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1 | INTRODUCTION
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Abstract

Extracellular vesicles (EVs) are cell-derived membrane-bound vesicles involved in many
biological processes such as tumour progression. For years, ultracentrifugation (UC) has
been considered the gold standard for EV isolation but limited purity and integrity
allowed the diffusion of alternative techniques. In this study, EVs were isolated from a
canine mammary tumour cell line using UC and size exclusion chromatography (SEC)
and analysed for size and concentration by nanoparticle tracking analysis (NTA) and for
protein expression by western blot (WB). EV autocrine effect on cell proliferation,
migration and invasiveness was then evaluated in vitro. In all samples, particles were in
the EV size range (50-1000 nm), with a higher concentration in UC than in SEC samples
(10'* and 10 particles/ml respectively), and expressed EV markers (Alix, CD9). Func-
tional assays did not show statistically significant difference among conditions, but EV
treatment slightly increased cell proliferation and invasiveness and treatment with SEC-
isolated EVs slightly enhanced cell migration compared to UC-isolated EVs. In conclu-
sion, the main differences between the two isolation techniques are the quantity of the
final EV-product and slight differences on EV functionality, which should be further
explored to better highlight the real autocrine effect of tumoral EVs.

KEYWORDS
ClIPp, dog, extracellular vesicles, mammary tumour cell line, size exclusion chromatography,
ultracentrifugation

their size and biogenesis as small “exosomes” (30-100 nm), originating

within endosomes, and larger plasma membrane-derived ‘‘ectosomes”

Extracellular vesicles (EVs) are a heterogeneous family of membrane bound
vesicles originating from endosomes or cellular plasmatic membrane.* EVs
are involved in physiological and pathological processes, being used by cells
to communicate and to modify the behaviour of target cells through auto-
crine or paracrine interactions, exchanging molecules such as proteins,

lipids, sugars and nucleic acids.’™ EVs have been classified according to

(microparticles/microvesicles) (100-1000 nm).%® Since biogenesis is not
easily definable, the use of size ranges has been recommended, identifying
small (<100 nm exosomes and 100-200 nm microvesicles) and medium-
large EVs (>200 nm).>® More recently, larger (1-10 pm) tumour-derived
EVs-named oncosomes-and new specific EV subtypes have also been
described.”
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The role of EVs in tumorigenesis, tumour prognosis and therapy
has been the focus of many studies in human medicine in the last
years.>®? Tumour-derived EVs can target and transfer their cargo to
different cells within and outside the tumour.>*° The uptake of tumoral
EVs by neoplastic cells has consequences on many tumour-associated
pathways, stimulating angiogenesis, regulating immune response and
transferring drug resistant phenotypes.>®1! EV cargo can also promote
cancer cell migration, invasiveness, and metastasis and EVs isolated
from malignant cells and transferred to less malignant cells were dem-
onstrated to increase the migration of the recipients in vitro.'?

When studying EVs, the isolation procedure represents a critical
step. EVs can be isolated through different methods. In the past years,
ultracentrifugation (UC) was considered the gold standard for EV puri-
fication and concentration, but this technique presents major

513 such as the co-deposition of non-EV components, the

limitations,
formation of EV/protein aggregates and the damage of EVs during
centrifugation.'® For these reasons, the popularity of other isolation
techniques has increased, and different methods can be combined to
gain higher specificity.® An alternative isolation method to UC is size
exclusion chromatography (SEC). SEC should reduce the co-
precipitation of contaminants, preserve EV integrity and avoid EV-
aggregation more efficiently than UC.104

In veterinary medicine, few studies investigated EVs isolated from
different species, mainly focusing on identification, characterization
and preliminary cargo description.*®> '8 However, tumour-derived EVs
have not been widely explored yet in veterinary medicine. Studies on
circulating EVs demonstrated the higher concentration of EVs in the

19,20 and

blood of tumour-bearing dogs compared to healthy dogs
investigated EV-related RNAs to find possible diagnostic and prognos-
tic biomarkers.*®2%22 |n vitro research focused on preliminary isola-
tion and characterization of EVs from tumoral cell culture medium
(CCM) and on the analysis of their RNA content to elucidate tumour
biological behaviour.222%> To our knowledge, no study has explored
the role of canine mammary tumour-derived EVs in tumour progres-
sion and aggressiveness performing in vitro functional assays.

