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Impact of centrosome amplification in the malignant 

transformation of Barrett’s Esophagus 

 

Resumo 
 

O esófago de Barrett (EB) é uma condição pré-maligna de várias etapas, que progride 

de metaplasia para displasia e, finalmente, para adenocarcinoma esofágico. A deteção 

precoce do EB, bem como a estratificação do seu risco de progressão, está a tornar-

se uma preocupação crescente. A amplificação dos centrossomas (AC) é observada 

em células metaplásicas de EB e aumenta ao longo da progressão, particularmente de 

metaplasia para displasia. Dado que a AC é descrita em vários cancros humanos e 

pode contribuir para o desenvolvimento de malignidade, colocámos a hipótese de que 

a AC pode promover a progressão maligna do EB, influenciando o potencial de 

migração e invasão das células displásicas. A redução da AC em displasia poderia, 

assim, diminuir o potencial invasivo destas células. Ao reduzir o nível de AC através da 

depleção de moléculas da biogénese centriolar, observámos uma diminuição do 

potencial migratório e invasivo das células displásicas. A transição epitelial-

mesenquimal (EMT), frequentemente associada à malignidade e invasão, foi também 

investigada. Questionámos se a redução da AC poderia reverter a EMT, aumentando 

características epiteliais e reduzindo as mesenquimais, responsáveis pelo potencial 

migratório e invasivo das células. Embora a redução da AC nas células displásicas 

não tenha provocado mudanças significativas na assinatura de EMT, levou à 

acumulaçãocitosólica de um componente da matriz extracelular, acompanhada por 

níveis reduzidos desse componente no espaço extracelular. Os nossos resultados 

indicam que a AC contribui para o potencial invasivo na displasia e fornecem pistas 

importantes sobre os seus mecanismos. Este estudo fornece novas informações sobre 

o papel dos centrossomas supranumerários na progressão maligna do EB e poderá 

ajudar no desenvolvimento de novos biomarcadores de progressão, além de 

possibilitar uma terapia mais personalizada. 

 

 

Palavras-chave:Esófago de Barrett, Amplificação de Centrossomas, Progressão 

tumoral, Invasão. 
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Impact of centrosome amplification in the malignant 

transformation of Barrett’s Esophagus 

 

Abstract 
 

Barrett's esophagus (BE) is a multistep premalignant condition, progressing from 

metaplasia, dysplasia, to, ultimately, esophageal adenocarcinoma (EAC).BE early 

detection, as well as stratifying its risk of progression, is becoming a growing concern. 

Centrosome amplification (CA) is observed in metaplastic BE cells and increases 

throughout progression, significantly increasing from metaplasia to dysplasia. Because 

CA has been described in many human cancers and may contribute to the 

development of malignancy, we hypothesized that CA may contribute to BE malignant 

progression by impacting the migration and invasion potentials of BE dysplastic cells. If 

this hypothesis is correct, a decrease of CA in dysplasia would be sufficient to reduce 

malignant properties such as invasiveness potential. Indeed, by depleting molecules of 

centriolar biogenesis to reduce the level of CA, we observed a reduced migratory and 

invasive potential of dysplastic cells. As epithelial-mesenchymal transition (EMT) is 

often linked to malignancy and invasion capacity, we investigated whether the 

reduction of extra centrosomes could result in an EMT reversal, increasing epithelial 

cellular traits and lessening mesenchymal features responsible for the migratory and 

invasive potential of the cells. Although the reduction of CA in dysplasia cells was not 

accompanied by significant changes in their EMT signature, there was a cytosolic 

accumulation of a component of the extracellular matrix. Notably, this was 

accompanied by reduced levels of this component in the extracellular space. In 

summary, our results indicate that CA contributes to the invasive potential in dysplasia 

and provides important clues into their mechanisms. This study provides new insights 

regarding the contribution of supernumerary centrosomes to the invasive potential in 

dysplasia, highlighting the importance of CA in the malignant progression of BE. These 

findings may contribute to the development of new biomarkers of progression and 

personalizing therapy. 

 

 

Keywords: Barrett's esophagus, Centrosome Amplification, Tumor Progression, 

Invasion. 
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“O sucesso é a soma de pequenos esforços repetidos diariamente.” 

Robert Collier (1885-1950). 
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1. Introduction 

 

Cancer research has made remarkable strides in recent years. A significant factor 

contributing to this progress is the exploration of the disparities between normal cells 

and tumor cells, which has led to the identification of specific molecules known as 

biomarkers. These biomarkers serve as valuable tools in detecting, managing, and 

preventing diseases, including all types of cancer.  

 

1.1 Barrett’s esophagus (BE): a cancer precursor 

 

Barrett's Esophagus (BE) is a pre-malignant condition that can lead to tumor initiation1. 

Although the incidence of BE in the general population is estimated to be around 2%, it 

is more common in people with chronic gastroesophageal reflux disease (GERD)2. The 

significance of BE lies in its potential to develop into esophageal adenocarcinoma 

(EAC). The risk increases in the presence of dysplasia, whereas in high-grade 

dysplasia (HGD) cases, the progression rate is significantly higher, ranging from 7% to 

10% per year2–4.  

 

1.1.1 BE definition, diagnosis, and pathogenesis 

The esophagus is a tubular structure composed of organized tissue layers, wherein 

intricate cellular networks work synergistically to facilitate the safe passage of nutrients 

and shield against the harsh gastric contents5. The usual lining of the esophagus 

consists of (i) a non-keratinizing stratified squamous epithelium; (ii) lamina propria, 

which is a layer of connective tissue that includes glands secreting neutral mucins to 

protect the esophagus from stomach acid; and (iii) a deeper layer of smooth muscle 

fibers oriented longitudinally, the muscularis mucosae.  

Barrett’s esophagus (BE) is a metaplastic transformation in which the original 

squamous epithelium is replaced by a columnar epithelium with gastric and intestinal 

characteristics, usually occurring in the lower esophagus near the gastroesophageal 

junction (JEG)6. Although the morphology of BE had been previously described by 

others, this condition was named after Norman Barrett, who reported in 1950 a case of 

chronic peptic ulcer in the lower esophagus covered by columnar epithelium7. 
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Today, for the American College of Gastroenterology (ACG) 2022, BE is “an extension 

of salmon-colored mucosa into the tubular esophagus extending ≥ 1 cm proximal to the 

gastroesophageal junction with biopsy confirmation of intestinal metaplasia (goblet 

cells)”8, and The British Society of Gastroenterology 2014 defined BE as a “columnar 

epithelium with or without goblet cells extending ≥ 1 cm proximal to the 

gastroesophageal junction”9. 

The diagnosis of Barrett's esophagus has three important components: i) it is 

secondary to long-standing gastroesophageal reflux disease5; ii) there is an 

endoscopic (abnormal mucosa ≥ 1 cm proximal to the GE junction10) and histological 

(metaplastic epithelium8) correlation; and iii) the requirement of intestinal metaplasia for 

the diagnosis of BE varies, as it is mandatory in the USA and parts of Europe but not 

necessary in the UK and Japan8,9. 

Gastroesophageal reflux disease (GERD) is a common inflammatory cause of BE and 

erosive esophagitis. It occurs when stomach acid repeatedly flows back into the 

esophagus.  This acid backwash can irritate the lining of the esophagus, creating 

inflammation7,11. 

Research in the pathogenesis of BE has two main branches, one focusing on the 

location and identity of the cell origin and the other on cell replacement mechanisms1,12. 

Regarding the original location and identity, it is hypothesized that the origin cell is 

native to the esophagus (squamous cells, ductal cells, and submucosal gland cells), 

cells located at the squamocolumnar junction (transitional basal cells and embryonic 

stem cells), cells from the proximal stomach (gastric cardia), or even bone marrow-

derived cells1. In the attempt to elucidate the mechanism of cell replacement, there has 

been research about transdifferentiation (transformation of one differentiated cell type 

to another) or trans-commitment (reprogramming at the stem or progenitor cell 

level)6,13,14. 

 

1.1.2 BE malignant progression 

There is abundant evidence that adenocarcinoma in the setting of Barrett's esophagus 

develops through a progressive sequence of histological and molecular events.14–16 BE 

malignant transformation is a multistep process from metaplasia (premalignant 

condition) to dysplasia (intraepithelial neoplasia), adenocarcinoma (invasive neoplasia), 

and metastasis (Figure 1.1).  
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The presence of dysplasia cells (abnormal cells) within BE metaplasia leads to its re-

classification as low-grade dysplasia (LGD) or high-grade dysplasia (HGD), depending 

on cytological and architectural changes like cellular alignment and nuclear polarity. 

HGD is termed Tumour in situ17 if the basement membrane confines malignant cells. In 

esophageal adenocarcinoma (EAC), the neoplastic cells go beyond the epitheliumand 

infiltrate the lamina propria, the muscularis mucosa, and/or submucosa17. This often 

causes a desmoplastic reaction18. Along with changes in the surface cells, there are 

also mesenchymal and stromal alterations. The lamina propria commonly has 

increased blood and lymphatic vessels, as well as nerve fibers, and displays features 

associated with chronic inflammation. The muscularis mucosae is also rearranged 

(duplication), usually with a thicksingle or double-layer15.  

 

The length of the Barrett's esophagus segment, presence of dysplasia (especially high-

grade), tobacco use, central obesity, older age, caucasian, male sex, and erosive 

esophagitis are all associated with a higher risk of progression to esophageal 

adenocarcinoma in patients with Barrett's esophagus19. These factors highlight the 

importance of close monitoring and appropriate management strategies for patients at 

risk of progressing to cancer2,7,11. 

At the molecular level, Barrett’s esophagus carcinogenesis is characterized by loss of 

heterozygosity (LOH), aneuploidy, specific genetic mutations, and clonal diversity16. 

For example, DNA methylation resulting in loss of p16 expression and loss of wild-type 

p53 function in metaplasia to dysplasia transition are known common molecular 

Figure 1.1 - Barrett's Esophagus establishment and its malignant progression. (A) 

Schematic anatomical representation of Barrett’s esophagus progression from metaplasia to 

dysplasia, adenocarcinoma, and metastasis. (B) Histologic representation of neoplastic 

evolution (Adapted from Lopes et al., 2018). 
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changes16,20–22. However, the specific molecular events that underlie the pathogenesis 

of BE carcinogenesis are still unknown. The progression of BE towards malignancy, 

while continuous and cumulative, is not linear21. It holds a large spectrum of alterations 

that spans from metaplasia stage (premalignant) to LGD/HGD stages (intra-epithelial 

neoplasia) to EAC (invasive neoplasia) at several levels. Some patients can experience 

a faster progression towards malignancy, which reduces the time available to detect 

cancer at an early stage21. Its multifaceted, complex origin may originate from this1,23. 

As the precise mechanisms underlying BE progression to esophageal adenocarcinoma 

remain poorly understood, there is a need for identifiable metaplastic precursors to 

enable early detection of malignant transformation8,23.  

 

1.1.3 Management of BE patients: need for biomarkers 

 

Although BE poses a high risk for EAC, a type of cancer with an extremely poor 

prognosis, it is not certain that people with BE progress to cancer7,8.  

