivo: Mouse 
xenograft model 

▼ expression of CACNA2D3 in EC 
tissues and cells 

▲ CACNA2D3 inhibited cell proliferation 
and migration 

▲ CACNA2D3 suppressed tumor 
growth in vivo 

 
 
[61] 

 
 

TRPM4 

 
Cell proliferation and 
migration 

In silico: Bioinformatics 
analysis In vitro: 

Downregulation of TRPM4 
channel and E2 treatment 

▼ TRPM4 expression levels correlated 
with poor clinical outcomes and EC cell 

proliferation 
▼ TRPM4 promoted proliferation and 

migration 

 
 
[62] 

 
 

TRP 

 
Mobility and 
invasiveness 

Endometrial samples: RT-
PCR In vitro: Primary 

endometrial stromal and 
epithelial cell culture 

▲TRPV2 and TRPC1 expression in EC 
is associated with high-risk cancer and 

high EMT status 
▲TRPM4 mRNA expression was 

related 
to lower-risk EC and low EMT status 

 
 
[63] 

 
 

TRPV4 

 
 
Cell proliferation and 
metastasis 

In silico: Proteomic and 
bioinformatics analysis 

In vitro: Downregulation and 
overexpression of TRPV4 
In vivo: Mouse xenograft 

model 

▼ TRPV4 decreased Ca+2 influx and 
metastatic ability 

▼ TRPV4 reduced peritoneal nodules in 
vivo 

▲ TRPV4 showed the opposite effects 
in vitro and in vivo models 

 
 
[64] 

Chloride channels 

 
CFTR 

 
Cell proliferation and 
migration 

Endometrial samples: RT-
PCR and IHC 

In vitro: Downregulation of 
CFTR 

▲ CFTR expression in EC compared to 
NE 

▼ CFTR increases proliferation and 
migration 

 
[65] 

Sodium channels 

 
 

Nav1.7 

 
 
Tumor progression 

 
Endometrial samples: RT-

PCR In vitro: Primary EC cell 
culture and inhibition of Nav 

1.7 

▲ Nav1.7 expression in EC tissues 
▲ Nav1.7 associated with poor 

prognosis 
▼ Nav1.7 induced apoptosis and 
reduced the invasiveness ability 

 
 
[66] 

                                    Porins   

 
 

AQP1 

 
 

Angiogenesis 

 
 

Endometrial samples: IHC 

(+) AQP1 expression in small vessels 
and microvessels 

▲ AQP1 expression in EC compared to 
NE 

 
 

[67] 
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▲ AQP1 correlated with tumor 
angiogenesis and poor prognosis 

 
AQP2 

Cell migration, 
invasion, and 

adhesion 

Endometrial samples: IHC 
and WB 

In vitro: Downregulation of 
AQP2 

▲ AQP2 expression in EC compared to 
NE 

▼ AQP2 attenuated migration, invasion, 
and adhesion, but not proliferation 

 
[68] 

AQP5 Cell migration In vitro: Downregulation of 
AQP5 

▼AQP5 attenuated cell migration [69] 

 
AQP3 

Cancer cell 
differentiation 

 
Endometrial samples: IHC 

AQP3 expression is correlated with EC 
at an earlier stage and lower histological 

grade 

 
[70] 

 
VDAC 

 
Tumor progression 

 
Endometrial samples: RT-

PCR and WB 

▲ VCAC1 and VDAC3 expression in EC 
compared to NE 

VCAC1 and VDAC3 expression 
correlates with tumor progression 

 
[71] 

