
Abstract. Background: Patients with metastazing
malignant melanoma have a poor outcome and
determination of thickness of the primary tumor remains
as the most important prognostic predictor. The aim of this
study was to use an antibody-based proteomics strategy to
search for new molecular markers associated with
melanoma progression. Two proteins, TRP-1 and galectin-
1, were identified as proteins with enhanced expression in
cells from the melanocytic lineage. Patients and Methods:
Protein profiling of TRP-1 and galectin-1 together with
proliferation marker Ki-67 and melanocyte marker Melan-
A was performed in normal tissues from 144 individuals
and in 216 different tumors using tissue microarrays and
immunohistochemistry. The protein expression pattern was
further analyzed in a defined cohort of 157 patients
diagnosed with invasive cutaneous malignant melanoma.
Results: Both TRP-1 and galectin-1 were highly expressed
in normal melanocytes and melanoma. The expression of
TRP-1 was inversely correlated with tumor stage (p=0.002,
(R=–0.28)). Neither TRP-1 or galectin-1 was associated
with overall or disease free survival (p>0.14, p>0.46
respectively). Ki-67 was associated with tumor stage and
survival (p<0.001). Conclusion: TRP-1 and galectin-1
protein expression patterns were determined in normal and
cancer tissues and both proteins were expressed in the
majority of the malignant melanomas. There was no
correlation between TRP-1 or galectin-1 expression and
survival.

Cutaneous malignant melanoma is a disease with an
increasing incidence (1). Melanoma affects the younger
patient population and each death related to melanoma
corresponds to approximately 19 years of life lost, one of the
highest for any cancer (2-5). Melanoma cells are derived
from melanocytes but transformation of melanocytes and
tumor progression involves multiple changes in biological
behavior, accompanied by specific alterations in gene
expression (6). These differentially expressed genes, which
distinguish the different tumor stages, may comprise new
targets for diagnosis, prognosis and therapy.

Using an antibody-based proteomics strategy (7), the
Swedish Human Protein Atlas Program (HPA) has developed
and published a freely available web-based protein atlas (8)
(www.proteinatlas.org). This effort includes a large-scale
design and production of recombinant fragments of human
proteins, i.e. protein epitope signature tags (PrESTs) based
on the human genome sequence and subsequent generation
of mono-specific antibodies (affinity-purified polyclonal
antibodies) (9). These antibodies are used for immunohisto-
chemical staining on a multitude of human tissues, both
normal and cancer tissues, assembled together in a tissue
microarray (TMA) format (10, 11).

Twelve cases of malignant melanoma are included in the
HPA program with duplicates from each case. Two candidate
proteins, TRP-1 and galectin-1 were identified as highly
expressed in malignant melanomas. The aim of this study
was to further investigate the protein expression levels of
these markers in a large cohort including 157 patients
diagnosed with invasive cutaneous malignant melanoma.

galectin-1 is encoded by the LSGALS1 gene, located on
chromosome 22q12 (12). galectin-1 has been shown to be
involved in the regulation of immune responses (13) and has
further been postulated to be involved in angiogenesis (14).
galectin-1 has also been shown to be over expressed in
tumors as well as in their surrounding stroma, the latter as a
consequence of malignant progression (15).
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TRP-1, also known as mesosomal membrane protein gp75
or brown locus protein, is a tyrosinase related protein,
involved in the complex synthesis of melanin. TRP-1 is one
of the most abundant membrane proteins in melanocytes and
pigmented melanoma cells (16). TRP-1 is encoded by the
Tyrp1/brown locus on chromosome 9p23 (17) and has been
shown to be involved in melanogenesis as well as being a
preventive factor in inhibiting melanocytic cell death (18).

galectin-1 and TRP-1 are thus of interest as potential
biomarkers and in the present descriptive study the role of these
proteins has been investigated in relation to Melan-A and Ki-
67 expression in patients with cutaneous malignant melanoma
using immunohistochemistry and tissue microarrays (11).

Patients and Methods

Patients. All tissues used as donor blocks were acquired from the
archives at the Department of Pathology, Uppsala University
Hospital, in agreement with approval from the Research Ethics
Committee at Uppsala University, Uppsala, Sweden. TMAs
containing duplicate cores (1 mm) from 216 different tumors
corresponding to 20 of the most common cancer types and triplicate
cores from 48 different normal tissues were generated for initial
screening of protein expression (8, 11).

