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Gaël McGill,† Edward Cooley,* Martin Mihm,*‡ and
David E. Fisher†

From the Department of Dermatopathology,* Albany Medical

Center, Albany, New York; the Division of Pediatric Oncology,†

Dana Farber Cancer Institute and Children’s Hospital, Boston,

Massachusetts; and the Department of Dermatopathology,‡

Massachusetts General Hospital, Boston, Massachusetts

Malignant melanomas do not uniformly retain ex-
pression of melanocytic gene products—an observa-
tion associated with diagnostic dilemmas. Microph-
thalmia transcription factor (Mitf) is a melanocytic
nuclear protein critical for the embryonic develop-
ment and postnatal viability of melanocytes. It serves
as a master regulator in modulating extracellular sig-
nals, such as those triggered by a-MSH and c-Kit li-
gand. Because of its central role in melanocyte survival
and to assess its potential use as a histopathological
marker for melanoma, Mitf expression was examined
in histologically confirmed human melanoma speci-
mens. Western blot analysis of melanoma cell lines
revealed consistent expression of two Mitf protein
isoforms differing by MAP kinase-mediated phos-
phorylation. In a series of 76 consecutive human mel-
anoma surgical specimens, 100% stained positively
for Mitf with a nuclear pattern of reactivity. In a side-
by-side comparison, Mitf staining was positive in mel-
anomas that failed to stain for either HMB-45 or S-100,
the most common currently used melanoma markers.
Of 60 non-melanoma tumors, none displayed nuclear
Mitf staining and two displayed cytoplasmic staining.
Although Mitf does not distinguish benign from ma-
lignant melanocytic lesions, for invasive neoplasms it
appears to be a highly sensitive and specific his-
topathological melanocyte marker for melanoma.
(Am J Pathol 1999, 155:731–738)

The protein encoded by the microphthalmia (mi) gene is a
transcription factor essential to the development and sur-
vival of melanocytes. Mouse mutations at the mi locus
were first described in the 1940s,1 and humans with
heterozygous mutations of mi have Waardenburg Syn-
drome IIA, a condition characterized by a white forelock

and deafness.2,3 Homozygous mi deficiency in mice pro-
duces complete loss of melanocytes in the skin, choroid
of the eye, and stria vascularis of the inner ear. The mi
gene was cloned several years ago and predicted a DNA
binding protein in the helix-loop-helix family4 that is ho-
mologous to the basic-helix/loop/helix/leucine zipper mo-
tif present at the carboxy terminus of the c-myc onco-
gene. Although this subfamily of transcription factors
includes only a small number of proteins (including Mitf
and Myc), Mitf does not heterodimerize with Myc, but
binds DNA efficiently as a homodimer. Biochemical stud-
ies also revealed that Mitf is capable of transactivating
several gene promoters that are regulated by E box
sequence elements,5 among which are promoters regu-
lating the pigmentation enzyme genes tyrosinase, TRP1,
and TRP2.5–7 Recent studies have demonstrated that
melanocyte stimulating hormone (a-MSH) up-regulates
pigment enzyme gene expression through a signaling
cascade that stimulates expression of Mitf followed by
secondary (Mitf-mediated) activation of pigment enzyme
expression.8,9

Although Mitf is important in regulating the pigmenta-
tion response for melanocytes, the complete absence of
melanocytes in Mitf-deficient mice suggests that Mitf is
essential for melanocyte development, postnatal survival,
or both. One instructive mouse mutant, mivit, displays
nearly normal melanocyte development but accelerated
age-dependent melanocyte death over the first months of
life.10 This melanocyte death is attributable to a mutation
within the helix-loop-helix motif of mi5,11 and suggests a
vital role for Mitf protein in postnatal survival of melano-
cytes.