▲increase; ▼decrease; (+) positive. RT-PCR (reverse 
transcription- polymerase chain reaction); IHC 
(immunohistochemistry); WB (Western blot); NE (normal 
endometrium); E2 (estrogen); AEH (atypical endometrial 
hyperplasia). 
Wang et al. (2007) demonstrated higher mRNA and 
protein expression of IKCa1 in endometrial cancer 
specimens than in normal endometrium and atypical 
hyperplasia specimens. The pharmacological inhibition of 
IKCa1 (clotrimazole and TRAM-34) and the 
downregulation by siRNA against IKCa1 suppressed the 
EC cell proliferation and arrested the cell cycle. Nude 
mice treated with clotrimazole and TRAM-34 showed 
restrained endometrial cancer growth, suggesting that 
IKCa1 channels may be a new target for the treatment of 
EC [54]. Similarly, Zhang et al. (2015) evaluated the role 
of the intermediate-conductance KCa3.1 channel in HEC-
1- A and Ishikawa endometrial cancer cells. The gene 
silencing and pharmacological blockage of the KCa3.1 
suppressed cell proliferation and cell cycle progression, 
and decreased the expression of cyclin D1 and MMP-2, 
proteins involved in tumor migration and invasion [55]. 
Wang et al. (2018) revealed higher expression of BKCa 
in endometrial adenocarcinoma tissues compared to 
normal endometrium and atypical endometrial 
hyperplasia. Furthermore, in vitro assays showed that 
RNAi-mediated knockdown of BKCa inhibited 
endometrial cancer cell (Ishikawa) growth, possibly via 
inactivation of the MEK/ERK pathway [56]. On the other 
hand, overexpression of BKCa promoted proliferation and 
migration of endometrial cancer HEC-1-B cells. BKCa 
knockdown decreased these pro-carcinogenic effects and 
suppressed the growth of the HEC-1-B xenografts in 
nude mice. The treatment with the selective BKCa 
channel inhibitor Iberiotoxin (IbTX) decreased HEC-1-B 
cell proliferation and migration [57]. 
K2P is a ‘‘leak channel’’ essential for maintaining a 
negative resting membrane potential [72]. TWIK-related 
K+ (TREK) channels, a subgroup of K2P channels, have 
been related to endometrial cancer. According to Patel et 
al. (2013), the proliferative endometrium expresses 
higher TREK-1 levels compared to the secretory 
endometrium, possibly linked to increased cell division in 
this phase of the menstrual cycle. The K2P channel 
blockers (methanandamide, lidocaine, zinc, and 
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curcumin) showed antiproliferative effects in endometrial 
cancer in vitro [58]. K2P channels are expressed in a 
variety of human cell types. Aberrant expression and 
function are related to human diseases, such as cancer, 
and therapeutic regulation of K2P channel activity has 
been studied in different pathologies [73]. 
 
2.2. Calcium Channels 
Different subunits of VGCCs demonstrated some degree 
of participation in cancer progression and development 
[74]. The L- type calcium channel α 1D subunit (Cav1.3) 
belongs to the family of VGCC channels. 
Immunohistochemical results showed high Cav1.3 
expression in endometrial carcinoma and atypical 
endometrial hyperplasia tissues compared to benign 
endometrial tissues [59]. Sex steroid hormones, including 
estrogens, can modulate the expression of ion channels 
in cancer cells, especially in hormone-sensitive tissues 
[75]. According to Hao et al. (2015), shRNA-mediated 
