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and 12 h of incubation (*p ≤ 0.05, two-way ANOVA). 
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proteins detected after Vat treatment of bladder cells observed by confocal microscopy. 

The negative control cells (A) showed a normal distribution of actin stress fibers with 

a normal cell shape and appearance. After exposure to Vat (B) the cells acquired a 
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Figure 24. Effect of Vat on urinary bladder tissues. Mouse urinary bladders were 

incubated ex vivo with 25, 50, and 100μg/ml of Vat toxin supernatant for 24 h or for 

48 h. After 24 h of Vat treatment (C–E), detachment of the urothelium from the 

underlying connective tissue was observed (Black arrows). This effect was dependent 

on the toxin concentration. After 48 h of incubation, alterations in the lamina propria 

(Black asterisk) were visible on bladder samples with a loose and disorganized 

connective tissue (F–H). Those changes were compared with bladders exposed to the 

empty vector supernatant and the control containing only RPMI 1640 medium (A, B). 
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1. ABSTRACT 

1.1 Spanish Version 

 Las infecciones del tracto urinario (ITU) afectan a más de 150 millones de personas, 

y representan un gasto mayor a 3,5 mil millones de dólares al año. Escherichia coli se asocia 

con el 70% -80% de ITU en su forma uropatógena (UPEC). Los factores de virulencia de 

UPEC como adhesinas, sideróforos y toxinas permiten la colonización del hospedero. Pero 

su papel en el desarrollo de ITU y efectos en el paciente no están totalmente entendidos.  Uno 

de estos factores de virulencia es la toxina Autotransportadora vacuolizante (Vat), miembro 

de las Serin Proteasas Autotransportadoras de Enterobacteriaceae. Vat se ha identificado en 

20% -36% de UPEC y se presenta en el 68% de los aislados de urosepsis, pero su mecanismo 

de acción sobre las células del huésped no es del todo conocido. Así, el objetivo del presente 

trabajo fue estudiar la correlación entre la presencia de factores de virulencia de E. coli, los 

síntomas clínicos, y el efecto de Vat en un modelo de urotelio de células de vejiga. El análisis 

demográfico de setenta y siete pacientes diagnosticados con ITU, reveló mayor incidencia de 

infección en las mujeres (77.93%) que en los hombres (22.07%), el análisis por PCR en punto 

final detectó factores de virulencia como fimH (76.6%), chuA (49.4%) y papC (42.9%). La 

presencia de genes de adhesión como fimH, papC y sfaS se relacionó con fiebre, cistitis, dolor 

suprapúbico y de espalda, en el huésped. La resistencia a los antibióticos en los aislados de 

E. coli mostró que Trimetoprim / Sulfametoxazol fue el fármaco que genera mayor 

resistencia (76.62%), seguido de Ampicilina (66.23%) y Ampicilina / Sulbactam (48.05%). 

El tratamiento del cultivo establecido de células de vejiga humana con Vat, en varias 

concentraciones a diferentes tiempos, provocó daño celular del 15% - 47% detectado a través 

del ensayo de liberación de la enzima LDH. Indujo la formación de vacuolas en el modelo 

de urotelio de forma dependiente del tiempo, además de la pérdida de contacto intercelular 

entre las células de vejiga, observada por microscopía electrónica de barrido, demostrada por 

el cambio en la distribución de moléculas de adhesión intercelular ZO-1 y ocludina detectado 

por inmunofluorescencia indirecta. El tratamiento con Vat produjo además cambios en la 

permeabilidad de la monocapa epitelial detectados a través del ensayo de permeabilidad 

celular en un sistema transwell. El daño celular produjo cambios en la distribución de F -

actina, pérdida de las fibras de estrés en comparación con las células control. Vat también 
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modificó la distribución de tubulina y Arp3. El marcador fluorescente para lisosomas 

Lysotracker mostró que las células tratadas con Vat presentaron vacuolas lisosomales y 

vacuolas sin contenido ácido. En modelo ex vivo con vejiga de ratón expuesta a Vat se mostró 

la pérdida de integridad del urotelio. En conclusión, Vat indujo daño celular, formación de 

vacuolas en las células de la vejiga y desprendimiento de la barrera urotelial. 
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1.2 English Version 

Urinary tract infections (UTIs) affect more than 150 million people, costing more than $3.5 

billion a year. Escherichia coli is associated with 70% -80% of UTI in its uropathogenic form 

(UPEC). UPEC has virulence factors such as adhesins, siderophores, and toxins that allows 

host colonization. But its role in the development of UTI and patient effects are not fully 

understood. One of these virulence factors is the Vacuolizing Autotransporter Toxin (Vat), a 

member of the Enterobacteriaceae Autotransporter Serin Proteases. Vat has been identified 

in 20% -36% of UPEC and occurs in 68% of urosepsis isolates, but its effect on host cells is 

not fully known. Thus, the objective of the present work was to study the correlation between 

the presence of E. coli virulence factors, clinical symptoms, and the effect of Vat in a bladder 

cell urothelium model. The demographic analysis of seventy-seven patients diagnosed with 

UTI revealed a higher incidence of infection in women (77.93%) than in men (22.07%), the 

end-point PCR analysis detected virulence factors such as fimH (76.6%), chuA (49.4%) and 

papC (42.9%). The presence of adhesion genes such as fimH, papC and sfaS was related to 

fever, cystitis, suprapubic and back pain in the host. Antibiotic resistance in E. coli isolates 

showed that Trimethoprim / Sulfamethoxazole was the drug that generates the highest 

resistance (76.62%), followed by Ampicillin (66.23%) and Ampicillin / Sulbactam (48.05%). 

Finally, the effect of Vat was assessed in an established culture of human bladder cells, at 

various toxin concentrations at different times, producing cell damage of 15% - 47% detected 

through the LDH enzyme release assay. Vat induced the formation of vacuoles in the 

urothelium model in a time-dependent manner, in addition to the loss of intercellular contact 

between the bladder cells, observed by scanning electron microscopy. Vat produced the 

change in the distribution of ZO-1 and occludin intercellular adhesion molecules detected by 

indirect immunofluorescence. The treatment with Vat also produced changes in the 

permeability of the epithelial monolayer detected through the cell permeability assay in a 

transwell system. Cellular damage produced changes in the distribution of F -actin, stress 

fibers loss compared to control cells and changes on tubulin and Arp3 distribution. To 

characterize the vacuoles nature of the vacuoles generated by Vat, the Lysotracker 

fluorescent marker for lysosomes was used. The Vat treatment showed lysosome vacuoles 

and vacuoles with non-acid content. In ex vivo model with mouse bladder exposed to Vat, 
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loss of urothelial integrity was shown. In conclusion, Vat induced cellular damage and 

vacuoles formation in bladder cells, and the urothelial barrier. 
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2. INTRODUCTION 

 2.1 Escherichia coli 

Escherichia coli is a facultative anaerobic, motile, Gram-negative bacterium 

identified as an intestinal commensal (Flores-Mireles et al., 2015; Foxman, 2003). Also, 

these bacteria are versatile pathogens associated with different types of infections related to 

enteric diseases, urinary tract infections, sepsis, and meningitis (Flores-Mireles et al., 2015; 

Foxman, 2003; Nielubowicz and Mobley, 2010).  

Based on the site of infection and disease caused by E. coli in humans (figure 1), 

pathogenic E. coli strains has been divided into two major groups: intestinal pathogenic E. 

coli (In-PEC) and extraintestinal pathogenic E. coli (ExPEC). Among In-PEC strains causing 

diarrheagenic infections, there are six different pathotypes: Enteropathogenic E. coli (EPEC), 

Enterohemorrhagic E. coli (EHEC), Enterotoxigenic E. coli (ETEC), Enteroaggregative E. 

coli (EAEC), Enteroinvasive E. coli (EIEC) and Diffusely adherent E. coli (DAEC). The 

ExPEC have three strains related to develop diseases outside the intestinal tract like 

Uropathogenic E. coli (UPEC) and Neonatal Meningitis E. coli (NMEC), and Avian 

Pathogenic E. coli (APEC) (Flores-Mireles et al., 2015; Ramírez-Castillo et al., 2018). 

Figure 1. Distribution of Escherichia coli pathotypes related to the tissues of infection in the human 

being (Figure took from Croxen and Finlay., 2009) 
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2.1.1 Intestinal Pathogenic Escherichia coli 

 Despite the fact that E. coli as some commensal bacteria can be found in the intestinal 

microbiota of a variety of animals, not all the strains are harmless, and some generate 

debilitating and sometimes fatal disease in humans as well as mammals and birds. 

Diarrheagenic Escherichia coli strains are among the most common etiologic agents of 

diarrhea and based on their specific virulence factor and phenotypic traits are divided in six 

groups (figure 2) (Henderson and Nataro., 2001; Kaper et al., 2004; López-Banda et al., 

2014). 

Figure 2. Different Enteropathogenic Escherichia coli and their general action mechanisms. a) 

Enteropathogenic Escherichia coli (EPEC); b) Enterotoxigenic Escherichia coli (EHEC); c) 

Enterotoxigenic Escherichia coli (ETEC); d) Enteroaggregative Escherichia coli (EAEC); e) 

Enteroinvasive Escherichia coli (EIEC); f) Diffusely Adherent Escherichia coli (DAEC). (Figure 

took from Henderson and Nataro., 2001). 

