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ORIGINAL ARTICLE

Concentration of extracellular vesicles isolated from blood
relative to the clinical pathological status of dogs with mast cell
tumours
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Extracellular vesicles (EVs) are membrane-enclosed fragments shed from all cell
types, including tumour cells. EVs contain a wide range of proteins, biolipids and
genetic material derived from mother cells and therefore may be potential biomarkers for tumour diagnosis, disease progression and treatment success. We studied the effect of canine mast cell tumours (MCTs) on EV concentrations in blood
isolates in association with MCT's histological grade, Ki-67 proliferative index, KITstaining pattern and number of PLT. The average EV concentration in blood isolates
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from nine dogs with MCTs was considerably higher than that in blood from eight
healthy dogs. But there were no statistically significant differences in EVs concentration in the population of dogs with MCT according to a different histological grade of
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malignancy (Patnaik, Kiupel), KIT-staining pattern and Ki-67 proliferation index. The
results show that these variables statistically do not significantly predicted EV concentrations in blood isolates (P > .05), except the KIT-staining pattern I which added
statistically significantly to the prediction (P < .05). The results confirmed the impact
of neoplasms on the morphological changes to cell membranes, which result in
greater vesiculability and higher EV concentrations.
KEYWORDS

canine, extracellular vesicles, mast cell tumour, oncology, small animal

1 | I N T RO D UC T I O N

mechanical stress. The latter mechanism is thought to yield most EVs
from blood isolates. EV concentrations in blood isolates reflect the

EVs are membrane-enclosed cellular fragments, which are shed from

blood donor's clinical status, which depends on blood cell ves-

all cell types into the extracellular space during the final stage of the

iculability (mostly PLTs) and physical properties of the plasma, which

1

budding process or are formed during cellular decay. EV composition

may be altered in the disease.11

reflects the composition of the mother cells from which they origi-

EVs can be isolated from all body fluids.11 Diverse technologies

nate. EVs also carry surface and cytoplasmic proteins, bioactive lipids2

can be applied to research EV extraction, detection and characteriza-

and nucleic acids.3,4 Cell budding is a physiological phenomenon that

tion12,13; however, the method most widely used to isolate EVs in

is more obvious in active cells, cells exposed to harmful factors and

clinical studies is to continually centrifuge and wash the samples,

apoptotic and tumour cells.5-8 Multiple mechanisms are thought to

while the EV concentration in the isolate is measured by flow cyto-

9,10

lead to EV formation and EV types.

Vet Comp Oncol. 2019;1–9.

EVs can also be formed under

metry.14 In healthy human plasma, most EVs are PLT-derived EVs.15
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EVs play vital roles in local and long-distance cell-cell communica-

patients' blood with their clinical statuses given by the histological

tion.16 Since EVs contain many proteins (receptors and signal pro-

grade of the malignancy, Ki-67 proliferative index, KIT-staining pat-

teins), bioactive lipids and genetic materials from their parent cells,

tern and number of PLTs. In human and veterinary medicine, par-

they can transfer cargo with important information to target cells. By

aneoplastic thrombocytosis is often found in patients with different

interacting with the host cell, EVs can alter target cell composition

tumours.36-38

17

and function.

The purpose of this study was to explore the effect of canine mast

More EVs were found in blood sample isolates from human

cell tumours (MCTs) on EV concentrations in blood isolates, associ-

patients with cancer than from healthy humans.18 Furthermore, EV

ated with higher morphological changes of cell membranes, MCT's

concentrations in blood isolates were correlated with therapeutic

histological grade, Ki-67 proliferative index, KIT-staining pattern and

response and prognosis.19

number of PLT.

