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RESUMO

O colangiocarcinoma (CCA) é a segunda neoplasia mais maligna do figado que surge
na arvore biliar. O CCA esta associado com mau progndstico e os principais fatores
envolvidos em sua patogénese ndo sao bem compreendidos. Os receptores tirosina
quinases (RTKs), como o receptor do fator de crescimento epidérmico (EGFR), podem
mediar as vias de sinalizagédo de calcio intracelular (Ca?*), via inositol 1,4,5-trifosfato
(InsP3). Eles ativam os receptores 1,4,5-trifosfato (ITPRs) e regulam o crescimento
tumoral. ITPR isoforma 3 é o principal canal de liberagéo intracelular de Ca?* em
colangidcitos. Os efeitos do Ca?* intracelular, por sua vez, sdo mediados por proteinas
de ligagdo de calcio, como calmodulina e proteina A4 de ligacdo de calcio S100
(S100A4). No entanto, o significado clinico patoldgico e biologico de EGFR, ITPR3 e
S100A4 no CCA permanece obscuro. Assim, o presente trabalho investiga a imuno
expressao dessas trés proteinas em 59 pacientes diagnosticados com CCA,
submetidos a tratamento cirurgico curativo e correlaciona os dados com
caracteristicas clinico-patologicas e sobrevida. A alta expressdao de ITPR3 foi
correlacionada com os niveis de CA 19-9, estagio TNM e metastases em linfonodos
(N). Além disso, a expressao de ITPR3 foi aumentada em CCA distal em comparagao
com ductos biliares de controle e CCAs intra-hepaticos e peri-hilares. Os escores
clinicos ITPR3 e S100A4 foram significativamente correlacionados. Em resumo, a
super expressao de ITPR3 pode contribuir para a progressdo da CCA e pode

representar um potencial alvo terapéutico.

Palavras-chave: ITPRs; ITPR3; S100A4; Colangiocarcinoma; Figado; Cancer



ABSTRACT

Cholangiocarcinoma (CCA) is the second most malignant neoplasm in the liver that
arises from the biliary tree. CCA is associated with a poor prognosis, and the key
players involved in its pathogenesis are still not well understood. Receptor tyrosine
kinases (RTKs), such asepidermal growth factor receptor (EGFR), can
mediate intracellular  calcium (Ca?*) signaling  pathways via  inositol  1,4,5-
trisphosphate (InsP3), activating inositol 1,4,5-trisphosphate receptors (ITPRs) and
regulating tumor growth. ITPR isoform 3 (ITPR3) is the main intracellular Ca?* release
channel in cholangiocytes. The effects of intracellular Ca2* are mediated by calcium-
binding proteins such as Calmodulin and S100 calcium-binding protein A4 (S100A4).
However, the clinicopathological and biological significance of EGFR, ITPR3 and
S100A4 in CCA remains unclear. Thus, the present work investigates the
immunoexpression of these three proteins in 59 CCAs from patients who underwent
curative surgical treatment and correlates the data with clinicopathological features
and survival. High ITPR3 expression was correlated with CA 19-9 levels, TNM stage
and lymph node metastasis (N). Furthermore, ITPR3 expression was increased in
distal CCA compared to control bile ducts and intrahepatic and perihilar CCAs. In
summary, ITPR3 overexpression could contribute to CCA progression and it may

represent a potential therapeutic target.

Keywords: ITPRs; ITPR3; S100A4; Cholangiocarcinoma; Liver; Cancer
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1.INTRODUGAO

O colangiocarcinoma (CCA) constitui um grupo raro de doengas malignas que
acometem a arvore biliar. CCA’s sdo classificados de acordo com sua posicao
anatbmica, podendo ser: intra-hepatico, peri-hilar e distal (Figura 1). Possui
histogénese heterogénea com origem a partir de diferentes células como as
progenitoras hepaticas, colangiocitos, hepatdcitos e células tronco (Banales et al.,
2020; Rizvi et al., 2018). No entanto, sua manifestacao clinica, historia natural, fatores
de risco e genéticos podem interferir na resposta a quimioterapia. Apesar de muitos
avangos na area, os mecanismos de carcinogénese ainda sao mal compreendidos
(Banales et al., 2019, 2020).

A colangiocarcinogénese € orquestrada por uma complexa interacdo de
ligantes, tais como citocinas pro-inflamatérias e fatores de crescimento. Estudos
imuno histoquimicos (IHQ) tém mostrado que receptores de fatores de crescimento
podem ser superexpressos em amostras de CCA humano (Harder et al., 2009). Tal
como o receptor de fator de crescimento epidermal (EGFR), que é um receptor do tipo
tirosina quinase codificado por proto-oncogenes. O EGFR foi relatado por
desempenhar um papel fundamental no ciclo celular, migragdo e angiogénese
(Mahipal et al., 2018). A superexpressao desse receptor pode estar relacionada a
colangiocarcinogénese em CCA, com alto nivel de expressdo no subtipo intra-
hepatico (Pignochino et al., 2010). Além disso, a ativagdo de EGFR por seu ligante
EGF também ativa a sinalizagao de Ca?* via Inositol 1,4,5-trifosfato (InsP3), ativando

o receptor de inositol 1,4,5-trifosfato (Miranda, De et al., 2019).

Figura 1 - Classificagdo do CCA de acordo com a posi¢do anatdmica e imuno hisquimica para o ITPR3

em CCA'’s intra-hepatico, peri-hilar e distal. (Rodrigues et al., 2022)
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As vias de sinalizagido de Ca?* , por sua vez, regulam diversos processos tais
como: crescimento tumoral, proliferacdo celular, apoptose, migracdo celular,
transcricdo genética e necrose. Em colangiécitos, a liberagdo de Ca2+ no citosol,
ocorre principalmente por meio do receptor de inositol 1,4,5-trifosfato tipo 3 (ITPR3)
(Hirata e Nathanson, 2001; Rodrigues et al., 2007). Estudos anteriores demonstraram
que esta isoforma esta envolvida com a biologia de CCA (Gomes et al., 2021). Além
disso, a expressao de ITPR3 €& envolvida na patogénese de outras neoplasias e sua
superexpressao esta correlacionada com outros tipos de cancer (Hedberg et al., 2016;
Kang et al., 2010).

Os efeitos do calcio intracelular sdo mediados por proteinas de ligagcao de
calcio e tém sido relacionados a um pior progndstico e agressividade tumoral em
pacientes com diferentes tipos de carcinoma, incluindo o colorretal, esofagico, bexiga,
pancreas, estbmago e mama (Nedjadi et al., 2018; Xu et al., 2014). A proteina
S100A4, uma proteina de ligacdo de calcio, contém dois dominios de ligagao “EF-
hand” e ela foi reconhecida por desempenhar um papel fundamental na progresséo
do tumor e metastase (Park, Jung e Koo, 2016). Esta molécula regula muitos efeitos
bioldgicos intracelulares e extracelulares, incluindo proliferagao celular, remodelacao
da matriz extracelular, descolamento celular e angiogénese (Boye e Malandsmo,
2010; Tian et al., 2015).

Trabalhos anteriores demonstram a expressdo de S100A4 como marcador util
para prever progressao, metastase e prognéstico do CCA como um gene relacionado
a metastase (Fabris et al., 2011). Recentemente, a expressdo de S100A4 foi
detectada em CCA intra-hepatico e a sua expressao nuclear foi identificada como um
forte preditor de metastase e reducédo da sobrevida apds a resseccgéo (Tian et al.,
2015).

Este estudo teve como objetivo investigar a expressao de ITPR3, S100A4 e
EGFR e sua correlagcdo com as caracteristicas clinico-patoldgicas de CCA’s intra e
extra-hepaticos. Foi avaliada a associacao entre ITPR3, S100A4, EGFR e a sobrevida

pos-operatoria dos pacientes.
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2.RELEVANCIA

O estudo da biologia molecular dos Colangiocarcinomas, com identificacao de
potenciais alvos para o tratamento quimioterapico, € essencial para tornar possivel
a selecao de pacientes que podem se beneficiar do tratamento com farmacos
especificos.

Ainda ndo ha na literatura estudos que correlacionam a expressao EGFR,
ITPR3 e a proteina S110A4 em CCA, o que pode contribuir para um progresso no

entendimento da fisiopatologia dos CCA’s.
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3. OBJETIVOS

Analisar o grau de expressao imuno histoquimica (IHQ) do receptor
EGFR e das proteinas de ligacdo ITPR3 e S100A4 em
colangiocarcinomas.