 

Enteropathogenic E. coli (EPEC), are potential pathogens for fatal infant diarrhea in 

developing countries, but the prevalence may differ depending on the differences in study 
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population, age group, diagnostic tools and methodology. The characteristic 

histopathological hallmark related to this group of E. coli is the production of lesions known 

as “Attaching and effacing (A/E)” that are produced when bacteria intimately attach to 

intestinal epithelium cells and alter the cytoskeleton which is mediated by the accumulation 

of polymerized actin directly beneath the adherent. These multiple complex effacement 

(figure 2a) leads to increase intestinal inflammation, intestinal permeability and loss of 

absorptive surface area. 

Enterohemorrhagic E. coli (EHEC), cause bloody diarrhea (hemorrhagic colitis) and 

hemolytic uremic syndrome. EHEC strains of the O157:H7 serotype have been associated 

with both outbreaks and sporadic cases, this pathotype contains specific virulence factors and 

also has the ability to survive in environmental stress. The main virulence factor for EHEC 

is Stx toxin (figure 2b). The Shiga toxin family is composed of Stx1 which is identical to the 

toxin from Shigella dysenteriae. Stx can also induce apoptosis in intestinal epithelial cells, 

hemorrhagic colitis, necrosis and in some cases the perforation of the intestine (Henderson 

and Nataro., 2001; Flores-Mireles et al., 2015). 

Enterotoxigenic E. coli (ETEC), this group of bacteria is one of the principal causes 

of “travelers’ diarrhea”, affecting tourists visiting low income countries, and is predominant 

in areas with poor sanitation and inadequate clean water system. ETEC strains adhere to 

intestinal epithelial cells using the fimbrial or fibrillar colonization factors (CFs). Following 

the initial adhesion and colonization, they cause diarrhea by producing plasmid encoded heat 

labile (LT) and/ or heat stable (ST) enterotoxin (figure 2c). LTs are closely related in structure 

and function to cholera enterotoxin produce by Vibrio cholera. ETEC are also an important 

group of veterinary pathogens associated with post-weaning diarrhea in both pigs and cattle 

(Henderson and Nataro., 2001; Flores-Mireles et al., 2015). 

Enteroaggregative E. coli (EAEC), this pathotype is also related to cause diarrheal 

outbreaks worldwide. The basic strategy of EAEC infection involves colonization of 

intestinal mucosa by aggregative adherence fimbriae (AAF) (figure 2d) (Henderson and 

Nataro., 2001).  

Enteroinvasive E. coli (EIEC), pathogenically and genetically, EIEC are closely 

related to Shigella spp. species. The colonic mucosa is the site of infection and invasion of 

M cells, macrophages and epithelial cells result in watery diarrhea, severe cases includes 
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stools containing blood and mucus (figure 2e) (7-8). EIEC invades the colonic epithelial cell, 

lyses the phagosome and moves through the cell by nucleating actin microfilaments. The 

bacteria might move laterally through the epithelium by direct cell-to-cell spread or the baso-

lateral plasma membrane (Henderson and Nataro., 2001; Flores-Mireles et al., 2015). 

Diffusely Adherent E. coli (DAEC), elicits a characteristic signal transduction effect 

in small bowel enterocytes that manifest as the growth of long finger- like cellular 

projections, which wrap around the bacteria (figure 2f). The DAEC pathotype causes watery 

diarrhea and demonstrates a characteristic diffuse pattern of adherence (DA) to HEp-2 cell 

monolayers. DAEC infections are more prevalent among young children in both developing 

and developed countries (Henderson and Nataro., 2001; Kaper et al., 2004; López-Banda et 

al., 2014). 

2.1.2 Extra intestinal pathogenic E. coli (ExPEC) 

 ExPEC strains predominantly cluster in the Avian Pathogenic E. coli (APEC), 

Neonatal Meningitis or meningitis-associated E. coli (NMEC/MAEC), and Uropathogenic 

E. coli (UPEC) (Habouria et al., 2019). The presence of certain combination of virulence 

factors can result in extra-intestinal pathogenesis, but among the different ExPEC pathotypes, 

there is little or no distinct set of virulence factors that is specific to UPEC, APEC or NMEC 

(figure 3). 

 Avian Pathogenic E. coli (APEC) strains cause high morbidity and mortality in flocks 

and account for considerable economic losses in the poultry industry. APEC are the etiologic 

agent associated with colibacillosis; however, severity of disease increases with co-morbid 

viral infections; the results of the infection includes acute fatal septicemia or colisepticemia, 

sub-acute pericarditis, airsacculitis, salpingitis and peritonitis (figure 4) (Habouria et al., 

2019; Liévin-Le Moal et al., 2011). 
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The Neonatal Meningitis E. coli (NMEC) pathotype is the most common cause of 

Gram-negative neonatal meningitis, with fatality rates of 15-40% and with the severe 

neurological defects in the survivors. The difference between NMEC and the intestinal E. 

coli or urinary tract infections is that although the latter strains can be readily transmitted by 

urine or feces, infection of the central nervous system offer no obvious advantage for the 

selection and transmission of virulent NMEC strains. E. coli that generate meningitis are 

spread haematogenously, these bacteria translocate from the blood to the central nervous 

system without apparent damage to the blood-brain barrier (figure 4) (Flores-Mireles et al., 

2015). 

 Figure 3. Different virulence factors involved in ExPEC strains, necessary for the 

development of the host infection (Figure obtained from Lüthje and Brauner, 2014). 

 

Uropathogenic E. coli (UPEC) is the main cause of community-acquired UTIs 

worldwide. During the urinary tract infection, the bacteria pathogenesis includes: (a) 

colonization of the periurethral and vaginal surface with the consequent  infection of the 

urethra; (b) ascending into the bladder lumen and growth as planktonic cells in urine; (c) 

adherence to the surface and interaction with the bladder epithelium defense system; (d) 

biofilm formation; (e) invasion and replication by forming bladder Intracellular Bacterial 

Communities (IBCs) where quiescent intracellular reservoirs (QIRs) form and reside in the 

underlying urothelium; (f) kidney colonization and host tissue damage with increased risk 

for bacteremia/septicemia. Uropathogenic strains possess large and small pathogenicity 

islands containing blocks of genes that are not found in the chromosome of faecal strains, 
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UPEC colonize the bladder using a variety of virulence factors that therefore play critical 

roles in UTI pathogenesis (figure 3) (Bessaiah et al., 2019; Crépin et al., 2012). 

 

Figure 4.  ExPEC strains predominantly cluster in the Avian Pathogenic E. coli (APEC), Neonatal 

Meningitis or meningitis-associated E. coli (NMEC/MAEC), and Uropathogenic E. coli (UPEC). 

(Figure took from Breland et al., 2017). 

 

             2.2 Urinary infection  

 Urinary tract infections (UTIs) are some of the most common bacterial infections 

affecting more than 150 million people each year worldwide. UTIs are a significant cause of 

morbidity in infant, older patients and females of all ages. UTIs are generated by Gram-

negative and Gram-positive bacteria as well by different fungi. The most frequent agent 

isolated in this infection is UPEC. The commonly treatment for UTI is oriented in control the 

bacteria population, decrease the pain and the painful urination (Flores-Mireles et al., 2015; 

Ramírez-Castillo et al., 2018). 

 UPEC have evolved a multiple virulence factors and strategies that facilitate bacterial 

growth and persistence within the host urinary tract and its innate and adaptative 

immunological system. The expression of different virulence factors allows E. coli to develop 

the urinary tract infection (Bessaiah et al., 2019). 
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2.3 Virulence Factors present in UPEC 

 The capacity of UPEC  to attach, survive, colonize and invade the urinary tract are 

mid for diverse types of virulence factor like adhesins (papC, fimH, P pili, afa/Dr), 

siderophores for iron acquisition (fyuA, chuA), capsule (kpsMII) and toxins (Vat, cnf-1, 

hlyA) (figure 5). These virulent attributes are encoded on genetic elements that can be 

transferred through horizontal transfer (Ramírez-Castillo et al., 2018). 

 The interaction between bacteria and the different host cells is a multifactorial and 

complex phenomenon which involves several adhesins produced according to the stage of 

infections, while adherence to cells is essential for successful colonization and establishment. 

Urinary tract successful invasion depends on the bacterial virulence, inoculum size and the 

host´s defense mechanism (McLellan and Hunstad., 2016). 

2.3.1 Iron acquisition 

To survive in many diverse environmental niches, microorganisms have evolved 

multiple means to obtaining iron as a nutrient (figure 5). The most diverse and broadly 

distributed iron uptake mechanisms used by microorganisms are siderophores acquisition 

systems.  The direct way to take host iron is from either free heme or from heme containing 

proteins, such as hemoglobin. The presence of heme uptake systems in ExPEC help them to 

acquire a readily available iron source in vivo, heme. Iron binding receptors fyuA and ChuA 

bind to the heme and the coordinated molecule is transported into the periplasm (Henderson 

and Nataro., 2001; Nielubowicz and Mobley., 2010; Ramírez-Castillo et al., 2018) 

Figure 5. Illustration of the main virulence factors identified in UPEC strains (Figure took from 

Lüthje and Brauner, 2014).  
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2.3.2 Adhesins 

Escherichia coli can adhere to the various surfaces by the use of specific adherence 

factors which allows them to colonize different organic surface within the host. Adhesins are 

among them which allow a strict interaction of the pathogen with the host, facilitating the 

invasion process and colonization. Each adhesion molecule has a specific host receptor, for 

example type 1 fimbriae of UPEC strain recognizes manno- oligosaccharides present on 

glycoprotein molecules of human urinary tract, P fimbriae present in UPEC recognizes the 

digalactoside component of P blood group antigen present in uroepithelial cells. The above, 

facilitates the ascending movement of bacteria to the superior organs until generate a 

pyelonephritis in the host (1,4,11). UPEC harbors other types of adhesins like Dr adhesins, 

fimH, F1C fimbriae and S fimbriae (figure 5) (Bessaiah et al., 2019; Crépin et al., 2012). 

