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Introduction

Melanoma, the most aggressive form of skin cancer, is increas-
ing faster than that of any other cancer; according to the World 
Health Organization (WHO) the number of melanoma cases 
is doubling every 10–20 y.1 Approximately 80% of melanoma 
patients can be cured by surgical excision when diagnosed at early 
stage of disease; but, metastatic malignant melanoma is refrac-
tory to current therapies with a median survival rate of 6 mo.2

To date, no prospective evidence exists to demonstrate clearly 
the efficacy of prevention and early detection of this tumor. In 
addition, neither the clinical nor the histological diagnosis of 
melanoma is 100% accurate.2 Although, recent discoveries in 
the complex networks involved in melanoma development, have 
created many opportunities for new therapeutic approaches, still 

We have analyzed the proteomes of two human melanoma cell lines (A375 and 526), and of the human melanocytes, 
(FOM 78), by two-dimensional electrophoresis (2D-PAGE) and liquid chromatography—tandem mass spectrometry 
(LC-MS/MS). Our comparative proteomic analysis revealed that six proteins were overexpressed in both melanoma cell 
lines as compared with melanocytes: galectin-1, inosine-5'-monophosphate dehydrogenase 2, serine/threonine-protein 
phosphatase 2A 65 kDa regulatory subunit A α isoform, protein DJ-1, cyclophilin A and cofilin-1. We show, for the first 
time, that only specific isoforms of these molecules are overexpressed in melanoma. Different protein profiles were also 
found between each individual melanoma cell line and the melanocytes. s-Methyl-5-thioadenosine phosphorylase, 
ubiquitin and ribosomal protein S27 a precursor, the basic form of protein DJ-1, annexin a1, proliferation associated 
protein 2g4, isoform alfa-enolase of alfa-enolase, protein disulfide-isomerase precursor and elongation factor 2 were 
more strongly expressed in A375 cells compared with melanocytes. In 526 cells, 60s acidic ribosomal protein p1 and 
calreticulin precursor were more highly expressed than in melanocytes. These molecular differences may help in better 
understanding melanoma development and its different responsiveness to therapies. The identified proteins could be 
exploited as biomarkers or therapeutic targets for melanoma.
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there is a need for improving the response rate to treatments and 
survival in melanoma patients.3-6

Cancer cell types differ in their susceptibility to chemo- 
therapy, and malignant melanoma, one of the most difficult 
cancers to treat, is largely unresponsive to conventional chemo-
therapy resulting in low 5-y survival rates.1,7,8 A detailed under-
standing of the molecular mechanisms associated with melanoma 
development and progression is critical for development of effi-
cient therapeutic strategies.

In this study, we analyzed the molecular properties of mela-
noma by using an in vitro model. Taking advantage of the avail-
ability of melanoma cell lines and melanocytes, we analyzed their 
protein profiles by a combination of 2D-PAGE and LC-MS/MS 
mass spectrometry.9 We used two human melanoma cell lines: 
the A375 cell line, derived from a metastatic melanoma patient10 



©2011 Landes Bioscience.
Do not distribute.

www.landesbioscience.com	 Cell Cycle	 2925

 Report report

Spots showing a fold intensity increase value ≥2, with respect 
to the intensity of the corresponding spot in comparator gels, 
after normalization, were considered differentially expressed in 
our study. Gel plugs containing the protein spots of interest were 
picked from the 2-D gels for trypsin digestion and LC-MS/MS 
analysis. The proteins identified with high score, as described in 
Materials and Methods, are reported in Table 1. Comparative 
analysis of observed and calculated molecular mass and pI values 
obtained from the database generally showed a strong correla-
tion for each of the identified proteins, which ensured the validity 
of the individual protein matches. Interestingly, several highly 
basic proteins appeared in the gel as more acidic variants, which 
could be an indication of pronounced protein phosphorylation. 
Examples of potentially phosphorylated proteins included galec-
tin-1, isoform alfa-enolase of alfa-enolase, cofilin-1, elongation 
factor 2, cyclophilin A, inosine-5'-monophosphate dehydroge-
nase 2 and annexin a1.

Proteins differentially expressed in melanoma vs. melano-
cytes. Six proteins showed significant differences in spot intensity 
between melanoma and melanocytes (Fig. 2).

We identified differential expression of galectin-1 in melano-
cytes vs. melanoma cells. As shown in Figure 2A, Gal-1 expression 
was increased approximately 13-fold in A375 line [spot #58] and 
11-fold in 526 [spot #63] cells, as compared with melanocytes [spot 
#61]. The same protein was also identified in spot #62 of melano-
cytes, corresponding to spot #62 in 526 and spot #59 in A375 cells 
(Fig. 2 and Table 1). These latter spots, that may represent a more 
acidic post-translationally modified form of the protein, showed an 
intensity increase in melanoma cells compared with melanocytes 
less than 2-fold (approximately 1.7-fold in 526 cells and 1.9-fold in 
A375 cells, respectively). Thus, differential increase in expression 
of two forms of Gal-1 occurs in melanoma cells.