Correlacionar a expressao destes biomarcadores com os dados clinico
patolégicos dos pacientes verificando se ha relagdo entre grau de

expressao e pior progndéstico em diferentes tipos de CCA.



18

4. METODO

4.1. Selecao de pacientes e estudos anatomopatologicos

No periodo entre Janeiro de 2008 a Marco de 2021 foram coletadas um total
de 59 amostras de pacientes submetidos a ressecgéao cirurgica com intengao curativa
para tratamento de CCA. O Comité de Etica Institucional aprovou esta pesquisa
(numero de referéncia :CAAE - 37156714.6.0000.5149). Foram coletados dados
referentes ao sexo, idade, histérico de tabagismo ou alcoolismo, localizagéo, origem
anatbmica. Além de achados clinicos como expressao do CA- 19-9 (carboidrato
antigeno), o tipo histolégico, estagio tumoral, invasdo angiovascular, margem cirurgica
e sobrevida apos o tratamento.

Para a classificagdo e o estadiamento foi seguido o padrdo TNM do American
Joint Committee/Union for International Cancer Control. Para ajuste de possiveis
efeitos na sobrevida relacionados a complicagdes cirurgicas, pacientes que morreram
durante os primeiros 30 dias apds a cirurgia foram excluidos. Assim, o periodo de
acompanhamento iniciou-se 30 dias apds a ressecg¢ao do tumor, variando de 2 a 60
meses (mediana 21,78 meses). As relagcdes entre ITPR3, S100A4 e EGFR e as

caracteristicas clinico patolégicas de CCA humano sao relatados na Tabela 1.

4.2. Marcacgao imuno histoquimica

Os anticorpos primarios usados para analise IHQ foram anti-EGFR (1:100,
clone 31G7, Invitrogen, California, USA); ITPR3 (1:100 monoclonal, BD Biosciences,
Rockville, MD, USA) e S100A4 (1:200, polyclonal, Invitrogen). O processamento
seguiu-se como descrito anteriormente, com pequenas modificagbes (Rodrigues et
al., 2021).

Em resumo, para coloracédo ITPR3 e S100A4, cortes com espessura de 4 um
de tumores foram transferidos para laminas sinalizadas, e os tecidos, fixados em
formol e embebidos em parafina (FFPE), foram posteriormente desparafinizados,

reidratados, seguido por recuperagao antigénica em solugéo Trilogy (Cell Marque,
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Koclin, CA , EUA) com aquecimento pressurizado (125 °C) por 20 min de acordo com

as instrugdes do fabricante.

Foi realizado a recuperacéo enzimatica de EGFR usando 0,1% de pepsina em
10 mM de HCI (Sigma-Aldrich, St. Louis, MO, EUA) a 37 C° por 30 min. As laminas
foram desparafinizadas em xileno (Sigma-Aldrich), e a atividade da peroxidase
endodgena foi extinta com 3% de H202 em metanol (Sigma-Aldrich). Em seguida, as
laminas foram cobertas com blocos de proteina sem soro (Dako, Santa Clara, CA,
EUA) por 30 min e depois incubados com os anticorpos primarios (EGFR, ITPR3 e
S100A4) durante a noite a 4 C°. Foi aplicado manualmente um sistema de detecgao
baseado em peroxidase, Novolink™ Polymer (Leica Biosystems Newcastle Ltd., New
Castle, Reino Unido).

A imunorreatividade foi visualizada incubando-se as laminas por 2 minutos com
3,3'diaminobenzidina (sistema de substrato Lab Vision DAB; Lab Vision, Fremont,
Califérnia, EUA). Os controles negativos foram preparados omitindo o anticorpo

primario. Para o controle positivo foi usado o tecido hepatico ndo tumoral adjacente.

4.3. Analise imuno histoquimica

Dois observadores independentes avaliaram o grau de imunorreagdo nos
cortes histolégicos de forma cega. Foram selecionados aleatoriamente cinco campos
de grande aumento (40x) de cada corte para avaliar a porcentagem de células
tumorais marcadas e a intensidade de marcacao. A expressao de EGFR foi avaliada
em amostras de CCA usando os escores definidos de acordo com o consenso da
Sociedade Americana de Oncologia Clinica e do Colégio de Patologistas Americanos
(ASCO/CAP; Wolff et al.). Como segue:

e 0 =nao coloracdo de membrana ou coloracdo de membrana incompleta
e fraca/pouco perceptivel em < 10% das células tumorais;
e 1 =incompleta e fraca/pouca coloragao perceptivel da membrana em =

10% das células tumorais;
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e 2 =incompleta e/ou coloragdo de membrana fraca/moderada em > 10%
das células tumorais ou coloragao completa e intensa da membrana em

< 10% das células tumorais;

e 3 = coloragdo completa e intensa da membrana em > 10% das células

tumorais.

Espécimes com pontuacgao de 0, 1 e 2 foram considerados como negativo, e
aqueles com pontuacao 3 foram considerados como alto/positivo (Wolff et al., 2013,
2018).

O método de pontuacgéao utilizado por Silveira et al. para prostaglandina G/H
sintase 2 (COX2) foi adaptado para pontuagao ITPR3 e S100A4 (Lavalle et al., 2009;
Silveira et al., 2020). O numero de células positivas para ITPR3 e S100A4 foi avaliado
de forma semiquantitativa, com o escore de distribuicdo definido pela estimativa da
porcentagem de células positivas em cinco campos com ampliagdo de 40x, da

seguinte forma:

0 = auséncia;
e 1 =menos de 10% de células coradas;
2 =entre 10% e 30%; 3 = entre 31% e 60%:;

4 = mais de 61% de células coradas.

Para a intensidade de coloracéo, os valores variaram de 0 a 3 como segue:

0 = auséncia;

1 = coloracgao fraca;

2 = coloragao moderada;

3 = forte coloracéo.
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A pontuacgao de distribuicao e a intensidade foram multiplicadas para obter uma
pontuacao total, que variou de 0 a 12. Para avaliar a expressdao de S100A4, a

coloragao no citoplasma e/ou nucleos foi considerada positiva.

4 4. Analises estatisticas

Diferengcas no escore de IHQ e nos niveis de marcadores tumorais,
dependendo localizagao foram analisados usando o teste de Kruskal-Wallis e o teste
U de Mann-Whitney. A analise estatistica das curvas de sobrevida e o modelo de
regressao de riscos proporcionais de Cox foram realizados usando os métodos
sobrevida do software RStudio (versao 1.4,1717; versao R em execucgéo:4.10). Os
testes do qui-quadrado e exato de Fisher foram usados para analisar a correlagao
entre a expressao de ITPR3, S100A4 e EGFR e as caracteristicas clinico-patologicas
de pacientes com CCA. De acordo com analise de sobrevivéncia de Kaplan-Meier, o
teste log-rank foi usado para comparar a sobrevida global dos pacientes. Valores de

p<=0.05 foram considerados estatisticamente significativos.
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5. RESULTADOS

5.1. Expresséao do ITPR3, EGFR e S100A4 em CCA primario.

Primeiro, a relacdo da expressdo de ITPR3, EGFR e S100A4 em CCA foi
examinada em amostras de figado de pacientes com CCA intra-hepatico (n = 17), peri-
hilar (n = 29) e distal (n = 17). Os diagnosticos histoldgicos foram estabelecidos com

base no exame de espécimes coradas com hematoxilina-eosina (H&E) (Fig. 2A-D).

As taxas de ITPR3, EGFR e a expressao de S100A4 foi de 73,6%, 31,58% e
8,7%. Ja as taxas de baixa expressdo foram 26,32%, 68,42% e 91,23%,
respectivamente (Fig. 3). Imagens representativas de coloragdo alta/positiva e

baixa/negativa para cada proteina € mostrada na Fig. 3.

A expresséo relativa de ITPR3 foi examinada de acordo com a origem
anatdmica do tumor. A marcacéo IHQ de ITPR3 aumentou ao comparar ductos biliares
de controle com CCA'’s intra-hepaticos, peri-hilares e distais (p < 0,05 ep < 0,0001,
respectivamente) (Fig. 4B). Nenhuma diferenga de marcacgao foi observada entre CCA
intra-hepatico e peri-hilar (Fig. 4B). Esse resultado foi confirmado quando comparando
a expressao de ITPR3 de acordo com a pontuagéo IHQ (Fig. 4C e D). A expresséo
aumentada de ITPR3 no CCA distal comparado com a CCA intra-hepatica foi

confirmado pelo escore IHQ (p < 0,05) (Fig. 4C e D).