In this study, we compared the isolation of EVs with UC and SEC from
a canine mammary tumour cell line (CIPp) and evaluated EV autocrine
effects in vitro on cell proliferation, migration and invasiveness. A compari-
son between the presence or absence of fetal bovine serum (FBS) in CCM
was included and assessed for particle concentration and effects on cell
proliferation. Our findings showed that UC allows the isolation of more par-
ticles consistent with EVs than SEC; however, SEC-isolated EVs manifested
a slightly higher autocrine effect.

2 | MATERIALS AND METHODS

2.1 | Cellline validation statement and culture
conditions

Canine primary mammary carcinoma CIPp cell line was established by
Uyama et al2% and kindly provided by Prof. R. De Maria (University of
Turin, Italy). The cell line has been regularly tested and confirmed to be
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mycoplasma-free. Cells were cultured in Rosewell Park Memorial Institute
(RPMI 1640) (Thermo Fisher Scientific) supplemented with 10% FBS
(PANTM BIOTECH) and 1% penicillin/streptomycin (Corning).

2.2 | |Isolation of EVs with UC and SEC

To isolate EVs, two p150 petri dishes were seeded with 1.6 x 10° cells
each. CCM was replaced 24 or 48 h before EV isolation with FBS-free
(FBSf) medium or with 5% EV-depleted FBS (EV-dFBS) medium respec-
tively, in a volume of 25 ml for UC and 16 ml for SEC. Growth medium
from plates processed in the same way but without cells, unconditioned
medium (UCM), was included in all experiments as negative control.

EV-dFBS was prepared by overnight (16 h) ultracentrifugation at
100 000 g at 4°C. The pellet was discarded and the supernatant (EV-
dFBS) was sterile filtered using a 0.2 pm filter (Sartorius Stedim Biotech).

EVs were isolated by UC and SEC (50 ml and 32 ml of medium
respectively) from two plates with 90% confluent cells. The medium
was first centrifuged at 300 g for 10 min at 4°C to remove any cell/
cell debris. The supernatant was then centrifuged at 2000 g for
10 min at 4°C to remove additional debris. For EV isolation through
UC (herein UC EV) the supernatant was transferred to a clean ultra-
centrifuge tube (Beckman Coulter) and ultracentrifuged at 100 000 g
for 90 min at 4°C. The supernatant was discarded and the EV-
enriched pellet resuspended in 100 pl of double filtered (0.2 pm) PBS
(dfPBS). For EV isolation with SEC (herein SEC EV), the supernatant
was transferred into a 100 kDa ultrafiltration tube (Merck Millipore)
and centrifuged at 5000 g for 30 min at 4°C. All the material that did
not pass through the filter was loaded onto qEVoriginal columns (Izon
Science) and SEC was performed according to manufacturer's instruc-
tions. Yielded fractions #7, #8, and #9 were pooled and centrifuged
with a 100 kDa ultrafiltration tube (Merck Millipore) at 4000 g for
20 min at 4°C. The remaining material that did not passed through the
filter was collected and resuspended in 100 pl of dfPBS.

All functional studies were performed in biological triplicates. For
western blot (WB) and nanoparticle tracking analysis (NTA), also SEC
EV fractions from #10 to #18 were collected. UC and SEC were simi-
larly performed on UCM, so that the herein called UC UCM and SEC
UCM (pooled SEC UCM fractions #7, #8, and #9) were used as nega-

tive control in each experiment.

