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1. Introduction

Malignant melanoma is a tumor arising from epidermal melanocytes. It is one of the most
frequently occurring malignant tumors in Caucasians. Melanoma is classified into four
major primary types, superficial spreading melanoma, nodular melanoma, lentigo maligna
melanoma, and acral lentiginous melanoma (palmoplantar malignant melanoma) and four
minor types - subungual melanoma, mucosal melanoma, secondary melanoma from an
occult primary site, and multiple primary malignant melanomas. The highly
undifferentiated melanoma may produce no melanin granules. The term, amelanotic
melanoma, is used loosely for both true amelanotic lesions with no pigmentation and
melanomas with minimal residual pigmentation. Most cases of amelanotic melamona are
metastatic, but cases of primary amelanotic melanoma have been reported.

This chapter defines amelanotic melanoma and reviews the clinical and histopathological
features. This chapter also provides a basic review of melanogenesis in melanosomes in the
melanocytes as well as describes the uses of immunohistochemical staining for not only
diagnosing melanomas but also determining the degree of differentiation of melanoma cells.
As the production of melanin granules in melanosomes is distinctly regulated from stages I
to IV, immunohistochemical staining may identify the damaged step in melanogenesis,
which would indicate the degree of differentiation of melanoma cells in amelanotic
melanoma. This chapter is designed to improve understanding of the pathogenesis of
amelanotic melanoma, which is not monogeneous but heterogenous.

2. The stage of melanogenesis in amelanotic melanoma

2.1 Amelanotic melanoma

2.1.1 The definition of amelanotic melanoma

Amelanotic melanoma is used for both true amelanotic lesions with no pigmentation and
melanomas with minimal residual pigmentation (Wain et al., 2008). Recently, the term
“hypomelanotic melanma” is used for melanomas with faint pigmentation (Piccolo et al.,
2010; Menzies et al., 2008). The melanoma cells in amelanotic melanoma cannot produce
mature melanin granules, resulting in the absence of melanin granules.

2.1.2 The clinical features of amelanotic melanoma
The absence of pigmentation is the main difficulty encountered when clinically diagnosing
amelanotic melanoma (Piccolo et. al., 2008). In amelanotic melanoma, the most prevalent
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clinical and histopathological type is nodular melanoma (Gualandri et al., 2009). The higher
Breslow thickness of amelanotic melanoma may be associated with a worse prognosis
(Gualandri et al., 2009). Amelanotic melanoma can develop from any type of melanoma,
including superficial spreading melanoma (Holder et al., 1996), nodular melanoma (Kanoh
et al.,, 2010; Oiso et al.,, 2010), lentigo maligna melanoma (Martires et al., 2010), acral
lentiginous melanoma (Yasuoka et al., 1999), subungual melanoma (Gosselink et al., 2009;
Matsuta et al., 2000), and mucosal melanoma (Khaled et al., 2009; Notani et al., 2002), as well
as from primary amelanotic melanoma of the esophagus (Terada, 2009; Wang et al., 2008),
cervix (Duggal & Srinivasan, 2010), and colon (Sashiyama et al., 2010).

Common clinical differential diagnoses of amelanotic or hypomelanotic melanoma may
include hypomelanotic nevus, Spitz nevus, basal cell carcinoma, seborrhoeic keratosis,
dermatofibroma, keratoacanthoma, pyogenic granuloma, haemangioma and Bowen's
disease (Piccolo et al., 2008; Zalaudek et al., 2005; Blum et al., 2004; Ferrari et al., 2004;
Zalaudek et al., 2004; Holder et al., 1996; Elmets & Ceilley, 1980).

Most reported cases of amelanotic melanoma are metastatic, but cases of primary lesions
also have been described (Wain et al., 2008; Yanagi et al., 2005; Gupta & Lallu, 1997; Holder
et al., 1996). Most primary cases are melanomas with minimal residual pigmentation or
hypomelanotic melanoma. The depicted figure is a typical case; an 80-year-old Japanese
woman having an asymptomatic bulky ulcerated nodule 20 mm in size, with slight
pigmentation located peripherally on the left vulva (Oiso et al., 2010) (Fig. 1).

