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Case Report

Micropthalmia Transcription Factor (MITF) as a
diagnostic marker for metastatic melanomas
hegative for other melanoma markers
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Abstract: Metastatic malignant melanoma has a wide spectrum of histopathologic patterns and often lacks melanin
pigment. Without a known primary tumor, the diagnosis of metastatic malignant melanoma relies on a combina-
tion of morphology and immunohistochemical profile. Infrequently, commonly used markers for melanoma (S100,
HMBA45, Melan-A and Tyrosinase A) are negative. These cases pose critical diagnostic challenges. Recent studies
show that Microphthalmia Transcription Factor (MITF) has high sensitivity (88-100%) and specificity for metastatic
melanoma. We are reporting here three cases of high grade tumors that were studied by a comprehensive im-
munohistochemical panel including cytokeratins, S100, HMB-45, Melan A, Tyrosinase, and MITF. All three tumors
were also analyzed for the presence of BRAF mutations. All three metastatic tumors were negative for S100, Melan
A, HMB-45 and Tyrosinase but positive for MITF. Subsequent to the diagnoses, previously existing or concurrent
primary melanomas were identified in 2 of the 3 cases. Interestingly, S100, Melan A, and HMB-45 were positive in
the primary tumors. No BRAF (V600OE) mutations were identified in the three metastatic melanomas and CD 117
(c-kit) was positive in one of the cases. In summary, our experience shows that MITF can be a valuable adjunct in
the diagnosis of metastatic tumors that are suspicious for melanoma but negative for other melanoma markers.
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Introduction

Cutaneous and extracutaneous malignant mel-
anoma is one of the most lethal skin cancers
and accounts for approximately seventy-five
percent of skin cancer related death. The over-
all survival rate with advanced stage melano-
ma is still extremely low in spite of currently
available therapeutic modalities: less than fifty
percent with regional metastasis and fifteen
percent with distant metastasis. Early diagno-
sis and effective treatment are critical for
improved outcome and long term survival [1,
2]. Histopathologically, metastatic melanoma
has a wide spectrum of morphological patterns
and often lacks melanin pigment, which makes
immunohistochemical characterization neces-
sary. In some cases, the commonly used mark-
ers for melanoma (S100, HMB45, Melan-A and
Tyrosinase A) are negative in these tumors and
makes diagnosis challenging. However, correct

diagnosis is critical [3-6]. Many studies have
shown that Microphthalmia Transcription Factor
(MITF) has high sensitivity (88-100%) and spec-
ificity for metastatic melanoma in addition to
the traditional markers mentioned above [7-9].
Here we reported three cases of high-grade
tumor with MITF as the only markering point to
a diagnosis of metastatic malignant melanoma.
Subsequent to the diagnoses, previously exist-
ing or concurrent primary melanomas were
identified in 2 of the 3 cases.

Case report
Case 1

The patient was an 85 year old male and pre-
sented with an enlarged parotid gland. A fine
needle aspiration was performed and scattered
highly atypical cells were identified. A subse-
quent parotidectomy was performed on the
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Figure 1. Characteristics of Case 1. A, B: H&E of the metastatic parotid lesion, low (A) and high (B) power views; C, D:
Negative IHC stains of S100 (C) and Pan-Melanoma cocktail (D) in the metastatic parotid lesion; E: Positive nuclear
IHC staining of MITF in the metastatic parotid lesion; F, G: H&E of the primary temporal lesion, low (F) and high (G)
views; H, I: Positive IHC stains of S100 (H) and Pan-Melanoma cocktail (1) in the metastatic parotid lesion.