We also observed, in the melanoma cell lines, an increased 
expression of the spots identified with high score as protein DJ-1 
(Fig. 2B). Here again, we found two distinct forms of protein DJ-1. 
These spots [spot #43 and #44 on the melanocytes gel, #35 and #36 

and the 526 cell line, derived from surgically removed metastatic 
melanoma lesions of a patient from NCI (Bethesda, MD).11 Both 
melanoma cell lines are HLA-A2 phenotype; however, while 
526 cells were shown to have a high expression of two mela-
noma associated antigens, MART-1/MelanA and Pmel17/gp100, 
A375 were shown to have lost the expression of these mole cules.11 
Furthermore, it has been previously reported that A375 cells 
show an amelanotic phenotype compared with the 526 cell line. 
The melanocyte cell line, FOM78, was used as reference in our 
study.10

We observed differences in protein profiles, relative concen-
trations and isoform composition, between both melanoma cell 
lines and melanocyte cells, and also differences in the protein 
patterns between the two melanoma cell lines. This character-
ization could be used as a starting point for further studies on 
the elucidation of molecular mechanisms leading to melanoma 
development and progression. In addition further studies on 
the relations between differentially expressed proteins in each 
cell line and melanocytes will contribute to the identification of 
molecular pathways differentially altered in different melanomas, 
which could explain the various response to existing therapeutic 
treatments for this cancer.

Results

Protein analysis of A375, 526 and melanocytes cells. Protein 
patterns of two distinct human melanoma cell lines, A375 and 
526, and of the primary melanocyte cell line, FOM 78 were com-
pared in the pH range 3–10, to obtain a global representation of 
protein patterns on 2D-PAGE. To minimize gel-to-gel variations 
in the resulting proteome patterns, a set of four gels from each of 
the A375, 526 and FOM-78 were run simultaneously. Silver mass-
compatible methodology was utilized to detect individual protein 
spots in each gel. Only gels resulting in very well-resolved protein 
patterns were used for subsequent quantitative analysis sets. A rep-
resentative 2D-PAGE map for each cell line is shown in Figure 1.

Figure 1. Protein profiles of Melanocyte and Melanoma cell lines. 100 μg of cellular protein extracts were loaded on immobilized pH gradient strip 
(pH 3–10) in the first dimension. The second dimension was 12.5% SDS-PAGE. The proteins were visualized by silver mass-compatible staining and 
evaluated by Image Master 2D Platinum software 7.0. Part (A) melanocytes; (B) 526; (C) A375 cells. The proteins identified in each gel are annotated by 
numbers. Protein names are found in Table 1. ▼ This symbol indicated the Actin protein on each gel.
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threonine-protein phosphatase 2A 65 kDa regulatory subunit A 
α isoform [PP2A], were also more abundant in both melanoma 
cell lines compared with the melanocytes (Fig. 2C–E).

Figure 2C showed the presence of four different isoforms of 
CypA in all cell lines. The major difference in the expression 
of these isoforms between the melanoma and melanocytes cells 
was found for the isoform indicated as CypAc. It was increased 
approximately 6.4-fold in 526 [spot #82] and 4.5-fold in A375 
[spot #45] compared with melanocytes [spot #35].

on the A375 gel and #88 and #101 on the 526 gel] were at the same 
molecular weight, but different isoelectric points. We observed a 
significant difference in intensity for the more acidic form in both 
melanoma cell lines compared with melanocytes. In addition, we 
found that the basic and acidic forms gave similar intensity in A375 
cells and in melanocytes, while in 526 the acidic form predomi-
nated over the basic one, as calculated by image analysis.

Three proteins, identified as cyclophilin A (CypA), inosine-
5'-monophosphate dehydrogenase 2 (IMPDH2) and serine/

Table 1. List of 2D-PAGE separated proteins identified by LC-MS/MS from melanocytes, 526 and A375 cell line

Identified protein
Melanocytes 526 A375 Swissprot 

accession 
numbersSpot #

Sequence 
coverage (%)

Spot #
Sequence 

coverage (%)
Spot #

Sequence 
coverage (%)