A coloragao IHQ de seg¢bes de figado controle mostrou que a expressao de
ITPR3 em colangidcitos estava concentrada na area apical do ducto biliar, como foi
descrito anteriormente (Hirata et al., 2002). Juntos, esses resultados demonstram que
a expressao de ITPR3 estd aumentada em CCA e sua super expressao €

especialmente pronunciada em pacientes com CCA distal.
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Figura 2 - Histologia hepatica de pacientes com CCA e controles. Fotomicrografias representativas de
amostras de figado de controles e pacientes com CCA intra-hepatico, peri-hilar e distal coradas com
hematoxilina e eosina (HeE)) (A) Corte do figado mostrando um paréquima hepatico normal com um
trato portal de aparéncia normal. (B) Corte de CCA intra-hepatico mostrando muitas estruturas
glandulares com perfis arredondados e irregulares. (C) Corte de CCA peri-hilar mostrando um tipo de
crescimento papilar. (D) Corte de CCA distal mostrando um tipo de crescimento papilar.
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Figura 3 - Imunohistoquimica representando a expressao alta/positiva e baixa/negativa das trés
proteinas. Expresséao alta/positiva de ITPR3 (73,6%), S100A4 (8,7%) e EGFR (31,58%) e expressao
baixa/negativa de ITPR3 (26,32%), S100A4 (91,23%) e EGFR (68,42%).

ITPR3 S100A4 ~ EGFR
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Figura 4 - Imunohistoquimica para o ITPR3 em CCA humano com ductos biliares de controle (seta preta) em
pacientes com CCAs intra-hepaticos, peri-hilares e distais. A coloragéo é intensa em CCA'’s distais.
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5.2. Correlagdo entre a expressao de ITPR3, S100A4 e EGFR e caracteristicas

clinico-patoldgicas.

A analise do teste qui-quadrado mostrou que a expresséao positiva de ITPR3 foi
correlacionada com um valor CA 19-9 > 37 U/ml (P = 0,049) e metastase linfonodal (P
= 0,024). A expressao positiva para S100A4 foi correlacionada com um alto grau
histolégico (P = 0,024), metastase linfonodal (P = 0,009) e margem cirurgica (P =
0,047).

A expressao positiva de EGFR foi correlacionado com o estagio TNM (P =
0,046). Outros fatores, incluindo sexo, idade, tabagismo e uso de alcool, localizagao,
histologia, invasdo angiovascular e estagio T, ndo apresentaram correlagao

significativa com nenhuma das 3 proteinas analisadas (Tabela 1).

As correlagdes entre ITPR3, S100A4 e EGFR foram exploradas com o teste
exato de Fisher. A expressdo de ITPR3 foi correlacionada com a expressédo de
S100A4 (p = 0,049). Por outro lado, ndo houve correlacédo significativa entre a

expressao de EGFR e a expressao das demais proteinas.
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Tabela 1 — Relagéo entre ITPR3, S100A4, EGFR e caracteristicas clinico-patolégicas em casos de
colangiocarginoma humano.

Casos ITPR3 P S100A4 P EGFR P
Caracteristicas N Negativo Positivo Negativo Positivo Negativo Positivo
clinicas
Género
Masculino 32 10 22 29 3 22 10
Feminino 25 5 20 0.339 23 2 0.856 17 8 0.952
Idade (anos)
< 60 27 5 22 24 3 17 10
> 60 30 10 20 0.255 28 2 0.554 22 8 0.400
Tabagismo
Sim 18 3 15 16 2 13 5
Nao 37 10 27 0.396 34 3 0.716 24 13 0.585
Etilismo
Sim 16 4 12 15 1 12 4
Nao 41 11 30 0.888 37 4 0.674 27 14 0.504
CA19-9
< 37U/ml 12 7 5 12 0 9 3
> 37 U/ml 24 6 18 0.049 22 2 0.375 14 10 0.326
Localizacao
Intra-hepatico 14 6 8 14 o 7 7
Extrahepatico 43 9 34 0.106 38 5 0.182 32 11 0.088
Histologia
Papilar 15 4 11 14 1 10 5
Outros 42 11 31 0.971 38 4 0.737 29 13 0.865
Invasao
angiovascular
Positivo 42 10 32 37 5 28 14
Negativo 15 5 10 0.472 15 o 0.162 11 4 0.634
Grau Histolégico
G1 14 2 12 14 0 12 2
G2 38 12 26 35 3 25 13
G3 5 1 4 0.429 3 2 0.024 2 3 0.140
Metastase
linfonodal
Positivo 23 2 21 18 5 15 8
Negativo 28 10 18 0.024 28 [} 0.009 20 8 0.634
Estagio T
T1+T2 34 9 25 33 26 8
T3+T4 23 6 17 0.974 19 0.058 13 10 0.112
Estagio TNM
I+11 31 9 22 30 1 25 6
I+IV 25 6 19 0.673 21 4 0.096 14 11 0.046
Margem cirurgica
Positivo 22 8 14 18 4 15 7
Negativo 35 7 28 0.172 34 1 0.047 24 11 0.975
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5.3. Analise de sobrevida

A andlise de sobrevida de Kaplan-Meier foi realizada nos 49 pacientes que ndo vieram
a Obito por mais de um més apos a cirurgia (Fig. 5A). Durante o periodo de acompanhamento

(1-60 meses), um total de 31 pacientes morreram (63,2%).

O tempo médio de sobrevivéncia com base em 49 individuos foi de 29 meses (95%
intervalo de confianga [IC] = 18-43), conforme mostrado na Fig. 6. Para pacientes com baixa e
alta expressdo de ITPR3, os tempos médios de sobrevivéncia foram de 19 e 40 meses (p =
0,4715) (Fig. 5B). O tempo médio de sobrevivéncia foi de 19 e 40 meses (p = 0,2773) ao
comparar pacientes com alta expressdo de EGFR (Fig. 5C) e 18 ¢ 30 (p = 0,1948) para pacientes
com expressdo de SI00A4 baixa versus alta (Fig. 5D). A taxa de sobrevida geral comparando

os niveis de expressao alta e baixa entre as 3 proteinas ndo mostraram diferenga no estudo.
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Figura 5 - Probabilidade de sobrevivéncia em pacientes com CCA apos ressecgao. (A) Estimativas da
curva de sobrevida de Kaplan-Meier para pacientes com CCA com expressdo baixa/negativa e
alta/positiva de ITPR3, EGFR e S100A4, apos ressecgao cirdrgica. (B) Para o ITPR3, os tempos médios
de sobrevida foram 19 e 40 meses (p=0,4715). (C) Para S100A4, os tempos médios de sobrevida foram
19 e 40 meses (p=0,2773). (D) Para S100A4, os tempos médios de sobrevida foram 18 e 30 meses
(p=0,1948).
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6. DISCUSSAO

O CCA é caracterizado por prognéstico ruim, invasao precoce e metastases
disseminadas. No entanto, ainda faltam biomarcadores precisos para diagnosticar e
estimar o progndstico de pacientes com CCA. A ressecgao cirurgica continua sendo
o principal tratamento potencialmente curativo para todos os trés subtipos de doencga
e apenas uma pequena porcentagem de pacientes sdo elegiveis. Por isso, a
investigacdo de novos marcadores subjacentes a progressdo da CCA é de grande
relevancia para o diagndstico e terapéutica (Banales et al., 2020; Rizvi et al., 2018;
Rizvi e Gores, 2013).

Neste trabalho, estudamos a expressao de EGFR, ITPR3 e S100A4 em
amostras de ressecgao cirurgica, correlacionando os resultados clinicos com essas
trés proteinas. Um estudo anterior demonstrou que o EGFR expresso em CCA foi
associado com progressao e recorréncia do tumor (Padthaisong et al., 2020). A familia
EGFR é conhecida como uma proteina da familia tirosina quinase, envolvida em
muitos processos celulares, esta proteina ativa diversas vias de regulacédo (Miranda,
De et al., 2019; Padthaisong et al., 2020). A ativacdo do EGFR pode iniciar a
sinalizagao intracelular para a proliferagao celular, migragdo, adesao e oncogénese
(Angelis Campos, De et al., 2011; Rodrigues et al., 2016; Yarden e Pines, 2012).