EVs are considered potential biomarkers for cancer, therapeutic
response and prognosis.20-27
Mast cell tumours (MCTs) account of 16% to 21% of canine skin
tumours.28,29 Therapeutic decisions and prognoses are based on clinical stages and histologic grades of malignancy according to Patnaik.30

2 | MATERIAL AND METHODS
2.1 | Animals

In addition, the Ki-67 proliferation index and KIT-staining patterns
were shown to predict MCT prognosis, since increased proliferation

The study cohort consisted of 17 dogs. The group of dogs with MCTs

indexes and KIT-staining patterns II and III were associated with

consisted of nine dogs; five males and four females. Their age ranged

increased recurrence and metastasis and thus decreased survival

from 3 to 12 years (mean 7.33 years) (Table 1). The dog control group

Surgery is the mainstay for treating dogs with MCT in

consisted of eight dogs; five males and three females: four mixed

accordance with the European consensus statement on MCTs in dogs

breed dogs, Golden Retriever, Epagneul Breton, Vizsla and Border

and cats.30 In MCTs with a high risk of metastasis and poor prognosis,

Collie. The control group of dogs ranged in age from 0.7 to 9 years

treatment with chemotherapy and/or radiation should be considered.

(mean 3.96 years).

31-33

time.

Receptor tyrosine kinase inhibitors, such as masitinib (Masivet;

Physical examination, thoracic radiographs, abdominal ultrasonog-

Masivet; AB Science Europe, Paris, France) and toceranib (Palladia;

raphy and basic haematologic and biochemistry profiles were

Zoetis, New Jersey), are used to treat recurrent grades II and III MCTs

performed for all patients per the World Health Organization

or nonresectable tumours. Electrochemogene therapy is a new thera-

(WHO) staging criteria.39 Complete physical examination, complete

peutic approach with promising results in treating MCTs of different

haematological, biochemical and urine analysis were performed in all

34

dogs included in the control group.

histological grades.

Recent efforts have been exerted to reach clinical applicability of

The automated laser haematology analyser with species-specific

EVs in human medicine.35 To our knowledge, similar attempts have

software (Advia 120, Siemens, Munich, Germany) was used to perform

not been made in veterinary clinical practice. Our study investigated

complete blood counts with differential white blood cell counts. Bio-

concentrations of EVs isolated from the blood of dogs with MCTs.

chemical tests (serum alkaline phosphatase [SAP], alanine aminotrans-

We compared nine dogs with MCTs with eight healthy dogs. We also

ferase [ALT], urea, and creatinine) were performed using the

studied the association of concentrations of EVs isolated from

automated chemistry analyser RX-Daytona (Randox, Crumlin, UK).

TABLE 1

Patient data

Patient no.

Gender

1

M

2

F

3
4
5
6

Age (years)

Breed

MCT location

Tumour diameter (cm)

Clinical presentation

Clinical stage

5

GB

Abdomen

2

Alopecia, pigmentation

1

6

GSMD

Front leg

3

Alopecia

1

F

3

SP

Hind leg

ND

Alopecia

1

M

9

GT

Elbow

5

Alopecia, ulceration

1

M

6

JRT

Neck, subcutis

1

/

1

M

12

PRT

Axilla, subcutis

0.5

/

1

7

F

12

LAB

Front leg

2

Alopecia, ulceration

1

8

M

5

GB

Front leg

3

Ulceration

2

9

F

8

M

Front leg

15

Huge necrosis

2

Abbreviations: BC, Border Collie; Clinical stage: 1 = non metastatic solitary tumour; 2 = solitary tumour with metastases in the regional lymph node; EB,
Epagneul Breton; GB, German Boxer; GSMD, Great Swiss Mountain Dog; GR, Golden Retriever; GT, German Hunting Terrier; JRT, Jack Russell Terrier;
LAB, Labrador Retriever; M, mixed breed; MCT, mast cell tumour; ND, not done; PRT, Parson Russell Terrier; SP, Shar Pei; V, Vizsla.
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2.2 | Diagnostic cytology and histopathology

2.3.1 | Isolation of EVs

Fine needle aspiration biopsies were performed in all cases. Cytologi-

The protocol that we used in this work was upgraded from the proto-

cal smears were air dried, fixed and stained with Hemacolor rapid

col of Diamant et al43 for identifying particles in the isolates of human

staining of blood smear staining set for microscopy (Merck, Darm-

and mare blood.11,44 Based on our results we have established a pro-

stadt, Germany).

tocol for clinical studies which gives the least artefacts.