2.3 | Nanoparticle tracking analysis

After EV purification, samples of UC EV, UC UCM, SEC EV and SEC
UCM from fFBS and 5% EV-dFBS media were quantified and evalu-
ated for concentration and size distribution using NanoSight NS300
(Malvern). For SEC EV fractions from FBSf medium, fractions from #7
to #18 were pooled and analysed. Resuspended (100 pl dfPBS) sam-
ples were kept on ice for 1 h and then progressively diluted in dfPBS
until reliable measurements were obtained by NTA. To assess back-
ground particles in the original media, unprocessed samples (herein
unprocessed media) of FBSf RPMI and 5% EV-dFBS RPMI without
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cells were also measured by NTA. Three movies of 60 s each were
recorded for each sample and analysed using the 3.4 NTA software
with camera level set at 12. For particle quantification, reliable values
were those within instrument optimal working ranges: particles per
frame from 20 to 120; particles concentration between 10° and 10’
per ml; total particles to valid particles ratio higher or equal to 1/5. In
addition, for size measurements we also reported D90, D50 and D10,
which represent the size point below which 90%, 50% and 10% of the

particles, respectively, is included.

24 |
analysis

Protein extraction and western blotting

Cell proteins were extracted from 90% confluent cells on a 15-cm
plate using 2 ml of RIPA buffer (Thermo Fisher Scientific) supplemen-
ted with protease inhibitor according to manufacturer's protocol. Pro-
teins from UC EV and SEC EV from FBSf media and from UC UCM
and SEC UCM from both FBSf and 5% EV-dFBS media were
extracted resuspending them in 60 or 20 pl of RIPA buffer supple-
mented with protease inhibitor after UC and SEC, respectively.

Cells and EV-derived protein concentrations were calculated
using Pierce BCA protein Assay Kit (Thermo Fisher Scientific), accord-
ing to manufacturer's protocol.

For WB, 20 pg of proteins from cells/EVs were used for samples,
which were in BCA assay quantification range. Instead, 21 pl were used
for samples with protein concentration below detection range. Samples
were first denaturated at 70°C for 10 min or at 95°C for 5 min, then
were resolved using NUPAGE 4%-12% Bis-Tris gel (Thermo Fisher Sci-
entific) and transferred to a nitrocellulose membrane. Nonspecific bind-
ing sites were blocked for 90 min in 5% non-fat dry milk in TBS-T (TBS
containing 0.05% Tween-20) at room temperature. Blots were then
incubated at 4°C overnight with rabbit or mouse primary antibodies
against human Alix (1:200; Santa Cruz sc-5358), CD9 (1:200; Bio-Rad
MCA694GT) and Calnexin (1:1000; Cell Signalling #2679). Then, mem-
branes were incubated with a peroxidase-conjugate secondary anti-
body (1:3000; anti-Rabbit #32260 or anti-Mouse #32230, Thermo
Fisher Scientific) for 1 h at room temperature. All antibodies were
diluted in TBS-T containing 1% non-fat dry milk. Reactive bands were
visualized using a chemoluminescent detection kit (SuperSignal West
Pico PLUS Chemiluminescent Substrate, Thermo Fisher Scientific) with
the iBright instrument (Thermo Fisher Scientific).

2.5 | Cell proliferation assay

A 5000 cells per well were seeded in 100 pl of FBSf medium in a
96 well plate. Within 1 h 10 pl of dfPBS resuspended samples (UC EV,
SEC EV, UC UCM and SEC UCM from both FBSf and 5% EV-dFBS
media) were added to each well. After 24 or 48 h, 20 pl of CellTiter
96® Aqueous One Solution cell proliferation assay (MTS, Promega)
was added to each well and after 1 h of incubation at 37°C, absor-
bance was measured with a spectrophotometer (Packard Instrument,
Meriden) at 490 nm.

