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RESUMO 

 

Introdução: Metade dos casos de cancro da bexiga não-músculo-invasivos (CBNMI) 

exibem elevadas taxas de recorrência, sendo que 5-25% dos CBNMI apresentam 

progressão para cancro de bexiga músculo-invasivo (CBMI). A transição epitélio-

mesenquima (TEM) tem sido associada à progressão de não-músculo-invasivo para 

músculo-invasivo e, consequentemente, com a metastização, já que as células epiteliais 

perdem a polaridade e as estruturas de adesão célula-célula, adquirindo características 

mesenquimais. O switch das caderinas (SC) é um hallmark de TEM, em que a expressão 

normal das caderinas é substituída por um padrão anormal de expressão das mesmas. 

Apesar de o switch das caderinas entre E-caderina e N- e/ou P-caderina ter sido sugerido 

no cancro de bexiga, mais estudos são necessários realizar para clarificar o SC. Além 

disso, o papel da R-caderina ainda não foi abordado neste modelo tumoral. 

Consequentemente, o padrão de expressão das 4 caderinas foi avaliado em cancro de 

bexiga e, simultaneamente, os respetivos mecanismos de regulação que podem ajudar a 

entender a progressão tumoral. 

 

Métodos: Primeiramente, a análise in silico foi realizada através da base de dados The 

Cancer Genome Atlas (TCGA). Além disso, a expressão de E-, N-, P- e R-caderina foi 

avaliada por imunohistoquímica em 124 pacientes com tumor primário de bexiga e em 40 

casos de bexiga normal, sendo estes últimos utilizados como controlos. Para além disso, 

os mecanismos de regulação das caderinas foram investigados através da indução de 

transforming growth factor-β1 (TGF-β1) nas linhas celulares SV-HUC1, RT-112 e 5637. 

Simultaneamente, a metilação de CDH1, CDH2 e CDH3 foi avaliada em todas as linhas 

celulares de bexiga. Ainda, a metilação do promotor de CDH1, foi estudada no tecido 

normal e tumoral de bexiga.  

 

Resultados: A análise in silico dos dados relativos aos níveis de transcrito de CDH1 e 

CDH3 constantes na base do TCGA revelou que as amostras tumorais de bexiga (n=408) 

são significativamente maiores do que em amostras de tecido normal (n=19). Contudo os 

níveis de transcrito de CDH4 foram significativamente menores em amostras de tecido 

normal. Uma elevada proporção significativa de CBMI demonstrou positividade para P-

caderina membranar comparativamente com CBNMI. Para além disso, amostras tumorais 

demonstraram uma maior proporção de casos positivos para R-caderina membranar do 

que para amostras de bexiga normal, apesar de CBMI apresentar menor expressão do que 

CBNMI. A exposição de TGF-β1 in vitro não apresentou associação significativa com as 
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alterações da expressão das caderinas, no entanto alterações morfológicas foram 

observadas em quase todas as linhas celulares de bexiga. Ainda, os níveis de metilação 

dos promotores das caderinas correlacionaram-se negativamente com a respetiva 

expressão de proteína. 

Especificamente, foram encontradas fortes correlações negativas entre CDH1/E-caderina 

e CDH3/P-caderina, enquanto uma moderada correlação negativa foi observada entre 

CDH2 e N-caderina. Em pacientes, a metilação de CDH1 foi significativamente maior em 

tecidos tumorais do que em tecidos normais. No entanto, não foram observadas 

associações inversas entre a metilação de CDH1 e expressão de E-caderina.  

 

Conclusões: A desregulação na expressão das caderinas foi associada com tumorigénese 

na bexiga. De facto, na base de dados TCGA, os níveis de transcrito de CDH1, CDH3 e 

CDH4 encontravam-se significativamente alterados no tecido bexiga tumoral 

comparativamente com os tecidos normais, enquanto na cohort do IPO do Porto apenas 

E-caderina e R-caderina demonstraram diferenças nestes dois tipos de tecido. 

Particularmente, E-caderina e R-caderina demonstraram uma diminuição significativa em 

CBMI comparativamente com CBNMI, enquanto a expressão de P-caderina foi 

significativamente maior nos tumores invasivos. Apesar de TGF-β1 parecer não ter 

influência na regulação da expressão das caderinas, a metilação dos promotores parece 

ser um importante mecanismo de regulação nesta neoplasia.  
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ABSTRACT 

 

Background: About half of non-muscle invasive bladder cancers (NMIBCs) display high 

recurrence rates, from which 5-25% show progression to muscle invasive bladder cancer 

(MIBC). Epithelial-mesenchymal transition (EMT) has been associated with non-muscle to 

muscle invasive progression and, consequently, with metastases formation, since epithelial 

cells lose their polarity and cell-cell adhesion structures, acquiring mesenchymal features. 

Cadherin switch (CS) is a hallmark of EMT, where normal cadherins’ expression is replaced 

by an abnormal pattern of cadherins expression. Although, cadherin switch between E-

cadherin and N- and/or P-cadherin has been suggested for bladder cancer, more studies 

are required to clarify CS. Moreover, the involvement of R-cadherin has not been yet 

addressed in this cancer type. Hence, the expression patterns of the 4 cadherins were 

assessed in bladder cancer and, simultaneously, the respective regulatory mechanisms that 

might help to understand the tumoral progression were also tackled.  

 

Methods: Firstly, in silico analysis was performed using The Cancer Genome Atlas 

(TCGA) dataset. Moreover, E-, N-, P- and R-cadherin’s expression was assessed by 

immunohistochemistry in a cohort of 124 primary bladder tumor patients and 40 normal 

bladder tissues which were used for control purposes. Additionally, cadherins regulatory 

mechanisms were evaluated by performing transforming growth factor-β1 (TGF-β1) 

treatment in SV-HUC1, RT-112 and 5637 cell lines. Simultaneously, CDH1, CDH2 and 

CDH3 methylation status was evaluated in bladder cell lines. Moreover, CDH1 promoter 

methylation was also determined in normal and bladder tumor tissues. 

 

Results: In TCGA dataset CDH1 and CDH3 transcript levels were significantly higher in 

invasive bladder tumors (n=408) than in normal tissues (n=19). On the other hand, CDH4 

transcript levels were significantly lower in normal samples. A significantly higher proportion 

of MIBCs showed positivity for membrane P-cadherin compared with NMIBCs. 

Furthermore, tumor samples presented a higher proportion of cases positive for membrane 

R-cadherin compared with bladder normal tissues, although MIBCs showed a lower 

expression than NMIBCs. In vitro exposure of TGF-β1 did not significantly associate to 

cadherins’ expression alterations, whereas morphological alterations were apparent in 

almost all bladder cell lines. Additionally, cadherins’ promoter methylation levels, negatively 

correlated with their respective protein expression. Specifically, a strong inverse correlation 

was found for CDH1/E-cadherin and CDH3/P-cadherin, whereas CDH2/N-cadherin 

displayed a moderate inverse correlation. In patients, CDH1 methylation levels were 
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significantly higher in cancer than in normal tissues. Nonetheless, no inverse association 

was found between CDH1 methylation and E-cadherin expression in bladder tissues. 

 

Conclusions: Cadherins’ expression deregulation is associated with bladder 

tumorigenesis. Indeed, in TCGA dataset, CDH1, CDH3 and CDH4 transcript levels were 

significantly changed in tumoral bladder tissues compared to normal tissues, whereas in 

IPO Porto´s cohort only E-cadherin and R-cadherin immunoexpression differed between 

these two tissues types.  Particularly, E-cadherin and R-cadherin showed a significant 

decreased in MIBCs comparing with NMIBCs, while P-cadherin presented a higher 

expression in the invasive tumors. Moreover, although TGF-β1 seems to not play a major 

role in cadherin’s expression regulation, CDH1, CDH2 and CDH3 promoter methylation 

might constitute an important regulatory mechanism in this malignancy.  
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EPIDEMIOLOGY  

 Bladder cancer (BC) is the tenth most common malignancy worldwide with 

approximately 549,000 new cases in 2018. Regarding mortality data, this cancer was 

responsible for 200,000 deaths, according to GLOBOCAN 2018. Despite contributing to 

high morbidity rates, this disease is not among the ten deadliest cancers. This type of cancer 

is the sixth most common malignancy in men and the seventeenth in females. In 2018, the 

estimated incidence in males and in females was 9.6 and 2.4 per 100.000 new cases, 

respectively [1]. Therefore, the incidence is approximately 4 times higher in men, compared 

to women [1, 2].  

BC is most common in older people, being the mean age of diagnosis in men 69 

and in women 71. Although this type of cancer is rare in younger people, it can occur at any 

age [3, 4]. Furthermore, for both genders, this disease is more frequent in developed regions 

such as Northern America, Western and Southern Europe, when comparing to non-

developed nations [5, 6] (Figure 1). This could be explained due to the higher accessibility 

to better diagnosis methods in developed countries [6]. In Portugal, BC was responsible for 

2,340 new cases and for 1,106 deaths, being the sixth most common in both genders. This 

disease is the fourth most frequent cancer in males and the eleventh most incident in 

women [2]. 

 

 

Figure 1. Representation of world map with estimated age-standardized incidence rates in 

2018 of bladder cancer in both sexes in all ages [2]. 
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RISK FACTORS 

 There are some factors that contribute for an increased risk of BC carcinogenesis. 

Tobacco is the main risk factor with an attributable risk of nearly 50% [5]. Approximately 

two-thirds of total cases are associated with smoking [7]. Furthermore, smokers have a two-

to-fourfold higher risk of developing this disease compared with non-smokers [8]. 

Additionally, the number of smoking years, the smoke inhalation degree and the number of 

cigarettes smoked are associated with a higher increase of BC developing [7-9]. Some 

aromatic amines and polycyclic aromatic hydrocarbons (PAHs) seem to be excreted by the 

renal system and reach the urinary tract, playing an important role in carcinogenesis [7, 8, 

10].  

 Occupation is the second most important risk factor with an attributable risk of less 

than 8% [8]. According to previous studies, painters, rubber workers and petroleum industry 

workers display higher BC tumorigenesis risk, however other professions also present an 

increased risk [11]. This occurs due to occupational exposure to some carcinogenic agents, 

such as, aromatic amines, PAHs, certain aldehydes and some nitrites and nitrates [7, 9, 12].  

 Another risk factor is exposure to ionizing radiation, which has an attributable risk 

of approximately 2%. Many studies have already established that patients undergoing 

radiotherapy to treat other malignancies, present a higher risk of developing BC [7]. 

 Additionally, drinking arsenic (As) and chlorine contaminated water contribute to 

an increase of BC risk [12]. Due to the presence of As in the soil surface, contamination of  

drinking-water sources occurs frequently through infiltration [13]. Furthermore, water 

chlorination, the process of adding some disinfecting agents such as chlorine to the water, 

can lead to the formation of disinfection by-products (DBPs), being the trihalomethanes 

(THMs) the most common with a potential carcinogenic role [8, 14]. 

 Urinary tract diseases and other conditions also contributes to increase BC risk. 

The most known is schistosomiasis, a chronic endemic cystitis caused by Schistosoma 

haematobium, which mainly relates with squamous cell carcinoma [7, 15]. 

 

UROTHELIAL CELL CARCINOMA 

Urothelial cell carcinoma is the most frequent type of BC, corresponding to, 

approximately, 90% of the total cases [8, 16]. Tumorigenesis results from the transitional 

cells that are in bladder lining, also known as urothelium [8]. Regarding these, 70-80% are 

non-muscle invasive bladder cancer (NMIBC), whereas the remaining 20-30% are muscle-

invasive bladder cancer (MIBC) at the time of diagnosis [16, 17]. Although MIBC cases are 

less frequent, they are accountable for the most of BC deaths [16].  NMIBC patients have 

more promising outcomes than MIBC patients, with 10-year survival rates of 80% and 50%, 

respectively [18]. Though the mortality rates are not among the highest, 50% of NMIBC 
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patients, who are surgically treated, exhibit recurrence once or several times. Furthermore, 

after some recurrences, 5-25% of NMIBC progress to MIBC [19]. These recurrences could 

be explained due to incomplete resections, reimplantation of tumor cells after treatments or 

tumor occurrence in high risk urothelium [8]. Therefore, as a result of these high recurrence 

rates it is of utmost importance to study BC.   

