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Introduction 

Epidemiology 
Malignant melanoma, though relatively uncommon worldwide, is a disease 
with a rapidly increasing incidence. Between the mid 1960s and the mid 
1980s, the incidence of melanoma rose between 3% and 8% a year in most 
studied European populations.1 In the US, the increase in incidence of inva-
sive melanoma was 6.1% per year between 1973 and 1981 and 2.8% per 
year between 1981 and 1999.2 In 2006 it is estimated that 62 190 new mela-
nomas will be diagnosed in the US and result in 7910 deaths.3 In Sweden, 
2122 new cases of malignant melanoma were reported to the Swedish Can-
cer Registry in 2005. There was a yearly incidence increase, from 1984 to 
2005, of 2.2% for men and 1.9% for women.4 The rate of incidence increase 
momentarily decreased in the 1990s but has again started to rise in the 21st 
century.5, 6 The overall melanoma mortality has however risen at a slower 
rate than incidence. 5-year survival rates for invasive melanoma have in-
creased from approximately 80% in the late 1970s to more than 90% today. 
This correlates with the proportion of melanomas diagnosed in situ which 
has risen to more than 40% in present time as compared to less than 10% in 
the 1970s.2 It also correlates with the fact that the incidence of thick tumors 
has continued to rise only in older men. 

The incidence of malignant melanoma, in fair skin populations, also var-
ies worldwide with the latitude and altitude, with generally higher incidence 
reported nearer to the equator and at higher altitude.7-10  

Melanoma affects a younger patient population than many other malig-
nancies. The median age at diagnosis, 1998 to 2002, was 57 years of age 
according to SEER Cancer Statistics. Today however the median age at di-
agnosis is 62 years of age, successively increasing.4 Still each death related 
to melanoma corresponds to about 19 years of life lost, one of the highest for 
any cancer. Furthermore, there is evidence indicating a rapidly rising inci-
dence in children and teenagers.11-14  

Overall, melanoma is more common in men than women. There is also an 
age specific incidence rate. In Sweden, for example, melanoma is more com-
mon among women younger than 54 years of age and more common in men 
older than 54 years.6 
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Pathology 
Melanoma arises from the melanocyte cell type. These cells are specialized 
to synthesize and transfer the photo protective melanin pigment to surround-
ing keratinocytes. In adult skin, melanocytes only divide intermittently, but 
can increase their mitotic rate several fold when needed, for example in 
wound healing or when exposed to UV light.  

Melanoma is, like most cancers, very complex, and may be the result of 
many different genetic alterations, environmental factors and host factors.  

It has been observed that melanomas commonly evolve through certain 
stages of tumor progression, going from a radial, non-tumorigenic growth 
phase (RGP), to the vertical, tumorigenic, phase (VGP).15-18 The RGP is 
considered to have no metastatic potential while the VGP is believed to have 
capacity for metastasis. The relationship between in situ melanoma and inva-
sive melanoma is not clear.19 Although it is commonly maintained that virtu-
ally all melanomas progress through an in situ stage, 20, Hemminki and col-
leagues presented data suggesting that they do not involve a simple precur-
sor-product connection.21  

A number of relevant oncogenes or tumor suppressor genes have been 
found in association with melanoma development. Up to 80% of the benign 
naevi and almost 70% of the malignant melanomas have activating muta-
tions in the oncogene B-RAF.22, 23 It has been suggested to be essential to the 
evolution and maintenance of malignant melanoma. The mutations lead to 
downstream activation of the Mitogen Activated Protein 
Kinase/Extracellular Regulated Kinase (MAPK/ERK) pathway which in turn 
down regulates the pro apoptotic proteins BIM and BAD,24 leading to in-
creased resistance to apoptosis. Other frequent gene alterations found in-
volve CDKN2A and RAS with their downstream effectors. Mutations of the 
negative cell cycle regulator p16 (CDKN2A) is found in both families with 
hereditary malignant melanoma and in sporadically developed melanomas.25, 

26 The role of p16 is to induce cell cycle arrest in melanocytes following UV 
irradiation. This makes the cell arrest in G2 phase where DNA repair is per-
formed before cell division, and it also stimulates the cell to produce more 
melanin pigments.27 Therefore, the inactivation of p16 may not only reduce 
melanin pigmentation of the skin, but it may also permit the replication of 
damaged DNA. The p16 loci also encode the p14 protein that regulates p53, 
which in turn regulates growth arrest and apoptosis. RAS mutations are very 
common in all human cancers. Among its downstream effectors, the MAPK 
pathway is found, which when activated provides protection against apop-
tosis.28  

There are four major subtypes of melanoma: the superficially spreading 
melanoma (SSM), the nodular melanoma (NM), the lentigo malignant mela-
noma (LMM), and the acral lentiginous melanoma (ALM).29 However, a 
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substantial number of melanomas do not fit into these groupings and about 
2% of the melanomas are amelanotic.30 

SSM is the most common type of melanoma, constituting two thirds of all 
melanomas. It usually displays a prominent lateral spread throughout the 
epidermis.20 The NM is characterized by its rapid growth, frequent ulceration 
and seeming lack of a radial growth phase. It represents about 10% of the 
melanomas. LMM usually arises in elderly people on sites chronically ex-
posed to the sun, particularly the head and neck.  

The most common form of melanoma in Asian and dark skinned popula-
tions are the ALM. It arises on the palms and soles of the patient.27 Unfortu-
nately it is often diagnosed at an advanced stage because it is commonly 
mistaken both by patient and clinician as warts, inflammatory lesions or 
traumatic lesions. In fair skinned populations it accounts for less than 5% of 
the melanomas. 

Histological features often, but not always, present in melanomas include 
asymmetry of the border, ulceration, cytological atypia, a specific pattern of 
involvement of the epidermis called pagetoid spread, lack of melanocyte 
maturation and the presence of mitosis.27   

Risk factors 
Several risk factors for the development of melanoma have been identified. 
The most well known and commonly associated being UV irradiation. The 
protective function from UV light in the skin is mediated by two basic proc-
esses: absorption and scattering. Absorption is the loss of energy in the pig-
ments embedded in the stratum corneum and epidermis. Scattering occurs in 
the dermis and is basically an alteration of light direction.31 Earlier studies 
have been mainly focused on UVB in the belief that these wavelengths were 
predominant in carcinogenesis. However, recent studies have increasingly 
attributed UVA a role in the pathogenesis of melanoma.32, 33 UVA and UVB 
induce melanoma through different intracellular mechanisms. UVA is not 
thought to be as efficient in carcinogenesis as UVB, but since it makes up 
about 90-95% of the UV irradiation that reaches the skin, it is probably still a 
very important factor.  

Many studies have also examined the role of chronic versus intermittent 
sun exposure in melanoma development.34-36 Confirmation of the thesis that 
intermittent sun exposure is a risk factor for melanoma development and that 
chronic exposure actually provides protection from the disease was recently 
presented in a meta-analysis.37 Also, considering the biology of sun exposure 
on skin; more exposure inducing better protection, there is logic to the fact 
that intermittent sun exposure produces more damage.37 Sunburn is also a 
uniformly accepted risk factor, even though the debate is ongoing about 
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when, in childhood, adolescence or adulthood, the sunburn causes the most 
damage.  

Phenotypic features associated with increased melanoma risk are red hair, 
fair skin, blue eyes and freckling. These characteristics are however strongly 
correlated with skin photosensitivity and Gandini et al suggest that they are 
likely risk factors only due to their relation with skin phenotype.38 Firmly 
established is the fact that increased number of both melanocytic and/or 
atypical naevi increases the risk for melanoma.39 Also, a family or personal 
history of melanoma signals increased risk. It is approximated that 8-12% of 
all melanoma patients have a hereditary component.38   

The use of sun beds is more common in patients with malignant mela-
noma than in the normal population.40 However, if this is due to the actual 
use of the sun bed or if it is an indication of other risk behavior, with inter-
mittent sun exposure and sunburn, is not known. Despite this, the Interna-
tional Agency of Cancer Research regards these implications with such seri-
ousness that they recommend restricted access for minors and young adults 
to indoor tanning facilities.41 

Diagnosis 
Symptoms 
Melanoma is a very dangerous and deadly disease if it is not discovered in 
its early stages. Melanoma may develop from an already existing naevi or it 
may develop as a whole new lesion. In advanced stages it can itch, ooze or 
bleed but at the earlier stages it will, in most cases, not be conspicuous and 
may therefore pass unnoticed. For this reason, a special set of criteria called 
the ABCD:s have been developed to aid the doctor and patient in knowing 
what to look for.42 

A- Stands for asymmetry, and refers to the shape of the lesion, where 
one half should match the other. 

B- Stands for border, which in a malignant lesion often is ragged, 
blurred or irregular. 

C- Stands for color. The color should not be uneven. 
D- Stands for diameter, and should not exceed 6 mm.     

However, melanoma has many faces. Some melanomas may present with all 
the ABCD features while some may show none at all. Therefore the most 
important development to keep in mind is change over time, change in an 
already existing naevi or the appearance of a new one. To this end it has 
recently been suggested in the new clinical guidelines, Upp-
sala/Örebroregionen, Sweden, 2008, that an E should be added to the 
ABCD:s, where the E stands for evolution of an already existing naevi. This 
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could include change of  color, shape or size4 and could be very helpful in 
patients with a large number of dysplastic naevi, when excision of all sus-
pected naevi is not easily done or unnecessary.    

Diagnostic investigations 
As a complement to the visional inspection of a suspected lesion, the trained 
examiner might add clarity to the diagnosis by using the dermatoscope. This 
examination can increase diagnostic accuracy with 15%.43, 44 However, when 
a malignant melanoma is suspected a biopsy is the only way to make a defi-
nite diagnosis. Most often the biopsy will be excisional, which means that 
the whole lesion is removed, and this is then sent to the pathologist. Depend-
ing on the size of the lesion, it is always recommended to make a full exci-
sion for pathological examination. A tumor arising in an already existing 
naevi most often does not affect the whole lesion and may therefore be 
missed if only a piece is taken for full examination. Also, if a benign lesion 
is removed without radicality, there is risk of local recurrence, which is dif-
ficult to assess for malignancy for the pathologist and therefore poses a prob-
lem for both patient and clinician.      

