
1 of 8Veterinary and Comparative Oncology, 2024; 0:1–8
https://doi.org/10.1111/vco.13016

Veterinary and Comparative Oncology

ORIGINAL ARTICLE OPEN ACCESS

Isolation of Tumour-Derived Extracellular Vesicles From the 
Plasma of Dogs Affected by Intracranial Tumours Showing 
Heterologous and Cross-Species Tropism: A Pilot Study
Simona Vincenti1   |  Alessandro Villa2   |  Zemira de Mitri2  |  Arianna Maiolini3  |  Silvia Franzé4  |  Daniela Schweizer5  |  
Anna Oevermann6  |  Paolo Ciana2

1Department of Clinical Veterinary Medicine, Vetsuisse Faculty, University of Bern, Bern, Switzerland  |  2Department of Health Sciences, University 
of Milan, Milan, Italy  |  3Division of Clinical Neurology, Department of Clinical Veterinary Medicine, Vetsuisse Faculty, University of Bern, Bern, 
Switzerland  |  4Department of Pharmaceutical Sciences, University of Milan, Milan, Italy  |  5Division of Clinical Radiology, Department of Clinical 
Veterinary Medicine, Vetsuisse Faculty, University of Bern, Bern, Switzerland  |  6Department of Clinical Research and Veterinary Publich Health, 
Neurological Sciences, Vetsuisse Faculty, University of Bern, Bern, Switzerland

Correspondence: Simona Vincenti (simona.vincenti@vetsuisse.unibe.ch; simona.vincenti@unibe.ch)

Received: 28 May 2024  |  Revised: 20 August 2024  |  Accepted: 9 September 2024

Funding: This work was supported by European Union - NextGenerationEU and Associazione Italiana per la Ricerca sul Cancro, IG 2020-ID.24914.

Keywords: brain tumours | canine | extracellular vesicles | tumour tropism

ABSTRACT
Canine and human brain tumours exhibit similar incidence rates and prognoses. Recent studies have demonstrated that extra-
cellular vesicles derived from human patients (PDEVs) can be loaded with contrast agents and exhibit tumour tropism in murine 
models. We showed in a previous study that gadolinium-labelled EVs derived from canine gliomas (cPDEVs) can selectively tar-
gets murine glioblastoma cells in animal models. As a further step, we investigated the potential heterologous and cross-species 
tumour tropism of cPDEVs with brain tumours. With the perspective of imminent clinical application as both markers and drug 
delivery tools, we have successfully established the isolation protocol for cPDEVs and confirmed the aseptic conditions of the 
procedure and therefore the sterility of the isolated EVs. To assess the functionality of cPDEVs as drug delivery tool, they were 
loaded with indocyanine green (ICG) and injected into murine models of cancer for in vivo fluorescence biodistribution stud-
ies. Biodistribution analysis in mice revealed that ICG-loaded cPDEVs injected into murine models of subcutaneous tumours 
accumulated exclusively in the neoplastic tissue, even when evaluated 24 h post-injection, thus showing the cross-species and 
heterologous selective tumour tropism of the nanoparticles. With these tests, we have established a safe protocol for isolating 
and loading autologous cPDEVs with various markers, thereby paving the way for the clinical testing phase. These significant 
findings suggest the potential use of cPDEVs as a theranostic tool in the management of canine brain tumours, with promising 
implications for translational medicine applications in the future.
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1   |   Introduction

Malignant brain tumours cause severe neurological impairments 
in both humans and dogs, leading to similarly poor prognoses 
[1, 2]. Alongside surgical resection, chemotherapy and radiation 
therapy represent fundamental modalities for treating most brain 
tumours. Unfortunately, these tumours often rapidly develop re-
sistance to chemotherapy and radiotherapy, leading to early recur-
rence following incomplete excision [3]. Given the poor prognosis 
associated with these tumours, numerous research endeavours 
are directed towards developing alternative therapies [3, 4].