After diagnosing MCT by cytology, excisional or incisional biop-

From all animals included in the study, 2.7 mL of blood was col-

sies were performed in the nine dogs under general anaesthesia.

lected by venepuncture of the peripheral vein (vena cephalica

Tissue samples were fixed in 10% neutral buffered formalin and

antebrachii, vena saphena or vena jugularis) into evacuated blood col-

routinely embedded into paraffin blocks. Four-μm-thick paraffin tis-

lection tubes (BD Vacutainers, Becton-Dickinson, New Jersey) con-

sue sections were stained with haematoxylin and eosin (HE) and

taining 0.109 M buffered trisodium citrate. Blood was collected

with toluidine blue. MCT was diagnosed, and MCT histological

before treatment in all dogs. Additional collections were made in dogs

40

grades were assessed according to the Patnaik

41

and Kiupel's

grading systems.

2, 4, 7, 8 and 9 at different time points during the treatment.
After sampling, blood was centrifuged (centrifuge Centric 200/R,
Domel, Slovenia) at 800g with sustained acceleration, for 15 minutes
at 37 C to separate cells from the plasma and obtain the

2.3 | Immunohistochemical staining

thrombocyte-poor plasma. The upper 250 μL of the plasma was
removed from each tube and placed in a 1.8-ml Eppendorf tube

Immunohistochemical stains were performed on 4-μm-thick paraffin

(Isolab, Wertheim, Germany), centrifuged at 17.570g with sustained

sections. Briefly, slides were deparaffinized, and the antigens were

acceleration for 5 minutes at 37 C. Next, 225 μL of supernatant was

demasked by boiling the slides in EDTA buffer (pH 9.0) in a microwave

decanted, and the 25 μL pellet was resuspended in 225 μL of PBS

oven for 10 minutes (for Ki-67 immunolabelling) or in citrate buffer

(137 mM NaCl, 2.7 mM KCl, 7.8 mM Na2HPO42H2O and 1.5 mM

for 20 minutes (for c-kit immunolabelling). Slides were then incubated

KH2PO4, pH 7.4). Samples were vortexed at 1200g and centrifuged

with monoclonal mouse anti-human antibody Ki-67, antigen clone

at 17.570 g for 5 minutes at 37 C. To prepare samples for flow cyto-

MIB-1 (DAKO, Glostrup, Denmark) diluted 1:75 and rabbit polyclonal

metry, 22 BD Vacutainers, Becton-Dickinson 5 μL of supernatant was

anti-human c-kit (CD117) antibody (DAKO) diluted 1:300 for 1 h at

decanted, and 25 μL of the pellet was resuspended in 75 μL of

room temperature in a humidified chamber. The remaining immuno-

PBS (pH 7.4).

histochemistry was performed using a previously described protocol.42 A known canine MCT section was used as the positive control

2.3.2 | Flow cytometry

for immunolabelling with the c-kit antibody, and normal canine lymph
node sections were used as positive controls for labelling with the Ki67 antibody. Sections treated without primary antibodies served as
negative controls.
The immunohistochemical reaction for c-kit was evaluated
according to the criteria described by Kiupel et al.41 Three staining
patterns were recognized: KIT-staining pattern I if membraneassociated staining occurred, KIT-staining pattern II if focal to stippled
cytoplasmic staining with decreased membrane-associated staining
occurred, and KIT-staining pattern III if diffuse cytoplasmic staining
occurred.33
The Ki-67 proliferation index was determined on samples

A MACSQuant Analyser (https://www.miltenyibiotec.com/UN-en/
products/macs-flow-cytometry/flow-cytometers/macsquant-analyzer10/macsquant-r-analyzer-10.html#130-096-343)

(Miltenyi

Biotec

GmbH, Bergisch-G ladbach, Germany) flow cytometer with 405, 488
and 640 nm air-cooled lasers was used to measure EV concentrations
in the 25 μL sample. Density plots of the forward scatter/side scatter
light were used in the analysis. MACSQuantify (Miltenyi Biotec GmbH,
Bergisch-Gladbach, Germany) software, version 2.4, was used to
acquire the data and analyse the results.
First we performed routine calibration of the MACSQuant Analyser with calibration beads (2 and 3 μm in size) which enabled calibration of the laser settings. Then we used 460 nm beads to adjust the

immunohistochemically labelled with antibody against Ki-67. An opti-

voltage (channels) and the gate setting that we used as a reference.