Recent studies have also demonstrated that Mitf is a
phosphorylation target in the Steel/c-Kit signaling path-
way,12 a connection that highlights the phenotypic over-
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lap of mi/mi, kit, and steel mutant mice. Stimulation of the
mitogenic cytokine receptor c-Kit results in MAP kinase-
mediated phosphorylation of Mitf, producing transcrip-
tional superactivation through selective recruitment of
CBP/p300,13 a family of factors that function as transcrip-
tional coactivators for Mitf.14,15

The annual incidence of human melanoma worldwide
is increasing at the rate of approximately 5% per year.16

It is estimated that 1 in 75 persons born in the United
States by the year 2000 will develop malignant melanoma
in their lifetime.17 Due to its propensity to metastasize
rapidly and widely, coupled to the common feature of late
recurrence, relapses from melanoma represent an impor-
tant and often life-threatening clinical condition.18

Melanoma resides among the tumor types more com-
monly associated with metastases lacking an obvious
primary tumor site.18–22 A significant limitation associ-
ated with the histopathology of metastatic melanoma is its
frequent nonspecific histological appearance, shared
with other poorly differentiated neoplasms, combined
with common loss of melanocytic markers within these
tumors. Pigmentation enzymes and other melanocytic
markers such as c-Kit are frequently absent or difficult to
detect in primary or metastatic melanomas.23–26 Current
histopathological diagnosis of metastatic melanoma re-
lies most often on two antibody-antigen combinations:
S100 and HMB-45.27–31 S100, although quite sensitive,
also stains a significant number of nonmelanoma malig-
nancies,23,29 thereby providing limited specificity. HMB-
45, which is quite selective for melanoma, may fail to
identify a fraction (ranging from 5 to 50%) of these tu-
mors23,29 and has been suggested to stain variably in a
technique-dependent fashion.23,27,30,32–35 A combina-
tion of S100 and HMB45 staining improves their diagnos-
tic utility for melanoma detection.

Using a monoclonal antibody generated against hu-
man Mitf, we identified strong nuclear staining within
normal skin melanocytes, nevi, dysplastic nevi, and
100% of 76 consecutively acquisitioned melanomas, in-
cluding amelanotic and metastatic tumors. In side-by-
side comparisons, Mitf definitively stained melanomas
that were negative for S100 or HMB-45. Among nonmela-
noma tumors, Mitf stained the cytoplasm in two of 60
cases, but no cases exhibited nuclear staining. Thus, Mitf
may be a sensitive and specific melanocytic marker,
offering a useful means of identifying the melanocytic
nature of a neoplasm.

Materials and Methods

Cell Lines

NIH3T3 murine fibroblast cell line, B16 murine melanoma
cell line, and the human neuroblastoma cell lines IMR-32
and SK-N-SH were grown in DMEM with 10% fetal bovine
serum (FBS). The human melanoma cell lines (gift of Dr.
R. Halaban, Yale University) 501-mel,24 MeWo, and YU-
ZAZ636 were grown in Ham’s F10 media supplemented
with 10% FBS.

Reverse Transcription-Polymerase Chain
Reaction (RT-PCR)

Total cellular RNA was isolated using RNAzol (Tel-Test,
Friendswood, TX). Primers to the mouse microphthalmia
gene flanking exons 5–8 were synthesized: 59 exon 5
CCCGTCTCTGGAAACTTGATCG and 39 exon 8 CTG-
TACTCTGAGCAGCAGGTG. cDNA was made using
MMTV reverse transcriptase (GIBCO BRL, Gaithersburg,
MD). Ten micrograms of total RNA were used for each
cDNA reaction along with 30 pmol of 39 exon 8 primer
and incubated according to manufacturer’s instructions.
The cDNA reaction mixture was diluted in PCR buffer (10
mmol/L Tris, pH 8.3, 55 mmol/L KCl, 625 fmoles of 59prim-
er, 250 fmoles of 39 primer), Taq polymerase (Fisher
Scientific Co., Pittsburgh, PA), and dNTPs (Pharmacia
Biotech, Piscataway, NJ) with incubations at 94°C for 2
minutes, 57°C for 1 minute, and 72°C for 2 minutes for 30
cycles and visualized on polyacrylamide gels.37

