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Abstract

A number of common driver mutations have been identified in melanoma, but other genetic or 

epigenetic aberrations are also likely to play a role in the pathogenesis of melanoma and present 

potential therapeutic targets. Translocations of the anaplastic lymphoma kinase (ALK), for 

example, have been reported in spitzoid melanocytic neoplasms leading to kinase-fusion proteins 

that result in immunohistochemically detectable ALK expression. In this study, we sought to 

determine whether ALK was also expressed in non-spitzoid primary and metastatic cutaneous 

melanomas. ALK immunohistochemistry (IHC) was performed on 603 melanomas (303 primary 

and 300 metastatic tumors) from 600 patients. ALK IHC expression was identified in 7 primary 

and 9 metastatic tumors. In 5 of 7 primary tumors and in 6 of 9 metastatic lesions, the majority of 

tumor cells were immunoreactive for ALK. In the other two primary and three metastatic lesions, 

positive staining was identified in less than half of the tumor cells. ALK-positivity was found in 

the presence or absence of BRAF or NRAS mutations. In contrast to prior observations with ALK-

positive Spitz tumors, none of the ALK-positive melanomas harbored a translocation. Instead, the 

ALK-positive melanomas predominantly expressed the recently described ALK isoform, ALKATI, 

which lacks the extracellular and transmembrane domains of wild-type ALK, consists primarily of 

the intracellular tyrosine kinase domain, and originates from an alternative transcriptional 
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initiation (ATI) site within the ALK gene. The findings are clinically relevant as patients with 

metastatic melanoma who have ALK expression may potentially benefit from treatment with ALK 

kinase inhibitors.
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INTRODUCTION

A number of common driver mutations have been identified in cutaneous melanoma. A 

recent analysis by the Cancer Genome Atlas Network broadly classified melanomas into 

four subtypes with regard to their mutation profile: mutant BRAF, mutant RAS, mutant 

NF1, and triple wild-type (WT) tumors1. The latter group encompasses melanomas with 

molecular aberrations that are infrequent in cutaneous melanoma, such as mutations of 

KIT2, 3, GNA114, and GNAQ5, or genomic rearrangements of BRAF6, 7 and RAF18. In 

addition to these aberrations on which this classification is based, the pathogenesis of 

melanomas also depends on several additional genetic and epigenetic changes, including 

DNA copy number changes9-12, translocations13-16, DNA methylation17, and alternative 

transcriptional initiation18.

The study of spitzoid melanocytic neoplasms, for example, has revealed a number of 

genomic aberrations11, 19. The most common type of aberration in this subclass of 

melanocytic tumors are genomic rearrangements involving various receptor tyrosine kinases, 

such as ALK, ROS1, NTRK1, RET, or MET, and the serine-threonine kinases BRAF13, 20. 

The rearrangements link the kinase domain of these signaling proteins to a wide range of 

fusion partners, leading to highly expressed and kinase-active proteins. The resulting 

chimeric proteins stimulate multiple oncogenic signaling pathways and promote tumor 

initiation and progression13.

Recently, a new ALK isoform was detected in cutaneous melanoma as well as in other 

cancer types21. This ALK transcript is expressed from a de novo alternative transcription 

initiation (ATI) site in ALK intron 19, and was accordingly named ALKATI. Melanomas 

with ALKATI expression also showed positive staining by ALK immunohistochemistry 

(IHC)18. This observation prompted us to examine the frequency of ALK expression in a 

large set of primary and metastatic melanomas and to determine whether ALK 

immunoreactivity in melanoma is associated with ALK translocations or the truncated 

ALKATI isoform. Since ALK aberrations in cancer represent a therapeutic opportunity for 

patients22-27, such information would be helpful to determine the what extent 

pharmacological ALK inhibitors may become a treatment option for patients with metastatic 

melanoma. If ALK expression correlated with therapeutic response to ALK kinase inhibitors 

such as crizotinib or ceritinib, it would enhance the role of pathologists in contributing to 

personalized treatment plans.
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MATERIALS AND METHODS

Patients

A total number of 603 melanomas, consisting of 303 primary cutaneous and 300 metastatic 

tumors, from 600 melanoma patients, were examined utilizing formalin-fixed and paraffin-

embedded tissues.