Patients with BE are largely undiagnosed, so the overall prevalence is difficult to 

define. In patients suffering from GERD but otherwise well, it can be seen in up to 15% 

of cases3,4. Once the first biopsy makes the diagnosis, patients are monitored by 

regular endoscopy screening and generally with more following biopsies. The histologic 

assessment on the hematoxylin-eosin (H&E) slide remains the gold standard for 

diagnosing dysplasia and cancer8. The frequency of testing will depend on the results 

of the last biopsy8,9. After confirming dysplasia, the patient's surveillance is tighter, and 

clinical treatment options are available. Other methods of detecting progression include 

chromoendoscopy, narrow-band imaging, and autofluorescence endoscopy11. It has 

been found that only a small percentage, between 0.1% and 0.5%, of patients with BE 

findings will develop neoplasia in a year24. However, once dysplasia is detected, there 

is a synergistic effect between BE and EAC. This highlights the connection between 

the two and the need for better diagnostic methods for patients8,11,25. 

BE early detection, as well as stratifying its risk of progression, is becoming a growing 

concern19,25,26. Key strategies to significantly lower the occurrence and death rates 

associated with esophageal adenocarcinoma include early screening, prompt 

diagnosis, and timely treatment. Expanding knowledge about disease onset in every 

aspect - endoscopic, molecular, pathologic, and epidemiologic - is imperative.  
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At the molecular level, identifying biomarkers for progression in this pre-malignant 

condition could be a turning point in preventing EAC and managing it globally. Our 

laboratory work has focused on identifying progression biomarkers using Barrett's 

esophagus carcinogenesis as a cancer model. 

 

1.1.4 Using BE Progression as a Tumorigenesis Model 

BE has been serving as a model for tumor growth analysis20, as it comprises all stages 

of the disease and depicts its multistep evolution toward malignancy14,21.  

The knowledge obtained specifically from the in vitro models can cover the esophageal 

non-cancerous lining to the beginning of cancer and its late stages27–29. As a result, 

several events that occur in cancer development can be explored, such as chronic 

inflammation, epithelial-to-mesenchymal (EMT) transition, migration and invasion, and 

cellular signaling alterations. If properly explored, all these findings can significantly 

impact tracking and stratifying the risk of patients developing EAC. Various preclinical 

models have been developed to study BE, including in vivo (murine and dog) and in 

vitro models (cell culture and organotypic or organoids)20. Each model has advantages 

and disadvantages, making it challenging to identify a single ideal model for studying 

Barrett's carcinogenesis. While significant progress has been made in developing 

preclinical models for Barrett's esophagus, challenges remain in achieving models that 

accurately reflect the human condition and can be effectively used for therapeutic 

testing. 

 

1.2 Centrosomes 

 

The centrosome is the major microtubule organizing center (MTOC) in animal cells. It is 

responsible for the spatial organization of microtubules (MTs), which, together with 

intermediate filaments and actin microfilaments, constitute the cytoskeleton30,31.  

Theodore Boveri was not the first to describe the centrosome, but his studies in 

roundworm Ascaris, made major advancements in understanding the cell-division 

cycle32,33. In 1887, Boveri distinctly described two cycles, the chromosome cycle and 

the centrosome cycle, which are closely synchronized but can occur independently. He 

described centrosomes as the proper cell division centers in each cell cycle mitoses 

and that centrosome duplication and DNA replication are initiated at about the same 



 

time at interphase33. Boveri minutely depicted the centrosome cycle, uncovering that 

centrosomes can self-replicate and are inherited by daug

centrosome as a key organelle that organizes cellular division, being essential for 

mitotic spindle formation during cell division. Additionally, he hinted about the role of 

the centrosome in cancer, speculating that chromosome a

centrosomes,was a principal cause of cancer

Boveri’s work laid the groundwork for our current understanding of the centrosome 

structure and function, influencing developmental biology and our understanding of 

cellular organization32. Recently, centrosomes retur

their roles in cellular homeostasis

detected in several human cancers and are considered a hallmark of cancer

 

1.2.1 Centrosome structure and function

In animal cells, the centrosome is a non

of centrioles arranged in orthogonal order surrounded by an electron

pericentriolar material (PCM)

Figure 1.2 - The centrosome

The centrosome comprises two MT

structured mass of proteins termed the pericentriolar material (PCM). The more mature mothe

centriole, which has subdistal and distal appendages, is connected to the daughter centriole by 

a proteinaceous material named the linker. (B) Electron micrograph of the centrosome. The top 

inset indicates a cross-section of subdistal appendages; the bot

section of the proximal part of the centriole. Note the triplet microtubules (MTs) Scale bar: 0.2 

μm. (Adapted from Bettencourt
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. Boveri minutely depicted the centrosome cycle, uncovering that 

replicate and are inherited by daughter cells. He defined the 

centrosome as a key organelle that organizes cellular division, being essential for 

mitotic spindle formation during cell division. Additionally, he hinted about the role of 

the centrosome in cancer, speculating that chromosome aneuploidy, induced by extra 

centrosomes,was a principal cause of cancer33. 

Boveri’s work laid the groundwork for our current understanding of the centrosome 

structure and function, influencing developmental biology and our understanding of 

. Recently, centrosomes returned to the focus of research due to 

their roles in cellular homeostasis34. Notably, centrosome abnormalities have been 

detected in several human cancers and are considered a hallmark of cancer

Centrosome structure and function  

In animal cells, the centrosome is a non-membranous organelle that comprises a 

of centrioles arranged in orthogonal order surrounded by an electron

pericentriolar material (PCM)39,40 (Figure 1.2).  

The centrosome. (A) Schematic representation of the centrosome in animal cells. 

The centrosome comprises two MT-based centrioles surrounded by a dense and highly 

structured mass of proteins termed the pericentriolar material (PCM). The more mature mothe

centriole, which has subdistal and distal appendages, is connected to the daughter centriole by 

a proteinaceous material named the linker. (B) Electron micrograph of the centrosome. The top 

section of subdistal appendages; the bottom inset indicates a cross

section of the proximal part of the centriole. Note the triplet microtubules (MTs) Scale bar: 0.2 

μm. (Adapted from Bettencourt-Dias, et al., 2007). 
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The two centrioles are barrel-shaped, nine triplets MTs structures, about 0.2 μm in 

diameter and approximately 0.3 to 0.5 μm in length30 The more mature centriole – 

mother centriole - has subdistal and distal appendages, whereas the immature 

centriole does not – daughter centriole. Centrioles, which are linked by a proteinaceous 

material named the linker, are critical for recruiting the surrounding PCM to anchor and 

nucleate MTs30,34,41(Figure 1.2). 

Centrioles are polarized along the proximo–distal axis30, and at the distal end of the 

mother centriole have specialized structures known as appendages. The appendages 

have important structural roles in cilia formation, cell polarity, and microtubule 

organization, which are critical for maintaining cellular integrity and function30. The 

distal appendages typically anchor the centriole to the plasma membrane during 

ciliogenesis, while the subdistal appendages may play roles in MT organization and 

anchoring. The PCM is fibrillar material composed of hundreds of proteins, including 

those responsible for centriole assembly, duplication, elongation, and maturation, and 

those implicated in MT nucleation, such as pericentrin, γ-tubulin rings, motor proteins, 

and regulatory molecules30,39,41. 

Over the past two decades, our understanding of centrosome functions has greatly 

expanded34. Below, the primary functions of centrosomes are outlined, illustrating their 

critical roles in cellular biology (Table 1.1). 

 

Table 1.1 - Centrosomes Functions. 

Function Description 

Microtubule Organization 

Centrosomes nucleate and anchor MTs, determining 
their spatial arrangement within the cell. This is crucial for 
maintaining cell shape, polarity, and intracellular 
transport30,34. 

Spindle Formation During Mitosis 

Pivotal in mitotic spindle assembly and essential for 
chromosome segregation during cell division. 
Centrosomes ensure the proper attachment of 
microtubules to chromosomes and contribute to 
separating sister chromatids during anaphase42. 

Regulation of Cell Cycle 
Progression 

Proper centrosome duplication is tightly regulated during 
the cell cycle. Centrosomes help coordinate G1/S 
transition, DNA replication, and the initiation of mitosis40.  

Ciliary Function 

In non-dividing cells, the centrosome can form a basal 
body, which acts as a template for forming cilia and 
flagella. This is essential for cellular motility and sensory 
functions like signaling pathways involved in 
development and tissue homeostasis30. 
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Cell Polarity and Migration 

Positioning microtubules contributes to establishing cell 
polarity, which orients cellular structures and organelles. 
This organization is crucial for cell migration, tissue 
development, and wound healing30. 

Role in Cytokinesis 

Centrosomes assist in organizing the actin-myosin 
contractile ring during cytokinesis (the final separation of 
daughter cells after mitosis), ensuring accurate cell 
division and proper inheritance of cellular 
components30,40. 

Signaling Hub 

Emerging research indicates centrosomes may act as a 
signaling platform, influencing key processes such as 
DNA damage repair, stress responses, and cell cycle 
checkpoints30,34,43. 

Maintenance of Genomic Stability 

Centrosomes coordinate accurate chromosome 
segregation and regulate cell division. They also help 
prevent aneuploidy and other forms of genomic instability 
that can lead to cancer development30,44. 

  

1.2.2 The centrosome duplication cycle 

Each time cell division occurs, centrosomes and DNA are duplicated. These are 

semiconservative processed and occur only once per cell cycle: centrioles are 

duplicated once, like DNA, ensuring that each daughter cell inherits one centrosome 

(with two centrioles)30,39,40. 

Figure 1.3 - The centrosome duplication cycle. The duplication is tightly regulated and 

synchronized within the cell cycle. It comprises four stages: centriole disengagement, 

duplication, elongation/maturation, and separation. Each centriole duplicates only once per cell 

cycle, and only one centriole is formed next to a pre-existing one. (Adapted from Holland et 

al.,2010). 
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Centrosome duplication occurs in four consecutive stages: 1) disengagement of the 

centrioles at the end of mitosis, 2) nucleation of the daughter centrioles (also known as 

procentrioles before they acquire full centriolar length) in G1/S, 3) elongation of the 

procentrioles (S and G2), and 4) separation of the centrosomes (G2–M)30,38,40,41 (Figure 

1.3).At the end of mitosis, the new mother centriole acquires the appendages (centriole 

maturation) crucial in cilia formation and intracellular signaling40,45.In humans, intricate 

regulatory mechanisms control the timing and location of centriole duplication, ensuring 

that it occurs accurately and only once per cell cycle46. PLK4 and SAS6 are two 

proteins that cooperate for centriole duplication47.Polo-like kinase 4 (PLK4) is the 

primary regulator of centrosome duplication. Its kinase activity is essential for initiating 

centriole duplication. It phosphorylates various substrates, including STIL, to facilitate 

the recruitment of other proteins necessary for centriole formation and promote 

downstream events necessary for centriole assembly47. Excess PLK4 activity leads to 

extra centrioles, and its depletion causes decreased centriole numbers48. PLK4 activity 

is regulated mainly through SCFbTrCP/ubiquitin-dependent proteolysis and 

autophosphorylation. As the ubiquitin-proteasome system rapidly degrades PLK4, this 

regulatorymechanism prevents excessive centriole formation and makes PLK4 

relatively scarce and transient within the cell40,46. 

Another important core protein is SAS6, whose levels are also controlled by 

proteolysis47. SAS6 co-localizes with STIL and PLK4 during interphase at the two 

newly formed procentrioles. SAS6 is a key structural component that assembles into a 

cartwheel-like structure at the centriole. This structure serves as a scaffold that ensures 

the assembly of MTs in a ninefold symmetry that is essential for the formation of new 

centrioles30,40,46. 

After initial formation, procentrioles are stabilized and elongated until the G2 phase, 

which involves CPAP/SAS-438. CP110 and Cep97 act like "caps" at the ends of 

centrioles, controlling their length to ensure they don’t grow too long30,38,39. They 

associate with the distal ends of the centrioles and likely function as capping proteins. 

