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Abstract Nucleolin is multifunctional protein mainly pres-
ent in nucleoli but also detected in cytoplasm and plasma
membranes. Extranuclear nucleolin diVers from the nuclear
form by its glycosylation. Studies on expression of nucleolin
in breast cancer suggest a possible association to the meta-
static cascade. In the present study, Vicia villosa lectin
(VVL) precipitation followed by subsequent polyacrylamide
gel electrophoresis and mass spectrometry analysis demon-
strates nucleolin as a VVL-positive glycoprotein expressed in
melanoma. The presence of VVL-positive nucleolin in the
melanoma cell membrane and cytoplasm was conWrmed by
confocal microscopy. Using bioinformatic peptide prediction
programs, nucleolin was shown to contain multiple possible

MHC class-I binding peptides in its sequence which makes
nucleolin an interesting melanoma marker and target for
immunodiagnostic and possibly therapeutic purposes.
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Introduction

Malignant transformation is associated with abnormal gly-
cosylation resulting in synthesis of altered N- or O-glycans.
Changes of cell surface carbohydrate have a profound inXu-
ence on the cells’ behaviour and have been associated with
metastasis formation [11, 24]. One of the most frequently
described cancer-related changes in the pattern of glycosyl-
ation is the premature termination of biosynthesis resulting
in the expression of uncompleted forms of O-linked gly-
cans. Two such carbohydrate antigens are the Thomsen-
Friedenreich (T) antigen (Gal�1-3GalNAc�1-O-Ser/Thr)
and its immediate precursor, the Tn antigen (GalNAc�1-O-
Ser/Thr). These antigens can be detected by antibodies or
lectins. In normal tissues these antigens are often present in
“cryptic” forms [6] but expressed in carcinomas of several
organs. The expression of T and Tn antigens has been
found to correlate with tumour aggressiveness [33]. Kanita-
kis et al. [20] have shown the accumulation of the Tn anti-
gen in tumours metastasizing to the skin. The predominant
Tn versus T antigen expression might be helpful in order to
aid the diVerentiation of primary cutaneous melanoma from
metastatic lesions. Thies et al. [35] analysed the association
between lectin binding and metastasis in cutaneous malig-
nant melanoma in 100 patients. The results clearly showed
that GlcNAc/GalNAc residues, recognized by Helix poma-
tia agglutinin (HPA), are linked to metastasis in malignant
melanoma. The close association between Tn and sialyl-Tn
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antigens and neoplastic transformation prompted some
investigators to use such antigens for active immunother-
apy [31].

In this study, we focus on the identiWcation of Tn-anti-
gen carrying proteins in primary and metastatic melanoma
cell lines. We used Vicia villosa agglutinin (VVL) which
speciWcally binds GalNAc�1-O-Ser/Thr for isolation of
Tn-antigen bearing glycoproteins and nanoLC-MS/MS
technique for identiWcation of these proteins. We con-
Wrmed the mass spectrometry results using lectin precipi-
tation followed by Western blotting. Using indirect
immunoXuorescence staining and laser scanning confocal
microscopy, we showed nucleolin to be present in nuclei,
cytoplasm and on the cell surface of human melanoma
cells. In contrast to nuclear nucleolin, the surface-
expressed and cytoplasmic nucleolin exhibited Tn antigen
as shown by simultaneous immunoXuorescence staining
of nucleolin and VVL-positive glycoproteins in confocal
microscopy.

Materials and methods

Materials

Biotinylated, FITC-conjugated and agarose-bound lectin
VVL, as well as Vectashield HardsetTM mounting medium
with DAPI were purchased from Vector (USA). Anti-
mouse IgG/AP, foetal calf serum and Immunoprecipitation
Kit (Protein G) were purchased from Boehringer (Mann-
heim, Germany). Trypsin was from Promega (USA).
Immobilon-P transfer membrane and rabbit anti-mouse
IgG/AP were obtained from Millipore and Chemicon
(USA), respectively. RPMI 1640 medium, Protein Assay
Kit, Brilliant Blue G Colloidal, GalNAc, ExtrAvidin/AP
and normal goat serum were obtained from Sigma (St.
Louis, MO). Mouse anti-human nucleolin mAbs, clone
3G4B2 were from Upstate (USA) and mouse anti-human
nucleolin mAbs MS-3 were from Santa Cruz Biotechnol-
ogy (USA). Alexa Fluor Cy3-conjugated goat anti-mouse
mAbs were from Invitrogen (USA). All other chemicals
were of the highest purity and were purchased from Sigma
(St. Louis, MO).