cal microscope, Microphot FXA (Nikon, Tokyo, Japan), digital camera

The noise due to debris in PBS was excluded. We did not stain our

DS-U2 (Nikon) and NIS-Elements BR image analysis software (Nikon)

samples nor did we use any antibodies. The hyper log (hlog) settings

were used. Areas with the highest proportions of immunopositive

were used within all channels. The results were given in the total

neoplastic mast cells were identified and photos were taken at 400×

number of events due to EVs in 25 μL of the samples. Examples of

magnification for counting. The Ki-67 proliferation index was deter-

FSD/SSD diagrams presenting the events due to EVs are given in

mined by the number of Ki-67-positive neoplastic cells per total 1000

Figure 1.

neoplastic cells and was expressed as the percentage of immuno-

After having visualized the particles from blood isolates by SEM

positive neoplastic mast cells. For further statistical analysis, MCTs

pictures and ensuring that they contain mainly extracellular vesicles,11

were divided into groups with Ki-67 proliferation indexes of either

we assumed that there is a correspondence between the number of

10% or 10%.

events as measured by the flow cytometer and the number of EVs in
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T A B L E 2 EV concentrations in blood isolates from dogs with
MCTs and in healthy dogs
Dogs with MCT

Control group

Patient
no.

EV concentration
(number/μL)

Patient
no.

EV concentration
(number/μL)

1

134

10

168

2

264

11

177

3

338

12

158

4

187

13

119

5

158

14

97

6

88

15

131

7

456

16

120

8

330

17

189

9

446

/

/

isolates. We were expecting to detect EVs larger than about 300 nm,

Mean

266.78

144.88

that is, extracellular vesicles (membrane-enclosed fragments com-

SD

134.53

32.64

posed of material deriving from blood cells and plasma) as obtained by

P value

.036

F I G U R E 1 Gating strategy for the analysis of EVs. 2D- plot from
MACSQuant software obtained from a blood isolates of a healthy
dogs (A) and dogs with MCTs (B) are shown. After gating the EVs
(red gate) we evaluated the total number of events in the gate

protocols described by Šuštar et al.

11

Abbreviations: EV, extracellular vesicle; MCT, mast cell tumour.
P ≤ .05.

2.3.3 | Statistics
For the purposes of data processing, the basic descriptive statistics
were calculated. Based on the small number of dog samples and the
abnormal distribution of the variables (P < .05), a non-parametric
Wilcoxon Signed-Rank Test was used to finding out the statistically
significant differences in EV concentrations in blood isolates between
healthy dogs and dogs with MCT. Furthermore, a non-parametric
Wilcoxon Signed-Rank Test was applied to explore if the EV concentrations in blood isolate in dogs with MCT statistically significantly different, depending on the specific morphological changes of cell

3.2 | Comparison of EV concentrations in isolates
from blood of dogs with MCTs and histological
malignancy grade
Six tumours were classified as grade II MCTs, and three were classified as grade III MCT according to the Patnaik grading system. Using
the Kiupel grading system, six tumours were classified as low-grade
MCTs and three as high-grade MCTs. The three MCTs that were classified as grade III MCTs using Patnaik's grading system were assessed
as high-grade MCTs with Kiupel's grading system.

membranes, MCT's histological grade, Ki-67 proliferative index and
number of PLT. The non-parametric Friedman's analysis of variance
was applied to finding out the statistically significant differences in EV
concentrations in blood isolate in dogs with MCT regarding the KIT-

T A B L E 3 Comparison between the histological grade of the MCT
malignancy according to Patnaik and Kiupel and the EV concentration
from blood isolates of dogs with MCTs

staining pattern analysis. In addition, linear regression analysis was
performed in order to determine the prediction of the outcome variable. P values ≤.05 is considered significant.