Extracellular vesicles (EVs) are nanoparticles constituted by a 
phospholipid bilayer membrane encapsulating a complex cargo 
of nucleic acids, proteins and metabolites; EVs are secreted by 
various cell types into biological fluids. EVs represent a broad 
category of nanoparticles that can be classified based on their 
size and origin, encompassing microvesicles (100 nm–1 μm), 
exosomes (40–120 nm) and apoptotic bodies (50 nm–2 μm) [5]. 
They contain lipids, membrane and cytosolic proteins, as well 
as nucleic acids (miRNA, RNA and DNA), endowing EVs with 
a pivotal role in intercellular communication [5]. Among their 
functions, EVs possess the remarkable ability to interact with re-
cipient cells, facilitating the delivery of cargo from the EVs to the 
cell. Depending on the cargo, this interaction can elicit functional 
responses or induce changes in the physiological or pathological 
status of the cell.

Since several years, EVs are in study as carriers for precision drug 
delivery. The work of David Lyden's group has advanced our un-
derstanding of EV biodistribution by identifying two exosome 
subpopulations and a non-membranous nanoparticle called “ex-
omeres,” each with distinct molecular compositions and organ dis-
tribution patterns [6]. EV biodistribution is influenced by factors 
such as cell source, administration route and targeting moieties 
[7, 8]. Typically, EVs accumulate in organs rich in blood vessels 
and part of the reticuloendothelial system, like the liver, lungs, 
spleen and kidneys [9]. Time-dependent changes show small EVs 
are most abundant in the liver, while large EVs are found in the 
lungs [10]. These findings are crucial for therapeutic study design 
and underscore the need for standardised methodologies in biodis-
tribution research. In this context, the most remarkable character-
istic of specific EVs, released from tumoural cells, is their “homing 
capacity,” demonstrated by oncologic patient-derived EVs towards 
tumour tissues [11–16]. Several recent studies have isolated EVs 
from murine and human tumour cells, loaded them with a fluo-
rescent dye such as indocyanine green (ICG) and injected them 
into murine cancer models, revealing selective accumulation of 
ICG solely within the tumour tissue [15]. Recent findings have also 
shown the feasibility of loading patient-derived EVs with iohexol 
without compromising their homing capacity towards tumours 
[11]. Furthermore, another study showed how EVs derived from 
canine gliomas and loaded with gadolinium can selectively target 
glioblastoma cells in murine models [17]. These compelling results 
have opened avenues for potential theranostic modalities in the 
context of malignant tumour diseases in both human and veter-
inary medicine.

In order to come closer to a clinical application of the autolo-
gous oncologic patient-derived EVs as theranostic tools, our 

aims were to (1) establish a sterile protocol for isolation of ca-
nine patient-derived EVs (cPDEVs) and (2) test the heterologous 
tumour tropism of cPDEVs loaded with ICG, a fluorescent dye 
world-wide used for intraoperative tumour identification.

2   |   Methods

2.1   |   Clinical Case Selection and MRI Imaging

We included canine patients presented at the Small Animal 
Clinic of the Vetsuisse Faculty, University of Bern, with clini-
cal and neurological signs compatible with intracranial disease 
and a diagnosis of intracranial neoplasia based on MRI (3.0 T 
Magnetom Vida, Syngo MR XA31, Siemens Healthineers) of the 
brain (Aut n. BE134/2020).

2.2   |   Establishment of a Sterile Protocol for Canine 
Extracellular Vesicles (cPDEVs) Isolation

