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1. Abstract 

During the XX century, extracellular vesicles (EVs) have been largely studied in human 

medicine. EVs are cell-derived nano-shuttles with the ability of transferring cell-material such 

as proteins, lipids, sugars and nucleic acids to other cells. Because of their membranous structure 

and carrier ability, EVs are innovative tools which can be applied to different research fields, 

from physiological to pathological aspects and from the diagnosis of different diseases to their 

treatment. 

Despite EV-research has exponentially increased in the last decades, a lot of information 

on animal-derived EVs is still lacking. The aim of this work of thesis was to start to fill this gap 

of knowledge, taking advantage of the multidisciplinary aspect of EVs and studying them in 

different animal species and for different purposes. 

After reviewing the literature on EV-related methodology and the state of art of EVs in 

veterinary medicine, this thesis preliminary explored EVs in unconventional animal species, 

describing EVs released in vitro by two cetacean (Tursiops truncates and Ziphius cavirostris) 

cell lines and a protocol for EV-isolation from Manila clam (Ruditapes philippinarum) 

hemolymph. The rest of the thesis focused on EVs in canine cancers, comparing the functionality 

of EVs isolated with two different techniques in vitro from a canine mammary tumor cell line 

and the expression of microRNA in the plasma of dogs with T-cell lymphoma. 

With these studies some new insights on EVs isolated from different animal species were 

given, showing some of the possible future applications of EV-research, which can fit very well 

into the concept of One Health, connecting human, animal and environmental health. 
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2. Riassunto 

Nel corso del XX secolo, le vescicole extracellulari (EVs) sono state ampiamente studiate 

in medicina umana. Le EVs sono nano-shuttle di origine cellulare, con la capacità di trasferire 

materiale come proteine, lipidi, zuccheri e acidi nucleici ad altre cellule. Per la loro struttura 

membranosa e la capacità di trasporto, le EVs sono strumenti innovativi che possono essere 

applicate a diversi campi di ricerca, dalla fisiologia alla patologia e dalla diagnosi delle malattie 

al loro trattamento. 

Nonostante la ricerca sulle EVs sia aumentata esponenzialmente negli ultimi decenni, 

mancano ancora molte informazioni sulle EVs negli animali. Lo scopo di questo lavoro di tesi è 

stato quindi quello di iniziare a colmare queste lacune, sfruttando l’aspetto multidisciplinare 

delle EVs e studiandole in diverse specie animali e per scopi diversi. 

Dopo aver esaminato la letteratura sulle metodologie legate allo studio delle EVs e lo stato 

dell'arte sulle EVs in medicina veterinaria, questa tesi ha esplorato in via preliminare le EVs in 

specie animali non convenzionali, descrivendo le EVs rilasciate in vitro da due linee cellulari di 

cetacei (Tursiops truncatus e Ziphius cavirostris) e un protocollo per l'isolamento delle EVs da 

emolinfa di vongola (Ruditapes philippinarum). Il resto della tesi si è concentrato sulle EVs nei 

tumori canini, confrontando la funzionalità delle EVs isolate con due diverse tecniche in vitro 

da una linea cellulare di tumore mammario di cane e l'espressione dei microRNA nel plasma di 

cani affetti da linfoma a cellule T. 

Con questi studi sono state messe in luce alcune nuove informazioni sulle EVs isolate da 

diverse specie animali, mostrando alcune delle possibili applicazioni future della ricerca sulle 

EVs, che possono ben adattarsi al concetto di One Health, collegando salute umana, animale e 

ambientale. 
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3. Introduction to Extracellular Vesicles 

It is commonly recognized that cells can communicate through the exchange of proteins, 

RNAs and other small molecules. These molecules can be secreted in the extracellular space and 

taken up by other cells through transport channels or can be transferred through direct cell-to-

cell contact (1). However, during the 80s, our knowledge of cell-communication mechanisms 

changed, adding a new different kind of “messenger” to the list. These messengers are 

membranous structures produced by cells, enclosing different molecules (e. g. RNA, proteins, 

lipids, sugars), and released in the extracellular space that are now well known as extracellular 

vesicles (EVs) (2).  

EVs are secreted by all the cells of all organisms and are evolutionary conserved among 

kingdoms (3). They are surrounded by a double-layered membrane and are very heterogeneous 

in size and biogenesis. According to their biogenesis, they are mainly classified in exosomes or 

microvesicles (4). Exosomes are small vesicles (30-100 nm) derived by the inward budding of 

the endosomal membrane during the maturation of multivesicular endosomes (MVEs), and 

secreted after the fusion of MVEs with the cell membrane (3). Microvesicles, also called 

microparticles or ectosomes, are larger in size (50-1000 nm) and originate instead from by the 

outward budding of the plasma membrane (3,5). Recognizing the origin of EVs is difficult, 

therefore, nowadays EVs are mainly classified in small-EVs, when their size is smaller than 200 

nm, or large-EVs, when larger than 200 nm of diameter (5). 

Having the ability of carrying and protecting bioactive compounds, which also represent 

their cell of origin, a massive increase in EV-research has been observed in the last decades 

applied to different fields (6). Being involved in cell-to-cell communication and being present in 

all biological fluids, they are studied for their mediatory role in physiological and pathological 

processes (Yáñez-Mó et al., 2015). For sure, one of the most studied applications is their use as 

biomarker to diagnose, stage and predict the outcome of different diseases, especially of cancer 

(8). But EVs can also be exploited for their therapeutical potential, having immunomodulatory 

and regenerative effects when coming from specific cell types or biofluids (e. g. stem cells, milk) 

or being innovative engineerable but natural nanoparticles exploitable for instance as target-

specific drug carriers (9). 

Considering the wide range of applications of EVs, the aim of this work of thesis is to 

exploit EV versatility for research in veterinary medicine, exploring EV role and features in 

different animal species and for different purposes, according to the concept of One Health. 
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3.1 How to isolate extracellular vesicles 

EV complexity and heterogeneity lead not only to a wide range of applications, but also to 

some important issues, mainly related to their isolation. The wide range of sizes (50 – 1000 nm), 

overlapping to those of other molecules (e. g. lipoproteins, viruses), the complexity and the 

variability of starting samples (e. g. blood, urine, milk) and the need of both maintaining EV-

integrity and functionality and having high purity with low co-isolated molecules, make the 

isolation of EVs an arduous process. During the last two decades various techniques for EV-

isolation have been described in the literature. All the techniques take advantage of the physical 

or biochemical properties of EVs and differ for processing time, cost, EV-yield and purity (10–

12). In order to clarify and standardize methodology for EV analyses, the International Society 

for Extracellular Vesicles, in 2014 and in 2018, published some guidelines for the EV community 

known as Minimal Information required to Study EVs (MISEV) and very recently updated in a 

last version (MISEV 2023, https://www.isev.org/misev) (5,13). These guidelines aim to 

highlight some critical points of EV-research, shedding light on EV-nomenclature and providing 

information on the “good practice” for working with EVs (5). 

