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A B S T R A C T

Purpose: To establish the relationship between sialylation of integrin α5β1 and possible alteration in the
function of α5β1 receptor in melanoma cells.
Materials and methods: Integrin α5β1 was isolated from primary WM115 (RGP/VGP-like phenotype) and me-
tastatic WM266-4 (lymph node metastasis) cells via affinity chromatography. Integrin α5β1 sialylation and the
shift in relative masses of the enzymatically desialylated subunits were confirmed by confocal microscopy and
SDS-PAGE, respectively. The ELISA assay was performed to evaluate sialic acid (SA) influence on integrin α5β1
binding to fibronectin (FN). Cell invasion was investigated by the Transwell invasion assay. The effect of
neuraminidases treatment on melanoma cells was assessed by flow cytometry using Maackia amurensis and
Sambucus nigra lectins.
Results: Both subunits of integrin α5β1 were found to be more abundantly sialylated in primary than in me-
tastatic cells. The removal of SA had no effect on the purified integrin α5β1 binding to FN. Although metastatic
cells underwent more pronounced desialylation than primary cells, invasion of primary WM115 cells was more
dependent on the presence of α2-3 linked SA than it was in the case of metastatic WM266-4 cells. In both
melanoma cell lines not only integrin α5β1 was involved in invasion, however simultaneous desialylation and
usage of anti-integrin α5β1 antibodies resulted in lower invasion abilities of primary WM115 cells.
Conclusions: Our data suggest that in primary melanoma cells integrin α5β1 action is more likely dependent on
its glycosylation profile, i.e. the presence of SA residues, which influence (decreased) their invasion properties
and may facilitate malignant melanoma progression.

1. Introduction

Sialic acids (SAs) are monosaccharides commonly found at the
outermost end of the sugar chains of various glycoconjugates. SA ex-
ternal position on cell surface molecules gives them the opportunity to
strongly influence cell behavior because SAs may interact with other
cell surface molecules, extracellular matrix (ECM) proteins as well as
effector molecules. There is much evidence indicating that SAs either
act as a biological target that allows recognition by a receptor [1] or
mask recognition sites [2,3]. SA significance has been implicated in
various diseases [4–7] including cancer, where they have been reported
to play an important role in the colonization and metastatic potential of
cancer cells [8–14].

Malignant melanoma is the sixth most commonly diagnosed cancer
in the developed countries and one of the deadliest forms of cancer
[15,16]. The lack of appropriate means for predicting the prognosis and
effective treatments of melanoma at the diffuse stage requires devel-
opment of new strategies for melanoma therapy [17]. The progress of

melanoma from transformed melanocytes to metastatic lesions is the
process taking place in 5 distinct steps [18], at each stage of melanoma
progression it requires the involvement of cell adhesion proteins,
among which integrins are of particular importance. Many studies have
examined the role of SAs in the functionality of integrin receptors and
SA impact on integrin mediated interactions [19–21]. Moreover, SA
potential role in melanoma progression has also been investigated
[22–26]. It is evident that melanoma progression was associated with
the increased expression of α2-3 linked SA on the cell surface [25]. SA
linked α2-3 monosaccharides were found to be an important factor
increasing melanoma cell adhesiveness to fibronectin (FN) as well as
melanoma cell migration rate on FN. Similarly, the association between
high expression of α2-3-linked SA residues and metastatic potential has
been observed in prostate [27] and gastric cancers [28] as well as oral
carcinogenesis [29]. Integrin α5β1, which is the main FN receptor, was
found to be modified by both α2-3 and α2-6 linked SA residues and its
expression level on melanoma cells was positively associated with the
progression of melanoma [25]. The present study was undertaken to
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establish the relationship between sialylation of integrin α5β1 and
possible alteration in this receptor function in melanoma primary
WM115 and metastatic WM266-4 cells.