With the perspective of future clinical applications, a strictly 
sterile cPDEVs isolation protocol has been established. To 
this end, each canine patient received a jugular vein blood 
sampling under sedation. Venous blood was collected from 
four canine patients with a radiological diagnosis of intracra-
nial neoplasia and from four healthy canine blood donors at 
the Small Animal Clinic of the Vetsuisse Faculty, University 
of Bern (Aut n. BE134/2020). To guarantee the necessary ste-
rility the blood sampling was performed by an experienced 
veterinary surgeon (SV). The jugular region of dogs was sur-
gically prepared, by clipping and skin antisepsis and was then 
draped with sterile single-used adherent drapes. To proceed 
with the blood sampling, the surgeon wore a sterile surgical 
gown and gloves after performing a surgical hand scrubbing, 
followed by a surgical hand rub with alcohol-based hand rub 
solution. The blood was then collected using a sterile hypoder-
mic needle and syringe and immediately transferred in ster-
ile EDTA-conditioned vials and immediately centrifuged at 
1750× g for 10 min at room temperature to remove blood cells 
and prevent platelet activation and release of platelet-derived 
EVs. Supernatants were transferred to new tubes (the bottom 
10% of supernatant above the blood cells was discarded), and 
samples were centrifuged again at 3000× g for 10 min at room 
temperature. Supernatants were collected and processed by ul-
tracentrifugation for 2 h at 100000× g at 4°C in an CP100NX 
ultracentrifuge (Himac, Hitachi, Japan) with a DTH896 rotor 
(Hitachi, Japan). Supernatants were aspirated and the EV-
containing pellets were re-suspended in 100 μL phosphate-
buffered saline (DPBS, EMD Millipore, Burlington, MA, USA). 
Every single step of the described protocol was performed by 
the same experienced veterinarian together with an experi-
enced pharmacologist under laminar flow with strictly sterile 
setting. The sterility of the entire isolation protocol was con-
firmed by plating the final solutions derived from the isolated 
pellet of cPDEVs suspended in NaCl 0.9% onto BHI-Agar plates 
(Sigma-Aldrich). Subsequently, macroscopic and microscopic 
evaluations of the plates were conducted at 24, 36 and 72 h after 
incubation at 37°C. The residual cPDEV suspension was then 
stored at −80°C until use.
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2.3   |   Size Distribution Determination by 
Nanoparticle Tracking Analysis (NTA)

The particle size distribution and concentration of canine cPDEV 
and cPDEV-ICG formulation were analysed by Nanoparticle 
Tracking Analysis (NTA) using a Nanosight model NS300 
(Malvern Panalytical Ltd., Malvern, UK) NTA with a blue 
(404 nm, 70 mV) laser and sCMOS camera. NTA was performed 
for each sample by recording three 90s videos, which were sub-
sequently analysed using NTA software 3.0 (Nanosight). The 
detection threshold was set to Level 5 and the camera threshold 
to level 15.

2.4   |   Zeta Potential Analysis by Electrophoretic 
Light Scattering

The zeta potential was measured using ZetaSizer Nano 
(Malvern, UK). All the samples were diluted 1:10 in PBS and 
inserted in a capillary cell (DTS1070 folded capillary cell) for the 
measurement. An equilibration time of 60 s was set on the soft-
ware to allow the sample to stabilise at 25°C inside the measure-
ment chamber. Three parallel measurements were performed 
on each sample.

2.5   |   Cryo Electron Microscopy (Cryo-EM)

Cryo-EM images (100 fields) were acquired with a JEOL elec-
tron microscope equipped with a FEI Falcon 3EC direct elec-
tron detector and Volta Phase-plate. Prior to Cryo-EV imaging, 
the samples were vitrified on a FEI Vitrobot IV system and pro-
cessed as previously reported [16].

2.6   |   Immunoblotting

For immunoblotting, the cPDEV-containing pellets were re-
suspended in 1× RIPA buffer (150 mM NaCl; 1% NP-40; 0.5% 
sodium deoxycholate; 0.1% SDS; 50 mM Tris–HCl, pH 8.0) sup-
plemented with protease inhibitor cocktail (Roche, Penzberg, 
Germany). EV protein concentrations were quantified using a 
Bradford assay kit (ThermoFischer Scientific Waltham, MA, 
USA). Overall 20 μg of cPDEV protein lysates were separated to 
4%–10% SDS-PAGE using beta-mercaptoethanol as the reducing 
agent and transferred to nitrocellulose membranes (Amersham 
Biosciences, Amersham, UK). The membranes were then 
blocked in 5% non-fat dry milk in TBS-T (0.2% Tween-20) at 
RT and incubated overnight with primary antibodies against 
the exosomal markers CD63 (SAB4301607 Sigma, 1:1000), 
TSG101 (4A10 Abcam, 1:500) and CD9 (C9993 Sigma, 1:500). 
Immunoreactive bands were visualised with chemilumines-
cence using the ECL Western Blotting Analysis System accord-
ing to the manufacturer's instructions (Amersham Biosciences, 
Amersham, UK).