elongation factor 2 [a] 8 5.7 10 9.7 95 3 P13639

elongation factor 2 [c] 10 4.3 12 12.2 93 3 P13639

isoform α-enolase of α-enolase [a] 94 3 94 34.8 22 55.8 P06733

isoform α-enolase of α-enolase [b] 21 32.5 19 50 21 3 P06733

syntenin-1 29 48.3 103 3 94 3 O00560

annexin a1 [a] 32 21.6 92 - 27 57.2 P04083

annexin a1 [b] 31 3 91 36.1 26 57.8 P04083

peptidyl-prolyl cis-trans isomerase a [a] 97 - 72 3 50 35.8 P62937

peptidyl-prolyl cis-trans isomerase a [b] 98 - 76 3 44 32.1 P62937

peptidyl-prolyl cis-trans isomerase a [c] 35 21.1 82 61.8 45 49.7 P62937

peptidyl-prolyl cis-trans isomerase a [d] 34 3 81 47.9 46 44.8 P62937

cofilin-1 [a] 42 3 69 47.6 105 3 P23528

cofilin-1 [b] ND - 70 58.4 51 43.4 P23528

cofilin-1 [c] 36 49.4 77 44.6 43 42.8 P23528

ubiquitin and ribosomal protein s27a 
precursor

38 3 74 3 52 30.1 P62979

protein dj-1 [a] 44 16.4 88 44.4 36 26.5 Q99497

protein dj-1 [b] 43 34.4 101 3 35 53.4 Q99497

galectin-1 [a] 62 31.1 62 31.1 59 45.9 P09382

galectin-1 [b] 61 76.3 63 76.3 58 57.8 P09382

protein disulfide-isomerase precursor 80 48.8 32 21.7 87 3 P07237

serine/threonine-protein phosphatase 
2a 65 kda regulatory subunit a α isoform

89 12.2 99 3 6 19.2 P30153

inosine-5'-monophosphate 
dehydrogenase 2 [a]

92 3 23 16.1 91 3 P12268

inosine-5'-monophosphate 
dehydrogenase 2 [b]

96 - 22 26.1 106 3 P12268

proliferation-associated protein 2g4 [a] 93 3 ND - 25 30.2 Q9UQ80

proliferation-associated protein 2g4 [b] ND - 95 19.8 24 44.7 Q9UQ80

s-methyl-5-thioadenosine 
phosphorylase

ND - 100 3 47 57.6 Q6FHP1

calreticulin precursor 78 NI 33 78.7 89 43.6 P27797

cathepsin d precursor [a] 53 28.4 ND - ND - P07339

cathepsin d precursor [b] 52 26.7 90 10 108 3 P07339

60s acidic ribosomal protein p1 66 79.8 58 79.8 68 64 P05386

All the identifications have a minimum probability of 1 as given by ProteinProphetTM software. The protein spot, the percentage coverage and the 
SwissProt Accession number for each identification is reported. Different isoforms of the same protein are indicated by alphabetical letters, starting 
from the more acidic one. ND indicated spot not detected on gel by image analysis and NI indicated protein not identified by LC-MS/MS.
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Quite disparate spots were identified as cofilin-1 from the 
A375 gel [spots #105, #51 and #43] and the 526 gel [spots #69, 
#70 and #77] (Fig. 2F), suggesting that three different forms of 
cofilin-1 were present in both melanoma cell lines, presumably 
due to differences in post-translational modifications. Here, we 

IMPDH2 was increased approximately 2.4-fold in 526 [spot 
#23] and 2.2-fold in A375 [spot #91] compared with melano-
cytes [spot #92] and PP2A approximately 7.7-fold in 526 [spot 
#99] and 11.3-fold in A375 [spot #6] compared with melano-
cytes [spot #89], (part D and E, respectively).

Figure 2. Proteins more highly expressed in 526 and A375 melanoma cell lines than in melanocytes. Protein spots are marked on the gel from each cell 
line. The histogram represents the intensity value for the indicated spot, calculated by Image Master 2D platinum software and normalized on actin 
intensity value. When present, the different isoforms of the same protein are indicated by alphabetical letters, starting from the more acidic one.
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Figure 3A–F (For parts G–H, see opposite page). Proteins more highly expressed in A375 compared with 526 cell lines. Protein spots are marked on 
the gel from each cell line. The histogram represents the intensity value for the indicated spot, calculated by Image Master 2D platinum software and 
normalized on actin intensity value.
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form and showed increased intensities in melanocytes compared 
with the melanoma cell lines (Fig. 5B).

Validation of LC-MS/MS data by western blot. In order to 
confirm some of the data obtained by LC-MS/MS, we analyzed 
the protein extracts from the melanocytes, and the 526 and A375 
melanoma cell lines for their reactivity against the anti-Gal-1 and 
anti-PP2A antibodies.

We probed Gal-1 after 2D-PAGE separation. We found that 
Gal-1 was present in melanocytes mainly as the acidic form  
(Fig. 6A), confirming the previous obtained data [spot #62 in 
melanocytes corresponding to spot #62 in 526 and to spot #59 
in A375 cells] (Fig. 2A). The densitometry analysis revealed 
small differences in the intensity value for Gal-1a in both mela-
noma cell lines vs. melanocytes (histogram not shown), while 
we observed a strong intensity increase in spots corresponding to 
the basic form (Gal-1b) in both melanoma cell lines vs. melano-
cytes, as reported in the histogram (Fig. 6B). In addition, other 
more acidic forms of Gal-1 were detected by protein gel blot only 
in melanoma cell lines, suggesting that Gal-1 conformational 
changes or post-translational modifications may play a role in 
melanoma development.

We also were able to detect PP2A in the cell extracts after 
1D-PAGE and to confirm the 2D-PAGE findings where higher 
levels of this protein was found in melanoma cell lines compared 
with melanocytes (Fig. 7).

Discussion

In this study, by comparative proteome analysis, we identified 
several proteins differentially expressed in melanoma cell lines 
compared with melanocyte cells, which may be further exploited 
as individual biomarkers or as a biomarker panel and/or thera-
peutic targets for this cancer.