Pathological examination of the tumor confirms the diagnosis and certain 
elements of the tumor are assessed: 
1. Thickness is measured, according to Breslow, where the tumor has its 

thickest component, and is stated in mm.  
2. Tumor invasion level according to Clark. (table 1) 
3. Ulceration, a poor prognostic feature, is the presence of a non-traumatic 

sore on the lesion. 
4. Morphological subtype, (SSM, NM, LMM, ALM, etc.). 
5. Radicality of the excision.  
Other findings which should be noted if present are signs of regression 
within the lesion, vascular invasion and microsatellites.45 
 

  

   
 
 
 
 
 

Table 1.46 
 

 Clark’s level of invasion 
I In situ, localized within the epidermis 
II Tumor cells present in papillary dermis 
III Tumor cells throughout papillary dermis but not infiltrat-

ing the reticular dermis  
IV Tumor cells invading the reticular dermis 
V Tumor cells in subcutis 
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If there is a strong suspicion of malignancy in a naevi or an extended exci-

sion of the lesion is performed after the diagnosis of malignant melanoma, a 

sentinel lymph node extirpation may also be done at the same time to inves-

tigate regional spread of the disease.47 

Patients with local regional metastasis have at least a 50% risk of sys-

temic spread. Therefore, additional diagnostic investigations should be per-

formed including liver investigation and lung x-rays.45 

Staging 

Malignant melanoma is classified according to the tumor-node-metastasis 

(TNM) system developed by the American Joint Committee on Cancer. This 

system characterizes the primary tumor, regional nodal status and distant 

metastasis.48 

 

 Melanoma TNM classification  
T-stage Thickness Ulceration status 

T1 � 1.0 mm a: without ulceration and Clark level II/III 

b: with ulceration or Clark level IV/V  

T2 1.01-2.0 mm a: without ulceration  

b: with ulceration 

T3 2.01-4.0 mm a: without ulceration 

b: with ulceration 

T4 > 4.0 mm a: without ulceration 

b: with ulceration 
 Table 2a 49 

 

N-stage No. of metastatic nodes Nodal metastatic mass 

N0 no node  

N1 1 node a: micrometastasis* 

b: macrometastasisº 

N2 2-3 nodes a: micrometastasis* 

b: macrometastasisº 

c: in transit met(s)/satellite(s) 

without metastatic nodes 

N3 � 4 nodes, or matted nodes, or 

in transit met(s)/ satellite(s) 

with metastatic nodes 

 

 
Table 2b 49 

* diagnosed after node extirpation                                                                                 
º clinically detectable nodal metastasis or gross extra capsular extension of metastasis 
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M-stage Site LD-levels 

M0 no distant metastasis  

M1a distant skin, subcutaneous, or nodal 

mets  

normal 

M1b lung metastasis  normal 

M1c all other visceral metastasis   

 

any distant metastasis 

normal 

 

        elevated 
 
Table 2c 49 

 

Stages of disease 
M0 T1a T1b T2a T2b T3a T3b T4a T4b M1 

N0 IA IB IB IIA IIA IIB IIB IIC IV 

N1a IIIA IIIB IIIA IIIB IIIA IIIB IIIA IIIB IV 

N1b IIIB IIIC IIIB IIIC IIIB IIIC IIIB IIIC IV 

N2a IIIA IIIB IIIA IIIB IIIA IIIB IIIA IIIB IV 

N2b IIIB IIIC IIIB IIIC IIIB IIIC IIIB IIIC IV 

N2c  IIIB IIIB IIIB IIIB IIIB IIIB IIIB IIIB IV 

N3 IIIC IIIC IIIC IIIC IIIC IIIC IIIC IIIC IV 

M1  IV IV IV IV IV IV IV IV  
 
Table349 

Treatment 

Surgery 

Management of malignant melanoma is based on the extent of the disease, 

classified according to the TNM system. Treatment can be either aimed for 

cure or palliation. The primary management of melanoma is however usually 

surgical. This treatment varies in excision margin with consideration to the 

Breslow thickness of the lesion. The margins used have been evaluated in 

several studies. WHO Melanoma Program started a randomized prospective 

clinical trial in 1987 and finishing 1993, with the conclusion that melanomas 

� 1mm (T1) very rarely reoccur locally and an excision margin of 1cm is 

sufficient as treatment.50 The T2-T4 staged melanomas have a recommended 

excision margin of 2 cm. In a randomized prospective clinical trial presented 

by the Swedish Melanoma Group in year 2000, no statistical difference be-

tween survivals and/or local recurrence was found between groups with 2 cm 

or 4 cm excision margins.51  
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Sentinel lymph node biopsy 
Sentinel lymph node biopsy (SLNB) is recommended for melanomas thicker 
than 1 mm, (however not in the head and neck area), and should be consid-
ered for melanomas thinner than 1 mm in selected cases.52 These selection 
criteria are still under discussion. Various suggestions have been made, for 
example that melanomas � Clark level IV 53, 54, melanomas with a vertical 
growth phase, and melanomas with ulceration should be considered as high 
risk lesions and considered for SLNB.4, 55  

In Sweden today, if a sentinel node is found positive for metastasis, the 
patient will either be randomized within a multicenter clinical trial for either 
additional lymph node excision or further clinical follow-up, or if the clinic 
is not partaking in the study, additional lymph node excision can be per-
formed with consideration to the individual patient and the characteristics of 
the initial lesion.4, 45  

Surgery for metastases 
For local recurrences, as well as metastasis in skin or dermis, recommended 
treatment is excision with histological free margins.45 Also, when it comes to 
metastasis to regional lymph nodes surgery and additional excision of the 
entire lymph node station is recommended.4 Surgery when it comes to dis-
tant metastasis, has however been widely discussed during the years. A study 
by Hoon et al in 1995 showed that most patients with stage IV melanoma 
have tumor cells circulating in their blood.56 They also discovered that 75% 
of the patients with stage III disease had circulating melanoma cells. Despite 
this, stage III patients have a 40% 5-year survival rate after regional lymph 
node dissection and many of them appear to be disease free.57 This suggests 
that circulating tumor cells does not necessarily mean widespread metastasis, 
which could help explain why surgery in stage IV patients improves their 
long term survival. For example, positive survival benefits have been re-
ported when it comes to excision of solitary lung and brain metastasis.58-61 
The use of surgery when it comes to liver metastasis is more unclear, most 
probably due to the fact that solitary liver metastasis are very rare and may 
be unresectable due to location or poor host liver function.45 Evidence also 
indicates that reduced tumor burden is beneficial for host immune system 
and some adjuvant vaccine trials require surgical tumor burden reduction 
before vaccination starts.62 Surgery may also be used as a form of palliation, 
for example if tumors infiltrate the spine. 
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Chemotherapy 
Adjuvant treatment 
DTIC 
Several studies have investigated the use of single-agent or polychemother-
apy in the adjuvant setting to patients at high risk of recurrence. Most of 
these have used DTIC either in combination or alone. They have however 
not been able to show any improvement in survival compared to surgery 
alone.63-67 In one randomized controlled study performed by the Central On-
cology Group, patients with stages II-IV, and treated with DTIC, actually did 
worse than the control group.68 

Advanced disease 
Chemotherapy only has a place in the treatment of malignant melanoma in 
patients with metastatic disease (stage IV). These patients have an overall 
survival rate of less than 5%, and systemic treatment has to date not showed 
any beneficial effect regarding this.69 Several single agent chemotherapies 
have been tried in an effort to find a drug active against melanoma. Among 
these the most active are triazenes, nitrosoureas, platinum compounds, vin-
caalkaloids and taxanes.  

DTIC 
The corner stone of chemotherapy and the most thoroughly investigated 
single agent in treatment of metastatic melanoma is dacarbazine, (DTIC), a 
triazene.70 In the US it is the only approved chemotherapeutic agent for 
melanoma treatment and considered standard reference therapy for stage IV 
patients. Response rates reported from several studies varies between 15-
20%.71, 72 Complete remission has been reported in less than 5% and median 
survival is 4-6 months.73, 74 Dacarbazine is an alkaylating agent metabolized 
to its active form in the liver. It does not penetrate the blood-brain barrier 
and is administered intravenously either as single or multiple doses once 
every third-fourth week. The drug is relatively well tolerated and the most 
common side effects, (except myelosuppression), nausea and vomiting, can 
usually be curbed by routine use of serotonin antagonists.  

Temozolomide 
Temozolomide is also a triazene and shares its active metabolite with DTIC. 
It is orally administered and has demonstrated a 100% bioavailability, con-
verting to the active metabolite MTIC under physiologic conditions.75 It also 
penetrates the blood-brain barrier, which makes it useful when it comes to 
brain metastasis.76 Comparisons made between temozolomide and DTIC in 
phase III studies demonstrates similar results in the two arms.74, 77 Both stud-
ies however, showed that the groups receiving temozolomide had a slightly 
better overall survival time, even though not statistically significant, and one 
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that the temozolomide patients had a slightly higher quality of life in almost 
all aspects evaluated. Temozolomide can be considered first line treatment of 
stage IV patients in Sweden today. 

Nitrosoureas 
The nitrosoureas exert their cytotoxic effect by inhibiting the repair of DNA 
strand breaks. The most interesting of these agents regarding melanoma 
treatment is fotemustine, (FTMU). In several phase II studies it has been 
shown single agent effectiveness ranging between 20-25% in overall re-
sponse rates.78-81 FTMU has a lipophilic profile which makes it capable of 
crossing the blood-brain barrier and in five independent phase II studies the 
median response rate in cerebral metastases was 22% when treated with 
single agent FTMU. In a phase III study comparing FTMU with DTIC, the 
patients in the FTMU arm showed a significantly improved overall response 
rate and also a prolonged median overall survival time, (7.3 vs. 5.6 months). 
Moreover, the median time for brain metastases occurrence was about three 
times longer in the FTMU group.73 Both drugs have similar toxicity profiles.      

Polychemotherapy 
Many chemotherapeutic drug combinations have been tested on metastatic 
melanoma over the years. Unlike most other cancers, where combinations of 
chemotherapy have proven superior to single drug treatment, no convincing 
results have been found concerning combination therapy in melanoma. Even 
though initial phase II trials combining DTIC with other chemotherapeutic 
agents showed very promising results, the following phase III trials have not 
been able to conclude any survival benefits from combination therapy but 
the morbidity however greatly increased.72, 82-86  

Paclitaxel and carboplatin 
This combination for the treatment of metastatic melanoma has a rationale 
deriving from the fact that both these chemotherapeutic agents have minor 
degrees of activity in melanoma87-90, and in vitro studies and clinical data 
suggest synergistic effects between the drugs when used in combination in a 
variety of tumors, including melanoma.91-94 Also, the toxicity of these drugs 
should not overlap. However, it seems that the combination of these drugs 
has only limited efficacy, and adds significantly to hematological toxicity.95, 

96 In one of the studies, the authors however suggest that the combination 
therapy could be considered in selected patients as a second line therapy.  