2.6 | Cell migration assays

Cell migration was studied using wound healing assays and transwell
migration assays. For the wound healing assay, 2 x 10° cells per well
were seeded on a 6-well plate in 10% FBS medium. When cells
reached confluency, cells were washed with PBS and the medium
replaced with FBSf medium and 100 pl of dfPBS resuspended samples
(UC EV, SEC EV, UC UCM or SEC UCM from FBSf medium) were
added to each well. After overnight incubation (14 h), the cell mono-
layer in each well was scratched twice vertically using a 1 ml sterile
pipette tip with a distance of approx. 1cm between the two
scratches. Cells were photographed at 10x using an inverted micro-
scope (Olympus IX50) after O, 4 and 8 h in three fixed points per
scratch (6 fixed point per well). The width of the gap was calculated in
each fixed point using ImageJ (https://imagej.nih.gov/ij/), considering
10 measurements per fixed point. To measure migration over time,
the mean of measurements after 4 and 8 h were subtracted to mea-
surements at time O.

In the transwell migration assay, 1.5 x 10* cells were seeded in
100 pl of FBSf medium on a 8-um pore membrane insert of a trans-
well 24-well plate (Corning) and 15 ul of dfPBS resuspended samples
(UC EV, SEC EV, UC UCM or SEC UCM from FBSf medium) were
added to each well. In the lower chamber 400 pl of RPMI with 10%
FBS were added. After 6 h, the migrated cells on the lower surface of
the transwell membrane were stained with 0.5% crystal violet and
visualized using a digital microscope (DMD108, Leica). Pictures were
taken at 5x on 5 different fields per condition and Image) was used

to count the migrated cells.

2.7 | Transwell invasion assay

Cell invasion ability after EV treatment was detected using a 8-pm
pore membrane transwell 24-well plate (Corning). Each transwell
membrane was pre-coated with 50pl of 1% Matrigel
(BD Biosciences) diluted in FBSf medium and dried at 37°C over-
night. A 1.8 x 10* cells were seeded in the upper chamber of each
well with 100 pl of FBSf medium and 18 pl of dfPBS resuspended
samples (UC EV, SEC EV, UC UCM or SEC UCM from FBSf medium)
were added to each well. In the lower chamber, 600 pl of RPMI with
10% FBS were added. After 24 h, membranes were stained with
0.5% crystal violet and cells on the lower surface were visualized
using a digital microscope (DMD108, Leica). Pictures were taken at
5x on 5 different fields per condition and ImageJ) was used to count

the migrated cells.

2.8 | Statistical analysis

Statistical analyses were performed with GraphPad Prism 8 software.
Differences between two groups were tested with the two-tailed
unpaired Student's t-test when data were normally distributed or the
Mann-Whitney test when data were not normally distributed. Differ-
ences between more than two groups were tested with ANOVA
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TABLE 1 Particle size recorded at nanoparticle tracking analysis
Size mean Size mode
Sample type (nm) £ SD (nm) = SD D90 (nm) = SD
Unprocessed medium FBSf Unreliable — —
EV-dFBS 129.7 £ 4.9 97.9+7.9 198.8 £ 9.6
UCM uc FBSf Unreliable = =
EV-dFBS 1421+ 45 118.1+£8.1 2221+ 6.0
SEC 7/8/9 FBSf Unreliable = =
EV-dFBS 1415+4.6 105.1+2.6 211.1+8.5
EV uc FBSf 180.0 £ 2.0 138.2+2.3 2834+ 118
EV-dFBS 188.2+4.8 1417 +7.5 2952 +10.9
SEC 7/8/9 FBSf 139.1+10 101.2+25 2014 +4.7
EV-dFBS 169.1+ 1.6 117.6 £ 4.7 254.1+10.5
SEC 10/11/12 FBSf 140.0 £ 3.6 99.0+ 3.3 207.9 +17.5
SEC 13/14/15 FBSf Unreliable - -
SEC 16/17/18 FBSf Unreliable - -

D50 (nm) = SD

1154 +4.7

121.8 £ 0.6
126.9 +4.8
154.9 +£3.2
1624+ 6.3
1277+ 4.4
1503+ 1.5
121.6+1.3
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D10 (nm) = SD