In particular, we identified galectin-1 (Gal-1), cyclophilin A 
(CypA), protein DJ-1, inosine-5'-monophosphate dehydrogenase 2  

indicated these forms as cofilin-1a, cofilin-1b and cofilin-1c, start-
ing from the more acidic one. However, only two spots [#42 and 
#36], corresponding to cofilin-1a and cofilin-1c, were found in 
the melanocyte gel. Thus, the cofilin-1b form seems to be mainly 
present in melanoma cells and not in melanocytes.

Proteins differentially expressed between the two mela-
noma cell lines. Specific increases were also noted in the 
normalized intensity values of some spots, derived from the 
A375 cell line only, compared with corresponding spots from 
the melanocyte gel. These spots were identified as: s-methyl-
5-thioadenosine phosphorylase (MTAP), ubiquitin and ribo-
somal protein S27 a precursor (RPS27A), the basic isoform of 
protein DJ-1 (DJ-1b), annexin a1 (AnxA1), proliferation associ-
ated protein 2g4 (PA2G4), isoform alfa-enolase of alfa-enolase 
(ENO1), protein disulfide-isomerase precursor (PDI) and elon-
gation factor 2 (eEF2) (Fig. 3). For most of these proteins, cor-
responding spots were also detected in the 526 gels, but they 
had equivalent or even lower intensity than the spots from the 
melanocyte gel.

MTAP was identified in spot #47 from the A375 gel and in 
spot #100 from the 526 gel, but not detected in melanocytes  
(Fig. 3A). Spot intensity was 5-fold higher in A375 compared 
with the corresponding spot in the 526 gel.

Similarly, PA2G4 was detected at a low intensity in melano-
cytes than A375, but was absent in the 526 gel.

Two proteins were also identified that were present in higher 
concentrations in 526 cells over the levels seen in melanocytes 
and A375 cells. These were the 60s acidic ribosomal protein p1 
(RPLP1) and calreticulin precursor (CALR) (Fig. 4).

Proteins mainly expressed in melanocytes. Of particu-
lar interest, we observed the synthenin1 protein with 3–4-fold 
higher expression in melanocytes [spot #29] compared with spot 
#103 on 526 gel and spot #94 on A375 gel (Fig. 5A). In addition, 
cathepsin D was found in two protein spots in melanocytes [spots 
#53 and #52]; both had masses corresponding to the 34-kDa 

Figure 3G–H (Continued from opposite page). Proteins more highly expressed in A375 compared with 526 cell lines. Protein spots are marked on 
the gel from each cell line. The histogram represents the intensity value for the indicated spot, calculated by Image Master 2D platinum software and 
normalized on actin intensity value.
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this protein contributes to cancer progression appears to involve a 
complex interplay of proteins and pathways, including the mem-
brane receptor for CypA, CD147 and CypA binding partners 
inside the cells, such as calreticulin (CALR), HSP90 and histone 
deacetylase.25,26 However, which of the different CypA isoforms 
interacts with these proteins is unknown.

Interestingly, we found CALR predominantly expressed in the 
526 melanoma cells, suggesting a different equilibrium between 
CALR and CypA in 526 cells compared with A375 cells, that may 
alter specific molecular pathways in these two melanoma cell lines. 
Recently, CypA was found to be more abundant in metastatic mela-
noma compared with primary melanoma and normal fibroblasts.27

CypA is also a highly selective binding partner of cyclospo-
rine A (CsA), which activates apoptotic pathways in primary 
and metastatic melanoma cells; higher CypA levels may lead to a 
decrease in free CsA, leading to tumor growth and metastasis.28-30 
These data, together with a more detailed knowledge of CypA 
pathways, may lead to novel therapeutic strategies in melanoma.

DJ-1 was also found to be differently modulated in melanoma 
cell lines and melanocytes. Upregulation of DJ-1 in several can-
cers, including prostate, ovarian, breast and lung carcinomas, is 
interestingly associated with decreased level of autophagy.31 DJ-1 
is able to directly bind to nuclear p53, repressing its transcrip-
tional activity, but it also seems that DJ-1 regulates autophagy 
through the Beclin-1 pathway in a p53 independent manner. 
DJ-1 regulates Beclin-1 transcription via ASK1/JNK pathway 
in stress conditions, downregulating both mRNA and protein 
levels. Beclin-1 seems to possess a tumor suppressor role for 
autophagy, since in many tumor cell lines restoration of Beclin-1 
promotes autophagy and represses tumorigenesis.31

The acidic form of DJ-1 has been previously demonstrated 
to regulate the phosphatidylinositol-3,4,5-trisphosphate-3- 
phosphatase (PTEN) activity, leading to cell proliferation and 
transformation.32 We describe a specific increase of the acidic 
form of protein DJ-1 in both melanoma cell lines. An increase of 
the acidic form (oxidized) compared with the basic one (reduced) 

(IMPDH2), serine/threonine-protein phosphatase 2A 65 kDa 
regulatory subunit A α isoform (PP2A) and cofilin-1, as potential 
components of a molecular signature in melanoma.