Among the main techniques used to purify EVs, ultracentrifugation (UC) has been 

considered the gold standard for years (10). UC exploits high centrifugal forces to pellet EVs 

according to their size and density. Despite being easy to perform and commonly used, UC has 

got main limitations, related to the co-isolation of other particles (e. g. proteins, lipoproteins), to 

the possible aggregation of EVs and to EV-losses in the supernatant (12,14). Other techniques 

allow to overcome these issues but, until now, isolation protocols achieving both high recovery 

rates and high specificity have not been developed (5). Other techniques applied to isolate EVs 

and used also in the present thesis are ultrafiltration (UF), size exclusion chromatography (SEC), 

density gradient centrifugation (DGC), immunocapture and microfluidic based isolation 

techniques.  

UF is a size-based EV-isolation method. Applying pressure to specific filters with pores 

smaller than EV size, EVs can be strongly concentrated (14). Being considered a recovery 

method with low specificity, it is mainly used for EV-concentration starting from large volumes 

(< 10 ml) and can be followed by other EV-purification steps (5). SEC is another size-based 

purification method. Samples run through porous polymers within specific assembled columns, 

from which larger particles elute earlier than smaller particles, which are slowed down by 

entering the polymer pores (10). SEC is considered a medium specificity and medium recovery 

https://www.isev.org/misev
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rate technique, still co-isolating other non-EV particles but to a lesser extent than other 

techniques (5,14).  

DGC mainly isolates EVs based on their density, combining sucrose or iodixanol density 

gradients with UC. Here, the main possible co-isolated particles are lipoproteins, which have the 

same density of EVs, nevertheless the specificity is considered high and the recovery low 

compared to other isolation methods (14).  

Differently, immunocapture exploits the antibody-antigen binding to purify EVs. Plates, 

beads or chips presenting specific antibodies are used to capture EVs by binding EV-membrane 

proteins. Because not all EVs express the same membrane markers, immunocapture present the 

disadvantage of isolating heterogeneous EV-subsets, reducing the recovery compared to other 

techniques (5,14).  

Finally, microfluidic-based strategies have been developed more recently, being the focus 

of many studies (15). Microfluidic allows EV-isolation based on their physical and biochemical 

properties simultaneously, increasing the efficiency of traditional purification methods, the 

purity and reducing EV-losses (11). Moreover, microfluidic is particularly advantageous when 

processing small volumes (< 1 ml).  

To better highlight the potential of EV-isolation through microfluidic strategies in 

comparison with traditional EV-isolation methods, during my PhD I was involved with some 

components of my research group in the publication of the following review in collaboration 

with a team of the department of Physics and Astronomy of the University of Padua working on 

droplet microfluidic for EV-isolation (15). 
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3.2 Paper n. 1: “Microfluidic strategies for extracellular vesicle isolation: towards clinical 

applications” 
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3.3 How to characterize extracellular vesicles 

After EV-purification, EV presence, purity and specificity should be verified through 

characterization analysis. Considered the complexity of EVs and the lack of a single technique 

to count, measure and unequivocally identify all EVs, more than one characterization methods 

have to be applied (5).  

One of the main limitations in EV-research is the impossibility to unequivocally quantify 

EVs (5). Different methods can be used to estimate EV-concentration but these methods are 

approximative, lacking precision or being unable to distinguish between EVs and other 

nanoparticles (5). One of the most used techniques to count EVs is nanoparticle tracking analysis 

(NTA). NTA detects scattered particles after irradiation with a laser beam. Scattered particles 

are then recorded by a camera and the NTA software tracking the Brownian motion of particles, 

measures particle size and concentration (16). Unfortunately, NTA cannot distinguish between 

EVs and other particles, including in the measurements all the particles in the size range of EVs 

(e. g. protein aggregates, lipoproteins, salt, small bacteria) (5). Also, Dynamic Light Scattering 

uses the principle of light scattering to measure the size of particles, but is more reliable when 

measuring monodispersed particles, which is not the case for heterogenous EV-samples (5,17). 

EV-size can also be measured after their visualization through electron microscopy (EM). EM 

is very useful to truly identify EVs after isolation, visualizing their morphology and lipid bilayer, 

but cannot be applied as a quantification method and size estimation can be biased by procedural 

steps (e. g. vacuum, freezing) which can affect EV-morphology (18). Measuring EV 

components, like proteins, lipids or RNA, can also be valuable characterization methods. Despite 

all these molecules do not belong to EVs only, their quantification can be useful to estimate the 

quality of the EV-sample. Indeed, the ratio between protein and particle quantification, or protein 

to lipid quantification, are often used to define the purity of EVs (5). 

Flow cytometry (FCM) can be used both to quantify EVs and to assess their phenotype. 

Despite classical FCM is not a precise method for the determination of quantity and size of small 

particles, it is a versatile method to characterize EVs by antigen expression, considering the 

possibility of detecting fluorochrome-conjugated monoclonal antibodies (18). Moreover, high 

resolution FCM, with improved ability to discern small (< 200 nm) particles have been 

developed in recent years as a valuable method for EV analyses (17). 

Western Blotting (WB) is one of the most recognized methods to confirm EV presence 

and characterize their phenotype. Like FCM, WB allows to characterize EVs by specific antigen-

expression. MISEV guideline suggest that for improved EV-identification, at least both a 
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membrane and cytosolic marker should be included in the analysis. Moreover, according to the 

nature of the starting sample, the presence of possible contaminant particles should also be 

assessed (e. g. lipoproteins for plasma, Golgi cellular proteins to assess cell debris contaminants) 

(5).  

Finally, considered the increased need of precision in identifying EV-origin and cargo, 

especially for clinical applications of EVs, single EV- and high-throughput analysis platforms 

are now available and applied in different studies (19,20). These techniques are mainly based on 

imaging, which can visualize individual EVs (e. g. high resolution flow cytometry, super-

resolution microscopy), or are droplet-based (19). The latter, load single EVs into droplets where 

they are barcoded for downstream analysis (21). High-throughput analysis can then be applied 

to identify EV genomic, transcriptomic, proteomic, lipidomic, and metabolomic profile, leading 

to the generation of EV-related OMICS data. Importantly, these data are available in various 

free-to-use web databases (e. g. ExoCarta http://www.exocarta.org; Vesiclepedia 

http://www.microvesicles.org;  EVpedia http://evpedia.info), which can be used to improve data 

analysis (20).  

