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ARTICLE INFO ABSTRACT

Keywords: Aims: Numerous studies confirmed the involvement of extracellular vesicles in cancer development and pro-
Extracellular vesicles gression. The present study was designed to investigate the glycan composition of ectosomes derived by human
Glycosylation cutaneous melanoma (CM) cell lines with the use of lectins.

Lectins Main methods: Ectosomes released by primary (WM115, WM793) and metastatic (WM266-4, WM1205Lu) CM
IB\/I[-ZIIZ;IZIIT: cells were isolated from conditioned media by sequential centrifugation. Proteins from ectosomes, the whole cell

extracts and membrane fractions were probed with a panel of lectins using Western Blot and flow cytometry and
compared in terms of disease stage and glycosignature.

Key findings: Ectosomal proteins revealed enrichment (mainly with fucose and complex type N-glycans with
bisecting GIcNAc) or depletion of specific glycoepitopes in comparison to the parental cell membranes.
Moreover, similar lectin binding patterns were observed between related cell lines. It is the first study to
characterize the glycosylation of ectosome proteins released by CM cells.

Significance: Our data indirectly supports the findings that ectosomes derive from particular regions of the cell
membrane contain a unique glycan composition, which could serve as a specific sorting signal. If proven correct,
the hypothesis that glycan-based protein sorting is a major mechanism for protein incorporation into ectosomes
may provide new means to control vesicular content and have possible clinical implications.

1. Introduction

Cancer development and progression are mainly dependent upon
significant changes in the tumor microenvironment which has the im-
pact on intercellular communication. Bioactive molecules involved in
carcinogenesis, such as signaling factors, structural proteins, nucleic
acids or lipids, can be delivered to target cells via extracellular vesicles
(EVs) [1, 2]. EVs are small, membrane-enclosed particles, released by
almost all cell types to the intercellular space. Based on their size,
density, biogenesis and marker proteins, EVs are classified into three
distinct populations - exosomes, ectosomes and apoptotic bodies. Ec-
tosomes represent a fairly heterogeneous population of vesicles with a
diameter ranging from 0.1 to 1 um. The specific content of ectosomes
and their action towards recipient cells depend on their molecular

composition which is determined by the cell of their origin. Under
physiological and pathological conditions, ectosomes are involved in
the control and modulation of multiple biological processes, including
coagulation, local inflammation, cell proliferation and differentiation,
vascular senescence and tissue remodeling [3].

Increased amounts of EVs are associated with different disease
states, including tumors. Tumor-derived EVs (TEVs) directly promote
invasion, metastasis and angiogenesis or influence the changes in the
tumor microenvironment [4-6]. TEVs may also facilitate cellular efflux
of commonly used chemotherapeutics, thereby contributing to multi-
drug resistance. Fusion of TEVs with immune cells often leads to the
alteration or inhibition of the immune response towards cancer cells.
Thus, TEVs appear as a promising goal to identify novel cancer bio-
markers.
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Specific changes in glycosylation are considered the major hallmark
of tumors [7-9]. In vitro studies on exosomes released by T-cell [10],
cutaneous melanoma [10, 11], colon [10] and ovarian cancer cells [12,
13] showed the enrichment or depletion of specific glycan epitopes in
comparison to the parental cell membranes. Major observations in-
cluded the enrichment in high-mannose and complex type N-linked
glycans as well as a2,6-linked sialic acid (SA) and poly-N-acet-
yllactosamine epitopes, along with the exclusion of terminal blood
group A and B antigens, suggesting a significant role for glycosylation
in exosomal protein sorting [10-13]. Glycosylation of EVs is also crucial
for their interactions with recipient tumor cells and the exerted biolo-
gical effect [14, 15].

The glycosylation of ectosome proteins released by tumor cells has
not been explored yet. Therefore, studies on glycan composition of
ectosomes might provide a new insight into the mechanisms of EVs
action during tumor progression including glycan-mediated sorting of
their specific cargo or the recognition and uptake by recipient cells. We
used a panel of lectins to investigate specific glycosignatures of ecto-
somes released in vitro by two pairs of isogenic human CM cell lines.
The obtained glycoprofiles were then compared in terms of disease
stage (primary or metastatic origin of cell lines) and with the glycosy-
lation pattern of the parental whole cell extracts and the cell mem-
branes (Fig. 1).
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2. Materials and methods
2.1. Materials