During centrosome maturation, in G2/M phases, there is an increased accumulation of 

PCM, driven by Plk1 and Aurora A kinases40. At that stage, the dissolution of the 

protein linker between the two original parental centrioles allows the separation and 

migration of the two centrosomes to opposite poles of the cell to organize the bipolar 

mitotic spindle. At the end of the M phase, centriole disengagement, through the 

activities of PLK1 and Separase, prepares the centrioles for duplication in the following 

S phase38.  
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The centrosome duplication cycle is of major importance in correct cell division40,46,49. If 

not properly coordinated, cells may acquire centrosome anomalies that affect cell 

homeostasis.  

 

1.3 Centrosome Deregulation and Cancer 

 

Centrosome anomalies have been largely subdivided into two main categories: 

structural and numerical. Although conceptually different, they usually occur together in 

tumors38. Structural deviations are anomalies in the centriole shape and/or in the 

amount, composition, or even phosphorylation state of PCM components. The 

accumulation or loss of a centrosome causes numerical alterations. Extra 

centrosomes, or centrosome amplification (CA), is the most frequent defect detected in 

human cancer35,36 and has also been detected in cancer-associated human diseases50–

52. 

CA has been linked to cancer initiation and progression27,50,53. Experimental models 

show that CA can drive tumor formation, and clinical studies indicate that CA levels 

correlate with tumor stage and invasiveness across various cancers50,54–57. Findings of 

CA in the late stages of cancer are very frequent, which substantiates the involvement 

of extra centrosomes in cancer progression and metastasis27,52,56. Furthermore, 

concerning the degree of differentiation, these abnormalities tend to be more 

pronounced in high-grade neoplasia (aggressive and poorly differentiated) than in low-

grade neoplasia (more differentiated, less aggressive tumors)54,56,58,59. CA is also linked 

to some other clinical criteria of aggressiveness and, therefore, poor prognosis, such 

as lymph node and/or distant metastasis, early recurrence of tumors, and poor 

survival52,59–62. Overall, the evidence supports a key role for CA in carcinogenesis.  

 

1.3.1 Causes and consequences of centrosome amplification 

Studies in cultured cells29,58 and animal models53 have shown that CA may ensue from 

cytokinesis failure, mitotic slippage, cell-cell fusion, overduplication of centrioles, and 

de novo centriole assembly54.  

CA has devastating consequences on cell homeostasis (Figure 1.4). During cell 

division in normal cells, CA normally results in impaired cell cycle progression63 and/or 

programmed cell death (apoptosis) to prevent the propagation of potentially harmful 



 

11 

mutations and maintain tissue homeostasis38. However, acquired oncogenic mutations 

or loss of tumor suppressor genes (such as TP53)46 may favor cells with CA to survive 

and proliferate. Moreover, cancer cells can also overcome the inhibitory effect of extra 

centrosomes64, by developing mechanisms to deal with CA during cell division, which 

allows them to continue dividing successfully36. A major coping mechanism known is 

centrosome clustering: cells cluster their extra centrosomes so that cells can undergo 

pseudo-bipolar mitosis37,38. However, the erroneous attachment of chromosomes to the 

mitotic spindle during cell division (merotelic attachment) still impacts chromosome 

segregation46. Other CA coping mechanisms, like centrosome extrusion and 

inactivation of extra centrosomes, allow maintenance of functional mitotic spindles, 

regulation of the spindle assembly checkpoint, extending the duration of some phases 

in the cell cycle to allow additional time to resolve issues related to centrosome function 

and chromosome alignment38.  

CA can, therefore, contribute to chromosomal instability (CIN)61,65 and aneuploidy. 

Nevertheless, the role of extra centrosomes is not limited to mitosis. Indeed, recent 

Figure 1.4 - Consequences of centrosome amplification in cancer. In mitosis, CA promotes 

CIN, chromosome missegregation and impairs asymmetric cell division. In interphase, CA can 

affect the migration and invasive properties of cells, as well as polarity and signaling (Adapted 

from Godinho, S. A. & Pellman, D., 2014). 
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studies have shown that CA also contributes to i) defective ciliary signaling, ii) 

disrupted cell polarity and tissue architecture36; iii) invasive behavior66, iv) increased 

metastatic potential55,62,67; and v) therapeutic resistance 38,63.(Figure 1.4). 

 

1.3.2 Centrosome amplification and cell invasion 

Cell invasion is a hallmark of cancer38. Notably, several pieces of evidence for CA are 

associated with migration and invasion54,56,68.  

One of the first experimental pieces of evidence came from a study showing thatCA 

can induce invasive protrusions in 3D cultures of mammary epithelial cells through i) 

activation of Rac1, a small GTPase that regulates actin dynamics and that leads to the 

formation of protrusions that help cells migrate; ii) increase in MTs nucleation and the 

subsequent changes in cell shape and motility, facilitating the movement of cancer 

cells into adjacent tissues54 (Figure 1.5).Another experimental piece of evidence came 

from a study showing thatPLK4 influences cell motility and ECM interactions through 

the activation of RAC1-Arp2/3 signaling pathway55 (Figure 1.5). This pathway is 

instrumental in regulating actin dynamics, which are critical for cellular movement and 

the interactions between cells and the ECM. 

Figure 1.5 - CA can promote invasive phenotypes. Centrosome amplification can induce the 

formation of invadopodia and a non-cell autonomous pro-invasive secretory phenotype. 

(Adapted from LoMastro and Holland, 2019). 
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A recent study in cultured mammary MCF10A cells and in in vivo model using chick 

embryo xenografts showed increased Rac1 activity upon CA, promoted invasion by 

disrupting cell-cell junctions, enhancing cell-ECM attachment, activating MMPs, and 

engaging small GTPase signaling pathways, all of which contribute to a more 

aggressive and invasive cancer phenotype57.  

Extra centrosomes have also been reported to form reactive oxygen species (ROS), 

promoting oxidative stress in cells66. This drives the release of an extra-centrosomes 

associated secretory phenotype (ECASP) composed of pro-invasive factors (e.g. IL-8, 

ANGPTL4, and GDF-15). In turn, the secreted pro-invasive factors activate signaling 

pathways in adjacent cells. This study demonstrates da CA can affect the behavior of 

neighboring cells through a non-cell-autonomous mechanism, that influences cells 

without centrosome defects to exhibit invasive behaviors in response to the factors 

secreted by the aberrant cells, contributing to an expanded invasive tumor phenotype66 

(Figure 1.5). Another recent study in pancreatic ductal adenocarcinoma cells reported 

that CA could indirectly lead to invasion by promoting the secretion of exosomes, 

vesicles generated through the fusion of the multivesicular bodies with the plasma 

membrane67. Hence, extra centrosomes may also promote invasion by altering 

signaling pathways, changing the cell cargo secreted to the extracellular matrix (ECM) 

either by an extra centrosome-associated secretory phenotype (ECASP) of several 

cytokines and chemokines or by small extracellular vesicles67.  

So, CA appears to be closely associated with changes in the cytoskeleton and 

signaling pathways that augment cancer cells' ability to remodel the ECM, facilitating 

more effective migration and invasion through tissues. 

 

1.4 Centrosome amplification and Barrett’s Esophagus tumorigenesis 

 

BE progression to EAC is characterized by a high mutation rate and the accumulation 

of CIN and aneuploidy6,16, common outcomes of centrosome amplification37,69. 

Although important, many studies about BE tumorigenesis have focused solely on 

gene alterations70,71, overlooking how alterations in cellular structures, such as the 

centrosome, contribute to the rise of carcinogenic pathways. 
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Our research group has focused on the influence of CA on the progression of 

carcinogenic pathways from BE to EAC. Employing the BE cancer model, we have 

contributed to the growing body of knowledge about the stages at which CA emerges 

and explores its role in malignant transformation and progression. Indeed, our work has 

revealed that CA arises early in metaplasia and was only detected in metaplasia 

samples of BE patients that progressed to neoplasia and never in metaplasia samples 

of non-progressed patients27.  

 

Moreover, we found that CA was detected in all subsequent steps of progression and 

that its incidence significantly increased from metaplasia to dysplasia27. Together, 

these findings show that CA is a frequent feature in BE progression and may contribute 

to tumor initiation and progression. Particularly, seeing that the incidence of CA was 

most prominent in dysplasia cells, which have been shown to exhibit an increased 

migratory and invasive potential29, and that CA has been shown to induce invasion in 

mammary cells54,72 our observations strongly suggested that CA may contribute to BE 

progression by promoting invasion of dysplasia (Figure 1.6). Preliminary studies in our 

laboratory explored two methods to reduce CA levels in dysplasia cells of the BE 

Figure 1.6 - Barrett’s Esophagus progression and centrosome amplification. Schematic 

representation of the presence and incidence of CA at the different stages of BE malignant 

transformation and progression. (Adapted from Lopes et al, 2018.) 
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model. With this, we aimed to test if such a reduction in CA levels could reduce cell 

invasion and migration. Using 3D cultures, such as those used in previous studies of 

CA impact on invasion in mammary cells54, our preliminary work suggested that 

reducing CA levels could indeed reduce the invasion capacity of dysplasia cells. 

Interestingly, the reduction of CA levels was accompanied by changes in the levels of 

epithelial marker E-cadherin and the mesenchymal markers vimentin and fibronectin. 

These observations suggest that changes in the invasiveness potential in dysplasia 

cells resulting from reduced CA levels could be due to alterations in the epithelial-

mesenchymal transition (EMT) state. However, further studies are needed to test the 

contribution of CA in the migratory and invasiveness capacity of dysplasia cells. 

 

1.5 Centrosome amplification, EMT changes, and BE progression 

 

Epithelial-mesenchymaltransition (EMT) is a naturally occurring process in embryonic 

development and wound healing73. However, cancer cells can also use this process to 

promote cancer cell invasion and metastasis74,75. The EMT and the reverse process 

mesenchymal-epithelial transition (MET) also play important roles in stem cell 

differentiation and de-differentiation (or reprogramming)75. 

EMT is when epithelial cells lose their epithelial characteristics and acquire 

mesenchymal characteristics, structure, and biological function73. During cancer 

invasion through EMT, epithelial cells transform into a mesenchymal state by down-

regulating epithelial markers such as E-cadherin and up-regulating mesenchymal 

genes such as fibronectin and vimentin75, and matrix metalloproteinases (MMPs)57. 

Overall, this transformation allows primary epithelial tumor cells to disseminate from the 

original site and migrate into the surrounding stroma29,74. Interestingly, cells with 

decreased levels of E-cadherin and CA are able to cluster their extra centrosomes and 

survive, showing an increased tolerance for cells with CA, just like cancer cells64,76. 

Moreover, recent data suggest that upregulation of PLK4 can induce EMT through 

Wnt/β-catenin signaling in colorectal cancer, where PLK4 overexpression is associated 

with enhanced tumor size, lymph node metastasis, and EMT alterations77. However, 

there is no clear evidence that CA itself leads to EMT. 

The BE model has few studies that investigate EMT. In particular, one study showed 

that non-neoplastic BE metaplasia cells exposed chronically to acid and bile salts 

undergo malignant transformation and develop EMT29. However, it is unclear if EMT is 
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induced directly by exposure to acid or bile salts or the result of subsequent malignant 

transformation and if EMT is acquired through a compilation of other mutagenic 

factors29. 

1.5.1 Vimentin and Fibronectin 

Mesenchymal markers like vimentin and fibronectin appear to be augmented at the 

onset of invasiveness.   