Fig. 1. An 80-year-old Japanese woman having an asymptomatic bulky ulcerated nodule 20
mm in size, with slight pigmentation located peripherally on the left vulva.
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2.1.3 The histopathological features of amelanotic melanoma

Amelanotic melanoma is undifferentiated melanoma with no or few melanin granules. True
amelanotic melanomas produce no melanin granules, resulting in no pigmentation, while
amelanotic melanomas with minimal residual pigmentation or hypomelanotic melanomas
produce a few melanin granules, resulting in some pigmentation in some part of the tumor.
The histopathology of the case in Fig. 1 showed amelanotic melanomas with minimal
residual pigmentation. One of the specimens had melanoma cells in the epidermis and
upper dermis, with infiltration of mononuclear cells as the initial developmental lesion on
the left side (Hematoxylin and eosin (HE) staining, x100) (Fig. 2a) (Oiso et al., 2010).
Massively proliferated melanoma cells were present in the dermis on the right side (Fig. 2a)
(Oiso et al., 2010). The melanoma cells from the left side of the specimen had irregular
shapes and large hyperchromatic nuclei with melanin granules in the upper dermis (HE,
x400) (Fig. 2b) (Oiso et al., 2010). The massively proliferated cells produced no melanin
granules in the dermis on the right side (Fig. 2b) (Oiso et al., 2010). As shown here,
amelanotic melanomas with minimal residual pigmentation have few melanin granules
inside the tumor. However, true amelanotic melanomas have no melanin granules. The
identification of melanin granules is necessary for a histopathological diagnosis of
malignant melanoma other than true amelanotic melanoma.

Fig. 2a. One of the specimens showed melanoma cells in the epidermis and upper dermis
with infiltration of mononuclear cells as the initial developmental lesion on the left side, and
massively proliferative melanoma cells in the dermis on the right side (Hematoxylin and
eosinstaining (HE), x100).

2.2 Melanogenesis in melanosomes

2.2.1The stages of melanosomes in melanocytes

Melanin granules are produced in the melanosomes in melanocytes. Each melanosome
moves from the perinuclear area towards the dendrites and changes its shape from stage I to
stages II, III, and IV. Stage I melanosomes (also called premelanosomes) are relatively
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Fig. 2b. The melanoma cells from the left side of the specimen had irregular shapes and
large hyperchromatic nuclei with melanin granules in the upper dermis. The massively
proliferated cells in the dermis on the right side produced no melanin granules (HE, x400).

spherical organelles with matrix material (i.e. filaments) that is beginning to assemble; stage
II melanosomes are oval-shaped organelles with an organized internal matrix that does not
contain melanin; stage III melanosomes are organelles with a matrix that contains deposits
of melanin; and stage IV melanosomes are organelles completely filled with melanin (Boissy
et al., 2006). Therefore, true amelanotic melanoma may contain stage I and/or II
melanosomes, but not stage III and IV melanosomes.

2.3 Immunohistochemical staining

2.3.1 Immunohistochemical staining for diagnosis

Amelanotic melanoma is diagnosed by means of immunohistochemical staining, especially
using a panel of melan-A/melanoma antigen recognized by T cells-1 (MART-1), S-100, and
HMB-45 (Oiso et al, 2010). In the case shown in Fig. 1, the tumor was
immunohistochemically = stained with melan-A/MART-1, HMB-45, and S-100.
Immunohistochemical staining with melan A/MART-1 was positive for the melanoma cells
of the initially developed lesion and massively proliferated lesion (Figs. 2c, 2d) (c, x100; d,
x400) (Oiso et al., 2010). Immunohistochemical staining with S-100 was positive for the
melanoma cells of the initially developed lesion, but neative for the massively proliferated
lesion except in one spot (Figs. 2e, 2f) (e, x100; f, x400) (Oiso et al., 2010).
Immunohistochemical staining with HMB-45 was positive of for the melanoma cells of the
initially developed lesion, but negative for the massively proliferated lesion (Figs. 2g, 2h) (g,
x100; h, x400) (Oiso et al., 2010). Immunohistochemical staining is required for precisely
diagnosing amelanotic melanoma.
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melanoma cells of the initially developed lesion and the massively proliferated lesion
(c, X100, d, x400).