Cell lines

Human cutaneous primary melanoma cell lines: WM35,
WM115 and WM793 were obtained from The ESTDAB
Melanoma Cell Bank (Tübingen). Metastatic melanoma
cell lines: KNUD, Ma-Mel-04, Ma-Mel-8b, Ma-Mel-16,
Ma-Mel-12, Ma-Mel-27 were obtained from Prof. D. Scha-
dendorf, and FM55M2, WM1205Lu, WM39 were from
The ESTDAB Melanoma Cell Bank (Tübingen).

Cell culture condition and cell extract preparation

All cell lines were maintained in RPMI 1640 medium with
GlutaMAX-I, supplemented with 10% foetal calf serum,
100 units/ml penicillin and 100 �g/ml streptomycin. Cells
were grown in monolayers at 95% air/5% CO2 atmosphere
at 37°C in a humidiWed incubator. Cell extract proteins
were prepared as described previously [22]. The protein
concentrations were determined using Protein Assay Kit.

Isolation and mass spectrometry analysis of VVL-positive 
glycoproteins

Precipitation with VVL-agarose

The cleared cell extracts (600 �g) were incubated overnight
at 4°C with 50 �l of VVL-agarose in 10 mM HEPES,
0.15 M NaCl, pH 7.5 on a circular rotator (Omega, Poland).
Afterwards, the precipitates were washed three times with
above buVer, and one time with PBS with subsequent cen-
trifugations (10,000 g, 1 min, 4°C). Glycoproteins bound to
VVL-agarose were released by boiling (100°C, 10 min) in
sample buVer: 50 mM Tris, 5% mercaptoethanol, 2% SDS,
10% glycerol, 1 mM EDTA, pH 6.8 and then supernatants
were collected.

SDS-PAGE and lectin blotting

Material obtained after lectin precipitation was divided into
three nonequal parts: 80% was used for glycoprotein detec-
tion (Brilliant Blue G Colloidal staining, CBB) and remain-
ing material (2 £ 10%) for on-blot lectin probe, and then
electrophoresed on 8% SDS-polyacrylamide gel according
to Laemmli [23]. One part of gel was stained with CBB,
and the second one was electrotransfered on PVDF mem-
brane and probed with VVL-biotin lectin (1:125 dilution)
pre-blocked with 0.2 M GalNAc for 2 h at RT. After wash-
ing, the peaces of membrane were incubated with ExtrAvi-
din/AP (1:4000 dilution) for 1 h at RT. The conjugated
alkaline phosphatase was detected by NBT/X-phosphate
staining.

Sample preparation for mass spectrometry analysis

Individual protein bands corresponding to the VVL staining
patterns were excised from the gel, chopped into cubes (ca.
1 £ 1 mm), rinsed with water and transferred into silicon-
ized centrifuge tubes. CBB stain was removed with
100 mM NH4HCO3 and an equal volume of acetonitrile
was added after 10–15 min. Then, gel pieces were dehy-
drated with acetonitrile and re-swollen in 12 ng/�l trypsin
in 100 mM NH4HCO3 in an ice bucket for 45 min. The
supernatant which was not absorbed by gel particles was
123
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removed, and gel pieces were immersed in 50 mM
NH4HCO3 and incubated overnight at 37°C. After comple-
tion of digestion, the supernatant was transferred into
another tube, followed by addition of 50 mM NH4HCO3,
and after 10–15 min an equal volume of acetonitrile was
pipetted. The samples were incubated under shaking at
37°C for 30 min. Extraction of peptides was repeated twice
with 5% formic acid (v/v) in acetonitrile, and combined
extracts evaporated to dryness in a vacuum centrifuge
(SpeedVac, Savant).