 19

Biological treatment 
Adjuvant treatment 
Interferon-� 
A meta-analysis comparing adjuvant interferon-� in high risk melanoma 
patients (stage IIB and III) to observation provided evidence that interferon-
� prolongs recurrence free survival with a 17% risk reduction of recurrence 
and a 7% risk reduction of mortality.97 The treatment has been approved in 
the US in the adjuvant setting for high risk patients.  

Vaccination 
Many different vaccines have been tried in the adjuvant setting in the treat-
ment of malignant melanoma. In three larger phase III studies, patients with 
stage II and III melanoma were vaccinated with allogeneic whole-cell vac-
cine in the adjuvant setting.98-100 In one of the studies, the patients that re-
ceived vaccine+vaccinia virus had a longer survival than the patients in the 
control arm only receiving vaccinia virus.98 In the other two studies, vaccine 
versus observation, no significant survival benefit was found between the 
two groups.   

Advanced disease 
Interferon-alpha 
Among the interferon’s, IFN-alpha (IFN-�) is the most commonly used in 
cancer therapy. The mechanisms of the drug’s activity are not fully under-
stood but multiple activities have been noted. Among these, stimulation of 
natural killer cells and monocyte/macrophages are present.27 Several studies 
have shown an overall response rate of 10-20% with <5% complete re-
sponses and a median duration of 6-9 months.101, 102 However, discouraging 
as this may seem in the search for better melanoma treatment results, some 
of these responses have actually proven to be quite long lived. Unfortu-
nately, the toxic effects of this treatment are common and include fever, 
headaches, loss of appetite, myalgias and myelosuppression.103 Because of 
the relatively low response rates, this treatment is recommended to only be 
considered in an adjuvant setting or in combination with chemotherapy.  

Interleukin-2 
IL-2 is a cytokine that occurs naturally in the body. It stimulates growth and 
activity of T-lymphocytes. Also downstream of its activation other cytokines 
such as TNF, INF-� and IL-1 are produced.104 It has showed interesting re-
sults with response rates around 20%, about the same results single agent 
chemotherapy has shown.105, 106 Further encouraging is the fact that some of 
these responses were complete and about half of those lead to a disease-free 
survival exceeding 2 years. However, IL-2 toxicity is severe and attempts to 
lessen side effects by different approaches (continuous infusion, lowered 
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doses etc.) have been thwarted by loss of response rates. A 1-2% mortality 
rate may be associated with the treatment, and other acute side effects such 
as cardiovascular, renal, pulmonary, neurologic and hematologic distur-
bances are common.  

Vaccination 
Vaccination is a very interesting approach to treatment of cancer. In theory it 
could activate the body’s own defense against disease and bring its attention 
to the cancer cells. Also, it should not be associated with any unwanted side 
effects. These vaccines, unlike most vaccines against infectious diseases, 
would be designed to eradicate existing disease within the host rather than 
preventing disease from taking root. The vaccines tested against melanoma 
cells so far have been produced by two different approaches, polyvalent cell 
derived vaccines and vaccines targeting specific antigens. The use of vac-
cines targeting specific antigens, such as gangliosides or peptides, is particu-
larly interesting since these molecules are more specific to the tumor and it is 
a more reproducible vaccine. A recently published randomized phase III trial 
comparing DTIC to vaccination with autologous peptide-pulsed dendritic 
cells (DC) in first line treatment of patients with disseminated melanoma 
could not demonstrate any beneficial effect provided by the vaccination. 
Also, this particular study had to be terminated earlier because the patients in 
the control arm fared so much better than the experimentally treated patients 
at an interim checkpoint.107 The US National Institute sponsored a controlled 
study with the vaccine called Melacine, (Ribi Immunochemical Co. and 
Corixa), comparing the vaccine with a polychemotherapy regiment contain-
ing tamoxifen, DTIC, cisplatin and carbamustine, in patients with stage IV 
melanoma.108 There was no significant difference in survival between the 
two groups but the vaccine is actually licensed for use in Canada.    

Adoptive cell transfer immunotherapy 
A potentially promising new approach to treatment of patients with refrac-
tory disease is adoptive cell transfer immunotherapy, (ACT). It is based on 
the ex vivo extraction of tumor-reactive lymphocytes from the patient. The 
lymphocytes are then activated and numerically expanded before they are 
given back to the patient.109 Dudley et al recently reported promising results 
from a study of 35 patients with disseminated treatment refractory malignant 
melanoma.110 The patients were pre-treated with lymphodepleting chemo-
therapy and given high-dose IL-2. They reported an objective clinical re-
sponse in 51% of the patients, including three complete responses. The 15 
partial responses had a mean duration of 11.5±2.2 months. This treatment is 
however not uniformly accepted, but phase III studies are ongoing. 
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Combination 
Combinations of IL-2 and IFN-� in animal models have shown promising 
results with a better effect than each drug alone. Also, phase II trials combin-
ing the two have shown encouraging results. However, these results were not 
able to duplicate in a randomized clinical phase III trial comparing IL-2 and 
IFN-� to IL-2 alone in metastatic melanoma, where response rates were not 
significantly different between the two arms.111  

Chemoimmunotherapy 
Adjuvant treatment 
A promising new approach to adjuvant treatment of patients with high risk 
of recurrence have recently been investigated by Stadler et al in a controlled 
randomized multicenter trial.112 252 patients, (248 stage II-III and 4 stage 
IV), where treated either with DTIC and low dose interferon-� or followed 
with observation. The patients in the experimental arm showed a statistically 
significant risk reduction, almost 50%, of melanoma related death. Also, 
there was a close to significant beneficial effect in terms of overall survival. 
To be noted is also the fact that this was a well tolerated treatment in regard 
to toxicity, the low dose interferon-� causing patients’ minimal possible 
discomfort. 

Advanced disease 
Numerous trials have explored the effects of chemotherapy in combination 
with immunotherapy, (i.e. IL-2 and/or IFN-�). Non-randomized phase II 
trials have shown results with response rates up to 60%, complete response 
rates 10-20% and even some benefit in terms of overall survival.113-116 De-
spite this,  Schrader et al drew the conclusion, in a review paper 2000,117 that 
even though addition of immunotherapy to either single-agent or polychemo-
therapy increases response rates it does not provide a significant survival 
benefit for patients with stage IV melanoma. Also, toxicity is greatly in-
creased with the combination treatment. But, at the time Schrader came to 
his conclusion very few randomized prospective trials had been performed. 
However, recently published phase III trials combining chemotherapy with 
IL-2 and/or IFN-� have not been able to show that the better response rates 
associated with the treatment translates to a longer overall survival.118-122 

Radiation 
Adjuvant treatment 
The role of adjuvant radiotherapy following surgery is not completely clear.  
Data is limited and up to date (to the author’s knowledge), there is only one 
randomized controlled clinical trial, published in 1978, comparing surgery 



 22 

plus irradiation to surgery alone in stage III melanoma. This study was how-
ever inconclusive; it was small, the radiation schedule used was exceptional 
and variables within the lymph node basin was not reported.123  There are 
however prospective and retrospective single institution studies. These 
mostly deal with adjuvant radiation in melanoma metastatic to lymph nodes, 
where the treatment goal is avoidance of local recurrence that causes signifi-
cant symptoms and respond poorly to palliation. A few have also looked into 
the use of radiation when it comes to primary melanoma.  

Recurrence rates as high as 30-50% has been reported after local lymph 
node dissection in patients with stage III melanoma.124-127 However, with 
adjuvant radiation therapy local control rates have been reported at 87-
94%.128-130 Still, concerns about serious complications due to radiation, and 
the fact that these patients have a high probability of distant metastases, have 
put the use of this treatment modality into question. Therefore, clinicians 
have sought after an approach to managing these patients based on the con-
current factors for each patient. Ballo et al approach the subject in a study 
published in 2006.130 The study identified a number of characteristics as 
indication for this treatment: metastatic lymph node extra capsular exten-
sions, �4 lymph nodes, lymph nodes �3 cm and recurrence of local disease. 
They also found that patients with more than 10 involved lymph nodes have 
a high risk of distant failure and brain metastases in particular, even though 
local control has been attained. Therefore, they raise the question if a poten-
tial treatment might be prophylactic cranial irradiation, which have been 
shown to improve overall survival by 5% in small-cell lung carcinoma of 
limited stage, and inquire for further clinical investigation.131 Furthermore, 
they found that patients with groin metastases suffer a high risk of long-term 
lymph edema whereas patients with disease in the cervical lymph nodes run 
a low risk of toxicity after radiation therapy. Logically, this suggests that the 
indication threshold might be raised for radiation therapy in groin metastases 
and lowered for cervical lymph node disease.    

Solitary metastases 
Melanoma has historically, in comparison to other cancer types, been re-
garded as less sensitive and responsive to radiotherapy. However, during the 
years, proof of the efficacy of radiation therapy in the treatment of mela-
noma has accumulated, and current data suggest that melanoma has a wide 
range of sensitivity to radiation.132 Also, with hypofractionated schedules, 
which is radiation delivered as few but large doses, an effective palliation 
can be achieved. Therefore, palliation by radiotherapy in solitary metastases 
is an alternative, since higher radiation doses can be delivered to smaller 
volumes without unacceptable acute or late toxicities. The areas of use of 
radiation therapy in metastatic melanoma are mainly in patients with cere-
bral, skeletal, intrathoracic or nodal metastases. For example, radiation ther-
apy alone in treatment of brain metastases shows a clear palliation of symp-
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toms even though median survival is not significantly prolonged.133, 134 Also, 
skeletal melanoma metastases respond like most cancers with pain relief on 
radiation.135 

Prognosis 
In 2001, Balch et al published a study based on data from 13 prospective 
databases on melanoma patients. 17,600 patients’ data was analyzed to find 
clinical and pathological factors predicting outcome in melanoma patients.136 
The results also proved to be a validation of the new AJCC melanoma stag-
ing system.  

Localized melanoma: Stage I and II 
In localized melanoma the most powerful predictive factors for patient out-
come is the thickness of the lesion and if it is ulcerated or not. With increas-
ing thickness there is also an increasing frequency of ulceration, however 
ulceration is still an independent factor for prognosis. Ulceration is a patho-
logical diagnosis and is the loss of continuity in the epithelium over the tu-
mor. Ulcerated melanomas exhibit similar survival rates as for non-ulcerated 
melanomas in the next thickness category. Only in melanomas � 1 mm the 
level of invasion was more important than ulceration predicting patient out-
come. Other predictive factors are patient age, sex and site of lesion, where a 
worse prognosis is associated with higher age, male gender and primary 
melanoma on the head, neck and trunk. 
 
