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ABSTRACT

Objectives: Histologic and molecular heterogeneity is well

recognized in malignant melanoma; however, the diversity

of expression of new and classic melanoma markers has not

been correlated in serial sections of metastases.

Methods: We examined and correlated the expression of

microphthalmia transcription factor (MITF) with its tran-

scriptional targets, including melastatin (MLSN1/TRPM1),

pigment epithelium-derived factor (SERPINF1/PEDF),

SILV/PMEL17/GP100 (human melanoma black 45 [HMB-

45]), and melanoma antigen recognized by T cells 1

(MART-1)/MLANA, in 13 melanoma metastases in lymph

nodes of 13 patients. The expression levels and patterns of

marker expression were recorded by a semiquantitative,

4-point ordinal reactivity method.

Results: Our results showed a consistently robust and dif-

fuse expression of MITF protein in 12 (92%) of 13 meta-

static tumors compared with variable expression of MLSN1

(46%) messenger RNA or PEDF (75%), HMB-45 (54%),

and MART-1 (46%) proteins.

Conclusions: Overall, in melanoma lymph node metastases,

MITF protein expression was not tightly correlated with its

gene targets. Moreover, the immunoreactivity for MITF,

compared with MART-1 and HMB-45, was retained, sup-

porting immunohistochemical detection of MITF as a more

sensitive method of detecting metastatic melanoma.

Accumulating evidence has recognized cancer, includ-

ing melanoma, to be a heterogeneous disease process, both

among patients with a given tumor type and within a spe-

cific individual tumor.1-3 Histologic examination of solid

tumor metastases often reveals dramatic phenotypic hetero-

geneity, compared with their primary cutaneous counterpart,

with regard to cellular, nuclear, and chromatin morph-

ology,4 as well as cellular organization and differentiation

(presence of keratin, glands, or melanin). Molecular hetero-

geneity within melanomas has also been demonstrated by

gene expression analysis,5 large-scale immunofluorescence-

based immunohistochemistry (IHC),6 and in situ hybridiza-

tion (ISH),7 demonstrating the complexity of mechanisms

underlying melanoma histologic diversity. This diversity

may explain why a subset of patients responds well to ther-

apy and has prolonged survival, while others succumb to the

disease.8 Thus, understanding molecular melanoma hetero-

geneity is critical in the diagnosis and treatment of metasta-

ses, especially as oncologic therapies increasingly focus on

targeting specific molecules (eg, BRAFV600E).9

Microphthalmia transcription factor (MITF), master gene

regulator of melanocyte survival and differentiation, is an es-

sential melanocyte transcription factor that directly regulates

the expression of a number of lineage-specific genes, for ex-

ample, melastatin (MLSN1),10 pigment epithelium-derived

factor (PEDF),11 melanoma antigen recognized by T cells 1

(MART-1/MLANA), human melanoma black 45 (HMB-45),

tyrosine-related protein 1 (Tyrp-1), and dopachrome tauto-

merase (Dct).12 MLSN1 is a melanocytic marker with clinical

power in predicting melanoma metastasis dependent on a het-

erogeneous expression pattern. MLSN1 is a putative tumor

© American Society for Clinical Pathology, 2016. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com

Am J Clin Pathol 2016;146:353-360 353
DOI: 10.1093/ajcp/aqw115

353

AJCP / ORIGINAL ARTICLE

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcp/article/146/3/353/1739800 by guest on 16 M

ay 2023

Deleted Text: al
Deleted Text: when 
Deleted Text: to
Deleted Text: have
Deleted Text: .
Deleted Text: .
Deleted Text: e.g. 
Deleted Text: -
Deleted Text: MART1
Deleted Text: -
Deleted Text: up


suppressor gene with expression in melanocytic proliferations

inversely proportional to metastatic rates in vivo. MLSN1

messenger RNA (mRNA) expression is uniformly high in

melanocytic nevi, dysplastic nevi, and melanomas in situ but

significantly decreased in a subset of invasive melanomas;