The patients included in the extended study of melanoma were
collected from a cohort of 352 patients diagnosed with primary
cutaneous malignant melanoma in the Uppsala region during the
period 1982-2004. All patients were followed at the Department of
Oncology, Uppsala University Hospital, Uppsala, Sweden. Patients
diagnosed with melanoma in situ were excluded as well as patients
where only autopsy material was available. Patients where clinical
information or a signed consent was missing were also excluded. In
total, 157 patients fulfilled the inclusion criteria and became subjects
of the present study. During follow-up, 60 patients relapsed. Relapse
was defined as a local recurrence or a metastasis. Metastatic tumor
material from 36 of these was available and included in the study.
The patients were diagnosed with superficial spreading melanoma
(SSM), nodular malignant melanoma (NMM), acral lentiginous
melanoma (ALM), lentigo malignant melanoma (LMM) and
malignant melanoma not otherwise classified. The median follow-up
period was 77 months (range: 1.4-241 months). All patients included
were staged according to UICC 2002 (TNM system).

For every patient the following clinical parameters were
registered: gender, age (<65 years, >65 years), T-stage and histology.

Generation of tissue microarrays – malignant melanoma. TMAs
were created essentially as previously described (10, 11). For all the
patients haematoxylin-eosin or van Gieson stained slides were
available for comparison with the paraffin tissue blocks and in that
way the tumor area was marked and identified. From each paraffin
donor block 0.6 mm cylinders were taken and placed into recipient
blocks using an automated tissue microarrayer (Beecher
Instruments, Silver Springs, MD, USA). Where possible, three
cylinders were taken from the tumor and placed in the recipient
block but when the tumors were thin and little material was
available, only one or two cylinders were taken. In small tumors the
majority of the infiltrative part was included but for larger lesions
the most suitable area was chosen.

Immunohistochemistry. An in-house generated antibody validated
within the HPA project (www.proteinatlas.org) was used to analyze
the expression of galectin-1 (HPA000646). For TRP-1 (Novocastra
Laboratories Ltd., United Kingdom), Melan-A (Novocastra) and
Ki-67 (DAKO) commercially available antibodies were used. For
galectin-1 and TRP-1 the immunodetection was achieved by using
products from DAKO, Glostrup, Denmark, but for the other markers
products from LabVision AB, Värmdö, Sweden, were used. From
each TMA block 4 µm thick tissue sections were cut and applied to
slides. The slides were deparaffinized in xylene and rehydrated
through graded alcohols. For the DAKO immunodetection, HIER
(heat induced epitope retrieval) was performed using a Decloaking
chamber®. The primary antibody for galectin-1 was applied diluted
1:400 and for TRP-1 (Novocastra) 1:200. Immunodetection was
achieved by using secondary reagent goat-anti mouse/rabbit HRP-
conjugated Envision™ detection kit (DAKO) before developing
with the chromogen diaminobenzidine (DAB). The slides were
counterstained with Harris haematoxylin, dehydrated through graded
alcohols and xylene and finally mounted with Pertex (Histolab AB,
Gothenburg, Sweden). For the Labvision AB immunodetection, heat
induced epitope retrieval (HIER) was performed using a Decloaking
chamber® (Biocare Medical, Walnut Creek, CA, USA). All the
primary antibodies were applied diluted 1:100. Immunodetection
was achieved by applying Primary Antibody Enhancer (LabVision
AB) and thereafter Large Volume HRP Polymer (LabVision AB)
before developing with Large Volume DAB Plus Substrate System
(LabVision AB). The slides were counterstained with Mayers
haematoxylin, dipped in lithiumchloride and dehydrated through
graded alcohols and xylene. Finally, the slides were mounted with
Pertex (Histolab AB, Gothenburg, Sweden).

Scoring of immunostainings. For each TMA, immunostained tissue
spots were scored according to the amount of positively stained
tumor cells using a four-graded scale: >75% of tumor cells staining
positively (3 points), 25-75% (2), <25% (1), negative tumor cells
(0). The intensity of the staining was evaluated using a three-graded
scale: strong (2), weak (1) or negative (0).

From these scoring data three categories were defined based on
the amount and the staining intensity of immunoreactive tumor
cells: Grade 3: Strong immunoreactivity in >25% of tumor cells.
Grade 2: Weak immunoreactivity in >25% of tumor cells or strong
immunoreactivity in <25% of tumor cells. Grade 1: Negative
immunostaining or weak immunostaining in <25% of tumor cells.