Western Blotting

Whole cell lysates were made by on-plate lysis of washed
cells by adding 2.3% sodium dodecyl sulfate (SDS), 10%
glycerol, 6.25 mmol/L Tris, pH 6.8, and 2-b-mercapto-
ethanol, and boiled for 5 minutes. The protein lysates
were resolved on 8% SDS-polyacrylamide gels. Proteins
were transferred to nitrocellulose with methanol-glycine
electrotransfer buffer (Bio-Rad Labs, Hercules, CA). The
membrane was blocked in 5% milk for 1 hour at room
temperature. After washing in TBST (10 mmol/L Tris, pH
7.6, 150 mmol/L NaCl, and 0.5% Tween 20), 1:40 dilution
of the Mitf antibody (hybridoma culture supernatant) was
added for 1 hour at room temperature and developed
using goat anti-mouse horseradish peroxidase-conju-
gated antibody (Cappel, West Chester, PA) and en-
hanced chemiluminescence (Amersham, Arlington
Heights, IL).

Immunofluorescence and
Immunohistochemistry

Mitf monoclonal antibodies12,37 were shown not to cross-
react with other b-HLH-Zip factors by immunoprecipita-
tion and DNA mobility shift assay37 (data not shown). The
antibody C5 recognizes both mouse and human Mitf and
was used for Western blotting, whereas antibody D5
recognizes human Mitf only and was used for immuno-
staining. For staining, cells were grown on glass chamber
slides (Fisher Scientific, Pittsburgh, PA) and were fixed
with 3% formaldehyde in phosphate buffered saline
(PBS) for 30 minutes. D5 antibody (diluted 1:40) was
added for 1 hour. The Vectastain Elite kit (Vector Labo-
ratories, Burlingame, CA) was used for immunohisto-
chemical staining per manufacturer’s instructions. The
diaminobenzidine reagent (Vector Laboratories) was ap-
plied for 2 to 4 minutes. For immunofluorescence, the
Cy-3-conjugated goat anti-mouse (Jackson Immunologi-
cal) was used. Nuclei were stained with 10 ng/ml DAPI
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(Sigma). All incubations were followed by three washes
with 0.1% Triton X-100 in PBS.

Histopathology

Eighty cases with the diagnosis of melanoma were se-
quentially selected from the pathology files of the Albany
Medical Center Department of Pathology. Of these, four
were excluded because of unavailability of adequate
lesional tissue. The histopathological material was re-
viewed by two of the authors (RK and MM) to confirm the
diagnoses. Immunohistochemical studies were per-
formed on all cases using formalin-fixed, paraffin-embed-
ded tissue. Sections were cut at 4 mm, heated at 60°C,
deparaffinized in xylene, and hydrated in a graded series
of alcohols. Primary antibodies included polyclonal rabbit
antibody S-100 (Ventana, prediluted), mouse monoclonal
antibody HMB-45 (Ventana, prediluted), and monoclonal
antibody D5 (Mitf antibody, undiluted). Antigen retrieval
was performed using microwaving in citrate buffer for the
Mitf antibody. Staining was performed with the Ventana
ES automated immunohistochemistry system using the
Ventana DAB Detection Kit (Ventana Medical Systems)
Tissues known to express the antigen of interest were
used as positive controls, whereas removal of the primary
antibodies in the test tissues were used as negative
controls. Only Mitf antibody nuclear staining was re-
garded as positive, whereas cytoplasmic staining alone
was considered a negative result (and was observed in
only two breast carcinomas, see Results). S-100 and
HMB-45 antibody staining were considered positive if
cytoplasmic staining was present. The Fisher Exact test
was used for statistical analyses comparing Mitf versus
HMB-45 and Mitf versus S100. Sixty nonmelanocytic tu-
mors (detailed below) were selected to test the specificity
of Mitf and HMB-45. These selected tumor types have
been shown to express S-100.28