MLSN1 mRNA loss is a characteristic of all melanoma meta-

stases.7,13 Furthermore, in patients with localized cutaneous

melanoma, downregulation of MLSN1 has been shown to

correlate with risk of metastasis, acting independently of

tumor thickness and mitotic rate in predicting 8-year disease-

free survival.14 PEDF is an inhibitor of angiogenesis and

tumor growth in melanoma xenografts15 and an inhibitor of

angiogenesis16 and cell migration in the mammalian retinal

pigment epithelium.17 Recently, two studies demonstrated

that MITF regulates the expression of PEDF in melanoma

cell lines and specimens.11,18,19 In a study of 102 melanocytic

tumors, PEDF expression was consistently decreased in inva-

sive and metastatic melanoma, compared with nevi and mel-

anoma in situ, and was lost in thicker primary cutaneous

melanomas, correlating with depth of invasion.11

Monoclonal antibody to HMB-45, recognizing melano-

somal glycoprotein gp100 (Pmel17), was originally gener-

ated to an extract of melanoma, distinguishing melanomas

from nonmelanoma cancers.20 It is a membrane-bound pro-

tein found in melanosomes stage I, stage II, and nonmelan-

ized stage III while absent from stage IV melanosomes and

those complexes in keratinocytes,21 facilitating maturation

of stage I premelanosomes to stage II.22 MART-1 is a com-

monly shared melanoma antigen recognized by the tumor

infiltrating T-cells with established melanoma.23 MART-1

is a commonly used antibody to demonstrate melanocytic

lineage, expressed in both melanoma and melanocytic nevi.

Both HMB-45 and MART-1 are transcriptionally regulated

by MITF.

Previous studies have shown MITF to be diffusely ex-

pressed in primary and metastatic melanomas24; however,

the expression correlation between MITF and its transcrip-

tional targets has not been investigated in serial sections of

nodal melanoma metastases. In this study, we examined the

expression of MITF and MLSN1, PEDF, HMB-45, and

MART-1 in nodal metastatic melanomas and showed a lack

of tightly coordinated expression.

Materials and Methods

Patient Population and Immunohistochemical Analyses

We selected 13 patients with primary cutaneous melan-

oma and confirmed lymph node metastases from the

archives of the Department of Pathology, Massachusetts

General Hospital (1990-1997). At least two board-certified

dermatopathologists (L.M.D. and S.S.D.) confirmed the diag-

nosis. The institutional review board of the Massachusetts

General Hospital approved this protocol (1999P009557).

Immunohistochemical staining for all cases was per-

formed on 4-lm-thick formalin-fixed, paraffin-embedded sec-

tions mounted on charged slides and baked at 60 �C for

1 hour. As previously described, expression of MITF and its

targets was examined using the antibodies as follows: MITF,

previously described24; PEDF (dilution 1:100; Chemicon;

EMD Millipore, Billerica, MA),11 HMB-45 (Dako,

Carpinteria, CA), and MART-1 (clone M2-7C10; Signet

Laboratories, Dedham, MA). MART-1 and PEDF immunor-

eactivity was seen in the tumor cell cytoplasm without nuclear

staining, whereas MITF immunoreactivity was observed in

the tumor cell nuclei. HMB-45 immunoreactivity was de-

tected in the tumor cell cytoplasm with a granular quality. A

semiquantitative, 4-point ordinal immunoreactivity score was

established: 0 reflected the lack of expression, and 1 (weakly),

2 (moderately), and 3 (strongly) reflected positive staining.

We recorded the pattern of expression as follows: focal (F) if

1% to 49% and diffuse (D) if 50% to 100% of tumor cells

with any reactivity showed staining. Independently, two in-

vestigators (S.Z. and S.S.D.) scored the slides.

In Situ Hybridization for MLSN-1 mRNA

We performed this method as previously described.14

Briefly, 4-lm-thick formalin-fixed, paraffin-embedded tissue

sections were deparaffinized, rehydrated, and fixed with 4%

paraformaldehyde in phosphate-buffered saline (PBS) for

15 minutes. After PBS washing, we digested the sections

with 2 mg/mL proteinase K at 37 �C for 15 minutes and incu-

bated with 4% paraformaldehyde/PBS for 10 minutes. The

sections were washed again with PBS and incubated with 0.2

N HCl for 10 minutes and 0.25% acetic anhydride/1 mol/L

triethanolamine for 10 minutes. The sections were dehydrated

with graded ethanols. Hybridization was performed with

single-stranded 35S-radiolabeled (5� 107 cpm/mL) comple-

mentary RNA probes encoding a 1.9-kB segment of the cod-

ing region of the human complementary DNA (accession no.