RPMI-1640 GlutaMAX™-I medium, fetal bovine serum (FBS) and
Pierce Micro BCA Protein Assay Kit were purchased from Thermo Fisher
Scientific (Waltham, Massachusetts, United States). Trypsin-EDTA so-
lution, penicillin/streptomycin solution, protease and phosphatase in-
hibitor cocktails, extravidin-alkaline phosphatase (AP) conjugate, me-
thyl-a-p-mannopiranoside, N-acetyl-p-galactosamine, mouse anti-
human L1CAM monoclonal antibody (clone UJ127.11), mouse anti-
human GAPDH polyclonal antibody, mouse anti-human -actin mono-
clonal antibody (clone AT-15), goat anti-mouse IgG (Fab specific)-AP
antibody and extravidin-FITC conjugate were obtained from Sigma-
Aldrich (St. Louis, Missouri, United States). Rabbit anti-human Sirtuin-6
polyclonal antibody was obtained from LifeSpan BioSciences Inc.
(Seattle, Washington, United States). Sheep anti-rabbit IgG-AP, mouse
monoclonal anti-a5 integrin antibody (clone SAM-1) and mouse
monoclonal anti-B1 integrin antibody (clone B3B11) were purchased
from MerckMillipore (Darmstadt, Germany). Biotinylated lectins: Pha-
seolus vulgaris leukoagglutinin (PHA-L), Phaseolus vulgaris ery-
throagglutinin (PHA-E), Sambucus nigra agglutinin (SNA), Maackia
amurensis agglutinin (MAA), Galanthus nivalis agglutinin (GNA) and
Aleuria aurantia agglutinin (AAA) were purchased from Vector La-
boratories Inc. (Burlingame, California, United States). Qproteome Cell
Compartment Kit was purchased from Qiagen (Hilden, Germany).
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Fig. 1. Workflow scheme for lectin-blotting analysis of cutaneous melanoma cells, membrane fractions and ectosome samples. AP, alkaline phosphatase; CM,
cutaneous melanoma; E, ectosomes; H, the whole cell extract; M, membrane fractions; TEM, transmission electron microscopy.
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ApogeeMix reference beads were purchased from Apogee Flow Systems
(Northwood, UK). All remaining chemicals were of analytical grade,
commercially available.

2.2. Cell lines and cell culture conditions

Four cutaneous melanoma cell lines were obtained from the
ESTDAB Melanoma Cell Bank (Tiibingen, Germany). WM115 (primary
CM) and WM266-4 (metastatic CM) cell lines originated from the same
individual and represented radial/vertical growth phase and lymph
node metastasis, respectively [16]. Primary WM793 cell line, re-
presenting vertical growth phase [17] and WM1205Lu, a highly me-
tastatic variant of WM793 cells obtained from lung metastasis [18],
were also used. All cell lines were maintained as previously described
[19]. Briefly, all cell lines were maintained on 100 mm Petri dishes in
RPMI 1640 medium with GlutaMAX-I, supplemented with 10% FBS,
penicillin (100 unit/ml) and streptomycin (100 pg/ml). Cells were
grown in monolayers in 5% CO, atmosphere at 37 °C in a humidified
incubator and passage after reaching 80% of confluence.

2.3. Isolation of ectosomes

Sub-confluent cells were cultured for 24 h in serum-free RPMI-1640
GlutaMAX™-I medium supplemented with and antibiotics. Next condi-
tioned media were collected and subjected to sequential centrifugation
steps. After centrifugations at 400 X g (5 min, 4 °C), 4000 X g (20 min,
4°C) and 7000 X g (20 min, 4°C), the remaining cells and cellular
debris were pelleted and discarded. Supernatants were collected for
ectosome isolation. After final centrifugation at 18000 X g (20 min,
4 °C) ectosomes were pelleted and resuspended in ice cold PBS (Fig. 1).

2.4. Transmission electron microscopy (TEM)

Pelleted ectosomes were fixed with 2.5% glutaraldehyde in 0.1 M
cacodylic buffer (CB) overnight at 4 °C, washed with 0.1 M CB, post-
fixed in 1% osmium tetroxide/0.1 M CB solution, dehydrated by passing
through a graded ethanol series, embedded in PolyBed 812 (epoxy
resin) and polymerized for 48 h at 60 °C. Ultrathin sections were pre-
pared with EM UC7 Leica ultramicrotome and collected on a copper
mesh. The latter was covered with formvar film. Finally, the sections
were contrasted with use of uranyl acetate and lead citrate. The sections
were viewed on JEOL JEM 2100HT TEM at accelerating voltage of
80 kV. Diameter analysis was performed by means of the ImageJ soft-
ware [20] after image binarization and using adaptive threshold set-
tings.

2.5. Preparation of cell extracts

The cell extracts were prepared from cells after conditioned medium
was collected. The cells were sonicated on ice in 50 mMTris/HCI buffer,
pH 7.5, containing150 mM NaCl,2 mM EDTA, protease inhibitor cock-
tail (2pl/100pl), phosphatase inhibitor cocktail (1 pul/100pl), 1 mM
phenylmethylsulfonyl fluoride, 1 mM sodium fluoride and 5 mM tetra-
sodium pyrophosphate. Subsequently, Triton X-100 (final concentration
1%) and protamine sulfate (final concentration 0.3%) were added. The
homogenates were then incubated for 30 min with shaking at 4 °C.
Finally, the cell extracts were clarified by centrifugation at 18,000 x g
for 20 min at 4 °C and protein concentration was quantified with the use
of the Micro BCA Protein Assay Kit.

2.6. Isolation of the membrane fractions

The membrane fractions of collected cells were obtained using the
Qproteome Cell Compartment Kit and desalted via acetone precipitation
according to the manufacturer's protocol. Protein concentration was
quantified with the use of a Micro BCA Protein Assay Kit.
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2.7. The membrane fraction purity assessment

For each cell line, the whole cell extract and the membrane fraction
samples (70 ug of proteins) were separated by 10% SDS-PAGE in re-
ducing condition, and electrotransferred to PVDF membrane. The
purity of the membrane fraction was assessed with the use of anti-
L1CAM (1:5000), anti-as integrin subunit and anti-f3; integrin subunit
antibodies (1:5000) and the presence of the proteins specific for other
subcellular fractions was excluded using anti-actin antibodies
(1:10000) for the cytoskeletal fraction, GAPDH (1:4000) for the cyto-
solic fraction and sirtuin-6 (1:500) for the nuclear fraction. Suitable
anti-mouse IgG-AP or anti-rabbit IgG-AP (1:4000) were used as a sec-
ondary antibody. Conjugated alkaline phosphatase was detected via
NBT/BCIP staining.