Results

To examine Mitf expression in melanomas, an initial sur-
vey was undertaken in a series of four melanoma cell
lines, three human24,36 and one murine. Using reverse
transcriptase PCR, bands corresponding to Mitf were
identified in all cases. A doublet representing the alter-
native splice of an 18-bp segment4 was observed in each
case (Figure 1A) and verified by sequencing. Two human
neuroblastoma cell lines, also neural crest-derived tu-
mors, failed to produce Mitf-specific PCR products (Fig-
ure 1A). Western blot analysis of 501-mel melanoma cell
line extracts (Figure 1B, lanes 2–5) revealed Mitf-specific
bands as a doublet migrating at approximately 52 and 56
kd. Prior biochemical studies using two-dimensional
phosphotryptic analyses have confirmed the identity of
these Mitf bands and determined that these isoforms
differ in the presence of a MAP kinase-mediated phos-
phorylation at serine 73 in the upper migrating species.12

Fibroblast extract (Figure 1B, lane 1) lacked the Mitf
protein bands. In addition, recombinant Steel factor (c-Kit
ligand) triggered a mobility shift from the lower to the

upper migrating form as previously described (Figure 2B,
lanes 6 and 712). Detection of Mitf by RNA or protein
analysis was controlled by detection of GAPDH RNA or
tubulin protein (data not shown). Direct staining of mela-
noma cells for Mitf revealed strong nuclear signal by
either immunofluorescence or immunohistochemistry
(Figure 1C). Two-color fluorescence with DAPI identified
nuclei in the same samples (Figure 1C). Thus, Mitf is
expressed as a nuclear factor in these melanoma cell
lines.

Expression of Mitf was next tested by immunohisto-
chemical staining in normal skin, nevi, dysplastic nevi,
and melanomas. Paraffin-embedded tissue samples
were stained with Mitf and counterstained with hematox-
ylin. Control samples from each section were separately
stained with hematoxylin and eosin (H&E) for compari-
son. Within normal skin, the Mitf specific antibody high-
lighted nuclear staining within individual melanocytes
(Figure 2, see arrows). In addition, melanocytes in 9
benign nevi and 4 dysplastic nevi were positive for Mitf;
representative cases are shown in Figure 2.

Figure 1. A: RT-PCR of neuroblastoma and melanoma cell lines using
primers directed to Mi (exons 5 to 8). The Mi product migrates as a doublet
at 432 bp and 448bp and represents an 18-bp alternative splice11 (confirmed
by sequencing). Neuroblastoma cell lines were PCR negative while melano-
mas were PCR-positive. B: Western blot showing 54- and 60-kd melanocyte
forms of Mitf protein in the melanoma cell lines 501-mel,12 MeWo, Yuzaz,
B16. Mitf is absent in NIH3T3. Steel factor (c-Kit ligand) stimulation of the cell
line 501-mel causes phosphorylation of the 54-kd species and a mobility shift
as previously described.12 C: Immunostaining of the 501-mel melanoma cell
line with the D5 Mitf antibody using immunofluorescence and DAB immu-
nohistochemistry showing nuclear stain. Control lacked primary antibody.
Original magnifications, 310 and 360 (as labeled).
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Mitf expression was tested in a series of consecutively
accessioned histologically confirmed human melanoma
pathological specimens. Of the 76 cases, 19 were mel-
anomas in situ, 50 were conventional melanomas, and 7
were metastatic melanomas. Eight cases were histologi-
cally amelanotic (2 melanoma in situ and 6 primary mel-
anoma). Nine cases had a predominantly spindled cell
morphology, eight cases had a spindled/epithelioid mor-
phology, and the remainder had a predominantly epithe-
lioid cell morphology.