Além disso, a expressao aumentada de EGFR e mutagcbes em seu gene estao
associadas com neoplasias como cancer de mama, glioblastomas, cancer de pulmao
e carcinoma de células escamosas de cabega e pescogo (Yarden e Pines, 2012). As
proteinas da familia EGF sao usadas como potenciais biomarcadores para o
prognostico da doenga e progressdo em varios tumores (Arteaga e Engelman, 2014;
Miyata et al., 2017).

No presente estudo, a expressao de EGFR foi considerada positiva em 31,58%
dos casos. A analise univariada mostrou maior taxa de expressdao em tumores em
estagios avancados, ocorrendo em 19,6% dos tumores estadio Il + IV versus 10,7%
dos tumores estagio | + Il (p = 0,046). Exprimindo assim, caracteristicas de um fenétipo

agressivo na presencga de doenga invasiva.
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O CCA é classificado em trés subgrupos de acordo com suas caracteristicas
patolégicas e estagios. Dependendo da localizagéo, os CCA’s apresentam diferentes
graus de invasao em estruturas adjacentes, o que também pode influenciar no
prognoéstico (Ercolani et al., 2015). A localizagao anatémica implica em diferentes
desfechos de sobrevida, embora a expressdo de EGFR n&o tenha apresentado
diferenga significativa entre as trés localizagdes, conforme previamente descrito por

nosso grupo (Gomes et al., 2018).

A ativacdo de EGFR por EGF também ativa a sinalizagdo de Ca 2* via InsP3,
ativando ITPRs, e essa via de sinalizagdo parece estar envolvida no crescimento
tumoral (Miranda, De et al., 2019). Em condi¢gdes normais, o ITPR3 desempenha
papel importante na mediacdo da secregdo de bicarbonato em colangiécitos
(Minagawa et al., 2007). Estudos anteriores relatam que o ITPR3 diminui em
condicbes colestaticas (Shibao et al., 2003). Este receptor esta presente e
concentrado na regido apical do epitélio do ducto biliar humano e de roedores
(Minagawa et al., 2007). O tipo 3 ITPR € a principal isoforma em colangiécitos e novas
evidéncias sugerem que ela pode desempenhar papel, particularmente, importante no

cancer (Gomes et al., 2021; Hirata et al., 2002).

Trabalhos anteriores mostraram que a expressao de ITPR3 esta envolvida na
patogénese do carcinoma hepatocelular [47]. Também estda associado a
agressividade do carcinoma colorretal [14]. Ueasilamongkol et al. relataram
superexpressao de ITPR3 em CCA'’s intra-hepaticos (n = 4) e hilares (n = 3) (Gomes
etal., 2021).

Nosso estudo examinou a expressao de ITPR3 em um numero maior de
pacientes (n = 59) com dados clinico-patoldégicos de acordo com as origens
anatdmicas dos trés tipos de CCA. Descobrimos que a expressao de ITPR3 foi
aumentada em pacientes com CCA distal em comparacao com CCA intra-hepatico e
ductos biliares normais. O escore alto/positivo (por coloragéao IHQ) foi encontrado em
73,6% dos casos. Além disso, dependendo da origem anatdbmica, a expressao de
ITPR3 foi aumentada em CCAs peri-hilares e distais em comparagdo com CCA’s intra-

hepatico. A expressao alta/positiva de ITPR3 aumentou, significativamente, com os


https://www.sciencedirect.com/topics/medicine-and-dentistry/sodium-bicarbonate
https://www.sciencedirect.com/science/article/pii/S0753332221011896?via%3Dihub#bib45
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niveis do marcador tumoral CA 19-9 em 50% dos pacientes (p = 0,049). A mestastase

linfonodal foi alta em 41,1% dos casos (p= 0,024).

Os efeitos do aumento do calcio via ITPR3 sao mediados por proteinas de
ligacdo ao calcio, como a S100A4. Esta proteina tem sido proposta como um
marcador util para predizer a progressao, metastase e prognostico em CCA (Fabris et
al., 2011). A S100A4 localiza-se no citoplasma, nucleo e espago extracelular e esta
envolvida em muitas etapas da cascata metastatica, incluindo motilidade celular,

invasao e angiogénese (Boye e Malandsmo, 2010).

Estudos anteriores da expressdo de S100A4 relataram que a sua super
expressdo pode estar correlacionada com a agressividade do tumor e um mau
prognoéstico em outros tipos de carcinoma (Tsukamoto et al., 2013). Neste estudo, a
expressao positiva de S100A4 em CCA primarios foi confirmada em 8,7% dos
casos. No entanto, resultados anteriores indicaram que a S100A4 nuclear foi um forte
preditor de metastase e reducido da sobrevida apds a resseccdo em pacientes com
CCA (Fabris et al., 2011).

Em nosso estudo, observamos expressao nuclear em apenas 3 casos. No
entanto, na maioria dos nossos espécimes, houve expressao predominante no
citoplasma, conforme observado por Zhang et al. (Tian et al., 2015). Além disso, a
coloragao positiva em espécimes nao se restringiu apenas a ceélulas tumorais porque
niveis altamente expressos também foram detectados em tecidos
tumorais/estromais. A expresséao alta/positiva de S100A4 foi correlacionada com um

alto grau histoldgico, metastase linfonodal e margem cirurgica.


https://www.sciencedirect.com/topics/medicine-and-dentistry/extracellular-space
https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-motility
https://www.sciencedirect.com/topics/medicine-and-dentistry/angiogenesis
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7- CONCLUSAO

Nossos resultados demonstram que a expressdo elevada de ITPR3 esta
correlacionada com achados clinico-patolégicos, como CA 19-9, estagio TNM e
metastase linfonodal (N). Além disso, a expressdao de ITPR3 e S100A4 foi
significativamente correlacionada. A expressao de ITPR3 esta aumentada em CCA, e
sua superexpressido € particularmente pronunciada em pacientes com CCA distal.
Mais trabalhos serdo necessarios para entender melhor os fatores envolvidos no
acumulo de ITPR3 em CCA e determinar se esses fatores podem ser investigados

para propostas terapéuticas.
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ARTICLE INFO ABSTRACT

Keywords: Cholangiocarcinoma (CCA) is the second most malignant neoplasm in the liver that arises from the biliary tree.
ITPRs CCA is associated with a poor prognosis, and the key players involved in its pathogenesis are still not well un-

ITPR3 derstood. Receptor tyrosine kinases (RTKs), such as epidermal growth factor receptor (EGFR), can mediate
i;go;:iocmcmomn intracellular calcium (Ca”*) signaling pathways via inositol 1,4,5-trisphosphate (InsP3), activating inositol 1,4,5-
Liver tri.iphosphﬂte receptors (ITPRs) and regulating tumor growth. ITPR is(;fm’m 3 (ITPR3) is the main intracellular
& oxicer Ca”" release channel in cholangiocytes. The effects of intracellular Ca®" are mediated by calcium-binding pro-

teins such as Calmodulin and $100 calcium-binding protein A4 (S100A4). However, the clinicopathological and
biological significance of EGFR, ITPR3 and §100A4 in CCA remains unclear. Thus, the present work investigates
the immunoexpression of these three proteins in 59 CCAs from patients who underwent curative surgical
treatment and correlates the data with clinicopathological features and survival. High ITPR3 expression was
correlated with CA 19-9 levels, TNM stage and lymph node metastasis (N). Furthermore, ITPR3 expression was
increased in distal CCA compared to control bile ducts and intrahepatic and perihilar CCAs. These observations
were confirmed by proteomic analysis. ITPR3 and S100A4 clinical scores were significantly correlated.
Furthemmore, it was demonstrated that EGF induces calcium signaling in a cholangiocarcinoma cell line and
ITPR3 colocalizes with nonmuscle myosin ITA (NMITA). In summary, ITPR3 overexpression could contribute to
CCA progression and it may represent a potential therapeutic target.