Factors predicting outcome in melanoma stage I and II 
< 1 mm 1.01-2.00 mm 2.01-4.00 mm > 4 mm 
Level Ulceration Ulceration Ulceration 
Ulceration Site Age Age 
Age Age Site Level 
Site Level Level Sex 
Sex Sex Sex Site 
Table 3. 136  

 
Overall 5-year survival for patients with stage I melanoma is 89-95% de-
pending on the individual prognostic factors. For stage II melanoma patients 
the same survival ranges between 45% and 77%, where 45% 5-year survival 
is for patients with primary melanoma > 4 mm and ulceration.48   
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Regional metastases: Stage III 
The most powerful predictive factor in patients with stage III melanoma is 
the number of metastatic nodes. They have been grouped, 1, 2-3 and �4 
nodes, according to statistical correlation with 5-year survival. Also, the size 
of the tumor burden, microscopic versus macroscopic, is a powerful outcome 
predictor. After these two characteristics comes ulceration of the primary 
lesion, site and age, in that order, as factors statistically significant for prog-
nosis. Overall survival for the stage III patients was 49% at 5 years and 37% 
at 10 years. However, patients with only one metastatic node and a non-
ulcerated primary melanoma has a 5-year survival rate of 69% while the 
stage III patients with the worst prognostic features only has a 27% survival 
after 5 years.48  

Distant metastases: Stage IV 
Stage IV melanoma has a dismal prognosis with a median survival of 4-6 
months, and an overall 5-year survival rate between 9 and 19%.48 Most im-
portant prognostic factors identified for patient outcome is site of metastases, 
number of metastatic sites and elevated serum LDH.137-139 Patients with me-
tastases located in visceral sites have a worse prognosis than patients with 
distant spread to skin, subcutaneous tissues or lymph nodes. Also, metastases 
to the lung have proven to have a better prognosis than other visceral sites. 
Maybe the single most important prognostic factor in disseminated mela-
noma is the number of metastatic sites, where one site displays a 1-year sur-
vival rate of 36%, two sites 13% and three sites or more a 0% survival after 
one year.137 

Blood tests and serum markers 
Disseminated malignant melanoma has a very poor prognosis and there is a 
lack of effective surveillance strategies. So far, observation by a clinician is 
the dominating strategy for detection of recurrent disease. However, this 
strategy can not detect nor predict distant spread.140 Imaging techniques, 
including CT scans, is not realistic routine surveillance options, due to costs, 
and also these examinations cannot detect microscopic disease.141, 142  
Therefore, a serum marker that could detect occult melanoma metastases is a 
very attractive alternative. Unfortunately, no melanoma serum marker has 
yet proved to be very useful, although promising markers are being investi-
gated.   
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Angiogenesis 
The growth and metastasis of most solid tumors are dependent on the re-
cruitment of new blood vessels.143 This process is crucial for most solid tu-
mors to grow beyond a volume of 1-2 mm3.144 However tumors that have 
undergone adequate vascularization may enter a phase of growth and in-
creased metastatic potential. This theory has also found support in many 
studies showing a correlation between tumor blood vessel density and poorer 
prognosis in patients with malignant melanoma as well as other malignan-
cies.145, 146  

Investigated markers 
VEGF   
VEGF, (vascular endothelial growth factor), is expressed by several different 
cell types, for example keratinocytes and smooth muscle cells.147, 148 VEGF 
has also been found in a variety of tumors.149-151 There are at least four dif-
ferent VEGF molecule species, all derived from the same gene through dif-
ferent exon splicing.152 Three tyrosine kinase receptors, VEGFR-1 (Flt-1), 
VEGFR-2 (Flk-1/KDR) and VEGFR-3 (Flt-4) help VEGF influence cellular 
functions.153, 154  

These receptors are expressed almost exclusively in endothelial cells,155 
but have also been found to be expressed by various tumor cells such as Ka-
posi’s sarcoma,156 ovarian and breast cancer cell lines,157 and melanoma.158  
Through the interaction with VEGFR-2, VEGF induces a mitogenic re-
sponse, and activation of VEGFR-1 induces cell shape changes.153, 159 Dele-
tion of the genes encoding these receptors in mice leads either to failure to 
form endothelial cells or ability to form endothelial cells but failure to form 
capillary tubes.160, 161 VEGF has also been shown to be a survival factor for 
endothelial cells.162 

Interaction between VEGF and its receptors, especially VEGFR-2, acti-
vates signalling pathways leading to tumor angionesis.163, 164 

It has generally been assumed that angiogenic sprouting and upregulation 
of VEGF in tumor tissue is the consequence of local hypoxia. However, 
recent evidence suggests that there is expression and a functional importance 
of VEGFRs in cell types other than endothelial cells also, and possible 
autocrine loops between VEGF and its receptors, facilitating survival and 
proliferation, have been suggested.165, 166 Pisacane and Risio even suggest 
that the role exerted by VEGF/VEGFR-2 interactions in melanoma growth is 
independent of the development and preservation of a tumor-regulated capil-
lary network. 
Since numerous studies have correlated increased tumor blood vessel density 
with poor prognosis in patients with various malignancies, and melanoma is 
a highly vascular tumor, intense investigation has explored the connection 
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between VEGF and melanoma. Consistently, expression of VEGF has been 
shown to be prognostic for metastatic disease.167, 168 However, the reason for 
this has remained controversial. Marcoval and colleagues demonstrated in 
1996 and 1997 that the micro vessel densities in less than 1.00mm thick 
melanomas were in concordance with the aggressiveness of the tumors.169, 170 
However, a significant association between VEGF expression and increased 
micro vessel densities has not been found.158   

Significantly higher serum levels of VEGF is found in melanoma patients 
than in healthy subjects. Elevated blood levels also seem to correlate with 
stage of disease, tumor burden, poor overall survival and high probability of 
progression.171-173  

S100 
The S100 protein family is the largest subgroup within the super family of 
proteins carrying the Ca2+- binding EF-hand motif, (i.e. helix-loop-helix 
structure).174, 175 Today, 24 different members of the S100 family have been 
identified in humans. The proteins are small, acidic and have a low molecu-
lar weight, (10-12 kDa). They carry two distinct EF-hands, one localized at 
the N-terminus, which is S100 specific, and one classical Ca2+-binding EF-
hand. They consist predominantly of two subunits, S100A and S100B, and 
they form homo- and heterodimers.176 Dimerization in general seems to be 
important for the biological functions of the S100 proteins. The S100B 
monomers are for example predominantly bound to the membranes within 
the cell.174 Only one single protein of the S100 family, calbindin 3, functions 
as a monomer.177 The function of this monomer is also very different from 
rest of the S100 family, where calbindin 3 buffers Ca2+ while the others oc-
cur in signalling events. 

The S100 proteins have a remarkably cell- and tissue-specific expression 
patterns. S100B is expressed in glial cells of the central and peripheral nerv-
ous system, melanocytes, adipocytes and chondrocytes.178-180 S100A is found 
in striated muscle, heart and kidney.181 Their functions are extensive, and 
include both intracellular as well as extracellular processes. Intracellularly 
they are involved in the regulation of cell growth, differentiation, division, 
motility, protein synthesis, cell cycle progression and apoptosis.174, 177 Ex-
tracellularly the function is mediated by the receptor for advanced glycation 
end products, (RAGE), that activate different intracellular signalling path-
ways, including the MAP-kinase and NF�B pathways.182, 183  

In a wide range of diseases a deregulation of S100 gene expression has 
been found, for example in skin, cardiovascular diseases and cancer.184 Dif-
ferent forms of cancer exhibit different patterns of changed expression.177 
For example S100A2 is highly expressed in tumors such as non-small lung 
cancer, gastric cancer and lymphoma.185-188 S100A6 has been found in breast 
cancer, progressive lung cancer and pancreatic tumors.185, 189 Schmidt-
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Hansen and colleagues have also shown that S100A4 added to the extracel-
lular space triggers pro-metastatic cascades in tumor cells.190  

S100B functions by inhibiting the phosphorylation and therefore activa-
tion of p53, which is a tumor suppressor.191 Serum S100B has been shown to 
be elevated in up to 8% of the patients with stage I and II melanoma, 8-62% 
of the stage III patients and 68-91% of the patients with distant metasta-
ses.192, 193 Its use in the clinical setting for monitoring and predicting patient 
outcome has been widely discussed and conflicting suggestions have been 
made by different investigators. While some say that the S100B does not add 
any significant information, some has even suggested that it should be in-
cluded in the clinical staging of melanoma patients. Unfortunately, elevation 
of serum S100B can also occur in liver and renal injury, and under some 
other conditions. Regardless, several studies have reported serum S100B 
values to correlate with tumor stage. Von Schoultz et al and Kärnell et al 
both demonstrated in all stages of melanoma an up to five-fold relative risk 
of death increase in patients with elevated serum S100B.194, 195  

Smit et al hypothesized that an initially normal S100B level in patients 
with stage IV melanoma could reflect a stable disease. Upon examination 
they found that patients who prior to treatment had normal S100B levels 
formed a group that had oligo metastatic disease and more favourable metas-
tatic sites. Also, they found indication that S100B is a good “stand alone” 
prognostic marker in disseminated malignant melanoma, independent of 
number and site of metastases. In addition, the patients who following sys-
temic treatment had a rapid normalization of serum levels exhibited a pro-
longed survival. However, S100B level prior to treatment did not add sig-
nificant information compared to the LDH level. Despite this, Smit et al 
suggest that the S100B level could help select a group of patients with stage 
IV melanoma that may benefit from a more aggressive treatment.196 Appar-
ently, this approach is already being applied at the Netherlands Cancer Insti-
tute, where patients with stable S100B levels after systemic treatment are 
selected for surgery of the remaining metastases in hope to achieve complete 
remission.  