Gal-1, a proto-type member of galectin family, has recently 
emerged, together with Gal-3, to play a critical role in tumor 
progression and metastasis, modulating different biological 
events.12,13 Its ability to interact with glycoproteins is responsible 
for the homotypic aggregation of tumor cells and emboli forma-
tion, underlying mechanisms for hematogenous metastasis forma-
tion and immune escape.14 In addition to its carbohydrate-binding 
ability, Gal-1 is involved in several protein-protein interactions15 
and seems to promote programmed cell death and apoptosis in 
activated T cells.16 Gal-1 has recently been reported to be impli-
cated in temozolomide resistance in a mouse metastatic melanoma 
model.17 Furthermore, it seems to have a novel growth factor-like 
function, including the promotion of tumor neo-angiogenesis, by 
increasing both endothelial cell viability and adhesion.18

We show, for the first time, the presence of different Gal-1 
isoforms in melanoma cell lines, with only one prevalent form 
observed in melanocytes. The existence of these isoforms 
was already suggested by the analysis of the primary sequence 
revealing potential phosphorylation and/or acetylation sites.19,20 
Although the nature of these post-translational modifications is 
not yet known, these findings could lead to the targeting of indi-
vidual galectins, without interfering with the functions of other 
members. All together these data indicate Gal-1 as an excellent 
target for combined cancer therapy.

CypA, found in this study to be mainly expressed in mela-
noma cells, has been previously demonstrated to be overexpressed 
in several cancers with its high expression levels correlating with 
poor patient outcome.21-24 CypA has peptidylprolyl cis-trans 
isomerase activity and seems to play key roles in protein fold-
ing, immune-modulation and cell signaling. We describe, for 
the first time the presence of four CypA isoforms in melanoma, 
the probable result of post-translational modifications,20 with a 
major increase of the CypAc isoform. The mechanism by which 

Figure 4. Proteins more highly expressed in 526 compared with A375 cell lines. Protein spots are marked on the gel from each cell line. The histogram 
represents the intensity value for the indicated spot, calculated by Image Master 2D platinum software and normalized on actin intensity value.
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benzamide riboside, have been conducted in patients with leuke-
mia and multiple myeloma with very promising results, studies 
were terminated due to neurotoxic side effects.38

No data are available on the use of specific IMPDH2 inhibi-
tors for melanoma treatment.

PP2A is a trimeric serine/threonine phosphatase: the regu-
latory subunit B is recruited by a C-A dimer, composed of the 
catalytic subunit C and the structural subunit A. PP2A activity is 
regulated by posttranslational modification such as phosphoryla-
tion or methylation.39,40 PP2A is one of the major regulators of 
the Akt/PKB pathway, by Akt dephosphorylation.41,42 The Akt/
PKB pathway is implicated in cell proliferation, protein synthe-
sis, resistance to apoptosis and is often mutated in cancer.41-43

It has been recently demonstrated, in B16 melanoma cells, 
that PP2A, depending on its methylation status, regulates cell 
proliferation, through the downregulation of Akt and Myc onco-
proteins, and tumor aggressiveness; PP2A is also strongly acti-
vated during the primary response to DNA damage.44 These data 
suggested that agents with PP2A pro-methylating activity might 
be candidates for anticancer drug development.

has been previously described in human pneumocytes after H
2
O

2
 

induced-stress.33 Since we also found a low expression level of the 
basic isoform in 526 cells, we suggest that 526 and A375 cells may 
adopt these two DJ-1 forms differently under stress conditions.

Finally, DJ-1 protein has been described as a potential nonin-
vasive biomarker for uveal malignant melanoma.34

Another interesting protein we found differentially expressed 
in melanoma cells is IMPDH2, a rate-limiting enzyme of the 
branched purine nucleotide synthetic pathway that provides 
guanylates including GTP and dGTP. Two isoforms of IMPDH 
have been described: type 1 is constitutive while type 2 is 
expressed in highly proliferating cells, such as cancer.35 IMPDH2 
was reported in colorectal cancer36 and its direct involvement in 
osteosarcoma chemo-resistance to cisplatin and methotrexate has 
been described in reference 37. Thus, IMPDH2 has been pro-
posed as a novel, promising tumor biomarker and therapeutic 
target: its inhibition results in the depletion of guanine nucleo-
tide pools, induction of p53 activity, cell growth inhibition, cell 
cycle arrest/block, differentiation, and/or cell death. However, 
although trials of IMPDH2 inhibitors, such as tiazofurin and 

Figure 5. Proteins more highly expressed in melanocytes than in melanoma cell lines. Protein spots are marked on the gel from each cell line. The 
histogram represents the intensity value for the indicated spot, calculated by Image Master 2D platinum software and normalized on actin intensity 
value.

Figure 6. Western blot analysis of protein extracts derived from Melanocytes, 526 and A375 cell lines against anti-Galectin-1 Ab. Protein reactivity 
against anti-Galectin-1 polyclonal antibodies was examined after 2D-PAGE. Electrophoretic conditions were the same as those in Figure 1A.  
A histogram representing the intensity values for the detected spots calculated by densitometric analysis was reported (B). Normalization on actin was 
performed.