To sum up, considering the heterogeneity of EVs and of the starting samples, and the 

different applicable isolation techniques, and since there is not a single valid method which can 

fully identify, measure, and quantify EVs, more characterization techniques should be combined 

to confirm EV presence and estimate EV quantity, purity, and size.  
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4 Extracellular vesicles in veterinary medicine 

From the moment of their discovery in the ‘80s, research on EVs has increased 

exponentially in human medicine (2). Except for some early studies preliminarily identifying 

EVs from animal-derived samples, most of the literature on EVs in veterinary medicine has been 

published after the beginning of the XXI century (6,22–25). From that moment, the exponential 

trend of EV-research in human medicine is reflected also in veterinary medicine, as the number 

of publications is growing year after year (6). 

Despite this increasing interest, our knowledge on animal derived-EVs compared to 

humans’ is still scarce. Moreover, being veterinary medicine so heterogenous, particularly in 

terms of animal species and different fields of the scientific research (clinical aspects, or 

infectious diseases and zoonosis studies, animal husbandry and food science), getting lost in so 

many different studies is easy.  

Therefore, to tidy up and show what has been done until now on animal derived-EVs, I 

and some colleagues working on EVs published the following review on “Extracellular vesicles 

in veterinary medicine”. The aim of this review is not only to fill the gap of knowledge on this 

topic, but also to show the issues, the limitations and especially the potential of working with 

EVs in animals as well as in humans. 
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4.1 Paper n. 2: “Extracellular vesicles in veterinary medicine” 
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5. Extracellular vesicles in unconventional species 

As highlighted with the above review, most of the studies on animal derived EVs are 

mainly addressed to farm animals (6).  

Generally, in all disciplines, wild and exotic animals are less studied than farm animals or 

pets for ethical reasons (especially for in vivo studies) and lesser accessibility. However, many 

wild animals are of interest for human health as comparative models for human diseases but also 

as relevant reservoir for disease spreading, or as sentinels to monitor environmental health (26–

28). Therefore, considering also the concept of One Health, a further aim of my project was to 

study EVs in aquatic animal species.  We preliminary investigated EVs in some unconventional 

species (i. e. Tursiops truncatus, Ziphius cavirostris, Ruditapes philippinarum). Indeed, EVs 

from these species have been only preliminarily investigated (29,30) but they could be useful 

tools to gain more information on their pathophysiology and on the environment they live in. 

 

5.1 Cetacean cell derived extracellular vesicles 

Marine mammals are species of scientific interest for many reasons. First, they are 

considered possible good sentinels of the marine environment; being at the top of the trophic 

chain, they can accumulate elements like pollutants through the diet and these compounds can 

be stored in tissues and undergo a biomagnification process (31,32). Second, whales particularly, 

are reported as long living animals which appear to be resistant to cancer, being therefore of 

extreme interest in comparative oncology and cell-aging studies (33–35).  

These interesting features must deal with the challenges of studying wild free-ranging 

animals, both for ethical reasons and practical sampling difficulties. These issues can be partially 

overcome using in vitro models which, despite being unable of representing completely the in 

vivo complexity, can give useful new insights on scarcely known physio-pathological 

mechanisms in these species. Unfortunately, in vitro studies using cetacean cell lines are still 

uncommon, due to the difficulties of obtaining fresh well-preserved tissues (36–40).  

In addition, EVs could be very interesting tools to gain information on these species, but 

they have not been widely explored in cetaceans. Only one study described the profile of EVs 

isolated from the serum of five cetacean species (minke whale, Cuvier’s beaked whale, fin whale, 

humpback whale and orca), investigating the expression of some target EV-associated miRNAs 

and deiminated proteins (29).  
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Therefore, to add new information on cetacean derived EVs the following paper on the 

isolation and characterization of EVs isolated from a bottlenose dolphin and a Cuvier’s beaked 

whale fibroblast cell line was published as part of my PhD. This brief communication is just a 

preliminary study which aims to describe for the first time EVs released in vitro from cetacean 

cell lines, trying to open the field of EV-research to marine mammals. In vitro research combined 

with EV-study can become an important approach to deepen our knowledge on these fascinating 

animals, that could be applied to future studies on marine ecotoxicology and comparative 

pathology. 
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5.2 Paper n. 3: “Isolation and characterization of cetacean cell-derived extracellular 

vesicles”   
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5.3 Isolation and characterization of extracellular vesicles from Manila clam hemolymph 

5.3.1 Introduction  

During the XIX century, some species of bivalves became very important for the 

international trade and were introduced in the aquaculture systems of many countries (41). 

Among these species, Manila clam (Ruditapes philippinarum) is considered a conspicuous 

Italian aquaculture product (42). Being filter feeders widely distributed, easy to distinguish, to 

collect and to maintain in laboratory conditions, Manila clams can be used as sentinels to monitor 

environmental pollution (43). Moreover, considering the economic importance of Manila clams 

as a seafood, new monitoring tools to assess the presence of infectious disease or the effects of 

climate change, which might damage the production, are needed (41,42,44). 

EVs have been proved to be versatile tools, enclosing important information of organisms 

of any kingdom. Very few studies have been performed on bivalve derived-EVs, most of them 

mainly focusing on oysters (30,45,46). However, in the few published studies, EV-isolation and 

characterization procedures are not accurately described or involve purification methods which 

isolate EVs in low-purity (e. g. precipitation kits) (30,45–47).  

Considering the few information in the literature on EVs in bivalves, but the high potential 

that EV research implies in relation to environment and food safety, in my project we studied 

and optimized a protocol to isolate and characterize EVs from Manila clam hemolymph. Since 

hemolymph is a complex biofluid, with the same function of blood for mammals but with a 

different composition, we compared the isolation of EVs from hemolymph diluted in two 

different buffers: PBS or water with 3.2% of NaCl. While 1x PBS is the most used diluent for 

EVs from mammalian biofluids, a higher salt concentration might be more suitable when 

working with hypertonic fluids, such as Manila clam hemolymph.  In addition, again due the 

molecular complexity and density of the hemolymph, both traditional ultracentrifugation (UC) 

and sucrose density gradient UC were applied for EV isolation. 

The following experiments were mainly performed during my abroad period at the Utrecht 

University, Utrecht (NL), at the department of Biomolecular Health Sciences in the laboratory 

of prof. Marca Wauben. 

 

 

5.3.2 Materials and methods 

Collection of hemolymph samples 
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Hemolymph was withdrawn from the posterior abductor muscle of alive commercially 

available Manila clams (Ruditapes philippinarum) using a syringe with a 26G needle. Fresh 

hemolymph was collected in 4.5 ml aliquots, each derived from a pool of 8 animals. After 

collection, hemolymph was centrifuged at 800xg to remove hemocytes and then stored at -80°C 

until EV-isolation. 