For BC, the tumor-node-metastasis (TNM) classification is followed, assessing tumor 

size (T), lymph node involvement (N) and distant metastasis (M) [20]. NMIBC and MIBC 

stage classification is related to the invasion of the tumor into the bladder wall (Figure 2). 

NMIBCs do not invade the bladder muscle layer, being limited to the bladder inner epithelial, 

although present a variable risk of local recurrence [8, 17]. NMIBC include carcinoma in situ 

(Cis) (stage Tis), which is a flat lesion confined to urothelium [21]. Although Cis is a NMIBC, 

it is considered a high-grade tumor, because it easily progresses to muscle invasion disease 

[22]. Other NMIBC types are non-invasive papillary carcinomas (stage Ta), which are 

restricted to the mucosa, as well as invasive lamina propria tumors (stage T1) [23]. On the 

other hand, MIBCs comprise a group of more aggressive tumors that  invades the muscle 

layer or extend through the bladder reaching the surrounding tissues, which can promote 

metastization [17].  Furthermore, the tumors can either invade the superficial muscle (stage 

T2a) or the deep muscle (stage T2b). Additionally, the tumors can also invade the 

perivesical fat layer (stage T3) or extend into the adjacent organs (stage T4) [23] (Figure 

2). 

Recently, a similar breast tumors molecular classification emerged for BC. Briefly, 

bladder tumors can be divided into luminal and basal subtypes. Basal subtype cluster 

advanced stage tumors and metastatic disease, being enriched in inactivating mutations 

and deletions of tumor protein p53 (TP53) and Retinoblastoma1 (RB1) [24]. On the other 

hand, luminal subtypes are associated with papillary histopathological features and 

enriched in fibroblast growth factor receptor 3 (FGFR3) mutations [24]. 
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Figure 2. Bladder cancer staging. Urothelial cell carcinoma can be divided in 2 subtypes, non-

muscle invasive bladder cancer (NMIBC) and muscle-invasive bladder cancer (MIBC). Adapted from 

[23]. 

 

DIAGNOSIS 

The main symptom of this disease is hematuria. Patients can have other clinical signals, 

such as pain or burning sensation during urination. Nevertheless, these symptoms are not 

specific of BC. Lately, due to diagnostic techniques development, early diagnosis has 

become a reality. The current detection standard method is cystoscopy supplemented by 

urine cytology, that can also be used in surveillance [18, 25]. Although the cystoscopy assay 

is invasive and expensive, it allows to have a clear image of the entire bladder [18]. Usually, 

BC standard cystoscopy is white light assisted cystoscopy (WLC) assay [26]. However, this 

method has low sensitivity in the detection of surgical margins, small tumors and satellite 

tumors. Besides that, residual tumors are detected late when using WLC [19].  

The urine cytology exam is a less invasive process with a higher specificity (90-96%) 

and a reasonable sensitivity (>60) in high-grade tumor and Cis lesions [27]. However, the 

sensitivity, mostly in low-grade tumors, decreases to 4-31%  [8, 18, 28]. In the past years, 

urine tumor markers assays have been developed to improve the BC detection, 

surveillance, and staging [8, 25]. Bladder tumor antigen (BTA) TRAK or BTA stat, 

UroVysion, ImmunoCyt/uCyt, nuclear matrix protein 22 (NMP22) are some examples of 

these assays [18, 29]. These demonstrate a higher false positive and a lower specificity 

and/or sensitivity, compared with the standard exam, which justifies why tumor markers 

tests are not  present in clinical practice [18, 27, 30]. Until the development of a better assay, 

urine cytology will continue to be the standard procedure [30].  
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CURRENT TREATMENTS 

BC has the highest cumulative cost of treatment compared to other types of cancers 

[31]. BC treatments depend on the histological types. The standard treatment for NMIBCs, 

except for Cis, is transurethral resection of bladder tumor (TURBT) [8, 32]. The quality of 

the procedure influences diagnosis, treatment and prognosis [19]. Usually, adjuvant 

treatments are applied to decrease the recurrence and progression probability [22]. 

Intravesical immunotherapy Bacillus Calmette-Guérin (BCG) is the main adjuvant 

treatment. According to previous studies, it presents better results in tumor elimination [19, 

22]. Moreover, in cases that TURBT and BCG do not result and there are no evidences of 

progression, alternative treatments could be apply, such as, intravesical chemotherapy [19]. 

Here, the most chemotherapeutic agent used is mitomycin C (MMC) [33]. However, when 

all of these treatments do not result, cystectomy is recommended [34].   

Due to the fact that Cis lesions can only be detected by microscopy, TURBT is not an 

option. Therefore, in these cases BCG is the first option treatment, according to the 

American Urological Association (AUA) and the European Association of Oncology (EAU) 

guidelines [35]. 

When tumors progress to MIBC or the primary tumor is MIBC, the standard treatment 

is radical cystectomy followed by pelvic lymphadenectomy (PLND) [17, 34]. Also, this can 

be complemented with cisplatin-based neoadjuvant chemotherapy (NAC).The alternative 

treatment option is bladder-sparing trimodal therapy (TMT), which is a combination of 

TURBT, chemotherapy and external beam radiotherapy [36]. Moreover, in patients that 

present or develop metastases, cisplatin-based chemotherapy is the standard treatment 

applied, although immune checkpoint inhibitors have also been used [17]. 

 

UROTHELIAL CARCINOGENESIS 

The loss of heterozygosity (LOH) of chromosome 9 in the normal urothelium is 

associated not only with BC, but also with hyperplasia and dysplasia lesions formation, 

which may suggest that this alteration participates in the earliest phases of bladder 

tumorigenesis [37]. In line with behavior and molecule profile, BC formation can be divided 

into 2 pathways, according to the classical views, the papillary pathway and the Cis pathway 

[17]. 

Papillary pathway begins with hyperplasia formation resulting of chromosome 9 deletion 

as well as FGFR3/RAS mutations. The FGFR3 and RAS mutations are mutually exclusive 

of the urothelial hyperplasia, which may propose that these genes have analogous functions 

and their mutations grant the same phenotype  [18]. Approximately 80% of NMIBC cases 
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present mutations in FGFR3, which are associated to a higher risk of recurrence [38]. 

Likewise, this lesion progresses to a low-grade (LG) Ta when phosphatidylinositol-4,5-

biphosphate 3-kinase, catalytic subunit alpha (PIK3CA)/ stromal antigen 2 

(STAG2) mutations occur. In its turn, LG Ta can progress to high-grade (HG) Ta, although 

the genomic mechanisms are still unknown  [37, 38] (Figure 3). 

Cis pathway initiates due to dysplasia formation. The normal urothelium go through 

LOH on chromosome 9 and TP53 mutations. Additionally, tumor protein p53 (TP53) and 

RB1 tumor suppressor genes encode RB and TP53 proteins, respectively, which participate 

in proliferation, differentiation and apoptosis [38]. Moreover, RB1 deletion is related to Cis 

formation from dysplasia [37]. According to some datasets, such as Cancer Genome Atlas 

(TCGA) analyses, it is known that TP53 mutations are common in Cis and MIBCs, whereas 

only 8% of NMIBCs presents these [37, 38]. Furthermore, RB1 inactivation has also been 

observed predominantly in MIBC, usually with simultaneous TP53 mutations (Figure 3) [37].  

In some cases, HG Ta mainly presents cyclin-dependent kinase inhibitor 2A 

(CDKN2A) inactivation, which leads to HG T1. However, TP53 and RB1 inactivation can 

also occur in the progression of Ta to T1. Furthermore, Cis can equally progress to T1. After 

several genomic modifications, usually alterations in the p53 pathway, T1 progresses to 

MIBC (T2-T4), which, in some cases, can lead to metastases [37, 38]. One biological 

process that is involved in invasive carcinoma formation is epithelial mesenchymal transition 

(EMT).  

 

 

Figure 3. Urothelial carcinogenesis classical pathways. Regarding behavior and molecule 
profile, BC formation can be divided in papillary pathway and the Cis pathway. The first one start with 
chromosome 9 deletion and FGFR3/RAS mutations, promoting hyperplasia lesion formation. Then, 
after the PIK3CA/STAG2 mutations hyperplasia progresses to a low-grade Ta. Lastly, low-grade Ta 
might progress to high-grade Ta. Cis pathway initiates with chromosome 9 deletion and TP53 
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mutations, promoting urothelial dysplasia formation, which can progress to Cis when RB1 deletion 
occurs. High grade Ta, providing from papillary pathway, can suffer a CDKN2A/TP53/RB1 
inactivation, which results in a high-grade T1. Moreover, Cis can also progress to T1. Finally, with 
EMT involvement, the non-muscle invasive tumors can progress to MIBC and, subsequently, can 
metastasize. Abbreviation: BC - Bladder cancer; CDKN2A - Cyclin-dependent kinase inhibitor 2A; 
Cis - Carcinoma in situ; EMT - Epithelial-mesenchymal transition; FGFR3 - Fibroblast growth factor 
receptor 3; MIBC Muscle-invasive bladder cancer; PIK3CA - Phosphatidylinositol-4,5-biphosphate 3-
kinase, catalytic subunit alpha; RB1 - Retinoblastoma1; STAG2 - Stromal antigen 2; TP53 - Tumor 
protein p53; Adapted from [37]. 

 

EPITHELIAL-MESENCHYMAL TRANSITION (EMT) 

EMT is defined as a biological process that undergo genetic, molecular and phenotypic 

alterations, which results in the transdifferentiation of the epithelial cells into mesenchymal 

cells [39, 40]. Therefore, epithelial cells lose their epithelial features and acquire 

mesenchymal and fibroblast-like properties features [41]. Usually, this is not an irreversible 

process, because the cells that underwent EMT can recover their original epithelial 

characteristics. This is known as mesenchymal-epithelial transition (MET) [39]. 

EMT is divided in 3 different types, according to the biological context [40]. Type 1 EMT, 

occurs in implantation, embryo formation and organ development, whereas this transition 

promotes the development of new tissues with different functions. Type 2 EMT relates with 

the beginning and the end of the inflammation process and can be associated with wound 

healing and tissue regeneration [16, 40]. Finally, type 3 EMT, also known as oncogenic 

EMT, happens in neoplastic cells that earlier suffered genomic and epigenetic alterations. 

Hence, cells develop the abilities of invasion and metastization [40].  

Epithelial cells compose the transitional epithelium, also known as the urothelium [42]. 

These cells exhibit apical-basal polarity, whereupon the apical side is aimed at the lumen 

and the basolateral surface is anchored to the basement membrane. Moreover, they have 

the ability to adhere at this membrane and adjacent cells (cell-to-cell interactions) by 

intercellular junctions, such as tight junctions (TJs), adherens junctions (AJs) and 

desmosomes. Consequently, the cells can communicate with each other [39, 43-

45].Throughout EMT, epithelial cells lose apical-basal polarity and cell-cell adhesion 

structures. Besides, also occurs signaling programmed changes, such as cadherin switch 

(CS). On the other hand, the modulation of the organization of cytoskeleton and the gain of 

front–rear polarity takes place, which makes cells take on a spindle-shape. As a result, the 

cells become isolated, motile and resistant to apoptosis, which allows them to invade the 

tissue parenchyma and go to blood stream, resulting in cancer cell invasion and metastasis 

[39, 43, 44]. Particularly, early work established that epithelial-cadherin, also known as E-

cadherin (ECAD) loss and matrix metalloproteinase (MMP) 9 increased expression was 

associated with a poor clinical outcome in patients with urothelial tumors, suggesting that 

EMT might also be associated with bladder cancer progression and metastasis [46]. 
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Briefly, the main epithelial markers associated with adhesion are adherens junction 

proteins, such as ECAD and β-catenin and tight junction proteins, like occludins or cludins. 