1. Introduction

Cholangiocarcinoma (CCA) constitutes a rare and diverse group of
malignancies arising from the biliary tree. Depending on their anatom-
ical position, CCAs are divided into three subtypes: intrahepatic, peri-
hilar and distal. The heterogeneous histogenesis of CCA may originate
from hepatic progenitor cells, cholangiocytes, hepatocytes and liver

stem cells [1,2]. Moreover, their clinical manifestations, natural history,
risk factors, and genomics can interfere with the chemotherapy
response. Despite many advances in the field, the mechanisms of biliary
carcinogenesis remain pootly understood [2,3].
Cholangiocarcinogenesis is orchestrated by a complex interaction of
ligands, such as proinflammatory cytokines and growth factors. Immu-
nohistochemical (IHC) studies have shown that growth factor receptors
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are overexpressed in samples of human CCA [4]. Epidermal growth
factor receptor (EGFR), a tyrosine kinase receptor encoded by
proto-oncogenes, has been reported to play a key role in the cell cycle,
cell migration, and angiogenesis [5]. EGFR overexpression is implicated
in CCA carcinogenesis, with a high expression level in the intrahepatie
subtype [6]. EGFR activation by its ligand EGF also activates Ca®'
signaling via inositol 1,4,5-trisphosphate (InsP3), activating inositol 1,4,
5-trisphosphate receptors (ITPRs) [7].

Ca®" signaling pathways can regulate cellular processes such as
tumor growth, cell proliferation, apoptosis, cell migration, gene tran-
seription and necrosis. In cholangiocytes, Ca>" release into the eytosol
mainly occurs through the type 3 inositol 1,4,5-trisphosphate receptor
(ITPR3) [8-11]. Previous work has demonstrated that this isoform is
involved in GCA biology [12]. Furthermore, ITPR3 expression is
involved in the pathogenesis of other malignancies, and its over-
expression is correlated with other types of human cancer [13-15].

The effects of intracellular calcium are mediated by calcium-binding
proteins that have been related to a poor prognosis and tumor aggres-
siveness in patients with different types of carcinoma, including colo-
rectal, esophageal, bladder, pancreatic, gastrie, and breast cancers
[16-18]. For example, the protein $100A4, a calcium-binding protein
containing two EF-hand domains, has been recognized to play a key role
in tumor progression and metastasis [19,20]. This protein regulates a
wide range of intracellular and extracellular biological effects, including
cell proliferation, extracellular matrix remodeling, cell detachment, and
angiogenesis [21,22]. For example, S100A4 interacts with the
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C-terminus region of nonmusele myosin [1A (NMIIA), causing filament
disassembly, which is correlated with the increased metastatic potential
of tumoral cells [23]. Previous work demonstrated S100A4 expression as
a useful marker for predicting the progression, metastasis and prognosis
of CCA as a metastasis-related gene [20]. Recently, S100A4 expression
was detected in intrahepatic CCA, and the nuelear expression of $100A4
was identified as a strong predictor of metastasis and reduced survival
after resection [20,22].

This study aimed to investigate the IHC expression of ITPR3, S100A4
and EGFR and their correlation with the clinicopathological features of
intra- and extrahepatic CCAs. The association between ITPR3, S100A4
and EGFR expression and the postoperative survival of CCA patients was
evaluated. Furthermore, it was demonstrated that EGF mediate calcium
signals via ITPR3.

2. Materials and methods
2.1. Patient selection and anatomopathological study

A total of 59 samples were collected between January 2008 and
March 2021 from subjects who underwent curative surgical resection
with a histological diagnosis of CCA. Data regarding sex, age, history of
smoking or alcoholism, localization, anatomic origin, CA 19-9 (carbo-
hydrate antigen), histological type, tumor stage, angiovascular invasion,
surgical margin and survival after treatment were collected. Classifica-
tion and staging followed the TNM pattern of the American Joint Cancer

Table 1
Relationship between ITPR3, S100A4, EGFR and clinicopathological features in human cholangiocarcinoma cases.
Cases ITPR3 P 510044 p EGFR p
Clinical features n Negative Positive Negative Positive Negative Positive
Gender
Male 32 10 22 29 3 22 10
Female 25 5 20 0.339 23 2 0.856 17 8 0.952
Age (years)
<60 27 5 22 24 3 17 10
=60 30 10 20 0.255 286 2 0.554 22 8 0.400
Smoking
Yes 18 3 15 16 2 13 5
No 37 10 27 0.396 34 3 0716 24 13 0.585
Alcohol use
Yes 16 4 12 15 1 12 4
No 41 11 30 0.888 37 4 0.674 27 14 0.504
CA 199
< 37 U/ml 12 7 5 12 o 9 3
> 37 U/ml 24 6 18 0.049 22 2 0.375 14 10 0.326
Localization
Intrahepatic 14 6 8 14 o 7 7
Extrahepatic 43 9 34 0.106 38 5 0.182 32 11 0.088
Histology
Papillary 15 4 11 14 1 10 5
Others 42 11 31 0.971 38 4 0737 29 13 0.865
Angiovascular invasion
Positive 42 10 32 37 5 28 14
Negative 15 5 10 0.472 15 o 0.162 11 4 0.634
Histological grade
Gl 14 2 12 14 0 12 2
G2 38 12 26 35 3 25 13
G3 5 1 4 0.429 3 2 0.024 2 3 0.140
Lymph node metastasis
Positive 23 2 21 18 5 15 8
Negative 28 10 18 0.024 28 o 0.009 20 8 0.634
T stage
T1+T2 34 9 25 33 1 26 8
T3+T4 23 6 17 0.974 19 4 0.058 13 10 0.112
TNM stage
I+ 31 9 22 30 1 25 6
OI+Iv 25 6 19 0.673 21 4 0.096 14 11 0.046
Surgical margin
Positive 22 8 14 18 4 15 7
Negative 35 7 28 0.172 34 1 0.047 24 11 0.975
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Committee/Union for International Cancer Control [24,25]. To adjust
for possible effects on survival related to surgical complications rather
than tumor prognosis, subjects who died during the first 30 days after
surgery were excluded; thus, the follow-up period started 30 days after
tumor resection. The follow-up period ranged from 2 to 60 months
(median: 21.78 months). The relationships between ITPR3, S100A4 and
EGFR and the clinicopathological features of human CCA are reported in
Table 1. The Institutional Ethics Committee approved this research
(reference number: CAAE - 37156714.6.0000.5149).

2.2. [HC staining

The primary antibodies used for the IHC analysis were anti-EGFR
(1:100, clone 31G7, Invitrogen, California, USA), ITPR3 (1:100, mono-
clonal, BD Biosciences, Rockville, MD, USA) and S100A4 (1:200, poly-
clonal, Invitrogen). IHC staining was performed as previously described,
with minor moedifications [26-23]. In brief, for ITPR3 and S100A4
staining, 4 ym sections of primary tumors were mounted onto silanized
slides, and formalinfixed paraffin-embedded (FFPE) tissue sections
were dewaxed, rehydrated, and unmasked in Trilogy solution (Cell
Marque, Koclin, CA, USA) with pressurized heating (125 °C) for 20 min
according to the manufacturer’s instructions. Enzymatic recovery of
EGFR was performed using 0.1% pepsin in 10 mM HCl (Sigma-Aldrich,
St. Louis, MO, USA) at 37 °C for 30 min. Slides were dewaxed in xylene
(Sigma-Aldrich), and endogenous peroxidase activity was quenched
with 3% H,0, in methanol (Sigma-Aldrich). Subsequently, the slides
were covered with serum-free protein block (Dake, Santa Clara, CA,
USA) for 30 min and then incubated with the primary antibodies (EGFR,
ITPR3 and S100A4) overnight at 4 “C. A peroxidase-based detection
system, Novolink™ Polymer (Leica Biosystems Newcastle Ltd., New-
castle, UK), was applied manually. Inmunoreactivity was visualized by
incubating the slides with 3,3'-diaminobenzidine (Lab Vision DAB sub-
strate system; Lab Vision, Fremont, California, USA) for 2 min. Negative
controls were prepared by omitting the primary antibody. Nontumor
adjacent liver tissue was used as a positive control.

2.3. IHC scoring

Two independent observers evaluated the degree of immunostaining
on the sections in a blinded manner. Five high-power fields (40x) from
each section were randomly selected to evaluate the percentage of
immunostained tumor cells and staining intensity. EGFR expression was
assessed in CCA samples using the scores defined according to the
consensus of the American Society of Clinical Oncology and College of
American Pathologists (ASCO/CAP; Wolff et al.) as follows: 0 = no
membrane staining or incomplete and faint/barely perceptible mem-
brane staining in < 10% of tumor cells, 1 = incomplete and faint/barely
perceptible membrane staining in > 10% of tumor cells, 2 = incomplete
and /or weak/moderate membrane staining in > 10% of tumor cells or
complete and intense membrane staining in < 10% of tumor cells, and 3
= complete and intense membrane staining in > 10% of tumor cells. In
our study, specimens with scores of 0, 1 and 2 were regarded as low/
negative, and those with a score of 3 were regarded as high/positive [29,
301.