2. Materials and methods

2.1. Materials

The mouse monoclonal anti-α5 integrin antibody (clone SAM-1),
mouse monoclonal anti-β1 integrin antibody (clone B3B11), rabbit
polyclonal antisera against α5 integrin subunit and Immobilon P
membrane, were purchased from Merck Millipore (Darmstadt,
Germany). Bovine serum albumin (BSA), trypsin/EDTA solution, peni-
cillin/streptomycin solution, octyl-β-D-glucopyranoside, Cell
Dissociation Solution, goat anti-mouse AP-conjugated antibody,
ExtrAvidin-FITC, FN, normal goat serum, mouse monoclonal anti-vi-
mentin antibody (clone VIM-13.2), high molecular mass standards and
protease inhibitor cocktail were obtained from Sigma Aldrich Chemical
Co. (St. Louis, MO, USA). Phosphate buffered saline (PBS), RPMI 1640
medium with Glutamax-I (RPMIG) and foetal bovine serum (FBS) were
from LifeTechnologies/Gibco™ (Paisley, UK). Sheep anti-rabbit AP-
conjugated immunoglobulin, 4-nitroblue-tetrazolium salt (NBT), and 5-
bromo-4-chloro-3-indolylphosphate (BCIP) were purchased from Roche
Diagnostics GmbH (Mannheim, Germany). Secondary anti-mouse anti-
body Cy3-conjugated was from Jackson ImmunoResearch. Biotinylated
and unbiotinylated Maackia amurensis lectin (MAL-II) and Sambucus
nigra lectin (SNA), Vectashield were from Vector Laboratories U.K. All
remaining chemicals were of analytical grade, commercially available.

2.2. Cell lines and culture conditions

Two human melanoma cell lines: primary WM115 (RGP/VGP-like
phenotype) [30] and metastatic WM266-4 originating from lymph node
metastasis [30] were obtained from ESTDAB Melanoma Cell Bank
(Tübingen, Germany). Cells were maintained in 1640 RPMIG medium
supplemented with 10% FBS and antibiotics (100 units/ml of penicillin
and 100 μg/ml of streptomycin) and were cultured as a monolayer in a
humidified incubator under standard conditions (5% CO2 and 37 °C).
The cell cultures were routinely tested for mycoplasma. After reaching
the confluence, the cells were harvested adequately for the next pro-
cedures as mentioned below. The conditioned media from cell cultures
were collected, and stored at −70 °C for zymography analysis.

2.3. Cell extract preparation

The cells from the confluent culture were washed, harvested and
pelleted by centrifugation. Then the cells were homogenised on ice by
sonification (Sonics, Vibra-Cell) in 50mM Tris/HCl, pH 7.4, containing
15mM NaCl, 1 mM MgCl2, 1 mM MnCl2 and a protease inhibitor
cocktail. The addition of protamine sulphate (final concentration 0.3%)
and 25mM octyl-β-D-glucopyranoside was followed by extraction for
1 h on ice. Finally, cell extracts were clarified by centrifugation at
18,000xg, 4 °C for 1 h. Protein concentration in the supernatants was
determined [31].

2.4. Isolation of integrin α5β1 by affinity chromatography

Integrin α5β1 was isolated via affinity chromatography on the
specific peptide-CH-Sepharose 4B column. Lipopharm (Zblewo, Poland)
synthesized the specific peptide sequence: Ac-Gly-Ala-c-(CysSS-Arg-Arg-
Glu-Thr-Ala-Trp-Ala-CysSS)-Gly-Ala-O-(CH2CH2O)2CH2CH2-NH2, ac-
cording to Wobbe et al. [32]. The affinity column was prepared with the
use of 2.6 g of CH-Sepharose 4B resin combined with 20mg of a specific
peptide. Prior to the homogenate separation the column was pre-
equilibrated with 10 volumes of the extraction buffer (50mM Tris-HCl,
pH 7.4, 15mM NaCl, 1 mM MgCl2, 1 mM MnCl2). The clarified cell
lysate (2.5 mg of total protein) was passed over the column with 5ml of
resin in the extraction buffer with the addition of 25mM octyl-β-D-
glucopyranoside and allowed to interact with the immobilised ligand
overnight at 4 °C. After that the column was extensively washed with
the extraction buffer, and then the bound material was eluted with the
extraction buffer lacking cations, but containing additionally 20mM
EDTA and 25mM octyl-β-D-glucopyranoside. The column was subse-
quently eluted with 1M NaCl to isolate any remaining bound proteins.
Fractions eluted with EDTA and NaCl were dialysed against MiliQ
water, and concentrated by lyophilisation.