 

Isolation of hemolymph-derived EVs 

After thawing, each hemolymph aliquot was centrifuged at 2000 × g at 4°C to discharge 

residual cells and debris. The supernatant was then centrifuged at 10,000 × g at 4°C for 30 

minutes in an L90k ultracentrifuge (Beckman Coulter, Brea, California; US) to further eliminate 

smaller irrelevant debris.  

To perform EV-isolation with UC, the 10,000 × g centrifuged supernatant was diluted 

either in 1:2 in 1x PBS (dfPBS) or milliQ water with 3.2% of NaCl (dfmilliQ), both double 

filtered (0.2 µm), and transferred to SW40 tubes (Beckman Coulter, Brea, California, US) and 

ultracentrifuged at 10,000 × g for 90 minutes at 4°C in a SW40 rotor in a Beckman Coulter 

OptimaL-90k (Beckman Coulter, Brea, California US). Due to technical issues (see Results 

below) the UC isolates were not analyzed further. 

For EV-isolation with top-down sucrose density gradient UC (dgUC), 3.250 mL of the 

10,000 × g supernatant (see above) were diluted 1:2 with either dfPBS or dfmilliQ, to reach a 

final volume of 6.5 mL. The diluted supernatants were loaded on the top of a sucrose density 

gradient (6 mL), which was made by layering successive sucrose solutions of decreasing density 

(2.0 M–0.4 M) on top of 2.5 M sucrose in SW40 tubes (Beckman Coulter, Brea, California, US). 

Samples were then centrifuged at 200,000 × g for 16 h at 4°C in a Beckman Coulter OptimaXE 

with a SW40 rotor (Beckman Coulter, Brea, California, US). After centrifugation separated 

density fractions (fr) in the tube were collected and pooled in groups of 3 as follows: higher 

density-fr 1–3 (mean density: 1.28–1.26 g/mL), fr 4–6 (mean density: 1.24–1.20 g/mL), fr 7–9 

(mean density: 1.18–1.13 g/mL), and low-density fr 10–12 (mean density: 1.12–1.08 g/mL). 

Each pool (about 1.5 ml) was transferred to a SW40 tube (Beckman Coulter, Brea, California, 

US), diluted with 11 mL of dfPBS and centrifuged again at 100,000 × g for 65 min at 4°C in a 

Beckman Coulter OptimaL-90K with a SW40 rotor. The final EV-enriched pellets from each 

dgUC pool [herein as NaCl- or PBS-pools (from hemolymph diluted in dfmilliQ or in dfPBS, 

respectively) 1-3; 4-6; 7-9; 10-12] were then used for further experimentation, performing new 

additional dgUC different biological replicates for each assay.  
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Nanoparticle Tracking Analysis 

To assess the size distribution and concentration of EVs, Nanoparticle Tracking Analysis 

(NTA) was performed in biological triplicates for all dgUC NaCl- and PBS-pools. 

Each pellet was resuspended in 100 µl of dfPBS and then in case diluted in the same buffer 

until reliable measurements were obtained. NTA was performed with NanoSight NS500 

(Malvern Panalytical, Malvern, UK) and 3 videos of 60 seconds each were recorded and 

analyzed using software 3.4, with camera level set at 14 and detection threshold set at 5.  

 

Protein extraction, quantification and staining 

The pellet from each NaCl- and PBS-pool was resuspended in 40 µl of 

radioimmunoprecipitation assay buffer (RIPA buffer) with protease inhibitor and analyzed in 

technical and biological triplicates for protein concentration with the BCA kit (Thermo Fisher 

Scientific, Waltham, Massachusetts, US) according to manufacturer’s instructions.  

The distribution of proteins in each sample was also assessed after gel electrophoresis with 

sypro-ruby protein staining. Each pellet of NaCl- and PBS-pool was resuspended in 40 µl of 

sample buffer (125 mM Tris, pH 6.8, 4% SDS, 20% glycerol), heated for 5 min at 95°C, diluted 

1:1 with PBS and loaded onto a 12.5% Bis-Tris gel. After gel electrophoresis, the gel was stained 

with Sypro Protein Gel Stain (Thermo Fisher Scientific, Waltham, Massachusetts, US) according 

to manufacturer’s instructions. Stained protein bands were visualized with the ChemiDoc MP 

and Image Lab 5.1 (Bio-Rad, Hercules, California, US). 

 

Negative stain electron microscopy 

In order to visualize EVs into the samples, the pellet of each NaCl- or PBS-pool was 

dissolved in 30 µl of a solution with 25 mM HEPES and 130 mM NaCl and kept on ice for 1 

hour. Subsequently, 4 μl of sample was applied to carbon-coated copper grids that were glow 

discharged (PELCO easiGlow, Ted Pella, Redding, California, US). The sample was allowed to 

absorb for 30 seconds prior to 2x wash with milliQ water and 3x staining with 2% uranyl acetate 

solution, with the last washing step lasting for 30 seconds. Grids were allowed to dry in air for 5 

min and then imaged on a FEI Talos L120C transmission electron microscope operated at 120 

keV, equipped with a CCD camera (Bijvoet Centre for Biomolecular Research, Utrecht 

University, NL). 

  

Cryo-electron microscopy 
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To perform cryo-EM, only the pellet of NaCl- or PBS-pool 7-9 was dissolved in 20 µl of 

a solution with 25 mM HEPES and 130 mM of NaCl solution. 4 µL of sample was loaded onto 

a Quantifoil 2/1 300 mesh grid (Quantifoil Micro Tools, Großlöbichau, Germany) that was glow 

discharged (PELCO easiGlow, Ted Pella, Redding, California, US). 1 µL of a BSA-conjugated 

10 nm gold beads (Aurion, Wageningen, the Netherlands) suspension was added and the drop 

was blotted from the back (other side of sample deposition) for 4-6 seconds. Sample was vitrified 

by plunge freezing in liquid ethane-propane mix (37% ethane) using a manual plunge-freezer 

(MPI-Martinsried, Planegg, Germany). 

Data was collected on a Talos Arctica (Thermo Fisher Scientific, Waltham, Massachusetts, 

US) transmission electron microscope operated at 200 kV, equipped with a postcolumn energy 

filter (Gatan) operated in zero-loss imaging mode with a 20-eV energy selecting slit (Bijvoet 

Centre for Biomolecular Research, Utrecht University, NL). Projection images were collected 

using a K2 Summit direct electron detector (Gatan, Pleasanton, California, US) in counting mode 

with dose fractionation, at a magnification of 100,000x (1.359 Å/pix). Target defocus was set at 

-4 µm and total dose approximately 50 e-/Å. 