NanoLC-MS/MS investigation

Dried samples were prepared for LC-MS/MS by dissolving
in 7 �l 0.1% triXuoroacetic acid. The LC-MS/MS analysis,
used to separate the digests, was performed with the Ulti-
mate LC microchromatography system (LC Packings/
Dionex, Amsterdam, The Netherlands). The separation was
made on an LC Packings capillary column Wlled with the
PepMap reversed-phase material (15 cm long, 75 �m ID,
C18, 2–3 �m bead size and 100 Å pore size). The gradient
was formed using 0.1% HCOOH in 98:2 (v/v) water/aceto-
nitrile solution (solvent A) and 0.1% HCOOH in 20:80 (v/v)
water/acetonitrile solution (solvent B), and it was delivered
at Xow rate of 300 nl/min. The system was controlled by
Chromeleon software (Dionex). A gradient was produced
from 2 to 45% B in 30 min and up to 90% B at 60 min. The
chromatographic system was coupled directly to the Esquire
3000 quadrupole ion-trap mass spectrometer (Bruker Saxo-
nia, Leipzig, Germany) using home-made “black-dust”
nanoelectrospray emitter. The instrument operated in posi-
tive-ion mode. During analysis, most intense peaks in the
range 400–1,900 m/z were automatically fragmented by
means of data-dependent fragmentation.

Bioinformatic analysis

Search parameters were set as follows: taxonomy: human,
modiWcation: carbamidomethyl (Wxed), up to 1 missed
cleavage, peptide charges +1, +2, and +3, mass tolerance
1.6 Da for precursor mass, and 0.5 Da for fragment mass.
The acquired spectra were analysed using Bruker Data
Analysis software and were interpreted using Mascot search
engine against Swiss-Prot/TrEMBL sequence database.

ConWrmation of mass spectrometry results

Lectin precipitation and immunobloting

Lectin precipitation was performed as above using 300 �g
of cell extracts and 30 �l of VVL-agarose. Fifty percent of
lectin precipitate was used for on-blot immunostaining of
nucleolin and 2 £ 25% for on-blot lectin probe, and then

electrophoresed and electrotransfered, in parallel, with
15 �g of total protein from cell extract. Immunodetection of
nucleolin on PVDF membrane was performed using mouse
anti-human nucleolin mAb (clone 3G4B2, 1:6,000 dilution)
in 50 mM Tris, 0.15 M NaCl, pH 7.5 with 0.1% Tween and
1% BSA for 2 h at RT. After washing, the membranes were
incubated with rabbit anti-mouse IgG/AP (1:4,000 dilution)
in 50 mM Tris, 0.15 M NaCl, pH 7.5 with 0.1% Tween and
1% BSA for 1 h at RT. The conjugated alkaline phospha-
tase was detected by NBT/X-phosphate staining. The lectin
probe was done as described above.

ImmunoXuorescence and confocal microscopy

Cells were plated in glass slides and grown in four-well
plates (Nunc, Germany). Growing medium was changed
for fresh medium, and after 5 h cells were Wxed with (i) 3%
paraformaldehyd (PFA, for nucleolin cellular staining),
10 min, RT or (ii) 2% PFA, 10 min, RT, followed by per-
meabilisation with 0.1% Triton X-100 (for nucleolin nucle-
olar staining), 1 min, RT. After blocking with 10 normal
goat serum (NGS), 2% BSA in PBS for 30 min at RT cells
were incubated with mouse anti- human nucleolin IgG
(MS-3) diluted 1:100 in 2% BSA/PBS for overnight at RT,
and then with Cy3-conjugated goat anti-mouse IgG diluted
1:300 in 2% BSA/PBS for 2 h at RT.

For nucleolin cell surface staining (after 5 h of culture in
fresh medium), primary antibodies (MS-3) diluted 8:200 in
10% NGS, 2% BSA/PBS containing 25 mM NaN3 were
added to wells and incubated with the cells for 1 h at 37°C.
Cells were then washed three times with PBS containing
25 mM NaN3 and Wxed with 2% PFA for 10 min at RT.
Secondary antibodies (Cy3-conjugated goat anti- mouse
IgG) were diluted 1:300 in 1% BSA/PBS, and incubated
with the cells for 2 h at RT.