Moreover, also cytokeratin, specially 5 and 6, and finally Zonula occludens (ZO)-1. 

Nevertheless, the main mesenchymal markers which promote invasion and mobility are 

neuronal-cadherin, also known as N-cadherin (NCAD), vimentin (Vim) and fibronectin, 

MMPs (Figure 4) [38, 43]. 

 

 

Figure 4. Cellular features alterations associated with EMT biological process. During EMT the 
cells lose epithelial features and acquire mesenchymal features. Epithelial cells have an apical-basal 
polarity and exhibit cell-to-cell interactions through tight junctions, adjacent cells and desmosomes.  
Currently, these cells express, mainly, adherens junction proteins (E-cadherin and β-catenin), tight 
junction proteins (occludins and claudins), cytokeratin, such as 5 and 6 and ZO-1. Throughout EMT, 
these epithelial markers are replaced by mesenchymal markers, such as N-cadherin, vimentin 
fibronectin and MMPs. Due to this, cells acquire front-rear polarity and fibroblast-like phenotype, 
losing their adhesion ability. Consequently, they gain motility and invasion capacity. Abbreviation: 
EMT - Epithelial-mesenchymal transition; MMPs - Matrix metalloproteinases; ZO-1 - Zonula 
occludens-1; Adapted from [47]. 

 

CADHERINS 

Cell adhesion molecules (CAMs) play an important role in cell shape and integrity of 

cell-cell interactions. CAMs can be classified as calcium binding-dependent, which includes 

selectins and cadherins, or as calcium binding-independent, whereas molecules such as 

integrins and immunoglobulins belong to this group [48]. Cadherins are a superfamily of 

transmembrane glycoprotein molecules that usually tend to be in AJs.  Furthermore, they 

are the main mediators of cell-cell adhesion in epithelial tissues [7, 48]. This superfamily 

can be divided into 4 subfamilies, namely classical cadherins, protocadherins, desmosomal 

cadherins and atypical cadherins [48].  

The type 1 classical cadherins family, include E-, N-, placental-cadherin, also known as 

P-cadherin (P-CAD) and retinal-cadherin, also known as R-cadherin (RCAD) [48]. 
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Moreover, all of them include a cytoplasmic carboxyl-terminal, a transmembrane and an 

extracellular N-terminal domain. Due to this last domain, it is possible that the homophilic 

interactions that occur between cadherins either in the same cell or in adjacent cells, allows 

the cell-cell adhesion [48-50]. Apparently, these four cadherins play an important role in the 

EMT development.  

ECAD is a tumor suppressor protein encoded by CDH1 gene. This protein is 

expressed specially in normal epithelial tissues [51]. Besides, it is considered the most 

important regulator of EMT, because it is responsible for mediate the interactions between 

adjacent epithelial cells and the maintained of apical-basal polarity [16]. In several 

carcinomas, such as, colorectal, breast cancer and BC, it was reported loss or low levels of 

ECAD, compared to normal tissue [52]. In BC the role of this glycoprotein is well established. 

The lower ECAD levels promote an alteration in cell morphology and increases migration 

and invasion capacity, leading to increased biological aggressiveness [7, 53-55]. Previous 

studies, based in immunohistochemistry, showed that normal urothelium presented a high 

ECAD expression. On the other hand, both Ta (20% of cases) and T1 (60% of cases)  

presented a reduction of ECAD expression and in MIBCs (80% of cases) the amount of this 

protein was either low or absent [16]. Therefore, lower ECAD levels contribute to poor 

survival rates and facilitates tumor progression [54, 56]. Moreover, other studies 

demonstrated an association between lower ECAD immunoexpression and higher 

recurrences in patients with low grade BC [54]. 

Loss of ECAD expression is normally replaced by an increase of NCAD. This 

biological process is named CS, which is an important feature in EMT [51, 57, 58]. In BC, 

CS occurs, so ECAD is replaced by a novel NCAD expression. However, CS also can 

happen when ECAD levels stay equal but the cells acquire de novo or increased N-CAD 

expression [59]. Nevertheless, the opposite can also happen in some situations such as 

ovarian tumorigeneses, where tumor cells experience a decrease on NCAD, being replaced 

by an increase of E- and P-CAD expression [51]. 

NCAD is considered a mesenchymal marker encoded by CDH2 gene [64]. This 

protein is expressed in neural, endothelial and muscle cells. Nonetheless, apparently no 

expression or low NCAD expression was found in epithelial cells [60, 61]. The NCAD 

upregulation has been associated with prostate, melanoma, colon, breast and urothelial 

malignancies as well as progression [61]. In BC, high levels of NCAD are related with tumor 

aggressiveness and, consequently, with more advanced tumor stage [62]. Therefore, 

NCAD´s higher expression promotes an invasive phenotype, such as migration and motility 

events of tumor cells from the bladder to other structures and organs [58]. Indeed, 

previously studies demonstrate that glycoprotein over-expression is associated with lymph 

node metastasis and lymphovascular invasion [62]. Consequently, this leads to a worse 
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clinical outcome and poor overall survival, as well as recurrence-free survival [59, 61]. 

Former immunohistochemistry studies demonstrate that normal urothelium do not have 

NCAD expression. By the same token, a high number of Ta and T1 (80% cases) may have 

a lack of this protein. Although, 60% of advanced MIBCs express NCAD [16, 52, 58]. 

Likewise, NCAD can function as a predictive biomarker of disease-recurrence and cancer-

specific mortality and as a prognostic marker of progression in pT1 tumors [59, 62].  

In CS, ECAD expression could also be replaced by PCAD, according to some 

authors [16, 63]. This biological process can happen in colorectal, endometrial, breast, 

pancreatic, gastric and specially in BC. Nevertheless, this alternative CS is not well explored 

[58, 64].  

PCAD is encoded by CDH3 gene. This glycoprotein is usually weakly expressed in 

some basal layers of stratified epithelium tissues, such as esophagus, skin and especially 

in bladder urothelium [16, 58]. According to former studies PCAD expression seems to play 

a dual role, depending of tumor model. On the one hand, PCAD expression in melanoma, 

appears to be associated with suppressed invasion [64]. On the other hand, in breast or 

endometrial carcinoma, this same protein seems to be related with an aggressive 

phenotype. In BC, PCAD's role is less established compared with ECAD or NCAD, although 

it seems to be associated with tumorigenesis [58]. Previous IHC studies prove that PCAD 

is expressed in normal urothelium, even though it shows a weak expression [63]. Similarly 

to NCAD, the majority of Ta and T1 (80% cases) demonstrate weak PCAD expression, 

while 50% to 88% of advanced MIBCs present a PCAD overexpression [16]. Regarding 

PCAD high expression it seems to participate in recurrence disease [57]. Furthermore, it 

seems to be associated with a more aggressive phenotype, since might contributes for 

invasion and migration [63]. It is possible that the PCAD overexpression may contributes to 

the basal cells migration to more superficial bladder layers, such as intermediate cell layer 

[53, 63]. Consequently, BC patients with normal PCAD expression have a better survival 

rate compared with patients with higher PCAD levels [31, 57, 63]. 

Although, PCAD and ECAD can be co-expressed in urothelium, only ECAD seems to 

participate in cell-cell adhesion [58, 63, 65]. However, even in the presence of ECAD, PCAD 

seems to be capable to promote a malignant and invasive phonotype [31]. In the same way 

as NCAD, PCAD seems not to display an invasive-suppressor role [52]. Additionally, in 

bladder tumorigeneses, during cadherin switch, PCAD´s overexpression may happen in an 

independent or synchronized way to NCAD´s expression [16]. 

RCAD is encoded by CDH4 gene. This protein is highly expressed in the brain and plays 

an important role in the induction of type 1 EMT in kidneys and striated muscle 

embryogenesis [66, 67]. The knowledge of RCAD´s role in tumors is still reduced, compared 

with ECAD, NCAD and PCAD information. Regarding RCAD role, an opposite behavior in 
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sarcomas and in carcinomas was observed, since in breast, colorectal or nasopharyngeal 

carcinoma occurred a downexpression with tumor development [68]. However, in 

osteossarcoma, an overexpression of RCAD is essential for tumor development, as well as 

cell migration and invasion. Nevertheless, when CDH4 knockdown happens, it is observed 

an inhibition of the tumor, as well as of the metastasis [68]. Currently, there are no studies 

of RCAD´s role in BC. Due to the lack of information of RCAD in BC it is important to study 

the role that might plays in normal urothelium. Besides, it is essential understand if this 

protein might be a tumor suppressor or a tumor induction. Furthermore, it is necessary 

understand the role that may has in the establishment of EMT. 

 

CADHERINS REGULATORY MECHANISMS 

 

TGF-β signaling pathways 

The induction of EMT is related with alterations in some signaling pathways, such as 

transforming growth factor-β (TGF-β), bone morphogenetic protein (BMP), epidermal 

growth factor (EGF), Wnt, sonic hedehog (Shh), notch or integrin signaling [44].  

Cytokines superfamily comprises TGF-β family. In its turn, TGF-β family includes a 

higher number of proteins, such as activins family, BMP, growth differentiation factors 

(GDFs), nodal, lefty, myostatin, anti-mullerian hormone (AMH) and TGF-β subfamily [69]. 

TGF-β subfamily is constituted by three isoforms, such as TGF-β1, β2 and β3. These 

proteins play an important role as ligands in TGF-β signaling, which is the most well 

described EMT-induced pathway [69-71]. The most study isoform is TGF-β1, which 

promotes embryonic development, wound healing and fibrosis [39, 72]. On the other hand, 

this isoform plays a double role in tumorigeneses. In the normal cells and the beginning or 

early stage of tumor formation it can function as tumor suppressor, causing apoptosis and 

growth tumor inhibition. However, in advanced stages, it causes EMT induction and, 

consequently, promotes cells motility and invasion. Moreover, tumor progression leads to 

an overexpression and higher segregation of TGF-β1 by tumor cells, which is then released 

for adjacent cells [73]. Therefore, TGF-β1 acts both in tumor cells and in nearby stroma, 

promoting immune surveillance suppression, angiogenesis induction, degradation of the 

extracellular matrix and recruitment inflammatory cells for the tumor microenvironment [69, 

72, 73].  

The TGF-β signaling pathways can be divided in Smad-independent signaling or Smad-

dependent signaling [74]. In Smad-dependent signaling occurs a complex formation 

between TGF-β ligands and heteromeric complex of serine/threonine kinase receptors, 

named as type I TGF-β receptor (TGF-βRI) and type II TGFβ receptor (TGFRβII). 
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Regarding this interaction, TGF-βRI it will be phosphorylated, which results in the 

recruitment and phosphorylation of receptor regulated SMADs (R-SMADs) transcription 

factors, SMAD2 and SMAD3 [44, 47, 69, 75]. Then, SMAD4 is recruited, forming a trimeric 

complex capable to translocated to the nucleus, with help of importins [44, 72, 75]. Here, 

SMAD complex interact with DNA-binding transcription factors. Consequently, occurs 

activation or repression of the gene’s transcription important for EMT establishment. The 

transcription factors (TFs) involved are the zinc-finger transcription factors, which includes 

Snail and Slug. Moreover, basic helix–loop–helix (bHLH) factors, such as Twist and 

E12/E47 and zinc-finger factors, like ZEB1 and ZEB2 are also involved [69, 76]. Herewith, 

usually these transcription factors promote repression of genes that encodes epithelial 

proteins, such as CDH1 [70]. Concurrently, contribute to activation of genes that encodes 

mesenchymal proteins, for example, CDH2, although the relation TGF-β and CDH2 remains 

unclear (Figure 5) [70]. 