83.8+13

87.6+27
88.5+29
109.0+ 1.5
119.1+£33
971+17
109.9 £ 3.0
90517

Note: D90, D50, D10 represent the size point below which 90%, 50% and 10% of the particles is included.
Abbreviations: EV, extracellular vesicles; EV-dFBS, 5% EV-depleted FBS medium; FBSf, FBS-free medium; SD, standard deviation; SEC #/#/#, fractions of
size exclusion chromatography; UC, ultracentrifugation; UCM, unconditioned medium.

when data were normally distributed and Kruskal-Wallis when data
were not normally distributed. Level of significance was set at p < .05.

3 | RESULTS

3.1 | EV size and concentration

After EV purification with SEC and UC, concentration and size of iso-
lated particles were measured by NTA. Results are shown in Table 1
and Figure 1.

Measurements were not reliable in UCM samples from FBSf
medium and SEC EV fractions 13/14/15 and 16/17/18 because of the
low particle concentration (Table 1). The size distribution of particles
from all other conditions showed instead size ranges within the size
range considered for EVs (mode and mean of measurements ranging
from 94 to 187 nm) (see Table 1). D90, D50 and D10 of the evaluated
samples ranged from 195-289 nm, 115-164 and 84-116 nm, respec-
tively, indicating the purification of mainly small EVs (Table 1).

In UC UCM and in SEC UCM fractions 7/8/9 from 5% EV-dFBS a
concentration of 10'° and of 10° particles/ml respectively, was
observed (Figure 1).

Nanoparticle tracking analysis (NTA) showed similar concentration of
particles in UC EV from FBSf medium and from 5% EV-dFBS medium
(77 x 10" £ 1.8 x 10° and 4.2 x 10™ £ 6.2 x 10%°
respectively). Particle concentration of UC EV samples from both medium

particles/ml

was higher of one order of magnitude than particle concentration in SEC
EV fractions 7/8/9 from 5% EV-dFBS or FBSf medium which resulted
similar (7.9 x 10%° + 4.1 x 10° and 6.2 x 10 + 3.2 x 10? respectively)
(Figure 1). These two latter samples had more particles than SEC EV frac-
tions 10/11/12 from FBSf (9.1 x 10° + 5.1 x 10°® particles/ml) (Figure 1).

Particle concentration

o FBSf
o EV-dFBS
1015+
- ° g & . e
£ . O 58 g 3 g
E g I % pm— f 0F
2 & — 3 o - e
® 1010H 5 < =
k)
c
)
o
c
Q
5]
o 1054
0
=
©
o
100
Unprocessed  UC ~ 7-9 uc 7-9 10-12
media SEC -
- SEC
ucm L !
EV
FIGURE 1 Particle concentration/ml recorded at nanoparticle

tracking analysis (NTA); UCM, unconditioned medium; EV,
extracellular vesicles; UC, ultracentrifugation; #-# SEC, fractions of
size exclusion chromatography; FBSf, FBS-free medium; EV-dFBS, 5%
EV-depleted FBS medium. Samples with unreliable measurements are
not included.

3.2 | EV characterization
WB was performed to characterize EVs isolated by UC and SEC.

Alix, a cytosolic marker of EVs was detected in UC EV and in SEC
EV fractions 7/8/9, where the majority of EVs should elute according
to manufacturer. Alix was also detected in SEC EV fractions

10/11/12, suggesting EV presence in later fractions (Figure 2). One of
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UC UCM UCM SEC

UCc UCM  Ev-  Ev-
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FBSf CIPp ladder 7-9 10-12 13-15 16-18
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FIGURE 2 Western Blot analysis for EV markers on cells and on
EV/UCM samples. UC EV, extracellular vesicles purified with
ultracentrifugation; UC UCM, unconditioned medium from
ultracentrifugation; SEC UCM, unconditioned medium from size
exclusion chromatography; SEC EV #-#, pooled fractions of
extracellular vesicles purified with size exclusion chromatography;
FBSf, FBS-free medium; EV-dFBS, 5% EV-depleted FBS medium.