AF071787)13 or a 1-kB segment of the coding region of the

human H4 histone gene, in a solution of 50% formamide,

10% dextran sulfate, 1�Denhardt’s solution, 600 mmol/L

NaCl, 10 mmol/L dithiothreitol, 0.25% sodium dodecyl sul-

fate, and 100 mg/mL transfer RNA and incubated for 18 hours

at 55 �C. Slides were then washed with 5� standard saline

citrate (SSC) at 55 �C for 30 minutes, 50% formamide/

2� SSC at 55 �C for 30 minutes, and 10 mmol/L Tris-HCl

(pH 7.6)/500 mmol/L NaCl/1 mmol/L EDTA (TNE) at 37 �C

for 10 minutes; incubated in 10 mg/mL RNase A in TNE at

37 �C for 30 minutes; washed in TNE at 37 �C for 10 minutes;

incubated once in 2�SSC at 50 �C for 30 minutes and twice
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in 0.2� SSC at 50 �C for 30 minutes; and dehydrated with

graded ethanols. Localization of mRNA transcripts was de-

tected by dipping slides in Kodak NTB2 photoemulsion

(Eastman Kodak, Rochester, NY) and exposure for 10 to 14

days at 4 �C.

The following control probes were used: H4 histone

(positive) and sense sequence (negative) in representative tis-

sue samples. The negative control showed no signal above

background levels. The H4 histone mRNA expression was

detected in tumor and germinal center cells of all 13 cases,

confirming mRNA integrity and corresponding to the cellular

proliferative activity. Before dehydration and cover slipping

of slides, sections were counterstained using Mayers hema-

toxylin and alcoholic eosin Y. A semiquantitative, 4-point or-

dinal immunoreactivity score was established: 0 reflected the

lack of expression, and 1 (weakly), 2 (moderately), and 3

(strongly) reflected positive staining. We recorded MLSN1

expression as follows: focal (F) if 20% and diffuse (D)

if more than 90% of the tumor cells exhibited any loss of sig-

nal. Independently, two investigators scored the slides.

Results

We examined immunoreactivity and pattern of protein

expression for MITF and PEDF, HMB-45, and MART-1 by

IHC, as well as expression of MLSN1 mRNA (by ISH) in

13 lymph node metastases of melanoma Table 1 . MITF

was consistently and diffusely expressed in most (92%)

cases, and only one tumor showed complete loss of expres-

sion (case 13) Image 1 . Half (6/12, 50%) of the cases

showed intense uniform nuclear staining of MITF diffusely

throughout the tumor; the remaining tumors showed focal

loss of MITF. The expression pattern of MSLN1 mRNA in

most cases (54%) showed a complete loss of MLSN1

mRNA expression in the tumor cells, and the remainder

(46%) showed only focal absence of MLSN1 ( Image 2 ,

Table 1). MLSN1 mRNA expression was specifically de-

tected in the melanoma cells Image 2B .

One case (case 6) had no tumor remaining after MITF

and MLSN1 analysis. Of the 12 cases evaluated for all

markers, nine (75%) showed focal expression of PEDF

Table 1
Heterogeneous Expression of MITF and Its Transcriptional Targets (MLSN1, PEDF, HMB-45, and MART-1) in Melanoma

Metastatic to Lymph Nodes, Shown by Reactivity Score

Case No.

MITF MLSN1 PEDF HMB-45 MART-1

Reactivity Pattern Reactivity Pattern Reactivity Pattern Reactivity Pattern Reactivity Pattern

1 3 D 3 D 0 A 0 A 2 D

2 3 D 2 F 2 F 2 F 0 A

3 3 D 0 A 1 F 2 F 2 D

4 3 D 0 A 0 A 3 F 0 A

5 3 D 0 A 1 F 2 F 0 A

6 3 D 0 A NA NA 0 A 0 A

7 2 D 2 F 1 F 2 D 0 A

8 3 D 1 F 1 F 0 A 2 D

9 2 D 2 D 0 A 0 A 2 D

10 3 D 2 F 2 F 0 A 0 A

11 2 D 0 A 1 F 2 F 2 D

12 2 D 0 A 2 F 2 F 2 D

13 0 A 0 A 1 F 0 A 0 A

Total No. (%) positive 12/13 (92) 12/13 (92) 6/13 (46) 6/13 (46) 9/12 (75) 9/12 (75) 7/13 (54) 8/13 (54) 6/13 (46) 6/13 (46)

A, absent; D, diffuse; F, focal; HMB-45, human melanoma black 45; MART-1, melanoma antigen recognized by T cells 1; MITF, microphthalmia transcription factor; NA, not

available; PEDF, pigment epithelium-derived factor.