 

 

Figure 5. Smad-dependent signaling in EMT. TGF-β1 ligand binds to the heteromeric complex of 
TGF-βI and TGFRβII. Then, the cofactor SARA interacts with R-SMADs transcription factors, SMAD2 
and SMAD3, in order to be recruited to the TGF-βR complex.  Hereafter, SMAD4 is also recruited, 
resulting in a trimeric complex formation, being capable to translocated into the nucleus, with the 
help of importins-β1, importins 7 and 8. Then, the SMAD2/3/4 complex can activate the DNA-binding 
transcription factors expression, such as zinc-finger transcription factors (Snail and Slug), bHLH 
factors (Twist and E12/E47) and zinc-finger factors (ZEB1 and ZEB2). The Snail, Slug, Twist, ZEB1 
and ZEB2 are EMT transcription factors that are capable of CDH1 downregulation and CDH2 
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upregulation. Abbreviation: bHLH - basic helix–loop–helix; R-SMADs - Receptor-regulated SMADs; 
SARA - Smad anchor for receptor activation; TGFRβII - Type II TGF-β receptor; TGF-β1 - 
Transforming growth factor β1; TGF-βI - Type I TGF-β receptor; Adapted from: [44]. 

 

Smad-independent signaling also participates in the gene reprogramming and, 

consequently, in EMT. Here, the ligand still being TGF-β1, as well as the receptors are TGF-

βRI and TGF-βRII. However, the downstream targets activated are different. The signaling 

pathways are c-Jun NH2-terminal kinase (JNK) and p38, phosphatidylinositol 3,4,5 

trisphosphate (PIP3) - Protein Kinase B (AKT), RhoA and Ras- extracellular signal-

regulated kinase (Erk) [39, 47]. 

Currently, the role that TGF-β might play in BC is less detailed. Therefore, it is important 

study the impact of TGF-β family in EMT induction in bladder carcinogenesis [75]. 

 Other regulatory mechanisms are associated with cadherins expression. Indeed, Snail1 

can repress CDH1 by polycomb repressive complex 2 (PRC2) recruitment, which promote 

histone modifications [77, 78]. Moreover, micro-RNAs might also influence cadherins genes 

regulation, since miR-200 regulates CDH1 through ZEB1 and ZEB2 [79]. Additionally, 

methylation is other cadherins regulatory mechanism [77]. 

 

Epigenetics 

In 1942, Conrad Waddington defined the term “Epigenetics” as alterations in the 

expression of proteins without altering the DNA sequence [80-82]. Currently, it is known that 

epigenetic can have a role in normal biological events, such as embryonic processes, gene 

imprinting, stability of genome as well as cell differentiation [83, 84]. However, it can also 

play an important role in pathogenic events, like tumorigenesis, cancer progression and 

resistance to therapies [81]. Epigenetic alterations are reversible and can precede genomic 

alterations. Furthermore, they frequently happen in the early stages of neoplastic process. 

Epigenetic mechanisms can be mainly divided in DNA methylation, histone post-

translational modifications, histone variants and chromatin remodeling complexes (Figure 

6) [85]. 
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Figure 6. Epigenetic regulatory mechanisms in gene expression. Epigenetic mechanisms 
comprise DNA methylation, histone post-translational modifications, histone variants and chromatin 
remodeling complexes. Kindly provided by Ana Lameirinhas.  

 

Cadherins promoter methylation  

The DNA methylation is the most well researched epigenetic modification in BC [81]. 

This chemical modification takes place when a methyl (CH3) group, donated by S-adenosyl-

L-methionine (SAM), is transferred to the 5´position of a cytosine ring. The DNA 

methyltransferases enzymes, which in mammals are DNMT1, DNMT3a and DNMT3b, 

catalyze the donation of CH3. The final product of this reaction is the 5-methylcytosine (m5C) 

formation [83, 86]  

The DNMT3a and DNMT3b are de novo DNA methyltransferases. They are 

important to establish the DNA methylation patterns during embryonic development [87]. 

Contrarily, DNMT1 is the enzyme responsible for preserving the methylation patterns 

throughout the DNA replication, as it completes the hemi-methylated regions of DNA. This 

allows the transfer of the methylome from the maternal to the daughter cells [87, 88]. 

Oppositely, there are demethylases such as ten-eleven methyl cytosine dioxygenase 

(TETS) that allows the oxidation of m5C, promoting the formation of the 5-hydroxymethyl-

cytosine (5hmC) [18]. 

DNA methylation usually occurs in cytosine-phosphate-guanine (CpG) islands. 

These are defined as regions with 200 bases, enriched at least 50% in cytosines followed 

by guanines, and with a ratio of “observed to statistically excepted CpG frequencies of at 

least 0.6”. They are commonly located upstream of genes promoters [89]. Approximately 

60% of human gene promoters are in relation to CpG islands. In the normal tissues, these 

islands are normally unmethylated. However, a minor amount of them (approximately 6%) 

present methylation, in order to avert chromosome instability as well as to promote tissue 
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differentiation processes or inactivation of the X chromosome in females [81, 90]. Still, 

abnormal methylation of CpG islands is commonly associated to transcription inhibition of 

some genes, such as tumor suppressor genes. Therefore hypermethylation is usually 

related to carcinogenesis [91]. This silencing can occur in a direct or an indirect way. On 

one hand, the first event takes place when the methylation prevents the recruitment of 

transcription factors. On the other hand, the indirect inhibition occurs due to the recruitment 

of methyl-CpG-binding domain (MBD) proteins, that consequently provide the recruit of 

histone deacetylating complexes and chromatin-remodeling complexes [89]. 

DNA methylation alterations have been involved in the initiation of bladder 

carcinogenesis as well as in the progression [92]. Apparently, urothelial carcinogenesis 

differs not only genetically but also epigenetically, since less loci were hypermethylated in 

non-invasive (10%) compared with invasive tumors (38%) [92]. Indeed, DNA 

hypermethylation happened in, approximately, 50-90% of BC cases, causing the silencing 

of several genes such as tumor suppressors, DNA repair genes and cell cycle control, which 

contributes for BC formation or progression [81].  

CDH1 methylation role´s has been well studied in epithelial carcinomas, such as 

breast and prostate carcinoma [77, 93]. In BC, CDH1 usually exhibits higher methylated 

frequencies, approximately, among 40 and 60% [94, 95]. Previous studies demonstrated 

that CDH1 promoter hypermethylation in BC as an important mechanism to regulate ECAD 

expression [42, 96, 97]. Indeed, normal bladder tissues present absence of methylation 

(24% of methylated cases) and consequently present higher ECAD immunostaining. 

Contrarily, bladder tumor tissues are hypermethylated (84% of methylated cases), being 

ECAD downexpressed or absence [96].  

For CDH2 methylation no data have been reported in BC. However, previous reports 

only refer methylation as a possible regulatory mechanism of CDH2 promoter [98] . 

Regarding CDH3 methylation, there are no studies in BC. However, according to 

former results performed in other model tumors, such as in breast cancer. In this 

malignancy, PCAD aberrant expression seems to be regulated by promoter CDH3 

hypomethylation, since 71% of PCAD negative staining cases presented CDH3 

methylation, while 65% of PCAD positive cases showed CDH3 unmethylated [99].  

Finally, there is no data concerning the CDH4 methylation role in BC. Nevertheless, 

previous studies in epithelial cancers have demonstrated CDH4 promoter gene regulation 

by hypermethylation [68]. In gastrointestinal carcinomas, CDH4 might have a tumor 

suppressor gene role. Specifically, 78% of colorectal and 95% of gastric carcinomas were 

showed to present CDH4 promoter hypermethylation, which associated with RCAD 

downregulation. Moreover, this gene’s promoter methylation might be implicated in early 

event in gastrointestinal tumor progression [100]. 



 

 



 

 

 

 

 

 

 

 

 

 

 

AIMS 



 

 



AIMS ‖ 21 

It is currently acknowledged that approximately half of NMIBC patients have a major 

risk of recurrence, whereas 5-25% can progress to MIBC. Therefore, MIBC patients have a 

higher rate of metastasis and, consequently, a poor prognosis. Hence, it is of major 

importance to unveil the mechanisms that lead to bladder cancer progression. Moreover, in 

the future, it may be possible to develop new target therapies that might slow or even inhibit 

the NMIBC to MIBC progression. 

Thus, the aim of this project consists in investigate whether E-cadherin, N-cadherin, P-

cadherin and R-cadherin differential expression might be implicated in epithelial-

mesenchymal transition and, consequently, in bladder tumors progression.  

Specifically, the tasks for the project are: 

1.  In silico analysis of cadherins expression in normal and bladder cancer tissues in 

TCGA dataset.  

2. Evaluate E-Cadherin, N-Cadherin, P-Cadherin and R-Cadherin expression in 

primary bladder tumors samples surgically removed as well as in normal bladder 

tumor tissues.  

3. Associate cadherins immune-expression patterns with clinicopathological data. 

4. Characterize cadherins’ expression in one normal bladder cell lines and in seven 

bladder cancer cell lines. 

5. Uncover TGF-β1 and DNA promoter methylation role in cadherins expression 

regulation. 
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IN SILICO ANALYSIS  

In order to perform in silico analysis, cBio-Portal for Cancer Genomics was used 

[101]. Here, the TCGA (http://ca ncergenome.nih.gov) database was the source to obtain 

the alterations in cadherin genes expression, therefore the user-defined entry gene set was 

“CDH1, CDH2, CDH3 and CDH4”.  

 Additionally, TCGA dataset was consulted for data on CDH1, CDH2, CDH3 and 

CDH4 expression and clinical information, when available, of 408 BC patients and 19 

matched controls. All expression data from samples hybridized at the University of North 

Carolina, Lineberger Comprehensive Cancer Center, using Illumina HiSeq 2000 RNA 

Sequencing version 2 analysis, were downloaded from the GDC data portal 

(https://portal.gdc.cancer.gov/). Biospecimen Core Resources (BCRs) provided the clinical 

data of each patient. This data is available for download through the GDC data portal 

(https://portal.gdc.cancer.gov). 

 

CLINICAL SAMPLES 

For the present study, one hundred twenty-four (sixty-two NMIBCs and sixty-two 

MIBCs) formalin-fixed and paraffin-embedded (FFPE) tissues were collected from the 

archives of the department of pathology of Portuguese Oncology Institute (IPO) of Porto. 

These samples are representative of primary bladder urothelial carcinomas (BUCs) without 

any previously treatments and diagnosed between 1997 and 2005 at Portuguese Oncology 

Institute- Porto, Portugal.  

Hematoxylin and eosin (H&E) primary tumors slides were reviewed by an 

experienced pathologist according to the 2016 World Health Organization (WHO) 

Classification of Tumours of the Urinary System and Male Genital Organs [102], whereas 

the staging was attributed according the 8th edition of the American Joint Committee on 

Cancer (AJCC) staging manual.  

Moreover, forty samples of normal urothelial tissues (NUTs) from ureters of 

nephrectomy specimens of patients with kidney cancer were used as controls. This study 

was approved by the Institutional Review Board (Comissão de Ética para a Saúde) of 

Portuguese Oncology Institute of Porto (CES.15/016). 

 

CELL LINES CULTURE 

The in vitro studies were performed by using one normal cell lines (SV-HUC1) and 

seven bladder cancer cell lines (MGHU3, RT-112, 5637, J82, T24, UMUC3 and TCCSUP) 

from American Type Culture Collection (ATCC) (Table 1).  

https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
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All the cell lines were grown in the recommended culture medium supplemented with 10% 

Fetal Bovine Serum (FBS, Biochrom, MERK, Germany) and 1% penicillin/streptomycin 

(GIBCO®, Invitrogen, USA). Cells were incubated at 37ºC with 5% CO2. Frequently, they 

were tested for Mycoplasma sp. contamination using a PCR-based universal mycoplasma 

detection kit (PCR Mycoplasm Detection Set, Clontech Laboratories, Oxford, UK). 