2.5. Enzymatic desialylation of integrin α5β1and melanoma cells

The terminal SAs were released from the glycoproteins by specific
neuraminidases (Table 1). 30 μg of purified integrin α5β1 was dried
(SpeedVac Plus, Savant), resolved in 10 μl of the adequate buffer (ac-
cording to the manufacturer) and incubated with specific neur-
aminidases (see Table 1). Next the samples were dried once again and
after resolving they were split into two portions: for electrophoretic
analysis and for the ELISA test. The enzymatic desialylation of cells was
performed according to Markwell et al. [33] with minor modifications.
After reaching 70% confluence the cells were harvested with Cell Dis-
sociation Solution and centrifuged at 410xg, 4 °C, 5min. 8.75× 104

cells were resuspended in 0.5 ml of the culture medium supplemented
with 10% FBS and specific neuraminidase, and incubated under con-
ditions according to the manufacturer (details in Table 2). At the end of
incubation time the cells were centrifuged, washed with a fresh culture
medium and centrifuged again in order to remove residual neur-
aminidase. Then the cells were resuspended in a fresh culture medium
and used for further experiments.

2.6. SDS-PAGE and immunodetection of integrin subunits

Cell lysates (10 μg) and the samples containing purified integrin
α5β1 (wash fraction – 20 μg, elution fraction – 5 μg) were separated by
8% SDS-PAGE under non-reducing conditions. In the case of

Table 1
Neuraminidases used for integrin α5β1 desialylation and conditions of digestion reactions.

Neuraminidase
(origin)

Supplier Specificity Unit/10 μl Desialylation conditions

α(2→3) Streptococcus pneumoniae Sigma-Aldrich SAα(2→3)Gal 0.01 U 1 h, 37 °C
α(2→3,6) Clostridium perfringens New England Biolabs SAα(2→3)Gal SAα(2→6)Gal/GalNAc 20 mU 16 h, 37 °C
α(2→3,6,8) Vibrio cholerae Calbiochem SAα(2→3)Gal SAα(2→6)Gal/GalNAc SAα(2→8)SA 6 mU 16 h, 37 °C

Table 2
Neuraminidases used for cell desialylation and conditions of enzymatic reac-
tions.

Neuraminidase (origin) Units/0.5 ml Desialylation conditions

α(2→3) Streptococcus pneumoniae 3 mU 4 h, 37 °C
α(2→3,6) Clostridium perfringens 12 U 1 h, 37 °C
α(2→3,6,8) Vibrio cholerae 27 mU 6 h, 37 °C
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desialylation experiments 5 μg of purified (control) as well as desialy-
lated (neuraminidase treated samples) integrin α5β1 were separated.
Next, the proteins were transferred onto a PVDF membrane and tested
with the use of specific antibodies against α5 (rabbit polyclonal serum)
and β1 (mouse monoclonal antibody, clone B3B11) integrin subunits
(1:2000 working dilution for both α5 and β1 subunits). The secondary,
sheep anti-rabbit IgG (for α5 integrin subunits, 1:250 working dilution)
or goat anti-mouse IgG (for β1 integrin subunit, 1:500 working dilu-
tion), both conjugated with AP, were used. The substrates for AP: BCIP
and NBT were used for the colorimetric visualisation of specific pro-
teins. The obtained results were archived with the use of ScionImage
Software and then molecular masses of the observed protein bands were
assigned with the use UVmap V.99 software.