(A) Proliferation assay at 24 hours
@ FBSf

1.0+ o EvD-FBS

o
0.8 Only cells

0.6

0.4

Absorbance

0.2

0.0-

uc SEC uc SEC

ucm EV

FIGURE 3

the most widely accepted tetraspanin marker for EVs, CD9, was
detected in UC EV and in SEC EV fractions from 7 to 18, also suggest-
ing EV presence in late SEC fractions (Figure 2). Calnexin, a marker of
the endoplasmic reticulum commonly used as negative control for
EVs and positive control for cells, was not detected in EVs but as
expected, was detected in cells (Figure 2).

In negative controls (UC UCM and SEC UCM from both FBSf and
5% EV-dFBS media) no EV markers were detected.

3.3 |
invasion

EV effect on proliferation, migration and

To evaluate EV function, we performed cell proliferation, migration
and invasion assays.

First, we evaluated the proliferation of CIPp treated for 24 or
48 h with SEC EV, UC EV, SEC UCM and UC UCM from both FBSf
medium and 5% EV-dFBS medium. We did not evidence any

Proliferation assay at 48 hours

(B)

B FBSf
1.5 o EvD-FBS
o Only cells
8 1.0+
c
@
2
[=]
2
< 0.5+
0.0-
uc SEC uc SEC
uUcm EV

(A) Proliferation assay performed with MTS assay showing cells absorbance level at 24 h after EV treatment and (B) at 48 h after

EV treatment. On the ordinate axis, absorbance value is proportional to the number of living cells. UCM, unconditioned medium; EV, extracellular
vesicles; UC, ultracentrifugation; SEC, fractions 7/8/9 of size exclusion chromatography; FBSf, FBS-free medium; EV-dFBS, 5% EV-depleted FBS

medium. The error bar represents the SE of the mean.

(A) Wound healing assay at 4 hours (B) Wound healing assay at 8 hours (C) Transwell migration assay at 6 hours
1500 2000+ 200
2 $ 1500 2 150
2 1000 a ©
[ ' ke
£ £ £
° | © |
3 Tg 1000 > 100
E E £
3 500 5 5
S S 500~ 5 50
0- 0- 0-
UC SEC UC SEC UC SEC UC SEC Uuc SEC UC SEC
ucM EV ucm EV ucm EV
FIGURE 4 (A) Wound healing assay showing the reduction of wound width in pixels after 4 h from EV treatment; (B) and after 8 h from EV

treatment; (C) Transwell migration assay showing the number of migrated cells after 6 h from EV treatment. UCM, unconditioned medium; EV,
extracellular vesicles; UC, ultracentrifugation; SEC, fractions 7/8/9 of size exclusion chromatography. The error bar represents the SE of the mean.
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Invasion assay at 24 hours

800
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400

N° of invaded cells
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uc SEC UC SEC

L 1oL J

UCM EV

FIGURE 5 Transwell invasion assay results showing the number
of invaded cells after 24 h from EV treatment; UCM, unconditioned
medium; EV, extracellular vesicles; UC, ultracentrifugation; SEC,
fractions 7/8/9 of size exclusion chromatography. The error bar
represents the SE of the mean.

significant difference in cell proliferation among conditions after
24 and 48 h, except for a slight increase of cell proliferation of CIPp
treated with UC EV and with SEC EV compared to their correspond-
ing controls (UC UCM and SEC UCM, respectively) (Figure 3A,B). This
increase was only evident when treating with EVs from FBSf medium
and not from 5% EV-dFBS medium.

Secondly, to evaluate the ability of EVs to influence cell migration,
we performed wound healing and transwell migration assays consider-
ing only FBSf medium samples. In the wound healing assay, cell migra-
tion was similar among conditions, both 4 and 8 h after scratch
(Figure 4A,B). In the transwell migration assay, 6 h after EV treatment,
we evidenced an increase in cell migration of cells treated with SEC EV
compared to those treated with UC EV (Figure 4C) but with no statisti-
cal significance. However, EV treatments did not differ significantly
from their relative controls (SEC UCM and UC UCM respectively).