Additionally, trypsin (Gibco, Invitrogen) at 37oC was used to detach the sub-

confluent cells. In order to inactivate trypsin action, medium supplemented with 10% FBS 

was added. Subsequently, suspended cells were collected and then centrifuged at 1,200 

rpm during 5min. Finally, cells were resuspended in fresh medium and 20μl of cell 

suspension were collected for cell counting with 20μl of Trypan Blue in the Neubauer 

chamber, obtaining the live cells number per mL. 

 

Table 1 Clinical pathologic characterization of human bladder cell lines. 

 Cell type Grade Stage Subtypea Gender 
Culture 
medium 

SV-HUC1 normal n/a n/a n.a. male F12-K 

MGHU3 tumor G1 pTa/T1 luminal male DMEM 

RT-112 tumor G2 pTa luminal female RPMI-1640 

5637 tumor G2 
not 

reported 
mixed male RPMI-1640 

J82 tumor G3 pT3 basal male MEM 

T24 tumor G3 pTa basal female RPMI-1640 

UMUC3 tumor G3 pT2-4 basal male DMEM 

TCCSUP tumor G4 
not 

reported 
basal female MEM 

n.a.-not applicable; a- according to [103] 

 

TGF-β1 TREATMENT  

Firstly, 2 μg of TGF-β1 (T7039; Sigma-Aldrich, Germany) was reconstituted in 100μl 

of 7.5% bovine serum albumin (BSA) (Santa Cruz, USA) and 1.2M HCL (Sigma, Germany) 

solution, in order to obtain a final concentration of 20ng/µL. Stock solution was stored at -

20ºC until used. 

SV-HUC1, RT-112 and 5637 cell lines were exposed to different TGF-β1 conditions. 

Cells were plated in 6 well plates with corresponding culture medium (F12-K, RPMI-1640 

and RPMI-1640, respectively) at an optimal density, in order to obtain a good confluence at 

ending timepoint. Afterwards, at each plate was added 20ng/mL TGF-β1 during 48h. Finally, 
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the cultured medium was collected following by protein extraction. For TGF-β1 treatment, 

two independent replicates were performed. Moreover, 2 negative controls were used. 

 

DNA EXTRACTION  

Cell lines 

The DNA extraction from bladder cells lines was performed by the phenol-chloroform 

method. The cell pellets where collected from 25cm3
 culture flasks. When the cells 

presented a considerable confluence, they were washed with 1x phosphate-buffered saline 

(PBS) multiple times. Afterwards, they were centrifuged at 13,000rpm for 30min at 4ºC in 

order to obtain the DNA pellets. Following that a SE buffer [(75mM NaCl and 25mM 

ethylenediamine tetraacetic acid (EDTA)], 10% sodium dodecyl sulfate (SDS) and 20mg/mL 

proteinase K (NZYTECH, Portugal) were added to the pellets, and the samples were 

incubated at 55ºC in agitation until DNA´s digestion was complete. After this, phenol-

chloroform solution at pH=8 (Sigma-Aldrich, USA) was added to Phase Lock Light tubes (5 

Prime, Germany) and the samples were transferred to the tubes. Hereafter, the samples 

were centrifuged at 13,000 rpm for 15min, which separated the aqueous phase, being here 

present the DNA. In order for the DNA precipitation to take place, absolute ethanol (Merck, 

Germany) was added to it, in a proportion of two times the final volume of aqueous phase, 

as well as 7.5M Ammonium acetate (Sigma-Aldrich, Germany), in the proportion of one third 

of the final volume of aqueous phase. The samples were incubated over night at -20°C. The 

next day, the samples were centrifuged at 13,000 rpm for 20min and the formed pellets 

washed with 70% ethanol two times. Hereupon, the samples were, once again, centrifuged 

and then the pellets were dried at the room temperature. Lastly, the DNA was eluted in 

sterile distilled water. The NanoDrop Lite Spectrophotometer (Nanodrop Technologies, 

USA) was used in order to quantify the DNA concentration as well as purity ratio. 

 
Paraffin-embedded tissues 

From each case, a representative paraffin block was selected, and, subsequently, 

an experienced pathologist delimited the tumor area to be macrodissected. Afterwards, for 

each paraffin block were cut, approximately, 8 to 20 serial 8μm sections and with a resource 

of disposable sterile scalpel blade the tumor areas were removed.  

The DNA extraction from formalin-fixed and paraffin-embedded tissue was done by 

using FFPE RNA/DNA Purification Plus Kit (Norgen Biotek, Thorold, Canada) according to 

manufacture recommendations. Briefly, the samples were deparaffinated and then 

incubated at 50°C by 10min. Afterwards, absolute ethanol (Merck, Germany) was used by 

two times following by digestion buffer A and proteinase K [20mg/mL (NZYTECH, 

Portugal)]. After this, the samples were incubated at 55°C by 15min and then they were 
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centrifugated at 14,000g by 3min. To the pellets formed, were added, once again, digestion 

buffer A and proteinase K [20mg/mL (NZYTECH, Portugal)], being incubated overnight at 

55°C with agitation. The next day, the samples were again incubated but at 90°C with 

agitation by 2h. Hereafter, to each sample it was added buffer RL and absolute ethanol 

(Merck, Germany). DNA purification columns, provided by the kit, were mounted. The 

samples were added to the columns, following by 3 times wash solution A. Finally, the 

volume of elution buffer F solution was added according to the amounts of paraffins tissue 

in the extraction beginning. The NanoDrop Lite Spectrophotometer (Nanodrop 

Technologies, USA) was used in order to quantify the DNA concentration as well as purity 

ratio. 

 

SODIUM BISULFITE TREATMENT OF DNA 

Sodium bisulfite treatment is the gold standard used in DNA methylation studies. In 

this assay, unmethylated cytosines are converted into uracil residues through sulphonation, 

deamination and desulphonation chemical reactions, whereas methylated cytosines 

remains m5C [104].  

The bisulfite modification was performed from 1000ng of DNA previously extracted 

(from the bladder cell lines as well as the normal and tumor tissues), through EZ DNA 

Methylation-GoldTM (Zymo Research, USA), according to the manufacture 

recommendations. Firstly, CT conversion reagent solution was added to the DNA samples. 

Subsequently, in order to complete the chemical denaturation, each sample was incubated 

in Applied Biosystems Veriti 96-Well Thermal Cycler (Thermo Fisher Scientific, USA), firstly 

at 98ºC for 10 min and then at 64ºC for 180min. Afterwards, at Zymo-SpinTM
 IC columns it 

were added M-Binding buffer and then the correspond samples, in order to one-stand DNA 

binds to the column. After the incubation at room temperature during 10min, the samples 

were centrifugated at 10.000rpm during 30s, and M-Wash buffer was added, following by 

another centrifugation. Additionally, in order to remove the desulfonation agent, the columns 

were washed with M-Desulphonation buffer and then incubated by 20min succeeding by 

another centrifugation. Hereafter, at the columns it was added M-Wash buffer by two times, 

each followed by one centrifugation at 10,000 rpm for 30 seconds. Finally, bisulfite-

converted DNA samples were eluted in 60μL of sterile distilled water and were stored at -

80 ºC. 

 

QUANTITATIVE METHYLATION-SPECIFIC PCR (QMSP) 

Quantitative real time methylation specific PCR (qMSP) was performed in order to 

amplify the one-strand modified DNA, using specific primers (Table 2). This assay allows 
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obtain CDH1, CDH2 and CDH3 promoter genes methylation levels in bladder cell lines and 

in tissues.  

For bladder cell lines, qMSP were performed in 96-well plates in an Applied 

Biosystems 7500 Sequence Detector (Perkin Elmer, Foster City, CA). For bladder tissues, 

the reactions occurred in 384-well plates LightCycler480II (Roche Diagnostics, Germany). 

In order to obtain a standard curve, which provides PCR efficiency and enable an 

absolute quantification, were used 5 positives controls. To do these, modified CpGenome™ 

Universal Methylated DNA was used and diluted in five serial dilutions, with a 5x dilution 

factor. In each plate, was used duplicates of two negative controls, duplicates of five positive 

controls and triplicates of all samples. For each sample, were used 1μL of modified DNA, 

5μL of Xpert Fast SYBER Mastermix Blue (GE22.2501; GRiSP®, Portugal) and 0.2-0.4μL 

of forward and reverse primers, at final volume of 10μL per well (Table 2). Moreover, β-actin 

(β-ACT) was used as housekeeping gene. Thus, for each gene, relative methylation levels 

of each sample were normalized for β-ACT control, according to the formula:  

Cadherin gene methylation levels = (cadherin gene methylation mean quantity)/ (β-

actin mean quantity). 

 

Table 2. Primer used in qMSP. 

Gene 
Forward Sequence  

(5´- 3´) 
Reverse Sequence  

(5´- 3´) 
Tanneling/Primer 
volume [10µM] 

CDH1 
AATTAGCGGTACGGGGGG
C 

CGAAAACAAACGCCGAAT
ACG 

60ºC 
0.2 

CDH2 
CGGTTGCGGTAGTAGTTG
C 

AAACGCTTCTCGACTCCTC
TT 

60ºC 
0.4 

CDH3 
GTTCGTTGGGGTTTTAATC ACCGATATTCCGCTCAAC 60ºC 

0.4 

β-ACT 
TGGTGATGGAGGAGGTTT

AGTAAGT 
ACCAATAAAACCTACTCCT

CCCTTAA 
60ºC 
0.4 

 

IMMUNOHISTOCHEMESTRY 

The immunohistochemistry (IHC) was performed using NovoLinkTM Max Polymer 

Detection System (Leica Biosystems, Germany). The 4μm sections, from formalin-fixed and 

paraffin-embedded tissues, were first deparaffinated and rehydrated. According to each 

protein tested, the antigen retrieval was achieved in the microwave at 800W in different 

conditions, described in the Table 3. Soon after, the slides were incubated with 3% H2O2 

(Grisp®, Portugal) solution for 20min, in order to inactivate the peroxidase endogenous 

activity. Next, the tissues were blocked with horse serum (Vector Laboratories, USA) diluted 

in antibody dilution (Leica) at 1:50 for 20min. Then, the slides were incubated overnight or 

during 1h with primary antibody (Table 3). After this, the samples were incubated with post-
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primary block and following by polymer, during 30min each. Washes were performed 

between different steps using TBS-Tween solution (Grisp®, Portugal). Afterwards, the 

chromogen 3,3-Diaminobenzidine (DAB) (Sigma-Aldrich™, Germany), diluted in 1x PBS, 

was applied and the samples were counterstained with Hematoxylin (Leica Biosystems, 

Germany) (2 a 3 min). Finally, the cases were dehydrated, diaphanized and assembled with 

Entellan® (Merck-Millipore, Germany). For each IHC, a positive control was used (Table 3).  

 

Table 3. Primary antibodies used in IHC. 

Primary 
antibody 

Company 
Positive 
Control 

Antigen 
Retrieval 

Dilution 

ECAD 
BD Transduction 

Laboratories 
(#C20820) 

Breast cancer 
EDTA buffer, 
30min, MW 

1:500 
(ON incubation) 

NCAD 
Sigma Prestige 

(#91220) 
Normal liver 

EDTA buffer, 
30min, MW 

1:1000 
(ON incubation) 

PCAD 
BD Transduction 

Laboratories  
(#610228) 

Normal tonsil 
EDTA buffer, 
30min, MW 

1:250 
(ON incubation) 

RCAD 
Thermo-Fisher 

Scientific 
(#26696) 

Normal 
esophagus 

EDTA buffer, 
20min, MW 

1:500 
(1h incubation) 

MW – Microwave; ON – Overnight; 

 

Then, a semi-quantitatively assessment was performed by a pathologist. Both 

membrane and cytoplasmatic expression was evaluated for all antibodies. The intensity 

was categorized between 0-3, where 0 representing a negative staining, intensity 1 a weak 

staining, intensity 2 a moderate staining and intensity 3 corresponding to a strong staining. 