 

 

5.3.3 Results 

Isolation of hemolymph-derived EVs 

When the hemolymph was preliminarily diluted in dfPBS the formation of whiteish and 

compact concretions where evident as precipitates after traditional UC, presumably composed 

of aggregations of salts (Figure 1). Whereas, diluting hemolymph in dfmilliQ with 3% of NaCl 

did not cause the formation of any precipitates after UC, probably due to the fact that this solution 

has of the same osmolarity of seawater, which is hypertonic compared to 1x PBS (Figure 1).  

 

Figure 1. Ultracentrifugation performed on hemolymph samples. On the left, hemolymph diluted with 1:2 

with 1x dfPBS; a big pellet of precipitates can be seen at the bottom of the tube. On the right, hemolymph diluted 

1:2 with dfmilliQ water with 3.2% of NaCl; no precipitates are present at the bottom of the tube. 
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Even if without precipitations, performing only traditional UC on hemolymph diluted with 

water + 3.2% of NaCl did not allow to precisely characterize EVs with NTA, BCA and EM, due 

to a still high (probably salt) particle concentration in the UC-pellet which interfered with the 

analysis. Therefore, we decided to perform dgUC to isolate hemolymph derived-EVs, comparing 

EV-yield and quality when using these two different diluents (dfPBS and dfmilliQ). 

 

Nanoparticle Tracking Analysis 

Each NaCl- or PBS-pool isolated with dgUC was analyzed for particle concentration and 

size distribution at NTA. In both NaCl- and PBS-pools, particles had a wide size range, from 50 

to 800 nm of diameter. The mean size of particle diameters ranged from 124.2 to 178.2 nm and 

the mode ranged from 59.7 to 132.2 nm among NaCl-pools. For PBS-pools, the mean diameter 

was between 121.6 to 168 nm and the mode between 73.1 and 114.5 nm (Table 1). For both 

types of buffers, pools 1-3 were those with the highest particle concentration (2.3 and 3.3*1011 

particles/ml, respectively) (Table 1). Particle concentration in both NaCl- and PBS-pools 4-6 and 

7-9 was similar (from 1.3 to 1.6*1010 particles/ml), while the lowest concentration was in NaCl- 

and PBS-pools 10-12 (1*109 and 6.1*108 particles/ml respectively) (Table 1). 

 

Table 1. Nanoparticle tracking analysis performed on sucrose density gradient ultracentrifugation (dgUC) 

pooled fractions of hemolymph diluted with dfmilliQ water (NaCl-pools) or with PBS (PBS-pools).  

 

dgUC pools 

Mean 

concentration 

particles/ml +/ SD 

Mean size (nm) 

+/- SD 

Mode size (nm) 

+/- SD 

NaCl-pools 1-3 2,312*1011 +/- 

2,35*1010 
124.2 +/- 9.2 59.7 +/- 5.6 

NaCl-pools 4-6 1,59*1010 +/- 

2,52*109 
178.2 +/- 1 128.6 + /- 6.1 

NaCl-pools 7-9 1,29*1010 +/- 

2,74*108 
149.6 +/- 1,9 120.2 +/- 8.4 

NaCl-pools 

10-12 

1,06*109+/- 

2,76*107 
163.4 +/- 2.3 132.2 +/- 6 

PBS-pools 1-3 3,34*1011 +/- 

1,36*1010 
121.6 +/- 3.8 73.1 +/- 2 

PBS-pools 4-6 1,13*1010 +/- 

1,23*109 
168.9 +/- 1.8 107.9 +/- 6.1 

PBS-pools 7-9 1,64*1010 +/- 

2,08*109 
145.8 +/- 2 111 +/- 5.4 
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PBS-pools 

10-12 

6,09*108+/- 

2,74*107 
134 +/- 2.5 114.5 +/- 4.7 

* SD = standard deviation. 

 

Protein quantification and staining 

BCA assay performed on all the dgUC NaCl- and PBS-pools, showed a higher protein 

concentration in all the NaCl-pools compared to the PBS-pools. In particular, three PBS-pools 

(4-6; 7-9 and 10-12) could not be reliably measured because protein concentration was under the 

kit detection range (Figure 2A). The highest protein concentration was in NaCl-pool 1-3 (mean 

= 0.58 +/- 0.02 µg/µl), while in the other NaCl-pools protein concentration resulted similar 

(mean protein concentration: fr 4-6 = 0.10 +/- 0004 µg/µl; fr 7-9 = 0.15 +/- 0.003 µg/µl; fr 10-

12 = 0.08 +/- 0.02 µg/µl) (Figure 2A). Sypro Ruby protein staining showed the presence of 

proteins of different molecular weight in all samples (Figure 2B). More protein bands were 

visible in NaCl- than in PBS-pools.  

. 

 

Figure 2. A. Protein quantification performed on sucrose density gradient ultracentrifugation pooled 

fractions derived from hemolymph diluted in dfmilliQ (NaCl-pools) or in PBS (PBS-pools). B. Protein gel staining 

with Sypro-ruby on NaCl-pools and PBS-pools. On the left, the molecular weight in kDa of the ladder. 
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Electron microscopy 

Negative stain EM was performed on all the NaCl- and PBS-pools. Membrane-bound 

vesicular structures presenting the typical cup-shaped and consistent with EVs, were detected in 

all NaCl- and PBS-pools (Figures 3A-F). EV-size was mainly referable to that of small EVs, 

being smaller than 200 nm. Most EVs with least contaminant co-isolated particles in the 

background (most likely proteins, seen as white or grey smaller granular or fibrillar material) 

were detected in both NaCl- PBS-pools 7-9 (Figures 3E; 3F). Lot of similar vesicular structures 

consistent with EVs were present also in pools 4-6, but with a higher background material 

(Figures 3C; 3D). Comparing the two buffers, the NaCl-pools 4-6 and 7-9 seemed to contain a 

more abundant number of EVs than the same PBS-pools, with the latter instead presenting some 

collapsed amorphous vesicular structures (presumably consistent with collapsed EVs) which 

were not present in the corresponding NaCl-pools (Figures 3C-F).  