2.7. ELISA test - binding of integrin α5β1 to FN

The ELISA assay was performed as described previously by Pocheć
et al. [34] with modifications. Briefly, 3 μg of the material purified from
affinity chromatography (neuraminidase-treated (see Table 1) or non-
treated) was added into microtiter wells coated with FN (BD, Fi-
bronectin 96 Well Cell Adhesion Assay) in 50 μl of the ELISA buffer
(50mM Tris pH 7.4, 150mM NaCl, 2 mM MgCl2, 0.1mM CaCl2, 25mM
octyl-β-D-glucopyranoside with the addition of 1% BSA), or in the same
buffer, but lacking metal cations. The plate was incubated for 2 h at
37 °C, and then washed three times with 200 μl of the ELISA buffer.
After that the material bound to FN was incubated for 1 h at 37 °C with
rabbit polyclonal anti-α5 integrin subunit antibody in the ELISA buffer
(working dilution 1:1000), and the secondary anti-rabbit antibody AP-
conjugated (working dilution 1:500). Finally, the ELISA was developed
with 10mM pNpp (overnight incubation) and absorbance was mea-
sured at 405 nm. Values for non-specific binding, measured in the
presence of 10mM EDTA were subtracted from total binding to give
values for specific binding of integrin α5β1 to immobilized ligands.

2.8. Confocal microscopy

The melanoma cells were seeded at the density of 5× 104 cells/ml
on coverslips coated with FN (5 μg/ml) overnight at 4 °C.

2.8.1. Staining for SNA and MAA positive oligosaccharides
Before staining, the cells were cultured overnight in the presence of

biotinylated SNA (specific for α2-6 linked sialic acids) and MAL-II
(specific for α2-3 linked sialic acids). Then the cells were washed three
times with PBS, fixed in 2% PFA for 20min at 37 °C, and incubated for
2 h with StreptAvidine-FITC in 2% BSA in PBS. At the end the slides
were washed five times in PBS and one time in MiliQ water and
mounted in Vectashield with DAPI.

2.8.2. Staining for integrin α5 or β1 subunits
Coverslips with cells were washed three times in PBS and incubated

for 24 h with monoclonal antibodies against integrin α5 (clone SAM-1)
or β1 subunit, both in 1:100 dilution in 2% BSA in PBS. Next, the cells
were fixed in 2% PFA for 20min at 37 °C, and blocked in 10% normal
goat serum. After triple washing the Cy3-conjugated goat anti-mouse
antibody (1:500 in 2% BSA in PBS) was added for 2 h, RT. Finally, the
slides were washed five times in PBS and one time in MiliQ water, and
mounted with Vectashield with DAPI.

2.8.3. Double-staining for SNA or MAA positive oligosaccharides and
integrin α5 or β1 subunit

The cells were washed three times in PBS and incubated with spe-
cific biotinylated lectins, followed by the incubation with the
StreptAvidine-FITC (as described above). Then the monoclonal anti-
bodies against integrin α5 or β1 subunits were added and incubation
was conducted (see above). After washing, the coverslips were mounted
with Vectashield with DAPI, sealed and kept at 4 °C. In all cases cell

fluorescence was observed with the use of a confocal microscope with
the same setting conditions (Zeiss LSM 510 META, Carl Zeiss
MicroImaging GmbH, Jena, Germany) and analyzed in LSM Image
Browser.