2.3.3. Toxins 

 The most prevalent secreted protein includes α- hemolysin (hlyA), that generate α-

hemolysis and pore forming in the cells, leading to cell lysis. The toxin not only affect 

erythrocytes but also, leucocytes, endothelial and renal epithelial cells are their target (1,4,11). 

Cytotoxic necrotizing factor 1 (cnf-1), causes cell necrosis by activation of GTPases of the 

Rho family and interferes with polymorphonuclear phagocytosis resulting in an apoptotic 

death of bladder epithelial cells (13,14). The vacuolating autotransporter toxin (Vat) is a 

member of the Serine Protease Autotransporters of Enterobactericeae (SPATE), implicated 

in cell vacuole formation, this toxin has been identified in several avian, diarrhoeagenic and 

uropathogenic strains. However, the mechanism of action of Vat on host cells is not well-

known (Ramírez-Castillo et al., 2018) 

2.4 Serine Protease Autotransporters of Enterobactericeae (SPATE) 

The SPATE is a family of extracellular proteases produced by some members of the 

Enterobacteriaceae family. These virulence factors could be located on the cell surface or 

secreted into the external environment. The SPATEs toxins are implicated in the virulence 

of different Escherichia coli pathotypes. The autotransporters toxins (AT) are a group of 

proteins secreted by the type Va secretion system from Gram negative bacteria.  ATs are very 

diverse group, due that they can serve as bacterial adhesins, protease, lipase etc. (Pokharel et 

al., 2019). 
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The autotransporters have an overall unifying structure comprising N-terminal, sec-

dependent, signal-peptide required for targeting to- and export through the inner membrane, 

followed by a “passenger domain” (functional motive of the toxin), and a C-terminal β-

domain, which folds as a β-barrel in the outer membrane. β-domains are much more 

conserved than the passenger domains. Several members share almost identical β-domains 

but divergent passenger domains (figure 6) (Pokharel et al., 2019). 

 

Figure 6. Common organization and structure of the autotransporter proteins with the 

comprising N-terminal, sec-dependent, signal-peptide, followed by a passenger domain or the 

functional protein, and the β-domain, which folds as a β-barrel in the outer membrane (Figure took 

from Dautin, 2010).  

 

The SPATE subfamily of autotransporters is currently -composed of: EspP 

(extracellular serine protease plasmid encoded) and EpeA (EHEC plasmid-encoded 

autotransporter) from EHEC. Pet (plasmid-encoded toxin) from EAEC. Pic (protease 

involved in intestinal colonization) from EAEC, UPEC and Shigella. EspC (EPEC secreted 

protein C) and Hbp (hemoglobin binding protein) from EPEC. Sat (secreted autotransporter 

toxin) from UPEC. Tsh (temperature-sensitive hemagglutinin) and Vat (vacuolating 

autotransporter toxin) from APEC and UPEC strains. EatA (ETEC autotransporter A) from 

ETEC. EspI (E. coli secreted protease, island-encoded) from Shiga toxin producing E. coli 

(STEC) (Habouria et al., 2019; Pokharel et al., 2019) 

SPATE-encoding genes are located on plasmids (EspP, Pet, EpeA, Hbp, SepA, Tsh) 

or chromosomal pathogenicity islands (Sat, EspI, SigA, EspC, Pic, Vat). Altogether, this 

suggests that SPATE genes have been acquired by horizontal gene transfer (17). Their 

expression seems to be regulated by environmental stimuli (temperature, oxygen availability, 

pH) as well as by quorum sensing. In contrast with Pet, for which expression does not seem 

to be affected by temperature, SigA, Pic, EpeA, EspP, EspC, Tsh, and SepA are all 

thermoregulated, showing maximal expression at 37 °C. The expression of several SPATEs 

in the context of infection has been confirmed by the detection of anti-SPATE antibodies in 
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the serum of infected patients. Immune response to SPATEs was also observed in animal 

models of infection for Sat and SepA (Habouria et al., 2019; Pokharel et al., 2019) 

 The general biogenesis of the SPATE proteins is transported through the inner 

membrane via the Sec-translocon. Once in the periplasm, the C-terminal domain folds as a 

β-barrel in the outer membrane, forming a pore. The passenger domain is then translocated 

through the outer membrane, cleaved from the β-barrel and released in the extracellular 

medium, where it will fulfill its function, usually related to the virulence of the producing 

strain (figure 7) (Habouria et al., 2019; Pokharel et al., 2019). 

After synthesis, SPATE proteins are targeted to the Sec-translocon which catalyses 

their transport through the inner-membrane. To be targeted to the Sec-translocon, 

presecretory proteins need to harbor a N-terminal, cleavable, “signal sequence”. These 

sequences are usually ~20–30 residues long, highly variable in sequence and organized in 

three domains:  N-terminal, relatively basic “N-domain”, a “H-domain” rich in hydrophobic 

residues, and a “C-domain” where the cleavage by signal peptidase occurs. In the case of 

SPATE proteins, the signal sequence is at least 49 residues long and is comprised of a ~25 

residues N-terminal conserved extension and a C-terminal non-conserved region, which 

resembles a conventional signal peptide. In the periplasm, chaperone proteins such as Skp, 

FkpA and SurA and DegP bind to the autotransporter protein and keep it unfolded. The 

chaperone/protease DegP is also involved in quality control of autotransport. The signal 

peptide is eventually cleaved by signal peptidase releasing the autotransporter into the 

periplasm. Once in the periplasm, the autotransporter β- domain is inserted into the outer 

membrane, where it forms a β-barrel. The passenger domain is then transported to the 

extracellular medium. All SPATEs are cleaved, after translocation of their passenger domain 

through the outer membrane, between the passenger domain and the β-domain. The cleavage 

occurs at a conserved site located in the linker domain, with the processing always occurring 

between two asparagines (Pokharel et al., 2019) 

 

The SPATEs toxins have been divided into two sub-groups based upon cytotoxic 

effects. One group includes toxins that display cytotoxic activity (Pet, Sat, EspP, SigA and 

Vat) and, which probably have intracellular targets. The other group includes SPATEs non-
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cytotoxic (Pic, SepA, EatA, Tsh), but which might be important in pathogenesis because they 

affect an extracellular target (Habouria et al., 2019; Pokharel et al., 2019) 

The vacuolating autotransporter toxin (Vat) has been implicated in the development 

of UTIs and its mechanisms are not completely understood. The vat gene sequence was 

detected in 36% of UPEC strains. In different studies, this gene was found in patients with 

cystitis (57.9%), pyelonephritis (59.3%), prostatitis (72.4%) and septicemia (64.7%) 

(Habouria et al., 2019; Parreira and Gyles 2003; Ramírez-Castillo et al., 2018). 

Figure 7. Type Va autotransport model. The autotransporter polypeptide is threaded through 

the inner membrane (IM) by the Sec machinery (magenta). Signal peptide (in yellow) which remains 

attached to the Sec translocon and tethers the autotransporter to the translocon. In the periplasm, 

chaperone proteins such as Skp (orange), FkpA (red) and SurA (blue) and DegP (blue) bind to the 

autotransporter and keep it unfolded. The signal peptide is eventually cleaved into the periplasm. The 

C-terminal membrane anchor (brown) is recognized by the POTRA (P) domains of BamA (purple); 

the Bam complex aids in inserting the b-barrel membrane anchor into the outer membrane. The linker 

region (light green) then forms a hairpin inside the pore of the barrel. The passenger domain (dark 

green) is pulled through the pore (Figure took from Sauri et al., 2009).  

 

2.5 Vacuolating autotransporter toxin (Vat) 

 The vacuolating autotransporter toxin (Vat) is a protein belonging to the cytotoxic 

SPATE´s family that exhibits cytotoxicity to embryonic fibroblast cells and contributes to 

avian infection. The vat gene was originally identified within a pathogenicity island (Vat-

PAI) from APEC. The Vat-PAI is integrated into the Ec222 chromosome at the thrW-tRNA 

site between the proA and yagU genes (Parreira and Gyles 2003). The Vat-PAI from Ec222 
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consists of 33 open reading frames (ORFs), with the vat gene residing at ORF#27. Only five 

additional ORFs in this PAI were reported to share homology with other previously known 

protein sequences. This includes the ORF located downstream of vat (ORF#26), which shares 

44% identity to the P pilus associated transcriptional regulatory protein PapX from UPEC 

strain CFT073. PapX belongs to the family of multiple antibiotic resistance (MarR) 

regulators of Enterobacteriaceae and contributes to flagella regulation by binding to the 

promoter region of the flhDC master regulator genes. In UPEC, the vat gene is associated 

with virulence and contributes to survival during murine systemic infection (Dutta et al., 

2002; Nichols et al., 2016). 

 The Vat toxin is a ∼110 kDa secreted protein exported by the Type Va secretion 

system and belongs to the class II cytotoxic SPATEs. Vat shares 78% identity to the APEC 

associated Temperature-sensitive hemagglutinin (Tsh), which is almost identical (99% amino 

acid identity) to the SPATE Haemoglobin binding protein (Hbp) (Dutta et al., 2002; Nichols 

et al., 2016).  Hbp has been analyzed extensively in the E. coli intraabdominal clinical strain 

EB1, and its crystal structure has been solved. Tsh/Hbp possess dual proteolytic and adhesive 

properties. Despite these functional differences, the high protein sequence identity shared 

between Tsh/Hbp has led to confusion in the annotation of vat genes within E. coli genomes 

available on the NCBI database (Parham et al., 2005; Spurbeck et al., 2012; Nichols et al., 

2016). 