Comparisons to other tumor markers have been made in several studies. It 
has proved superior to lipid-bound sialic acid, MIA and neurone-specific 
enolase (NSE) amongst others.197 A comparison of the prognostic signifi-
cance of serum 5-S-cysteinyldopa, (a precursor of pheomelanin), LDH and 
S100B, in stage III-IV melanoma, published in 2002, concluded that S100B 
could be regarded as the most sensitive circulating tumor marker.198 How-
ever, other studies have not proved S100B to be superior to the conventional 
LDH. 
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Galectin-1 
Galectins are a family of fifteen, so far identified, small proteins expressed 
in a variety of normal and pathological tissues. They all share a carbohydrate 
recognition domain (CDR) with affinity for B-galactisides, but they can also 
be engaged in protein-protein interactions. They form monomers, 
homodimers or oligomers,199 and exhibit a wide range of activities, both 
extracellular and intracellular.200, 201  

Galectin-1 carries one CDR and can function either as a monomer or a 
homodimer.199, 202 In the extacellular matrix, (ECM), galectin-1 binds to a 
variety of the components that make up the ECM, for example laminin and 
thrombospondin. It also plays a role in the assembly and remodelling of the 
ECM around vascular smooth muscle cells.203, 204 On the cell surface 
galectin-1 provides mediation of cell-cell and cell-ECM adhesion, for exam-
ple by interacting with integrins.204 Also, on the surface of T-cells, a number 
of specific galectin-1 receptors can be found.205-208 Inside the cell galectin-1 
can interact with oncogenic H-Ras and cause its activation through facilita-
tion of membrane anchorage.209 

The expression of galectin-1 has been found in a variety of malignancies, 
including melanoma,200 and data suggests that it contributes to many aspects 
in tumor transformation and survival.  

Kloog and his group have suggested that galectin-1, through the activa-
tion of H-Ras, may contribute to the initiation of tumor transformation.209 

When it comes to tumor growth the relationship is a little bit more com-
plex. On one hand endogenous galectin-1 promotes tumor growth, 210 while 
on the other exogenous galectin-1 inhibits it.211 Furthermore, the galectin-1 
concentration has also been reported to have opposing effects. Adams and 
his colleagues found that high doses of galectin-1 inhibits cell proliferation 
while low doses is mitogenic.212 

The galectin-1 association with the ECM contributes to the facilitation of 
tumor metastasis through manipulation of cell adhesion, increased invasive-
ness and evasion of immune response.  

Ellerhorst et al and Brule et al have shown that adhesion to the ECM in-
creases in prostate and ovarian cancer under the influence of galectin-1.213, 214 
Also, human melanoma cells aggregate in a homotypic manner through 
galectin-1 mediation.215  

When it comes to invasiveness and migration, galectin-1 has been shown 
to have a promoting effect. Rorive et al and Camby et al both showed that 
exogenously added galectin-1 caused increased motility in glioblastoma 
cells.216, 217  

Galectin-1 is also thought to play an important role in tumor immune es-
cape. It has been suggested to induce cell death in activated T-cells and also 
to protect affected tissue from damage caused by T-cell-derived proinflam-
matory cytokines.218-221 In melanoma tissue, Rubinstein et al showed a re-
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duced tumor mass and generation of a tumor specific T-cell response when 
the biological activity of galectin-1 was inhibited in vivo.222  

Camby et al hypothesise, with support from scientific evidence, that 
galectin-1 expression or over expression in or around a tumor tissue should 
be considered a sign of malignant progression and poor prognosis.223 

Galectin-1 has also, not surprisingly, been suggested as a potential cancer 
therapy target and already several groups are exerting efforts in the quest to 
find anti-galectin-1 compounds that may be used in the battle against can-
cer.224-227 

TRP-1 
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. It belongs to a family of structurally related enzymes located in the 
membrane of specialized melanocytic organelles known as melanosomes, 
where melanin synthesis takes place.228 Tyrosinase (Tyr) is a member of the 
same family of enzymes and accounts for the critical and rate-limiting step 
in melanogenesis.229-231  

TRP-1 is one of the most abundant membrane proteins in melanocytes 
and pigmented melanoma cells.232 The specific function of TRP-1 is not yet 
clear, however it has been suggested to play an important role in the prolif-
eration, morphology and Tyr activity of melanocytes and melanoma cells.233 
In murine melanocytes TRP-1 has been found to function as an oxidation 
enzyme of a major intermediate in melanogenesis.234 However, despite the 
fact that TRP-1 from mouse and man share a 98% homology, this oxidase 
activity has not been confirmed in humans.235  

Jimbow et al suggested in 1997 that TRP-1 may not only be involved in 
melanogenesis but also prevention of melanocyte cell death through two 
different approaches; one which may occur during melanin synthesis, and 
one where interactions between TRP-1 and Tyr results in an upregulation of 
LAMP (lysosome-associated membrane protein)-1 expression which pre-
vents tyrosinase mediated programmed cell death.  

In 2004, work by Li and colleagues also suggested that TRP-1 has impor-
tant functions within the melanocyte aside from participation in melanogene-
sis.233 They found that both in melanocytes as well as melanoma cells where 
TRP-1 was blocked, the cell cycle was retarded in G1 stage, which suggests 
that there is an inhibition of growth. Also, they found that apoptosis occurred 
when TRP-1 was blocked. However, how this function is mediated is still 
not known. 



 30 

Discs Large Homolog 5 (Dlg5)  
Discs large homolog 5 (DLG5) is a member of the MAGUK (membrane-
associated guanylate kinase) family of proteins, which as the name suggests 
is localized to the cell membrane-cytoskeleton interface. MAGUK proteins 
described so far are hDlg, (also known as Dlg1), Dlg3, Dlg4 and Dlg5. The 
MAGUK proteins all consist of a basic structure with conserved protein-
interaction domains: one Src homology 3 (SH3) domain, one guanylate 
kinase (GUK) domain and three PDZ domains.236 They have no known en-
zymatic activity. However, they all function as protein-protein interaction 
domains, suggesting functions as adapter and scaffold proteins. The first 
member of the MAGUKs to be described genetically was Dlg, the product of 
the Drosophila lethal(1)discslarge-1 tumor suppressor gene. The human 
homolog of Drosophila Dlg protein, hDlg has been shown to be localized to 
regions of cell-cell contacts in epithelial cells and to interact with the tumor 
suppressor APC, (adenomatosis polyposis coli), known to be mutated in a 
majority of colorectal cancers.237 APC has been shown to form complexes 
with B-catenin which causes down regulation of transcription and cell cycle 
progression.238 In an in vitro study over expression of hDlg caused blockage 
of cell cycle progression from G0/G1- to S-phase.237 Considering this, the 
authors suggested that the APC/hDlg complex is essential for inhibition of 
cell cycle progression.  

There are three different human oncoviruses that targets hDlg; human 
adenovirus type 9 (Ad9) which have been shown to induce mammary cancer 
in test animals,239 human papilloma virus (HPV) which induce cervical can-
cer,240 and human T-cell leukemia virus 1 (HTLV1) which induces T-cell 
leukemia.241 This also indicates hDlg as an important factor in human can-
cers. The hypothesis is that the tumorigenic potential of these oncoviruses 
comes from their ability to inactivate hDlg, again indicating hDlg as a tumor 
suppressor. However, Frese et al, propose a model where Ad9 upon binding 
to hDlg triggers the resulting complex to translocate to the plasma membrane 
and, at this site, to promote Ras-mediated PI3K activation. That would mean 
that there is a previously unrecognized oncogenic activity encoded by hDlg, 
suspected of being only a cellular tumor suppressor gene.242 

DLG5 has been found associated with inflammatory bowel disease and 
Crohn´s disease.243 Its functions include maintenance of cell shape and polar-
ity, and it is found on sites of cell-cell contact.     

Syntaxin 7 (STX7) 
The human syntaxin family consists of 15 proteins, which are key molecules 
involved in the formation of transport vesicles in the cell.244 They make up 
the SNARE family of proteins together with the VAMP (vesicle-associated 
membrane protein) and SNAP-25 (25 kDa synaptosome-associated protein) 
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proteins. The different SNAREs localize to specific sub cellular compart-
ments, thus having diverse functional roles in the regulation of intracellular 
vesicular trafficking. They are proposed to be the mediators of all intracellu-
lar fusion events. Published studies on the precise location of Syntaxin-7 
(Stx7) show inconsistent results, where some studies suggest Stx7 to be as-
sociated with early endosomes whereas others conclude that it resides in 
compartments within the late endosomal/lysosomal system.245-247 He et al 
showed that Stx7 cycles actively between endosomes and the plasma mem-
brane.248 In macrophages Stx7 has been shown to regulate vesicle trafficking 
events involved in phagocytosis and cytokine secretion.249 The potential role 
of Stx7 in melanocytic cells is unclear. However, the other members of the 
syntaxin family have been more closely investigated and found to be inter-
esting in tumor biology. For example, over expression of Stx2 in mouse 
models causes mammary cancer.250 Stx6 knock-down has recently been 
shown to inhibit cell proliferation and survival, inducing cell cycle arrest and 
apoptosis together with p53.251 In hepatocellular cancer cell lines Zhang et al 
found Stx17 to be translocated compared to the localization of Stx17 in nor-
mal hepatocytes.252 Stx1 has also been associated with more aggressive 
forms of colorectal cancers.253 The expression of Stx7 has not previously 
been described in melanoma tumors, but high expression levels of Stx7 has 
earlier been shown in B16 melanoma cells.254   

SOX 10 
During vertebrate development, a variety of distinct cell types are derived 
from a special precursor population called the neural crest.255, 256 Neural crest 
cells may differentiate to form melanocytes of the skin, hair, and inner ear, 
but the specification of neural crest cells to a distinct lineage and their proper 
differentiation is dependent on both intrinsic factors and environmental in-
teractions.257 Transcriptional regulators are grouped into transcription factor 
super families by their type of DNA-binding domain. There are also a few 
transcription factors with a high-mobility-group, (HMG), domain.258 The 
Sox (Sry-box) family of transcription factors is composed of twenty different 
proteins and their HMG domain closely resembles the HMG domain of a 
protein called Sry, which is an essential transcription factor for male sex 
determination encoded on the mammalian Y chromosome.259 Although there 
are only 20 Sox proteins in mammals, many developmental processes de-
pend on the presence of Sox proteins and they show restricted patterns of 
tissue-specific expression. They are essential for a multitude of developmen-
tal processes, including nervous system development, bone morphogenesis, 
pigment cell formation, development of the immune system, sex determina-
tion, formation of the germ layer, and eye development.260, 261 Further, Sox 
proteins have been associated with a multitude of functions such as prolifera-
tion, cell death and survival.262-265 These many different functions offer an 
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explanation for the sometimes complex pattern of expression of multiple Sox 
proteins in a single cell lineage. One sox protein may be essential for main-
taining stem cell characteristics of the early multipotent progenitor, while the 
second may define the already specified progenitor and yet another Sox pro-
tein may be responsible for its terminal differentiation. Such a situation is, 
for instance, observed in the central nervous system, where pluripotent, pro-
liferating neural stem cells express Sox proteins.266 One such transcription 
factor is called SOX10 (acronym for Sry-like HMG bOX).267 SOX10 binds 
its target DNA sequences via its HMG domain.268, 269 Its binding sites have 
been identified within promoter regions of several SOX10 target genes such 
as c-ret and Microphtalmia transcription factor, (Mitf).270, 271 It is known to 
be essential for the neural crest cell phenotype of melanocytes and glia 
cells.267 During melanocyte specification, SOX10 is responsible for activat-
ing the melanocyte transcription regulator Mitf, which controls melanocyte 
survival and differentiation.272 Previously, high SOX10 mRNA expression 
has been shown in melanoma cell lines.273 However, down-regulated expres-
sion of genes related to neural crest differentiation was recently shown in 
cultured melanoma cells with strong metastatic potential.274 Several of these 
down-regulated neural crest genes are known to be regulated by Mitf and 
SOX10. In accordance with this, SOX10 protein expression has also been 
found to be more broadly expressed in low-grade gliomas compared to high-
grade gliomas.275 Furthermore, Mitf levels are reduced in spontaneously 
transformed melanocytes276 and low Mitf expression correlates with poor 
prognosis in melanoma.277 