2.9. Matrigel invasion test

Invasion assays were performed using BD BioCoat™ 96-Multiwell
Tumor Invasion System (BD Bioscience) according to the supplier’s
instructions. The cells in the culture with 70% confluence were main-
tained for 24 h in FBS-free 1640 RPMIG and then they were stained
with 1 μg/ml of fluorescent dye DiIC12(3) (BD Bioscience) in the same
medium for 1 h in a culture incubator. The following steps were carried
out avoiding direct light. Melanoma cells were harvested by Cell
Dissociation Solution, counted, and 12,500 cells were seeded in the
upper chamber in 1640 RPMIG supplemented with 10% FBS. 200 μl of
phenol red-free 1640 RPMI supplemented with 25 μg/ml of FN were
placed in the lower chambers and served as a chemoattractant. The
assays were conducted for 24 h at 37 °C in a humidified CO2 incubator.
Fluorescence of the invaded cells was measured at 535/560 nm (ex-
citation/emission) in a microplate reader with bottom excitation and
reading mode (Bio-Tek). The experiments were performed in triplicate.

In some experiments cells were previously desialylated with
SAα(2–3,6,8)Gal specific neuraminidase (as described above) or were
pre-incubated with anti-integrin α5β1 antibody (final concentration
2 μl/ml).

2.10. Statistics

The significance of the differences between mean values was com-
puted using one-way ANOVA with Post-hoc Tukey test. P values lower
than 0.05 were considered significant.

2.11. Ethical issues

Ethical approval was not necessary for this study.

3. Results

3.1. Integrin α5β1 is abundantly and variously sialylated in melanoma cells

To determine the amount and type of the chemical bond of SA re-
sidues attached to glycans on integrin α5β1, we isolated this protein
from two melanoma cell lines by affinity chromatography on the spe-
cific peptide (Ac-Gly-Ala-c-(CysSS-Arg-Arg-Glu-Thr-Ala-Trp-Ala-CysSS)-
Gly-Ala-O-(CH2CH2O)2CH2CH2-NH2) bound to CH-Sepharose 4B
column. The presence of integrin α5β1 in the eluted material was
confirmed by SDS-PAGE under non-reducing conditions, followed by
Western blotting with specific antibodies (Fig. 1). Next, the purified
protein was desialylated with the use of specific sialidases, trimming
the α2–3, α2–3,6 or α2–3,6,8 SA residues. Consequently, the shifts in
relative molecular masses were observed in SDS-PAGE separation fol-
lowed by Western blotting. The molecular masses of sialidases un-
treated integrin subunits in primary WM115 and metastatic WM266-4
were as follows: α5 subunit – 159 kDa and 160.6 kDa; β1 subunit –
140 kDa and 148.3 kDa, respectively. In all cases sialidases digestion
caused the reduction of relative molecular masses of all analyzed in-
tegrin subunits (Table 3 and Fig. 2), however both integrin α5β1 sub-
units seemed to be more abundantly sialylated in primary WM115 cells
than in metastatic WM266-4 cells. Integrin α5β1 subunit sialylation
was further confirmed by merged immunostaining of integrin subunits
and SNA or MAA lectin staining in confocal microscopy (Fig. 3).
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3.2. SA linked to integrin α5β1 have no impact on the receptor interaction
with FN

In order to assess the role of SA in integrin α5β1 interaction with
FN, desialylated proteins purified by affinity chromatography from
primary WM115 and metastatic WM266-4 cells were tested in the
ELISA assay (Fig. 4). In most cases removal of specific SA residues did
not affect integrin α5β1 binding to FN. There was nearly 30% stronger

binding of integrin α5β1 to FN after deletion of α2-3 bound SA residues
in primary WM115 cells, but the result was not statistically significant.