For co-localization of nucleolin and VVL lectin, the
experiments mentioned above were repeated using simulta-
neous staining with mAb MS-3 and VVL-FITC lectin (dilu-
tion 1:100), and then incubation with Cy3-conjugated goat
anti-mouse IgG was performed as described above. Cells
were mounted with Vectashield HardsetTM mounting
medium with DAPI and analysed in confocal microscope
(Zeiss LSM 510 Meta).

Results

Nucleolin is identiWed as one of the proteins bearing 
Tn antigen in human melanoma

Combination of lectin precipitation with subsequent
polyacrylamide gel electrophoresis and mass spectrometry
analysis demonstrates nucleolin as a VVL-positive
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glycoprotein in all analysed melanoma cell lines (An out-
line of the general protocol is shown in Fig. 1). Primarily in
CBB-stained proteins resolved in SDS-PAGE from ana-
lysed cell extracts at least nine protein bands per cell line
were found which were captured by VVL-agarose. The typ-
ical pattern of VVL-captured, then SDS-PAGE resolved
and CBB-stained proteins from primary and metastatic
melanoma cells were shown in Fig. 2 in lanes 2 and 7,
respectively. CBB-stained protein bands corresponding to
one of the most intense VVL-stained bands were excised
from the gel and subjected to nanoLC-MS/MS analysis (the
encircled bands in Fig. 2 lines 2 and 7). These bands were
VVL-positive judging by on-blot lectin speciWcity test
(Fig. 2 lines 4 and 9). Peptide mass Wngerprint analysis in
the data bank NCBI with the Mascot program identiWed
these proteins as nucleolin. The matched peptides covered
between 9 and 43% (64–305 amino acids) of the protein
sequence. The detailed results from mass spectra are sum-
marized in Fig. 3. To validate the mass spectrometry
results, we used Western blot analysis to detect the pres-
ence of nucleolin in the VVL-agarose precipitates (Fig. 4). In
all analysed cell lines, the molecular weight of Tn antigen-
bearing nucleolin ranged between 102 and 108 kDa. The
lower molecular weight range, 92–97 kDa, was also identi-
Wed as nucleolin fragments suggesting that it may be a prote-
olytic product of nucleolin (Fig. 4). The partial proteolysis of
nucleolin has been well documented in the literature [4].

Nucleolin is present on the surface of melanoma cells

Originally nucleolin was reported as exclusively localized
within the nucleus [9]; however, more recent studies have
shown that nucleolin is also present on the surface of a vari-
ety of cells [12, 17, 19, 25, 29] including endothelial cells
[5, 18]. To address whether nucleolin is also present on the
surface of human melanoma cells, we carried out immuno-
Xuorescence analysis of Ma-Mel-27 cells. This cell line was
grown in fresh medium for 5 h before immunostaining as it
was reported to promote the cell surface localisation of
nucleolin in other cell types [17]. Live, non-permeabilised
cells and Wxed, semi-permeabilised cells and permeabilised
cells were stained with antinucleolin antibodies. To abolish
antibody internalization into viable cells during cell surface
nucleolin staining sodium azide was used as metabolic
inhibitor [7]. Anti-nucleolin staining of the live non-perme-
abilised cells showed delicate punctate patches on the
outside of the cells (Fig. 5a) suggesting a clustering of
nucleolin mediated by the antibodies in the living mela-
noma cells. The semi-permeabilised cells (Wxation with 3%
paraformaldehyde (PFA)) showed moderate level of nucle-
olin staining within the cytoplasm (Fig. 5b). Since PFA was
used for partial permeabilisation, nucleolar localisation of
nucleolin was not expected. The completely permeabilised
cells (Wxation with 2% PFA and 0.1% Triton X-100)
showed intracellular nucleolin as intense stained Wne dot-
like structures in nucleoli and moderate staining of cyto-
plasmic nucleolin (Fig. 5c). It should be pointed out that the
detection of cytoplasmic nucleolin in permeabilised cells
required scanning at an elevated intensity that gives a
highly saturated signal in the nucleolus.