Vimentin is a type III intermediate filament with tubulin-based microtubules and actin-

based microfilaments constituting the cytoskeleton that plays a major role in supporting 

and anchoring the position of organelles in the cytosol78.  It is universally expressed in 

normal mesenchymal cells and is regarded as a canonical marker of EMT79. Vimentin 

plays a significant role in cancer progression due to its involvement in various 

tumorigenic processes. Vimentin overexpression is often reported in cancer cell lines of 

the lung, prostate, and breast78. In gastrointestinal tumors with patient-derived tumor 

samples, vimentin overexpression was associated with aggressive tumor behavior, 

increased invasion, and poor prognosis for patients80. Though its expression is best 

characterized in the EMT process, it is equally possible that tumor cell migration and 

invasion are a consequence of vimentin overexpression in cancer cells, as most 

studies have indicated a positive association between the invasive phenotype and 

vimentin overexpression and have shown a decrease in these characteristics upon 

knockdown of vimentin in vitro81–83. Finally, vimentin may act as a scaffolding protein 

during signal transduction, interacting with various oncogenes by being part of the 

downstream effects of oncogenic signaling pathways  (e.g., TGF-β, PI3K/Akt, Wnt/β-

catenin, NF-κB, and Rho GTPase pathways80), transcription factors (e.g., TWIST, ZEB, 

SNAIL29,84), and receptor tyrosine kinases (e.g., EGFR), which collectively promote 

tumorigenic events.  

Fibronectin is a high-molecular-weight adhesive glycoprotein in the extra-cellular 

matrix (ECM). It is highly expressed in embryonic tissues, wound healing, inflammation, 

and various tumors, suggesting a role in tissue remodeling85. Initially, it was identified 

as a cell surface glycoprotein present on the surfaces of non-transformed cell lines. 

Fibronectin mRNAs, approximately 8-kb in size, encode for fibronectin protein subunits, 

which vary in size from 230–270 kDa due to alternative splicing86. Fibronectin functions 

serve various critical roles in cellular interactions with the ECM: i) cell adhesion: serves 

as a substrate for cell attachment, facilitating the binding of cells to the ECM; ii)cell 

migration: provides a pathway for cells to move through the ECM; iii) cell growth and 

differentiation by interacting with various growth factors and can modulate their activity; 
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iv) matrix assembly, it plays a role in the assembly of the matrix itself and self-

associates to form fibrils, which are essential for the structural organization of the ECM; 

v) fibronectin binds to other molecules through multiple binding sites for other ECM 

components, such as collagen and fibrin, which are essential for tissue repair and 

remodeling. It also binds to glycosaminoglycans, which can influence cell adhesion and 

migration87. Fibronectin has conflicting roles in cancer88. As a result, before considering 

fibronectin as a target for cancer therapy, the actual role of fibronectin in a given 

context must be known. 

When cancerous fibronectin is expressed early, it is known to have a tumor-

suppressing role, helping to prevent tumor transformation and halting early tumor 

progression88. In the late stages of cancer, fibronectin can also promote metastasis, for 

instance, by promoting the formation of a premetastatic niche and by correlating to a 

poor prognosis89,90. Moreover, the fibronectin matrix, deposited in tumor 

microenvironments (TMEs), influences this environment by promoting early tumor 

progression88. Interestingly, the presence of fibronectin in TMEs is paradoxically 

correlated with better prognostic outcomes acting as an oncogenic factor in the 

surrounding stromal tissues88,89. 

In the esophagus, a study showed that fibronectin is upregulated in adenocarcinoma 

samples29 being a part of an EMT signature. At the same time, its expression in normal 

mucosa, metaplasia, and dysplasia is more or less similar85. In esophageal squamous 

cell carcinoma (ESCC), fibronectin expression and secretion in ESCC cell lines were 

found to be low, but these cells adopted a more migratory phenotype when cultured in 

vitro in a microenvironment containing high levels of fibronectin91.  

Interestingly, fibronectin secretion is crucial in maintaining cancer cells' invasive 

potential. Impairment in fibronectin secretion disrupts cell-ECM interactions, impairs 

cell motility, and alters signaling pathways associated with invasion, ultimately reducing 

metastatic capabilities92. In the context of ovarian cancer, mesothelial cells secrete 

more fibronectin, which has been linked to increased adhesion, invasion, and 

proliferation of tumoral cells93. This phenomenon was tested in 3D organotypic 3D 

cultures, conditioned media from mesothelial cell experiments, and in vitro and murine 

models. In a prostate cell cancer model, findings reveal that an inhibitor of Hsp90 

significantly impacts cell motility and invasion by dysregulating fibronectin trafficking92. 

This substance disrupts the normal trafficking and secretion of fibronectin, which could 

contribute to its anti-invasive effects in prostate cancer cells. 
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Fibronectin deposition in the ECM is also by itself another cancer-promoting event86. 

Fibronectin promotes cell motility by activating signaling pathways that induce 

cytoskeletal reorganization88. A fibronectin-rich ECM is a scaffold that cancer cells can 

adhere to and migrate through, facilitating their invasion into adjacent tissues and 

contributing to metastasis. Moreover, fibronectin interacts with MMPs, enzymes that 

degrade the ECM91,94,95. 

 

1.6 Aims and Objectives 

Barrett's Esophagus (BE) has a relatively low incidence rate, but its progression to 

esophageal adenocarcinoma (EAC) results in cancer with high morbidity and mortality, 

particularly if not diagnosed early4,25. The diagnosis of BE and the pathological 

assessment of dysplasia are critical for clinical decision-making8. Despite the utility of 

biopsy in detecting dysplasia, it has notable limitations. Therefore, understanding the 

mechanisms that trigger the transformation of metaplastic cells into dysplastic cells is 

essential for identifying potential biomarkers for early diagnosis and intervention. 

One key feature of BE progression is the increase in the incidence of centrosome 

amplification (CA)27, which has been reported to contribute to the development of 

oncogenic characteristics such as cellular invasion54,62. With this work, I aimed to 

investigate the impact of CA in promoting migration and invasion in the context of BE 

progression. The specific objectives of this research were to: 

1. Test if CA reduction alone is sufficient to reduce the migratory and invasive 

potential of BE dysplasia cells. 

2. Identify the molecular mechanisms by which CA contributes to the migratory and 

invasiveness capacity of BE dysplasia cells. 

In this study, we aim to advance the field of cancer research by elucidating the 

molecular pathways through which CA influences the progression of Barrett's 

esophagus (BE). Our findings are intended to enhance the current understanding of 

centrosomes, thereby expanding the repertoire of potential biomarkers that could 

inform and optimize personalized treatment strategies for BE, ultimately improving 

patient outcomes. 
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2. Material and Methods 

 

2.1 Cell culture 

 

2.1.1 Cell line maintenance 

Cell lines hTERT CP-D cell lines obtained from biopsies of patients with high-grade 

dysplasia (from P. Rabinovitch, Univ. of Washington, Seattle)96 were maintained in 

MCDB 153 medium (Sigma) supplemented with 5% Fetal Bovine Serum (Sigma), 4 

mM L-Glutamine (Thermo Fisher Scientific), 0.1% Insulin transferrin-sodium-selenite 

(Sigma), 100 U/ml penicillin-streptomycin (Thermo Fisher Scientific), 140 µg/ml Bovine 

Pituitary Extract (Thermo Fisher), 20 µg/ml adenine (Sigma), 0.4 µg/ml hydrocortisone 

(Sigma), 1 nM cholera toxin (Sigma) and 20 ng/ml Epidermal Growth Factor 

(Sigma)96.Cells were maintained at 37°C in humidified air with 5% CO2. To passage or 

collect cells, cells grown to confluence in monolayer were detached: after removing 

growing media, cells were incubated with Tryple (Thermo Fisher Scientific) for 3-5 

minutes at 37ºC to detach cells; cells were then resuspended using full media.  

 

2.1.2 siRNA transfection 

Cells were seeded at densities of either 5 x 104 cells/well on glass-coverslips in 24-well 

plates or 10 x 104 cells/well in 6-well plates. After 24 hours of adhesion, endogenous 

PLK4 (5’-GGTGAAAATACATTGCCAATT-3’), SAS6 (5’-GCACGTTAATCAGCTACAA-

3’), or FN1 (5′-GAAUAGAUGCAACGAUCA-3′) were depleted using specific siRNA 

oligonucleotides (Dharmacon). Control cells were either mock-treated or transfected 

with luciferase siRNA (GL2; 5’-CGTACGCGGAATACTTCGA-3’; Dharmacon). Cells 

were transfected with 50 nM siRNA oligonucleotides using Lipofectamine RNAiMAX 

(Thermo Fisher Scientific), per the manufacturer's protocol. After depletion (for specific 

time points, see Figure 3.1A), cells seeded on coverslips in 24-well plates were fixed 

using either (i) ice-cold methanol for 10 minutes at -20°C; (ii) or 4% paraformaldehyde 

for 10 minutes at room temperature (RT). Cells seeded on 6-well plates cells were 

collected for (i) cell viability assessment, (ii) Western blotting, (iii) mRNA depletion 

analysis by Real-Time Quantitative Reverse Transcription (RT-qPCR), (iv) transwell 

Boyden migration and invasion assays, or treated to collect condition media to detect 

protein secretion using an enzyme-linked immunosorbent assay (ELISA).  
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2.1.3 Cell Viability Assessment 

The Trypan Blue Exclusion Test was used to evaluate the impact of PLK4, SAS6, or 

FN1 depletion on cell viability. Transfected cells were detached from 6-well plates as 

described above (2.1.1). 10 µl trypan blue dye were added to 10 µl of resuspended 

cells. After three minutes of incubation, 10 µlwere loaded onto a hemacytometer. 

Viable cells excluded the dye, while non-viable cells absorbed it. The percentage of 

viable cells was then calculated. 

 

2.1.4 Transwell migration and invasion assays 

Following a 72-hour transfection period, cells seeded on a 6-well plate were serum-

deprived for 4 hours and then detached (2.1.1) and resuspended in the same medium. 

Subsequently, 4x104 cells were seeded onto the upper compartment of transwell 

inserts in 24-well plates. Inserts with standardized Matrigel-coated membranes were 

utilized for invasion assays, while inserts without Matrigel-coated membranes were 

used for migration tests. The lower chamber of the transwell system was filled with a 

chemoattractant standard full-growth media. The cells were then incubated at 37°C 

with 5% CO2 for 22 hours. After incubation, non-invaded and non-migrated cells 

remaining in the upper chamber were removed using a cotton swab. The cells on the 

underside of the membrane were fixed then with ice-cold methanol for 10 minutes at -

20ºC. After three washes with 1X PBS cells were incubated with Hoechst 33342 to 

stain DNA, washed again, and finally mounted on glass slides with Vectashield. Cell 

counting was performed in approximately five randomly selected fields using a 

fluorescence microscope with a 10x objective lens.  

 

2.2 RT-qPCR 

Transfected cells were detached from 6-well plates as described above (2.1.1). 

Resuspended cells were centrifuged for 3 minutes at 1,100 rpm. After removal of the 

supernatant, cell pellets were snap-frozen in liquid nitrogen and stored at -80ºC until 

use. Cell pellets were then used to extract RNA using the Qiagen RNeasy kit following 

the manufacturer's protocol. For cDNA synthesis, 1 µg of RNA was reverse transcribed 

using the High-Capacity RNA-to-cDNA™ Kit (Thermo Fisher Scientific), following the 

manufacturer's instructions. Quantitative real-time PCR (RT q-PCR) was carried out 
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using Power SYBR Green, and the reactions were analyzed on an ABI QuantStudio 7 

Flex Real-Time PCR System (Applied Biosystems). All primers used for RT q-PCR are 

listed in Table 2. 