3.3. Melanoma cell invasion abilities depend rather on SA presence than
integrin α5β1 action

In order to analyze the role of SA residues in melanoma cells in-
vasion, primary WM155 and metastatic WM266-4 cells were desialy-
lated prior to the Matrigel invasion assay. The yield of cell desialylation
was confirmed by flow cytometry analysis after SNA and/or MAA
staining (data not shown). The invasion assay revealed that invasion of
primary WM115 cells was more dependent on the presence of SA than
the invasion of metastatic WM266-4 cells (Fig. 5). In primary WM115
cells the use of α2–3,6 and α2–3,6,8 neuraminidases for desialylation
resulted in a lower invasion potential, which was statistically sig-
nificant. Surprisingly, in metastatic WM266-4 cells α2-3 and α2–3,6
neuraminidases specific treatment did not change or slightly decreased
the invasion potential. For understanding the role of integrin α5β1 in
invasion process, the specific anti-integrin α5β1 antibodies were used,
however, no significant changes were observed in the invasion potential
in both melanoma cell lines. Additionally, only in the case of primary
WM115 cells simultaneous cell desialylation and the use of anti-integrin
α5β1 antibodies resulted in lower invasion abilities of the tested cells.
This effect was not observed in metastatic WM266-4 cells which was in
line with the above mentioned lack of response in invasion assay of
metastatic WM266-4 cells to sialic acids blockage through the use of
specific lectins.

4. Discussion

Numerous studies have noted that in cancer the relative amount of
sialylated glycoconjugates increases in the context of transformation
and malignancy. In general, increased sialylation is known to promote
tumor growth, facilitate the formation of metastasis, apoptosis evasion
as well as resistance to cancer therapy [11,29,35–38]. In our previous
studies on melanoma cell lines of a different origin we demonstrated
that the elevated level of α2-3 sialylation was associated with a more
aggressive phenotype of cancer [24,25]. In line with our results is the
report showing that in B16 murine melanoma cell line and its sub-lines
of a different metastatic potential, α2-3 linked SAs were predominantly
found in a high metastatic sub-line, while α2-6 linked SAs were ob-
served in a low-metastatic sub-line [22]. Our previous results also in-
dicated that α2-3 linked SAs appeared to be a more important factor
increasing melanoma cell adhesion to FN as well as their migration
potential than α2-6 linked SAs [25]. In the present study we demon-
strated that the invasion potential of primary WM115 and metastatic
WM266-4 cells was to some extent dependent on the presence of SA
residues. Surprisingly, SA dependence was more apparent in the case of
primary WM115 cells, which expressed significantly lower amount of
SA on their cell surface than metastatic WM266-4 cells did, as con-
firmed in the cells desialylation experiments. The primary WM115
melanoma cells showed significant invasion inhibition in the response
to α2–3,6 and α2–3,6,8 linked SA cleavage, while metastatic WM266-4
melanoma cells showed the pronounced effect only in the case of
2–3,6,8 linked SA residues cleavage. The above described findings are
in contrast with the results of other studies showing the association of
α2-3 linked SA expression with a higher invasive and metastatic po-
tential of gastric, colon, breast, skin and lung cancer cells
[28,29,39–42].

A central role in malignancy is played by integrins, which are αβ
heterodimeric transmembrane glycoproteins that perform structural
roles [43,44], bidirectionally relay signals across the cell membrane
[45] and participate in the growth factor receptor signaling pathways
[46]. Several studies have reported the control of integrin activation by
its glycosylation status, which in turn modulates cell adhesion to ECM
proteins (i.e. FN) as well as has the impact on cancer cell invasion and

Fig. 1. Immunodetection of α5 integrin subunit in the material obtained after
affinity chromatography. Material eluted on the specific peptide-CH-
Sepharose4B column was separated by 8% SDS-PAGE under non-reducing
conditions, transferred onto PVDF membrane and probed with specific anti-
bodies against α5 integrin subunit. H – homogenate, 1 – wash fraction, 2 –
elution fraction.