Finally, to evaluate the effect of EVs on cell invasiveness, we per-
formed a transwell invasion assay considering only FBSf medium sam-
ples. We did not find any statistically significant difference in cell
invasiveness 24 h after treatment (Figure 5). However, cells treated
with SEC EV and UC EV migrated more compared to their corre-
sponding controls (SEC UCM and UC UCM).

4 | DISCUSSION

The aim of this study was to compare two EV isolation techniques,
SEC and UC, on a canine mammary tumour cell line to evaluate the
autocrine effect of EVs on cell proliferation, migration and invasive-
ness, including an evaluation of the presence or absence of FBS within
the CCM.

We were able to isolate EVs from CIPp cell line using both UC
and SEC.

Considering the technical aspects, the main difference between
the two EV purification methods was the quantity of the isolated par-
ticles measured by NTA, that was higher with UC compared to SEC. It
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is now recognized that UC allows to collect a greater quantity of
EVs compared to SEC, although EVs tend to aggregates and to
co-precipitate with extra-EV proteins.>'* The presence of
co-precipitated contaminants and aggregates can influence NTA
measurements, with the impossibility to precisely discern EVs from
non-EV particles or EV complexes.” Therefore, NTA concentration
measurements can be influenced by particles present in FBS and in
culture media before cell growth.?”

In our study, while in unprocessed media and in UCM from FBSf
medium, particle concentration was low (unreliable), in unprocessed
media and UCM from 5% EV-dFBS medium, particles were within
detection range (108/ml in unprocessed media, 10%/ml in SEC UCM
and 10%°/ml in UC UCM), meaning that the addition of 5% EV-dFBS
increased particle concentration. However, since no EV marker was
detected in UCM samples at WB, these particles could be FBS-
derived EVs with a quantity of proteins below WB detection thresh-
old, proteins/protein aggregates or other media/FBS components
(e.g., amino acids, vitamins, salts, minerals), detected as particles at
NTA. Additionally, FBS-related particles were no longer detectable
after cell growth, since NTA revealed the same order of magnitude of
particle concentration in SEC and UC EV from FBSf or 5% EV-dFBS
medium. This may indicate that FBS-related particles were consumed
by cells, being media components or that in EV samples from 5%
EV-dFBS medium, EV concentration was lower compared to EV
samples from FBSf medium, where there were no FBS-derived parti-
cles. A previous study performed on N2a neuroblastoma cells, showed
trough NTA that cells cultured in serum free conditions shed more
EVs than cells cultured with EV-depleted serum.2® In our study, the
absence of difference in particle concentration between EV from FBSf
and 5% EV-dFBS medium may also be due to different cellular behav-
iour (N2a vs. CIPp), different culture conditions or by the impossibility
to distinguish EV from non-EV particles.>?? Anyhow, based on this

527 removal of FBS

data and as already mentioned in other studies,
from CCM is strongly suggested to avoid any biases when working
with CCM-derived EVs.

According to WB results, we found EVs distributed in SEC frac-
tions from 7 to 18. The SEC columns producer company indicates
SEC fractions #7/8/9 as those where the majority of EVs elute with
the least contaminant proteins. EVs elute also in later fractions but
with more contaminant proteins. Even if mainly performed on plasma,
other studies have evidenced the presence of EVs through WB and
NTA in SEC fractions beyond those suggested to collect when isolat-
ing EVs by manufacturers.®°-32

Considering the functional studies, we did not detect any statisti-
cally significant biological effect of EVs nor any remarkable functional
difference between UC EV and SEC EV. A slight increase in prolifera-
tion of cells treated with UC or SEC EV compared to controls, in
cell migration when treating with SEC EV compared to UC EV, and in
cell invasiveness when treating with SEC EV compared to controls
were found.