Ki67 
Ki67 is a huge protein, its gene spanning almost 30 000 base pairs in the 
human genome.278 It is found in the nucleus where it moves around in a com-
plex pattern during the cell cycle.279, 280 Ki67 has been suggested to be an 
even more sensitive biomarker for proliferation than number of mitoses. 
While visible mitoses only occur in M-phase, Ki67 is expressed during all 
the cycling stages in the cell,281 which is all the phases of the cell cycle ex-
cept for the G0 stage. Also the intracellular levels of Ki67 appears to be 
tightly controlled with an estimated half life of 60-90 min.282, 283  

Ki67 has been investigated in numerous studies and found to be of prog-
nostic value in several malignancies, including meningioma, breast and lung 
cancer.281  

Previous studies with focus on malignant melanoma have also found Ki67 
to be a prognostic marker in both thin284-286 and thick287, 288 melanomas.  

Frahm et al found that melanomas <1mm thick with >25% Ki67 expres-
sion metastasized in 4 out of 5 cases.284 Gimotty et al also conducted a study 
on thin melanomas and suggests that the patients with mitogenic melanomas, 
(in their material about 25% of the population), should have their lesions 
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evaluated for Ki67 expression to provide basis for decisions of sentinel node 
biopsy and adjuvant therapy.285  

Melan-A 
Melan-A, also known as MART-1, is another melanoma specific antigen. It 
is a membrane protein found in the endoplasmatic reticulum, particularly in 
the trans-Golgi network, and to a lesser extent in melanosomes.289 It com-
prises 118 amino acids and has a molecular mass of about 22-24 kDa.289-291 It 
has no to date detected enzymatic activity but is found in abundance in early 
melanosomes.290, 292 The biological function of Melan-A is not yet fully un-
derstood. However, Hoashi et al suggests in a study from 2005 that Melan-A 
may function as a regulator of the expression, stability, trafficking and proc-
essing of Pmel17/GP100 mesosomal matrix protein.293 This protein, also 
known as SILV, plays an important role in melanosomes maturation, provid-
ing the structural element necessary for transition from stage I to stage II 
melanosomes.292  

Melan-A expression is restricted to melanin-producing cells, including 
normal and malignant melanocytes and the retinal pigment epithelium.294 It 
is expressed in about 90% of the primary melanomas and in approximately 
80% of the metastatic melanomas.289  

Melan-A was first identified in connection with specific cytotoxic T-
lymphocyte responses in melanoma patients, a fact that has rendered Melan-
A a lot of attention.294 It has been the target for many vaccination trials but to 
date no overwhelming usefulness has been proven in the clinic.295, 296 
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Aims of the thesis 
The general aim of this thesis was to investigate different prognostic factors 
in patients with or recently operated due to malignant melanoma. 
 
The specific aims were: 

� to investigate whether there might be any potential correlations 
and/or prognostic relevance between patient outcome and the circu-
lating levels of the angiogenic factors; vascular endothelial growth 
factor (VEGF) -A and –D, their receptors 1-3 and hepatocyte growth 
factor/scatter factor (HGF), in patients with localized malignant 
melanoma shortly after primary surgery.  

� to investigate postoperative levels of the serum markers S100, 
S100A1B, and S100BB, shortly after primary surgery, as well as 
immunohistochemical stainings of S100A4, in malignant melanoma 
patients.  

� to investigate two new potential immunohistochemical biomarkers 
Galectin-1 and TRP-1, identified by the Swedish Human Protein At-
las, (HPA), Program, in relation to clinical outcome and prognosis. 

� to investigate, also in collaboration with the HPA program, the role 
of Discs large homolog 5 (DLG5) and syntaxin-7 in patients with 
malignant melanoma. 

� to investigate the extent of SOX10 expression in normal skin, in dif-
ferent benign melanocytic lesions and in a large cohort of primary 
and metastatic tumor samples from patients with malignant mela-
noma, in order to find out if the SOX10 expression can be associated 
to clinical data of the melanoma patients as well as to the expression 
of the established markers Melan-A and Ki-67. A further aim of this 
study was to analyze the role of SOX10 in proliferation and migra-
tion rate of the human melanoma cell line WM793, using siRNA-
mediated silencing of SOX10. 
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Patients and Methods 

Paper I and II 

Patients 
The studies was reviewed and approved by the research ethics committee of 
Uppsala University Hospital, Uppsala, Sweden. The patients included in the 
present study had newly been operated on for localized malignant melanoma 
and the serum samples were collected 6-8 weeks after excision of the initial 
lesion.  

Sandwich enzyme immunoassay 
To detect circulating HGF, VEGF-receptors, VEGF-A and VEGF-D in sera, 
immunosorbent assays were used (Quantikine human HGF, human VEGFR 
and human VEGF; R&D Systems, Minneapolis, MN, USA). These assays 
employ the quantitative sandwich enzyme immunoassay technique. The 
standards and samples were pipetted into the wells of a microplate pre-
coated with a monoclonal antibody (MAb) specific to the antigen and any 
antigen present was bound by the immobilized antibody. After washing 
away any unbound substances, an enzyme-linked polyclonal antibody spe-
cific to the antigen was added to the wells. After washing to remove any 
unbound antibody-enzyme reagent, a substrate solution was added to the 
wells, whereupon colour developed in proportion to the amount of antigen 
bound in the initial step. The colour development was stopped and the inten-
sity of the colour measured. The manufacturer’s recommendations were 
followed for all laboratory procedures. 

Solid phase two-step enzyme-linked immunoassay 
S100, S100A1B and S100BB concentrations were determined using a solid 
phase two-step enzyme-linked immunoassay based on monoclonal antibod-
ies specific for different epitopes expressed on S100B protein (Fujirebio 
Diagnostics AB, Gothenburg, Sweden). The detection limits for S100, 

S100A1B and S100BB were below 10, 30 and 10 ng/l, respectively. The 
analytical precision for S100 ranged from 1.3 to 2.5% CV (intra-assay) and 
from 1.5 to 2.5% CV (inter-assay). The analytical imprecision for S100A1B 
and S100BB was below 4% CV. An upper reference level of 90 ng/l S100 in 
healthy individuals was established by the manufacturer. A higher cut-off 
value of 150 ng/l was, however, chosen in this study to distinguish between 
S100B-positive and S100B-negative patients, to compensate for analytical 
and biological variation (i.e. to reduce the number of false positives). The 
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S100A1B and S100BB cut-off value of 50 ng/l was established in healthy 
individuals (manufacturer’s recommendation). 

Laboratory tests 
LD (normal range: 3.8–6.7 mkat/l), albumin (normal range: <50 years, 40–
51 g/l; >50 years, 37–48 g/l), haemoglobin (normal range females: 115–151 
g/l; males: 133–166 g/l), creatinine (normal range: 69–113 mmol/l), leuko-
cytes (normal range: 3.8– 8.0_109/l) and platelets (normal range: 150–
350_109/l) were assayed according to standardized methods. 

Statistics 
Spearman’s rank order correlation and Mann-Whitney U test were used to 
test for associations between factors. Survival and time to relapse were esti-
mated using the Kaplan-Meier product limit method, in which univariate 
analysis was performed using a log-rank test. A Cox regression analysis was 
performed to investigate whether single continuous factors had a significant 
effect on survival, and to predict survival. Analyses were performed to in-
vestigate whether the serum markers were associated with an increased risk 
of relapse, using Cox regression analysis. Throughout the papers, a 5% two-
sided significance level was used.  

Paper III, IV and V 

Patients 
The patients included in these studies came from a cohort of 352 patients 
diagnosed with primary cutaneous malignant melanoma in the Uppsala re-
gion during the period 1982-2004. All patients were followed and when ap-
plicable also treated at the Department of Oncology, Uppsala University 
Hospital, Uppsala, Sweden. Tumor material was retrieved from the archives 
of the Department of Pathology and Cytology, 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. 
Relapse was defined as local recurrence or metastasis. The patients were 
diagnosed with superficial spreading melanoma (SSM), nodular malignant 
melanoma (NM), acral lentiginous melanoma (ALM), lentigo malignant 
melanoma (LMM) or malignant melanoma not otherwise classified. All pa-
tients included were staged according to UICC 2002 (TNM) system.  
For every patient the following clinical parameters were registered: gender, 
age (<65years, >65 years), T-stage and histology.  
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Tissue microarray 
For all tumors, haematoxylin-eosin or van Gieson stained slides were avail-
able for comparison with the corresponding paraffin tissue blocks. From 
each paraffin donor block, 0.6 mm cylinders containing representative tumor 
tissue were collected and transferred into a recipient block using an auto-
mated tissue microarrayer (Beecher Instruments, Silver Springs, MD, USA). 
Depending on the amount of available tumor tissue, three cylinders were 
collected. For tumors with sparse residual tumor tissue only one or two cyl-
inders were sampled. Samples from two cultured melanoma cell lines, SK-
MEL-30 and WM-115 were also included in the TMA. 

Immunhistochemistry 
                       Four �m thick tissue sections from each TMA block were cut and applied to 

slides, which were baked overnight in 40ºC and thereafter for 1 hour at 60ºC. 
The slides were deparaffinized in xylene and rehydrated through graded 
alcohols into water. Heat induced epitope retrieval (HIER) was performed 
using a Decloaking chamber® (Biocare Medical, Walnut Creek, CA, USA) 
containing either Target Retrieval Solution, TRS, pH 6 (DAKO) or Target 
Retrieval Solution, TRS, pH 6 (LabVision AB) for 4 minutes. Immunodetec-
tion was achieved using secondary reagent goat-anti mouse/rabbit HRP-
conjugated EnvisionTM 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). 