©2011 Landes Bioscience.
Do not distribute.

2932	 Cell Cycle	 Volume 10 Issue 17

than in the 526 melanoma cell line. This discrepancy could be 
due to the different methodology utilized for the MTAP detec-
tion; in fact, we identified MTAP by LC-MS/MS in spot #47 in 
A375 gel and spot #100 in 526 gel, and there was no correspon-
ding spot in melanocytes. However, we cannot exclude the pres-
ence of this protein in other spots.

MTAP may represent a highly promising immunohistochemi-
cal marker for prognosis and interferon response in malignant 
melanoma patients, although clinical trials are needed to vali-
date its predictive value.59 Our results should be further investi-
gated in order to evaluate differences in MTAP expression and/
or activity and disease variability.

An increase of both acidic and basic annexin-a1 (AnxA1) iso-
forms were found in A375 compared with melanocytes and 526 
cells.

AnxA1 has been identified in mouse melanoma cell lines by 
comparative proteomic studies and it seems to enhance invasion 
and melanoma dissemination.60 Moreover, recently it has been 
demonstrated that tumor growth and metastasis are significantly 
decreased by using AnxA1-KO mice,61 suggesting a crucial role 
in vascular endothelial cell sprouting, wound healing, and tumor 
growth and metastasis. Therefore, AnxA1 may be exploited as a 
new functional target for repairing damaged tissue and treating 
diseases such as cancer.

Another protein mainly expressed in A375 cell line is α-enolase 
(ENO1), a well known enzyme involved in glycolysis, found as 
multiple distinct spots on the 2D-PAGE, presumably due to post-
translational modifications.

Moreover, fostriecin, an antibiotic produced by Streptomyces 
pulveraceus, has been utilized as PP2A-selective inhibitor in a 
phase I clinical study showing promise as cancer-killing agent.45,46 
Unfortunately, fostriecin was found to be highly susceptible to 
oxidation, and the phase I clinical trials were suspended because 
of drug instability and inadequate purity of the naturally pro-
duced compound for clinical supply.45 Our finding of significant 
increases of PP2A in melanoma support the continuation of 
efforts to discover more effective inhibitors of this enzyme.

PP2A is also a putative binding molecule for cofilin-1.47

In this study, we found cofilin-1, a regulator of actin-polymer-
ization initiation, highly expressed in both melanoma cell lines as 
cofilin-1b, while cofilin-1a and c isoforms were found in melano-
cytes. The binding properties of these three isoforms of cofilin-1 
is unknown, neither is it known if the altered equilibrium among 
these isoforms could affect the activity of the cofin-1 pathway, 
particularly in melanoma cells.48,49

Cofilin-1 mRNA and protein expression are negative prognos-
tic factors in several cancer types, such as epithelial ovarian can-
cer or non-small cell lung cancer, due to the capacity to enhance 
cell motility and metastasis and to confer resistance to alkylating 
drug treatment.50,51

Besides proteins that were more highly expressed in melanoma 
cells compared with melanocytes, we found interesting differ-
ences between the two melanoma cell lines, that may help to 
understand the heterogeneity of melanomas.

Two proteins were identified that were more highly expressed 
in 526 cells than in melanocytes and even more markedly than 
in A375 cells: 60s acidic ribosomal protein p1 (RPLP1) and cal-
reticulin (CALR).

RPLP1 has not been studied in melanoma, but its expression 
increases upon selection for resistance to paclitaxel in breast can-
cer cell lines.52

CALR is a component of the antigen-processing machinery 
(APM) and changes in its expression level may affect immune 
response in melanoma patients.53 It has been found to be over-
expressed in other tumors, such as lung adenocarcinoma where 
it could play a role as transcriptional regulator54 and in hepato-
cellular carcinoma where it has been related to poor prognosis.55 
CALR may also regulate cell migration and proliferation, as dem-
onstrated for keratinocytes and fibroblasts;56 after antitumoral 
treatment, low CALR expression levels accompany inhibition of 
cell proliferation, although, according to its ability to modulate 
several immunological mechanisms, neoplastic cells may be pro-
tected from phagocytosis and antitumor immunity.57,58

Eight proteins were more highly expressed in A375 cells com-
pared with melanocytes and 526 cells.

s-Methyl-5-thioadenosine phosphorylase (MTAP), a con-
stitutively expressed enzyme in most normal cells and tissues, 
plays a significant role in polyamine metabolism catalyzing the 
phosphorylation of methylthioadenosine (MTA). Lack of MTAP 
activity was shown in several malignant diseases and a signifi-
cant inverse association has been found between MTAP protein 
expression and progression of melanocytic tumors.59

In contrast, we did not detect MTAP in normal melanocyte 
cells and levels of this protein were 5.22-fold higher in A375 cells 