Surface-expressed and cytoplasmic nucleolin are carrying 
Tn antigen

The laser scanning confocal microscopy studies for simul-
taneous immunostaining of nucleolin and VVL-binding
glycoproteins showed overlapping of cell surface-localised
as well as cytoplasmic nucleolin and VVL lectin. This
overlap was observed as yellow punctate regions (arrows in
Fig. 6).

The prediction of MHC class-I binding sites in nucleolin 
sequence (http://www.imtech.res.in/raghava/propred1/
page2.html)

ProPred1 allows the prediction of MHC binding peptides in
nucleolin sequence yielding 47 potential MHC class-I bind-
ers to various alleles. ProPred1 also allows the prediction of
the standard proteasome and immunoproteasome cleavage
sites in antigenic sequence and Wltering the MHC binder
with cleavage sites at C terminus. Only the MHC class-I

Fig. 1 Overview of the technique for analysis of Tn antigen-bearing
glycoproteins
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present on analysed cell lines were taken into consideration.
The potential epitopes identiWed using ProPred1 searching,
as yet not validated experimentally, are shown in Table 1.

Discussion

Nucleolin (C23) is an abundant, ubiquitously expressed
protein that is found in nucleoli, nucleoplasma, cytoplasm
and on the cell surface. Nucleolin has been described as a
major nuclear protein having an apparent molecular mass
of 100–110 kDa in SDS-PAGE and a calculated molecular
mass of 76 kDa as predicted by the amino acid sequence.
This diVerence in molecular masses is most likely due to
the post-translational modiWcation. As a result of intracellu-
lar traYcking associated with its numerous functions,
nucleolin is very promising molecule [34]. Various post-
translational modiWcations that might regulate its function
and traYcking have been described [34]. Recently, Carpen-
tier et al. [3] have demonstrated that part of extranuclear
nucleolin, identiWed as a 113-kDa isoform, was N- and
O-glycosylated. Two N-glycosylated sites were deWned at
position N317 and N492. In addition, Wve potential O-gly-
cosylation sites were predicted: T84, T92, T2105, T106 and
T113. Using lectins, Carpantier et al. [3] assumed that
nucleolin from Jurkat cells had two sialyl-T antigens. These
preliminary results indicated that the glycosylated nucleolin
isoform was not present in the nucleus. It seems to be
located at the surface of the cell and in the cytosol suggest-

ing that glycosylation inXuence the fate of the molecule. On
the other hand, Salazar et al. [30] found that only mem-
brane-bound nucleolin in U937 cells was enzymatically
glycosylated while the cytosolic form of the protein was
free from carbohydrates. Our results obtained from confo-
cal microscopy are in agreement with these observations. In
addition, Aldi et al. [1] have recently demonstrated the
presence of fucosyl-containing nuclear and extranuclear
nucleolin in cultured bovine endothelial cells (CVEC) and
cultured human malignant A431 cells. Those results are not
in contradiction as fucosylation of melanoma glycoproteins
was not studied here and therefore one cannot exclude that
nucleolin from melanoma cells contains fucosyl residues.
In the present study, performed on melanoma cell lines
derived from primary and metastatic lesions, we have
shown the presence of Tn antigen on nucleolin by binding
to VVL. Moreover, we observed T antigen-bearing nucleo-
lin in some of those cell lines, too (data not shown) and in
human uveal melanoma mel-202 cells [16]. The synthesis
of nucleolin is positively correlated with increased rates of
cell division; therefore, nucleolin levels are highest in
tumours or other rapidly dividing cells [34]. The presence
of antigens on cancer cell surface had led to studies directed
towards the development of anticancer vaccines. Also some
speciWc carbohydrate structures have been identiWed as
promising tumour markers [28].