Few EVs were detected in NaCl and PBS-pooled-fr 1-3, where most of the isolated 

material was of non-vescicular (EV) nature (proteins and salts, the latter seen as darker spots 

especially in PBS-pooled-fr 1-3), and in NaCl and PBS-pooled-fr 10-12, where almost no 

particles or vescicles were present (Figures 3A-B; 3G-H).  
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Figure 3. Negative staining electron microscopy performed on density gradient pooled fractions derived from 

hemolymph diluted in dfmilliQ (NaCl-pools) or in PBS (PBS-pools). White arrows point vesicular structures 

consistent with extracellular vesicles (EVs). A. NaCl-pools 1-3; B. PBS-pools 1-3; few EVs are surrounded by 

abundant amorphous structures in the background (probably proteins) (A-B); C. NaCl-pools 4-6; D. PBS-pools 4-

6; groups of EVs are present. In the background many white and grey granular and fibrillar structures consistent 

with proteinaceous material are present (C-D). E. NaCl-pools 7-9; F. PBS-pools 7-9; an increased number of EVs 

can be seen, with few white granular structures (proteins) in the background (E-F); the black arrow points a huge 

amorphous structure, possibly consistent with collapsed EVs (F). G. NaCl-pools 10-12; H. PBS-pools 10-12; 

presence of scarce EVs and background material (G-H). 

 

Since most of vesicles consistent with EVs were present in dgUC pools 7-9, NaCl- and 

PBS-pools 7-9 were selected for cryo-EM (Figure 4A-B).  
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Cryo-EM confirmed the presence of vesicular structured surrounded by a lipid bilayer, 

consistent with EVs. As for negative staining, Cryo-EM confirmed the presence of mainly small 

EVs (< 200 nm) in both NaCl- and PBS-pools 7-9 (Figures 4A-D). In both samples, EVs 

appeared with heterogenous shapes, with an intact lipid bilayer and with small granular dark 

particles, probably proteins, coronating their surface (Figures 4A-D). The main difference 

between NaCl- and PBS-pools 7-9 was the presence of diffused crystalline structures in PBS-

pool 7-9, probably related to the presence of salt precipitates which made the image acquisition 

more difficult and that were not clearly detected at the negative staining (Figure 4D).  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Cryo-electron microscopy performed on dgUC pools 7-9 derived from hemolymph diluted in 

dfmilliQ (NaCl-pools) or in PBS (PBS-pools). A-B. NaCl-pool 7-9. A. roundish EVs heterogenous in size surrounded 

by an intact lipid bilayer (black arrows); B. polymorphous EV coronated with protein on the surface (dark granular 

small material – white arrow).; C-D. PBS-pool 7-9; C. EVs coronated by proteins on the surface (white arrow); D. 

Diffuse crystalline material (probably salt precipitates) covering the sample; the scale bar is set at 100 nm. 

 

 

5.3.4 Discussion 

In this study, we report a tailored protocol for EV-isolation from Manila clam hemolymph. 
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A high salt component evident as precipitated concretion or more dissolved salt particles 

was present in the UC-pellet of hemolymph diluted with either dfmilliQ or dfPBS. Therefore, to 

better separate EVs from salts which affect EV-analysis, we chose to perform sucrose dgUC to 

isolate EVs. dgUC is recognized as a high specificity EV-purification method, allowing to 

separate the particles of a sample according to their density (14). Moreover, to test whether the 

salts precipitates caused by dfPBS could dissolve in the sucrose density gradients or cause further 

issues in the EV-isolation and analysis procedures, we still included the dfPBS ad a buffer in 

comparison with the hypertonic dfmilliQ.   

Protocols for EV isolation with sucrose dgUC are standardized for mammal biofluids and 

the density gradient fractions containing EVs are known in advance (14,48,49). However, this is 

not the case for hemolymph which has never been tested by this method. Therefore, to precisely 

assess EV-distribution in dgUC fractions, we pooled in groups of three all the sucrose density 

gradient obtained fractions and characterized all of them for EV-presence. 

According to the literature where the same sucrose dgUC isolation protocol was performed 

on a complex and dense biofluid such as bovine and human breast milk, pools 7-9 have been 

demonstrated at cryo-EM, EM negative staining and Western Blotting as the fractions containing 

most EVs with least co-isolated contaminants (49,50). Pools 4-6 can also present many EVs, but 

less than pools 7-9 (49).  

In our study, NTA and BCA were performed to quantify particle and protein concentration, 

respectively, on all NaCl- and PBS-pools. However, NTA can only detect nanoparticles by 

Brownian motion analysis, with no precise indication of their nature and origin (i.e. EVs versus 

other particles), while BCA only quantifies proteins. Therefore, EV presence in the different 

dgUC pools was then also assessed with EM. Coherent to the literature, EM negative staining 

showed that most of vesicles consistent with EVs with least background contaminants were 

present in NaCl- and PBS-pools 7-9, followed by NaCl- and PBS-pools 4-6 which still presented 

many EVs, but to a lesser extent (49).  

Considering the comparison between dfPBS and dfmilliQ with 3.2% of NaCl as diluents, 

we observed mild differences in the dgUC pools affecting some EV-analysis. 

Cryo-EM was performed on NaCl and PBS-pools 7-9, to highlight possible differences in 

EV quality related to the two different diluents. Intact small EVs were present in both samples 

but, in PBS-pools 7-9 salt precipitates were spread in the background, partially covering EVs. In 

the literature, there is no accurate description of the characterization of EVs isolated from 

hypertonic and complex biofluids like hemolymph. However, in relation to our samples, we 

might suppose that salt precipitates detected at cryo-EM might have affected also other analysis, 
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explaining the discrepancy between the NTA and the BCA data. While particle concentration at 

NTA was similar among the corresponding NaCl and PBS-pools, protein concentration at BCA 

was much higher in all the NaCl-pools. We might speculate that this difference could be due to 

the presence of salt aggregates in the PBS-pools, possibly measured by the NTA (5,16).  

To better assess the nature of the components of dgUC pools more information on Manila 

clam hemolymph is needed. In the literature, some studies report its composition mainly in 

relation to disease or stress conditions (e. g. bacterial or viral infections) or focus on the analysis 

of specific components, but large datasets describing the detailed biochemical properties are still 

lacking (e. g. nitric oxide, cycloxigenase-2, hemocyte description) (51–54). 

To our knowledge, few studies have analyzed hemolymph derived EVs in bivalves, and 

none of them investigated Manila clam EVs. Most studies, focused indeed on different species 

of oysters (Crassostrea gigas, Crassostrea virginica, Pinctada fucata) or on other bivalves 

(Mytilus edulis, Mya arenaria, Ensis leei) (30,45–47). In these studies, EV-isolation from 

hemolymph was mainly obtained with precipitation kits which do not guarantee a good purity of 

the EV-samples (45–47). In the study of Bowden and coauthors, EVs were isolated instead with 

ultracentrifugation (twice at 100,000 x g for 1 h) from hemolymph of four different bivalve 

species (Mytilus edulis, Mya arenaria, Ensis leei, Crasosstrea virginica) and were correctly 

characterized through NTA, EM and Western Blotting (WB) (30). However, EM pictures show 

a high background in all samples and do not clearly highlighted EV presence. Moreover, WB 

showed a positivity for the EV-marker CD63, however the detected band was at a different 

molecular weight than that reported for the same protein in the literature and declared from the 

antibody producing company (70 kDa band detected in bivalve EVs versus 28 kDa; see: 

https://www.abcam.com/products/primary-antibodies/cd63-antibody-late-endosome-marker-

ab216130.html) (30).  