2.8. Lectin blotting

Lectin dilutions (1:4000) were prepared with buffer 1 containing
1 mM MgCl,, 1 mM MnCl, and 1 mM CaCl, dissolved in TBS (50 mM
Tris/HCl, pH7.5, 150 mM NaCl). Simultaneously, 1:4000 lectin dilu-
tions were prepared with the addition of the competitive sugar or 0.2 M
CH3COOH (Table 1) and preincubated overnight. For each cell line and
lectin, homogenates, the membrane fractions and ectosome samples
containing 70 ug of protein were diluted 1:1 with 2x concentrate
Laemmli sample buffer with 5% B-mercaptoethanol and separated by
10% SDS-PAGE, followed by transferred to PVDF membrane for 1 h at a
constant voltage of 100V with cooling. The blots were then blocked
overnight in lectin blocking solution. Afterwards, membranes were
washed twice with TBS/Tween (TBS containing 0.1% Tween 20) and
once with buffer 1 and then incubated for 1 h with appropriate lectins.
After triple wash with TBS/Tween, blots were incubated for 1 h with
extravidin-AP. Next, membranes were washed three times with TBS/
Tween and three times with TBS. The conjugated alkaline phosphatase
was detected via NBT/BCIP staining. The dried membranes were pho-
tographed with UVtec camera and Scionlmage software. The densito-
metric analysis of obtained bands was performed with a use UVmap
V.99 software. After densitometric measurements areas under the peaks
(expressed in arbitrary units) were compared to detect changes in the
strength of lectin staining of a corresponding bands between membrane
fractions and ectosome samples.

2.9. Flow cytometry

Cell surface glycosylation of CM cells and ectosomes was analyzed
according to the method of Przybyto et al. [31] with minor

Table 1
Sugar-binding specificities of lectin used for lectin blotting studies and com-
position of blocking solutions.

Lectin Lectin-specific glycan structures  Blocking solution

Aleuria aurantia 0.5 M 1-(-)-fucose)

agglutinin (AAA)

Fucal,6GlcNAc-Asn
Fucal,2Galp1,4GlcNAc-
GalP1,4(Fucal,3)GlaNAc-

Galanthus nivalis Manal,2Man- 0.5M methyl-a-p-
agglutinin (GNA) Manal,6Man- mannopiranoside
Manal,3Man-

Sambucus nigra NeuAca2,6Gal- 0.4 M CH3COOH
agglutinin (SNA)

Maackia amurensis
agglutinin (MAA)

Phaseolus vulgaris
leukoagglutinin

(PHA-L)

NeuAca2,3Gal- 0.4 M CH3;COOH
Galp1,4GlcNAcfB1,6Mana-
Galp1,4GlcNAcB1,2Mana-
(B1,6-branched structures of
N-glycans)
Galp1,4GlcNAcf1,2Man (the
bisecting GlcNAcfB1,4Man is
essential)

1 M N-acetyl-p-
galactosamine

1 M N-acetyl-p-
galactosamine

Phaseolus vulgaris
erythroagglutinin
(PHA-E)
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Fig. 2. TEM analysis of ectosome isolates. A, ectosomes from WM115 cells; B, ectosomes from WM266-4 cells; C, ectosomes fromWM793 cells; D, ectosomes from
WM1205Lu cells. Diameter distribution of N exosomes was analyzed. Mean (SD) and Median (Q1:Q2) are presented with outlined and mix-max values. Non-
parametric test showed that WM793 ectosomes were significantly larger in size than others (p < 0.0001).

modifications. Briefly, cells (7,5 X 10%) and ectosomes (isolated from
10ml of conditioned media per sample) incubated with biotinylated
PHA-E, PHA-L, MAA, SNA, AAA and GNA lectins (20 pg/ml PBS) in for
45 min at 4° and washed with PBS. Subsequently, all samples were in-
cubated with fluorescein isothiocyanate (FITC)-extravidin conjugate
(25ul/ml) under the same conditions and washed again. The
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assessment for cell fluorescence was done in a FACSCalibur flow cyt-
ometer (BD Biosciences, San Diego, CA) and a total of 10* cells were
analyzed for each immunofluorescence profile. Ectosome samples were
analyzed on Apogee A50 Micro flow cytometer (Apogee Flow Systems,
Hemel Hempstead, UK) for 120 s with flow rate of 1,5 pul/min, sample
volume set at 150 pl and sheath pressure at 150 mb. The trigger was set
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Fig. 3. Assessment of the membrane fraction purity. On-blot immunodetection
of proteins representative for each subcellular fraction was performed for the
whole cell extracts (H) and the membrane fractions (M) obtained from each CM
cell line. Loading controls: anti-L1CAM, anti-as integrin subunit and anti-f;
integrin subunit (for the membrane fraction), anti-actin (for the cytoskeletal
fraction), anti-sirtuin-6 (for the nuclear fraction), anti-GAPDH (for the cytosolic
fraction). Representative results obtained for primary WM793 cells are shown.
For other CM cell lines results were consistent.
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on MALS detector with voltages 420V, and on green fluorescent
channel (488 Gn) with voltages 475V on 488 nm laser. For daily cali-
bration the reference beads composed of a mixture of 180 nm, 240 nm,
300 nm, 590 nm, 880 nm, and 1300 nm silica vesicles and 110-nm and
500-nm green fluorescent latex beads were used. For the analysis
samples were diluted in order to obtain < 5000 events/s.