MITF MLSN1 PEDF HMB-45 MART-1
0%

20%

40%

60%

80%

100%

Negative
Positive

Figure 1 Heterogeneous expression of microphthalmia tran-

scription factor (MITF) and its transcriptional targets in meta-

static melanoma. Most metastatic nodal tumors expressed

MITF; however, the expression of MITF targets was variable.
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protein; of these, eight cases (67%) showed staining in ap-

proximately 2% to 10% of the tumor cells, while one case

(8%) displayed reactivity in 40% of the tumor cells. The re-

maining three (25%) cases did not have detectable expression

of PEDF. In contrast to MITF, PEDF expression was either

weak or focal or completely absent. A more variable expres-

sion of HMB-45 and MART-1 was detected. Eight cases

(62%) displayed reactivity for HMB-45, seven focal and one

diffuse (Table 1). Six (46%) cases showed reactivity for

MART-1, all with a diffuse pattern. In contrast to HMB-45,

the expression of MART-1 was more robust in the tumor cells

( Image 2D , Table 1). In most cases, these results showed a

consistently strong and diffuse expression of MITF, loss

of MLSN1 and PEDF, but a significantly heterogeneous ex-

pression of MLSN1, PEDF, HMB-45, and MART-1 in meta-

static melanoma cells in the lymph node Figure 1 .

Discussion

In this study, we evaluated the correlation of MITF ex-

pression with key transcriptional targets and examined their

expression levels and patterns (diffuse or focal) in nodal mel-

anoma metastases. The expression of both HMB-45 (more

often focal) and MART-1 (more often diffuse) was heteroge-

neous not only between the 13 cases but also within a given

A B

C D E F

Image 1 Microphthalmia transcription factor (MITF), by immunohistochemistry, was consistently expressed in most meta-

static melanomas. Four different representative cases are shown at� 100 and �200, exhibiting variable nuclear reactivity of

MITF. A, B, In case 2, the expression was strong and diffuse. C-F, In case 10, there were fields with a diffuse expression pat-

tern (C and E) and those negative for expression (D and F).
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tumor section. Similarly, the expression of other proteins (eg,

vascular endothelial growth factor C, a potent inducer of

tumor lymphangiogenesis, and Dicer, a central enzyme in

microRNA biogenesis, detected by IHC) was also variable in

focal areas in a given tumor section 25,26 In contrast, MITF

was consistently and diffusely expressed in the nuclei of the

melanoma cells, showing its retained immunoreactivity,

which did not correlate with the loss of MLSN1 and PEDF or

more variable expression of both HMB-45 and MART-1.

The lack of coordinated expression of MITF with its targets

strongly suggests a loss of transcriptional control and deregu-

lated expression of MLSN1, PEDF, HMB-45, and MART-1

in melanoma lymph node metastases. The mechanism for

this observation has not been fully investigated but might be

related to MITF amplification,11 an unknown epigenetic or

microRNA-related phenomenon.

Among the melanoma markers in the MITF signaling

pathway, only MLSN1 has proven to have prognostic signifi-

cance.14 In fact, a recent large study of primary cutaneous

and metastatic melanoma (n¼ 322) demonstrated expression

of S100 (91.6%), HMB-45 (63.0%), and Melan-A (73.3%) to

have no association with melanoma-specific survival.6 This

study further verified the heterogeneous expression of melan-

oma markers given that only 50% of melanomas coexpressed

all three markers. Altogether, our results revealed a heteroge-

neous expression pattern of new and classic melanoma

markers in metastatic melanoma. In addition, the presence of

MITF in most tumors supports its reliability in identifying

I J

G H

Image 1 (cont) G, H, In case 11, moderate and diffuse expression was detected. I, J, In contrast, case 13 showed complete

and diffuse loss of expression. (A, C, D, G, I, �100; B, E, F, H, J, �200)
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melanocytic lineage in nodal metastatic lesions. Although re-

tained MITF expression is reliable in the context of nodal

melanoma metastasis, caution should be exercised when

evaluating other nonnodal specimens since histiocytes also

express this marker.27

Corresponding author: Soheil S. Dadras, MD, PhD, Depts of

Dermatology and Pathology, University of Connecticut, 263

Farmington Ave, Farmington, CT 06032; dadras@uchc.edu.
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