In our study it was not possible to obtain WB characterization of the isolated EVs since 

there was lack of cross-reaction between Manila clam proteins and some commercial antibodies 

that we tested with several WB protocols (data are not shown). The applied antibodies were 

raised against human antigens normally associated to EVs (CD81, HSP70, HSP90, TSG101) and 

were not able detect a positive signal from the extracted proteins obtained from the NaCl- and 

PBS-pools. Therefore, further analysis on Manila clam protein sequences, still scarcely 

characterized, should be performed to find good markers for EV-characterization.  

To conclude, here we report a protocol for EV-isolation from Manila clam hemolymph. 

Diluting hemolymph in hypertonic solution compared to 1x PBS can avoid the formation of salt 

aggregates which can affect some EV-analysis. Considered the scarce knowledge on Manila 

https://www.abcam.com/products/primary-antibodies/cd63-antibody-late-endosome-marker-ab216130.html
https://www.abcam.com/products/primary-antibodies/cd63-antibody-late-endosome-marker-ab216130.html
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clam EVs, further studies should be performed to better characterize hemolymph derived-EVs, 

paying attention to protein composition and cargo. Being Manila clams a seafood of interest for 

human health, for the international trade and for environmental research, (55,56), further studies 

on hemolymph derived-EVs could be performed to investigate their application as monitoring 

tools for animal and environmental health assessment. 
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6. Extracellular vesicles in cancer  

 

The role of EVs in the carcinogenic process is one of the most studied functions of EVs, 

especially in human medicine (57). Indeed, EVs have been shown to be involved in all the main 

processes of carcinogenesis, including cancer progression, invasiveness, metastasis and drug 

resistance (55,58,59) 

Cancer EVs have been demonstrated to modulate the tumor microenvironment, 

transferring oncogenic proteins and nucleic acids to the stromal cells which will then support 

tumor growth, invasion, and metastasis (60). EVs can also be secreted by different cells of the 

tumor microenvironment, improving cancer progression, for example transferring angiogenic 

factors to endothelial cells (60,61). Moreover, despite EVs contain tumor antigens capable of 

priming an anti-tumor immune response, there is strong evidence that this anti-tumor immune 

response can also be suppressed by tumor cells through EVs, by reducing the activity of immune 

cells or inducing their apoptosis (59,60). Cancer EVs can also mediate drug resistance by directly 

exporting or sequestering cytotoxic drugs, reducing their concentration at target sites or 

conferring resistance to drug-sensitive cancer cells (62,63).  

Besides their role in the regulation of cancer-related pathways, EVs have also been studied 

because of their possible application as cancer biomarkers (8,57,64). Since EVs are stable in 

various types of body fluids and reflect the current state of their parental cell, targeting EV-cargo 

allows to obtain crucial information about the health status of an organism. Moreover, EV 

sampling is minimally invasive when performed by certain body fluids, so EVs and their cargo 

can be used as clinical diagnostic, prognostic, and predictive cancer biomarkers (58).  

EVs carry different types of molecules which could be targeted as biomarkers, such as 

proteins, lipids, mRNAs and lncRNAs. However, miRNAs are for sure among the molecules 

investigated the most as cancer biomarkers, both in human and veterinary medicine (58,63). 

miRNAs normally regulate molecular RNA networks but are often dysregulated in cancer, 

supporting both its progression and suppression (58). They can be detected as free circulating 

molecules in the blood, but also as associated to EVs, where they seem to be more resistant to 

RNase activity. This makes EV-associated miRNAs good candidates as cancer biomarkers (58). 

However, despite several trials assessing the application of EVs for human cancer diagnosis, 

staging and response to therapy have been performed, fine standardization procedures are still 

needed to truly use EVs as biomarkers in the clinical routine (58,65). 
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6.1 Functionality of cancer-derived extracellular vesicles 

In human medicine, several studies have demonstrated the ability of EVs of transferring 

their cargo to other cells, of the same or of a different cell-type, in an autocrine or paracrine 

manner or also through distant cell signaling (66). This horizontal transfer of molecules can have 

different implications in cancer, and tumor derived EVs can spread an acquired phenotype, 

promoting for example cell proliferation, metastasis, drug resistance or inhibiting apoptosis 

(67,68).  

Considering the complexity of studying EV-related pathways in vivo and the need to 

reduce animal trials, in vitro studies are still the first choice to study EV-uptake and trafficking 

and to evaluate the function of tumoral EVs (69). Despite in vitro studies on cancer-derived EVs 

are frequent in human medicine, they are much rarer in veterinary medicine. Until now, few 

studies have been published on in vitro cancer derived EVs, and even fewer evaluated EV-

functionality in veterinary medicine (70,71). 

The most common neoplasia in both women and female dogs is mammary tumor (72). For 

human breast cancer, many in vitro studies showed how both cancer derived EVs and EVs 

released by the tumor associated microenvironment can functionally promote tumor survival, 

spreading and metastasis by activating specific cell-signaling pathways (73–75). In dogs, despite 

mammary tumor is the most common neoplasia, only two studies investigated the role of cancer 

derived EVs, one focusing on the characterization of EVs from in vitro mammary tumor cell 

lines and the other one on the analysis of EV-associated miRNAs derived from five different 

canine mammary tumor cell lines (71,76). 

Therefore, an additional part of my PhD project was to highlight possible autocrine effects 

on cell proliferation, invasiveness and migration of canine mammary tumor cell line derived EVs 

isolated and administered to the same cell line in vitro. Additionally, considering the importance 

of the EV purification protocol which might select specific EV-subpopulations in different 

conditions of purity, the EV-profile and functionality of EVs isolated with two different methods, 

UC and SEC, was also compared. The following publication was the result of these studies.  
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6.2 Paper n. 4: “Characterization and function of extracellular vesicles in a canine 

mammary tumor cell line: ultracentrifugation versus size exclusion chromatography” 
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6.3 Extracellular vesicles as cancer biomarkers 

One additional application of EVs in cancer is their possible use as cancer biomarkers in 

liquid biopsy. Ideally, the liquid biopsy is a low invasive and cost-effective method to early 

diagnose cancer and monitor its progression or recurrence, detecting representative molecules in 

the circulation without performing tissue biopsies (Zhou et al., 2021;Yu et al., 2021).  Liquid 

biopsy can target circulating tumor DNA, circulating tumor cells or circulating EVs (identifying 

tumor-derived EVs is still challenging!) and their cargo with a particular emphasis on EV-

associated miRNAs (77). Despite we are still far from using EVs as biomarkers in the clinical 

routine, about 50% of the clinical trials in human medicine focuses on using EVs as biomarkers 

for different diseases and, more than the 70% of these trials apply EVs as cancer biomarkers 

(65).  