Grade II MCT (Patnaik) lowgrade MCT (Kiupel)

Grade III MCT (Patnaik) highgrade MCT (Kiupel)

Patient no.

EV concentration
(number/μL)

Patient no.

EV concentration
(number/μL)

1

134

7

456

2

264

8

330

3.1 | EV concentrations in isolates from blood of
dogs with MCTs compared with healthy dogs

3

338

9

446

4

187

The average EV concentration in isolates of blood samples from nine

5

158

dogs with MCTs was 267 EV/μL. This concentration was 1.8 times

6

88

3 | RESULTS

higher than the average EV concentration in healthy dogs (145 EV/μL)

Mean

194.83

410.67

(Table 2). The results show that there are statistically significant differ-

SD

91.45

70.04

ences (P < .05) in EV concentration in blood isolates between dog

P value

.109

with MCTs and healthy dogs. The results are also presented with 2Dplots (Figure 1).

Abbreviations: EV, extracellular vesicle; MCT, mast cell tumour.
P ≤ .05.
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T A B L E 5 Comparison between the concentration of EVs in
isolates from blood of dogs with MCT and proliferation index Ki-67

The average EV concentration in the isolates of blood from dogs
with grade II MCTs was 195 EV/μL, while that of dogs with grade III
MCTs was 411 EV/μL (Table 3). The average EV concentration in dogs

Dogs with MCT

with grade III MCTs was higher by a factor of 2.1 than that from the

the population of dogs with MCT between the histological grade of

Patient
no.

EV
concentration
(number/μL)

Ki-67 proliferation
indexes < 10%

Ki-67
proliferation
indexes
> 10%

the MCT malignancy according to Patnaik and Kiupel.

1

134

4.90

/

2

264

1.32

/

3

338

0.29

/

4

187

8.64

/

6

88

4.38

/

5

158

/

16.20

The average EV concentration in dogs with KIT-staining pattern II

7

456

/

18.20

MCTs was 299 EV/μL, which was 1.3 times higher than in dogs with

8

330

/

14.10

KIT-staining pattern I (219 EV/μL). The EV concentration in one dog

9

446

/

31.10

with a KIT-staining pattern III MCT was 330 EV/μL, that is, 1.5 times

Mean

266.78

3.91

19.87

SD

134.53

3.30

7.60

P value

.068

blood of dogs with grade II MCTs. The findings show that there are
no statistically significant differences (P > .05) in EVs concentration in

3.3 | Comparison of EV concentrations in the
isolates from blood of dogs with MCTs and KITstaining pattern

higher than that in dogs with KIT-staining pattern I MCTs (Table 4).
In addition, the results show that there are no statistically significant differences (P > .05) in EVs concentration in the population of

Abbreviations: EV, extracellular vesicle; MCT, mast cell tumour.
P ≤ .05.

dogs with MCT according to a different grade of the KIT-staining
pattern.

3.5 | EV concentrations in isolates from blood and
PLT counts in dogs with MCTs before, during and after
treatment

3.4 | Comparison of EV concentrations in isolates
from blood of dogs with MCTs and the Ki-67
proliferation index

The EV concentrations in blood isolates from patients 4, 7 and 8 were
Four dogs had MCTs with Ki-67 proliferation indexes 10%, while five

lower during the treatment compared with those before treatment. In

dogs had MCTs with Ki-67 proliferation indexes 10%.

patient 2, the EV concentration in the blood isolates increased by a

The average EV concentration in the blood of dogs with MCTs

factor of 1.56 four weeks after surgical treatment compared with the

with Ki-67 proliferation indexes 10% was 1.3 times higher than that

concentration before treatment. Treatment was unsuccessful from

in the dogs with MCTs with Ki-67 proliferation indexes

10%

the beginning in patient 9, who had an elevated EV concentration

(Table 5). However, in some patients (3, 5 and 6) the EV concentration

shortly after treatment compared with that before treatment. Because

drastically deviated from average. The results show that there are no

of progressive disease, the dog was later euthanized. Other dogs in

statistically significant differences (P > .05) in EV concentration in

the study had PLT counts within the reference range (Table 6).

blood isolates in dog with MCTs between Ki-67 proliferation indexes

Because of the small number of samples that were in the pre-,

10% and Ki-67 proliferation indexes 10%.