 

Table 2.1 - Primer sequences used in the RT-qPCR. 

GENE SYMBOL FORWARD PRIMER 5’-3’ REVERSE PRIMER 5’-3’ 

PLK4 AGACCACCCTTCGACACTGA GTCCTTGGCCTCTATTGACAAA 

SAS6 GAATGGGCGTCACATACAGC TTGATATTGAACCTGTGCCTGC 

FN1 AACTGCAAACTCCGTCACCC GAGGGCACTGTATCTGAGCG 

E-CADHERIN GAGGGGTTAAGCACAACAGC TGACCCTTGTACGTGGTGG 

VIMENTIN CAGCTAACCAACGACAAAGCC CTCCTCCTGCAATTTCTCCCG 

GAPDH ACATCGCTCAGACACCATG TGTAGTTGAGGTCAATGAAGGG 

 

2.3 Western Blot 

 

2.3.1 Cell lysis, SDS-PAGE and transfer 

Transfected cells were detached from 6-well plates as described above (2.1.1). 

Resuspended cells were centrifuged for 3 minutes at 1,100 rpm. After removal of the 

supernatant, cell pellets were snap-frozen in liquid nitrogen and stored at -80ºC until 

use. Cell lysates were generated by resuspending the pellets in a lysis buffer 

containing 50 mM Hepes (pH 7.4), 100 mM KCl, 1 mM EGTA, 1 mM MgCl2, 10% 

glycerol, 0.05% NP-40, a 1× protease inhibitor cocktail, and 1× phosphatase inhibitors. 

The resuspension was incubated on ice for 20 minutes. The lysates were then 

centrifuged at 14,000 rpm for 10 minutes at 4ºC. Protein concentration in the resulting 

supernatant was measured using the Bradford assay (Bio-Rad). 60 µg of protein was 

mixed with Laemmli buffer, boiled at 95ºC for 5 minutes, and subsequently loaded onto 

pre-cast 4-12% gradient polyacrylamide gels (Invitrogen). The proteins were 

transferred onto nitrocellulose membranes using a semi-dry transfer method at 20 V for 

1 hour. Blocking was performed for 1 hour at room temperature in TBS containing 5% 

milk powder. Primary antibodies were incubated overnight at 4ºC, followed by 

secondary antibody incubation on the following day for 1 hour at room temperature, 
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both in TBST (0.1% Tween-20 [Sigma] in TBS) supplemented with 1% milk powder. 

After each antibody incubation, the membranes were washed with TBST. 

 

2.3.2 Protein detection 

Primary antibodies used for western blotting were against fibronectin (1:500; mouse; 

Santa Cruz Biotechnology), SAS6 (1:200; mouse; Santa Cruz Biotechnology), E-

cadherin (1:1000; rabit; Santa Cruz Biotechnology), vimentin (1:200; mouse; Santa 

Cruz Biotechnology) and GAPDH (1:1000; rabbit; Cell Signalling). The secondary 

antibodies used IRdye 680CW (1:10000; rabbit; Li-COR) and IRdye 800CW (1:10000; 

mouse or rabbit; Li-COR) and membranes were developed and quantified on the 

Odissey Scanner (Li-COR). 

2.4 Immunofluorescence microscopy 

 

2.4.1 Cell fixation 

For centrosome staining, cells grown on coverslips were fixed and permeabilized with 

ice-cold methanol at -20ºC for 10 minutes (min) in the 24-well plates. Cells were then 

washed three times (5 minutes each) with 1X Dulbecco's Phosphate Buffered Saline 

(PBS; Biowest) before being processed as below (2.4.2).  

For EMT markers, cells grown on coverslips were fixed with paraformaldehyde (PFA) 

for 10 minutes (min) at RT in the 24-well plates. After 3 washes with PBS, cells were 

then permeabilized with 0.1% Triton solution for 10 minutes at RT. Cells were then 

washed 3 times with PBS before being processed as below (2.4.2).  

 

2.4.2 Immunofluorescent staining 

Cells were blocked with Blocking Solution (see below) for 30 minutes at RT. Primary 

antibodies were diluted in Blocking Solution and applied to the cells on coverslips, 

followed by incubation overnight at 4ºC in a humidified chamber. The following day, 

cells were washed three times with PBS. Secondary antibodies, also diluted in the 

Blocking Solution, were then added to the cells and incubated for 1 hour at room 

temperature in the dark. After three additional washes with PBS, cells were stained 

with 1 μg/ml Hoechst 33342 in PBS for 10 minutes. Following this, cells underwent a 

final wash, and the coverslips were mounted onto glass slides using VECTASHIELD 
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Mounting Medium (Vector). The slides were stored in a slide holder at 4ºC. Blocking 

Solutions: (A) 10% FBS in PBSfor centrosome staining; (B) 3% bovine serum albumin 

(BSA) for EMT markers staining.  

 

2.4.3 Antibodies 

For centrosome staining, primary antibodies targeting pericentrin (1:5000, rabbit, 

Abcam, ab4448) and centrin (clone 20H5; 1:500, mouse, Millipore, 04-1624) were 

used. For detecting EMT markers, primary antibodies against E-cadherin (1:1000, 

rabbit; Cell Signaling), vimentin (1:1000, mouse; Santa Cruz), and FN1 (1:100, mouse; 

BD Biosciences) were used. Secondary antibodies used were Rhodamine Red (1:500, 

rabbit, Jackson ImmunoResearch Laboratories, Inc.) and Alexa Fluor 488 (1:500, 

mouse, Thermo Fisher Scientific). 

2.4.4 Image Analysis 

Immunofluorescence microscopy images were captured at room temperature using an 

inverted Zeiss Axio Observer 7 SP Confocal microscope with a Plan Apochromat 63x 

1.40 NA oil objective and Zen black software. The images were captured as a z series 

with a 0.2 (centrosome staining) or 0.4 (EMT makers) μm z interval and are displayed 

as maximum-intensity projections prepared using Image J software (National Institutes 

of Health). 

 

2.4.5 Centriole Count 

Centrioles were identified and quantified based on the colocalization of the centriole 

marker centrin with the pericentriolar material (PCM) marker pericentrin. A total of 100 

interphase mononucleated cells were examined under all experimental conditions. 

Since cell cycle markers were not used for co-staining, only cells displaying more than 

four centrioles, as indicated by centrin staining, were considered to have centrosome 

amplification (CA). 

 

2.4.6 Analysis of EMT Markers 

Three EMT markers were assessed: E-cadherin, Vimentin, and Fibronectin. IF 

microscopy permitted the analysis of these markers' expression within the cells. This 

method allows for the evaluation of localization/distribution patterns. Sum intensity 
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projection images were used for fluorescent intensity measurements. These were 

prepared using Image J software (National Institutes of Health). 

 

2.5 Enzyme-linked immunosorbent assay (ELISA) 

Following transfection and 72 hours of incubation, cell media was replaced by serum-

free plain MCDB-153 cell culture media for 22 hours. This conditioned media was then 

collected and centrifuged at 1100 rpm for 3 min to obtain cell-free supernatant, which 

was immediately aliquoted and snap-frozen for subsequent analysis. Secreted levels of 

fibronectin were measured using the Human FN1 ELISA Kit (Invitrogen) following the 

manufacturer’s protocol.  

 

2.6 Statistical analysis 

The number of independent biological replicates performed for each assay is indicated 

in the corresponding figure legend. Results are presented as the mean ± standard error 

of the mean (SEM). Statistical analyses were performed using ordinary one-way 

ANOVA for multiple comparisons and the unpaired Student’s t-test, utilizing the 

GraphPad Prism 8.0 statistical software package (GraphPad Prism 8.0.2). A p-value of 

less than 0.05 was considered statistically significant for all analyses. 

 

3. Results 

 

In Barrett’s esophagus (BE) progression, centrosome amplification (CA) has been 

reported to arise as early as metaplasia and increase significantly in dysplasia27. 

Moreover, it was only detected in BE metaplastic tissue of patients that progressed into 

neoplasia27. Extra centrosome numbers have been shown to promote features of 

malignant transformation and tumorigenesis, like more migratory and invasive 

potentials54,57,72,77. Given that dysplasia cells have higher migration and invasion 

potential than metaplasia cells27,29, we hypothesized that CA could be responsible for 

this malignant gain in dysplasia.  
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3.1 The impact of reducing CA in the migratory and invasiveness 

capacity of dysplasia cells 

 

To test the hypothesis mentioned above, we designed an assay in which we would 

reduce the CA levels of dysplasia cells, where CA levels are naturally high, and then 

test whether their migratory and/or invasiveness capacity was affected (Figure 3.1). 

 

To reduce CA levels in dysplasia, we depleted key proteins of centriole formation, 

PLK4 or SAS6, through small interference RNA (siRNA). By impeding the cells' 

capacity to replicate their centrosomes normally, we will suppress the generation of 

new centrioles, and the existing supernumerary centrioles will be diluted in the cell 

population through successive cell divisions, ultimately leading to an overall decrease 

in the incidence of CA30. Preliminary studies from our laboratory (data not shown) 

showed that this approach successfully reduced the level of CA in all three cell lines 

representative of BE high-grade dysplasia97, which inherently exhibit similar levels of 

CA and lost WT-p5327. Importantly, those preliminary results showed that CA levels 

were reduced after three days of siRNA transfection of either PLK4 or SAS6 and that 

this was maintained after four days97. 

To assess dysplasia cells' migratory and invasiveness capacity, we used classic 

transwell migration or invasion assays98. The migration transwell assay measures cell 

movement through pores towards a chemoattractant, while the invasion test evaluates 

cells' ability to degrade a matrix barrier. The invading cells are stained and quantified. 

Day 1 Day 4 

Seed cells 

(24-well plates / 
6-well plates) 

Day 3 Day -1 Day 0 

siRNA 
transfection 

Day 2 

Transwell Migration/Invasion assays:: 4h SS è Seed cells on insert 

Collect pellets: RT-qPCR / WB 

ELISA assays: SS Assess Secretion 

Assess Migration/Invasion 

Fix coverslips: Immunofluorescence 

Figure 3.1 - Schematic representation of the experimental layout. To assess the impact of 

centrosome amplification in migration and invasion in dysplasia, dysplasia CP-D cells 

transfected with control (GL2), PLK4, or SAS6 siRNA were submitted to transwell migration and 

invasion assays. Effective depletion of either PLK4 or SAS6 was assessed by RT-qPCR and 

western blot. Reduction of centrosome amplification levels was confirmed by 

immunofluorescence. ELISA assays were used to assess changes in these cell’s secretome. 
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These assays assess the cells' ability to move or invade through a matrix, a key 

property related to cancer metastasis. 

To ensure that CA reduction was maintained throughout the transwell migration and 

invasion assays, they were only carried out three days after transfection and analyzed 

22 hours later (i.e., four days after siRNA transfection) (Figure 3.1). 

 

3.1.1 Depletion of PLK4 or SAS6 leads to a significant decrease of CA in 

dysplasia cells 
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Figure 3.2 - Depletion of key proteins for centrosome formation reduces levels of 

centrosome amplification (CA) in dysplasia cells. Dysplasia cells were transfected with 

control (GL2), PLK4 or SAS6 siRNA. (A) Levels of PLK4 and SAS6 mRNA transcripts were 

assessed by RT-qPCR. Histogram shows PLK4 or SAS6 quantification relative to the control 

(GAPDH); ratios were normalized to levels in control cells. (B) SAS6 protein levels were 

assessed by western blot. Histogram shows quantification relative to the loading control 

(GAPDH); ratios were normalized to the levels in control cells. Representative image is shown. 