2.10. Statistical analyses

Statistica 12 (StatSoft®) tools were used for all data analyses and
graph plotting Non-parametric Kruskal-Wallisone-way analysis of var-
iance was used to compare ectosome diameter distribution. All other
results are expressed as mean = standard deviation of three in-
dependently carried out experiments. The significant differences be-
tween mean value were computed using one-way ANOVA and post hoc
Tukey's test, and p-values < 0.05 were considered statistically sig-
nificant. Classification and regression tree analysis was performed to
predict which cell fraction (H — the whole cell extract, M — membrane
fraction, E — ectosomes) had a specific protein band glycosylated in the
most characteristic manner.

3. Results
3.1. Transmission electron microscopy of ectosome isolates

TEM analysis was done to validate the purity and effectiveness of
ectosome isolation from the conditioned media via sequential cen-
trifugation (Fig. 2). Ultrathin sections of ectosomes from each cell line
contained extracellular vesicles, ranging approximately from 120 to
960 nm in diameter. The observed populations were rather hetero-
geneous and contaminated neither with intact cells nor with any cel-
lular organelles. Extracellular vesicles smaller than 100 nm and larger
than 1 pm in diameter were not found. The distribution of ectosome size
was non-normal, with the median values typical for ectosome fractions.
A non-parametric Kruskal-Wallis one-way analysis of variance

PHA-L PHA-E
WMI115 WM266-4 WM793 WM1205Lu WM115 WM266-4 WNM793 WMI1205Lu
kDa H M E H M E H ME H M E H M E H ME H ME H M E

250.

20

&l -
N
£l
-

-
- -
4
5

“

aesns aamadwoy

Fig. 4. Detection of glycoproteins possessing 31,6-branched tri- and/or tetraantennary complex type N-glycans (PHA-L-positive) and bisecting GlcNAc bound to the
core mannose of complex type N-glycans (PHA-E-positive). Results of lectin blotting with PHA-L and PHA-E are shown in the upper panels and controls with the
competitive sugars are shown in the lower panels. The major specific bands were indicated on the right with arrowheads. H, the whole cell extract; M, the membrane
fraction; E, the ectosomal fraction.
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referred to the web version of this article.)

confirmed a significantly higher diameter (but still within the pre-
defined range) for ectosomes isolated from WM793 cells. These data
proved that the ectosome isolation protocol was standardized and did
not cause any bias in ectosome purity.

3.2. Purity of isolated membrane fractions

The purity of the obtained samples was verified with the use of
antibodies against proteins representative for each subcellular fraction
(Fig. 3). L1CAM, a transmembrane cell adhesion molecule, was de-
tected as a doublet with bands at MW of 200 and 220 kDa in the cell
extracts and in the respective membrane fractions. Analogously, we
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confirm the presence of two subunits of transmembrane integrin re-
ceptor as and P in the cell extracts and in the respective membrane
fractions. Actin, a major component of the cytoskeleton, was present
only in the whole cell extracts and was detected as a band at MW of
42 kDa. Sirtuin-6, a stress responsive nuclear protein with ADP-ribosyl
transferase and histone deacetylase activity, was detected only in the
whole cell extracts at MW of 39 kDa. GAPDH was chosen as a loading
control for the cytosolic fraction and detected in the whole cell extracts
at MW of 37 kDa. Taken together, the isolated membrane fractions did
not contain chosen proteins specific for other subcellular fractions, and,
therefore, they were used for further analysis.
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Fig. 6. Detection of glycoproteins carrying a2,6-linked (SNA-positive) and a2,3-linked (MAA-positive) SA. Results of lectin blotting with SNA and MAA are shown in
the upper panels and controls with CH;COOH are shown in the lower panels. The major specific bands were indicated on the right with arrowheads. H, the whole cell

extract; M, the membrane fraction; E, the ectosomal fraction.

3.3. Specific glycosignatures of metastatic melanoma ectosomes

In the present study the whole cell extract, the membrane fraction
and ectosomal proteins from four CM cell lines were analyzed by lectin
blotting to investigate their glycosignatures. Reaction with PHA-L lectin
(Figs. 4 and 5) confirmed the presence of (31,6-branched tri- and/or
tetraantennary complex type N-glycans in the whole cell extract and the
membrane fraction proteins. The isogenic cell lines (WM115 and
WM266-4 as well as WM793 and WM1205Lu) showed similar PHA-L
binding patterns. The number of PHA-L-positive bands was reduced in
the membrane fractions, to a greater extent in the membrane fractions
from WM115 and WM266-4 cells. In ectosomes either few or no PHA-L-
positive bands were detected. PHA-L-positive band at MW of 130 kDa
was present in ectosomal proteins obtained from WM115, WM266-4
and WM1205Lu cells, but absent in ectosomal proteins obtained from
primary WM793 cells. Additionally, a band at MW of 90 kDa was de-
tected in ectosomal proteins obtained from WM115 cells, but it did not
appear in any other ectosome samples. Lectin blots for two metastatic
cell lines (WM266-4 and WM1205Lu) revealed a pair of corresponding
bands at MW of 57 and 61 kDa in ectosome samples.