TABLE 4

during and after the treatment, no further statistical tests were

Comparison of EV concentrations from blood isolates from dogs with MCTs and KIT-staining pattern

KIT-staining pattern I

KIT-staining pattern II

KIT-staining pattern III

Patient no.

EV conc. (number/μL)

Patient no.

EV conc. (number/μL)

Patient No.

EV conc. (number/μL)

2

264

1

134

8

330

3

338

5

158

4

187

7

456

6

88

9

446

Mean

219.25

298.50

SD

107.03

176.41

P value

.368

Abbreviations: EV, extracellular vesicle; MCT, mast cell tumour.
P ≤ .05.
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TABLE 6

EV concentrations in blood isolates and PLT counts in dogs with MCTs before, during and after treatment

Pat. no. Treatment

EV conc. 1 PLT 1 Time/weeks EV conc. 2 PLT 2 Time/weeks EV conc.3 PLT 3 Out.

2

Surgery

264

318

4–8

414

ND

8-16

133

199

CR

8

Surgery, chemotherapy, ECT, EGT, masitinib 330

286

4–8

216

282

8–16

052

282

ST

4

Surgery, ECT, EGT,

187

340

4–8

153

336

8–16

176

352

CR

7

Surgery

456

341

4–8

247

ND

8–16

ND

ND

CR

9

Surgery, chemotherapy, masitinib, palliative

446

625

4–8

612

940

8–16

ND

ND

PD

Abbreviations: ECT, electrochemotherapy; EV, extracellular vesicle: 1 – pre-treatment, 2 – during the treatment, 3 – after the treatment; ND, not done;
Out, outcomes: CR – complete response, PD – progressive disease, ST – stable disease; PLT (reference interval 143.3-400 × 109/L), platelets: 1 – pre-treatment,
2 – during the treatment, 3 – after the treatment; EGT, electrogene therapy.

performed (Table 6). In addition, the owners of the dogs under serial

patients. In addition, tumour-derived EVs were suggested to be

numbers 1, 3, 5 and 6 decided to withdraw from the study after the

increasingly produced in advanced cancer stages in human patients.49
Although several studies have been conducted, the exact mecha-

initial procedures.
Linear regression was run to predict KIT-staining patterns (I and

nism of elevated tumour and PLT-derived EV numbers, and formation

II), Patnaik's and Kiupel's grading system, Ki-67 proliferation indexes

of EVs originating from PLTs in healthy subjects remains unknown.50

(>10% and <10%) and PLT counts (all individually) from EV concentra-

The unfavourable tumour microenvironment, which includes hypoxia,

tions in blood isolates. The results show that these variables statisti-

acidosis and starvation, is thought to lead to autophagy of tumour

cally do not significantly predicted EV concentrations in blood isolates

cells and consequently to the elevated EV concentrations.51,52

(P > .05), except the KIT-staining patterns I which added statistically
significantly to the prediction (P < .05).

In our research, we used two histopathological grading systems
for malignancy and found that all patients with Patnaik grade III MCTs
were determined as high-grade tumours using the Kiupel system,
while all Patnaik grade II tumours were determined as low-grade

4 | DISCUSSION

tumours. As Patnaik grade II MCTs had unpredictable prognoses, the
In accordance with previous studies on malignant neoplasms in human
medicine,

18,19,45

our results showed that EV concentrations in blood

isolates from dogs with MCTs (267 EV/μL) were significantly (84%)

Kiupel system allowed more appropriate classification of grade II
MCTs with good long-term prognoses, as only 14% of these tumours
were more biologically aggressive.53

higher than those in healthy dogs (145 EV/μL). Moreover, we found

Further, the comparison of EV concentrations from blood isolates

that EV concentrations in blood isolates to MCT histological grades. In

from dogs with MCTs and KIT-staining pattern was performed. Our

dogs with grade III MCTs according to Patnaik, EV concentrations in

findings showed that dogs with MCTs with KIT-staining patterns II

peripheral blood isolates averaged 2.1 times higher than those in dogs

and III had higher average EV concentrations than did those with KIT-

with MCTs with Patnaik grade II. However, the statistical analysis did

staining pattern I, indicating that the KIT-staining patterns that are

not show statistically significant differences (P > .05) in EVs concen-

associated with worse prognoses have higher EV concentrations.

tration in the population of dogs with MCT between the histological
grade of the MCT malignancy according to Patnaik and Kiupel.