Mitf expression was positive and nuclear in all 19 mel-
anomas in situ (Table 1 and Figure 2). Among the invasive
melanomas, Mitf was also positive in all cases, again
displaying a nuclear pattern (Table 1). For the consecu-
tive series, Mitf staining was compared in side-by-side
fashion with HMB-45 and S-100. The nuclear staining
pattern of Mitf contrasted the cytoplasmic or more diffuse
staining patterns of S-100 and HMB-45 (Figure 3). All
three stains were positive in the majority of cases (Table
1). However, HMB-45 failed to stain 7 cases. In these 76
consecutive melanomas, Mitf’s enhanced sensitivity over
HMB-45 was statistically significant (P 5 0.01). Although

S-100 is known to be less specific for melanoma,31 all but
5 melanomas in this consecutive series were positive for
S-100. Independent of specificity (see below), Mitf dis-
played a statistical trend toward greater sensitivity for
melanoma than S-100 (P 5 0.06). Only 1 melanoma was
negative for both S100 and HMB-45, and this, too, was

Figure 2. Immunohistochemical staining of normal skin with hematoxylin and eosin (H&E) and Microphthalmia (Mitf) antibody showing Mitf nuclear staining of
normal melanocytes at the epidermal/dermal border. Benign nevus, dysplastic nevus and melanoma in situ show Mitf staining only in the melanocytic component
of these lesions (B340). Arrows indicate areas of Mitf-positive staining. Asterisk indicates endogenous melanin pigment.

Table 1. Staining Characteristics in 76 Consecutive
Melanomas

Mitf 1
(% positive)

HMB-45 1
(% positive)

S-100 1
(% positive)

Consecutive series
of melanomas
In situ melanoma 19/19 19/19 17/19
Primary
melanoma

50/50 44/50 48/50

Metastatic
melanoma

7/7 6/7 6/7

All melanomas in
series

76/76 (100) 69/76 (91)* 71/76 (93)*

Asterisks denote statistical comparisons. Mitf was significantly more
sensitive than HMB-45 (P 5 0.01) and displayed a trend relative to S-
100 (P 5 0.06).
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positive for Mitf. Focal positivity was seen within 2 cases
for Mitf and 2 cases for HMB-45. Figure 3 shows repre-
sentative staining for Mitf, HMB-45, and S-100 in conven-
tional, amelanotic, metastatic, and in-transit melanomas.
The nuclear staining pattern of Mitf is compared at low
and high powers. This amelanotic tumor was also nega-
tive for HMB-45 but was positive for Mitf and S-100 (Fig-
ure 3). Mitf also stained positively in a melanoma-in-
transit (Figure 3). This invasive tumor resides in the
dermal/subdermal region without contiguous extension
from overlying epidermis.

Several specific clinical scenarios are shown in Figure
4 highlighting instances in which Mitf may display partic-
ular diagnostic utility. An HMB-45-negative melanoma is
shown (Figure 4, column A) in which nuclear staining for
Mitf is observed. Another tumor was HMB-45-positive
only in the in situ component (Figure 4, column B, arrow),
but HMB-45-negative within the invasive component (Fig-
ure 4, column B labeled invasive). In contrast, Mitf stain-
ing was positive in both the in situ and invasive compo-

nents of this tumor (Figure 4, column B). One of the
S-100-negative tumors shown (Figure 4, column C) was
also negative for HMB-45. It, too, stained positively for
Mitf. Finally, a melanoma is shown in which the Mitf stain
permitted detection of invasive tumor cell clusters deep
within the sample that might otherwise have been missed
(Figure 4, column D, arrow).