Furthermore, the variable percentage of cells was also evaluated from 0% to 100% and 

further categorized from 0 to 3. Depending on the studied cadherin, different categories 

were attributed to percentage of cells (Supplementary Table 1). The IHC-score was 

determined by the formula: IHC-score = Intensity score x %cells. From IHC-score were 

obtained a score ranging in 7 categories (0,1, 2, 3, 4, 6, 9). Then, the IHC-score were 

divided in negative (IHC-score=0) and positive (IHC-score≥1). Pictures were taken in a 

microscope Olympus BX41 with a digital camera Olympus U-TV0.63XC using CellA 

software. 
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IMUNOFLUORESCENCE 

Immunofluorescence (IF) was performed in order to assess E-, N-, P- and R-

cadherins distribution in the 8 bladder cell lines. The cells were plated with an optimal 

density in cover slips in 24-well plates. When the cells exhibit the adequate confluence the 

culture medium was removed and the cells were fixed with 4% paraformaldehyde (PFA, 

Santa Cruz, USA), during 10min. Then, 5% BSA (Santa Cruz, USA), diluted in 1x PBS, was 

added for 30min in order to block the cells. Subsequently, the cells were incubated with 

primary antibodies, diluted in 5% BSA (Santa Cruz, USA) in 1x PBS, overnight at room 

temperature (Table 4). In the next day, the cells were incubated with secondary antibodies 

anti-rabbit immunoglobulin G (IgG) tetramethylrhodamine (TRITC) (T6778, Sigma-Aldrich, 

Germany) or anti-rabbit IgG-fluorescein isothiocyanate (FITC) (Alexa Fluor TM 488, 

A11008; Invitrogene, USA), diluted 1:500 in 5% BSA in 1x PBS, for 1h at room temperature. 

Finally, a blue-fluorescent dye, 4’,6-diamidino-2-phenylindole (DAPI) (AR1176, BOSTER 

Biological Technologies, China), was added in mounting medium. To take pictures of the 

cells, the fluorescence microscope Olympus IX51 with a digital camera Olympus XM10 was 

used with CellSens software (Olympus, Japan) (200x magnification). 

  

Table 4. Primary antibodies used in IF. 

Primary 
antibody 

Company Dilution 
Second antibody 

specie 

ECAD 
Cell Signaling 

 (#3195) 
1:150 Anti-rabbit 

NCAD 
Cell Signaling 

(#13116) 
1:50 Anti-rabbit 

PCAD 
BD Transduction Laboratories 

(#610228) 
1:50 Anti-mouse 

RCAD 
Thermo-Fisher Scientific  

(#26696) 
1:100 Anti-mouse 

 

PROTEIN EXTRACTION AND QUANTIFICATION 

Total protein was extracted from all untreated cell lines and from cells exposed to 

TGF-β1. Briefly, the cells in culture flasks were washed twice with 1x PBS and posteriorly 

scrapped. The solution used in this step was lysis buffer Radio Immuno Precipitation Assay 

(RIPA) (Santa Cruz Biotechnology Inc., USA) complemented with 10% of protein inhibitor 

cocktail (PIC). After 15min in the ice, the samples were centrifuged at 13,000 rpm for 30min 

at 4ºC and the supernatant was collected.  

Then, it was performed the Pierce BCA Protein Assay Kit (Thermo Scientific Inc., 

USA) to measure the protein concentration, according to the manufacture’s procedures. 
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WESTERN BLOT 

 For western blot (WB), 30μg of total protein, extracted from each bladder cell line, 

along with loading buffer and water, were uploaded into 8% polyacrylamide gel. Then, the 

proteins were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis 

(SDS-PAGE). Afterwards, the proteins present in the gel, were transferred into 

polyvinylidene difluoride (PVDF) membranes (BioRad Laboratories) by Trans-Blot® Turbo 

™ transfer system (BioRad Laboratories. A 10% Tris-glycine 10x buffer and 20% methanol 

(Merck Millipore, Germany) solution was used to perform this step. Then, to do 

imunoblotting, the membranes were incubated in blocking solution (5% BSA; Santa Cruz, 

USA) with tris-buffer saline through 0.1% Tween (TBS-T; pH=7.6) for 2h with agitation at 

room temperature. Hereafter, the membranes were incubated with primary antibodies 

(Table 5). Subsequently, the membranes were washed in TBS-T and incubated in anti-

mousse and anti-rabbit secondary antibodies attached with horseradish peroxidase (Bio-

Rad, USA) diluted 1: 3000 in blocking buffer for 1h with agitation at room temperature. 

Lastly, the membranes were washed with TBST and were exposed into Clarity WB ECL 

substrate (Bio-Rad, USA). Then, the quantification results were made by densitometry 

analysis, using the ImageJ software (version 1.6.1, National Institutes of Health). β-ACT 

was used as housekeeping. 

 

Table 5. Primary antibodies used in WB. 

Primary 
antibody 

Company Dilution 
Second antibody 

specie 

ECAD 
BD Transduction Laboratories 

(#C20820) 

1:300 
(ON incubation) 

 
Anti-mouse 

NCAD 
Cell Signaling 

(#13116) 
1:1000 

(ON incubation) 
Anti-rabbit 

PCAD 
BD Transduction Laboratories 

(#610228) 
1:500 

(ON incubation) 
Anti-mouse 

RCAD 
Sigma-Aldrich 
(#HPA015613) 

1:500 
(1h incubation) 

Anti-rabbit 

β-ACT 
Sigma-Aldrich 

(#A1978) 
1:10 000 

(1h incubation) 
Anti-mouse 

ON – Overnight 

 

STATISCAL ANALYSES 

Statistical analyses were performed in SPSS statistical software (version 26.0, 

Chicago, IL, USA). To construct all graphics was used GraphPad Prism version 6.01 for 

Windows (GraphPad Software, La Jolla California USA). Differences in cadherins 

immunoexpression between bladder normal and tumor tissues and clinicopathological data 
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were evaluated by Chi-square or Fisher’s exact test. Correlations between continuous 

variables were performed by Spearman nonparametric correlation test. Moreover, to 

assessed comparisons between two groups, non-parametric Mann-Whitney U test were 

performed, whereas non-parametric Kruskall-Wallis test was used to perform comparisons 

among three or more groups. 

P-values were considered statistically significant when inferior to 0.05. Significance 

is shown vs. the respective control and described as follows: *p < 0.05, **p < 0.01, ***p < 

0.001, ****p < 0.0001 and nsp> 0.05 (non-significant). 
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IN SILICO ANALYSIS 

According to cBio-Portal for Cancer Genomics [101], the database includes 413 

patients diagnosed with muscle-invasive tumors. Moreover, the median age at diagnosis 

was 69 years and 74% patients were male. 

Overall, CDH1, CDH2, CDH3 and CDH4 expression was rather heterogeneous both 

at transcript and protein levels across the tumor samples. Interestingly, for all cadherins and 

in most of the cases higher transcript levels do not correspond to higher protein levels 

(Figure 7).  

 

 

Figure 7. Transcript alterations of CDH1, CDH2, CDH3 and CDH4 of a 413 MIBC patients’ 
cohort from cBioPortal. 

 

Concerning transcript expression levels, CDH1 and CDH3 levels were significantly 

higher in tumors than in respective normal tissues, while CDH4 levels were significantly 

lower in tumors tissues. Conversely, no significant differences were apparent for CDH2 

(Figure 8).  
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Figure 8. In silico analysis of cadherins gene expression in normal and tumor bladder tissues 
from TCGA data. Graphical representation of CDH1 (A), CDH2 (B), CDH3 (C) and CDH4 (D) 
expression  in normal (n=19) and in tumor cases(n=408).  

However, this cohort only comprises patients with muscle invasive disease. Thus, 

ECAD, NCAD, PCAD and RCAD expression was assessed in a cohort of 124 primary 

bladder tumor patients, both including NMIBC and MIBC.  

 

CLINICAL AND PATHOLOGICAL DATA 

One hundred and twenty four patients with primary bladder cancer were enrolled for 

this study (Table 6), being appoximatelly eighty percent males, with a median age of 70 yrs. 

Fifty percent of the patients displayed non invasive disease, and T2 stage (35.5%), although 

30 (24.2%) presented metastasis at diagnostic.  

 

Table 6. Clinical and pathological features of patients included in this study. 

 NUT BUC 

Number 40 124 

Age median (range) 63 (40-87) . 70 (41–89) 

Gender   

Male (%) 25 (62.5) 99 (79.8) 

Female (%) 15 (37.5) 25 (20.2) 

Tumor Invasion    

NMIBC (≤pT1); (%) n.a. 62 (50) 

MIBC(≥pT2); (%) n.a. 62 (50) 

Primary tumor (T)   

Tx (%) n.a. 5 (4) 

Ta (%) n.a. 12 (9.7) 

T1 (%) n.a. 30 (24.2) 

T2 (%) n.a. 44 (35.5) 

T3 (%) n.a. 22 (17.7) 

T4 (%) n.a. 11 (8.9) 

Regional lymph node (N)    

Nx (%) n.a. 120 (96.8) 

N0 (%) n.a. 3 (2.4) 

N1 (%) n.a. 1 (0.8) 

Distant metastasis (M)   

M0 (%) n.a. 94 (75.8) 
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CADHERINS EXPRESSION IN TUMORS 

Overall, E-, N-, P- and R-cadherins immunoexpression was both present at the 

membrane and at the cytoplasm in tumor and normal samples. Specifically, regarding 

PCAD in normal tissues, the expression faded and disappeared from the basal to the 

luminal surface. Nonetheless, no cytoplasmic staining was noted for PCAD in normal 

bladder.  

Regarding membrane expression, no significant differences were found for ECAD, 

NCAD and PCAD between BUCs and NUTs (Figure 9A-C and Table 7) (Supplementary 

Table 2). Although NCAD and PCAD positivity was slightly increased in BUCs compared 

with normal tissues (Figure 9B-C and Table 7) (Supplementary Table 2). Nonetheless, 

considering IHC-score analysis, ECAD expression was significantly reduced in bladder 

tumors comparing with normal (p=0.002) (Supplementary Figure 1). 

Conversely, RCAD expression was significantly higher in tumors tissues compared 

with NUTs (22.50% vs 85.37%, respectively; p<0.0001) (Figure 9D and Table 7) 

(Supplementary Table 2). 

Furthermore, within tumor samples, no significant differences were observed for 

ECAD and NCAD membrane expression between NMIBC and MIBC (Figure 9A-B and 

Table 7) (Supplementary Table 2), however considering ECAD IHC-score analysis, a 

significant reduction was observed in muscle-invasive comparing with non-muscle invasive 

bladder tumor (p=0.001) (Supplementary Figure 1). Moreover, a significantly higher PCAD 

expression was found in MIBC compared with NMIBC cases (48.39% vs 29.03%, 

respectively; p=0.027) (Figure 9C and Table 7) (Supplementary Table 2). Conversely, 

NMIBCs displayed a significant higher positivity of RCAD compared to MIBCs (96.72% vs 

74.19%, respectively; p=0.001) (Figure 9D and Table 7) (Supplementary Figure 2). 

 

M1 (%) n.a. 30 (24.2) 

Smoking status   

No (%) n.a. 67 (54.0) 

Yes (%) n.a. 46 (37.1) 

Unknown (%) n.a. 11 (8.9) 

n.a. – not applicable 



RESULTS ‖ 40 

 

Figure 9. Distribution of membrane cadherins expression in normal and tumor bladder 
tissues. Graphical representation of E-cadherin (A), N-cadherin (B), P-cadherin (C) and R-cadherin 
(D) positive and negative cases. 