patient along with partial neck lymph node dis-
section. A 1.5 cm round mass was found within
the parotid gland. Histopathologically, the
tumor cells are moderate to large in size with
epithelioid and pleomorphic cytological fea-
tures. Mitotic activity was brisk with many atypi-
cal mitotic figures. Some tumor cells had rhab-
doid features and peripheral halo. Necrosis
was extensive and centrally located. Mucoid
substances were present in the interstitia of
the tumor. No pigmentation was found in the
lesion (Figure 1A and 1B). The tumor appar-
ently invaded into the normal parotid parenchy-
ma. A battery of immunohistochemical stains
were performed, including S100, Pan-
melanoma  cocktail (including HMB-45,
Melan-A, and Tyrosinase) (Figure 1C and 1D),
neuroendocrine  markers, pan-cytokeratin
(AE1/AE3), cytokeratin 7, cytokeratin 20, cyto-
keratin 5/6, desmin, smooth muscle actin,
Thyroid transcription factor 1 (TTF1), napsin A,
polyclonal carcinoembryonic antigen (CEA),
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which were all negative in tumor cells. Epithelial
membrane antigen (EMA) and P63 were posi-
tive in small number of tumor cells, and CD117
was weakly positive in some tumor cells. A MITF
stain was requested later and the result showed
strong nuclear staining in most tumor cells
(Figure 1E). A diagnosis of metastatic melano-
ma was suggested given other MITF expressing
malignant tumors were ruled out.

Simultaneously, a thorough physical examina-
tion was done for the patient and a pigmented
lesion was identified on the right temple scalp,
which was masked by the patient’s hair previ-
ously. A biopsy was done in an outside facility
and diagnosed as “malignant melanoma”. The
patient was referred back to us for a wide exci-
sion of the skin lesion. Histopathologically, the
excisional biopsy was consistent with a cutane-
ous melanoma, nodular type with subcutane-
ous invasion. The cytological features were
similar to the parotid tumor described above.
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Figure 2. Characteristics of Case 2. A, B: H&E of the metastatic cheek lesion, low (A) and high (B) power views; C:
Negative IHC stains of S100 (C1) and Pan-Melanoma cocktail (C2) in the metastatic cheek lesion, scattered cells
with non-specific staining present; D: Positive nuclear IHC staining of MITF in the metastatic cheek lesion.

Melanin pigmentation was absent as well
(Figure 1F and 1G). However, immunohisto-
chemical stains showed strong positivity for
S100 and Pan-Melanoma cocktail (Figure 1H
and 11). At the same time, BRAF gene mutation
study was performed on the primary skin lesion
and no mutation was detected (including
V60OE, K601E and K601Q).

After comprehensive evaluation of the case
together with other clinical information, we
determined that the parotid lesion was mostly
likely a metastatic lesion from the primary mel-
anoma of the temple skin. The loss of S100,
HMB-45, Melan-A and tyrosinase expression
during the process of metastasis was rare and
intriguing mechanistically.

Case 2

The patient was a 70 year old male with a
recent diagnosis of primary cutaneous mela-
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noma of forehead from outside facility. It was
reported that the Breslow thickness was 0.55
mm. The tumor cells were epithelioid cytologi-
cally. S100 and Melan-A were also reported to
be unequivocally positive in tumor cells (slides
not available). In addition, he was also recently
diagnosed of plasmacytoma from a bone mar-
row biopsy.

Seven months later, the patient was found to
have a small right cheek nodule and a right
auricular nodule. A fine needle aspiration was
performed to the auricular nodule in our hospi-
tal and pleomorphic tumor cells with macronu-
cleoli and occasional intracytoplasmic pigment
were identified. A tentative diagnosis of meta-
static melanoma was rendered. Immunohi-
stochemical stain was not performed because
of paucity of cellularity in the cytological
material.