It would be advantageous if T cells could be directed to
tumour-associated carbohydrate antigens. However, malig-
nant transformation is frequently associated with the loss of

Fig. 2 Lectin precipitation of Tn antigen-bearing glycoproteins in
primary and metastatic melanoma. Extracts of WM793 (a) and Ma-
Mel-27 (b) cellular proteins were precipitated using VVL-agarose,
separated by SDS-PAGE and stained with CBB (lanes 2 and 7) or elec-
trotransferred on PVDF membrane and probed with VVL (lanes 3 and
8) or VVL pre-blocked with GalNAc (lanes 4 and 9). In parallel,

protein standards were resolved (lanes 1, 5, 6 and 10). Bands of interest
(103 kDa for WM793 cell extract and 105 kDa for Ma-Mel-27 cell
extract) were excised from the gel and subjected to mass spectrometry
analysis (the encircled bands in lines 2 and 7). Note. One non-speciWc
band was observed and marked with a black dot
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function of MHC class I gene which were expressed in cell
precursors [2]. The MHC class I down-regulation results in
decreased sensitivity of the tumour cells to MHC class I-
restricted CD8+ cytotoxic T lymphocytes (CTLs), the major
component of the tumour rejection reaction. The mecha-
nisms by which antigenic peptides bearing a glycosylation
sites may be processed and presented by MHC class I is

poorly understood. The development of strategies for iden-
tiWcation tumour-associated antigens (TAAs) recognized
by speciWc CTLs have let to the characterization of more
than 60 such molecules [28]. Among them are also glyco-
proteins. Monzavi-Karbassi et al. [27] have demonstrated
by lectin reactivity and crystallographic studies that MHC
class I molecules can be present in the immune system as
post-translationally modiWed cytosolic peptides carrying O-
�-linked N-acetylglucosamine (GlcNAc). Crystal structure
analysis of T-cell receptor binding to model glycopeptides
has shown that T cells can recognize GlcNAc-linked glyco-
peptides bound by the MHC molecules [10, 32] suggesting
that T cells can be targeted to presented carbohydrate anti-
gens on tumour cells. Haurum et al. [13–15] have shown
that peptide with O-linked GlcNAc can be transported by
peptide speciWc transporter (TAP) into ER, bind to MHC
class I and elicit glycopeptides-speciWc CTL response in
mice. Finally, Kastrup et al. [21] provided evidence for the
natural presentation by human MHC class I of glycopep-
tides carrying O-�-GlcNAc residues in vivo using lectin

Fig. 3 Results of the mass spectrometry analysis of in-gel tryptic
digest of 105 kDa protein band isolated from total lysate of Ma-Mel-
27 cells using VVL-agarose. The encircled band shown in Fig. 2 lane
7 was excised from polyacrylamide gel and digested with trypsin, and
the tryptic peptides were sequenced. The acquired spectra were
analysed using Bruker Data Analysis software and interpreted using
Mascot search engine against Swiss-Prot/TrEMBL sequence database.
Peptides determined by sequencing were found to correspond to a high
degree of certainty to human nucleolin (a). The table columns contain:
Observed, experimental m/z value; Mr(expt), experimental m/z trans-
formed to a relative molecular mass; Mr(calc), relative molecular mass
calculated from the matched peptide sequence; Miss, number of
missed cleavage sites; Score, ions score; Peptide, sequence of the
matched peptide in 1-letter code (b). Localization of the identiWed pep-
tides within the nucleolin sequence. The primary structure of human
nucleolin is shown in the single-letter amino acid code sequence.
Matched tryptic peptides are in bold and underlined (c). Note. Matched
peptides equally cover the nucleolin sequence

Fig. 4 ConWrmation of mass spectrometry results. Extracts of
WM793 (lane 1) and Ma-Mel-27 (lane 2) cellular proteins were pre-
cipitated using VVL-agarose, separated by SDS-PAGE and blotted on
PVDF membrane. In parallel, protein standards were resolved (lane
3). Immunodetection of nucleolin was performed using anti-human
nucleolin mAb, clone 3G4B2

�
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aYnity chromatography. Presentation of O-�-GlcNAc
modiWed or other post-translationally modiWed peptides by
MHC class I molecules may have signiWcant immunologi-
cal implication, since the T-cell response could be

modulated due the changes in glycosylation caused by
malignant transformation. Moreover, the eVect of glycosyl-
ation is greatly dependent on carbohydrate location with
presented peptide sequence. Carbohydrate linked to other