Cav1.3 silencing suppressed endometrial cancer cell 
proliferation and migration. Although E2 treatment 
increased cell migration, its effect was partly inhibited by 
Cav1.3 deletion in EC cells. Bao et al. (2012) 
demonstrated the Cav1.3-antagonist nifedipine 
significantly suppressed endometrial carcinoma Hec-1A 
cells’ proliferation and migration in vitro. However, 
beyond apoptosis, autophagy was also induced in Hec-
1A cells by nifedipine as a mechanism of cell survival. 
Autophagy inhibitor 3- MA enhanced nifedipine-induced 
cell death [60]. 
A recent work evaluated the role of CACNA2D3 (calcium 
voltage-gated channel auxiliary subunit α2δ3) in 
endometrial cancer. Kong et al. (2020) reported low 
expression of CACNA2D3 in endometrial cancer tissues 
and endometrial cell lines (Ishikawa and RL95-2) 
compared to adjacent healthy endometrial tissues. Unlike 
the other channels, overexpression of CACNA2D3 
decreased cell proliferation and migration, and increased 
apoptosis and Ca+2 influx in EC cells. Overexpression of 
CACNA2D3 also decreases tumor growth in a mouse 
xenograft model. Progesterone (P4) signaling seemed to 
act in the upregulation of CACNA2D3 expression (in vivo 
and in vitro) since CACNA2D3 knockdown blocked the 
function of P4 [61]. 
Also studied in EC are TRP channels, which are Ca+2- 
permeable ion channels. Li et al. (2020) evaluated 
endometrial cancer calcium-activated TRPM4 channel 
gene expression data through The Cancer Genome Atlas 
(TCGA) datasets. Low TRPM4 expression levels were 
correlated with poor clinical outcomes and survival. The 
TRPM4 silencing in endometrial cancer AN3CA cells 
promoted proliferation and migration [62]. Recently, 
Eynde et al. (2022) investigated the TRP channel mRNA 
expression patterns in malignant endometrial tissues and 
tumor microenvironment epithelial and mesenchymal 
cells. The study cross-referenced TRP channel 
expression data with the epithelial to mesenchymal 
transition (EMT) status, a change that allows cells to 
acquire mobility and invasiveness. Calcium-permeable 
TRPV2 and canonical TRPC1 channels’ expression in 
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both endometrial cancer biopsies and cancer cells were 
associated with high-risk biopsies and a high EMT status. 
In contrast, TRPM4 mRNA expression was higher in low-
risk cancer tissues and cancer cells and with lower EMT 
status [63]. 
Li et al. (2020) also demonstrated that high expression of 
TRPV4 (transient receptor potential vanilloid 4) is 
associated with EC progression in vitro and in vivo. 
TRPV4 depletion (shTRPV4) decreased the calcium 
influx and metastatic ability in Ishikawa cells, and TRPV4-
overexpression (OETRPV4) increased calcium levels and 
metastatic ability in HEC-1A cells. In vivo tumor xenograft 
models allowed for an evaluation of the number of 
metastatic peritoneal nodules. The xenograft model with 
Ishikawa cells (higher TRPV4 expression) showed a 
reduction in peritoneal nodules, while xenograft model 
HEC-1A cells (lower TRPV4 expression) increased the 
peritoneal nodules. Treatment with a TRPV2 agonist 
(GSK1016790A) and antagonist (HC067047) reverted the 
results. The authors also proposed that TRPV4 and Ca+2 
could promote metastasis by regulating the cytoskeleton 
through the RhoA/ROCK1 pathway [64]. 
 