2.7   |   EV Loading With Indocyanine Green (ICG)

To load cPDEVs with ICG (cPDEVs-ICG) 108 cPDEVs suspended 
in 50 μL DPBS 150 μL were added to 150 μL of water solution of 

5 mg/mL ICG (Sigma) and incubated for 16 h at 4°C. Then, sam-
ples were centrifuged at 100000× g for 90 min. After superna-
tant removal, pellets were resuspended in 150 μL of DPBS. To 
ensure there was no non-specific particle formation of ICG dye, 
the EV preparations were inspected by fluorescence imaging 
(Figure S1).

2.8   |   Murine Models of Tumour

The animal experiments involving mice were approved by the 
Italian Ministry of Research and University (permission num-
ber 214/2020) and regulated by a departmental panel of experts. 
C57BL/6NCrl (Charles River, MGI: 2683688) mice were main-
tained at the animal facility of the University of Milan under 
standard conditions according to institutional guidelines. After 
an acclimatisation period of 14 days, murine syngeneic grafts 
were established by s.c. injections of 2 × 106 MC-38 cells into the 
neck of 12-week-old male C57BL/6 mice. The health status of 
the mice during the experimentation was monitored daily, and 
as soon as signs of pain or distress were evident, the mice were 
euthanized. EV injections were performed when the tumour size 
reached a diameter of ~10 mm. For the homing tests, mice en-
grafted with tumours were i.v. injected with 1 × 1010 cPDEVs/kg.

2.9   |   In Vivo and ex Vivo Fluorescence Imaging

Fluorescence imaging sessions were performed 24 h after 
cPDEV-ICG injection using a IVIS camera (PerkinElmer), 
equipped with filters for near-infrared signal detection, follow-
ing the manufacturer's instructions. For in vivo imaging, mice 
were anaesthetized using isoflurane (Isoflurane-V et; Merial, 
Lyon, France) and kept under anaesthesia during imaging ses-
sion. For ex vivo imaging, selected organs were explanted imme-
diately after euthanasia.

2.10   |   Statistical Analysis

Data were presented as the mean ± standard error. The statis-
tical analysis was performed using PRISM (GraphPad, Version 
10.0). T-test was used to compare the differences between two 
groups. p < 0.05 was considered to indicate a statistically signif-
icant difference.

3   |   Results

3.1   |   Canine Patients and Control Group

A total of eight dogs were included in the study. Of them, 
four with a radiological diagnosis of intracranial neoplasia 
(study group) and four healthy blood donors (control group). 
Dogs with intracranial neoplasia were private-owned dogs 
presented to Small Animal Clinic of the Vetsuisse Faculty, 
University of Bern for a diagnostic work-up. The control 
group included four large breed blood donor dogs. The intra-
cranial group was constituted by two French Bulldogs, one 
Continental Bulldog and one American Staffordshire Terrier, 
two females and two males, the mean age at presentation was 
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7.3 years (range 5–12 years) and the mean body weight was 
19.9 kg (range 10–28.1 kg), (Table  1). The control group was 
constituted by two Briard shepherd dogs, one Doberman and 
one Bearded Collie, three females and one male, the mean age 
was 6.3 years (range 4–9 years) and the mean body weight was 
30.0 kg (range 22.4–36.6 kg) (Table 1). Of the four patients be-
longing to the intracranial group, Case 1 was presented due to 
left-sided deficits in the gait, menace response and nasal sen-
sation, as well as severe cervical pain. Case 2 was presented 
due to acute onset of epileptic seizures and mild left-sided pro-
prioception deficits. Case 3 was presented due to acute onset 
of epileptic seizures, severe apathy and gait abnormalities. 
Case 4 was presented due to one-month history of epileptic 
seizures, behaviour abnormalities and mild vestibular signs. 
Each cases underwent MRI, and the main findings are sum-
marised in Table  1 and Figure  1. In one of the two patients 
with a suspected diagnosis of glioma, the diagnosis was histo-
pathologically confirmed post-mortem (Figure 2).