 

Table 7. Membrane E-, N-, P- and R-cadherins protein expression in normal and tumor (NMIBC 
and MIBC) tissues. 

 

Additionally, excepting for NCAD expression, which associate both with gender 

(p=0.024) and stage (p=0.034), no association was found for membrane cadherins’ 

expression and clinicopathological variables (Supplementary Table 2).  

 

  NUT NMIBC MIBC 

ECAD 
n 

Negative (%) 
Positive (%) 

40 
0 (0) 

40 (100) 

62 
0 (0) 

62 (100) 

61 
3 (4.92) 

58 (95.08) 

NCAD 
n 

Negative (%) 
Positive (%) 

34 
22 (64.71) 
12 (35.29) 

59 
33 (55.93) 
26 (44.07) 

61 
41 (67.21) 
20 (32.79) 

PCAD 
n 

Negative (%) 
Positive (%) 

40 
31 (77.50) 
9 (22.50) 

62 
44 (70.97) 
18 (29.03) 

62  
32 (51.61) 
30 (48.39) 

RCAD 
n 

Negative (%) 
Positive (%) 

40 
31 (77.50) 
9 (22.50) 

61 
2 (3.28) 

59 (96.72) 

62 
16 (25.81) 
46 (74.19) 



RESULTS ‖ 41 

Furthermore, in tumors, ECAD expression positively correlated with RCAD 

(p<0.0001, Spearman´s rho=0.344) (Table 8). 

 

Table 8. Spearman´s correlation between membrane cadherins in bladder tumor tissues. 

 
ECAD vs 

NCAD 
ECAD vs 

PCAD 
ECAD vs 

RCAD 
NCAD vs 

PCAD 
NCAD vs 

RCAD 
PCAD vs 

RCAD 

p value 0.164 0.955 <0.0001 0.450 0.137 0.269 

Spearman´s 
rho 

0.128 -0.005 0.344 0.070 0.137 -0.101 

 

Interestingly, a positive correlation was observed between cytoplasmic and 

membrane NCAD, PCAD and RCAD expression (p<0.0001 for all; Spearman´s rho=0.348; 

rho=0.547, rho=0.599, respectively) (Table 9). 

 

Table 9. Spearman´s correlation between cytoplasmic and membrane cadherins in bladder tumor 
tissues. 

 ECADmem vs 
ECADcyto 

NCADmem vs 
NCADcyto 

PCADmem vs 
PCADcyto 

RCADmem vs 
RCADcyto 

p value 0.898 <0.0001 <0.0001 <0.0001 

Spearman´s 
rho 

-0.012 0.348 0.547 0.599 

      mem=membrane; cyto=cytoplasmic 

 

Indeed, a similar expression pattern was found for membrane and cytoplasmic 

staining across the tumors (Table 10) (Supplementary Figure 3 and Supplementary Table 

3Supplementary Figure 3). Nevertheless, only NUTs cytoplasmic ECAD expression was 

significantly higher when compared to BUCs (100% vs 81.97%, respectively; p=0.002)  

(Table 10) (Supplementary Figure 3 and Supplementary Table 3). Conversely, NUTs 

cytoplasmic NCAD expression was significantly lower compared with BUCs (26% vs 66%, 

respectively; p<0.0001) (Table 10) (Supplementary Figure 3 and Supplementary Table 3). 

Likewise to the results found at cell membrane, cytoplasmic RCAD also presented 

significant differences between NUTs and BUCs (40.00% vs 92.68%, p=<0.0001, 

respectively) (Table 10) (Supplementary Table 2 and Supplementary Table 3) . 

Furthermore, PCAD and RCAD expression was also statistically different between NMIBC 

and MIBC (32.26% vs 50.00%, p=0.045 and 98.36% vs 87.10%, p=0.032; respectively) 

(Table 10) (Supplementary Table 2 and Supplementary Table 3). Additionally, a statistically 

significant association was established between cytoplasmic NCAD and smoking status 



RESULTS ‖ 42 

(p=0.003), while both NCAD and PCAD correlated with patients’ age (p=0.049; rho=0.180 

and p=0.012; rho= 0.224, respectively) (Supplementary Table 3).  

 

Table 10. Protein expression of cytoplasmic E-, N-, P- and R-cadherins in normal and tumor (NMIBC 
and MIBC) tissues 

  NUT NMIBC MIBC 

ECAD 
n 

Negative (%) 
Positive (%) 

40 
0 (0) 

40 (100) 

62 
11 (17.74) 
51 (82.26) 

60 
11 (18.33) 
49 (81.67) 

NCAD 
n 

Negative (%) 
Positive (%) 

34 
25 (73.53) 
9 (26.47) 

59 
20 (33.90) 
39 (66.10) 

61 
21 (34.43) 
40 (65.57) 

PCAD 
n 

Negative (%) 
Positive (%) 

_ 
_ 
_ 

62 
42 (67.74) 
20 (32.26) 

62 
31 (50.00) 
31 (50.00) 

RCAD 
n 

Negative (%) 
Positive (%) 

40 
24 (60.00) 
16 (40.00) 

61 
1 (1.64) 

60 (98.36) 

62 
8 (12.90) 

54 (87.10) 

 

Contrarily to membrane expression, no correlations were found between cadherins 

cytoplasmic expression in tumors (Table 11). 

 

Table 11. Spearman´s correlation between cytoplasmic cadherins in bladder tumor tissues. 

 
ECAD vs 

NCAD 
ECAD vs 

PCAD 
ECAD vs 

RCAD 
NCAD vs 

PCAD 
NCAD vs 

RCAD 
PCAD vs 

RCAD 

p value 0.365 0.081 0.331 0.601 0.976 0.597 

Spearman´s 
rho 

0.084 -0.158 0.089 0.089 0.0003 0.48 

 

CADHERINS EXPRESSION IN BLADDER CELL LINES 

Overall, in agreement with IHC performed in primary tumors, all the cadherins 

expression was simultaneously observed at the cytoplasm and at the membrane for all 

tested cells (Figure 10).  
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Figure 10. Cytoplasmic and membrane location in the bladder cell lines. Immunofluorescence 
assay for E-cadherin (A), N-cadherin (B), P-cadherin (C) and R-cadherin (D). Photograph taken in 
microscope Olympus IX51 with a digital camera Olympus XM10. 

 

Thus, the normal cell line, SV-HUC1 showed expression of all cadherins excepting 

NCAD, while disparate expression was found regarding tumor cell lines (Figure 11A-D). 

Specifically, the two luminal cell lines (MGHU3 and RT-112) expressed both ECAD and 

PCAD, being the levels higher for the latter protein (Figure 11A and C). Nonetheless, no 

expression was found for NCAD and RCAD in these cells (Figure 11B and D). 

Contrarily, in the mixed and basal cell lines, which are composed of mostly high-

grade cell lines, high NCAD and RCAD expression was found in BC cells, excepting UMUC3 

that did not express NCAD (Figure 11B and D). Moreover, no ECAD and PCAD expression 

was apparent for most of these cells (Figure 11A and C). Particularly, these two proteins 

were found in 5637 cells (Figure 11A and C), while PCAD was also expressed in TCCSUP, 

although at very low levels (Figure 11C).  
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Figure 11 Characterization of cadherins in bladder cell lines. Graphical quantification of protein 
expression and corresponding illustrative Western blot images for E-cadherin (A), N-cadherin (B), 
P-cadherin (C), and for R-cadherin (D). 

 

CADHERINS EXPRESSION REGULATION 

Aberrant promoter methylation associate with cadherin´s expression 

downregulation 

Overall, cancer cell lines were more frequently methylated for all cadherins than SV-

HUC1. Importantly, in tumor cell lines, cadherins’ promoter methylation inversely correlated 

with respective expression (Figure 12A-C). Moreover, strong negative statistical 

correlations were observed for CDH1/ECAD and CDH3/PCAD expression (p<0.001; rho=-

0.819 and p<0.001; rho=-0.743, respectively; Figure 12 A and C), whereas concerning 

CDH2/ NCAD, only a moderate inverse correlation was found (p=0.011; rho=-0.512; Figure 

12B).  
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Figure 12: Relation of cadherins genes methylation and cadherins expression in bladder cell 
lines. Graphical quantification for CDH1 vs ECAD (A), CDH2 vs NCAD (B), CDH3 vs PCAD (C).  

 

CDH1 methylation was also evaluated in bladder tissues. In accordance with cell 

lines’ results, higher methylation levels were observed in bladder cancer in comparison with 

normal tissues (p<0.001) (Figure 13). Nevertheless, lower methylation levels were found in 

MIBC compared with NMIBC (p=0.006) (Figure 13). However, no inverse correlation was 

found between CDH1 methylation levels and protein expression in the same samples. 
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Figure 13. Relation between CDH1 methylation levels (A) and ECAD membrane expression 
(B) in bladder normal tissues and in bladder tumor tissues.  

 

TGF-β1 seems to have an impact in cell morphology 

After TGF-β1 exposure, morphological alterations were apparent in SV-HUC1 and 

in 5637 cells. Particularly SV-HUC1 cells shape switched from polygonal to a fibroblast-like 

phenotype. Nonetheless, no alteration was apparent for RT-112 (Figure 14A). 
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Figure 14. Characterization of E-cadherin, N-cadherin, P-cadherin and R-cadherin expression 
in bladder tumor cell lines treated with 20ng/mL TGF-β1 to induce EMT. Illustrative images of 
morphology alterations of these same bladder tumor cells lines (A). Graphical representation of E-
cadherin, N-cadherin, P-cadherin and R-cadherin expression in SV-HUC1, RT- 112 and 5637 cell 
lines exposed to TGF-β1 (B). Corresponding illustrative western blot images of SV-HUC1, RT-112 
and 5637 cell lines exposed to TGF-β1 (C).  

 

 Surprisingly, TGF-β1 did not significantly altered cadherins expression in 

treated cells (SV-HUC1, RT-112 and 5637) (Figure 14B). However, an apparent cadherins 

deregulation was observed in 5637 cells. Namely, ECAD, PCAD and RCAD expression was 

decreased whereas is an opposite tendency was observed for NCAD expression. 

Furthermore, in SV-HUC1 occur a NCAD re-expression after TGF-β1 treatment (Figure 

14B-C).  
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BC is the tenth most common malignant disease in the world [1]. Despite 70-80% of 

cases display NMIBC at the diagnosis, 50% of them exhibit recurrences and some of which 

(5-25%) progress to MIBC. These MIBC patients present a higher metastasis rate and 

therefore poor prognosis. Consequently, these comprise most of BC related deaths [16, 

17]. EMT is a biological process where epithelial cells acquire mesenchymal features, which 

has been associated with BC progression and invasion [16, 17, 19] . Indeed, cadherins has 

been reported as important molecules that participate in CS, a hallmark of EMT. In order to 

clarify the NMIBC to MIBC progression, we investigated cadherins expression and 

interaction, as well as, their possible regulation mechanisms.   

CDH1, CDH2, CDH3 and CDH4 expression was firstly assessed by in silico analysis 

of the TCGA database. Herein, CDH1, CDH3 and CDH4 levels were significantly different 

between normal and cancer samples. Indeed, muscle-invasive tumors displayed higher 

levels than respective normal tissues, except for CDH4, since the transcript levels were 

lower in normal tissues.  

CS is typically defined as a replacement of normal ECAD expression by abnormal 

NCAD expression [105]. Although ECAD expression might not suffer a substantial 

alteration, NCAD expression increases or becomes functional [51]. Regarding our IHC 

results concerning membrane expression, both ECAD and NCAD was observed both in 

normal and in tumor tissues. Contrarily, Lascombe, I. et al. [60] and Rieger-Christ et al. [52] 

showed an absence of NCAD expression in normal tissues. Nevertheless, these studies did 

not clarify about the origin and characteristics of normal tissues used. Moreover, different 

antibodies were used by the other research teams, which might contribute for different 

results.  