At the same time, a core biopsy of the right
cheek nodule was also done. Histologically, the
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Figure 3. Characteristics of Case 3. A, B: H&E of the re-excised metastatic subcutaneous tumor, low (A) and high (B)
power views; C: Negative IHC stains of Pan-Melanoma cocktail (C1) and S100 in the tumor (C2); D: Positive nuclear
IHC staining of MITF in the tumor.

nodule had no epidermal connection and sur- Case 3

rounded by fibroconnective tissue. The tumor

cells were small to moderate in size and pleo- The patient was a 58 year old male with a his-
morphic. The nuclei were large with prominent tory of prostate adenocarcinoma status post
nucleoli and high nuclear/cytoplasm ratio. No radical prostatectomy three and half years ago.
melanin pigmentation was identified (Figure 2A A 5.5 cm right forearm subcutaneous tumor
and 2B). Hemorrhagic change was prominent. was recently found and resected in outside
Immunohistochemical stains with S100, pan- facility. According to the report, the tumor was
melanoma  cocktail (Figure 2C), Pan- composed of spindle cells and epithelioid cells,
cytokeratin, cytokeratin 5/6 and battery of with high grade pleomorphic nuclei. Prominent
hematological markers were performed, but all nucleoli and brisk atypical mitosis were pres-
of them were negative. BRAF mutation and ent. No melanin pigmentation was observed.
C-Kit mutation were also done and no mutation Immunohistochemical stains were patchy posi-
was detected. A MITF stain was subsequently tive for S100, but negative for HMB-45,
requested and showed moderate positive Melan-A, EMA, pan-cytokeratin, cytokeratin 7,
nuclear staining in most tumor cells (Figure desmin and CD34. The lesion was considered
2D). A diagnosis of metastatic melanoma from to be a possible metastatic malignant neo-
the forehead primary was suggested. Similar to plasm. The main differential diagnoses includ-
the previous case, it also represented an exam- ed malignant peripheral nerve sheath tumor
ple of metastatic melanoma with loss of some (MPNST) and melanoma with unusual marker
melanocytic markers during the process of expression pattern. However, the patient did
metastasis. not have NF1 gene defect and associated nerve
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trunk was not identified in the lesion, therefore
the diagnosis of MPNST was in doubt. It was
also very unlikely a metastatic prostate adeno-
carcinoma. The patient was thoroughly evalu-
ated, and no other lesion was found on the skin
or mucosal sites.

One month after the resection, a 1.8 cm recur-
rent nodule was found in the previous excision
site. A re-excision was performed in our hospi-
tal. Pathological examination revealed a tumor
with similar histomorphology as the previous
excisional specimen (Figure 3A-B), and further
immunohistochemical workup was done. In the
new panel, pan-Melanoma cocktail, more kera-
tin markers, blood vessel markers, muscle
markers, CD117 were added, which were how-
ever still negative (Figure 3C1). Interestingly,
S100 staining was negative in this recurrent
lesion in contrast to the outside results (Figure
3C2). An INI1 staining showed nuclear positivi-
ty. MITF stain was subsequently performed
which showed moderate nuclear staining pat-
tern in tumor cells (Figure 3D). Based on the
above findings, a diagnosis of metastatic mela-
noma with unknown primary was given, and
this tumor also had the unusual pattern of neg-
ative staining for the other melanocytic mark-
ers including HMB-45, Melan-A and Tyrosinase.
BRAF gene mutations were not detected.

Six months later, the same tumor was found in
an axillary lymph node in spite of the previous
complete re-excision. It should be noted that
the diagnosis of clear cell sarcoma of soft part
was not completely ruled out, although the his-
topathologic features along with their presence
in lymph nodes still favored the diagnosis of
melanoma.