The scoring methed used by Silveira et al. for prostaglandin G/H
synthase 2 (COX2) was adapted for ITPR3 and S100A4 scoring [31,32].
The number of ITPR3- and 5100A4-positive cells was evaluated semi-
quantitatively, with the distribution score defined by the estimated
percentage of positive cells in five fields at 40 magnification as follows:
0 = absence, 1 = fewer than 10% stained cells, 2 = between 10% and
30%, 3 = between 31% and 60%, and 4 = more than 61% stained cells.
For staining intensity, the values ranged from 0 to 3 as follows: 0 =
absence, 1 = weak staining, 2 = moderate staining, and 3 = strong
staining. The distribution score and intensity were multiplied to obtain a
total score, which ranged from 0 to 12. To evaluate S100A4 expression,
staining in the cytoplasm and/or nuclei was considered positive.
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2.4. Bioinformatic analysis of proteomics data

The mass spectrometry proteomics data analyzed were deposited
into the ProteomeXchange Consortium via the PRIDE partner repository
under dataset identifier PXD010294. The normalized abundance of
ITPR3 (protein ID: Q14573) was analyzed from the dataset 1813003~
Quantification-allgroups-withoutHCC-protein-measurement.xlsx  [33,
34].

2.5. Cell culture

The cholangiocarcinoma cell lines MzChA-1 WT and MzChA-1
ITPR3-KO were kindly provided by Dr. Michael H. Nathanson (Yale
University, CT, USA). The ITPR3 knockout MzChA-1 cells were estab-
lished by using the CRISPR/Cas9 system, as described previously [12].
The MzChA-1 WT and MzChA-1 ITPR3-KO cell lines were cultured in
MEM-Alpha medium supplemented with 10% Fetal Bovine Serum (FBS)
and 100 units/ml penicillin, and 100 pg/ml streptomycin (Invitrogen).
Cells were maintained at 37 °C in an atmosphere of 5% of CO; atmo-
sphere incubator.

2.6. Immunoblot analysis

Western blotting was performed and detected as described previ-
ously [7]. In brief, MzChA-1 whole—cell extracts were obtained from
homogenized samples by using a lysis buffer (150 mM NaCl, 1 mM
EDTA, 20 mM Tris-HCl, pH 8.0, 0.5% Nonidet P-40% and 1% of protease
inhibitor cocktail, Sigma-Aldrich). Lysates were centrifuged at 16,000g
for 10 min at 4 °C and quantified using the Bradford assay reagent from
Sigma-Aldrich. Extracts of protein (30 pg) was separated by electro-
phoresis on a denaturing 10% polyacrylamide-sodium dodecyl sulfate
gel and transferred to a polyvinylidene difluoride membrane (Bio-Rad,
Hercules, CA, USA). The membranes were blocked for 1 h in
Tris-buffered saline (TBS) containing 5% (w/v) nonfat dry milk and
0.05% Tween-20 and incubated with specific anti-ITPR3 mouse mono-
clonal antibody (1:500, BD Biosciences) in TBS containing 5% (w/v)
nonfat dry milk and 0.05% Tween-20. As a loading control, the mem-
branes were reprobed with anti-GAPDH (1:4000; Santa Cruz, TX, USA).
After washing, the membranes were incubated with a horseradish
peroxidase-conjugated anti-mouse secondary antibody (1:2000; Sigma
Aldrich). Immunoreactive bands were visualized using an enhanced
chemiluminescence reagent (ECL Plus; GE Healtheare Life Sciences,
Piscataway, NJ, USA). The western blot repeats are presented in Sup-
plementary Fig. 2.

2.7. Cytosolic calcium signaling

ITPR3-KO-MzChA-1 or control-MzCha-1 (WT) cells were plated and
cultured on 35 mm glass-bottom dishes (MatTex, Ashland, MA, USA) for
24 h. Cells were serum-starved (6-10 h) prior EGF stimulus. Then, cells
were loaded with 5 pM of Fluor-4 AM (Thermo Fisher Scientific) for 15
min at 37 °C in HEPES-buffered solution. Dishes were placed on the
stage of the LSM 880 Zeiss Confocal microscope at 40x magnification,
and cells were kept on HEPES-buffered solution during imaging. Cells
were stimulated with EGF 200 ng/ml. Fluo-4 AM fluorescence images
were collected at a rate of 5 frames/second. Changes in fluorescence F
were normalized by the initial fluorescence (Fy) and were expressed as
(F/Fg) % 100%. Cells maximum peak responses were quantified by
using ImageJ software (NIH) [11].

2.8. Immunofluorescence

Immunofluorescence imaging were performed as described previ-
ously [7,35]. In brief, MzChA-1 cells were double labeled with a mouse
monoclonal anti-ITPR3 (1:200, BD Biosciences) and a rabbit polyclonal
anti- nonmusele myosin 1A (NMILA) (1:200, Thermo Scientific, Austin,
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TX, USA) overnight at 4 °C and then incubated with secondary anti-
bodies conjugated to Alexa Fluor 488 or 546 (Thermo Scientific).
Hoechst 33342 (Thermo Scientific) was used as a marker for the nuclear
compartment. The negative control was included in all reactions by
omitting primary antibodies. Images were collected using a Leica
GSD/TIRF HP microscope with a HC PL APO x 100, 1.47 NA oil
objective lens. Imagens were deconvolved using the 3D deconvolution
module available in the LAS X software using 10 interactions. LAS X 3D
analysis module was used to quantify the number of clusters of ITPR3
that come into contact with NMILA.

2.9. Statistical analysis

Differences in the IHC score and tumor marker levels depending on
location were analyzed using the Kruskal-Wallis test and Mann-Whitney
U-test. Statistical analysis of survival curves and Cox proportional haz-
ards regression model were carried out using the survival and survminer
packages of RStudio software (version 1.4,1717; running R version:
4.10). Chi-square and Fisher's exact tests were used to analyze the
correlation between ITPR3, 5100A4 and EGFR expression and the clin-
icopathological characteristics of CCA patients. According to the
Kaplan-Meier survival analysis, the log-rank test was used to compare
the overall survival rate of patients. Multivariate analyses were per-
formed using the Cox proportional hazards regression model. P < 0.05
was considered statistically significant, except as otherwise stated. The
significance of changes in maximum peak-calcium levels and western
blot experiments were determined by Student’s t-test, using GraphPad
Prism software. Data are represented as mean + S.D.

3. Results
3.1. Expression of ITPR3, S100A4 and EGFR in primary CCA

First, the relationship of ITPR3, $100A4 and EGFR expression in GCA
was examined in liver samples from patients with intrahepatic (n = 17),
perihilar (n = 29) or distal (n = 17) CCA. Histological diagnoses were
established based on the examination of hematoxylin-eosin (H&E)-
stained specimens (Fig. 1A-D). The rates of high ITPR3, EGFR and
S$100A4 expression were 73.6%, 31.58% and 8.7%, and the rates of low
expression were 26.32%, 68.42% and 91.23%, respectively (Fig. 2).
Representative images of high/positive and low/negative staining for
each protein are shown in Fig. 2. Next, relative ITPR3 expression was
examined according to the anatomical origin of the tumor. IHC labeling
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of ITPR3 increased when comparing control bile duets with intrahepatic,
perihilar and distal CCAs (p < 0.05 and p < 0.0001, respectively)
(Fig. 3B). No labeling difference was observed between intrahepatic
versus perihilar CCA (Fig. 3B). This result was confirmed when
comparing ITPR3 expression according to the IHC score and proteomics
quantification (Fig. 3C and D). Increased ITPR3 expression in distal CCA
compared with intrahepatic CCA was confirmed by the IHC score and
proteomics quantification (p < 0.05) (Fig. 3C and D). Proteomic analysis
showed that S100A4 expression was increased in perihilar compared
with intrahepatic and distal CCA (p < 0.05) (see Supplementary
Fig. 1A). No difference was observed in EGFR expression comparing the
three anatomical regions (see Supplementary Fig. 1B). The reference for
the mass spectrometry data used for the analysis is presented in methods
Section 2.4, Nontumor liver tissue was used as a positive control. The
THC staining of liver sections from controls showed that ITPR3 expres-
sion in cholangiocytes was concentrated at the bile duct apical area, as
has been described previously [9,12]. Together, these results demon-
strate that ITPR3 expression is increased in CCA, and its overexpression
is especially pronounced in patients with distal CCA.