 

 

2.6 Urothelial Barrier 

The urothelial barrier present in the entire luminal surface of the urinary tract is 

covered by the urothelial cells, a lamina propria layer, followed by a muscular layer and 

externally covered by the serosa (Figure 8). Urothelium provides a selective permeability 

against several toxic molecules and microorganism present in the urine, this function is 

mediated mainly by the cell integrity and the cell junction complexes by the epithelial cell 

(McLellan and Hunstad, 2016; Parsons, 2007).  
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Figure 8.  Scheme of a bladder and its different layers. The urothelium is the layer that 

lines the bladder lumen and forms the urine-body barrier. The lamina propria is a connective tissue 

layer that contains nerves and vessels (blue line = basement membrane, red lines = blood vessels, 

black lines = nerves). The muscularis propria is the muscular layer that provides structural support 

to the bladder and facilitates its physiological functions of filling and emptying. The serosa is the 

outermost layer (Figure took from McLellan and Hunstad, 2016). 

 

 The tight junction proteins that make up this high-resistance barrier in the bladder are 

mainly zonula occludens-1 (ZO-1), claudins and occludin. These molecules are a dense 

network of cytoplasmic proteins, cytoskeletal element as well as different transmembrane 

molecules (Bercier et al., 2018). The ZO-1 protein forms a scaffold that links the tight 

junction extracellular proteins to the actin cytoskeleton. Claudins are localized to tight 

junction and provide structural integrity to the epithelial tissue as well as a highly polarized 

barrier (Acharya et al., 2018; Bercier et al., 2018; Durnin et al., 2018). Their dysregulation 

is an established pathophysiological hallmark of many diseases (Acharya et al., 2018). Tight 

junctions are associated intracellularly with the actin, myosin, and microtubule cytoskeletons 

(Figure 9), and the correct regulation and interaction is fundamental for junction and 

physiology in all the tissues. 

 

2.7 Cell cytoskeleton 

 The ability of a eukaryotic cell to resist deformation, to transport intracellular cargo 

and to change shape during movement depends on the cytoskeleton, an interconnected 

network of filamentous polymers and regulatory proteins. The cytoskeleton carries out three 

broad functions: it spatially organizes the contents of the cell; it connects the cell physically 
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and biochemically to the external environment; and it generates coordinated forces that 

enable the cell to move and change shape (Gates and Peifer., 2005; Grossmann et al., 2000). 

 There are three main types of cytoskeletal compounds: actin filaments, microtubules 

and the intermediate filaments (figure 10). Together, these polymers control the shape and 

mechanics of eukaryotic cells as well as different regulatory and communicative intracellular 

pathways related to the different organelles. The most important differences between the 

three cytoskeletal polymers are their mechanical stiffness, the dynamics of their assembly, 

polarity and the type of molecular motors associated (Gates and Peifer., 2005; Guerrero-

Barraet al., 1996). 

 

Figure 9. Scheme of tight junctions (TJ) and their interactions with the actin and microtubule 

cytoskeletons. The junctional membrane selected transmembrane proteins of TJ (claudin, occludin, 

JAM-A), and the major cytoplasmic proteins involved in TJ-cytoskeleton interactions are 

schematically depicted in the larger scheme. Actin filaments interact with ZO proteins, afadin, and 

cingulin, and microtubules interact with cingulin. Additional interactions of cingulin with ZO proteins 

and myosin are indicated by red lines. The colored circles in the space between cells represent solutes 

that are selectively blocked or not blocked by the TJ barrier, which forms a selective filter for the 

paracellular pathway (Figure and legend took from Citi, S.,2019). 
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Figure 10. Schematic representation of the different cytoskeletal components.  (a) Along the cell, 

the cytoskeletal molecules work depending on their cell location, some of them are related to 

organelles function or to maintain the shape and cellular integrity. The cytoskeleton has several 

functions depending on the cell type (b) or the cell cycle stage (c) (Figure took from Lee and 

Dominguez, 2010). 

 

2.7.1 Actin cytoskeleton 

 Actin is one of the most abundant proteins in any eukaryotic cell and an indispensable 

component of the cytoskeleton. In mammalian organism, six highly conserved actin isoforms 

can be distinguished, which differ by only a few amino acids. Actin is one of the most 

ubiquitous proteins in nature. Besides its abundant presence in all types of muscle cells and 

it is present in almost any non-muscle eukaryotic cell (Gates and Peifer., 2005; Guerrero-

Barrera et al., 1996). 

All mammalian actins exist intracellularly in two main states of organization: the 

monomeric, globular G-actin or the polymerized, filamentous form (F-actin). F-actin is 

physiologically the more relevant form, since it is only F-actin that is able to stimulate the 

myosin-ATPase activity, which provides the energy necessary for the performance of the 

cyclical force-producing interactions with myosin motor domains during muscle contraction 

or other cellular mobile events. In addition, non-muscle F-actins often organize into higher-

ordered supramolecular structures like stress fibers or bundles present in plasma membrane 

extension. Thus, besides its participation in motile events, actin filaments fulfill cytoskeletal 

functions like stabilizing cell form or specialized membrane extensions (Sanchez-Villamil et 

al., 2019; Shubin et al., 2016) 
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2.7.2  Microtubule cytoskeleton 

 Microtubules are tubular polymers of α-tubulin and β-tubulin, an important function 

of microtubules is to move cellular structures such as chromosomes, mitotic spindles and 

other organelles around inside cells. This is achieved by attaching the ends of microtubules 

to cellular structures; as the microtubules grow and shrink, the structures are pushed or pulled 

around the cell. The building block of a microtubule is the tubulin subunit, a heterodimer of 

α- and β-tubulin. Both are found in all eukaryotes, and their sequences are highly conserved. 

The interactions holding α-tubulin and β-tubulin in a heterodimeric complex are strong 

enough that a tubulin subunit rarely dissociates under normal conditions (Tang et al., 2014; 

Gefen and Weihs, 2015; Tran and Ten Hagen, 2017). 

 

2.7.3 Intermediate filament 

 Intermediate filaments have a diameter of 10 nm, which is intermediate between the 

diameters of the two other principal elements of the cytoskeleton, actin filaments (about 7 

nm) and microtubules (about 25 nm). In contrast to actin filaments and microtubules, the 

intermediate filaments are not directly involved in cell movements. Instead, they appear to 

play basically a structural role by providing mechanical strength to cells and tissues. This 

cytoskeleton element is composed of a variety of proteins that are expressed in different types 

of cells. More than 50 different intermediate filament proteins have been identified and 

classified into six groups based on similarities between their amino acid sequences (Gefen 

and Weihs, 2015; Tran and Ten Hagen, 2017). 

 Intermediate filaments form an elaborate network in the cytoplasm of most cells, 

extending from a ring surrounding the nucleus to the plasma membrane. Both keratin and 

vimentin filaments attach to the nuclear envelope, apparently serving to position and anchor 

the nucleus within the cell. In addition, intermediate filaments can associate not only with 

the plasma membrane but also with the other elements of the cytoskeleton, actin filaments 

and microtubules (Alfaro-Aco and Petry., 2015). 
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3. HYPOTHESIS 

The presence of specific virulence factors in uropathogenic Escherichia coli from 

clinical isolates are related with the presence of clinical signs and symptoms within the 

patient during the urinary tract infection. 

The vacuolating autotransporter toxin (Vat) from uropathogenic Escherichia 

coli generates changes in bladder cells and affects the integrity of urinary bladder tissue, 

contributing to the development of urinary tract infection. 
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4. OBJECTIVES 

4.1 General Objective 

 Determine the relationship between the presence of virulence factors of Escherichia 

coli and the presence of clinical signs and symptoms within the patient diagnosed with 

urinary tract infections, as well as evaluated the biological effects of the Vacuolating 

autotransporter toxin (Vat) on the bladder urinary model. 

4.2 Specific Objectives 

1. Determine the presence of virulence factors genes in uropathogenic Escherichia coli 

strains from clinical isolates. 

2. Record the clinical signs and symptoms from the patients whom the isolated 

Escherichia coli was obtained.  

3. Generate the relation between the presence of virulence factors of Escherichia coli 

and the presence of clinical signs and symptoms within the patient diagnosed with 

urinary tract infections. 

4.  Evaluate the generation of vacuoles effect by Vat toxin on epithelial bladder cells 

(ATCC 5637) model. 

5.  Determine the effect of the Vat toxin on the cellular junction and the cytoskeleton 

components on epithelial bladder cells. 

6.  Evaluate the effect on the bladder cell model developing apoptosis and cell lysis 

effect. 
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5. METHODOLOGY 

5.1. Study design to obtain the relation between virulence factors from 

Escherichia coli and the clinical signs and symptoms within the patient diagnosed with 

urinary tract infections 

This is a retrospective study conducted by the Department of Morphology at the 

Universidad Autónoma de Aguascalientes and the Department of internal medicine from the 

Centenario Hospital Miguel Hidalgo. The patients included in this study were previously 

diagnosed with symptomatic UTI by the medical staff of the Centenario Hospital Miguel 

Hidalgo within the period from June to November 2012. The population ranged in age from 

neonatal to 99 years and without gender selection. Adult patients were sampled by sterile 

catch midstream urine, and the children were sampled using sterile urine bags. A patient was 

considered as positive for urinary infection by the presence of ≥1x105 CFU/ml 

microorganism in the urine culture. Patients from whom bacteria were isolated at least 48 h 

after admission, were considered to have a hospital acquired infection, all other patients were 

considered to be community-acquired. Seventy-seven Escherichia coli isolates were donated 

by the hospital diagnosis laboratory and used to perform the present study (Daoud Z and 

Afif., 2011; Ramírez-Castillo et al., 2018). 