Discussion

The transcription factor MITF is essential in
normal melanocytes development and controls
the expression of pigment cell phenotypes.
When malignant melanoma develops, MITF
appears to be critical in tumor cell survival [10].
The application of MITF as a marker in diagno-
sis of melanoma has been extensively studied.
Although there are variable results, it has been
consistently shown that MITF has high sensitiv-
ity and specificity in identification of melanoma,
which is comparable to other widely used mark-
ers, including S100, HMB-45 and Melan-A [4,
7-9]. In addition, the clean nuclear staining pat-
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tern of MITF in the application of immunohisto-
chemistry makes it a superior marker over the
others for the ease of interpretation. Despite
the high specificity of MITF in melanocytic
lesions, it has been shown that MITF can be
positive in considerable portion of perivascular
epithelioid cell tumors, as well as in rare cases
of lymphoid neoplasms, breast carcinomas,
renal cell carcinomas, histiocytes, fibroblasts,
Schwann cells, smooth muscle cells and mast
cells [9, 11-15]. Therefore, comprehensive eval-
uation with morphology and clinical information
is required in utilizing MITF appropriately for
diagnosis. It should be also noted that MITF
does not appear to be very sensitive in desmo-
plastic melanomas [14, 16].

In our cases, the challenge existed in that no
clear medical history was available at the time
of biopsy. The tumors were all amelanotic and
highly atypical without specific patterns.
Because of the location of these tumors as dis-
crete deposits in the subcutaneous tissue, the
possibility of metastatic lesions was highly con-
sidered for all three cases. Based on the H&E
features, the differential diagnoses included
high-grade carcinoma, high-grade sarcoma,
metastatic melanoma and some unusual
hematological malignancies. Batteries of
immunohistochemical stains were performed
on all three cases, including S100, melanoma
marker cocktail (tyrosinase, HMB-45 and
Melan-A), multiple markers for mesenchymal
differentiation and cytokeratins, as well as
some hematological markers. The results were
either negative or weakly focally positive, and
none were diagnostic or highly suggestive of
certain lesion. Patchy weak positivity of S100
was observed in one case, but diagnosis of
melanoma could not be made solely based on
this finding. Later on a MITF stain was added to
all three cases, which were all unequivocally
positive with clean nuclear staining pattern. We
therefore suggested the primary physicians fur-
ther investigate the patients for the possibility
of previous or concurrent history of melanoma,
as well as requested BRAF gene mutation anal-
ysis [17, 18]. It was later found that one of the
patients did have a history of melanoma 7
months ago, and another patient had a concur-
rent scalp melanoma hidden under the hair. No
clear history of primary melanoma was revealed
in the third patient. BRAF mutation was not
detected in any case. To further investigate the
possible target for treatment, we did CD117/C-
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Kit immunohistochemical stain [19], which was
positive in one case.

With the help of the clinicians, we excluded
other possible tumors that may have positive
MITF staining and concluded that these cases
were all metastatic melanomas with unusual
patterns of marker expression. There have
been several studies that compared the exist-
ing melanoma markers, and the result indicat-
ed that a combination of S100, HMB-45 and
Melan-A should be able to detect more than
99% of melanomas statistically [7-9]. There
was one study that showed MITF was positive
in 9 out of 14 cases HMB-45 negative melano-
ma. However, these cases were still variably
positive for S100, Melan-A and tyrosinase [4].
Only one case of metastatic melanoma with
triple negative markers was reported, in which
case the MITF stain was also positive similar to
our cases [20]. Our current findings further con-
firmedwith this larger scale study that MITF has
a unique value in unrevealing the unusual
nature of the melanomas with other negative
markers. It will therefore be ideal to include
MITF in a routine immunohistochemical stain
panel when dealing with a high-grade tumor of
unknown etiology, so that an unusual melano-
ma would not be missed.

One case of S100, HMB-45 and Melan-A nega-
tive primary melanoma was reported with its
metastatic counterpart positive for these mark-
ers [6]. Interestingly, we also obtained informa-
tion of the marker studies on two cases with
subsequently identified primary melanoma,
either through outside pathology report or our
own work. The staining of S100, HMB-45,
Melan-A and Tyrosinase was unequivocally pos-
itive in both primary melanomas. Therefore our
observations are opposite to the case reported
above. It is hence intriguing that the metastatic
lesions had their marker expression pattern
completely changed. This phenomenon may
reflect an unknown mechanism underlying the
process of the metastasis of these cases and
would be worth further academic
investigation.
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