3.2. Correlation between ITPR3, S100A4 and EGFR expression and
clinicopathological characteristics

The chi-square analysis showed that positive ITPR3 expression was
correlated with a CA 19-9 value > 37 U/ml (P = 0.049) and lymph node
metastasis (P = 0.024). 5100A4-positive expression was correlated with
a high histological grade (P =0.024), lymph node metastasis
(P = 0.009) and surgical margin (P = 0.047). EGFR-positive expression
was correlated with TNM stage (P = 0.046). Other factors, including
sex, age, smoking and alcohol use, localization, histology, angiovascular
invasion and T stage, showed no significant correlation with any of the 3
proteins analyzed (Table 1).

Correlations between ITPR3, S100A4 and EGFR were explored with
Fisher’s exact test. The expression of ITPR3 was correlated with the
expression of 5100A4 (p = 0.049). On the other hand, there was no
significant correlation between the expression of EGFR and the expres-
sion of the other proteins (Table 2).

3.3. Survival analysis

Kaplan-Meier survival analysis was performed on the 49 patients
who survived for more than one month after surgery (Fig. 4A). During
the follow-up period (1-60 months), a total of 31 patients died (63.2%).

Fig. 1. Liver histology from CCA patients and
controls. Representative photomicrographs of
liver specimens from controls and patients with
intrahepatic, perihilar and distal CCA stained
with hematoxylin and eosin (H&E). (A) Liver
section showing a normal hepatic parenchyma
with one normal-appearing portal tract. (B)
Section from an intrahepatic CCA showing
many glandular structures with round to irreg-
ular profiles. (C) Section from a perihilar CCA
showing a papillary type of growth. (D) Section
from a distal CCA showing a papillary type of
growth. Micrographs represent observations
from 15, 29 and 15 patients in each category.
Scale bars = 100 pm.
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EGFR

Fig. 2. Representative images of high/positive and low/negative expression (IHC staining). High/positive expression of ITPR3 (73.6%), S100A4 (8.7%) and EGFR
(31.58%) and low/negative expression of ITPR3 (26.32%), S100A4 (91.23%) and EGFR (68.42%). Scale bars = 100 pm.
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Fig. 3. ITPR3 staining is increased in chol-
angiocytes of patients with distal CCA. (A)
Representative immunchistochemical (IHC)
staining of ITPR3 in liver specimens from con-
trol bile ducts (black arrows) and patients with
intrahepatic, perihilar and distal CCAs shows
that ITPR3 staining is more intense in liver
samples from  CCA  patients. Scale
bars = 100 pm. (B) Quantitative analysis of the
intensity of ITPR3 staining in IHC images. Im-
ages are representative of observations from 10
patients (10 images per patient), *p < 0.0001.
(C) ITPR3 expression versus the anatomical
origin of the tumor, p < 0.05. (D) ITPR3
expression abundance by bioinformatic analysis
of proteomics data, p < 0.05.
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Table 2
Correlation between ITPR3, S100A4 and EGFR expression in human
chelangiocarcinoma.

510044 EGFR
ITPR3 correlation coefficient 0262 0.017
p 0.049 0.898
510044 correlation coefficient -0.040
p 0.767

The median survival time based on 49 subjects was 29 months (95%
confidence interval [CI] = 18-43). Asshown in Fig. 4, for subjects with
low and high ITPR3 expression, the median survival times were 40 and
19 months (p = 0.4715) (Fig. 4B). The median survival times were 19
and 40 months (p = 0.2773) when comparing patients with low versus
high EGFR expression (Fig. 4C) and 30 and 18 months (p = 0.1948) for
patients with low versus high 5100A4 expression (Fig. 4D). The overall
survival rates comparing the high and low expression levels between the
3 proteins showed no difference understudy.

3.4. Multivariate analysis of the prognosis of patients with CCA

Multivariate analyses using the Cox proportional hazards regression
model were performed to assess independent prognostic factors for CCA
(Fig. 5). The four significant factors (CA 19-9, lymph node metastasis, T
stage, and TNM stage) identified in the univariate analysis were
analyzed. The multivariate analysis of CA, T, N, Stage and S100A4 and
EGFR scores showed that TNM stages [II4+-IV and EGFR expression (HR:
55.60; p = 0.005, HR: 13.36; p = 0.028; Fig. 5A) were independent
prognostic factors for overall survival (see model 1). According to model
2 (CA, T, N, Stage and ITPR3 and EGFR), the higher TNM stages (III+1V)
were more significant than the lower TNM stages (I+1I) (HR: 14.94;
p = 0.012) (Fig. 5B). The multivariate analysis of CA, T, N, Stage, ITPR3,
$100A4 and EGFR scores on model 3 also demonstrated the significance
of TNM stages IlI+IV (HR: 47.07; p = 0.01) when comparing EGFR
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high/positive expression with low/negative EGFR expression (HR:
13.56; p = 0.042) (Fig. 5C).

3.5. EGF induces Ca®" signaling in cholangiocarcinoma cell line

To demonstrate that epidermal growth factor (EGF) mediate calcium
signals via ITPR3, a MzChA-1 cholangiocarcinoma cell line knockout for
ITPR3 was used. This CRISPR/Cas9 lmockout cell was characterized in
detail previously [12]. First, we confirmed a reduction of 96.8 + 1.4% of
ITPR3 expression levels by westem blot in MzChA-1 Knockout (KO)
compared with the MzChA-1 wild type (WT) cell (n = 3; P < 0.0001)
(Fig. 6A and B). Next, cells were loaded with 5pm of Fluo-4 AM to
examine EGF induced-Ca®" signaling. Cells were observed by time-lapse
confocal microscopy and after 1 min of imaging MzChA-1 WT or
MzChA-1 KO were stimulated with 200 ng/ml of EGF. The maximum
peak analyses demonstrated a reduction of 229.5 + 18.5% in KO cells
compared with WT (n = 34 WT or 28 KO cells, P < 0.0001) (Fig. 6C and
D). These findings demonstrate that EGF induces Ca®' signals that are
mediated via ITPR3 in this cholangiocarcinoma cell line.

3.6. ITPR3 colocalizes with nonmuscle myosin IIA

The expression of S100A4 was correlated with the expression of
ITPR3. It was demonstrated that NMIIA interacts with S100A4 [23]. We
investigate if ITPR3 colocalizes with NMIIA. First, was performed
immunofluorescence followed by 3D imaging to visualize the colocali-
zation of ITPR3 with NMIIA in MzChA-1 WT cells. To observe the
colocalization of these proteins an 3D orthogonal projections were used
(Fig. 7A). The xy and xz projections showed that NMIIA colocalizes with
ITPR3. ITPR3 was accumulated at the perinuclear regions of the cells
(Fig. 7B). To confirm this colocalization, 3D rendering was performed
using the LAS X 3D analysis to quantify the number of clusters of ITPR3
that come into contact with NMIIA clusters (only contact points are
shown in white, Fig. 7C). Quantification of contact points in 3D
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Fig. 4. Probability of survival in CCA patients following resection. (A) Kaplan-Meler survival curve estimates for CCA patients with low/negative and high/ positive
ITPR3, EGFR and S100A4 expression after surgical resection. (B) For ITPR3, the median survival times were 40 and 19 months (p = 0.4715). (C) For EGFR, the
median survival times were 19 and 40 months (p = 0.2773). (D) For S100A4, the median survival times were 30 and 18 months (p = 0.1948).
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demonstrated that 20.2 + 3.6% (n = 3) of the ITPR3 clusters come in
contact with NMIIA. These results demonstrate that ITPR3 colocalizes
with NMIIA.

4. Discussion

CCA is characterized by a poor prognosis, early invasion and wide-
spread metastasis. However, there is still a lack of accurate noninvasive
biomarlkers to diagnose and estimate the prognosis of patients with CCA.
Surgical resection remains the main potentially curative treatment for
all three disease subtypes, and only a small percentage of patients are
eligible. Thus, the investigation of new markers underlying the pro-
gression of CCA is important for diagnosis and therapy [1,2,36].