5.2 Identification of virulence factors and antibiotic resistance 

Difference virulence factors were selected to be studied in the present study due to 

their incidence and function in the development of UTIs. The DNA from the bacteria isolates 

was obtained by the boiling method. Endpoint PCR was used to confirm the presence of E. 

coli (uida gen), and to detect the virulence factors presents in the samples. Primers used in 

this study are listed in the Table 1. PCR products were electrophoresed and stained whit 

ethidium bromide and visualized under UV fluorescence chamber. The antimicrobial 

susceptibility tests were performed according to the method recommended by the standards 

of clinical laboratory standards institute. The antimicrobial drugs tested in this study were: 

Ampicillin, Ampicillin / Sulbactam, Piperacillin / Tazobactam, Cefazolin, Cefoxitin, 

Ceftazidime, Ceftriaxone, Cefepime, Ertapenem, Imipenem, Amikacin, Gentamicin, 

Tobramycin, Ciprofloxacin, Levofloxacin, Nitrofurantoin, Trimethoprim / 
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Sulfamethoxazole, Netilmicin, Norfloxacin and Amoxicillin / Clavulanic acid. The negative 

control for each experiment was carried out using Escherichia coli ATCC 25922 (Ramírez-

Castillo et al., 2018). 

 

Table 1. Primers used to detect virulence factors from Escherichia coli clinical isolates by PCR 

endpoint 

 

 

5.3 Recording of the clinical symptoms and signs presented in the patients diagnosed 

with UTI 

Seventy-seven clinical files from the patients of which E. coli strains were isolated, were 

studied to obtain the following clinical signs and symptoms: Bacteremia, Cystitis, Dysuria, Fever, 

Higher Back Pain, Hematuria, Suprapubic Pain and Urinary Incontinence. The data included in this 

study, was collected only from the information provided by the patients in the first medical 

consultation during admission to the hospital (Sotto et al., 2001). 

 

5.4 Relation between the Virulence Factors and the clinical signs and symptoms 

To obtain the relation between the virulence factors identified in E. coli isolates and clinical 

symptoms and signs from the diagnosed patients, the data collected were analyzed obtaining the 
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prevalence of each virulence factor in relation to its presence in the clinical data. The obtained results 

were analyzed and plotted.    

5.5 Bacterial Strains and Cell Culture 

The vat autotransporter encoding gene was amplified by PCR using specific primers 

(Forward:TATTGGATCCTCCGCTCTGAACCGCCACGC;Reverse:CAAGCTTCGTAAT

CAGATAATCGCAGC) from pathogenic E. coli strain QT598 (Genbank accession  

QDB64244.1) (Habouria et al., 2019), which with the exception of a single Arg534 to His534 

substitution is identical to Vat (c0393) from UPEC strain CFT073.  PCR products contained 

15 bp extensions homologous to the pUCmT multi-cloning site. Linearized pUCmT digested 

with XhoI and BamHI was used to clone inserts by fusion reaction with the Quick-fusion 

cloning kit (Biotool, #B2261). The plasmid clones were transformed into E. coli DH5α then 

into E. coli BL21 for protein production (Habouria et al., 2019). The model to test the 

cytotoxicity of Vat was performed with human urinary bladder epithelial cell line ATCC 

5637 (American Type Culture Collection HTB-9). The cells were maintained in RPMI 1640 

(Sigma-Aldrich, #R7509) supplemented with 10% heat-inactivated fetal calf serum 

(Invitrogen, #16000044) without antibiotics. 

5.6 Vat production and concentration 

Escherichia coli BL21 (pUCmT::vat) was grown in 200 ml of Lennox Broth (LB) 

medium with ampicillin (100 μg/ml) overnight (37°C/100 rpm).  The culture was centrifuged 

(2,370 x g for 10 minutes at 4°C) and the supernatant filtered through a 0.22 μm membrane 

filter (Corning Inc, # R7509) (Salvadori et al., 2001). The protein from the sterile supernatant 

was concentrated through a 50 kDa centrifugal filter unit (Millipore, #UFC905024) by 

centrifugation (2,370 x g for 10 minutes at 4°C). Quantification of the protein was determined 

by Bradford assay, and the absorbance was measured at 595 nm, using a microplate reader 

(Bio-Rad, #028007). To determine the concentration of the protein the measurements were 

overlapped with a standard linear curve. The protein was visualized using Coomassie blue 

staining (Figure 11) after separation by sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS-PAGE) (Dutta et al., 2002). 
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Figure 11. Overexpression of Vat protein detected by SDS-PAGE. The filtered supernatants from 

overnight cultures of E. coli BL21 (pUCmT::vat) and E. coli BL21 empty vector were concentrated 

by Amicon filter units and the protein from the supernatant was migrated next to a protein marker 

(10–200 kDa). The gel was stained with Coomassie Blue. 

 

5.7 Cytotoxic effect of Vat toxin measured by lactate dehydrogenase release 

assay 

Confluent cultures of the 5637 cell line were grown in 96-well plates and were treated 

with different Vat concentrations from the concentrated supernatant sample (5 μg/ml, 25 

μg/ml, 50 μg/ml, 75 μg/ml, 100 μg/ml) in a final volume of 100 μl of RPMI per well, and 

incubated at different times (3 h, 6 h, 12 h, and 24 h) (Dutta et al., 2002. Parreira and Gyles, 

2003). The culture supernatant from E. coli BL21 containing the empty vector (pUCmT) was 

added volume/volume as a negative control to compare to bladder cells exposed to Vat 

supernatant. Cell damage was determined by lactate dehydrogenase (LDH) release using the 

LDH-Cytotoxicity Assay Kit II (Biovision, #K313) according to the manufacturer’s 

instructions; the absorbance was measured at an optical density of 495 nm using a microplate 

reader (Fanizza et al., 2009). The background control (RPMI 1640- medium only) and the 

lysis control (treatment with Triton X-100) (Sigma, #T8787) were used (Peidaee et al., 2019). 

All the samples were tested by triplicate (n=3). The results were obtained and analyzed 

statistically using Dunnett´s multiple comparisons tests. 
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5.8 Evaluation of Vacuole Formation in Bladder Cells Following Exposure to 

Vat 

The concentrated supernatant of the toxin was tested to determine the effect on 

bladder cells in vitro as reported previously for the effect of Vat on chicken fibroblast cell 

culture (Parreira and Gyles, 2003). The 5637-bladder cell line was grown in 8-well Lab-Tek 

chambers (Nunc, #Z734853) until ~60% confluence. The monolayers were exposed to 50 

μg/ml of the Vat toxin per well with a total volume of 300 μl RPMI 1640 and incubated for 

0.5 h, 1 h, 3 h, 6 h and 12 h at 37°C with 5% CO2 (Greune et al., 2009; Habouria et al., 2019). 

After incubation, the cells were washed three times with PBS and stained with Giemsa dye 

(Hu et al., 2015). Vacuole formation was observed by optical microscope (Zeiss, Primo star). 

A random semiquantitative analysis of the images of the vacuolated cells per well was done, 

and the results were statistically analyzed using a one-way ANOVA multiple comparisons 

test.  

5.9 Evaluation of changes on epithelial bladder cell junctions induced by Vat 

Cultures of bladder cells were grown in 8-well Lab-Tek II chamber slides until 

reaching 100% confluence. The cultures were exposed to 50 μg/ml of Vat for 6 h, 12 h and 

24 h; supernatant from a clone containing the empty vector was used as a negative control. 

The integrity of the urothelial monolayer was observed by Scanning Electron Microscopy. 

After exposure to Vat for different time points, samples were fixed with 2.5% Glutaraldehyde 

for 24 h, after that, the samples were dehydrated using increasing concentrations of ethanol 

(60 %, 70 %, 80 %, 90 %, 96 % and 100%), incubating for 10 min in each step. At the end, 

the samples were dried at 37°C / 5% CO2 for 12 h (Nordestgaard and Rostgaard, 1985). The 

slide was covered with 100 Å of gold, using Denton Vacuum Desk II. Images were obtained 

and analyzed under JEOL JSM 5900LV, Scanning Electron Microscope.  

 

The cell-cell distribution of ZO-1 and Occludin, tight junction molecules, were 

analyzed by immunofluorescence, using the same toxin exposition protocol as described 

above. Epithelial cells were fixed with 3.7% formaldehyde. After washing with PBS, the 

cells were permeabilized with 0.1% Triton X-100 for 5 minutes and then incubated with 

blocking solution, PBS / 5% BSA for 30 minutes. To label ZO-1 and Occludin, it was used 

a primary antibody Anti-ZO-1 (Abcam, #ab221547) and Anti-Occludin (Abcam, #ab216327) 
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respectively, incubating for 2 h at 37°C. Secondary antibody anti-rabbit conjugated with 

Alexa fluor 488 for ZO-1 (Sigma-Aldrich, #SAB4600387) and Alexa fluor 594 

(ThermoFisher, #A-11012 ) for Occludin. The samples were incubated for 2 h at 37°C. Then, 

samples were mounted with ProLong Gold (Invitrogen, # P36930) antifade reagent (Bercier 

et al., 2018). Images were obtained using a confocal microscope (Zeiss, LSM700) with Zen 

Black software (2012).  