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 immu-
nostaining in <25% of tumor cells.  

For the evaluation of the proliferation marker Ki67, tumors were divided 
into two groups: �20% of tumor cells positive and <20% tumor cells posi-
tive.  
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Cell culture 
The human melanoma cell line WM793 (kindly provided by Dr Máirín 
Rafferty, UCD School of Biomolecular and Biomedical Sciences, Conway 
Institute, University College Dublin, Belfield, Dublin) was cultivated in 
Dulbecco’s Modified Eagle’s Medium (Sigma-Aldrich) supplemented with 
10% FBS, 4 mM L-Glutamine, 0.1 U Penicillin, 0.1 mg/ml Streptomycin 
and 12.5 μM Insulin in 37°C humidified air with 5% CO2. 

siRNA transfection: 
siRNA transfections were carried out in 10 cm culture dishes on 70% con-
fluent cells using siLentFect Lipid Reagent (Bio-Rad), according to the pro-
tocol provided by the manufacturer. siRNAs included in this study were 
SOX10 siRNA (ON-TARGETplus SMARTpool, Dharmacon) and negative 
control siRNA (ON-TARGETplus Non-Targeting Pool, Dharmacon). Trans-
fection conditions giving optimal silencing were 4.7 μg/ml siLentFect Lipid 
and 100 nM siRNA in final concentrations. 

Proliferation assay 
Cells were transfected with SOX10 and negative control siRNA. 1 day post-
transfection, which was defined as day 0, cells were split into 35 mm culture 
dishes. Subsequently, cells were counted in quadruplicates on day 3 and day 
5 using a Bürker chamber. The experiment was repeated three times and the 
number of cells in each count was normalized against the number of cells 
day 0. 

Migration assay 
The migration assay was preformed essentially as described previously by 
Amagasaki et al 2006.297 Three days prior to the experiment, cells were 
transfected with SOX10 and negative control siRNA. 1 day before the ex-
periment cells were starved in starvation medium containing 0.1% BSA. 
Serial dilutions in serum free medium of FBS, 0.5%, 1%, 5% and 10%, and 
Epidermal Growth Factor (EGF), 0.1, 1, 10, 20 and 50 ng/ml, were added to 
the lower chamber. Cells suspended in starvation medium containing 0.1% 
BSA, were added to the upper chamber at a density of 6.2·106 cells/cm2. As 
a control of random migration, medium containing 10% FBS was used on 
both sides of the filter. The experiments were performed in quadruplicates 
and repeated twice. Signals were normalized against the highest signal in 
each experiment.  

Western blot 
Total protein lysates were prepared by washing cells twice with PBS and 
incubating in 20 μl/cm2 RIPA lysis buffer (20 mM Tris, pH 7.4, 1% Triton 
X-100, 0.5% Deoxycholate, 0.1% SDS, 5mM EDTA and 150 mM NaCl) 10 
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min at 4°C. Lysates were collected and cell debris was removed by centrifu-
gation for 10 min at 13000 rpm in 4°C. Protein concentration measurement 
was performed using a BCATM Protein Assay kit (Pierce) according to 
standard protocol. Equal amounts of lysates were boiled in reducing sample 
buffer (1.2 M Tris, 2.4% SDS, 0.14 M Dithiothreitol and 41 μM Bromphe-
nol Blue Sodium, pH 6.8), separated by SDS-PAGE and transferred to 
membranes. Next, membranes were blocked in 5% dry milk in PBS-T, fol-
lowed by incubation with the indicated antibody (SOX10 sc-17342 from 
Santa Cruz Biotechnology and a-tubulin from Sigma), according to the 
manufacturer's instructions.  After washing, the membranes  were incubated 
with horseradish peroxidase-conjugated anti-rabbit or anti-goat IgG antibod-
ies (both from Amersham Biosciences), and proteins were visualized using 
enhanced  chemiluminescence (0.1 M Tris-HCl pH 8.5, 0.05% Luminol, 
0.02% P-Coumaric acid and 0.03% H2O2) on a cooled charge-coupled de-
vice (CCD) camera (Fuji, Minami-Ashigata, Japan). 
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RESULTS AND DISCUSSION 

During the last three decades, significant improvements in cancer treatment 
and survival have been achieved. Solid tumors such as cancer of the rectum, 
breasts and cervical cancer all add to the list of cancers with increased sur-
vival rates.298 In the mid-1960s, the 5-year survival rate for testis non-
seminoma was approximately 45%, however after the introduction of plati-
num based chemotherapeutics in 1978 and in combination with improved 
radiotherapy, 5-year survival rate has increased to nearly 95%.298   

The 5-year survival rates for invasive melanoma have also increased in 
the last couple of decades; from approximately 80% in the late 1970s to 
more than 90% today. However, this does not correlate with improved thera-
peutics but is a consequence of the proportion of melanomas diagnosed in 
situ which has risen to more than 40% in present time as compared to less 
than 10% in the 1970s.2 

Still, stage IV melanoma patients have a dismal prognosis with a median 
survival of 4-6 months, and an overall 5-year survival rate between 9 and 
19%.48  

Because of the failure so far to find effective treatment for patients with 
advanced stages of melanoma, increasing interest and efforts have been in-
vested in the race for earlier diagnosis and also predictive factors identifying 
patients in the risk zone for development of metastasis and therefore candi-
dates for adjuvant treatment.  

In paper I and II serum samples from over 90 patients where analyzed con-
cerning different biological markers and their use as prognostic/predictive 
tools.  

The use of predictive serological markers in this aspect is an appealing 
idea since such markers would be easily accessed via blood samples, but 
their role is controversial for several reasons: they are generally not collected 
from the immediate surroundings of the tumor, they can interact with several 
biological systems while circulating through the blood system, and further-
more, the measured values might actually result from other causes, such as 
responses to inflammatory cytokines.  

In paper I we investigated circulating levels of the angiogenic factors; vas-
cular endothelial growth factor (VEGF) -A and –D, their receptors 1-3 and 
hepatocyte growth factor/scatter factor, (HGF), in patients with localized 
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malignant melanoma shortly after primary surgery. The aim was to investi-
gate whether there might be any potential correlations and/or prognostic 
relevance between patient outcome and the circulating levels of these mark-
ers. Also, there are only a few reports about the serum levels of the VEGF 
receptor VEGFR-1 and its correlation to malignancy. So far, there is, to our 
knowledge, no previously published work examining plasma VEGF and its 
receptor VEGFR-1 in malignant melanoma. 

The basis for the hypothesis that angiogenic factors may be of prognostic 
value in various malignancies is found in the fact that the growth and metas-
tasis of most solid tumors are dependent on the recruitment of new blood 
vessels.143 This process is crucial for most solid tumors to grow beyond a 
volume of 1-2 mm3.144 Furthermore, tumors that have undergone adequate 
vascularization may enter a phase of growth and increased metastatic poten-
tial.  

It has generally been assumed that angiogenic sprouting and upregulation 
of VEGF in tumor tissue is the consequence of local hypoxia. However, it 
has recently been shown that there is expression and functional importance 
of VEGF and its receptors in cell types other than endothelial cells and fur-
ther, that autocrine loops exist between VEGF and its receptors, facilitating 
survival and proliferation.165, 166 Pisacane et al even suggest that the role 
exerted by VEGF-A/VEGFR-2 interactions in melanoma growth is inde-
pendent of the development and preservation of a tumor-regulated capillary 
network. In concordance with this Graells et al found no significant associa-
tion between increased microvessel densities and VEGF expression in mela-
noma.158  

However, elevated levels of circulating angiogenic factors have been 
shown to correlate with tumor stage, disease progression and survival in 
cancer patients,171-173, 299 and previous studies have shown that circulating 
VEGF levels are higher in patients with primary and metastatic melanoma 
than in control groups.300, 301  

In our study we found elevated levels of all circulating angiogenic factors 
regardless of initial tumor stage. HGF, VEGF-D, VEGFR-2 and VEGFR-3 
were statistically correlated to each other. No correlation was found between 
VEGF, its receptors, VEGF-D and clinical data. HGF levels were, however, 
statistically significantly correlated to the primary melanomas´ Breslow and 
tumor volume and VEGFR-1 was statistically correlated to relapse. No cor-
relation was found between any of the investigated angiogenic factors and 
overall survival or disease-free survival. We hypothesize that the elevated 
levels of the investigated markers may be derived from the reactive stroma 
adjacent to the tumors and therefore that the production of angiogenic factors 
are due to other sources than the malignant melanoma cells.  

In paper I we suggest that the results indicate a limited value of angiogenic 
factors as prognostic markers in malignant melanoma patients. 
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In paper II we evaluated postoperative levels of the serum markers S100, 
S100A1B, and S100BB, as well as immunohistochemical stainings of 
S100A4, in malignant melanoma patients newly operated for localized ma-
lignant melanoma. The serological assays where newly designed and the 
S100 assay was designed to measure both S100A1B and S100BB in equal 
amounts. S100A4, also called metastasin, was chosen to be investigated 
because it has been shown to induce a metastatic phenotype in animal model 
systems and its expression in various human cancers has been shown to be 
associated with metastasis and reduced patient survival.302, 303 

S100 can be used as a marker for malignant melanoma, and correlations 
between serum S100 and disease relapse and survival have been reported.304-

306 However, S100 tests previously used in clinical studies are poorly speci-
fied regarding reactivity with S100A1B and S100BB and to the best of our 
knowledge, neither circulating S100A1B nor circulating S100BB have pre-
viously been studied in patients with malignant melanoma. Therefore, the 
primary aim of the study was to investigate whether any of these new assays, 
either singly or in combination, could contribute additional information con-
cerning increased risk of relapse and death due to malignant melanoma. 