PHA-E lectin was used to detect proteins possessing bisecting
GlcNAc in their complex type N-glycans (Figs. 4 and 5). In the whole
cell extracts, membrane fractions and ectosomes from WM115 and
WM266-4 cells strong positive reactions were detected for protein
bands with MW above 75 kDa. Moreover, PHA-E-positive bands were
enriched in ectosomes (compared to homogenates and the membrane
fractions), suggesting that proteins possessing glycan structures with
bisecting GlcNAc could be preferentially recruited into ectosomes de-
rived from WM115 and WM266-4 cells. Such a phenomenon was not
observed in case of the samples obtained from WM793 and WM1205Lu
cells. Despite the presence of multiple PHA-E-positive proteins bands in
the whole cell extracts and the membrane fractions, only few weak
PHA-E-positive bands were detected in the ectosome samples.

Two lectins, i.e. SNA and MAA, were used to detect proteins car-
rying a2,6- and a2,3-linked SA, respectively (Figs. 6 and 7). Reaction
with SNA revealed similar binding patterns in related cell lines (WM115

and WM266—-4 as well as WM793 and WM1205Lu) and the enrichment
of several bands in the ectosomal fraction obtained from WM115 and
WM266-4 cells was stated. In the ectosome samples from WM793 and
WM1205Lu cells only two bands were detected. Moreover, there were
two SNA-positive bands at MW of 56 and 122 kDa that were detected in
all ectosomal fractions. Reaction with MAA revealed that the whole cell
extracts and the membrane fractions obtained from all studied cell lines
contained less bands possessing a2,3-linked SA than carrying a2,6-
linked SA (reaction with SNA). In the ectosome samples obtained from
three cells lines (WM115, WM266-4 and WM1205Lu) two corre-
sponding bands at MW of 46 kDa and 89 kDa were detected, however
there were no such MAA-positive glycoproteins in the ectosome sam-
ples from WM793 cells.

Positive reaction with GNA lectin confirmed the presence of pro-
teins having high-mannose and/or hybrid type oligosaccharides, both
in the whole cell extracts and the membrane fractions from all cell lines
(Figs. 8 and 9). Mannose-rich glycoproteins, however, were not com-
monly sorted into ectosomes, apart from one band detected with GNA
at MW of 78kDa in each cell line.

The presence of proteins possessing fucose residues was revealed by
the reaction with AAA lectin (Figs. 8 and 9). AAA binds fucose with
al,6-linkage to the proximal GlcNAc residue as well as Galp1,4(Fu-
cal,3)GlcNAc sequence. In homogenates and the membrane fractions
obtained from two primary melanoma cell lines (WM115 and WM793)
strong reaction was observed with only two specific bands as revealed
by control with the competitive sugar. In two metastatic cell lines
(WM266-4 and WM1205Lu) AAA binding to protein cell extract and the
membrane glycoproteins was reduced to bands above 70 kDa. In case of
ectosomal proteins, related WM115 and WM266-4 cell lines had the
same two AAA-positive bands (at MW of 85 and 149 kDa) with stronger
intensity compared to corresponding bands in the whole cell extracts
and the membrane fractions. Those glycoproteins enriched with fucose
could be preferentially recruited into ectosomes from WM115 and
WM266-4 cells, however, it was not observed in case of ectosomes
derived from two remaining cell lines (WM793 and WM1205Lu), where
significantly fainter bands were detected.
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In order to reveal the specific glycosylation band(s) to predict a cell
fraction, the classification and regression tree method was used
(Fig. 10). The classification tree plots discriminated three cell fractions
from four CM cell lines to find a specific protein band of a given MW
(kDa), which was up- or down-glycosylated. For each CM line, if the
protein band of 56 kDa is carrying more a2,6-linked SA (positive re-
action with SNA), with bar intensity over 1056.5 AU, this fraction
should be considered as the ectosomal fraction. Similarly, if the 67 kDa
protein band shows the significant down-glycosylation for a2,3-linked
SA (positive reaction with MAA) with a cut-off under 196.5 AU, the
analyzed fraction should be considered as ectosomal in each of the CM
cell lines. In addition, down-glycosylation with mannose residues (po-
sitive reaction with GNA) in the 150kDa protein band predicts the
ectosomal fraction (cut-off 327.5 AU). For bisecting GlcNAc in the
complex type of N-glycans (positive reaction with PHA-E), the protein
band of 146 kDa down-glycosylation in the E fraction was shown at the
cut-off at 904 AU, but this was only confirmed for two CM lines
(WM793 and WM1205Lu).
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3.4. Surface expression of glycan epitopes on CM cells and CM-derived
ectosomes

In order to verify to what extend the revealed enrichment or de-
pletion of specific glycoepitopes in CM-derived ectosomes in compar-
ison to the parental CM cell membranes is related to the surface (plasma
membrane-associated) and/or intracellular glycoproteins flow cyto-
metry was used. By applying the same panel of lectins as in lectin
blotting studies (i.e. AAA, GNA, SNA, MAA, PHA-E and PHA-L) the
comparison of the surface glycosylation of CM cells and CM-derived
ectosomes was performed.