5.10 Fluorescence-based permeability assay for epithelial bladder monolayer 

cell culture treated with Vat toxin 

Permeability changes following exposure of the bladder cell monolayer with Vat, 

were evaluated by a paracellular permeability assay using FITC-Dextran 4 (FD4) (Sigma-

Aldrich, #60842-46-8) according to the method of Bercier et al. (2018).  Briefly, 5637 

Bladder cells were seeded and incubated until 100% confluence on Transwell polyester 

membrane cell culture inserts (Sigma-Aldrich, #CLS3472). The Basolateral space was filled 

with 300 µl PBS at the start the experiment. The apical chamber was filled with 300 μl of 

RPMI containing 50 µl/ml of Vat and 1 mg/ml of FD-4. The control was established using 

the empty vector supernatant in the same amount of cell media and FD4. The permeability 

measurement was made at 6 h, 12 h and 24 h using a FP-8000 Series Fluorometer.  The 

numeric results were interpreted as Relative Fluorescent Units (Bercier et al., 2018). All the 

experiments were performed by triplicate and the data analyzed statistically using two-way 

ANOVA comparisons tests. 

5.11 Effects of Vat on the cytoskeleton by immunofluorescence 

The F-actin, α-tubulin and Arp3 protein distribution changes produced following Vat 

treatment were evaluated using bladder cell cultures.  Cell monolayers were cultured in 8-

well Lab-Tek chambers until 60% confluency was reached and cells were then incubated 

with 50 μg of the Vat protein for 6 h; as a control to rule out a possible LPS effect on samples, 

cells were incubated with the toxin simultaneously with 50 μg/ml of polymyxin B 

(InvivoGen, #1405-20-5) (Tsuzuki et al., 2001; LU et al., 2017). Cells incubated with 50 

μg/ml of heat-inactivated Vat at 95°C for 20 minutes provided another control (Simon et al., 

2018; Salvadori et al., 2001). After incubation, the cells were washed three times with PBS 

and were fixed.  
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F-Actin labeling was done by permeabilizing the samples and incubating with Alexa 

Fluor 488 phalloidin (Invitrogen, #A12379) at 37°C, during 60 minutes (Guerrero-Barrera et 

al., 1996). To observe the effect on α-tubulin after Vat incubation, samples were 

permeabilized and blocked as described above. To label tubulin in cells, anti-α-Tubulin 

(Sigma, #T5168) at 10 μg/ml was used as the primary antibody and incubated for 2 h at 37°C. 

This was followed by incubation with a secondary antibody conjugated with Alexa fluor 488 

for 2 h at 37°C. The samples were mounted (Invitrogen, # P36930) and images were obtained 

by confocal microscope. 

5.12 Labeling of acidic organelles in bladder cells after exposure to Vat 

Samples were processed for fluorescence detection of acidic organelles with 

Lysotracker Deep Red staining (Thermo Fisher, # L12492) (Chen et al., 2015; Magryś et al., 

2018). Bladder cells plated on 8-well glass slides were treated with 50 μg/ml of Vat for 6 h. 

After incubation, cells were washed three time with PBS and were exposed to 300 µl of 

RPMI added with Lysotracker Deep Red reagent at 10nM. After 1 hour of incubation at 37°C, 

samples were washed and mounted with Prolong Gold prior to analysis by confocal 

microscopy (Nagahama et al., 2011).  

5.13 Ex vivo culture of urinary bladder exposed to Vat 

The animal protocol for this study was approved by the animal ethics committee of the 

Autonomous University of Aguascalientes, México in accordance with the NIH ethical 

program. Eight BALB/c female mice were sedated and euthanized to obtain by midline 

laparotomy urinary bladders. The procedure was developed under sterile conditions (Durnin 

et al., 2018; Gabella, 2019). In 12-well plates (Corning, #3513) the bladders were placed in 

RPMI 1640 supplemented with 100 μg/mL streptomycin, 100 U/mL penicillin, 50 mg/L 

gentamicin. The tissues were exposed to 25 μg, 50 μg and 100 μg of Vat toxin and incubated 

for 24 h or 48 h at 37°C in 5% CO2. The control tissue was incubated for 48 h with 

supernatant from a clone containing the empty vector. Another control used was simply 

RPMI 1640 medium for 48 h in order to observe possible changes in the tissue during the 

cell culture time period (Kannan and Baseman, 2006). Formalin-fixed bladders were 

dehydrated and cleared automatically with a Histokinette (Leica, #TP1020). Next, the tissues 

were embedded in paraffin and 5 μm thick sections were obtained (Kim et al., 2010; 
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Najafzadeh et al., 2011). Tissues were stained with hematoxylin and eosin (Prophet et al., 

1995) and observed under an optical microscope with a 40X objective (Zeiss, Primo star). 

5.14 Statistical methods 

GraphPad Prism 8.0 was the software used to evaluate the quantitative data in this 

study. Dunnett´s multiple comparisons tests were used to analyze the presence of statistically 

significant differences (P ≤ 0.05) between the cells exposed to empty vector and exposure to 

different concentrations of Vat for the LDH release assay. One-way ANOVA, multiple 

comparisons test was used to evaluate the quantity of vacuolated cells per field generated 

depending on the exposure time to Vat and two-way ANOVA for Fluorescence-based 

permeability assay. 
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6. RESULTS 

6.1 Patients demographic 

The demographic analysis of the patients in this study diagnosed with UTI, revealed 

a major incidence in female group (77.93%) than the male group (22.07%). Furthermore, the 

higher rates of incidence of this disease (≥50%) are located between 0 – 20 years of age. The 

number of patients with UTIs decreased with age. Finally, the most common way to acquire 

a urinary infection is the related to community exposition (76.62%) in comparison with the 

patients that develop a UTI inside the hospital (23.36%).  

 

Figure 12.  Results of the demographic analysis of the population diagnosed with Urinary Tract 

Infection. 
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6.2 Prevalence of virulence factors genes in Escherichia coli isolates 

After screening the seventy-seven E. coli isolates from UTI patients by PCR endpoint 

(Figure 13), the most frequent virulence factors identified were fimH (76.6%) followed by 

chuA (49.4%) and papC (42.9%). The gene kpsMII related to capsule formation was 

identified in a 39%. The genes coding to exotoxins analyzed in this study were vat with a 

22.1% of presence in the bacteria isolates, hlyA 11.7% and cnf1 3.9%. 

Figure 13.  Incidence of virulence factors genes detected in Escherichia coli isolates. 

 

 

6.3 Distribution of antibiotic resistance in Escherichia coli isolates 

 The results of antibiotic resistance in the clinical E. coli isolated showed (Figure 14) 

that Trimethoprim / Sulfamethoxazole was the most prevalent (76.62%) drug that show a 

non-effect against the bacteria, followed by the Ampicillin (66.23%). The antimicrobial 

drugs with less than the 50% of activity against bacteria population were:  Ampicillin / 

Sulbactam (48.05%), Ciprofloxacin (42.86%), Levofloxacin (41.56%), Ceftazidime 

(25.97%), Ceftriaxone (24.68%) and the Cefepime (23.38%). Other molecules like 

Norfloxacin (11.69%), Amoxicillin / Clavulanic acid (11.69%), Cefoxitin (11.69%) and 

Amikacin (5.19%) showed the lowest activity. Otherwise, all the samples were sensible to 

Ertapenem and Imipenem effect. 
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Figure 14. Frequency in antibiotic resistance after screening of seventy-seventh E. coli clinical 

isolates using antibiogram assay. 

 

6.4 Clinical symptoms and signs presented in the patients diagnosed with UTI 

 After the obtention and the analysis of the clinical files from the patients with urinary 

infection, the most common symptoms and signs were dysuria (63%), fever (58%) and 

suprapubic pain (45%), the results are probably related to the bacteria pathogenesis. Others 

results as hematuria (34%), urinary incontinence (24%) and bacteremia (11%) were 

presented with less frequency (Figure 15). 
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Figure 15. Frequency of Clinical symptoms and signs presented in the patients diagnosed with UTI 

after clinical files analysis. 

 

6.5 Relation between the Virulence Factors and the clinical signs and 

symptoms 

Finally, after virulence factors and clinical symptoms/signs obtention, the correlation 

of those was obtained under statistically analysis (Figure 16). The presence of the adhesin 

like fimH, papC and sfaS are highly related to the presence of fever, cystitis, suprapubic and 

back pain, all the above related due the virulence factor action mechanism in the host. The 

iron acquisition system (chuA and fyuA genes) an important tool for bacterial survival, was 

also related to the presence of the symptoms and signs (25 – 78%). The capsule production 

gen kpsMII was correlated with hematuria and fever in a 38% and 36% respectively. The 

YfcV protein encoded gen was present in the 40% of patients with cystitis. The hlyA gen was 

related to hematuria (23%), urinary incontinence (22%), bacteremia (20%) and cystitis 

(20%). In this study the vat gen was present in 75% of the bacteremia cases as well as 33% 

of cystitis and 29% of suprapubic pain cases.  
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Figure 16. Correlation between the bacteria presence of virulence factors and the clinical signs and 

symptoms presented in the patients diagnosed with urinary tract infection. 

 

 

 

 

6.6 Cytotoxic effect of Vat toxin measured by lactate dehydrogenase release 

assay 

 

LDH release from cells to the extracellular media is considered an indicator of cell 

membrane integrity damage (Fanizza et al., 2009; Radin et al., 2011).  Vat  treatment of 

bladder cells with different toxin concentrations (5 μg/ml, 25 μg/ml, 50 μg/ml, 75 μg/ml, 100 

μg/ml) at different times (3 h, 6 h, 12 h and 24 h) showed statistically significant differences 

in comparison with the E. coli  empty vector supernatant treatment (P ≤ 0.05) (Figure 17).  