For the evaluation of the proliferation marker Ki-67, tumors were
divided into two groups: ≥20% of tumor cells positive and <20%
tumor cells positive as previously suggested (19,20). The evaluation
of the immunostaining was done by the same pathologist (MA).

Statistics. Patient survival (overall survival and disease free
survival) was estimated using the Kaplan–Meier method, in which
univariate analysis was performed using the log-rank test. For the
overall survival analysis the end-point was death. For the disease
free survival the end-point was defined as relapse in the form of a
metastases or a recurrent tumor. Spearman rank correlation was used
to test for associations between investigated markers and T-stage.
Kruskal-Wallis test was used to test for associations between
patients diagnosed with SSM or NMM and tumor stage (T-stage).
For all these afore mentioned analyses tumors with grade 1, 2 and 3
expression of TRP-1 were included but for galectin-1 and Melan-A
only tumors with grade 2 and 3 were included (Table I). Patients
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lacking immunohistochemical staining results were excluded. For
the Spearman rank correlation, Kruskal-Wallis test and the disease
free survival analysis patients with metastatic disease at diagnosis
were excluded (n=5). Throughout the study, a 5% two-sided
significance level was used. The patients were followed until time of
death or until 1st of August 2007.

Results
Expression patterns in normal and cancer tissues. Protein
profiling in normal and cancer tissues showed moderate to
strong cytoplasmic expression of TRP-1 in normal epidermal
melanocytes and in 6/10 malignant melanomas. In addition,
cytoplasmic positivity was observed in subsets of bone marrow
and lymphoid cells. All other normal and malignant cells were
essentially negative. galectin-1 protein expression was also

found in the cytoplasm of normal melanocytes and in 9/9
malignant melanomas. Furthermore, galectin-1 was expressed
in various mesenchymal cells, including nerves, heart and
smooth muscle fibres as well as extracellular deposits in
connective tissue and tumor stroma. In addition, strong staining
was found in kidney glomeruli , alveolar cells in the lung, cells
from adrenal cortex and parathyroid gland as well as germinal
and Leydig cells in the testis. With the exception of melanoma,
a subset of breast cancers, thyroid cancers and occasional other
tumors, most malignant tumors were either negative or showed
weak staining in the cytoplasm.

Expression patterns in malignant melanoma cohort. The
present study included 157 primary cutaneous melanomas
and 36 metastatic melanomas. Ninety-six patients (61% )
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Table I. Patients’ characteristics and the grades of investigated proteins.

Number of Median galectin-1 TRP-1 Ki-67
patients survival

in years 1 2 3 ¶ 1 2 3 ¶ <20% ≥20% ¶

Gender
Male 84 6.1 - 38 39 7 17 25 33 9 51 26 7
Female 73 6.9 - 37 29 7 22 18 24 9 52 10 11

Clark
II 31 7.3 - 12 11 8 1 4 16 10 20 2 9
III 54 7.5 - 29 20 5 15 18 15 6 39 10 5
IV 55 5.3 - 27 27 1 18 18 17 2 35 16 4
V 8 1.2 - 4 4 - 3 1 4 - 3 5 -
¶ 9 5.3 - 3 6 - 2 2 5 - 6 3 -

T-stage
I 63 7.3 - 30 21 13 6 16 26 16 43 5 16
II 34 6.6 - 19 15 - 11 12 10 1 26 8 -
III 31 5.3 - 18 12 1 14 8 8 1 18 11 2
IV 17 4.1 - 6 11 - 7 4 6 - 10 7 -
M1 5 0.6 - - 5 - - 2 3 - 3 2 -
¶ 7 4.6 - 2 4 - 1 1 4 - 3 3 -

Histology
SSM 96 7.2 - 48 36 12 15 31 35 15 73 10 13
NMM 47 5.4 - 20 26 1 20 11 15 1 24 22 1
ALM 6 6.6 - 3 3 - 3 - 3 - 3 2 1
LMM 4 5.1 - 2 1 1 - 1 1 2 1 1 2
Others 4 - - 2 2 - 1 - 3 - 2 1 1

¶: Information/results lacking.

Table II. Spearman rank and Kruskal-Wallis test (histology only) correlation analysis (p-values).