3.2   |   Isolation and Characterisation of cPDEVs 
From Canine Patients With Brain Tumours 
and From Canine Healthy Controls (cHCEVs)

EVs were isolated from 18 mL of whole blood of dogs with 
a radiological diagnosis of intracranial neoplasia and from 
the control dogs. The sterility test conducted on the re-
suspended EVs pellets revealed no growth of microorganisms. 
The characterisation of EVs was made following the guide-
lines established by the “Minimal Information for Studies of 
Extracellular Vesicles (MISEV2018)” [18]. Nanotracking anal-
ysis (Figures  3A and S2A) showed that cPDEVs were bigger 
than cHCEVs isolated from healthy canine blood donors sug-
gesting the presence of a specific population of EVs in dogs 
bearing a brain tumour (Table 1). This difference in diameter 
was statistically significant (p < 0.0001). They expressed the 
specific biomarkers TSG101, CD9 and CD63 (Figures 3B and 
S2B,C), and displayed correct morphology and integrity as 

TABLE 1    |    List of dogs belonging to the study group (Group 1) and the healthy control group (Group 2) with signalment, BW and main MRI 
finding and suspected diagnosis.

Dogs Signalment BW (Kg) MRI findings and suspected diagnosis

Group 1

Case 1 Continental Bulldog, 6y, fc 28.1 Suspected round cell tumour such as 
lymphoma or histiocytic sarcoma

Case 2 American Staffordshire 
Terrier, 12y, mc

26.6 Findings consistent with meningioma

Case 3 French Bulldog, 5y, m 15 Findings consistent with glioma, possibly 
Oligodendroglioma Grade III

Case 4 French Bulldog 6y, fc 10 Findings consistent with glioma, possibly 
oligodendroglioma Grade III

Group 2

Control 1 Briard Sheepdog, 5y, f 30.5 n/a

Control 2 Briard Sheepdog, 7y, f 31.4 n/a

Control 3 Doberman, 4y, fc 36 n/a

Control 4 Bearded Collie, 9y, mc 22.4 n/a

Abbreviations: BW, body weight; c, castrated; f, female; m, male; n/a, not applicable; y, years.

FIGURE 1    |    Representative transverse MRI images of Case 1 (A), Case 2 (B), Case 3 (C), Case 4 (D), and a control case, left side of the image is right 
side of the patient. (A) Focal partially extra-axial and partially intra-axial space occupying lesion right frontal lobe with strong homogeneous contrast 
enhancement and extensive dural tail. Finding consistent with lymphoma. (B) Broad-based extra-axial lesion right frontal lobe showing strong 
homogeneous contrast enhancement. Findings consistent with histiocytic sarcoma. (C) Focal space-occupying intra-axial lesion associated with the 
right lateral ventricle presenting high signal intensity on T2 weighted images and low signal intensity on T1 weighted images with a well-defined rim 
of strong contrast enhancement. Findings consistent with glioma, possibly Oligodendroglioma grade III. (D) Focal intra-axial space occupying lesion 
left temporal lobe presenting high signal intensity on T2, low signal intensity on T1 with an irregular rim of strong contrast enhancement. Findings 
consistent with glioma, possibly oligodendroglioma grade III. (E) Transverse view of brain MRI without evidence of brain tumour.
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shown by Cryo-TEM (Figure  3D). The mean amount of iso-
lated cPDEVs was 4.6 × 1010 (range 2.7 × 1010–8.2 × 1010  EV) 
and of cHCEVs was 4.8 × 1010 (range 1.2 × 108–8.4 × 1010 EV). A 
confirmation of morphology, size and structural integrity was 
obtained with Cryo-TEM imaging (Figure 3D). Furthermore, 
dynamic light scattering analysis revealed that cHCEVs from 
the study group had a negative zeta-potential of approximately 
−20 mV, while the cPDEVs from the control group had a zeta-
potential of −10 mV (Figure 3C).