2.3. Chloride and Sodium Channels 
Although less studied in endometrial cancer, Cl− and Na+ 
channels have been demonstrated to be involved in 
cancer progression. According to Xia et al. (2017), CFTR 
chloride channel expression is upregulated in endometrial 
carcinoma tissue compared to non-tumoral tissues. 
However, the specificity inhibitor CFTR(inh)-172 
intensified the proliferative and migrative capability of 
endometrial Ishikawa cells in vitro [65]. Although not 
directly studied in endometrial cancer, overexpression of 
chloride channel-3 (CLC-3) was associated with 
migration and invasion in ectopic endometrial cells from 
patients with endometriosis [76] and progression of 
human cervical carcinoma [77]. 
Voltage-gated sodium channel Nav1.7 was highly 
expressed in endometrial carcinoma compared to 
adjacent non-tumoral tissue. Results from Liu et al. 
(2019) associated Nav1.7 levels with the tumor size, local 
lymph node metastasis, and patient survival. In vitro 
experiments with Nav1.7 blocker (PF-05089771) induced 
cancer cell apoptosis and reduced the invasion ability of 
isolated cells from EC biopsies [66]. 
 
 
2.4. Porins 
Accumulating evidence has been suggesting that 
aquaporins are involved in the tumorigenesis process 
[45]. Aquaporin-1 (AQP1) was widely expressed in most 
secretory and absorptive epithelia and in the endothelial 
cells of microvessels. An imbalance  
in AQP1 could indicate a possible involvement in tumor 
angiogenesis and cell proliferation [78]. Pan et al. (2008) 
analyzed the AQP1 expression and intratumoral 
microvessel density (IMD) in endometrioid 
adenocarcinoma, endometrial hyperplasia, and a normal 
endometrium. AQP1 was found only in small vessels and 
microvessels. The AQP1/IMD ratio was significantly 
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higher in endometrioid adenocarcinoma and positively 
correlated with the histologic grade, invasion, and 
metastasis [67]. Differently from the AQP1 distribution 
pattern in endometrial tissue, aquaporin-2 (AQP2) 
expression is found in the luminal and glandular epithelial 
cells [79]. Immunohistochemical and Western blot 
analyses demonstrated a significantly higher expression 
of AQP2 in EC tissues compared to control samples. In 
vitro, AQP2 knockdown attenuated migration, invasion, 
and adhesion but not proliferation in Ishikawa cells [68]. 
Downregulation of aquaporin-5 (AQP5) showed a 
reduction in endometrial cancer cells’ migration capacity 
[69]. Watanabe et al. (2020) associated 
clinicopathological parameters with AQP3 expression in 
endometrial cancer samples. Although non-tumoral 
tissues were not analyzed, the authors demonstrated a 
significant correlation between AQP3 expression and 
early tumor stages with lower histological grades [70]. 
VDAC, also known as a mitochondrial porin, acts as a 
gatekeeper of mitochondrial metabolites [44]. Jóźwiak et 
al. (2020) revealed that the isoforms VDAC1 and VDAC3 
are upregulated in endometrial cancer tissue compared 
to a non-tumoral endometrium. Increased expression of 
VDAC1 was associated with infiltrative endometrial 
tumors. However, high VDAC3 levels were expressed in 
poorly differentiated endometrial cancers and low VDAC3 
levels in metastatic or advanced tumor stages [71]. 
 