Fig. 2e-f. Immunohistochemical staining of the melanoma cells with S-100 was positive for
the initially developed lesion, but negative for the massively proliferated lesion except in
one spot (e, X100, f, x400).

Blessing et al. summarized the sensitivity and specificity of immunohistochemical staining
using three markers for malignant melanoma: melan A/MART-1, S-100, and HMB-45
(Blessing et al., 1998). They concluded that S100 was the most sensitive marker for all
primary and secondary malignant lesions and the least specific marker, that melan-
A/MART-1 and HMB-45 were both highly specific, and that HMB-45 was the least sensitive
of the three (Blessing et al., 1998). Several other studies have reported a similar tendency in
melanin granule-producing malignant melanoma (Ohsie et al., 2008; Karimipour et al., 2004;
Zubovits et al., 2003). The sensitivity of 5-100, Melan-A/MART-1, and HMB-45 were 97-
100%, 75-92%, and 69-93% (77-100% for primary melanomas and 56-83% for metastatic
melanomas), respectively (Ohsie et al., 2008). The specificity of S-100, Melan-A/MART-1,
and HMB-45 were 75-87%, 95-100%, and almost 100%, respectively (Ohsie et al., 2008).
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Fig. 2g-h. Immunohistochemical staining with HMB-45 was positive for the melanoma cells
of the initially developed lesion, but negative for the massively proliferated lesion (g, X100,
h, x400).

Additional candidate markers for malignant melanoma are derived from melanocytic
differentiation markers, proliferation markers, immunomodulatory markers, signaling
molecules, and nerve growth factors and receptors (Ohsie et al., 2008). We recommend that
a tumor or a macule suspected of being a malignant melanoma be initially stained with
melan-A/MART-1, HMB-45 and S-100, and, for a more precise diagnosis, secondarily
stained with various markers, including microphthalmia transcription factor (MITF),
tyrosine hydroxylase, tyrosinase, and tyrosinase-related proteins 1 (TRP-1) and 2 (TRP-2).

2.3.2 Immunohistochemical staining to identify the damaged step in amelanotic
melanoma

Immunohistochemical stains react with the expressing and specifically modified proteins.
Staining may indicate the damaged step of melanogenesis. Fig. 3 illustrates the relationship
of early melanogenesis and the proteins targeted for immunohistochemical staining.
Melan-A/MART-1 is a membrane protein localized in the endoplasmic reticulum, trans-
Golgi network, and melanosomes, especially in early melanosomes (stage I and II
melanosomes) (Kawakami et al., 1994). HMB-45 specifically reacts with sialylated
PMEL17/GP100 in the fibrillar matrix in the stage II melanosomes (Hoashi et al., 1996). The
production of internal matrix fibers depends on the maturation and trafficking of
PMEL17/GP100 (Kushimoto et. al., 2001; Hoashi et. al., 1996, Hoashi et al., 1995). In the
presence of Melan-A/MART-1, PMEL17/GP100 produces melanosomal matrix fibers in
melanocytes (Hoashi et al., 1995). In amelanotic melanoma, a positive reaction to both
Melan-A/MART-1 and HMB-45 indicates the presence of stage I and II melanosomes; a
positive reaction to only Melan-A/MART-1 indicates the presence of only stage I
melanosomes. In the case shown in Fig. 1, immunohistochemical staining showed only a
positive reaction to Melan-A/MART-1, indicating immature differentiation of melanosomes
prior to stage II (Oiso et al., 2010).
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Fig. 3. The early melanogenesis in the melanocytes.

3. Conclusion

This chapter summarizes the features of amelanotic melanoma on the basis of
immunohistochemical staining with melanocyte-specific proteins as targets. The results
show that the damaged step in melanogenesis in amelanotic melanoma can be evaluated
histopathologically. The histopathological method is useful for at least two reasons: it
describes the precise pathogenesis of amelanotic melanoma with intratumor heterogeneity,
and it allows the sub-classification of the damaged step in melanogenesis to be determined.
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