3.3   |   In Vivo and ex Vivo Homing Capabilities 
of cPDEVs

In order to verify the tumour selective tropism of our cPDEVs 
preparation, a well-established protocol developed in Prof. 
Paolo Ciana's laboratory [14, 16] for human derived EVs was 
adopted. EVs loaded with passive diffusion with the fluores-
cent dye indocyanine green (cPDEVs-ICG) were used to test 
the homing ability of purified EVs according to an established 

FIGURE 2    |    Neuropathology of tumour case 3. (A) Gross pathology revealed a focal, infiltrative and poorly delineated intraaxial mass in the left 
pirifom lobe touching the subarachnoid space and the lateral ventricle. The mass is soft to gelatinous, grey and contains cavities and areas of necrosis. 
(B) Histopathology reveals typical features of an oligodendroglioma with sheets of uniform round neoplastic cells containing round hyperchromatic 
nuclei that are surrounded by optically empty halos (“honeycomb pattern”). Neoplastic cells are embedded in mucinous matrix that multifocally 
coalesces to mucin lakes (M) and supported by a delicate branching vasculature. Additionally, there is prominent glomeruloid-like microvascular 
proliferation (arrows) and necrosis (N), features defining a high-grade glioma.

FIGURE 3    |    Characterisation of cPDEVs. All cPDEVs displayed similar shape, size distribution, and tumour susceptibility gene-101 (TSG101 and 
47KDa) marker expression. (A) Representative particle size relating to Case 1. The red line represents the standard error of the mean. Details on 
the size distribution and concentration are given in Table 2. NTA analyses of each case and control dogs is reported in Figure S1A. (B) Expression 
analysis of TSG101 in cPDEVs. Total membrane acquisition is reported in Figure S1B; additional markers CD9 and CD63, as well as the analysis 
of the additional samples are reported in Figure 2B,C. (C) The surface charge of the cPDEV of the study and the control group was measured using 
a ZetaSizer Nano Malvern instrument. Bars represent the means +/− SD of the cases. (D) Representative EV morphology and size obtained by 
acquiring 100 fields using Cryo transmission electron microscopy, scale bar: 200 nm.
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protocol [14, 16]. Two groups of four C57BL/6J wild-type mice 
subcutaneously (in the neck area) implanted with the syn-
geneic MC-38 colorectal cancer cell line, were individually 
injected with 1 × 1010 cPDEVs-ICG (Figure  4 and S3) or the 
same number of EVs-ICG from healthy donors (Figure  S4). 
As an additional control, three C57BL/6J wild-type mice were 

subcutaneously (in the neck area) implanted with the synge-
neic MC-38 colorectal cancer cell line and individually injected 
with a 1 μM solution of ICG (Figure  S5). The biodistribution 
was assessed 24 h after injection in vivo and ex vivo by opti-
cal imaging using an IVIS camera (PerkinElmer) (Figures  4 
and S3–S5). In line with previous studies on human oncologic 

TABLE 2    |    Size distribution profile of EVs isolated from Group 1 and Group 2, acquired through NTA.

ID Case 1 Case 2 Case 3 Case 4 Control 1 Control 2 Control 3 Control 4

MEAN 190.7 190 190.7 193.7 133.1 143.2 142.3 161.6

MODE 149.3 129.5 141.4 185.5 95.7 88.7 84.3 116.0

SD 82.7 83.2 74.5 71.7 59.8 81.7 59 63.9

D10 108.3 111.7 124.4 119.1 89.1 80.9 82.4 102.5

D50 171.9 164.9 169.8 184.9 114.4 114.2 126.2 146.1

D90 296.4 315.8 294.5 276.0 187.8 255.1 233.1 235.2

EV/mL 2.96E + 10 2.72E + 10 4.7E + 10 8.2E + 10 8.4E + 10 7.1E + 10 3.9E + 10 1.2E + 08

Note: SD: Standard deviation. D10: Diameter (nm) of the particles that is the 10th percentile. D50: Diameter (nm) of the particles that is the 50th percentile. D90: 
Diameter (nm) of the particles that is the 90th percentile.