The poor measured effect of EVs may be related or to technical
aspects, or to the lack of a real biological autocrine effect of the
studied EVs.
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Considering the technical aspects, UC EV might be damaged and
less functional,®*32 and this might have contributed to the slightly
higher effect of SEC EV, despite the lower concentration, in the trans-

well migration assay, as already demonstrated in other studies.>*~%°

5% which could

UC EV might also be associated with non-EV proteins,
influence cell growth. In a study performed on EVs isolated from
starved Mesenchymal Stromal Cells, the authors found a deleterious
effect of UC EVs on treated cells, which, after a comparison with EVs
and proteins isolated with SEC, was referred to the presence of UC
co-isolated particles and not to EVs themselves.3”

Co-isolated particles might have also influenced the proliferation
assays, where we evidenced a slight increase in cell proliferation only
when treating cells with EVs isolated from FBSf medium compared to
controls, but not when treating cells with EVs from 5% EV-dFBS. This
latter lack of effect may be related to FBS co-isolated proteins, which
could have interfered with EVs, or to starving which might have chan-
ged EV composition or quantity.>2%2?

Another technical issue in EV functional studies is the EV/recipient
cells treatment ratio, for which standardization and overlapping with
in vivo situation is arduous.®® In our assays, EV concentration might
have been too low or different from physiological concentration. In
functional studies, EVs have been demonstrated to have dose-
dependent effects on cell proliferation and migration, especially in
regenerative medicine.>’ ! Hence, in further studies, EV dose could be
changed to define dose-dependent effects in vitro and enhance
broader qualitative differences. In stem cell research, EV effect on cell
proliferation has been reported to be also time dependent, with incuba-
tion being usually longer than 24 h.*°42 Unfortunately, in our study lon-
ger incubation was not possible because of the fast doubling time of
CIPp cell line (24.6 h).2¢

Generally, considering the investigated biological effects of EVs,
the literature suggests an enhancing effect of tumour EVs on cell pro-
liferation, migration and invasiveness.* However, most studies deal
with heterologous EVs, treating recipient cells with EVs isolated from
different donor cells.***> Studies on the functional effects of autolo-
gous EVs are fewer and some of them report a lack of clear effects.
Menck and co-authors reported that the administration of autologous
microvesicles to breast cancer cell lines enhanced cell invasion but
had no effects on cell proliferation.‘“s Moreover, in the same study,
microvesicles enhanced cell invasiveness more than exosomes, sug-
gesting the different properties of different EV subpopulations.*® In
our study, using UC at 100 000 x g, we mainly isolated small EVs,
apparently mainly microvesicles (100-200 nm size range), and fewer
large vesicles (>200 nm).** In another study, exosomes isolated from
glioma associated-human mesenchymal stem cells, enhanced glioma
stem-like cells (GSC) proliferation, but the administration of autolo-
gous exosomes to GSC had no effect on cell proliferation.** An addi-
tional work highlighted the ability of tumoral EVs to enhance cell
migration in recipient cells according to the metastatic potential of the
donor cells.*” The authors compared two human breast cancer cell
lines, the metastatic/invasive MDA-MB-231 and the non-metastatic/
non-invasive MCF7, treated with autologous or heterologous EVs iso-
lated from the same cell lines. EVs isolated from MDA-MB-231 cells

had greater autocrine and paracrine migratory potential compared to
MCF7-derived EVs.*” In our study, the lack of significant pro-prolifer-
ative, migratory and invasive effects of CIPp-derived EVs may also be
related to a low metastatic/invasive profile of the donor cells.2®

To conclude, we purified EVs from a canine mammary tumour cell
line with two different techniques: UC and SEC. UC allowed the isola-
tion of a greater number of particles compared to SEC but SEC EV
apparently showed a slightly higher effect on proliferation, migration
and invasion. Further analyses are needed to better elucidate the role
of EVs and their autocrine effect, taking into consideration their quan-

tity, heterogeneity, purity, integrity and the cells of origin.
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