TRP-1 galectin-1 Melan-A Ki-67

T-stage 0.002 (R=-0.28) 0.29 0.54 <0.001
Histology 0.02 0.14 0.21 <0.001
TRP-1 - 0.03 (R=0.18) 0.02 (R=0.21) 0.47
galectin-1 - - 0.24 0.01 (R=0.21)
Melan-A - - - 0.67
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Figure 1. Overall survival (a) and disease-free survival (b) based on the expression of Ki-67.



had SSM, forty-seven (30% ) had NMM, six patients (4% )
had ALM, four patients (2.5% ) were diagnosed with LMM
and four patients (2.5% ) had other subtypes or were
unclassified (Table I).

For TRP-1, 36% of the primary tumors were grade 3,
28% grade 2 and 24% grade 1 (Table I). For galectin-1,
44% of the primary tumors were grade 3, 47% were grade
2, none were grade 1.

The overall survival and disease-free survival was
investigated with respect to expression levels of the studied
proteins in primary tumors. A total of 60 patients (38% ) out
of 157 included in the study relapsed during the follow-up
period. For TRP-1 no association was found for overall
survival (p>0.63) or for disease-free survival (p>0.14). The
same applied for galectin-1 with overall survival (p=0.46) and
disease free survival (p=0.63). A statistically significant
association was, however, found between Ki-67 expression and
both overall and disease-free survival (p<0.001) (Figure 1).

TRP-1 (p=0.002, (R=–0.28)) and Ki-67 (p<0.001,
R=0.3)) were associated with T-stage, where TRP-1 was
inversely correlated. This was however not found for
galectin-1 (p=0.29). Further correlation analyses are shown
in Table II. A significant correlation was found between the
expression of TRP-1 and galectin-1 (p=0.03).
For the metastases included in the study 19% were grade 3
for TRP-1, 25% were grade 2 and 42% were grade 1. For
galectin-1, 42% of the metastases were grade 3, 47% grade
2 but none were grade 1. For Ki-67, 39% had low
proliferative activity (<20% positive tumor cells) and 53%
had high proliferative activity (≥20% positive tumor cells)
(Table III).

Discussion

The incidence of malignant melanoma is increasing and with
the exception of tumor excision, there is a lack of effective
treatment. Further, melanoma is a disease with a very poor
prognosis for the patients with advanced stages. A difficult

task and a challenge is to select patients in the curable stages
where extra efforts could provide the difference between life
and death. It is thus of importance to identify genes/proteins
that may function as new potential targets for therapy as well
as new molecular markers for diagnosis and/or prognosis.

galectin-1 has already been indicated as a potential
prognostic marker in other malignancies (15), also, both
TRP-1 (21) and galectin-1 (15) have been suggested as
potential cancer therapy targets.

The results from the current study show a statistically
significant correlation between TRP-1 and galectin-1
(p=0.03) (Table II). TRP-1 is activated by wild-type p53 and
has promotors with p53 responsive elements (22). galectin-
1 expression has also been attributed to involvement by p53
(23) and therefore a hypothetical explanation to their
correlation might be that both these proteins’ expression is
initiated in a p53 dependent manner. However, this
explanation is purely hypothetical and the current correlation
might simply be due to sequential events in the malignant
progression of malignant melanoma. Further studies are
needed to fully explore this hypothesis.

galectin-1 expression in tumor samples, or neighbouring
tumor tissue, has generally been considered as a sign of
malignant progression (15). galectin-1 was in the present
study expressed as grade 2 or grade 3 (thus intensely
expressed) in all investigated tumor samples. This pattern of
expression has previously been found in pancreatic ductal
adenocarcinomas (24, 25) and bladder transitional-cell
carcinomas (26).

A significant correlation between galectin-1 (p=0.01) and
the proliferation index marker Ki-67 was found. From
preclinical studies of colon cancer cell lines, endogenously
expressed galectin-1 has been reported to induce apoptosis
and is thus negatively correlated with proliferation (27).
Conversely, clinical studies in neuroblastomas and small cell
lung carcinomas (28) has implied a correlation with
proliferation and are thus in concordance with the present
study. In the present study, galectin-1 was not correlated with
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Table III. Patients who relapsed during follow-up and the grades of the investigated proteins in the metastases.