Figure 7. Western blot analysis of protein extracts derived from Mela-
nocytes, 526 and A375 cell lines against anti-PP2A Ab. Protein reactivity 
against anti-PP2A antibodies was examined after SDS-PAGE (A). A 
histogram representing the intensity values for the detected bands 
calculated by densitometry analysis was reported (B). Normalization on 
actin was performed.
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melanoma cells. CTSD is a ubiquitous lysosomal aspartyl endo-
proteinase, which is processed from an inactive procathepsin D 
to an active 48-kDa single-chain molecule.82 Controversial data 
are reported on the expression of CTSD and on its role in cancer 
progression, especially in melanoma.81,82 The lower presence of 
this enzyme in melanoma cells may not be the result of a down-
regulation of this factor, but rather the effect of a major secretion 
in the secretome of tumor cells. The lysosomal acid proteinase 
cathepsin D is believed to be associated with proteolytic processes 
leading to the invasion and seeding of tumor cells. An associa-
tion between CTSD tissue concentration and aggressiveness of 
tumors has also been detected in different cancer types, as well 
as in metastatic melanomas;83 recently CTSD secretion has been 
reported to be related to uveal melanoma invasion potential in 
vitro.84

We describe two isoforms of CTSD, which could reflect 
different N-glycosylation of the molecule on its two potential 
N-glycosylation sites. Further investigation on these two iso-
forms, their location and their proteolytic activity may help to 
explain the controversial data on the role of CTSD in melanoma.

In conclusion, this study provides new insights into mela-
noma, which could be useful for diagnostic marker and thera-
peutic target development. Furthermore, the characterization of 
these cell lines make them useful as a model in vitro for further 
functional studies in the field of melanoma biology.

Materials and Methods

Cell lines. Three cell lines were included in this study. FOM 78 
was used as the primary melanocyte cell line.10 A375 and 526 were 
the melanoma cell lines, kindly provided by Dr. F.M. Marincola 
and Dr. M. Bettinotti (NIH, Bethesda, MD). The melanocyte 
cell line was cultured in MBM-4 (Lonza) cell medium, according 
to the manufacturer’s procedures. The melanoma cell lines were 
cultured in RPMI 1640 medium (Invitrogen-GIBCO), supple-
mented with 3 mM L-glutamine (Invitrogen-GIBCO), 2% peni-
cillin/streptomycin and 10% FBS (EuroClone). All cell cultures 
were incubated at 37°C in a humidified 5% CO

2
 atmosphere. 

Cells were harvested at 80% confluence and protein extraction 
was performed for further examination.

Cell lysate and two-dimensional gel electrophoresis. Cells 
were washed with PBS (pH 7.4) and lysed in 1% Nonidet P-40, 
150 mmol/L NaCl, 10 mmol/L Tris (pH 7.4), 1 mmol/L EDTA, 
1 mmol/L EGTA (pH 8), 0.2 mmol/L sodium orthovanadate, 
0.2 mmol/L phenylmethylsulfonyl fluoride buffer for 30 min at 
4°C with constant agitation. The cell lysates were then subjected 
to a centrifugation (16,000x g at 4°C) for 15 min to remove 
insoluble materials. The protein concentrations of supernatants 
were measured by the Bradford assay. One hundred micro-
grams of the protein extract from each cell line were first sub-
jected to clean up procedure, using the Clean-up kit (Bio-Rad), 
as described by the supplier. The resulting protein pellets were 
then solubilised in 125 μL GE Healthcare rehydration buffer 
for se paration by isoelectrical focusing. Ready-made, 7-cm, iso-
electric-focusing, immobilized pH gradient (IPG) strips with a 
linear gradient of pH 3 to 10 (Bio-Rad) were used. Rehydration 

Genes of the glycolytic pathway are overexpressed in more 
than 70% of human cancer cases62 and antibodies against this 
protein have been identified in patients with melanoma, making 
this factor attractive for the design of novel diagnostic tools for 
the early detection of cancer.63 High ENO1 levels may result in 
accelerated ATP production, acting as a metabolic tumor pro-
moter and conferring a selective growth advantage. It has recently 
been reported that retinoic acid [RA] treatment causes the down-
regulation of ENO1 in human follicular thyroid carcinoma cell 
lines causing Myc oncoprotein downregulation and reduction in 
cell invasiveness.64 These data suggest that this pathway could 
be investigated as a novel targeting pathway for supportive RA 
therapies in thyroid cancer. These would also be worth testing 
in melanoma.

Also for the eukaryotic elongation factor 2, eEF2, serum anti-
bodies have been identified in patients with melanoma.63 In this 
study, we found eEF2 highly expressed in the A375 melanoma 
cell line. This protein has been previously reported to be involved 
in promoting G

2
/M progression and to enhance the in vitro and 

in vivo growth of gastrointestinal cancers.65

Among the proteins highly expressed in A375 cell line, we 
also found the ubiquitin and ribosomal protein S27a [RPS27a], 
a molecule that plays critical roles in protein biosynthesis, being 
indispensable for translation. This multifunctional ribosomal 
protein is expressed at high levels in a wide variety of actively 
proliferating cells and tumor tissues. Although a precise func-
tional role for this protein is largely unknown, many ribosomal 
proteins have extra-ribosomal functions66 and it has been already 
reported as a useful marker for melanocytic lesions at immuno-
histochemical level.67