Here, we studied the expression of EGFR, ITPR3 and $100A4 in
resected human CCA samples and correlated the clinical outcomes with
these three proteins. A previous study demonstrated that EGFR

Peak Intensity Brightfield
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Fig. 6. EGF induces calcium signaling in a
cholangiocarcinoma cell line. Panel (A,B) show
a representative immunoblot and quantitative
analysis of total ITPR3 expression in MzChA-1
WT and MzChA-1 KO «cells (n=3
P < 0.0001). (C) Representative confocal im-
ages of MzChA-1 WT and MzChA-1 KO cells
loaded with 5 M Fluo-4 AM to monitor Ca**
signaling in response to 200 ng/ml EGF. (D)
The bar graph shows the maximum peak
response analyses and it demonstrates a reduc-
tion of 229.5 + 18.5% in KO cells compared
KO with WT (n=34 WT or 28 KO cells,
P < 0.0001). Values are mean + S.D. of the
maximum peak Fluo-4 AM fluorescence
attained during the observation period. Results
are expressed as % of baseline as described in
e materials and methods.
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expression in CCA was associated with tumor progression and recur-
rence [37]. The EGFR family is known as a tyrosine-protein lkinase
family involved in many cellular processes by activating several down-
stream pathways [7,38]. Activated EGFR can initiate intracellular sig-
nals for cell proliferation, migration, adhesion and oncogenesis [26,38,
39]. Increased EGFR expression and mutations in its gene are associated
with neoplasms such as breast cancer, glioblastomas, non-small-cell
lung cancer and head and neck squamous cell carcinoma [38]. EGF
family proteins are used as potential biomarkers for disease prognosis
and progression in several tumors [40-42].

In this work, EGFR expression was considered positive in 31.58% of
cases. The univariate analysis showed a higher expression rate in tumors
in advanced stages, occurring in 19.6% of stage III + IV tumors versus
10.7% of stage I + 11 tumors (p = 0.046), translating characteristics of an
aggressive phenotype in the presence of invasive disease. However, in
our study, EGFR low/negative expression using the Cox proportional
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Hoechst ™
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Fig. 7. The ITPR3 colocalizes with nonmuscle myosin ITA. Inmunocfluorescence representative images of double-labeled MzChA-1 WT cells with ITPR3 and NMIIA,
respectively. ITPR3 receptor labeling is in green, NMIIA labeling is in red and the nuclei are stained in blue with Hoechst. (A) Orthogonal sections of three-
dimensional (3D) reconstruction were used to demonstrate that ITPR3 colocalizes with NMIIA. At the top right — the 3D projection, at the bottom left — the clip-
ping plane with a view from the front, at the top left - the clip plane with a view from the top and at the bottom right - the clip plane with a view from the left. Images
were reconstructed and rendered in 3D to confirm that ITPR3 interacts with NMIIA. Panel B shows the processed representative images. Image C displays in white
only the contact points (see white arrows) between ITPR3 and NMIIA of cell presented in panel B. Scale bars = 5 or 10 ym.

hazards ratio showed that the risk of CCA increased 13.56 in patients
with low EGFR expression versus those with high EGFR expression
(Fig. 5C, p = 0.042). One hypothesis is that high EGFR expression is
more important in tumors reaching the advanced stages.

CCA is classified into three subgroups according to its pathologic
characteristics and stages. Depending on the location, CCAs have
different degrees of invasion into adjacent structures, which may also
influence prognosis [43]. The anatomical location implies different
survival outcomes, although EGFR expression displayed no significant
difference between the three locations, as previously described by our
group [44].

EGFR activation by EGF also activates Ca®" signaling via InsP3,
activating ITPRs, and this signaling has been implicated in tumor growth
[7]. Under normal conditions, ITPR3 plays an important role in medi-
ating cholangiocyte bicarbonate secretion [45]. ITPR3 is reported to be
decreased under cholestatic conditions [4 ITPR3 is present and
concentrated in the apical region of human and rodent bile duct
epithelia [9,45]. The type 3 ITPR is the principal isoform in

cholangiocytes, and new evidence suggests that this isoform may play a
particularly important role in cancer [9,12]. Previous work has shown
that ITPR3 expression is involved in the pathogenesis of hepatocellular
carcinoma [47]. It is also associated with colorectal carcinoma aggres-
siveness [14]. Ueasilamongkol et al. reported ITPR3 overexpression in
both intrahepatic (n =4) and hilar (n =3) CCAs [12]. Our study
examined ITPR3 expression in a larger number of patients (n = 59) with
clinicopathological data according to the anatomic origins of the three
types of CCA. It was shown that EGF-induced calcium signaling in the
CCA cell line was impaired in ITPR3 KO cells suggesting that EGF
mediate InsP3-Ca>" signaling via ITPR3.

We found that ITPR3 expression was increased in patients with distal
GCA compared with intrahepatic CCA and normal bile ducts. High/
positive ITPR3 scoring (by IHC staining) was found in 73.6% of cases.
Depending on the anatomic origin of CCA, ITPR3 expression was
increased in perihilar and distal CCAs compared to intrahepatic CCA.
The bioinformatic analysis of an independent study showed that ITPR3
expression was abundant in patients with distal CCA, corroborating our
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findings. High/positive ITPR3 expression significantly increased with
the levels of the tumor marker CA 19-9 in 50% of patients (p = 0.049).
Lymph node metastasis was high in 41.1% of cases (p = 0.024).

The effects of calcium rise via ITPR3 are mediated by calcium-
binding proteins such as S100A4. This protein has been proposed as a
useful marker for predicting the progression, metastasis and prognosis of
CCA [20]. S100A4 is localized in the cytoplasm, nucleus, and extracel-
lular space and is involved in many steps of the metastatic cascade,
including cell motility, invasion, and angiogenesis [21]. Previous studies
of S100A4 expression have reported that the overexpression of 5100A4
may be correlated with tumor aggressiveness and a poor prognosis in
other types of carcinoma [48,49]. In this study, S100A4-positive
expression in primary GCA was confirmed in 8.7% of cases. However,
previous results indicated that nuclear 5100A4 was a strong predictor of
metastasis and reduced survival after resection in patients with CCA
[20]. In our study, we observed nuclear expression in only 3 cases.
However, in most of our specimens, cytoplasmic expression was pre-
dominant, as observed by Zhang et al. [22]. Furthermore, the positive
staining in specimens was not restricted only to tumor cells because
highly expressed levels were also detected in tumor/stroma tissues.
High/positive S100A4 expression was correlated with a high histologi-
cal grade, lymph node metastasis and surgical margin. In addition,
S100A4 is reported to interact with the C-terminus region of NMIIA,
causing filament disassembly [23]. The present work evaluated the
colocalization of ITPR3 with NMIIA in MzChA-1 cell line. Our findings
demonstrated that ITPR3 colocalized with NMIIA. Thus, NMIIA repre-
sents a new interactor protein with ITPR3 and these proteins may form a
complex with S100A4. New studies are necessary to confirm this
hypothesis.

The development of targeted therapies for CCA is hindered by the
heterogeneity of these tumors, and the rarity of cases compared to other
solid tumors is still a challenge [50,51]. Some limitations to this kind of
study, such as the limited size of samples (since it is a relatively rare
disease), need to be considered. However, the current work was the first
to investigate and provide evidence of relationships between ITPR3,
S$100A4 and EGFR expression and prognostic factors such as CA 19-9,
TNM and lymph node metastasis. We also demonstrated increased
ITPR3 protein expression in distal CCA, which was confirmed with the
bioinformatic analysis. Further work will be necessary to better under-
stand the factors involved in ITPR3 accumulation in CCA and to deter-
mine whether these factors can be investigated for therapeutic
proposals.

5. Conclusions

Our results demonstrate that the elevated expression of ITPR3 is
correlated with clinicopathological findings, such as CA 19-9, TNM stage
and lymph node metastasis (N). Furthermore, the expression of ITPR3
and S100A4 was significantly correlated. ITPR3 expression is increased
in CCA, and its overexpression is particularly pronounced in patients
with distal CCA. The IHC scoring and bioinformatic analysis reinforced
these observations. EGF mediates Ca®" signaling via ITPR3 in a CCA cell
line. Furthermore, ITPR3 colocalizes with NMIIA and these proteins may
form a networlk with S100A4. In conclusion, ITPR3 and S100A4 are
involved in the progression and pathogenesis of CCA and they may
represent a new therapeutical target for CCA.
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