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Abstract
Melanoma is one of the most aggressive cancers, and its high metastatic potential has a large impact on the number of melanoma deaths. The pathological diagnosis is still the gold standard for melanoma, and immunohistochemistry plays an important role in discriminating melanomas. Recently, the emerging molecular knowledge may lead to further identification of clinically relevant biomarkers, such as S100B, MIA, TA-90IC,5-S-CD, SPARC, CSPG4, HSP105, IMP3, KIF2A, miR-221, YKL-40, some cancer stem cells(CD133, Nestin, CD166, CD20, CD271) and some monoclonal antibodies (KBA62, PNL2) for malignant melanoma detection, risk stratification, and prediction/prognosis. Whereas, all of the current main markers have some shortcomings. For example, all markers have limitations in sensitivity and specificity; even the first-line marker, S100 protein. So, sometimes, many of the classification criteria that have been proposed show considerable overlap, making it difficult to categorize cases reproducibly based on histopathological criteria alone. Besides that, the increased expression of some proteins in melanomas suggests that there are abnormal proteins synthesized, due to the genetic pathway. Therefore, we expect that there will be more instrumental breakthroughs in the abnormal gene field, especially with respect to gene mutation. Ultimately, novel melanoma biomarkers could be found and gradually become targeted treatment strategies for a poor prognosis in advanced melanoma in the near future. 
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Core tip: Melanoma is one of the most common cancers, and its high metastatic potential has a large impact on the number of melanoma deaths. The emerging molecular knowledge may lead to further identification of clinically relevant biomarkers, such as S100B, MIA, TA-90IC, 5-S-CD, SPARC, CSPG4, HSP105, IMP3, KIF2A, miR-221, YKL-40, some cancer stem cells (CD133, Nestin, CD166, CD20, CD271) and some monoclonal antibodies (KBA62, PNL2) for malignant melanoma detection, risk stratification, and prediction/prognosis. However, all current markers have some shortcomings, and thus we expect there will be more novel melanoma biomarkers discovered as supplementary diagnostic criteria in the near future. 
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INTRODUCTION
Melanoma is a malignancy characterized by a high potential to metastasize at a relatively small size of the primary tumor[1]. A nationwide survey of Japanese patients with malignant skin tumors from 1987 to 2001 showed that the most prevalent skin tumor was basal cell carcinoma, which increased year by year, followed by squamous cell carcinoma, and then by malignant melanoma[2]. Furthermore, the number of patients with malignant skin tumors has increased year by year. The prognosis of patients with advanced malignant melanoma remains extremely poor, but that of patients in stage III has shown some improvement[2]. 
A pathological diagnosis is still the gold standard for melanoma. Immunohistochemistry plays an important role in discriminating melanomas, but all markers have limitations in sensitivity and specificity; even the first-line marker, S100 protein, is not expressed in all melanomas[3]. In the quest to reduce cancer mortality and morbidity, there is a continued effort to identify novel biomarkers to aid in the early detection and accurate prediction of tumor behavior[4]. The following discussion reviews some potentially novel and adjuvant biomarkers to help to diagnose melanoma.

S100B
The S100 proteins are a multi-gene calcium-binding family comprising 20 known human members, each coded by a separate gene[4]. S100B is a homodimer of the S100b chain originally identified as “S100” by Moore et al[5] in 1965. Serum levels of S100B have been evaluated in patients with melanoma at different stages, and have been shown to increase in a stage-dependent manner[6]. S100B expression levels are the highest in grade VI melanoma[6-8] and have been associated with the presence of metastases[9, 10]. Increased expression levels of serum S100B also correlate with reduced survival[8,11] and have been shown to reflect the tumor load, stage and prognosis[7, 12-14] and are an independent prognostic factor for a poor outcome in melanoma[11].
This allows S100B to be used as a diagnostic marker and in the staging of malignant melanomas in a clinical setting. S100B has also proven to be a valuable marker in assessing a patient’s response to treatment[15]. Decreased levels of S100B following treatment correlates with a good response to therapy, and with increased survival[10].

MELANOMA INHIBITORY ACTIVITY 
Melanoma inhibitory activity (MIA) is an 11 kDa protein secreted by malignant melanomas, is strongly expressed in melanoma cells but not in melanocytes, and is likely to represent a key molecule regulating melanoma progression[16]. Purified MIA causes a significant alteration of cell morphology as melanoma cells round up[17]. MIA protein is a clinically-valuable marker in patients with malignant melanomas, as elevated values can diagnose metastatic melanoma stages III and IV[18]. MIA expression in vivo correlates with progressive malignancy, and is now widely-recognized as a novel serum marker for the malignant progression of metastasizing melanoma[19, 20].