The S100 proteins have a remarkably cell- and tissue-specific expression 
patterns. S100B is expressed in glial cells of the central and peripheral nerv-
ous system, melanocytes, adipocytes and chondrocytes.178-180 S100A is 
found in striated muscle, heart and kidney.181 Their functions are ex-
tensive, including cell cycle progression, cell differentiation, cell motility, 
protein synthesis, cell division, and apoptosis.307 

S100 is secreted into the blood via the proteolytic degradation of malig-
nant cells308 and circulating levels of S100 protein fragments has been corre-
lated with disease activity198, 309, 310 and risk of relapse/progression in malig-
nant melanoma,304-306 also it has been used in discriminating localized from 
advanced disease.193, 305 Further, S100 protein fragments have been proposed 
as markers for staging as well as for monitoring the therapy of malignant 
melanoma patients.311 

In our study S100BB levels where, as a continuous variable, positively 
correlated with increased risk of relapse; this was not found for S100 and 
S100A1B. They where all, using defined cut-off levels statistically associ-
ated with survival. S100 was correlated with both S100A1B and S100BB, 
and they where also correlated to each other. S100 and S100BB were both 
correlated to circulating LDH levels. Immunohistochemical staining of the 
primary tumor showed no statistically significant correlation between 
S100A4 and Clark level, Breslow, T-stage or survival.    

Interestingly, we found that individual patients yielded higher results with 
one of the specific assays than with S100, showing that patients preferen-
tially over express one type of S100 protein. Thus, the sum of the measured 
values of S100A1B and S100BB did not equal the measured value of S100 
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in individual patients, supporting the existence of the theoretical advantage 
of adding a S100B specific marker to S100 total.  

In paper II we conclude that both S100A1B and S100BB demonstrate po-
tential as biomarkers in patients with malignant melanoma and we think that 
further studies using these specific assays could be valuable in order to de-
terminate which of the assays or assay combinations are optimal for predict-
ing relapse and monitoring treatment. We also think that there is a need for a 
better characterization of the S100 assays used since this would allow an 
improved comparison between different studies.  

In paper III and IV new potential immunohistochemical biomarkers were 
investigated in collaboration with the Swedish Human Protein Atlas Program 
.312 This program aims at exploring the expression of proteins in vari-
ous tissues using mono-specific antibodies to all non-redundant pro-
teins, (which means one product from each gene locus).   

>150 patients fulfilled the inclusion criteria, (invasive melanoma and his-
tologically defined melanoma; superficially spreading, acral lentiginous, 
lentigo malignant and nodular malignant melanoma) and had tumor material 
available as paraffin-embedded formalin-fixed tissue blocks. For all patients 
primary tumors were investigated and in the cases where metastasis where 
available they where also studied.  

The markers in both paper III and IV were also compared to Ki-67, a well 
studied biomarker for proliferation involved in the regulation of the cell cy-
cle. Ki-67 was found to be statistically significantly correlated to both sur-
vival and relapse, a finding well in accordance with previous studies where 
Ki-67 has been shown to be of prognostic value in both thick287, 288 and 
thin284-286 melanomas. 

In paper III, two proteins, galectin-1 and TRP-1 (tyrosinase-related protein-
1), were investigated concerning their potential connections to clinical pa-
rameters and patient outcome. Galectin-1 has already been indicated as a 
prognostic marker in other malignancies,223 and both TRP-1313 and galectin-
1223 have been suggested as potential cancer therapy targets.  

The expression of galectin-1 has been found in a variety of malignancies, 
including melanoma200 and data suggests that it contributes to many aspects 
in tumor transformation and survival. It is thought to facilitate tumor inva-
siveness, systemic spread and immune system escape through interactions 
with the extracellular matrix, (ECM). TRP-1 is involved in the complex syn-
thesis of melanin, and its one of the most abundant membrane proteins in 
melanocytes and pigmented melanoma cells.232 The specific function of 
TRP-1 is not yet clear, however it has been suggested to play an important 
role in the proliferation, morphology and Tyr activity of melanocytes and 
melanoma cells.233 Also, it has been suggested to be involved in the preven-
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tion of cell death through two different mechanisms: one where it protects 
the cell from toxic melanin synthesis intermediates and one where it acti-
vates another enzyme and thereby inhibits tyrosinase-related programmed 
cell death.233  
 
In our study, both TRP-1 and Ki-67 correlated statistically to T-stage, al-
though TRP-1 correlated inversely to T-stage. However, despite this associa-
tion no correlation was found between TRP-1 and survival or relapse.  
Galectin-1 was found not to correlate to any of the clinical parameters and 
neither correlated to survival nor relapse; however these were correlated to 
the proliferation marker Ki-67. TRP-1 and galectin-1 were statistically corre-
lated to each other and we suggest that this may be due to a shared connec-
tion with p53. 

In paper III, we conclude that TRP-1 and Galectin-1 were expressed in the 
majority of the malignant melanomas but no correlation could be found for 
overall and disease-free survival. This may be due to the relatively small 
patient population examined; therefore there might be a value in conducting 
further studies. However, we conclude that this study demonstrates the use-
fulness of protein expression profiling using the protein atlas approach.   

In paper IV, we investigated the role of Discs large homolog 5 (DLG5) and 
syntaxin-7 in two separate patient cohorts with malignant melanoma. We 
found that DLG5 and syntaxin-7 showed a relatively strong staining pattern 
in junction naevi. However, the expression varied in the melanoma cell lines 
investigated. Using confocal imaging of immunofluorescently stained WM-
115 and SK-MEL-30 cells, the subcellular localization of DLG5 and STX7 
was determined. DLG5 revealed a granular staining pattern in the cytoplasm 
and nucleus whereas syntaxin-7 showed a greatly varying subcellular local-
ization in the analyzed cells. Some showed a very strong staining of the nu-
clear membrane and nuclei, while others showed a distinct vesicular pattern.   

The expression of DLG5 and STX7 was further analyzed in two inde-
pendent melanoma cohorts. Immunohistochemistry using the DLG5 anti-
body revealed positivity in 99% of the tumors in melanoma cohort I and 
90% of the tumors in melanoma cohort II, whereas syntaxin-7 showed posi-
tive staining in 99% (cohort I) and 96% (cohort II).   

No association between DLG5 expression and clinical parameters was 
found, but in both cohorts an inverse correlation was found between the ex-
pression of DLG5 and Ki-67. Syntaxin-7 expression was significantly in-
versely correlated to the level of tumor invasion (Clark). 

During the follow-up period 53 patients (35%) in the cohort died of ma-
lignant melanoma. No significant association to patient outcome was ob-
served for DLG5 or STX7. However, since screening a large number of hu-
man malignant melanomas showed DLG5 expression inversely correlated to 
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proliferation, and STX7 expression also inversely correlated to tumor stage, 
we hypothesize that both these proteins may be involved in the grade of ma-
lignancy and progression of malignant melanoma. 

In paper IV we conclude that further studies are needed to elucidate and 
validate the specific roles for DLG5 and STX7 in normal melanocytes and 
the development of malignant melanoma.  

 
In paper V we investigated the role of SOX10, in melanocytes of normal 
skin, benign melanocytic naevi samples, and malignant melanomas. SOX10 
is a transcription factor known to be essential for the neural crest cell pheno-
type of melanocytes and glia cells.267 It controls melanocyte survival and 
differentiation through the activation of Mtif, a melanocyte transcription 
regulator.272 The terminal differentiation of melanocytes is associated with 
the transcriptional activation of genes responsible for pigment production 
such as tyrosinase. Murisier et al recently suggested that SOX10 directly, 
and Mitf, most likely indirectly, activate the tyrosinase enhancer, underlining 
the contribution of SOX10 to tyrosinase gene regulation in melanocytes.314  
In our study we found that the intensity of SOX10 expression varied be-
tween the different tumor subtypes with the highest intensity of SOX10 ex-
pression in SSM tumors. A lower expression was found in NM and an even 
lesser level of expression was found in lymph node metastases. All the in-
vestigated melanocytic lesions had SOX10 expression, however, a more 
homogenous and intense staining pattern was seen in more differentiated 
melanocytic tumor cells resembling the constant findings of SOX10 in nor-
mal melanocytes in epidermis and benign pigment naevi. In accordance with 
this SOX10 expression was shown to be statistically significantly inversely 
associated with T-stage (p<0.001). There was also a weak correlation to 
survival (p=0.048), where higher grade correlated with longer survival. A 
weak inverse Ki-67 correlation was seen as well (p=0.048). We think that 
this correlates well with the fact that SOX10 protein expression has also 
been found to be more broadly expressed in low-grade gliomas compared to 
high-grade gliomas. 275 

To study the effect of SOX10 on the proliferation rate in melanomas a 
proliferation assay was carried out in the human melanoma cell line 
WM793. We found that there was a modest but significant decrease in pro-
liferation rate for SOX10 silenced cells. Also, our data suggested an in-
creased migratory response for SOX10 silenced cells. Earlier studies have 
also shown that cultured melanoma cells with strong metastatic potential 
have down-regulated expression of genes related to neural crest differentia-
tion. 274 

In study V we conclude that SOX10 might have a role in the development of 
these tumors and in the way the tumors spread. 
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Conclusions 

� We found elevated levels of all circulating angiogenic factors regard-
less of initial tumor stage, however, no correlation was found be-
tween any of the investigated angiogenic factors and overall survival 
or disease-free survival. We hypothesize that the elevated levels of 
the investigated markers may be derived from the reactive stroma ad-
jacent to the tumors and therefore that the production of angiogenic 
factors are due to other sources than the malignant melanoma cells.  

� We conclude that both S100A1B and S100BB demonstrate poten-
tial as biomarkers in patients with malignant melanoma and we 
think that further studies using these specific assays could be valu-
able in order to determinate which of the assays or assay combina-
tions are optimal for predicting relapse and monitoring treatment. 
We also think that there is a need for a better characterization of the 
S100 assays used since this would allow an improved comparison 
between different studies.  

� TRP-1 and Galectin-1 were expressed in the majority of the malignant 
melanomas but no correlation could be found for overall and disease-
free survival. This may be due to the relatively small patient popula-
tion examined; therefore there might be a value in conducting further 
studies.  

� The expression level of DLG5 showed a significant inverse correlation 
to proliferation (Ki-67 expression) and the expression of STX7 protein 
was inversely correlated to tumor stage.  We present protein profiling 
data for two proteins, showing high sensitivity and specificity for cells 
of the melanocytic lineage and a potential diagnostic and prognostic 
value in malignant melanoma. The presented antibody-based pro-
teomics approach can be used as an effective strategy to identify novel 
tumor markers and evaluate their potential clinical relevance. 

� The results reveal the presence of SOX10 in different melanocytic le-
sions. A significant decrease in proliferation rate for SOX10 silenced 
cells was found and further, using a migration assay, our data suggests 
an increased migratory response in SOX10 silenced cells. Further, as 
the expression differs between superficial spreading melanomas and 
nodular malignant melanomas, SOX10 might have a role in the devel-
opment of these tumors and in the way the tumors spread. 
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