It was found that > 95% of CM cells possessed a2,3-linked SA, fu-
cose residues, bisecting GlcNAc in complex type N-glycans, as well as
B1,6-branched tri- and/or tetraantennary complex type N-glycans as
revealed by positive staining with MAA, AAA, PHA-E and PHA-L, re-
spectively (Fig. 11A and B). Regarding the presence of a2,6-linked SA
(positive staining with SNA) on the cell surface, a significant increase in
the percentage of cells having such moiety was revealed for metastatic
cell lines (WM266-4 and WM1205Lu) compared to their isogenic cells
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lines of primary origin (WM115 and WM793) - 99.8% and 99.7% versus
35.3% and 68.4%, respectively (Fig. 11A and B). Similarly, reaction
with GNA revealed the higher percentage of cells bearing mannose
residues in case of metastatic cell lines, however, the number of GNA-
positive cells was much smaller than in case of staining with other
lectins (Fig. 11A and B). Although the substantial differences in the
percentage of positive cells among studied CM cell lines were observed
only in case of SNA and GNA staining (Fig. 11A and B), the measure-
ment of relative fluorescence intensity (RFI) revealed the greater di-
versity related to relative amount of given glycoepitopes on the cell
surface (Fig. 11C). Complex type N-glycans with bisecting GlcNAc
(PHA-E staining), B1,6-branched N-glycans (PHA-L staining), a2,3- and
a2,6-linked SA (MAA and SNA staining, respectively) were more
abundantly present on the cell surface of metastatic (WM266-4 and
WM1205Lu) cells compared to the isogenic primary (WM115 and
WM793) cell lines. Regarding AAA staining similar observation was
made only for WM155 and 266-4 cells, while the second pair of isogenic
cell lines showed opposite tendency. Finally, despite the higher per-
centage of GNA-positive cells in case of metastatic cell lines, higher RFI
was stated for the isogenic primary cells lines.

Considering CM-derived ectosomes, the percentage of lectin-posi-
tive vesicles was highly decreased in comparison to the analogous
staining of parental CM cells (Fig. 12A and B). It was found that ecto-
somes released by WM793 cells were to the greater extend the carriers
of the studied glycan epitopes with the exception of having bisecting
GlcNAc in complex type N-glycans on their surface (Fig. 12A and B).
Furthermore, for almost each staining (excluding GNA and SNA
staining of WM115 and WM266-4 cells) the percentage of lectin-
stained ectosomes was significantly higher for primary CM-derived
ectosomes compared to ectosomes derived from isogenic cells lines of
metastatic origin (Fig. 12A and B). Regarding RFI, CM-derived ecto-
somes showed opposite tendency relative to the cells of their origin.
Except for MAA and AAA staining for WM115- and WM266-4-derived
ectosomes, higher RFI values were measured for ectosomes derived
from primary CM cell lines in comparison to ectosomes derived from
isogenic metastatic cell lines (Fig. 12C). Additionally, higher RFI values

403

corresponded with higher percentage of lectin-stained ectosomes.
Judging by RFI, CM cells and CM-derived ectosomes were stained by
MAA and GNA to the smallest extend (Figs. 11C and 12C), however,
this values cannot be compared directly, because two different types of
flow cytometer were used for analysis of surface glycosylation.

4. Discussion
4.1. Glycan epitopes as a potential signal for ectosomal protein sorting

In the present study we showed that ectosomes have specific gly-
cosignatures in comparison to their parental cell membrane fractions.
Our findings are in line with previous reports showing characteristic
changes (enrichment/depletion) in specific glycan structures in exo-
somes released in vitro [10-13]. The mechanisms by which proteins are
targeted to ectosomes are not fully understood. Glycan-based protein
sorting to EVs might be related to the glycan moieties and constitute the
alternative to endosomal sorting complexes required for transport
(ESCRT). ESCRT is known to be only involved in multivesicular bodies
formation during biogenesis of exosomes [1, 2], what makes glycan-
based sorting the first potential mechanism to be studied in case of
ectosomes.

It has been hypothesized [13] that glycoproteins may interact with
intracellular lectins such as galectins, which promote their specific
sorting into exosomes or ectosomes. Galectin-3 [10, 13], galectin-4 [10]
and galectin-5 [22] have been detected in EVs produced by different
cells (carcinoma or macrophages). Galectin-3 binding protein i.e. lectin
galactoside-binding soluble 3-binding protein (LGALS3BP) and another
galectin-related protein (LGALSL) have been detected in exosomes de-
rived from carcinoma cells, semen or activated platelets [12, 23, 24].
Moreover, galectin-5 has been proposed to modulate the amount of
lysosome-associated membrane protein 2 (Lamp2), in exosomes during
reticulocyte maturation [22]. Whether this mechanism involves a pre-
vious enrichment of particular membrane domains with specific glycan
structures and/or glycoprotein oligomerization remains unclear and
needs to be determined in further studies.
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Regarding glycan structures that would significantly promote pro-
tein incorporation into exosomes, complex type N-glycans are so far the
most widely studied. The treatment of OVMz cells with kifunensine,
which prevents the processing of high-mannose to complex type N-
glycans, decreased the levels of several N-linked glycoproteins (such as
CD63, LGALS3BP, L1CAM) in EVs, whereas the same effect on the non-
glycosylated protein annexin-I was not observed [13]. Similarly, the a-
mannosidase I inhibitor, deoxymannojirimycin, decreased the level of
glycoprotein EWI-2 in exosomes, and did not affect its expression on the
cell surface [11]. Other major findings from that study were exosome
enrichment in high-mannose glycans, poly-N-acetyllactosamine struc-
tures and a2,6-linked SA, however none of those observations have
been confirmed in ectosomes thus far.