INSULIN-LIKE GROWTH FACTOR-II MESSENGER RNA-BINDING PROTEIN-3 
Recently, an immunohistochemical marker, insulin-like growth factor-II messenger RNA (mRNA)-binding protein-3 (IMP3), has been reported to differentiate between melanomas and benign nevi[21]. IMP3, also known as K homology domain-containing protein overexpressed in cancer or L523S, promotes tumor cell proliferation by enhancing insulin-like growth factor-II protein expression[22].
In the research from Pryor and co-workers, fifty-six melanocytic neoplasms from 48 subjects were immunohistochemically studied using a monoclonal antibody against L523S/IMP-3. Their study demonstrated that IMP-3 is expressed in malignant melanomas but not in benign nevi, even when dysplastic features are present. Furthermore, IMP-3 is expressed in a significantly higher proportion of melanomas than Spitz nevi, and IMP-3 is expressed in metastatic melanomas significantly more than in thin melanomas[21].
In conclusion, IMP-3 appears to be involved in the progression of malignant melanomas, and may play an important role in the regulation of the biologic behavior of these tumors. Additionally, IMP-3 may have diagnostic utility in distinguishing melanoma cells from benign nevic cells, dysplastic nevi, and Spitz nevi[21].

KINESIN FAMILY MEMBER 20A
Kinesin family member 20A (KIF20A) belongs to a large family of proteins that share a conserved motor domain which binds to microtubules and couples ATP hydrolysis to generate mechanical force[23].
In research by Yamashita et al[24], KIF20A expression was detected in 59% of melanomas and 12% of nevi by immunohistochemistry, and 64% of melanomas and 60% of nevi by quantitative reverse transcript PCR. The primary melanomas that were immunopositive for KIF20A showed a significantly greater thickness than those that were immunonegative, and patients with KIF20A+ melanomas tended to develop recurrence earlier. These results suggest that immunotherapy with KIF20A may be a novel treatment option for advanced melanoma[24].

KBA62, PNL2
KBA62 recognizes an unknown determinant expressed in melanoma cells[25], and is a monoclonal antibody raised to a melanoma cell line recognizing yet another unidentified epitope[26]. PNL2 monoclonal antibody was raised against the somatostatin receptor, but was found to be nonreactive to the intended target protein[3].
In the study by Aung et al[3], KBA62 and PNL2 were sensitive markers for metastatic melanomas and were expressed in a great majority of cases (86% and 89%, respectively, for KBA62 and PNL2) by examining a large number of metastatic melanomas and other melanocytic neoplasms and their mimics. Moreover, KBA62 and PNL2 also recognized S100 protein-negative metastatic melanomas (KBA62, 4 out of 7; and PNL2, 6 out of 7), indicating that these new markers are useful diagnostic complements for this rare subgroup (2% of all metastatic melanomas) [3].

HEAT SHOCK PROTEIN 105
Heat shock protein-105 (HSP105), identified by the serological identification of antigens by recombinant expression cloning (SEREX), is overexpressed in a variety of human cancers. The amino acid sequences and expression patterns of HSP105 are also very similar in humans and mice.
Miyazaki et al[27] found that HSP105 was highly immunogenic in mice, and that HSP105 DNA vaccination induced antitumor immunity without causing autoimmunity. Therefore, HSP105 is an ideal tumor antigen that could be useful for immunotherapy or the prevention of various human tumors that overexpress HSP105, including colorectal cancer and melanoma. Whether HSP105 is an ideal target for immunotherapy in human cancers, which are at a high risk of melanoma, will continue to be investigated in their laboratory[27]. 

5-S-CYSTEINYLDOPA
5-S-cysteinyldopa (5-S-CD) has been used as a biochemical marker of melanoma progression. In one study by Wakamatsu et al., serum levels of 5-S-CD were assayed in 2648 samples taken from 218 patients in order to evaluate the usefulness of this parameter in following melanoma progression and prognosis[28].
5-S-CD levels were significantly elevated above the upper limit of the normal range (10 nmol/L) in stage IV melanoma patients. The sensitivity of the elevated serum 5-S-CD levels in detecting distant metastasis was 73%, whereas the specificity was 98% and the positive predictive value 94%. Patients without metastases had elevated 5-S-CD values in 5% of the 1480 serum samples. In 33% of the patients, an elevation in serum 5-S-CD levels preceded the clinical detection of visceral metastases, and in 37%, an elevation of 5-S-CD levels occurred at the same time as visceral metastasis. Patients with elevated 5-S-CD levels before or after surgical treatment had significantly shorter survival times than those with normal levels[28].
These results show that the serum level of 5-S-CD is a sensitive and specific marker for predicting distant metastases. Elevated serum levels of 5-S-CD, before or after surgical treatment, are associated with a poor prognosis[28].
However, the serum levels of 5-S-CD, which is a common tumor marker for malignant melanoma, sometimes remain within the normal limit, especially in the early stages. Therefore, it is inadequate to use 5-S-CD for the early detection of malignant melanoma[29, 30].