Despite improvements in liquid biopsy research would allow to find early, non-invasive 

and non-expansive biomarkers, until now results are very scarce in veterinary medicine and only 

few studies have investigated the use of EV-associated miRNAs as possible canine cancer 

biomarkers (76,79,80).  

Particularly, among canine tumors, lymphoma is still a significant challenge for veterinary 

oncologists. Lymphoma is one of the most common tumors in dogs and is mainly categorized in 

B-cell lymphoma, T-cell lymphoma or non-B/non-T cell lymphoma. The T-cell phenotype is 

less common the B-type but more rapid, more aggressive and can more often develop drug 

resistance (81). 

Therefore, in collaboration with the ANICURA Veterinary Institute of Novara (Granozzo 

con Monticello (NO), Italy) and Dr. Chiara Leo, in my project I also investigated the expression 

of EV-associated and free circulating miRNAs in dogs with T-cell lymphoma compared to 

healthy dogs. The EV-associated miRNAs that we found as dysregulated in our study could be 

used for further studies on larger samples of patients to better investigate their application as 

diagnostic, prognostic or predictive biomarkers in canine T-cell lymphoma. The following paper 

summarizing the results has been recently submitted to PLOS ONE.  
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6.4 Paper n.5: “Free circulating versus extracellular vesicle-associated microRNA 

expression in canine T-cell lymphoma” 
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7. General conclusions 

EV-research has a wide range of different applications, from their use in pathophysiology 

studies, to their practical application as diagnostic biomarkers or as therapeutics.  

In veterinary medicine, despite the increasing number of publications, still little is known 

about animal-derived EVs.  

In this PhD thesis, different applications of EVs, isolated from different animal species and 

biofluids were explored to gain more information and expertise on these powerful messengers 

also in animals.  

The added value of EV-research is that all these different applications can fit very well into 

the concept of One Health, since EVs can be used to assess the health of humans and the relation 

between animals, humans and the environment, having the ability to travel and connect different 

kingdoms (82). To better explore this interconnector role of EVs, we need for sure more 

information on animal derived-EVs, on the possible mechanisms of release in biofluids and in 

the environment and on their role in intra and inter-species communication.  

With the purpose to follow this thread in the future, I hope this research work lain another 

brick on the wall, adding new information on animal derived EVs and showing the potential and 

the versatility of this new research tool.  
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8. Side projects and related papers 

Besides from the here above reported papers and research works, during my PhD I could 

participate to a side project in collaboration with another group. My contribution was mainly 

based on my expertise on EVs and on the NTA technology applied in the study. Here is the 

published paper. 

 

- Mecocci S, De Paolis L, Zoccola R, Fruscione F, De Ciucis CG, Chiaradia E, Moccia V, 

Tognoloni A, Pascucci L, Zoppi S, Zappulli V, Chillemi G, Goria M, Cappelli K, 

Razzuoli E. Antimicrobial and Immunomodulatory Potential of Cow Colostrum 

Extracellular Vesicles (ColosEVs) in an Intestinal In Vitro Model. Biomedicines. 2022; 

10(12):3264 

 

I also participated to other research works not involving EVs. The list of these works is reported 

below followed by a short description of my contribution in each study. 

 

- Crescio M I, Ru G, Aresu L, Bozzetta E, Cancedda M G, Capello K, Castagnaro M, 

Carnio A, Cocumelli C, Uberti B D, Eleni C, Foiani G, Fonti N, Gibelli L R, 

Maniscalco L, Manuali E, Moccia V, Paciello O, Petrella A, Petrini A, Poli A, Puleio 

R, Razzuoli E, Scaramozzino P, Varello K, Vascellari M, Zappulli V, Ferrari A, On 

Behalf Of NilovTorrigiani F, Moccia V, Brunetti B, Millanta F, Valdivia G, Pena L, 

Cavicchioli L, Zappulli V. The Italian Network of Laboratories for Veterinary 

Oncology (NILOV) 2.0: Improving Knowledge on Canine Tumours. Veterinary 

Sciences. 2022;9(8), 394. 

Contribution: canine tumors data collection from the register of the pathology 

diagnostic service of the Comparative Biomedicine and Food Science dept. of the 

University of Padua. 

 

- Torrigiani F, Moccia V, Brunetti B, Millanta F, Valdivia G, Pena L, Cavicchioli L, 

Zappulli V. Mammary Fibroadenoma in Cats: A Matter of Classification. Veterinary 

Sciences. 2022;9(6), 253. 

Contribution: laboratory support (for immunohistochemistry); writing, editing and 

reviewing of the original draft. 
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- Rensi N, Sammarco A, Moccia V, Calore A, Torrigiani F, Prosperi D, Rizzuto MA, 

Bellini M, De Maria R, Bonsembiante F, Ferro S, Zanetti R, Zappulli V, Cavicchioli 

L. Evaluation of TFR-1 Expression in Feline Mammary Cancer and In Vitro Antitumor 

Efficacy Study of Doxorubicin-Loaded H-Ferritin Nanocages. Cancers (Basel). 2021; 

10, 13(6):1248 

Contribution: in vitro assays (cell proliferation assays); Western Blotting analysis 

 

- Zappulli V, Ferro S, Bonsembiante F, Brocca G, Calore A, Cavicchioli L, Centelleghe 

C, Corazzola G, De Vreese S, Gelain ME, Mazzariol S, Moccia V, Rensi N, Sammarco 

A, Torrigiani F, Verin R, Castagnaro M. Pathology of coronavirus infections: a review 

of lesions in animals in the one-health perspective. Animals. 2020; 10, 2377 

Contribution: writing of a chapter (“Coronavirus in pets”). 

 

Finally, I published also another study as first author. The aim of the following study was to 

histologically evaluate the organ and to describe and score the histological distribution of AA-

amyloid deposits in nine shelter domestic shorthair cats with confirmed systemic AA-

amyloidosis. 

 

- Moccia V, Vogt A. C., Ricagno S., Callegari C., Vogel M., Zini E., Ferro S. 

Histological evaluation of the distribution of systemic AA-amyloidosis in nine 

domestic shorthair cats. PLoS One. 2023; 18(11):e0293892 

Contribution: histological description and scoring of amyloid deposits; writing of the 

original draft. 
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