(C-D) Cells were stained for centrioles (centrin, green), PCM (pericentrin, red) and DNA (blue). 

(C) Representative merged images are shown. Insets show enlargements of centrioles, as 

indicated by the arrows. Scale bars: 10 µm (main images), 1 µm (insets). (D) Quantification of 

cells with centriole amplification. n=100 cells/condition/experiment. (E) Quantification of cellular 

viability. Histograms depict means ± SEM of three independent experiments. ns, not significant; 

*, P<0.05; **, P<0.01; ***, P<0.001 (ANOVA). 
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To investigate the effectiveness of PLK4 or SAS6 depletion, we assessed the mRNA 

and protein levels of these molecules using reverse transcriptase quantitative Real-

Time Polymerase Chain Reaction (RT-qPCR) and western blot. 

RT-qPCR analysis revealed that the PLK4 and SAS6 mRNA levels were significantly 

reduced in dysplasia cells transfected with PLK4-siRNA or SAS6-siRNA, respectively 

(Figure 3.2 A) Importantly, western blot analysis also confirmed that SAS6 depletion 

was efficient at the protein level (Figure 3.2 B). Given the overall low protein levels of 

PLK4, we did not evaluate its depletion by western blot. Intriguingly, the depletion of 

each molecule seemed to affect the mRNA levels of the other compared to the control 

group, suggesting a potential counteracting mechanism (Figure 3.2 A). Notably, SAS6-

siRNA resulted in significantly high levels of PLK4 mRNA and vice versa. However, the 

increase in SAS6 mRNA levels upon PLK4-siRNA was insufficient to elevate SAS6 

protein levels (Figure 3.2B), suggesting that these changes at the transcriptional levels 

may not be reflected at the transduction level. These results confirm that PLK4-siRNA 

and SAS6-siRNA can effectively deplete their respective targeting molecules in 

dysplasia cells.  

To ensure that the incidence of CA was diminished upon PLK4 or SAS6 depletion, we 

assessed centriole numbers in a cell-by-cell manner using IF microscopy, a method 

optimized in our laboratory (please see Methods for a detailed description of centriole 

scoring). To ensure we scored true centrioles, we counted the number of centrioles 

(marked by centrin) co-localized with the PCM protein Pericentrin (Figure 3.2C) in each 

cell. Only cells with more than four centrioles were deemed to have CA. As expected, 

the depletion of either PLK4 or SAS6 led to a significant reduction in the percentage of 

cells with CA compared to control cells (Figure 3.2 D). Interestingly, SAS6-depletion 

appears to lead to a more efficient reduction in CA levels than PLK4-depletion. To 

ensure that the reduction in the incidence of cells with CA did not result from reduced 

viability of PLK4- or SAS6-depleted cells, we assessed these cells’ viability after the 

four days of transfection. Here, we found that neither PLK4 nor SAS6 depletion 

affected the viability of dysplasia cells (Figure 3.2E). Together, these results show that 

depletion of PLK4 or SAS6 efficiently reduces CA levels in dysplasia cells. 

In conclusion, these results show that depleting either PLK4 or SAS6 successfully 

reduces the levels of CA in dysplasia cells. By investigating the impact of reducing CA 

in these cells using the two depletions in parallel, we can more accurately determine if 

a given observed effect is indeed the result of CA reduction and not only the result of 

specific changes in one of these molecules.  
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3.1.2 Reduction of CA levels decreases the migratory and invasive 

capacity of dysplasia cells 

To investigate the impact of reducing CA on dysplasia cells' capabilities to migrate or 

invade, we used classic transwell Boyden chamber assays. In both assays, serum-

starved cells are resuspended in serum-free media and placed on the top side of a 

chamber with small pores through which cells can migrate toward the bottom side of 

the chamber filled with full media that serves as a chemo-attractant. Given that the 

cells were serum-starved, it is expected that the complete media in the lower chambers 

would promote cell mobility98. In the transwell invasion assay, a matrigel layer is 

additionally incorporated on the porous membrane, mimicking the ECM, which only 

allows the passage of cells exhibiting invasive capabilities, such as the ability to 

produce matrix-degrading enzymes (like MMPs)18,57. Analysis of the number of cells 

that have migrated into the lower chamber shows that PLK4- or SAS6-depleted cells 

show statistically significant reduced migratory capacity (Figure 3.3 A, B). Both 

depletions led to significantly lower invasion rates in the invasion tests. 

Although SAS6 depletion resulted in a more efficient reduction of CA (Figure 3.2D) we 

did not observe a differential impact on dysplasia cells' migration or invasion rates 

(Figure 3.3 B). 

 

These results indicate that reducing the number of extra centrosomes decreases 

dysplasia cells' migratory and invasive potential. 
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Figure 3.3 - Dysplasia cells' migration and invasion capacity lessens with the decrease of 

CA levels. Dysplasia cells transfected with control (GL2), PLK4 or SAS6 siRNA were submitted 

to transwell migration and invasion assays. Migrated/invaded cells were stained for DNA. (A) 

Representative images are shown. Scale bar: 200 µm. (B) Quantification of the migrated or 

invaded cells relative to control cells. Histograms depict means ± SEM of three independent 

experiments. ns, not significant; *, P<0.05; ***, P<0.001; ****, P<0.0001 
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3.2 The impact of reducing CA in the EMT features of dysplasia cells 

 

We then investigated the mechanisms underlying CA's role in migratory and 

invasiveness capacity in dysplasia.  

In carcinogenesis, epithelial cells often undergo an epithelial-to-mesenchymal transition 

(EMT). This is a process that occurs in normal and pathological states and is often 

correlated to the gain of malignant traits73,75,99. In this transition, cells lose their 

characteristic epithelial properties by downregulating epithelial genes like E-cadherin 

and instead adopt mesenchymal cell features by upregulating mesenchymal genes 

such as vimentin, fibronectin, and MMPs29,55,77,100. This enables cells to migrate and 

invade other tissues, ultimately facilitating the metastatic process27,55,73. 

In agreement with this, while metaplasia cells exhibit an epithelial phenotype, dysplasia 

cells exhibit mesenchymal features: increased motility and invasiveness capacity, 

accompanied by decreased levels of E-cadherin and increased vimentin and 

fibronectin27,29,70,100. Since the EMT process is reversible, we hypothesized that CA 

reduction in dysplasia cells led to a reduced migratory and invasiveness potential via 

alterations in EMT. Hence, we assessed mesenchymal and epithelial features in these 

cells to determine if CA reduction led to an EMT reversal in dysplasia.  

 

3.2.1 Global mRNA and protein levels of EMT markers upon CA reduction 

To analyze alterations of EMT features in dysplasia, we first examined the mRNA and 

protein levels of three EMT markers after CA reduction by RT-qPCR and Western blot, 

respectively. Specifically, we assessed the levels of E-cadherin, vimentin, and 

fibronectin, which are commonly used in molecular analysis of EMT. 

Analysis of mRNA levels showed that E-cadherin significantly increases upon depletion 

of PLK4 but not of SAS6 (Figure 3.4 A). In contrast, vimentin significantly increased 

upon SAS6 depletion but not PLK4 depletion (Figure 3.4A). Fibronectin levels, on the 

other hand, did not show any significant difference upon PLK4 or SAS6 depletion when 

compared to control cells (Figure 3.4 A).  
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Figure 3.4 - Dysplasia cells with reduced CA levels exhibit a hybrid EMT phenotype. 

Dysplasia cells were transfected with control (GL2), PLK4 or SAS6 siRNA. (A) Levels of E-

cadherin, vimentin and fibronectin mRNA transcripts were assessed by RT-qPCR. Histogram 

shows quantifications relative to the control (GAPDH); ratios were normalized to the levels in 

control cells. (B) E-cadherin, vimentin and fibronectin protein levels were assessed by western 

blot. Histograms show quantifications relative to the loading control (GAPDH); ratios were 

normalized to the levels in control cells. Representative images are shown. Histograms depict 

means ± SEM of three independent experiments. ns, not significant; *, P<0.05; **, P<0.01 

(ANOVA). 

 

Analysis of protein levels revealed that despite some changes detected before at the 

mRNA level, E-cadherin and vimentin protein levels did not significantly change upon 

PLK4 or SAS6 depletion compared to control cells (Figure 3.4 B). Regarding 

fibronectin, we found some variability in the protein levels detected upon SAS6 

depletion. However, no statistically significant differences were found upon PLK4 or 

SAS6 depletion (Figure 3.4B). So, despite the levels of some molecules appearing to 

vary between experiments, these changes were either not statistically significant and/or 

did not occur for both PLK4 or SAS6 depletions. 

In summary, these results indicate that reducing CA does not cause significant 

alterations in ETM markers. 
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3.2.2 Analysis of the impact of CA reduction in EMT markers by IF 

To examine these markers in more detail, we assessed them by IF. This approach 

would allow us to i) examine localization/distribution patterns on a cell-by-cell basis and 

ii) measure intensity levels. 

 

3.2.2.1 E-cadherin and vimentin 

E-cadherin is a transmembrane protein of the adherents junction, important in 

junctional barrier function in most epithelia, including that of the esophagus101. Upon 

Barrett’s progression from metaplasia to dysplasia, E-cadherin has been reported to 

become less expressed29. Therefore, we first examined whether E-cadherin localization 

in dysplasia cells was altered upon CA reduction. This detailed localization analysis 

revealed that PLK4 knockdown increased the presence of E-cadherin in the cell 
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Figure 3.5 - Impact of CA reduction on E-cadherin. Dysplasia cells were transfected with 

control (GL2), PLK4 or SAS6 siRNA. Cells were stained for E-cadherin (green) and DNA (blue). 

(A) Representative merged images. Insets show enlargements of cellular membranes at inter-

cellular contacts. Scale bar: 10μm. (B) Quantification of cells with E-cadherin at the cell 

membrane. (C) Quantification of cells with E-cadherin accumulated in the cytoplasm. (D) 

Quantification of E-cadherin overall intensity. Histograms depict means ± SEM of two 

independent experiments. ns, not significant; *, P<0.05; ****, P<0.0001 (ANOVA). 
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membrane (Figure 3.5 A, B) and a trend towards increased levels in the cytoplasm 

(Figure 3.5 A, C). 

In contrast, depletion of SAS6 was associated with a trend of lower levels of 

membrane-bound E-cadherin (though not statistically significant), while cytoplasmic 

expression remained unchanged (Figure 3.5 B, C). Overall intensity measurements 

revealed that indeed E-cadherin intensity levels increased following PLK4 depletion, 

whereas no significant changes were observed upon SAS6 depletion (Figure 3.5D). 

Vimentin is a type III intermediate filament protein expected to be in the cytosolic 

portion of cells expressed in normal mesenchymal cells. Overexpression of vimentin is 

frequently associated with increased migratory/invasive capacity of cancer cells102. In 

BE progression from metaplasia to dysplasia, vimentin has been reported to increase 

its expression29. Accordingly, as expected, vimentin was expressed mainly in the 

cytoplasm surrounding the nucleus in all conditions (Figure 3.6A). Not all cells visibly 

contained vimentin. Although there was a detectable trend in the increased number of 

cells expressing vimentin upon depletion of either PLK4 or SAS6, these were not 

statistically significant (Figure 3.6 B).  