LDH released to the media was dependent on the time of exposure and concentration of Vat.  
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Figure 17. Cellular damage provoked by Vat toxin measured by LDH release. Cells from human 

urinary bladder cell line 5,637 were exposed during 3, 6, 12, and 24 h to 5, 25, 50, 75, and 100μg/ml 

of Vat toxin. As a control supernatant from the empty vector was used. After incubation, LDH in the 

cell culture supernatant was measured. All toxin concentrations showed statistically significant 

differences compared to the control in a dose- and time-dependent manner. The percentage of cell 

damage after toxin exposure resulted in 15 to 47% LDH release (*p ≤ 0.05, two-way ANOVA, 

Dunnett’s test). 

 

 

 

21.10 Vacuole Formation in Bladder Cells Exposed to Vat 

The bladder cells exposed to Vat during 6 h showed vacuole formation that 

increased in numbers with the time of exposition (Figure 18A). There were no vacuoles 

observed following exposure to toxin for 0.5 or 1 h. Statistically significant vacuole 

production was found after 3 h of exposure to the toxin (Figure 18B). 
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Figure 18. Effect of Vat in human urinary bladder cells 5637 at different time of exposition (A) 

Control cells exposed to empty vector for 6 h, showing normal cell shape and distribution on the 

monolayer. The cells incubated for 6 h with 50μg/ml of Vat toxin, exhibit cytoplasmic vacuole 

formation (black arrows). (B) Plotted results of the vacuole formation showed a significative 

difference between 3 to 6 h and 6 to 12 h. (*p ≤ 0.05, ANOVA, Dunnett’s) 

 

21.10 Evaluation of changes on epithelial bladder cell junctions induced by Vat 

SEM analysis of the bladder cell monolayer showed loss of integrity on the 

epithelial cells due to Vat, as well as changes in cell morphology (Figure 19). After six 

hours of treatment, spaces among cells appeared in the monolayer as a consequence of the 

loss of intercellular contacts, compared with the control cells. This damage was increased 

with the time of Vat exposition, suggesting alterations in cell-cell junctions. In order to 

address which molecules could be affected in the cellular unions by the action of the toxin, 

two important tight junction molecules such as ZO-1 and Occludin were evaluated. Vat 
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induced discontinuities in the pattern of distribution of ZO-1 and occludin in epithelial 

bladder cells after 12 h and 24 h of incubation (Figure 19). 

 

 

Figure 19. Modification of cell junctions of the bladder urothelial monolayer after incubation with 

Vat. Analysis by scanning electron microscopy revealed loss of integrity of the cell monolayer 

(White asterisks) starting at 6 h. The changes in the monolayer are more visible at 12 and 24 h after 

exposure to the toxin in comparison to the control. The immunofluorescence labeling of ZO-1 and 

Occludin proteins show cell junction disruption in the cell monolayer. 

 

21.10 Fluorescence-based permeability assay for epithelial bladder monolayer 

cell culture treated with Vat toxin 

The alteration in the monolayer integrity was confirmed by the permeability assay. 

The fluorescence quantification of FD4 in the supernatant of the basolateral transwell 

chamber showed a significative difference in permeability at 12 h and 24 h of intoxication 
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with respect to the control (Figure 20). Besides, the fluorescence increased approximately 2-

fold between each time. 

Figure 20. Fluorescence-based permeability assay of a bladder epithelial cell monolayer treated with 

Vat toxin. The quantitative method showed changes in the permeability of the monolayer exposed to 

the toxin. Comparison between the Vat toxin and the empty vector control supernatant had 

statistically significant differences at 6 and 12 h of incubation (*p ≤ 0.05, two-way ANOVA). 

  

21.10 Effects of Vat on the cytoskeleton by immunofluorescence. 

Bladder cell cultures exposed to Vat were analyzed under confocal microscopy 

searching for alterations of cytoskeleton components such as actin and tubulin. In the control 

cells treated with the empty vector supernatant, the F-actin cytoskeleton was intact with well-

defined stress fibers distributed along with the cytoplasm (Figure 21 A). After 6 hours of 

exposure to Vat toxin, cells labeled with phalloidin, revealed changes in F-actin distribution 

with a diffuse pattern (Figure 21 B), resulting in a round shape appearance of cells and loss 

of the integrity of the stress fibers. Also, in control cells, tubulin showed mainly a peripheral 

distribution that appears to coincide with a normal cell shape (Figure 21 E). When cells were 

treated with Vat toxin, this pattern changed, and tubulin was more diffuse and closer to the 

cell surface, it seems also to correlate with a change in the morphology of cells (Figure 21 

G).  
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Figure 21. Changes in the distribution of F-actin, a-Tubulin, and Arp3 cytoskeletal proteins detected 

after Vat treatment of bladder cells observed by confocal microscopy. The negative control cells (A) 

showed a normal distribution of actin stress fibers with a normal cell shape and appearance. After 

exposure to Vat (B) the cells acquired a rounded shape with loss of the cytoplasmic actin stress fibers. 

Normal tubulin distribution was observed in the control cells (C) with its presence throughout the 

cell. Once cells were exposed to Vat (D) the distribution of tubulin was altered. Arp3 demonstrated a 

cytoplasmic dotted distribution € on the untreated cells, and there was no evident change in Arp3 

distribution when cells were treated with Vat (F). 
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6.11 Labeling of acidic organelles in bladder cells after exposure to Vat 

Acidic organelles were found using Lysotracker Deep Red. Figure 22 shows cells 

after 12 h of Vat treatment (Figure 22 B), with the distribution of acidic organelles. A merged 

image combining bright field and fluorescence (Figure 22C) identifies cells containing 

multiple vacuoles that are not fluorescent (white arrows), whereas acidic organelles are 

shown with black arrows. Figure 23 shows that acidic organelles are also produced by control 

cells. By contrast the vacuoles produced by Vat are not labeled with Lysotracker. 

 

Figure 22. Characterization of the vacuoles produced in bladder epithelial cells after treatment with 

Vat. After 12 h of Vat exposure, samples were labeled with Lysotracker deep red to identify acidic 

organelles (A–C). The vacuoles that incorporated Lysotracker reagent (Black arrows) show a red 

color. Some other vacuoles were identified in the samples which did not have an acidic content (White 

arrows) (C, D). 
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Figure 23. Characterization of the vacuoles in bladder epithelial cells treated with Vat. After exposure 

to Vat toxin, cells were stained with Lysotracker deep red and visualized. Vacuoles with acidic 

content (Black arrows) with a perinuclear distribution were observed and other vacuoles without 

lysotracker staining were also observed (White arrows). The samples exposed to supernatant from 

bacteria contain the empty vector did not produce vacuoles (Bright-field microscopy), and the slight 

lysotracker staining may indicate a basal level of lysosomes in these cells. 

 

6.12 Ex vivo culture of urinary bladder exposed to Vat 

Bladder tissues exposed to different concentrations of Vat for 24 h and 48 h showed 

a partial cell detachment of the urothelial cells (Black arrow) in comparison with the controls. 

This effect was dependent on the toxin concentration in the media (Figure 24). With 25 μg 

of toxin at 24 hours (Figure 24 C), the most superficial urothelial cells showed exfoliation 

from the underlying tissue. The exposition to 50 μg for 24 hours (Figure 24 D) had extended 

changes in the epithelial bladder integrity, affecting deeper stratum. Higher concentrations 

of Vat showed a thinner urothelium in comparison with the other samples, this suggests the 

loss of normal integrity of the epithelial cell barrier by Vat toxin. Also, Vat treatment showed 

an alteration of the urinary bladder lamina propria. After 48 hours of incubation with 25 μg 

of Vat, the transitional epithelium is not observed and the lamina propria is loose and 
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disorganized (Figure 24 F). Exposition to 50 μg revealed greater damage to the lamina 

propria, which leads to the loss of the normal bladder structure (Figure 24 G). Similar results 

were observed with 100 μg of Vat at 48 h (Figure 24 H). Tissue changes were compared with 

the bladder exposed to empty vector supernatant or incubated only with RPMI 1640 for 48 h 

in order to validate the ex vivo experiments and the action of Vat toxin on tissues (Figure 24 

A - B). 

 

Figure 24. Effect of Vat on urinary bladder tissues. Mouse urinary bladders were incubated 

ex vivo with 25, 50, and 100μg/ml of Vat toxin supernatant for 24 h or for 48 h. After 24 h of Vat 

treatment (C–E), detachment of the urothelium from the underlying connective tissue was observed 

(Black arrows). This effect was dependent on the toxin concentration. After 48 h of incubation, 

alterations in the lamina propria (Black asterisk) were visible on bladder samples with a loose and 

disorganized connective tissue (F–H). Those changes were compared with bladders exposed to the 

empty vector supernatant and the control containing only RPMI 1640 medium (A, B). 
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7.DISCUSSION 

 Demographic results in this study showed a high index of female patients 

diagnosed with urinary tract infection in comparison with the male group, the above in 

accordance with the reported for different authors (Flores-Mireles et al., 2015; Foxman, 

2003), which mainly abdicates anatomical factors of the patients. Also, the age of the patients 

with UTI cases showed a susceptibility in people under twenty years old, in which the 

immune system is still in maturation process (Sotto et al., 2001). Escherichia coli are the 

bacteria most isolated in UTIs disease in the Centenario Hospital Miguel Hidalgo, with an 

incidence between 48-70% (data not shown). The seventy-seven isolates of E. coli presented 

several stocks of virulence factors that are required for the infection, the presence of adhesins-

like fimH and papC with a percentage of 76.6% and 42.9% respectively, it is related with the 

main requirement to attach to the host tissue to survive and start the colonization. 