3. IC Regulation by Steroids Hormones and Growth 
Factors 
Cancer development involves proliferative signaling, 
resistance to growth suppressors and death, replicative 
immortality, angiogenesis, and activation of invasion and 
metastasis pathways [7]. Ion transport mechanisms are 
implicated in these cell functions by the modulation of ion 
flux across cell membranes, cell volume, signal 
transduction pathways, cellular transport [80], and 
homeostatic maintenance in subcellular organelles [81]. 
Ion channels’ and transporters’ dysregulation has been 
related to pathophysiologic processes, especially in 
epithelial cells [80]. Interestingly, epithelial tissue is the 
most common site for the development of cancers. 
Specifically, those epithelia with secretory capacities, 
such as the uterus, seem to be frequent sites of cancer 
[82]. 
The uterus consists of two different layers: the 
endometrium and myometrium. The endometrium is 
mainly constituted of endometrial epithelial cells (luminal 
and glandular cells) underlying stromal cells [83]. In 
response to monthly reproductive hormone fluctuations 
and growth factors, endometrial cells possess remarkable 
plasticity and regenerative capacity to facilitate 
pregnancy [84]. However, abnormal human endometrium 
remodeling and regeneration lead to a range of uterine 
pathologies such as adenomyosis, endometriosis, and 
endometrial carcinoma [85]. Prolonged exposure to 
endogenous estrogen effects means an early age at 
menarche and advanced age at menopause are 
considered risk factors for EC [86,87]. Although EC 
mainly affects postmenopausal women, a rare subset of 
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patients is diagnosed during pregnancy [88]. 
Therefore, various factors are associated with cancer 
development and progression, such as the modulation of 
ion channels’ expression through hormones and growth 
factors [75]. The potassium channels, followed by 
calcium, sodium, and chloride channels, are the most 
investigated in several pathologies [89]. The expression 
of these channels can be modulated by growth factors 
and hormones, such as the ovarian steroid hormones E2 
and P4 [90,91]. There are two isoforms of estrogen 
receptors (ER): ERα, which predominantly stands out in 
normal endometrium and early-stage endometrial cancer, 
and ERβ, which is more evident in late-stage disease and 
metastasis [92]. P4 functions through two major 
progesterone receptor (PR) isoforms: PRA and PRB [93]. 
Since progesterone can suppress the growth of EC cells 
[94], the expression of PR is inversely related to the 
clinical grade and stage: lower levels of PR are related to 
more advanced disease [95]. Endometrial cells treated 
with P4 increased the expression of CACNA2D3 and the 
intracellular Ca+2 levels, preventing endometrial cancer 
cell proliferation and inducing apoptosis. In a mouse 
xenograft model, the treatment with P4 also upregulated 
the expression of CACNA2D3 and attenuated tumor 
growth [61]. 
Hao et al. (2015) identified that 17-β estradiol acts 
directly in the regulation of calcium Cav1.3 and Cav1.4 
channels’ expression. Moreover, 17-β estradiol hormone 
has been reported to increase Cav1.3 expression in 
endometrial cancer cells. Furthermore, the decrease in 
Cav1.3 levels negatively interfered with estrogen- 
stimulated calcium influx, cell proliferation, and migration 
of endometrial cancer cells. Therefore, it is suggested 
that the Cav1.3 channel plays a role in 17-β estradiol-
induced carcinogenesis in endometrial cells [59]. 
According to Bolanz et al. (2008), 17-β estradiol 
upregulates, in a time-dependent manner, TRPV6 
expression in T-47D breast cancer, suggesting that 
TRPV6 channels facilitate the calcium influx and are part 
of the molecular mechanism of the 17-β estradiol-induced 
proliferation in breast cancer cells. [96]. In vitro 
experiments showed a decline in TRPM4 expression in 
response to estrogen stimuli in endometrial cancer, 
possibly involved in cancer cell proliferation and migration 
[62]. 
Wang et al. (2018) showed that 17-β estradiol regulated 
the expression of the KCa1.1 potassium channel in 
endometrial cancer. Decreased expression of KCa1.1 led 
to reduced levels of phosphorylated ERK and MEK (p-
ERK and p-MEK) proteins. The reduction of KCa1.1 was 
also related to a decrease in proliferation, migration, and 
invasion of Ishikawa cells, suggesting that ion channels 
may be essential regulatory factors to mediate the effects 
of 17-β estradiol on endometrial cancer cells [56]. 
Liu et al. (2019) demonstrated that sodium channels 
provide increased motility, endocytosis, and cell invasion. 
These channels increase their expression in cancers that 
are hormone-dependent, such as endometrial cancer, for 
example [66]. Chlorine channels play a role in cell 
proliferation, migration, invasion, and metastasis [38]. 
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Studies have suggested that the expression of CLC-3 
chloride channels is regulated by 17-β estradiol in breast 
cancer cells [57,97]. Associations between Na+ and Cl- 
channels have already been described in breast cancer 
[75]. Zou et al. (2011) demonstrated that AQP2 
expression in endometrial Ishikawa cancer cells 
increased dose-dependently with E2 stimuli; however, 
AQP2-specific siRNA attenuated E2-enhanced migration, 
invasion, and adhesion [68]. 
Ion channels can also be modulated by growth factors 
such as the vascular endothelial growth factor (VEGF). 
VEGFs are secreted by fibroblasts and inflammatory cells 
and bind to their receptors on endothelial cells to promote 
angiogenesis. However, VEGF receptors’ expression can 
also be found in tumor cells, resulting in autocrine tumor 
growth and angiogenesis induction [98]. Several 
angiogenic factors and their receptors have been studied 
in a wide variety of tumor types, including breast, 
pancreatic, lung, prostate, colorectal, brain, and ovarian 
cancer [99–105]. Pan et al. (2008) indicated possible 
signaling cooperation between AQP1 and VEGF to 
promote angiogenesis in endometrial cancer, facilitating 
tumor growth and spread [67]. 
Insulin-like growth factor 1 (IGF1) is associated with a 
phenotypic change from normal cells to neoplastic cells. 
There is already an association between IGF1 expression 
through the action of estrogen in endometrial cancer 
[106]. Hyperplasic endometrium and endometrial 
carcinoma tissues express high levels of IGF-I receptor 
(IGF-IR) [107]. Downregulation of IGF-1R expression 
inhibits the growth of endometrial carcinoma in vitro 
[108]. Borowiec et al. (2011) demonstrated that IGF-1 
increases the activity and the expression of hEAG 
channels in breast cancer cells, possibly involved with 
mitogenic signaling [109]. Furthermore, hERGs can act in 
mechanisms of tumor metastasis and angiogenesis. K+ 
channels appear to regulate cellular factors involved in 
cell adhesion signaling, such as β1 integrin, and in 
increasing basal levels of hypoxia-inducible factor 1α 
(HIF-1α) and VEGF secretion in the hypoxic tumor 
microenvironment [49]. 
 