T-stage Number of Number of Metastatic Metastatic Metastatic Metastatic
patients evaluated TRP-1 galectin-1 Melan-A Ki-67

that relapse metastases
1 2 3 ¶ 2 3 ¶ 1 2 3 ¶ <20% ≥20% ¶

T1 11/63 (17% ) 7/11 4 1 1 1 4 2 1 - - 6 1 1 5 1
T2 8/34 (24% ) 2/8 1 - 1 - 1 1 - - 1 1 - - 2 -
T3 21/31 (68% ) 11/21 4 2 2 3 7 2 2 1 1 7 2 3 7 1
T4 15/17 (88% ) 12/15 5 5 2 - 3 9 - 2 2 8 - 7 5 -
¶ 5/7 (71% ) 4/5 1 1 1 1 2 1 1 1 - 2 1 3 - 1

¶: Information/results lacking.



disease free survival (p=0.63) or overall survival (p=0.46).
In previous studies of prostate cancer (29), gliomas (30, 31),
head and neck squamous cell carcinomas (32) as well as in
colon cancer (33), the expression of galectin-1 is of
prognostic relevance. The lack of correlation with survival,
despite the correlation between galectin-1 and high
proliferation rate might be due to the limited number of
patients in the present study. Perhaps a positive correlation
will be found when galectin-1 is investigated in larger patient
populations.

The melanogenic pathway occurs within the melanosome
(possibly due to the inherent cytotoxicity of melanin
intermediates) and melanin pigments are produced by the
action of the melanin-forming enzyme tyrosinase and its
related proteins. TRP-1, also known as mesosomal
membrane protein gp75 or brown locus protein, is a
tyrosinase related protein, involved in the complex synthesis
of melanin. TRP-1 has been found in breast and prostate
cancer cell lines which were derived from non-metastatic
tumors, indicating that TRP-1 is not exclusively expressed in
cells of melanocytic lineage (34).

TRP-1 (p=0.002, (R=–0.28)) as well as Ki-67 (p<0.001,
R=0.3)) were statistically correlated with T-stage but for
TRP-1 this correlation was inverse. In general, the more
advanced tumor (thus the higher T-stage) the more
aggressive biological behaviour and the described correlation
above suggests that TRP-1 might be a marker for biological
aggressiveness in malignant melanoma. Further, survival
analysis did not show that TRP-1 over expression was
correlated with disease free survival (p>0.14) or overall
survival (p>0.63). These data are in accordance with a study
by De Wit et al. (35) in which semiquantitative RT-PCR of
melanocytic tumor lesions showed that pooled primary
malignant melanoma samples express TRP-1 at considerable
higher levels than samples from metastases from malignant
melanoma. Further, in a study by De Vries et al. (36), TRP-
1 seemed to be less expressed in advanced primary lesions
as well as in metastases of human cutaneous melanoma.
Fang et al. (37) attributed these findings to the fact that the
invasive front in malignant melanoma is in general TRP-1
negative. In the present study, the expression of TRP-1
seemed to be stronger in the superficial parts of the tumor
and as described by Fang et al. (37), to be lesser expressed
in the invasive front of the primary malignant melanoma.

The expression of Ki-67 that was subdivided into two
groups (<20% and ≥ 20% ) showed a statistical significant
correlation with overall survival (p<0.001) and disease free
survival (p<0.001), (Figure 1). Patients with the more
proliferative active tumors (high Ki-67 labeling index) showed
a higher risk of relapse and poorer outcome compared with
patients with low Ki-67 labeling index. In addition, the
expression of Ki-67 was statistically significant correlated
with T-stage and histology (p<0.001) (Tables I and II). High

levels of proliferating tumor cells (≥ 20% Ki-67 positive
melanoma cells) were associated with thicker tumors and also
with the morphologically defined nodular sub-type (NMM).
This was clearly evident when compared with the SSM sub-
type, which more often showed low proliferative activity
(<20% ) (Table I). The role of a proliferation index as a
marker in diagnostics of established melanoma tumors has
been debated and results from different studies have not
rendered Ki-67 staining as an independent marker with
prognostic significance. Studies have been published
describing the importance of the proliferative activity in both
thin (<1 mm) (38) and thick melanomas (>4 mm) (39).
However, other studies have not been able to verify these
results (19, 40).

In conclusion, the present study describes the protein
expression of galectin-1 and TRP-1 in cutaneous malignant
melanomas, demonstrating the usefulness of protein
expression profiling using the protein atlas approach.
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