Furthermore, the genes related to iron acquisition system chuA (49.4) and fyuA (60.0%) were 

the most commonly identified in this study that are important to ensure the bacteria energy 

requirements in an environment as hostile as urine (Daoud Z and Afif., 2011; Ramírez-

Castillo et al., 2018). 

 Antibiotic resistance is a global crisis caused by the high incidence of multidrug-

resistant microorganisms spread in several environments. The inadequate use of 

antimicrobial drugs in humans, animals, and agriculture has led to the emergence of resistant 

microorganisms, resulting in an increase in the morbidity and mortality rates of infectious 

diseases worldwide (Reta et al., 2019; Zaman et al., 2017). Some of the antimicrobial drugs 

evaluated in this study showed a high prevalence of resistance from the E. coli isolates, the 

above has a relation with the medical prescription after UTI diagnosis. The most common 

drugs used as treatment for UTI belong to β-lactam group as are Ampicillin (66.23%), 

Ampicillin / Sulbactam (48.05%), Ciprofloxacin (42.86%), Ceftazidime (25.97%), 

Ceftriaxone (24.68%), Cefepime (23.38%). Amoxicillin / Clavulanic acid (11.69%) and 

Cefoxitin (11.69%). The above is an interesting clinical data oriented in the eradication of 

antimicrobial drugs prescription before to obtain the results from the antibiogram test. The 

overuse, inappropriate prescription and the extensive agriculture-farming use of antibiotics 

had generated a readjustment in the genetic profile of several microorganisms, forcing the 
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development of new strategies to combat resistant pathogens (Bartlett et al., 2013; Zaman et 

al., 2017). 

 The results obtained from the relation between the virulence factors from the bacteria 

and the clinical symptoms and signs presented in the patients diagnosed with UTI is a tool 

oriented in predict the severity of the disease in the host. After bacteria isolation, the above 

and in addition with the antibiogram assay will be a better test oriented in the treatment and 

control of the urinary tract infection within the host (Ramírez-Castillo et al., 2018). The most 

common clinical symptoms and signs (fever, cystitis, dysuria and suprapubic pain) presented 

in the patients in this study are related with the innate immune response and in response of 

the first bacterial activity enrolled on tissue invasion and colonization of the urinary system. 

The α-hemolysin toxin expressed by the hlyA gen in the E. coli strains had a correlation 

around of 30% with the presence of hematuria in the patients, the activity of this toxin has 

been identified for the lysis of red blood cells and pore formation in urothelial cells. Finally, 

Vat toxin had a relation of 75% with identified strains isolates in the bloodstream from the 

patients, this will be the result from the reported previously for our group about the effect of 

this toxin on the intercellular tight junctions (Díaz et al., 2020). The above mentioned in 

relation with the results obtained from virulence factors screening and the clinical files 

review. 

Exposure of bladder cells to the Vacuolating autotransporter toxin caused vacuole 

formation, and these changes resembled cytological changes observed previously in avian 

cells model (Parreira and Gyles, 2003; Nichols et al., 2016). Also, cell rounding of the 

bladder cells and the alteration in cell-cell contact could result in the loss of integrity of the 

urothelial barrier. This epithelial disruption has also been observed with another vacuolating 

toxin as VacA, from Helicobacter pylori (Tombola et al.,1999; de Bernard et al., 2004; 

Bercier et al., 2018). 

Lactate Dehydrogenase is a molecule released to the media when the cell membrane 

integrity is compromised. Time of exposure and dose effect on cytotoxic activity of Vat was 

assessed by LDH cell release levels and suggests that the toxin would require a high 

concentration and exposure of at least 6 hours to achieve a high level (>50%) of cytotoxicity 

for bladder cells in vitro. These results in comparison to other bacterial toxins from 

Escherichia coli, Helicobacter pylori and Clostridium dificile toxin (Grossmann et al., 2000; 
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Roberts et al., 2001; Radin et al., 2011), suggest that Vat likely plays a subtle role in the 

pathogenesis of UTIs, than cell lysis. Although there are no concrete studies on the 

relationship between the formation of vacuoles and the release of LDH, more studies are 

necessary to elucidate this possibly effect (Roberts et al., 2001; Peterson et al., 2009) 

Alfaro-Aco and Petry (2015) have proposed that actin and tubulin cytoskeleton 

components play a critical role in cytoprotection, intercellular junction maintenance, shape 

definition and intracellular vesicular transport (Gefen and Weihs, 2015). In this sense, 

microtubules may provide the tracks along which polarized actin microfilaments, which act 

as vehicles to transport vesicle cargo (Tang et al., 2014; Tran and Ten Hagen, 2017).  Damage 

to these cytoskeletal components, as observed following exposure to Vat, affects the normal 

cell distribution and morphology in vitro. The alteration and redistribution of the actin 

cytoskeleton within the cell resulted in decreased monolayer integrity, decreased cell to cell 

contact through intercellular junctions, and detaching of cells from the substrate, a 

phenomenon similar to what occurs following exposure of cells to others SPATEs (Dautin, 

2010; Liévin-Le Moal et al., 2011). These changes together with tubulin redistribution due 

to Vat action may be related to the cell rounding. Tubulin changes also can lead to a loss of 

normal cell function, due to the contribution of this organelle in epithelial cells (Glotfelty et 

al., 2014; Gasic and Mitchison, 2019).  

 

Vacuole formation within mammalian cells affects cell homeostasis. A variety of 

secreted bacterial toxins can induce vacuole production in cells (Lee et al., 2015; Shubin et 

al., 2016). In order to determine the nature of the vacuoles generated by the Vat toxin, the 

presence of acidic organelles was tested in bladder cells. In other vacuolating toxins models, 

the exposition to bacterial protein produce inside the cell lysosomal vacuoles or organelles 

with endocytic nature that allows microorganisms to use cells as an infection niche. 

Determining the composition of vacuoles generated from exposure to Vat toxin may 

elucidate a potentially conserved mechanism of action for other SPATEs on host cells and 

further our understanding of the role of this toxin for the pathogenesis of UPEC associated 

with urinary tract infection.  

After the exposure of epithelial cells to Vat were generated cytoplasmic vacuoles, in 

which did not retain the weak base of the Lysotracker reagent. The result obtained in this 
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study reveal that the vacuoles induced by Vat seem not to be lysosomes.  The non-lysosomal 

nature of some vacuoles in bladder cells treated with Vat is of interest and merits further 

investigation. (Mimnaugh, 2006; Ram and Ramakrishna, 2014; Shubin et al., 2016).    

Finally, our ex vivo experiment suggests that Vat can induce detachment of epithelial 

cells conforming the urothelium of the bladder, possibly as a direct effect of the toxin on the 

adhesion molecules of the cell surface or an indirect effect due to the changes in the 

morphology of the cells as a consequence of the affected cytoskeleton. Also, was showed 

that the lamina propia underlying the urothelium of the bladder were affected by Vat at the 

highest concentration. So, some connective tissue molecules may be targeted by the toxin. 

So far, it had been described as an elastase-like activity for Vat (Habouria et al., 2019).  
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8. CONCLUSIONS 

 In conclusion, in this study, the female gender was the most susceptible group in 

developing a urinary tract infection. The higher rates of incidence of this disease (≥50%) are 

located between 0 – 20 years of age. The most frequent virulence factor genes identified in 

E. coli isolates were fimH, chuA, papC and kpsMII. After test by antibiogram assay the effect 

on the bacterial growth for some antibiotics recommended for the treatment of UTI, the 

results showed at least 90% of the antimicrobial drugs tested in this study, have some 

percentage of resistance. Finally, after virulence factors and clinical symptoms/signs 

correlation, the observed results showed the presence of virulence factors like fimH, papC 

and sfaS are high enrolled in symptoms as fever, cystitis, suprapubic and back pain. The gen 

kpsMII was correlated with hematuria and fever and the hlyA gen was related to hematuria, 

urinary incontinence, and bacteremia. In this study the vat gen was present in 75% of the 

bacteremia cases as well as 33% of cystitis and 29% of suprapubic pain cases. 

The effect of the vacuolating autotransporter toxin from Escherichia coli was 

investigated by using a bladder epithelial model. Cytotoxicity of Vat was dose-dependent 

and suggested that Vat most likely acts as a cytopathic toxin that alters bladder cell function 

with a limited induction of cell death. Vat showed to cause vacuole formation on bladder 

cells similar to the cytopathic effects that were previously reported following exposure of 

avian cells to E. coli culture supernatants containing Vat.  Also, the toxin generated 

alterations on cell junctions, affecting the monolayer integrity, redistributing tight junction 

molecules and increasing the permeability of the in vitro urothelial barrier. Further, 

Redistribution of actin and tubulin in bladder epithelial cells following exposure to Vat serves 

as an initial characterization of the mode of action of this toxin. Besides, our results suggest 

that the vacuoles induced by Vat on epithelial cells are not lysosomes as it has been described 

for other toxins, is no clear yet if they are part of endocytic or exocytic route, more studies 

are necessary in order to solve this. Furthermore, our ex vivo experiments resulted in 

alterations of the urothelium and lamina propria of the bladder exposed to Vat. It will be of 

further interest to characterize if Vat alters specifically an adhesion molecule on the epithelial 

cell surface or a specific component of the lamina propria. Finally, the characterization of the 

vacuoles formed by Vat is needed in order to approach how this toxin contributes to the 

pathogenesis of UTIs caused by UPEC. 
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