Overall, this analysis shows that although the epithelial marker E-cadherin was raised 

upon PLK4 depletion, this was not seen upon SAS6 depletion. We thereby exclude that 

reduction of CA as the probable cause for that increase. As for the mesenchymal 

marker vimentin, seeing that a slight increase in its expression was detected upon 

depletion of either PLK4 or SAS6, this analysis suggests that such changes could 

result from reduced CA.  
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Figure 3.6 - Impact of CA reduction on vimentin. Dysplasia cells were transfected with 

control (GL2), PLK4 or SAS6 siRNA. Cells were stained for vimentin (red) and DNA (blue). (A)

Representative merged images are shown. Scale bar: 10μm. (B) Quantification ofcells 

withvimentin. Histogram depicts means ± SEM of two independent experiments. ns, not 

significant (ANOVA). 



 

33 

3.2.2.2 Fibronectin 

Fibronectin plays crucial roles in cell adhesion, wound healing, tissue morphogenesis, 

cell migration, and signal transduction86,103. These functions make fibronectin integral to 

both normal physiology and disease progression. Fibronectin is also a mesenchymal 

marker used to identify EMT29. It is commonly localized in the ECM and appears as a 

fibrillar network around cells, especially in areas where cell adhesion and migration 

occur. In tissue samples, fibronectin is found in the basement membrane and interstitial 

connective tissue, indicating its role in providing structural support and influencing cell 

behavior87. 

Our initial assessment of fibronectin by IF suggested increased intracellular fibronectin 

upon PLK4 or SAS6 depletion. To guarantee that the detection of fibronectin by 

immunofluorescence was specific, we compared this with cells depleted of fibronectin.  

Therefore, we first validated fibronectin depletion efficiency through siRNA (FN1-

siRNA). Indeed, analysis of mRNA and protein levels of fibronectin by RT-qPCR and 

western blot showed that fibronectin was efficiently depleted in dysplasia cells (Figure 

3.7 A, B) and that its depletion had no impact on cellular viability (Figure 3.7 C).  We 

then proceeded with a careful examination of fibronectin by IF. Indeed, upon FN1-

siRNA, fibronectin was not detected, whereas in PLK4- and SAS6-siRNA treated 

cells, fibronectin intensity was higher than in control cells. (Figure 3.8A, B).  
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Figure 3.7 - Depletion of fibronectin in dysplasia cells. Dysplasia cells were transfected with 

control (GL2) or FN1 siRNA. (A) Levels of fibronectin in mRNA transcripts were assessed by 

RT-qPCR. Histogram shows quantification relative to the control (GAPDH); ratios were 

normalized to the levels in control cells. (B) Fibronectin protein levels were assessed by 

western blot. The histogram shows quantification relative to the loading control (GAPDH); ratios 

were normalized to the levels in control cells. (C) Quantification of cellular viability. Histograms 

depict means ± SEM of two (A-B) or three (C) independent experiments. ns, not significant; **, 

P<0.01; ***, P<0.001, ****, P<0.0001 (ANOVA). 
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Figure 3.8 - Impact of CA reduction on fibronectin. Dysplasia cells were transfected with 

control (GL2), PLK4, SAS6 or FN1 siRNA. Cells were stained for fibronectin (green) and DNA 

(blue). (A) Representative merged images. Insets show enlargements of indicated areas. Scale 

bar: 10μm. (B) Quantification of fibronectin intracellular intensity. Histograms depict means ± 

SEM of three independent experiments. ns, not significant; *, P<0.05; **, P<0.01; ***, P<0.001 

(ANOVA). 

Collectively, the analysis of the EMT panel suggests that reducing CA in dysplasia 

does not lead to an EMT reversal. Rather, we found that CA reduction could impact 

fibronectin intracellular levels. 

Knowing that fibronectin has been linked to cancer progression86,92,95,104–106, we 

investigated whether these changes in fibronectin levels were due to reducing CA and 

if they affected the migratory and invasive capabilities of dysplastic esophageal cells. 

 

3.3 The impact of reducing CA on fibronectin and its role in cell invasion 

 

Besides being a mesenchymal marker, fibronectin is also an important component of 

the ECM86,89,94. Indeed, previous studies have reported that fibronectin is an important 

contributor to migration and invasiveness86,89,92,105. Moreover, when its secretion is 

altered, fibronectin seems to hamper cell invasion by accumulating intracellularly in 

vesicles86,92. 

Despite no changes in fibronectin mRNA levels (Figure 3.4 A) our results show that 

fibronectin protein levels detected inside cells by IF increased (Figure 3.8 B). This 
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suggests that the accumulation of fibronectin is not due to its increased biosynthesis 

but rather to hampered fibronectin secretion into the extracellular space.  

Accordingly, we hypothesize that CA may contribute to invasiveness in dysplasia by 

promoting fibronectin secretion. If this is correct, we would expect that (i) reducing CA 

in dysplasia would result in reduced fibronectin levels present in the extracellular 

spaceand (ii) the absence of fibronectin would be sufficient to reduce the 

invasiveness potential of dysplasia cells. 

 

3.3.1 Impact of CA reduction on fibronectin secretion into extracellular 

space 

 

To demonstrate that CA reduction decreases fibronectin secretion into the extracellular 

space, we conducted ELISA assays to examine fibronectin levels in the extracellular 

media upon depletion of either PLK4 or SAS6. As a positive control, we assessed 

secreted fibronectin levels in FN1-siRNA treated dysplasia cells. 

As expected, the ELISA results show that the absence of fibronectin upon its depletion 

caused a total decrease in fibronectin levels in the culture medium (Figure 3.9) 

Moreover, and in agreement with our hypothesis, there is a significant decrease in 

fibronectin secretion levels for both PLK4- and SAS6-depleted cell populations, 

demonstrating that reducing CA reduces fibronectin extracellular secretion. 

 

Figure 3.9 - Dysplasia cells show decreased fibronectin secretion upon CA reduction. 

Dysplasia cells were transfected with control (GL2), PLK4, SAS6, or FN1 siRNA. Histogram 

shows quantification of fibronectin in the extracellular space, which was assessed by ELISA; 

ratios were normalized to the levels in control cells. Histogram depicts means ± SEM of three 

independent experiments. ns, not significant; *, P<0.05; **, P<0.01; ***, P<0.001, P (ANOVA). 

3.3.2 Impact of reducing fibronectin secretion in dysplasia cells' 

migratory and invasiveness capacity 

Finally, to determine the impact of reducing fibronectin secretion on dysplasia cells' 

migration and invasion potentials, we proceeded with another set of transwell migration 
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and invasion assays on fibronectin-depleted cells. These results suggest a trend 

where fibronectin depletion may lead to a slight decrease in migration. However, this 

was not statistically significant (Figure 3.10 A, B). On the other hand, the depletion of 

fibronectin led to a significant decrease in the invasiveness capacity of dysplasia cells 

(Figure 3.10 A, B).  

 

 

Figure 3.10 - Dysplasia cells' invasion capacity lessens with the depletion of fibronectin. 

Dysplasia cells transfected with control (GL2) or FN1 siRNA were submitted to transwell 

migration and invasion assays. Migrated/invaded cells were stained for DNA. (A) 

Representative images are shown. Scale bar: 200 µm. (B) Quantification of the migrated or 

invaded cells relative to control cells. (C) Quantification of cellular viability. Histograms depict 

means ± SEM of two (C) or three (A-B) independent experiments. ns, not significant; ****, 

P<0.0001 (ANOVA). 

 

These assays show that siRNA depletion of fibronectin recapitulated the effects of CA 

reduction in dysplasia cells’ invasiveness potential. Therefore, these results suggest 

that decreased fibronectin secretion, rather than its cytosolic accumulation, underlies 

its contribution to the reduction in invasion rates. 

To check if fibronectin depletion did not affect centrosome numbers, we counted 

centriole numbers in FN1-siRNA treated cells using IF. This analysis confirmed that 

fibronectin depletion alone does not reduce CA levels in dysplasia (Figure 3.10 C). So, 

despite having high CA levels, fibronectin-depleted cells also displayed decreased 

invasive capabilities. This suggests that fibronectin is a downstream factor of CA and 

that its secretion is important for the CA-mediated invasion capacity in dysplasia. On 

the other hand, seeing that fibronectin-depleted cells, which harbored high CA levels, 

still appeared to preserve their migratory capacity, these results suggest that CA-

mediated migratory capacity in dysplasia is independent of fibronectin. 
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4. Discussion 

 

In Barrett’s esophagus (BE) multistep malignant progression, the stage preceding 

invasive esophageal adenocarcinoma (EAC) – dysplasia – is a very important event as 

its diagnosis is used to signal patients who have a high risk of progressing to EAC. The 

latest American College of Gastroenterology guidelines update8 emphasizes the lack of 

robust evidence supporting biomarkers for personalized treatment strategies. Gaining a 

deeper understanding of the molecular and cellular changes occurring at the dysplastic 

stage, where progression to EAC is driven, is essential for developing strategies that 

can be routinely implemented in clinical practice for risk stratification and management 

of BE. 

Centrosome amplification (CA), which occurs in tumorigenesis of several 

organs27,35,54,72,92 and is known to contribute to cell invasion37,50,62 is a prominent feature 

in BE dysplasia27. However, whether and how CA impacts dysplasia cells' migratory 

and invasive potential in BE progression has not been clarified. This work 

demonstrates that reducing the incidence of CA levels in dysplastic cells is sufficient to 

reduce their pro-tumorigenic traits of migration and invasion. We also provide data 

showing that dysplasia cells harboring supernumerary centrosomes promote this 

aggressive phenotype, not necessarily by undergoing an epithelial-to-mesenchymal 

transition (EMT) but specifically by altering fibronectin secretion. 

In this study, we sought to reduce centrosome numbers by targeting the expression of 

two key proteins involved in centriolar biogenesis30,47. Through the use of two 

independent siRNA oligonucleotide transfections, we successfully achieved the 

transient depletion of either PLK4 or SAS6, resulting in the suppression of 

supernumerary centrosomes. By studying these two molecules in parallel, we could 

test if the observed effects were indeed the result of reduced CA levels rather than due 

to the specific interference in a specific molecule alone, such as PLK455,77,107,108. 

Interestingly, we observed a compensatory mechanism at the mRNA level wherein 

PLK4 depletion led to elevated SAS6 levels. Conversely, SAS6 depletion increased 

PLK4 levels compared to control groups, suggesting a regulatory feedback loop 

between PLK4 and SAS6. Literature shows that PLK4 levels are tightly 

regulated46,47,109, and feedback mechanisms between PLK4 and SAS6 activity 

contribute to the control of centriole duplication46,109. Therefore, we speculate that the 

depletion of PLK4 and SAS6 may induce a compensatory interplay, which could 

mitigate the impact of reduced protein levels within the cells. Despite this potential 
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compensatory response, which may result in variable levels of CA reduction in 

dysplastic cells, both depletion of PLK4 or SAS6 lead to a significant reduction in the 

levels of CA in dysplasia cells. It is also important to note that while other studies have 

scored centrosome numbers using solely PCM markers such as pericentrin or γ-

tubulin27,49,110,  we decided to mark both pericentrin, a PCM marker, and centrin, a 

centriolar marker, to be more specific in identifying true centrosomes and avoid over- or 

underestimating the centrosome counts. Cells with more than four centrioles were 

considered to exhibit CA. Additionally, by confirming that cell viability was not 

compromised upon depletion of either PLK4 or SAS6, we ruled out the possibility that 

observed differences in migration or invasion were due to cell loss caused by 

depletion-induced toxicity.  