FIGURE 4    |    In vivo and ex vivo homing capabilities of cPDEVs-ICG after demonstrated by fluorescence imaging. (A). Schematic representation 
of the experiment: glioma derived EVs were isolated from the canine plasma, loaded with ICG and then injected in murine models of subcutaneous 
colorectal cancer (MC-38 tumour cells). (B) Photograph of a representative mouse showing the localization of the tumour (red arrow), in vivo imaging; 
note the intense fluorescence localised only at the level of the subcutaneous tumour. In vivo imaging for the other mice in the experimental group 
is reported in Figures 3–5. (C) Ex vivo imaging of tumour (Tu), kidney (Ki), lungs (Lu), liver (Li), spleen (Sp), and brain (Br) excised from the same 
animal. The intensity of the fluorescence signal is represented with pseudocolors: yellow: high photon emission, bright red: medium photon emission 
and dark red: low photon emission. Notice again the intense fluorescence localised only at the level of the tumour, while no evidence of fluorescence 
can be detected in any other organ. (D) Quantification of the fluorescent signal released by the organs represented in Figure 3C. Bars represent mean 
and SE of the average radiance measured in n = 4 mice. ***: p-value < 0.001 by one-way ANOVA.
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patients EVs [16], only mice injected with cPDEVs-ICG prepa-
ration showed a specific fluorescent signal released by the neo-
plastic tissue. In these animals, the mean radiance released 
by the tumour was 7.42E8 ± 6.42E7 p/s/cm2/sr, a value statisti-
cally higher than the radiance released from the non-tumoural 
tissue, with a p-val < 0.001 calculated by one-way ANOVA.

4   |   Discussion

The present study represents a significant advancement in veter-
inary oncology, addressing the critical need for evidence regard-
ing the in vivo heterologous and cross-species tumour tropism of 
cPDEVs. Despite previous publications demonstrating the feasi-
bility of isolating tumour-derived EVs from canine cell cultures 
[15, 19], the current study provides the first evidence of their in 
vivo tumour-tropic behaviour of cPDEVs derived from canine 
patients with intracranial tumours.

By loading cPDEVs with ICG and demonstrating their homing 
capacity towards murine models of subcutaneous colon cancer, 
this study establishes a proof of principle for the use of canine 
EVs as a theranostic tool. Such a tool could be used in the clin-
ical setting, not only to deliver contrast media and fluorescent 
die for pre- and intra-operative tumour identification, but also 
for the targeted delivery of anti-tumoural drugs. Importantly, 
the developed EV isolation protocol via ultracentrifugation 
enabled the isolation of a high number of canine EVs from a 
small amount of blood, while maintaining sterility. This sets 
the stage for further clinical studies, including the testing of 
autologous cPDEVs' tumour tropism in canine patients.

The presence of heterologous tumour tropism suggests the 
potential application of cPDEVs formulations as a theranostic 
tool to highlight tumoural tissue of different origins within the 
same canine patient. Given the increasing life expectancy of pet 
dogs and the occurrence of multiple tumour types concurrently 
[20], such a tool could have significant clinical implications.

Primary brain tumours are prevalent in older dogs [21], and the 
incidence of unrelated malignant tumours in dogs affected by 
primary brain tumours is substantial [22]. The demonstrated 
heterologous tumour tropism could be particularly valuable for 
detecting clinically undetected tumours in patients affected by a 
clinically relevant brain tumour.

Furthermore, the versatility of EVs-based formulations extends 
beyond imaging to targeted treatments. Incorporating therapeu-
tic anticancer agents into EVs allows for specific delivery to tu-
moural cells, potentially improving treatment outcomes while 
minimising side effects.