Fig. 5 Detection of membrane-
associated and intracellular 
nucleolin in melanoma cells by 
confocal immunoXuorescence 
laser microscopy. For the 
detection of the cell-surface-
clustered nucleolin (a), Ma-
Mel-27 cells cultured in fresh 
medium for 5 h were further 
incubated for 1 h at 37°C in the 
presence of mAb MS-3 diluted 
1:25 in 10% NGS, 2% BSA/PBS 
containing 25 mM NaN3 before 
PFA Wxation. For staining of 
semi-permeabilised (b) or 
permeabilised cells (c) Ma-Mel-
27 cells (after 5 h of culture in 
fresh medium) were Wxed with 
3% PFA or 2% PFA/Triton 
before incubation with mAb 
MS-3 in 1% BSA/PBS 
(overnight, RT) diluted 1:100, 
respectively. The bound anti-
nucleolin antibody was revealed 
by Cy3-labeled goat anti-mouse 
antibodies (red). Nuclei were 
counterstained with DAPI 
(blue). BF; bright Weld. Note. In 
PFA/Triton-Wxed cells, nucleo-
lin was detected primarily as Wne 
dot-like structures in the nuclei 
and also as spots in the cyto-
plasm (c). In cells preincubated 
with anti-nucleolin mAb (living 
unpermabilised cells) red 
patches indicate cell surface 
nucleolin (arrows in a) (color 
Wgure online)
123
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than anchor amino acid residues, i.e. located within or out-
side the MHC groove, was tolerated. In most cases, immu-
nization of mice with glycosylated peptides is known to

bind to MHC elicited the T cell clones which required both
amino acid residues and sugar in the recognized glycopepti-
dic epitope [26]. The immmunodominant peptides of these

Fig. 6 Cell surface and cytoplasmic nucleolin are carrying Tn antigen.
Living unpermeabilised melanoma Ma-Mel-27 cells (after 5 h of cul-
ture in fresh medium) were simultaneously incubated with anti-nucle-
olin mAb MS-3 (dilution 1:25) and with FITC-labeled VVL (green,
dilution 1:100) in 10% NGS, 2% BSA/PBS containing 25 mM NaN3
before PFA Wxation (a). For staining of semi-permeabilised (b) or per-
meabilised cells (c) Ma-Mel-27 cells (after 5 h of culture in fresh

medium) were Wxed with 3% PFA or 2% PFA/Triton before simultaneous
incubation with mAb MS-3 (dilution 1:100) and with FITC-labeled
VVL (green, dilution 1:100) in 1% BSA/PBS (overnight, RT), respec-
tively. The bound anti-nucleolin antibody was revealed by Cy3-labeled
goat anti-mouse antibodies (red). Nuclei were counterstained with
DAPI (blue). Arrows indicate colocalization (yellow) of VVL with nu-
cleolin present on the cell surface. BF; bright Weld (color Wgure online)
123
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proteins are considered as candidates for immunotherapy. It
has been demonstrated that MHC binders having protea-
some cleavage site at C-terminus are mostly responsible for
the activation of CTLs. Therefore, we decided to analyse by
PreProd1 program the theoretical ability of MHC class I
molecules expressed on these particular cells to present the
peptides predicted from nucleolin (Table 1). Among the
nucleolin peptides identiWed as a potential MHC class I
binder were peptides with potential O-glycosylation sites.
One of them, i.e. KGATPGKAL peptide (amino acids posi-
tions 109–117), that could be presented by HLA alleles:
A24, B*3501 and B7, is carrying an O-glycosylation site at
the central position of its sequence.

The study clearly demonstrated that nucleolin is also
present in the plasma membrane of melanoma cells. There-
fore, it may become a potential target for not only T-cell
but also antibody based therapy [8, 36] what apparently
increase the interest in further study on its possible use
as a target in cancer immunotherapy. The investigation
extended to more melanoma cell lines and, if possible, tis-
sue samples as well as experimental validation, in order to
know which of theoretically predicted peptides have the
highest potency to become T cell epitopes, should be con-
tinued in the future.

In summary, the present study showed that nucleolin
was presented on the cell surface and in cytoplasm as Tn
antigen-bearing glycoprotein in the analysed human mela-
noma cells. Moreover, it was possible to predict potential
T-cell epitopes in nucleolin sequence as suitable vaccine
candidates.
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