The stress-response chaperone, PDI, was also expressed at 
higher level in A375 melanoma cell line. PDI levels were reported 
to correlate with cancer invasion, metastasis and drug resistance 
in other tumor types68-70 and have been found overexpressed in 
melanoma,71,72 suggesting a potential use as therapeutic target.73

Also highly expressed in A375 is PA2G4, known as ErbB3-
binding protein 1 or EBP1, a proliferation-associated protein, 
that has been shown to be expressed at high levels in breast cancer 
patients with poor clinical outcomes.74

PA2G4 was shown to be expressed at higher levels in breast 
cancer stem cells, where along with other proteins it was thought 
to contribute to chemotherapy resistance, suggesting that PA2G4 
could be considered as future therapeutic target in breast cancer.75

This protein has been also identified in colorectal tumors, as 
tumor associated antigen, and a possible role as target for anti-
cancer immunotherapy has been suggested.76

Finally, some proteins were found that were downregulated in 
melanoma cell lines compared with melanocytes. Syntenin1, also 
known as MDA-9 protein (Melanoma Differentiation Associated 
gene-9), is a tandem PDZ protein that has been reported to 
be overexpressed in several cancer cells and tissues, melanoma 
included, and that might play an active role in tumor cell invasion 
and metastasis.77-80 In our experimental model, we observed that 
this molecule is expressed in normal cells but not in melanoma.

As previously reported in reference 81, we found cathepsin D 
(CTSD) more highly expressed in melanocytes compared with 
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(80,128 entries). Protein and peptide probabilities were cal-
culated by the Protein and Peptide Prophet algorithms (Trans 
Proteomic Pipeline, Institute of System Biology, Seattle, WA). 
Peptide identifications were accepted if they could be established 
at greater than 95.0% probability as specified by Peptide Prophet 
algorithm. Protein identifications were accepted if they could be 
established at greater than 99.5% probability and contained at 
least two identified peptides.

Western blot analysis. For the analysis of the reactivity of pro-
tein extracts against anti-galectin-1 antibody, the protein extracts 
(4 μg) were separated by 2D-PAGE to resolve the different iso-
forms, and then electro-transferred to Immobilon-P membranes 
(Millipore), according to standard procedures. For the analysis 
of reactivity against anti-PP2A antibody, the protein extracts  
(4 μg) were separated by SDS-PAGE. A rabbit polyclonal anti-
body against galectin-1, diluted 1/10,000 (ab25138; Abcam), 
a mouse monoclonal antibody against PP2A protein, diluted 
1/1,000 (05-421; Upstate) and a rabbit polyclonal to actin, 
diluted 1/10,000 (ab37063; Abcam) were used. The visualiza-
tion was done by horseradish peroxidase-labeled anti-rabbit and 
anti-mouse antibodies (Cell Signaling) and the ECL chemilu-
minescence detection system (Amersham Pharmacia Biotech). 
The image analysis of the detected spots after protein gel blot 
was performed by Image J software.
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of the IPG strips was performed overnight, after which proteins 
were focused at 8,000 V-hours on a PROTEAN IEF apparatus 
(Bio-Rad). Before the second dimension, IPG strips were equili-
brated in 1% dithiothreitol (wt/vol) followed by 2.5% iodoacet-
amide (wt/vol), both in 50 mM TRIS-HCl (pH 8.8), 6 M urea, 
30% glycerol and 2% SDS, for 15 min. After this procedure, the 
strips were placed on top of 12.5% polyacrylamide gel and run at 
5 W/gel for 1 h and subsequently 15 W/gel until the bromophe-
nol blue dye front reached the bottom of the gels. Proteins were 
visualized with either silver or Coomassie G250 staining and 
scanned by the ChemiDoc XRS system (Bio-Rad Laboratories). 
If not indicated, chemicals were molecular biology grade from 
Sigma.

Image analysis. Protein spots were analyzed and quantified 
for differential expression patterns between gels, using Image 
Master 2D Platinum software 7.0 (Amersham Biosciences). 
Protein spots from different gels were matched to each other 
and represented in a virtual image, called the Master Image, 
that includes all information about all the spots in all the 
gels. Quantitative variations in protein expression levels were 
calculated as the volume of the spot. To correct for differ-
ences between gels in gel staining, spot volumes relative to 
the sum of the volume of all spots on each gel (% Vol) were 
calculated by the software. In addition individual spot % Vol 
was normalized for the actin % Vol value for comparative  
profiling.

Mass spectrometry. Protein spots of interest were excised from 
the gel and digested with modified trypsin (Sigma), as previously 
described in reference 85. All samples were run on a Thermo 
Scientific LTQ mass spectrometer. Each sample was loaded 
onto a Biobasic C18 PicofritTM column and was separated by an 
increasing ACN gradient. An MS scan was performed to select 
the 5 most intense ions prior to MS/MS analysis. The raw mass 
spectral data was analyzed using Bioworks Browser 3.3.1 SP1, a 
proteomic analysis platform. All MS/MS spectra were sequence 
database searched using the algorithm TurboSEQUEST. The 
MS/MS spectra were searched against the IPI v3.59 database 
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