The current study has limitations. First, the single ultracentrif-
ugation step may not be the most refined method for purifying 
specific EV populations; nevertheless, it was chosen for this study 
to demonstrate the homing capability of EVs from canine tumour 
patient plasma to tumoural tissue. Indeed, this method captures 
the entire spectrum of EVs potentially involved in homing, as 
isolating the specific EV population responsible is currently not 
feasible. However, our previous studies [20–22] have consistently 
shown the reliability of the single-step approach in demonstrating 

homing capabilities. Potential contamination with albumin and 
lipoproteins does not appear to impact these properties, as hom-
ing is observed only in EVs from tumour patients (Figure 4 and 
S3) and not from healthy donors (Figure S4). Another limitation of 
the study is the small sample size. The limited number of subjects 
may affect the generalizability of our findings. A larger cohort 
would provide more robust data and help to confirm the observed 
trends. Future studies from our group will aim to include a larger 
and more diverse sample of canine patients to validate our results 
and provide a more comprehensive understanding of the tumour 
tropism of cPDEVs. Another limitation is the heterogeneity of the 
brain tumour types included in our study. Different tumour types 
may exhibit varying behaviours in terms of EV production and 
tumour tropism. This heterogeneity can introduce variability in 
our results. To mitigate this issue, future research should focus 
on conducting studies with more homogenous groups of tumour 
types or, alternatively, stratify the data according to tumour type 
to understand the specific behaviours and characteristics associ-
ated with each.

The potential impact of these limitations on our findings in-
cludes the possibility of overlooking tumour-specific responses 
or interactions that might be more apparent in a larger and more 
uniform study population [23]. Therefore, while our results are 
promising, they should be interpreted with caution and in the 
context of these constraints.

A further limitation is the absence of histological confirma-
tion for each case. Although brain biopsies have become more 
common in veterinary medicine in recent years, they remain 
a significant economic burden on pet owner and are therefore 
often declined. The neuropathological examination of the brain 
requires rapid sample processing to prevent autolysis. In-house 
necropsies are generally offered and performed when a pet is 
euthanized at a referral clinic; however, this is not typically the 
case when a pet is euthanized at a local veterinary practice. All 
these factors drastically limit access to histopathologically con-
firmed cases. Despite this limitation, MRI has shown a sensi-
tivity of 95% and a specificity of 90% in diagnosing intracranial 
tumours in dogs [22, 24]. These studies indicate that MRI is a 
highly reliable diagnostic tool that can support imaging-based 
diagnoses even in the absence of histological confirmation. 
According to these studies, characteristic imaging features of 
neoplasia such as high grade glioma and meningioma as well as 
consideration of breed and age predisposition in dogs, together 
with MRI images offer a significant degree of certainty in the 
differential diagnoses. Therefore, the results of our study re-
main valid and relevant for understanding the tumour tropism 
of cPDEVs in canine intracranial tumours. Furthermore, the 
clinical and MRI findings strongly support the accuracy of the 
MRI-based diagnoses in these cases [24–26]. Overall, this study 
serves as an important proof of concept for future research in 
the area of canine intracranial tumours and the potential thera-
peutic applications of cPDEVs, paving the way for further explo-
ration and validation in larger, more diverse populations.

5   |   Conclusions and Clinical Relevance

In conclusion, the findings of this study highlight the poten-
tial of cPDEVs as a promising theranostic tool in veterinary 
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oncology, with implications for translational research in human 
oncology. The findings of this study in fact lay the groundwork 
for harnessing the potential of cPDEVs as a tool for advanced 
pre-operative and intraoperative tumour labelling. By loading 
cPDEVs with different diagnostic agents such as ICG, iohexol 
and gadolinium, we can enable precise labelling of tumours, fa-
cilitating the most accurate surgical excision possible. Further 
studies are warranted to validate these findings and explore the 
full therapeutic potential of cPDEVs-based formulations in ca-
nine patients with neoplastic diseases.
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