Table 3
Molecular masses of untreated and desialylated integrin α5β1 subunits. The
shifts in molecular masses of integrin subunit digested with the use of specific
SAα(2→3)Gal, SAα(2→6)Gal/GalNAc and SAα(2→8)SA sialidases were ob-
served. Molecular masses of the observed bands were assigned with the use of
UVmap V.99 software. Average results of two separate experiments are pre-
sented.

integrin
subunit

Control
[kDa]

α(2-3)
[kDa] (% of
control)

α(2-3,6)
[kDa] (% of
control)

α(2-3,6,8)
[kDa] (% of
control)

WM115 α5 159 148
(93)

137
(86)

132
(83)

β1 140 134
(96)

129
(92)

124
(89)

WM266-4 α5 161 159
(99)

145
(90)

143
(89)

β1 148 145
(98)

142
(96)

142
(96)

Fig. 2. Desialylation of α5β1 integrin subunits isolated from primary WM115
and metastatic WM266-4 cell lines. Sialic acid residues of α5β1 integrin were
removed enzymatically with the use of specific sialidases. Western blot analysis
showed the corresponding shift in molecular mass of integrin subunits. C –
control, 1 – treated with neuraminidase α(2→3) (from Streptococcus pneu-
monia), 2 – treated with neuraminidase α(2→3,6) (from Clostridium perfringens),
3 – treated with neuraminidase α(2→3,6,8) (from Vibrio cholera).
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metastasis [21,47,48]. It is noteworthy that the most variable proper-
ties of integrin glycans are β1-6 branching and sialylation [35]. It is
possible that in the case of melanoma, β1-6 branched complex type N-
glycans contribute to tumor invasion and metastasis more effectively
than SA residues alone [26].

Integrin α5β1, the major FN receptor, is thought to play a funda-
mental role in a great number of cellular responses, including cell
proliferation, survival, adhesion and migration, angiogenesis through
interaction with FN and cross-talk between different cellular signaling
pathways [21]. Although there are controversial reports concerning the
role of integrin α5β1 in cancer [49–51], its overexpression was proved

to positively correlate with melanoma metastasis [52]. In concordance
with the fundamental role of integrin α5β1 in a great number of cellular
responses are our previous results, where we have demonstrated that
the level of integrin α5β1 expression on primary WM115 (RGP/VGP-
like phenotype) was lower (25%) than on metastatic WM266-4 cells
originating from lymph node metastasis (75%) [25]. Recently, it has
been shown that a key factor regulating signal-competent and signal-
incompetent integrin α5β1 conformational states is the N-glycosylation
site position [53]. Integrin α5β1 within the polypeptide chains of α5

Fig. 3. Confocal microscopy analysis of sialic acids presence and α5β1 integrin expression in primary WM115 and metastatic WM266-4 melanoma cells. The
localization and then the colocalization of SNA- or MAA-positive sialic acid structures and α5β1 integrin subunits were shown using specific lectins and antibodies.

Fig. 4. Ligand binding specificity of purified neuraminidases-treated α5β1 in-
tegrin from primary WM115 and metastatic WM266-4 cells. α5β1 integrin after
purification via affinity chromatography was treated with specific neur-
aminidases (see Table 1). Integrin α5β1 binding to FN was quantified using the
modified ELISA test as described in ‘Materials and methods’ section. P < 0.05.

Fig. 5. Invasiveness of a desialylated and/or anti-α5β1 integrin antibody-
treated melanoma cell. Primary WM115 and metastatic WM266-4 cells were
desialylated with specific sialidases (see Table 1) and in some experiments
subsequently treated with anti-α5β1 integrin antibody. The graph represents
the percentage of desialylated and/or anti-α5β1 integrin antibody-treated in-
vading cells relative to non-treated cells. Presented values are means ±
standard deviation. * indicates P < 0.05.
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and β1 subunits has 15 and 14 potential N-glycosylations, respectively,
and among them 10 (α5) and 8 (β1) are recognized as N-glycosylation
sites, respectively. Additionally, both integrin subunits possess 13 po-
tential O-glycosylation sites [21]. It was proved that N-glycosylation on
the β-propeller domain on integrin α5 subunit functions as a key reg-
ulator of cell migration (putative sites 1–2) [54] and as a negative
regulator of epidermal growth factor receptor and its cellular signaling
of cell proliferation (putative sites 10–14) [55,56]. Other studies have
indicated that alteration in the N-glycan portion of integrin α5β1 re-
sulting from the overexpression of N-acetylglucosaminyltransferase V,
N-acetylglucosaminyltransferase III and α2-3 galactoside transferase 1
played an important role in cell spreading and migration of FN
[21,57,58].