This was expected, as the KIT protein in the cytoplasm is mostly
expressed in MCTs with Patnaik grades II and III.54 Kiupel et al32

Since previous studies reported that metastases occurred in 75%

described the connection with immunohistochemical KIT protein

of grade III MCTs, while only 13% of dogs survived 7 months,46 and

expression and found that the KIT-II and III patterns were con-

40

only 6% of dogs survived 48 months,

higher EV concentrations are

nected with more frequent disease recurrence and shorter survival
times. However, with statistical analysis we did not confirmed statis-

expected in dogs with grade III MCTs.
We assumed that the elevated EV concentrations in blood isolates

tically significant differences in EVs concentration in the population

from dogs with MCTs was due to the increased release of tumour

of dogs with MCT according to a different grade of the KIT-staining

cell-derived EVs and increased formation of EVs originating from

pattern.

PLTs. We hypothesize that the latter mechanism resulted mainly from

Furthermore, the comparison between the concentration of EVs

activation and changes in PLT cell membrane vesiculability; therefore,

in isolates from blood of dogs with MCT and proliferation index Ki-67

PLTs were more prone to fragmentation under the influence of exter-

was studied. The average EV concentration in the five dogs with

nal forces during sample processing (blood sampling and isolation pro-

MCTs with proliferation indexes of Ki-67 > 10% was 1.3 times higher

cedures)11 rather than increased PLT numbers.

than that in the four dogs with MCTs with proliferation indexes of Ki-

In a study on the impact of melanoma on EV formation, most EVs
47

in the isolates originated from PLTs.

48

Helley et al

also demon-

67 < 10% but the results did not show statistically significant differences (P > .05) in EV concentration in blood isolates in dog with MCTs

strated that the number of EVs originating from PLTs also increased in

between Ki-67 proliferation indexes

conjunction with advanced malignant tumour stages in human

indexes 10%.

10% and Ki-67 proliferation
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The only exception was patient 3, who had a proliferation index of

State of the art procedures used to isolate EVs cannot give infor-

Ki-67 10% and an EV concentration higher than the average for the

mation on the origin of the particles found in isolates. Furthermore,

dogs with Ki-67 10%. These increased EV concentrations may have

there is an issue on the identity of the particles found in the isolates:

been due to difficulties in obtaining the blood sample (during phlebot-

are the particles in the isolates composed of the same material from

omy) since the dog was a Shar-Pei, with abundant mucin in the subcu-

which they were formed by cells in the body or is the isolate a

tis and poorly visible veins.55

dynamic material, essentially self-assembled cellular fragments that

In our study, thrombocytosis did not correspond with clinical sta-

changes with time and external conditions? Our results11,44 indicate

38

tus or histological grade of the MCT malignancy. Woolcock et al.

that the EVs obtained by the procedures used also in the present

established that thrombocytosis in dogs had an incidence of 7.2% and

work are produced mainly after the sampling of blood, due to shear

was common (44%) in dogs with carcinoma. We also measured the EV

forces exerted on blood cells during centrifugation. The isolates con-

concentrations in isolates from the peripheral blood of five dogs with

tain particles consisting of membrane-enclosed fluid, as evident from

MCTs before, during and after treatment but due to the small number

comparison of SEM pictures of isolates with theoretically obtained

of samples, no further statistical tests were performed.

shapes of minimal membrane free energy.11 The sizes and shapes of

Four weeks after surgical treatment, patient 2's EV concentration

these particles are heterogeneous, but the average size of the parti-

isolated in the blood increased by a factor of 1.56. However, the EV

cles as measured from SEM images was about 300 nm which was pre-

assessment method had some limitations that should be considered.