4. Ion Channels: Biomarkers or Potential Targets for 
EC? 
Tumor-specific expression of certain channel types can 
form molecular markers of malignancy. By providing a 
classification for cancer, biomarkers can help to define 
the clinical prognosis and guide therapeutic strategies 
[110]. The emergence of new tools such as proteomics 
allows for identifying molecular fingerprints in EC and 
serves as a source for clinically relevant biomarkers’ 
discovery. In addition to assisting in clinical diagnosis and 
prognostics, proteomics analysis contributes to the 
evaluation of potential therapeutic targets and 
mechanisms of therapeutic resistance [111,112]. A 
prognostic factor has been defined as a patient or 
disease characteristic/variable that provides an 
estimation of the recovery or disease relapse chances 
[113]. EC prognostic factors include the tumoral staging 
and size, histological cell type determination, and the 
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presence of myometrial and lymphovascular space 
invasion [114]. 
Ion channels have also been shown to be involved in 
endometrial oncogenesis. Tissue analysis revealed 
different expression patterns of K+ [50,54,56], Ca+2 
[59,61,63], Cl− [65], Na+ channels [66], and AQP 
[67,68,70,71] between endometrial cancer and a 
nontumoral endometrium. Possibly related to imbalanced 
hormonal signaling, the increased ion channel expression 
appears to be linked to the channel-mediated pathway 
required for endometrial tumor progression. 
The different expression patterns of ion channels 
between tumor and non-tumor tissues/cells also 
highlighted the ion channels that may make potential 
targets for anticancer therapies [115]. Based on 
preclinical in vitro and in vivo studies, channel inhibitors 
or channel downregulation may suppress endometrial 
cancer cell proliferation, differentiation, migration, and 
invasion, leading to tumor growth suppression [51,54–
60,62,64–66,68,69]. CACNA2D3 calcium channel 
expression showed the opposite effect to the other 
channels in endometrial cancer. Its downregulation 
showed involvement in proliferation, migration, and tumor 
growth [61]. Considering that ion channels are widely 
expressed in the tissues and have physiological 
importance for the body’s homeostasis regulation, these 
data highlighted the complexity and importance of 
tracking the expression patterns of ion channels 
according to the type of tumor under analysis.  
However, ion channels as a therapeutic target could bring 
side effects and risks since many of the ion channels 
identified in cancer cells are expressed in healthy normal 
cells [115]. Yet, theoretically, a plausible treatment for 
cancer regarding the functions of ion channels should 
target those mechanisms involved in tumor progression, 
such as proliferation, migration, and invasion. Moreover, 
they are easily accessible because they are membrane 
proteins that are often overexpressed or activated in 
cancer [116]. In this way, TRP channels, Cav1.3, KCa3.1, 
and AQP2 are all candidates to be targeted by therapies. 
Indeed, several in vivo studies evaluated the systemic 
effect of ion channels as a pharmacological target. In 
general, Ca+2, K+, and Na+ channels’ inhibition or 
activation demonstrated a lack of specificity and side 
effects mainly on the cardiovascular system [117]. For 
example, although the use of hERG channel blockers 
triggers cell cycle arrest and apoptosis in cancer cell lines 
[49], hERG1 channels are essential for regulating the 
cardiac action potential. Inherited mutations or 
pharmacological blocks that cause loss of channel 
function can lead to life-threatening arrhythmias. These 
proarrhythmic side effects require significant attention in 
new cancer drug development [118]. Although ion 
channel-targeting strategies may have off-target effects, 
some early-phase clinical trials are under study for 
cancer treatment [115]. TM-601 is a synthetic version of 
peptide chlorotoxin, found in scorpion venom, which acts 
as a Cl- channel activity blocker. 
Intracavitary administration of TM-601 
radiolabeled with Iodine-131 in patients with recurrent 
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glioma (phase 1 clinical trial) demonstrated good 
tolerability and potential antitumoral effects [119]. Another 
therapeutic approach is the use of monoclonal antibodies 
targeting ion channels [120]. P2X7 is a transmembrane 
receptor expressed in various cell types that can form a 
nonselective channel for cations when activated by 
extracellular ATP [121]. A non-functional isoform of P2X7 
(nfP2X7) appears significantly expressed in tumor cells, 
such as those of bladder, kidney, colorectal, and lung 
cancer [122]. The use of a monoclonal antibody targeting 
an epitope on the cancer-specific variant of nfP2X7 
(phase 1 clinical trial) was well-tolerated and brought 
promising results in basal cell carcinoma treatment [123]. 
The use of SOR-C13, a TRPV6 calcium channel inhibitor, 
in patients with advanced solid tumors (phase 1 clinical 
trial), including ovarian, colorectal, non-small cell lung, 
and pancreatic, demonstrated disease stabilization and 
suggested potential antitumor activity [124]. 
Approved drug repurposing is another field to be explored 
in the targeting of ion channels for cancer therapy. Drugs 
currently used in hypertension and psychiatric disorders’ 
treatment, for example, have inhibitory effects on ion 
channels, and their redirection may be promising for 
cancer treatment [125]. For example, the imbalance in 
intracellular calcium levels’ homeostasis related to 
estrogen signaling in carcinogenesis highlights the 
promising use of calcium channel blockers in endometrial 
cancer treatment [126]. It is noteworthy that drug 
repurposing should include new drug delivery and 
formulation methods since the expected effects for 
cancer treatment require higher doses than those used 
for other conditions [126]. 
 