TA-90 IMMUNE COMPLEX 
Urine tumor-associated antigen (U-TAA) is a high molecular-weight glycoprotein identified in the urine of patients with metastatic melanoma[31]. It comprises multiple subunits, including an immunogenic 90-kD subunit designated TA-90[32]. And TA-90 is expressed by 71% of melanoma cell lines and tumor biopsies, and up to 70% of breast, colon, and lung carcinomas and soft tissue sarcomas[33,34]. The study of Kelley et al[34] showed that an enzyme-linked immunosorbent assay for TA-90 in circulating immune complexes (TA90-IC) can detect subclinical metastasis before the surgical treatment of early-stage melanoma, and thus they assayed the TA90-IC levels in the postoperative sera from patients with melanomas and evaluated theirrelationship to recurrence and survival.

SECRETED PROTEIN ACIDIC AND RICH IN CYSTEINE OR ITS COMBINATION WITH GLYPICAN-3
Secreted protein acidic and rich in cysteine (SPARC), also called osteonectin or BM-40, is a glycoprotein that modulates cellular interactions with the extracellular matrix during tissue remodeling[35]. SPARC was overexpressed in primary and metastatic melanomas, and an overexpression of SPARC by melanoma cells was associated with an invasive phenotype in vivo[36, 37]. 
Ikuta et al[30] recently identified glypican-3 (GPC3) as a novel tumor marker, but it could only diagnose 40% of melanomas. Therefore, we focused our attention on SPARC overexpressed in melanomas as another candidate tumor marker. Secreted SPARC protein was quantified using ELISA in the sera from 109 melanoma patients, five patients with large congenital melanocytic nevus, 61 age-matched healthy donors, and 13 disease-free patients after undergoingsurgical removal. Surprisingly, 19 of the 36 patients showing increased SPARC levels were in stages 0 to II. The serum SPARC levels decreased below the cutoff level in 10 out of 13 patients after surgical removal. Using SPARC plus GPC3 in combination enabled us to diagnose 47 out of 75 (66.2%) melanoma patients at an early stage (0-II). Thus, SPARC or its combination with GPC3 is considered a potentially useful tumor marker, especially for melanoma at an early stage[30]. 

CHONDROITIN SULPHATE PROTEOGLYCAN 4 
Chondroitin sulphate proteoglycan 4 (CSPG4) consists of a N-linked glycoprotein of 280 kDa and a proteoglycan component of about 450 kDa[38], and plays an important role in melanoma cell proliferation, migration, and metastasis[39]. 
This transmembrane proteoglycan was originally identified as a highly immunogenic tumor antigen on the surface of melanoma cells, and is associated with melanoma tumor formation and a poor prognosis in certain melanomas and several other tumor types. CSPG4 is essential to the growth of melanoma tumors through its modulation of integrin function and enhanced growth factor receptor-regulated pathways, including the sustained activation of ERK 1, 2. CSPG4 expression has further been correlated to the resistance of melanomas against conventional chemotherapeutics[40]. 

YKL-40
YKL-40, a 40-kDa secreted glycoprotein, is produced by cancer cells and inflammatory cells, and plays a role in inflammation, cell proliferation, differentiation, protection against apoptosis, the stimulation of angiogenesis and the regulation of extracellular tissue remodeling[41].
Elevated plasma YKL-40 levels are an independent prognostic biomarker of shortened survival. There is still insufficient evidence to support its value outside of clinical trials as a screening tool, prognosticator of survival, predictor of treatment response and as a monitoring tool in the routine management of individual patients with cancer or diseases characterized by inflammation. Large, prospective, longitudinal clinical cancer studies are needed to determine if plasma YKL-40 levels represent a new cancer biomarker, or are mainly a biomarker of inflammation[42]. 