To examine the impact of CA reduction on the migration and invasion potential of 

dysplasia cells, we chose to use classic transwell Boyden Chamber assays because 

they have been previously used to study these BE dysplasia cell lines29 and are widely 

used in other studies using cancer cell lines, including breast52,57,66,107, prostate92, 

colon55,77 and even BE progression cell models111. Here, we show that depletion of 

either PLK4 or SAS6 leads to decreased migration and invasion rates in dysplasia 

cells. This strongly supports the notion that CA contributes to promoting these 

malignant characteristics in dysplasia, reinforcing the role of centrosome regulation in 

modulating cellular behaviors linked to tumorigenesis. The literature shows that 

manipulation of PLK4 levels has been more extensively used than SAS6 to induce or 

reduce CA in several cell lines. Nevertheless, in different cell models from various 

organs, changes in the levels of these centriolar biogenesis proteins have been shown 

to affect their invasion and migratory capabilities55,57,72,77.  

While strong evidence demonstrates that CA contributes to cell migration and invasion 

capabilities, their underlying mechanisms are not yet entirely clear. Dysplastic cells 

exhibit a mesenchymal phenotype, which favors increased migratory and invasive 

potential29,100. Furthermore, during cancer progression, cells frequently undergo an 

epithelial-to-mesenchymal transition (EMT) to acquire malignant traits75. EMT is 

initiated by the loss of epithelial junctions and cell polarity, which results in cytoskeleton 

reorganization and a rise of a predominantly mesenchymal phenotype occurring in 

gradual steps73,75. This involves the loss of the epithelial marker E-cadherin and 

increases in mesenchymal markers (e.g., vimentin and fibronectin) and matrix 

metalloproteinases (MMPs)18, facilitating cell migration, invasion, and extracellular 

matrix degradation18,75. Given the reversibility of EMT, we investigated whether a 

reduction in centrosome amplification could reverse this transition, driving dysplasia 
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toward a less mesenchymal phenotype, which could help explain the lessening of the 

migratory and invasive traits. Our data surprisingly showed that reducing CA creates 

changes; however, they either do not occur significantly in parallel for PLK4 or SAS6 

depletions (e-cadherin and vimentin mRNA levels), excluding CA as the cause, or they 

are not statistically significant (e-cadherin and vimentin overall protein levels; 

fibronectin mRNA and overall protein levels). Furthermore, the variability observed 

between the technical replicates implies a cautious interpretation of the results, 

impeding our ability to classify these changes as part of an EMT reversal. Although 

initially it could appear incongruent to witness the occurrence of epithelial and 

mesenchymal markers together, this has been reported as a hybrid EMT 

phenotype29,107. Hybrid states appear in the early stages of tumorigenesis, helping cells 

develop migration, invasion, and stemness99. Here, we found that although dysplasia 

cells exhibit a potential hybrid EMT phenotype when CA is reduced, they do not 

present an increased migration and invasion potential. 

This motivated the need for a more refined cell-by-cell observation of EMT markers by 

IF. Using this method, we could examine localization/distribution patterns and measure 

the intensity levels of EMT markers. Similarly to what we observed for mRNA levels, 

although the overall intracellular E-cadherin levels significantly increased upon PLK4 

depletion, they were unchanged upon SAS6 depletion. Although the rise in E-cadherin 

intensity was expected in an EMT reversal, these findings only happen upon PLK4 

depletion, suggesting once more that CA is not the factor responsible for the rise in 

intensity. It would be interesting to address the role of PLK4 in E-cadherin regulation. 

Other studies in breast cancer cells have linked the loss of E-cadherin function to an 

increased tolerance for CA via centrosome clustering76. The researchers hypothesized 

that the proximity of centrosomes in cells lacking E-cadherin facilitates efficient 

centrosome clustering, a process crucial for the survival of cancer cells with 

supernumerary centrosomes. This implies that the loss of E-cadherin may serve as a 

strategy cancer cells utilize to manage the challenges associated with excess 

centrosomes76. While the E-cadherin loss aligns with our findings, further investigation 

is necessary to validate if this mechanism could contribute to centrosome invasive and 

migratory potential. Additionally, although PLK4 appears to influence E-cadherin 

expression, which may contribute to the observed decrease in migration and invasion 

upon PLK4 depletion, this is not observed upon SAS6 depletion and, therefore, does 

not explain the reduction in migration and invasion upon CA reduction (i.e., upon either 

PLK4 or SAS6 depletion). Therefore, there must be other mechanisms underlying CA’s 
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role in migration and invasion, and further assay investigation is recommended to 

clarify the potential role of E-cadherin in this context. 

Despite the observed reduction in migratory and invasive capacities following the 

decrease in centriole numbers, which is typically associated with the downregulation of 

mesenchymal markers29,72,74, it was unexpected that vimentin levels remained 

unchanged. Regarding fibronectin expression, on the other hand, IF analysis yielded 

noteworthy and puzzling findings. Unlike what we expected to find if there was a 

reversal in EMT phenotype in dysplasia cells upon CA reduction, we found a marked 

cytosolic accumulation of fibronectin marker following PLK4 or SAS6 depletion. So, 

together, these results indicated that the reduction of CA in dysplasia was not 

accompanied by a reversal of the EMT phenotype. Still, our observations that CA 

reduction may impact fibronectin localization and expression warranted further 

investigation into the underlying mechanisms. 

Fibronectin is not only a mesenchymal marker but also a crucial component of the 

ECM, mediating several cellular functions, particularly invasion18,88,94. Interestingly, the 

accumulation of intracellular fibronectin detected by IF contrasted with the unchanged 

fibronectin protein levels detected by western blot. Moreover, the variability observed 

between experiments led us to interrogate our methods and realize a limitation of our 

approach. To detach cells from the wells, we used a trypsin-based reagent. This was 

immediately washed out after cell pellet collection and before cell lysis. As this 

enzymatic reagent degrades proteins responsible for cell attachment, it also breaks 

several extracellular protein components, such as fibronectin. This likely led to a 

variable level of degradation of extracellular fibronectin upon cell collection, thus 

affecting the total levels (intra- and extracellular) of the detected fibronectin by western 

blot. This led us to realize that the cell detachment method was inappropriate for 

measuring proteins that localize both inside cells and in ECM. Therefore, it is 

recommended that future studies use alternative methods, such as cell scratching, to 

collect cells to analyze by western blot. However, it is important to note that this did not 

invalidate the intracellular assessment by IF.  

Fibronectin overexpression in tumors supports tumor growth and metastasis by 

promoting cell adhesion, migration, and matrix assembly94. Notably, impaired 

fibronectin secretion can lead to its intracellular accumulation92, suppressing tumor 

progression104,106and chemoresistance112.  Since the increase in intracellular 

fibronectin upon CA reduction was accompanied by no detectable changes in its 

mRNA levels, our observations suggested that the increased intracellular fibronectin 
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levels were not due to dysplasia cells' overproduction of this protein but rather to its 

accumulation due to reduced secretion. Indeed, ELISA tests done on the culture 

medium corroborated our hypothesis. These observations suggest that CA in dysplasia 

promotes fibronectin secretion. Fibronectin secretion allows for assembling a 

fibronectin-rich matrix87, providing structural support and a scaffold for cells, facilitating 

their adhesion and migration through the surrounding tissues. Fibronectin interacts with 

integrins on the surface of cells, which enhances cells', especially cancer cells, ability 

to adhere to the ECM, which is critical for their movement and invasion into adjacent 

tissues86,88. When cancer cells strongly adhere to the ECM, they can better utilize it as 

a scaffold for movement105. This is particularly important during invasion, when cells 

must migrate through the matrix to reach surrounding tissues or enter the 

bloodstream86.  

In light of this, we then aimed to test if fibronectin secretion was needed for CA-

mediated invasion in dysplasia. Indeed, we found that the absence of fibronectin is 

sufficient to significantly reduce the invasiveness potential of dysplasia cells. Since 

these fibronectin-depleted cells still contained elevated CA levels, our results indicate 

that CA-mediated fibronectin secretion is crucial for CA-mediated invasion in 

dysplasia.Previous studies investigating the role of centrosome amplification in breast 

cancer cells have shown that CA enhances migration and invasion by modulating the 

expression of key proteins, including integrin β-3 and its binding partner, fibronectin57. 

However, these studies primarily focus on protein expression levels rather than 

fibronectin secretion, which contrasts with our study's findings, which emphasize the 

importance of fibronectin secretion in invasion.Our results demonstrate that while 

fibronectin depletion did not significantly affect migration rates, it led to a marked 

reduction in invasion rates, suggesting that CA provokes ECM remodeling indirectly by 

altering signaling cascades. Mechanistically, we propose that in the context of CA 

reduction, less fibronectin is available in the ECM to form fibronectin-integrin binding, 

thus affecting the formation of focal adhesions and influencing actin cytoskeleton 

dynamics86, which are critical for cell motility91,105. Moreover, the lack of fibronectin-

integrin binding can also impact signaling cascades that activate MMPs that remodel 

the ECM and facilitate cell movement74,88,89,95. Investigating how other molecules are 

influenced by the altered secretion of fibronectin resulting from CA would be beneficial. 

For example, it may be helpful to examine changes in molecules involved in fibronectin 

trafficking113 or evaluate the expression of matrix metalloproteinases. By understanding 

these mechanisms, we may gain a clearer insight into how CA contributes to BE 

progression. 
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While CA-reduction in dysplasia clearly resulted in fibronectin accumulation inside cells 

and subsequent reduction in its secretion, it is still unclear in which subcellular 

structures fibronectin may be accumulated and how their cellular trafficking is being 

affected. The mechanisms underlying fibronectin regulation, particularly its processing, 

trafficking, and secretion, remain poorly understood86. Further investigation is needed 

to clarify the precise regulatory pathways governing fibronectin expression and 

secretion role in cancer progression. A study on prostate cancer cells suggested that 

cellular fibronectin co-localizes to the endosomes, particularly late endosomes 

identified by Rab7. This suggests that it is being processed for potential secretion but is 

retained due to the effects of Hsp90 inhibition92. Rabs are a small GTPases family 

responsible for coordinating endosome formation, movement, and fusion events114,115. 

Notably, centrosomes have been reported to affect endosome recycling pathways. 

Considering that Rab5, Rab7, and Rab1167,92,116,117serve asendosome markers —

representing early endosomes and the degradation route—they should make well-

suited candidates to test whether CA reduction leads to fibronectin accumulation in 

such endosomes. In the future, it will be important to dissect the mechanisms by which 

CA mediates fibronectin trafficking and secretion. 

 

5. Conclusion and future perspectives 

This study demonstrated that centrosome amplification (CA) promotes the acquisition 

of invasive properties in Barrett’s esophagus dysplastic cells in part by enhancing 

fibronectin secretion. Importantly, our findings also provided valuable insights into 

potential new mechanisms by which CA may contribute to Barrett's esophagus 

carcinogenesis, revealing novel pathwaysthat will be further explored and may be 

translated into useful clinical tools in the future. Furthermore, by demonstrating the role 

of CA in Barrett's esophagus progression, this study supports the discovery and use of 

other molecules affected by those anomalies as part of a biomarker signature panel 

that facilitates the identification of Barrett's esophagus patients with an increased risk 

of disease progression. In turn, this could improve the targeted use of standard biopsy 

protocols. Finally, given the prevalence of CA in most human cancers, these insights 

may apply to other cellular models in other organs or pathways, suggesting potential 

future research directions. 
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