Previously we demonstrated that the motility of primary WM115
and metastatic WM266-4 cells relied on the presence of α2-3 linked SA
[25]. In the present study we proved that melanoma cell invasion did
not involve integrin α5β1 action, however simultaneous desialylation
and usage of anti-integrin α5β1 antibodies resulted in lower invasion
abilities of primary WM115 cell in the comparison to untreated cells.
This effect was not observed in WM266-4 cells that was in line with the
above mentioned results of the Western blot analysis of purified and
desialylated integrin α5 and β1 subunits. The results of our present
study demonstrate that integrin α5β1 was abundantly, but variously
sialylated in melanoma cells. Based on relative molecular weight loss of
integrin α5β1 subunits after neuraminidase treatment, it could be
stated that in both melanoma cell lines integrin α5 subunit possessed
more sialylated N-glycans than integrin β1 subunit. In addition, the
amount of α2-3 and α2-6 linked SA on integrin α5 subunit was com-
parable in primary WM115 melanoma cells, whereas α2-6 linked SA
were found predominantly on integrin α5 subunit in metastatic
WM266-4 melanoma cells. Several lines of evidence indicated the im-
portance of integrin α5β1 sialylation in tumor dissemination. It was
shown that hyposialylation or desialylation of the β1 integrin subunit
enhanced the adhesion to FN and modified cell migration and meta-
static potential [59,60]. Moreover, the elevated level of α2-6 linked SA
on the α5 integrin subunit in highly metastatic mouse hepatocarcinoma
cells increased integrin α5β1-dependent cell adhesion to FN and fa-
cilitated FN-mediated phosphorylation of FAK [48]. On the other hand,
α2–3,6 sialylation on the integrin α5 subunit caused the increase in FN-
induced cell motility by abolished integrin α5β1 interaction with the
metastasis suppressor CD82 [61]. In turn, the presence of α2-8 linked
SA on the integrin α5 subunit of human G361 melanoma cells was
crucial for integrin α5β1-dependent cell adhesion to FN and it was
believed that these oligosialic acids stabilize integrin α5β1 conforma-
tion in a form exhibiting high affinity to the ligand [62]. In our present
study we did not observe any similar effects. Purified and desialylated
integrin α5β1 adhesion to FN was not dependent on α2–3, α2–3,6 or
α2–3,6,8 sialylation both in primary WM115 and metastatic WM266-4
cells. Therefore it was suggested that sialylation of α5β1 integrin did
not interfere with FN binding capacity, but might influence α5β1 in-
tegrin participation in the cellular invasion process.

5. Conclusions

Our results indicated that integrin α5β1 subunits were more abun-
dantly sialylated in primary than in metastatic melanoma cells with the
higher amount of α2-3 linked SA in primary WM115 melanoma cells. In
both analyzed cell lines SAs were not involved in integrin α5β1 binding
to FN, nevertheless, the invasion of primary WM115 cells was SA-de-
pendent. Moreover, integrin α5β1 was not involved in the invasion
both in WM115 and WM266-4 cells, however simultaneous desialyla-
tion and the use of anti-integrin α5β1 antibodies resulted in lower in-
vasion abilities of WM115 cells. Taken together, our findings demon-
strated that primary rather than metastatic melanoma cells regulate
their cellular activity i.e. invasion, by changes in the glycosylation
profile of adhesion receptors, including α5β1 integrin. It should be

considered that α2-6 sialylation may play different roles in the reg-
ulation of cell adhesion in various cancer cells when developing po-
tential therapeutics targeting α2-6 sialylation [63].
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