viously determined in mares.11 A possible interpretation of the two

Šuštar et al11 demonstrated that methods based on isolating and

clouds in the flow cytometry gate presented in this work could be as

centrifuging EVs from blood is often inaccurate, and the mechanisms

follows: one population is composed mostly of self-assembled cellular

responsible for budding and vesiculating, including the processes that

fragments in a wide range of sizes and membrane composition mea-

occur during the isolation procedure, are poorly understood.

suring from a micrometre down to 20 nm, and the other

In patient 9, the EV concentration from blood isolates 5 weeks

corresponding to activated platelets sized from 500 nm to 2 μm.

after beginning chemotherapy treatment increased by a factor of 2.2.

These platelets (that could have lost their protrusions due to the shear

In the beginning, this patient had a large necrotic tumour with metas-

stress in the isolation process) have irregular, but more globular

tases in the regional lymph node. Treatment was unsuccessful, and

shapes and are likely to be found in the isolates.

the MCT rapidly progressed. We suspect that the increased EV con-

We also found that temperature of the samples during isolation is

centration was associated with the disease progression and concomi-

an important parameter; it affects the concentration of EVs in isolates

tant release of tumour and PLT-derived EVs since the number of PLTs

as well as their average size.11 Some SEM pictures of the isolates also

was increased at the first visit (1114 × 109/L ref. 143.3-400 × 109/L)

indicated how these particles were created, namely, visible bulky

(940 × 109/L

ref.

structures connected by long thin tubes which indicates that parts of

143.3-400 × 109/L). I increased concentrations of PLT-derived EVs

the cells or their fragments were pulled apart. The deformed frag-

and

5

weeks

after

beginning

treatment

were reported in humans.48
Our measurements of EV concentrations in dogs with MCTs in
this pilot study included few animals. We suggest that more studies
considering EVs are needed to benefit from the promising new biomarkers. Sample processing should also be further elaborated. Since
EVs could express antigens from their mother cells,56 we would next
like to identify the relevant surface antigens on EVs and on MCTs

ments were found mostly near the eprouvette walls indicating that
shear forces were responsible for deformation and ultimately for fragmentation of blood cells.
Regarding temperature and concentration of EVs in isolates,
processing at body temperature yielded the least EVs.11 This was
interpreted as resulting from lower viscosity of the plasma due to
higher temperature and due to minor activation of platelets.11

using antibodies. Another promising research direction would be to
identify genetic material, such as miRNA, in EVs and compare it with
MCT miRNA. Fenger et al57 reported increased miRNA-9 expression
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in MCTs, and in metastases in dogs with more aggressive disease
forms. The miRNA-155 level was reported to be a promising

To our best knowledge we present one of the first clinical studies

prognostic/predictive biomarker in chronic lymphocytic leukaemia in

based on EVs in dogs. In clinical studies it is not possible to determine

human medicine, independent of clinical stage.58,59

the origin of the material in the isolate. We think that EVs cannot yet

Extracellular vesicles isolated from body fluids are considered as

be considered as good markers to assess treatment in clinical practice

potentially superior biomarkers due to minimal invasiveness of the

in animals or humans, however, we believe that in this work important

procedures used for their harvesting. Moreover, in vitro studies indi-

evidence has been gathered in the direction of such use. Before intro-

cate that EVs transmit material and information between cells and it

ducing any method into clinical practice, its effectiveness is usually

seems likely that these processes would also take place in vivo.

studied in populations such as in this work. In turn, such studies vali-

Although potential usefulness of EVs for diagnostics has been indi-

date the existing methods and indicate their improvements. Presently,

cated more than 10 years ago and extensive research has been pur-

available methods are burdened with poor repeatability and poor

sued, the EV-based diagnostic methods have not yet reached

knowledge of mechanisms underlying formation of EVs in vivo and

everyday clinical practice.

also during the isolation procedures. EV isolation and assessment
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methods should be improved, and further studies are needed to evaluate the correlation between EV concentration and other parameters
in neoplastic diseases.
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