To assess the specificity of Mitf expression among
nonmelanoma tumors, 60 randomly selected nonmelano-
cytic tumors were stained for Mitf (Table 2). These sam-
ples comprised 10 invasive ductal carcinomas of the
breast, 10 squamous cell carcinomas of the lung, 10
endometrial adenocarcinomas, 10 thyroid carcinomas,
10 vulvar squamous cell carcinomas, and 10 testicular
carcinomas. S-100 has been shown to be expressed in
20 to 40% of these tumors.28,38 The same tumors were
also stained for HMB-45. Of these 60 tumors, 58 were
negative for Mitf staining, and the remaining two (both
breast carcinomas) displayed a cytoplasmic rather than
nuclear staining pattern. Only one thyroid carcinoma dis-

Figure 3. Immunohistochemical staining of human melanomas. Conventional melanoma represents a primary melanoma (epidermis and dermis, original
magnification, 340) stained with hematoxylin and eosin (H&E), Microphthalmia (Mitf) antibody, HMB-45 antibody and S-100 antibody. Amelanotic refers to an
unpigmented melanoma (original magnification, 360). Metastatic refers to a melanoma metastasis within a lymph node (original magnification, 360). In Transit
refers to a case of primary melanoma with deep dermal invasion without contiguous epidermal involvement shown at low (310) and high (360) power.
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played focal HMB-45 immunostaining; the remaining 59
cases were HMB-45-negative. Thus, Mitf stained cyto-
plasms in 2 of 60 nonmelanomas, but no cases exhibited
nuclear staining.

Discussion

In this series of 76 consecutively accessioned, histolog-
ically confirmed melanomas, the Mitf antibody detected
100% of cases. S-100 and HMB-45 failed to detect 5 and
7 cases, respectively, of the 76 melanomas. Mitf also
identified an area of deep dermal staining on a specimen
that was difficult to visualize with H&E and negative with
HMB-45 staining. This deep staining may confer a worse
prognosis because it would alter the measured thickness
of the tumor and thereby alter treatment decisions about,
eg, optimal surgical margins and/or adjuvant therapy.
Mitf is also a specific antibody, staining nuclei in none of
60 nonmelanomas, though staining cytoplasms in 2.
Compared to current standard immunological markers of
melanoma, Mitf is more specific than S-100 and is as
sensitive, if not more so, than HMB-45 in these histolog-
ically confirmed cases.

Mitf staining in melanomas produces a nuclear pattern
which has some theoretical advantages over cytoplasmic
immunostains. It may be difficult to distinguish back-

Figure 4. Mitf staining of S-100-negative and HMB-45-negative melanomas. A: HMB-45 neg refers to a conventional melanoma that was negative for HMB-45, but
positive for Mitf (arrow). B: HMB-45 in situ-selective (original magnification, 345) is a case in which HMB-45 staining was positive within the in situ component
(small arrow), but not the invasive melanoma component (invasive) while Mitf stained both the in situ (small arrow) and invasive components. C: S-100 neg
(original magnification, 360) refers to a case in which Mitf was positive, but HMB-45 and S-100 were negative. D: Deep staining (original magnification, 310)
refers to a case in which Mitf staining identified melanoma nests deep in the dermis (circles) that were not easily appreciated by H&E or HMB-45.

Table 2. Mitf and HMB-45 Staining Characteristics in
Common Nonmelanoma Tumors

Mitf 1
(% positive)

HMB-45 1
(% positive)

Nonmelanoma tumors
Invasive ductal breast

carcinoma
0/10* 0/10

Squamous carcinoma lung 0/10 0/10
Endometrial

adenocarcinoma
0/10 0/10

Thyroid carcinoma 0/10 1/10
Squamous carcinoma

vulva
0/10 0/10

Testicular cancer 0/10 0/10
All nonmelanomas in series 0/60 (0) 1/60 (2)

*Two of the 10 breast cancer cases showed cytoplasmic but no
nuclear staining for Mitf.
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ground staining from positivity for cytoplasmic antibod-
ies, especially with weak signal. Furthermore, cellular
architecture is not obscured with nuclear staining, which
aids in the preservation of the tissue structure being
examined. For pigmented lesions it may be difficult to
distinguish cytoplasmic stains from pigmentation, al-
though such lesions are less likely to require special
stains.