Our results indicate that glycan-based sorting of ectosomal proteins
might depend on the cell origin, since similar lectin binding patterns
were observed on blots for isogenic CM cell lines (WM115 and WM266-
4 as well as WM793 and WM1205Lu). The enrichment mainly with
glycoproteins having fucose moieties and complex N-glycans with
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= Ectosomes

bisecting GlcNAc in ectosomes derived from WM115 and WM266-4
cells was revealed. However, such observation was not stated for the
samples from WM793 and WM1205Lu cell lines, where despite the
presence of multiple PHA-E-and AAA-positive glycoproteins bands in
the whole cell extracts and the membrane fractions, in ectosomes only
few specific bands were detected. SNA-, MAA- and GNA-positive bands
were detected at the same MW values in ectosomes derived from at
least three CM cell lines. It suggests that a more conservative sorting
mechanism in terms of sialoglycoproteins with a2,3-and a2,6-linked SA
and high-mannose type N-glycans could occur. It is also important to
notice that each glycoprotein band detected in ectosomes was also
present in the membrane fractions.

Using flow cytometry analogous glycoepitopes on the surface of CM
cells and CM-derived ectosomes were identified by the same panel of
lectins. Such approach has never been applied in studies on EV glyco-
sylation before, but is well justified by the mechanism of ectosome
biogenesis that involves direct shedding of vesicles from the plasma
membrane. The percentage of lectin-stained ectosomes was generally
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Fig. 10. Classification and regression trees for the cell fraction prediction from each cutaneous melanoma cell line with respect to the glycosylation profile. The most
significant aspect for the ectosomal fraction prediction is SNA up-glycosylation of the 56 kDa protein band and down-glycosylation of 67 kDa (MAA-positive) and
150 kDa (GNA-positive) protein bands (N = 4). For other glycosylation residues (PHA-E-, PHA-L-, AAA-positive) the number of predicted cell lines is < 4. H, the

whole cell extract; M, the membrane fraction; E, the ectosomal fraction.
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Fig. 11. Flow cytometry analysis of surface glycosylation of CM cells. A. Histograms for MAA-, SNA-, GNA-, AAA-, PHA-E- and PHA-L-positive cells. Colored areas
represent stainings with a panel of six lectins, while open histograms represent background fluorescence of unspecific binding of FITC-extravidin. The X axis shows
log fluorescence intensity, Y axis shows the number of events. B. Diagram showing the percentage of positive cells in each staining. C. Diagram showing the relative
fluorescence intensity (RFI) for each staining. * - denotes statistically significant differences.
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Fig. 11. (continued)

decreased in comparison to the analogous staining of the cell surface of
CM cells. This finding once again supported the hypothesis that ecto-
somes were derived from particular regions of the cell membranes,
because the molecular composition of the surface glycoconjugates dif-
fered markedly between the analyzed samples (the cell surface versus
the ectosome surface). Due to the fact that two types of flow cytometers
were used for measurements and the analyzed objects have different
size range, it is not possible to directly compare the obtained RFI values
for CM cells and CM-derived ectosomes as well as to identify the gly-
coepitopes that would be enriched in ectosomes based solely on flow
cytometric data. Nevertheless, RFI values for CM-derived ectosomes
still revealed the abundance of a2,6-linked SA, fucose, complex type N-
glycans with bisecting GlcNAc and P1,6-branched N-glycans on their
surface. Considering both percentages and RFI values it should be as-
sumed that the enrichment in the amount of certain glycoepitopes re-
vealed by lectin blotting studies concerned rather glycoconjugates that
were sorted into the interior of ectosome than glycoconjugates present
in its membrane.

4.2. Glycoconjugates of cutaneous melanoma ectosomes and cancer-
associated epitopes

The changes in glycosylation are being increasingly studied in
cancer, where neoglycoepitopes are associated with tumor progression
and often used as disease biomarkers [25]. Major alterations to the cell
surface glycosylation may be reflected on the surface of EVs, therefore
their accessibility in different body fluids holds a great promise towards
the development of new diagnostic and prognostic strategies [26].

Glycans play a fundamental role during tumor cell dissociation and
invasion, mainly by interfering with intercellular signaling and cell-cell
adhesion. An increased number of B1,6-branched N-glycan structures
generally impairs cell adhesion and promotes tumor cell invasion.

These B1,6-branched structures can be further extended, and terminal
sialylation interferes with cell-extracellular matrix interactions, pro-
moting a more migratory and invasive phenotype. On the other hand,
the presence of N-glycans with bisecting GlcNAc may lead to protein
stability and suppression of tumor progression [27, 28].