PROTEINS RELATED TO CANCER STEM CELLS
Cancer stem cells, derived from the clonal expansion of atypical cells, exist in a wide array of tumors, and are becoming increasingly important to the understanding of the　molecular mechanisms that regulate self-renewal, differentiation and progression of metastasis[43, 44]. The identification of cancer stem cells can potentially help to refine the classification, diagnosis and treatment of cancers, including malignant melanomas[45]. Recently, cancer stem cell markers, which are also expressed on melanocytes, have been described[45].
CD133 (humanprominin-1/AC133) is a trans membrane glycoprotein that is expressed on hematopoietic stem cells, endothelial progenitors, and dermal-derived stem cells capable of differentiating into neural cells[46,47]. CD133 (Prominin-1) is considered the most important cancer stem cell associated marker identified thus far, and its increased expression is observed in the cancer stem cell fraction of a large variety of human malignancies, including malignant melanoma[48].
Some studies by Al Dhaybi et al[49] have shown that CD133+ cancer stem cell expression in childhood malignant melanoma might correlate with lymph node metastasis, and in fact, some studies showed that all malignant melanoma patients who had associated metastases had a positive expression of CD133. Moreover, they found stronger CD133 expression in metastatic/orvisceral metastases[49].
CD133 expression might be associated with an increased risk of metastasis and a worse outcome in childhood malignant melanoma. However, it is sometimes difficult to distinguish a Spitz nevus from a malignant melanoma, and many investigators are searching for tools and techniques that may help enhance diagnostic accuracy[50]. CD133 expression might be a useful tool to suggest malignant behavior[49].
Nestin is an intermediate filament expressed in the cytoplasm of neuroepithelial stem cells[51,52]. Its expression has also been found in metastatic melanomas[53]. In Klein’s research[45], nestin expression was identified in 35/64 banal nevi, 44/63 primary melanomas, and 69/80 metastatic melanomas, and thus its expression seems to correlate with the high proliferative and migrational activity of these tumors[45].
Activated leukocyte adhesion molecule (CD166) is a member of the immunoglobulin super family, and is a type 1 transmembrane protein. CD166 is expressed on the surface of mesenchymal stem cells, and has been found on human melanoma cell lines[54]. In addition, its expression correlates with tumor thickness in primary melanomas[55].
In analogy with other groups, Fang et al[56] used in vitro sphere culture conditions to enrich for cells with stem cell features. Surprisingly, cells within the spheres expressed the B cell marker CD20 (also known as MS4A1). Extending their CD20 experiments into the clinical setting, they used rituximab (an anti-CD20 antibody) treatment in a group of nine patients with metastatic melanomas at clinical stage IV. After a treatment period of 2 years and a subsequent median follow-up time of 42 mo, two thirds of the patients included in this study were recurrence-free, without any signs of major side effects or toxicity[57]. 
The low-affinity neurotrophin receptor p75 (p75NTR, CD271) has recently been identified as a surface marker for tumor-initiating cells in melanomas[58, 59]. As shown by Boiko et al[58], CD271 (p75NTR)-expressing melanoma cells had a higher tumor-initiation capacity than CD271-negative cells and, moreover, gave rise to metastases upon transplantation, unlike CD271-negative cells.

CIRCULATING MELANOMA CELLS
Circulating melanoma cells are thought to be valuable for improving prognostic measures in melanoma patients. Research by Freeman et al[60] demonstrated that a combination of markers should be targeted for the optimal isolation of circulating melanoma cells. In addition, there are significantly more circulating melanoma cells in metastatic patients as compared with non-metastatic patients, and therefore the quantification of circulating melanoma cells may prove to be a useful marker of disease progression[60].

MIR-221
Growing evidence has supported the use of micro-RNAs (miRNAs) expression profiles to clearly distinguish between normal and neoplastic tissues, thus leading to the identification of new diagnostic and/or prognostic markers. [61] 
For example, miR-221, encoded on the X chromosome, is one of these miRNAs[61], and microRNA-221 (miR-221) is known to be abnormally expressed in malignant melanoma cells. To evaluate the possibility that serum miR-221 levels can be a marker for malignant melanoma serum samples were obtained by Kanemaru et al[61] from 94 malignant melanoma patients and 20 healthy controls. MicroRNAs were purified from the serum, and the miR-221 levels were measured by quantitative real-time PCR. Malignant melanoma patients had significantly highermiR-221 levels than healthy controls. Among the malignant melanoma patients, the miR-221 levels were significantly increased in patients with stages I–IV malignant melanoma as compared to those with malignant melanoma in situ, and the levels were correlated with tumor thickness. Moreover, a longitudinal study revealed a tendency for the miR-221 levels to decrease after the surgical removal of the primary tumor, and to increase again at recurrence. The serum levels of miR-221 were significantly increased, and were correlated with the tumor thickness in malignant melanoma patients, and thus it may be useful not only for the diagnosis and prognosis of malignant melanomas, but also fordifferentiating in situ from stage I–IV malignant melanomas, and for evaluating tumor progression and monitoring patients[61].

LOOKING FORWARD
In the end, the increased expression of some proteins in melanomas suggests that there are abnormal proteins synthesized, due to the genetic pathway. Moreover, all of the current main markers have some shortcomings. Therefore, we expect that there will be more instrumental breakthroughs in the abnormal gene field, especially with respect to gene mutation. Ultimately, potential melanoma biomarkers (Figure 1) could be found and gradually become targeted treatment strategies for a poor prognosis in advanced melanoma.
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Figure 1 Many biological markers are related to different aspects (such as diagnosis, progression, increased risk of metastasis, recurrence, survival, response to treatment, and even tumor thickness) of malignant melanomas. 
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