5. Conclusions 
More than regulators of the flow, ion channels appear to 
be the leading figure in a myriad of processes, including 
carcinogenesis. Figure 1 summarizes the ion channels 
with a described role in endometrial cancer. Today, the 
ion channel research grand challenge consists of 
determining and selectively blocking ion channel 
subtypes or ion channel mutants according to the tumor 
type, along with searching for safer pharmacotherapy 
[127]. Although there are not any clinical trials to date that 
validate the use of ion channels as molecular markers or 
therapeutic targets in endometrial cancer, the data 
presented highlight the role of ion channels in 
endometrial tumor progression, with a promising 
therapeutic approach to be investigated. 
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Figure 1. Ion channels and their involvement in 
endometrial cancer cells. 
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5 CONCLUSÕES 

 

Mesmo não sendo classificado como uma canalopatia, é evidente que a 

função dos canais iônicos está envolvida no processo de carcinogênese, uma vez 

que sua atividade desempenha papel central em uma infinidade de processos 

fisiológicos. No câncer endometrial isto também é evidente, como se demonstrou na 

descrição dos estudos publicados até a presente data, incluídos neste artigo de 

revisão. Em resumo, foram observados diferentes padrões de expressão de canais 

de potássio, de cálcio, de sódio e quaporinas em amostras de tecido tumoral 

endometrial e endométrio não-tumoral. Esta expressão alterada parece estar ligada 

com a via, mediada pelo canal, necessária para a progressão tumoral, como 

capacidade proliferativa sustentada, ativação de migração, invasão e metástase, 

imortalidade replicativa, evasão do sistema imune, entre outros hallmarks do câncer. 

Porém, mais do que apenas descrever seu envolvimento na tumorigênese 

endometrial, é necessário buscar novas formas de terapia que possam fazer uso 

destas proteínas como alvo farmacológico, que sejam eficazes e seguras para o 

paciente. Embora não existam ensaios clínicos até o momento que validem o uso de 

canais iônicos como marcadores moleculares ou alvos terapêuticos no câncer de 

endométrio, os dados apresentados destacam o papel dos canais iônicos na 

progressão tumoral endometrial com uma abordagem terapêutica promissora a ser 

investigado.   
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6 CONSIDERAÇÕES FINAIS 

 

Este trabalho de mestrado foi desenvolvido durante os anos de 2021 e 2022 

em alternativa ao projeto de pesquisa inicialmente proposto, cujo título era “Avaliação 

dos efeitos do soro de indivíduos obesos e eutróficos pós- exercício sobre células de 

câncer de endométrio”. Isto se deveu ao contexto pandêmico enfrentado durante os 

anos de 2020 e 2021. Pelo fato de o projeto original envolver recrutamento de 

pacientes e técnicas experimentais de cultivo celular, com a suspensão das 

atividades de laboratórios de pesquisa nos meses iniciais da pandemia, e com a 

impossibilidade de recrutamento de paciente durante boa parte do ano de 2020, 

optou-se por modificar o foco do estudo, desenvolvendo-se um trabalho de revisão 

envolvendo o objeto de estudo inicial, o câncer de endométrio. A temática de 

fisiopatologia de canais iônicos foi inserida em virtude de ser um tema de estudo de 

outras pesquisas do Grupo de Biofísica Celular, Molecular e Computacional, 

definindo-se, assim, o tema da revisão narrativa. Optamos por uma revisão narrativa 

com o intuito de elaborar um trabalho que abordasse de uma forma abrangente os 

mais diversos estudos que descrevessem algum aspecto da fisiologia dos canais 

iônicos relacionada ao câncer de endométrio. 

A opção pela publicação na revista “Cancers” foi em virtude do convite 

recebido pela autora Bruna Pasqualotto Costa para envio de artigo para um tópico 

especial da revista, intitulado “Endometrial Cancer: Old Questions and New 

Perspectives”. Julgamos que a publicação em um tópico especial seria muito 

pertinente, pois traria visibilidade para nosso grupo e ampliaria o alcance do nosso 

trabalho, uma vez que a revista conta com um bom fator de impacto (6,575). Nossa 

revisão se enquadrava perfeitamente na temática proposta, então submetemos o 
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manuscrito para apreciação, tendo sido aceito com pequenas rodadas de correções, 

o que julgamos ser um ponto positivo referente à qualidade do trabalho apresentado. 