It has been demonstrated that higher expression of complex type
B1,6-branched N-glycans may contribute to higher potential of primary
(FM-55-P, IGR-39) CM cells to migrate on fibronectin and their weaker
binding to extracellular matrix proteins [29-31]. Moreover, it has been
shown that CM transition from the vertical growth phase to the meta-
static stage was accompanied by elevated 1,6-branching of the cell
surface N-glycoproteins, including a3p1 and a5@1integrins, which in-
fluenced melanoma cell migration potential [32]. Regarding ectosomal
proteins, in the present study only few PHA-L-positive bands were de-
tected by lectin blotting, however reaction with PHA-E showed a sig-
nificant enrichment of vesicular content with bisecting GlcNAc struc-
tures in WM115- and WM266-derived ectosomes. Therefore, the release
of glycoproteins with bisecting GlcNAc via ectosomes might be a po-
tential mechanism that allows cancer cells to retain their metastatic
potential.

Major changes in the level of sialylation and fucosylation of glyco-
proteins are also associated with cancer and are under constant eva-
luation as diagnostic and therapeutic targets. The fucosylated and sia-
lylated structures often form the sialylated Lewis determinants present
in O-glycans and N-glycans that participate in cell adhesion events
underlying the formation of metastases via interaction with selectins
[25, 26]. In the previous studies, the significance of sialylated deriva-
tives on the CM cell surface was evaluated [21]. It was found that
melanoma progression from the radial growth phase to the metastatic
stage was associated with the elevated expression of a2,3-linked SA on
the cell surface of the studied melanoma cells. These epitopes were able
to modulate melanoma cell interaction with fibronectin. In the present
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Fig. 12. Flow cytometry analysis of surface glycosylation of CM ectosomes. A. Dot plots for MAA-, SNA-, GNA-, AAA-, PHA-E- and PHA-L-positive ectosomes. Results
for unstained control and control secondary extravidin-FITC conjugate staining are also provided. The X axis shows values obtained at medium angle light scatter
(MALS), Y axis shows log fluorescence intensity measured on 488Gn laser. The corresponding histograms are presented in supplementary data. B. Diagram showing
the percentage of positive ectosomes in each staining calculated by the subtraction of the value for the unspecific binding (secondary FITC-extravidin staining) from
the raw value for each lectin staining. C. Diagram showing the relative fluorescence intensity (RFI) for each staining. * - denotes statistically significant differences.

B

w ~ =]
g by g

Percentage of positive ectosomes
b

1 oalal

PHA-E

'] i
MAA SNA GNA AAA PHA-L
EWM11IS EWM265-4 CWM793 mWMI1205Lu

E. 200 -
é s
Q 150 —
=
[T}
2 100
g r'-|
-
3 )
-
@ 50
2
K
]
= o

MAA SNA

GNA

ARA

HWM115 BWM266-4 CJWM793 B WM1205Lu

Fig. 12. (continued)

study, the enrichment of several sialoglycoprotein bands with a2,3- and
a2,6-linked SA in ectosomes derived from CM cell lines was shown
using lectin blotting. Moreover, glycoproteins enriched with fucose
residues were preferentially recruited into ectosomes derived from
WM115 and WM266-4 cells. Nevertheless, no significant differences
between related primary and metastatic cell lines that would reflect the
changes in total glycoprotein sialylation and/or fucosylation during
disease progression were observed.

In particular cell surface glycosylation promote invasive behavior of
tumor cells and may be essential for interactions between ectosomes
and recipient cells, including mutual recognition or fusion. Since lectin
blotting allowed the analysis of total protein glycosylation, flow cyto-
metry was used to evaluate alterations in glycosylation of the cell and
the ectosome surfaces. We showed that tumor-associated epitopes dis-
cussed above were abundantly present on the surface of CM-derived
ectosomes. However, the percentage of lectin-stained ectosomes was
generally smaller in comparison to the analogously stained CM cells
suggesting some degree of retention of possibly tumor-promoting gly-
coepitopes by CM cells. For almost each lectin (except GNA) the per-
centage of stained ectosomes and RFI values were higher for ectosome
released by primary CM cell lines and that increased (relatively to
metastatic CM-derived ectosomes) surface glycosylation of ectosomes
derived from primary CM cells might be a way by which primary CM
cells prepare pre-metastatic niches through glycan-mediated uptake of
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ectosomes by recipient cells. It has been shown that niche formation is
directed by integrin present on the exosome surface [33], what provides
a new insight into the ability of certain tumors to metastasize to se-
lected organs. It is well-established that integrins play a central role in
malignancy and several studies have reported the control of integrin
activation by its glycosylation status [27, 34-37]. Thus, a concerted
effort is needed to characterize glycan content of ectosomes in order to
explore the potential of ectosome glycosylation to manipulate cargo
protein requirement or providing novel targeting strategies as well as
diagnostic and therapeutic targets.

5. Conclusion

Our data supports recent findings suggesting that EVs derive from
particular regions of the cell membrane and thus they contain a unique
glycan composition. If proven correct, hypothesis that glycan-based
protein sorting is a major mechanism for protein incorporation into EVs
might provide new means to control vesicular content and have pos-
sible clinical implications. For further analysis of the glycan structures
present in ectosomes high resolution techniques (e.g MALDI-TOF MS,
HPLC-MS, UPLC) should be used in the future. Also, functional studies
and the use of glycosylation inhibitors or knockout/transfection of
enzymes engaged in glycosylation are needed to establish the precise
role of glycoepitopes in recognition and uptake of ectosomes by
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recipient cells, protein recruitment into ectosomes etc. Moreover, ex-
ploring whether disease-associated glycoforms are enriched in EVs
isolated from different body fluids will probably became a subject of
future in-depth studies and may allow to develop novel biomarkers of
CM.
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