In our hands MIBC patients from IPO´s cohort displayed the lowest ECAD IHC 

score, which is in line with ECAD reduction and/or complete lack of expression previously 

reported for bladder tumors [52, 54, 106]. Contrarily, in TCGA dataset CDH1 transcript 

levels were significantly higher in MIBC comparing with normal tissues.  

Moreover, no significant differences were found in CDH2 and NCAD expression 

between normal and tumor samples, in mRNA TCGA and IPO series, respectively, as well 

as, between NMIBC and MIBC in IPO´s cohort. Nonetheless, increased NCAD expression 

has been observed in tumors compared with normal, particularly in MIBC. Of note, these 

studies included a limited number of MIBCs patients [60, 63].  

Contrarily to previous studies [55], no significative associations were found among 

ECAD immunoexpression and clinicopathological data. Contrarily, NCAD expression 

associated with stage as previously referred by others in this malignancy [62], breast cancer 

[107] and oral carcinoma [108].  
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An alternative switch can occur in BC, when ECAD is replaced by PCAD and/or 

NCAD abnormal levels [58]. PCAD role is dependent of tumor type, since in melanoma and 

oral squamous carcinoma, PCAD seems to play a suppression invasion role, whereas in 

breast and colorectal, PCAD seems to have an opposite role [58]. According with previous 

studies [52, 63], PCAD was expressed in normal urothelium in both TCGA dataset and IPO 

cohort. Moreover, higher proteins and transcript levels were found in MIBC, implicating 

PCAD in tumor aggressiveness, identical to previous studies [63], although significant 

differences were only found between normal and MIBCs in TCGA dataset. Indeed, PCAD 

expression was reported to be similar in normal bladder tissue and NMIBC. Hence, although 

no differences were found for ECAD, PCAD was increasingly expressed by invasive tumors, 

which is similar to above mentioned ECAD/NCAD. Specifically, PCAD overexpression may 

be independent of ECAD expression alterations as reported for NCAD [51]. Moreover, in 

our hands, no associations were found between PCAD expression and clinicopathological 

variables, contrarily to a report by other research team [63].  

Even thought, RCAD has been investigated in several malignances, no studies are 

available regarding in primary bladder cancer. Nevertheless, available data for sarcomas 

and carcinomas is rather controversial [68]. Indeed, RCAD was found to be downregulated 

in breast carcinoma compared with normal tissues [67], whereas upregulation was reported 

in sarcomas. Herein, a significant lower CDH4 expression was found in tumors of TCGA 

dataset, while in IPO Porto´s cohort an increase of RCAD expression was observed in tumor 

tissues. Although a higher RCAD expression was also found in NMIBC IPO´s patients, a 

lower expression of this cadherin was detected in MIBC tissues. This decrease showed a 

similar pattern of expression as ECAD. Nonetheless, no significant differences were found 

between RCAD expression and clinicopathological data. Thus, future studies are required 

to clarify RCAD´s role in BC tumorigeneses.  

Because cytoplasmic ECAD, NCAD and PCAD expression has been considered 

non-functional, most of the studies only take into account membrane expression [60]. 

Interestingly, Mandeville et al. [53] showed that cytoplasmic PCAD staining associates with 

shorter cancer-survival compared to patients with PCAD membranous expression.  

Herein, both membrane and cytoplasmic expression was assessed for all cadherins. 

Importantly, a positive correlation was found between cytoplasmic and membrane for 

NCAD, PCAD and RCAD expression. Overall, no significant associations were found 

between cadherins expression (membrane and cytoplasm) and clinical pathological 

features. Indeed, only NCAD membrane staining associated with stage and gender, 

whereas both NCAD and PCAD cytoplasmic staining associated with patients age. Hence, 

futures studies might be done to understand the possible cytoplasmatic cadherins function.  
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Although, in EMT process, ECAD membrane expression is often replaced by NCAD, 

a co-existence of epithelial features and mesenchymal characteristics [85, 109] might also 

occur, which is known as partial EMT. Indeed, our IHC results are suggestive of this hybrid 

epithelial/mesenchymal phenotype in BC (Figure 15). 

Regardless of ECAD and NCAD expression was reported to be mutually exclusive 

in breast cancer cell lines [60], the same was not found concerning bladder cancer cells. 

Indeed, co-expression of E- and N-cadherins, as well as, P-cad was previously reported 

[52]. Overall, our results parallel those findings and extend them to RCAD. In our hands, 

not only 5637 bladder cancer cell line, simultaneously expressed all cadherins, but also four 

patients of our series displayed the same expression pattern. Additionally, ECAD and PCAD 

associated with BC cells epithelial phenotype, which in accordance with IHC, but only 

concerning ECAD. This might be due to the fact that cell lines do not represent the tumors’ 

heterogeneity.  

Both our IHC and WB results suggest that NCAD expression associates with 

mesenchymal phenotype, which is in accordance with previously reported studies [60].   

 Concerning RCAD, to the best of our knowledge this is the first study on bladder 

cancer cell lines. Furthermore, only one study has been published in breast cancer showing 

lack of this protein expression in the cancer cells [67]. Contrarily, we observed a higher 

expression in the most aggressive bladder cancer cell lines.  

Although CDH1 promoter hypermethylated has been associated to ECAD 

repression in several tumors [77], including in BC [96], in our study a significant inverse 

correlation was only observed in the tested cell lines. The lack of concordance found in 

normal and tumor tissues between ECAD expression and CDH1 methylations levels might 

be explained by the methodology used, which requires further investigation. In addition to 

methylation other epigenetic factors might be implicated in ECAD´s expression regulation. 

Moreover, in cell lines CDH2 promoter methylation negatively associated with NCAD 

expression, although no reports have been found concerning this finding in BC.  

Similarly, to ECAD, PCAD was reported to be regulated by respective promoter 

methylation, in breast cancer [99]. According to our results in bladder cell lines, CDH3 might 

be regulated by aberrant methylation. Indeed, a strong negative correlation was established 

between CDH3 methylation and PCAD expression in cell lines. Impressively, bladder cell 

lines that presented methylation at this promoter lacked PCAD expression, as demonstrated 

for prostate cancer cell lines [110]. 

Overall, in vitro studies suggest that aberrant methylation play a role in cadherins 

expression regulations in bladder cancer.  Nonetheless, these results warrant confirmation 

in patients’ samples. 



 DISCUSSION ‖ 54 

Moreover, several studies documented the involvement of TGF-β signaling pathway 

in EMT in bladder cancer [69]. Particularly, Smad-dependent signaling was implicated in 

CDH1 and CDH2 expression regulation [70]. However, CDH3 promoter regulation by TFs 

is still less understood [77] and no information is available concerning CDH4 promoter 

regulation by TFs. Interestingly, TGF-β1 associated with morphological alterations in 

bladder cells, although no statistical differences were found regarding cadherins 

expression. Globally, our data suggest that TGF-β signaling pathway might be implicated 

in EMT process, but do not have a direct effect in cadherin´s regulation. In previous studies,  

TGF-β was suggested to cooperate with mTORC2 activation (downstream targets of PIP3-

AKT signaling pathway) in advanced BC, through increased motility and invasion capability 

[75]. Additionally, other signaling pathways might play an important role in cadherin´s 

expression.  

 

 

 

Figure 15. Cadherin switch along normal bladder and tumor tissues. Regarding IHC results, 
different expression of E-cadherin, N-cadherin, P-cadherin and R-cadherin membrane occurred 
between normal bladder, NMIBC and MIBC tissues. Moreover, a co-cadherins expression was found 
which corroborates the partial EMT definition. Abbreviation: EMT- Epithelial-mesenchymal transition; 
IHC – Immunohistochemistry; MIBC – Muscle-invasive bladder cancer; NMIBC – Non-muscle 
invasive bladder cancer. 
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Overall, ECAD and RCAD were differently expressed in normal and bladder tumor 

tissues in IPO Porto’s cohort. In contrast with IPO Porto’s cohort, in TCGA´s dataset 

significant differences were apparent for CDH1, CDH3 and CDH4 transcript levels. 

Moreover, no significant differences were found for CDH2 and NCAD in both cohorts.   

Importantly, non-muscle invasive and muscle-invasive bladder cancer showed different 

expression patterns of these adhesion molecules. Indeed, a reduced expression of ECAD 

and RCAD was observed in MIBC tumors, whereas PCAD displayed a higher expression 

in MIBC tumors.  

Regarding bladder cell lines, rather variable expression was observed for all 

cadherins. Nonetheless, contrarily to primary tumors, a similar expression pattern was 

found between ECAD and PCAD, as well as for NCAD and RCAD, but in an opposite 

tendency. 

Moreover, although other mechanisms cannot be excluded including TGF-β 

pathway activation, our results suggest that cadherins genes’ promoter methylation might 

be key regulatory mechanism of cadherins expression. 

 

As future perspective we intend to 

 

✓ Assess CDH2, CDH3 and CDH4 methylation levels in bladder cancer patients’ 

tissues. 

 

✓ Perform CDH4 editing by CRISPR-Cas9 in specific bladder cell lines to evaluate the 

phenotypic changes and, simultaneously, characterize known epithelial and 

mesenchymal markers. 

 

✓ Attain in vitro TGF-β1 induction to evaluate the phenotypic changes and, 

simultaneously, characterize known epithelial and mesenchymal markers. 

. 
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APPENDIX I 

Supplementary tables 

 

Supplementary Table 1. Categorization of percentage of membrane and cytoplasmic cells. 

 0 1 2 3 

ECAD% 0 to 10 11 to 70 71 to 99  100 

NCAD% <1 1 to 10 11 to 79 80 to 100 

PCAD% <20 21 to 50 51 to 75 >76 

RCAD% <1 1 to 10 11 to 79 80 to 100 

 

Supplementary Table 2. Associations between membrane cadherins staining patterns and 
clinicopathological data.  

 
NUT vs 

BUC 
NMIBC vs 

MIBC 
Smoke 

Metastases 
at 

diagnosis 
Stage Gender 

Diagnosis 
Age 

ECAD 1.000 0.119 1.000 0.571 0.052 0.497 
0.628 

rho= 0.44 

NCAD 0.747 0.204 0.094 0.959 0.034 0.024 
0.536 

rho= 0.057 

PCAD 0.061 0.027 0.901 0.145 0.699 0.882 
0.190 

rho= 0.118 

RCAD <0.0001 0.001 0.966 0.121 0.644 1.000 
0.145 

rho= -0.132 

 

Supplementary Table 3. Associations between cytoplasmic cadherins staining patterns and 
clinicopathological data. 

 
NUT vs 

BUC 

NMIBC 
vs 

MIBC 
Smoke 

Metastases 
at diagnosis 

Stage Gender 
Diagnosis 

Age 

ECAD 0.002 0.932 0.223 0.747 0.112 1.000 
0.199 

rho= 0.117 

NCAD <0.0001 0.951 0.003 0.967 0.260 0.564 
0.049 

rho= 0.180 

PCAD _ 0.045 0.501 0.257 0.612 0.435 
0.012 

rho= 0.224 

RCAD <0.0001 0.032 0.267 0.687 0.648 0.685 
0.842 

rho= -0.018 
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Supplementary figures 

 

 

 

Supplementary Figure 1. Significant differences for ECAD membrane expression between normal 
tissues vs bladder tumor tissues (p=0.002) and NMIBC vs MIBC (p=0.001), using IHC-score. 

 

 

 

Supplementary Figure 2. Different IHC staining of E-cadherin (A),  N-cadherin (B), P-cadherin (C) 
and R-cadherin (D) in NMIBC and MIBC. 
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Supplementary Figure 3. Distribution of cytoplasmatic cadherins expression in normal and 
tumor bladder tissues. Graphical representation of E-cadherin (A),  N-cadherin (B), P-cadherin (C) 
and R-cadherin (D)  positive and negative cases. 

 

 

 

 

 

 

 

 

 

 