Mitf was expressed in 8/8 histologically amelanotic
melanomas. Based on its recognition of the M box pro-
moter element,5 Mitf is thought to regulate transcription of
the pigmentation enzymes tyrosinase, TRP1 and
TRP2.5–7 Its persistent expression in the amelanotic mel-
anomas examined here suggests that factors down-
stream of Mitf may down-regulate pigmentation. One
such mechanism is the proteolytic degradation of tyrosi-
nase, recently described for human melanoma cells.25

These findings suggest that down-regulation of pigmen-
tation may occur through mechanisms downstream of
Mitf rather than through loss of Mitf itself. Of note, how-
ever, nondetection of Mitf expression at the RNA level has
been observed in a murine amelanotic melanoma cell
line.15

Mitf was consistently detected in all metastatic mela-
nomas in this series. Although the broader clinical utility
of Mitf for metastatic melanoma remains to be validated
with larger trials, these data using histologically con-
firmed melanoma specimens suggest that Mitf may be a
sensitive marker for this clinical entity, which can repre-
sent a diagnostic challenge. From 4 to 14% of melano-
mas have no known primary site, arise from an internal
site, or are diagnosed at the metastatic stage.18–22 More-
over, because a significant fraction of metastatic mela-
nomas are amelanotic, such lesions may be difficult to
classify on simple morphological grounds, certainly to the
nonspecialist, and could represent a variety of undiffer-
entiated or poorly differentiated tumors such as epithelial
tumors, sarcomas, lymphoid neoplasms, or germ cell
tumors.39 Combined detection of S-100 and keratin may
help rule in or rule out the possibility a melanoma. S-100
is sensitive for melanoma but also commonly stains other
tumors in this differential including breast adenocarcino-
mas, lung carcinomas, teratomas, neurogenic tumors,
and others,23,29,40–43 whereas keratin expression is atyp-
ical in melanomas.44 Larger survey studies are still
needed to determine the true specificity of Mitf staining in
diverse malignancies as well as in metastatic melanoma.

It is noteworthy that 2 of the breast cancer specimens
in this series produced cytoplasmic Mitf staining. Mitf is
normally expressed in osteoclasts and mast cells, and it
is known that many breast cancers express genes in-
volved in bone resorption such as parathyroid hormone-
related protein, cathepsin K, interleukin-6, interleukin-1,
transforming growth factor, and collagenases.45,46 It will
be of interest to examine mast cell and osteoclastic le-
sions for Mitf expression. If the staining of the breast
lesions reflects true Mitf protein expression, it is possible
that this Mitf protein might up-regulate osteoclast-like
genes such as cathepsin K, a resorption factor recently
detected in breast tumor cell lines.47 As such, Mitf ex-

pression could play a role in bone metastasis of breast
cancer and perhaps even predict osteotrophic tumors.

HMB-45 antibody recognizes the melanosome matrix
protein pmel 17 or gp100.30,48 Like Mitf, HMB-45 anti-
body recognizes a melanocyte antigen and is not thought
to discriminate between melanocytes and melanoma
cells. Mitf is thought to represent a central transcriptional
regulator of enzymes involved in melanin biosynthesis.
Because all HMB-45-positive tumors in this series also
expressed Mitf, it is possible that Mitf regulates the tran-
scription of pmel 17, a possibility consistent with prior
studies of these factors.15

These results demonstrate that microphthalmia is a
sensitive and specific melanocyte marker for melanoma
diagnosis. Mitf also appears to be a master regulator of
both melanocyte development and postnatal viability, as
well as pigmentation. The preservation of Mitf expression
in melanomas is consistent with the possibility that it
could play a role in melanoma cell survival. If so, an
understanding of its biochemical roles may result in its
use as a therapeutic target.
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