Immunohistochemical Analysis

Five micron thick tissue sections were cut from tissue blocks. 534 lesions were evaluated by 

tissue microarray (TMA); the remainder on conventional full tumor sections. Each tumor 

sample found to be ALK positive on a TMA was re-analyzed on a whole tumor section.

An automated IHC system (Ventana BenchMark XT, Ventana Medical Systems, Inc., 

Tucson, AZ) was used with a standard avidin-biotin technique. The commercially available 

rabbit monoclonal antibody (ALK D5F3 XP Rabbit mAb #3633, Cell Signaling 

Technology) was used to evaluate ALK expression. The staining result was recorded as the 

percentage of immunoreactive tumor cells per total number of tumor cells, using a whole 

tumor section. 0 indicated no staining at all. Any staining of 1 – 24% of tumor cells was 

scored as 1+. If 25-49% were positive, it was designated as 2+. If 50-74% of cells were 

positive, it was recorded as 3+. If 75% or more of the tumor cells were positive, this result 

was scored as 4+.

RNA extraction and NanoString

To accurately distinguish and quantify the expression of wild-type ALK, translocated ALK, 

and ALKATI in formalin-fixed, paraffin-embedded tumor samples, we used a NanoString 

nCounter assay with probes for ALK exons 1–19, intron 19, and exons 20–29. For this assay, 

RNA was extracted from 5-µm-thick formalin-fixed, paraffin-embedded tissue sections using 

the High Pure miRNA Isolation Kit (Roche) according to the manufacturers instructions. 

After isolation, the RNA was frozen at −80C, quantified, and used for the NanoString 

nCounter assay.

Details of the NanoString nCounter Analysis System (NanoString Technologies) were 

reported previously18, 28. In brief, two sequence-specific probes were constructed for ALK 
exons 1-19, intron 19, and exons 20-29, respectively. Four control genes (RPS13, RPL27, 
RPS20 and ACTB) were used for normalization. The probes were complementary to a 100 

bp region of the target mRNA. 100 ng of total RNA from each sample was hybridized, the 

raw data were normalized to the standard curve generated via the nCounter system, and the 

average value of the two probes in each target region (exons 1-19, intron 19, exons 20-29) 

were printed in bar charts using GraphPad Prism software 6.0.

Mutation Status

The BRAF or NRAS mutation status of the ALK-positive metastatic melanomas was 

obtained from the patients’ medical records. Sequence data were available in all but one 

case. The methods for mutation analysis varied depending on which laboratory the tissue 

was sent to, and included Sanger sequencing and Sequenom mass spectrometry. In one case 
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without sequencing data, the BRAFV600E mutation was determined by 

immunohistochemistry using the anti-BRAF V600E (VE1) antibody (Ventana).

RESULTS

Immunohistochemical Results

Metastatic melanoma—We examined 300 tumor samples of metastatic melanoma for 

immunoreactivity for ALK. Nine (3%) were positive. Positive labeling in the majority of 

tumor cells was found in 6 of 300 (2%) cases (Table 1, Fig. 1). In three cases less than half 

of the tumor cells were immunoreactive for ALK (Table 1, Fig. 2). The pattern of staining 

was predominantly cytoplasmic, but nuclear labeling was also observed (Fig. 2). The 

staining intensity was variable not only from lesion to lesion, but could also vary within a 

tumor (Fig. 1), with subpopulations of cells displaying strong labeling while other cells 

stained only weakly. In tumors in which only a minority of tumor cells was ALK-positive, 

the positive cells tended to be scattered randomly throughout the tumor as isolated cells or 

small clusters (Fig. 2). The overall staining intensity of those cases tended to be weak.

In hematoxylin and eosin-stained sections, metastatic ALK-positive melanomas were 

predominantly composed of amelanotic epithelioid melanocytes (Figs. 1 and 2). None of the 

tumors was a spindle cell melanoma. Mitoses and foci of necrosis were common.

Six of the patients with metastatic ALK-positive melanomas were men and three were 

women. The clinical and pathologic findings are summarized in Table 1. The patients’ ages 

at the time of diagnosis of metastatic melanoma ranged from 38 – 67 years (mean = 56.5 

years; median = 56 years). One patient had metastatic melanoma in the lymph node with no 

known primary tumor. All other patients had known primary cutaneous tumors, 

predominantly from the skin of the back. The thickness of the primary tumors ranged from 

0.65 to 7.8 mm (mean = 2.8 mm; median = 2.6 mm). Four of the primary melanomas were 

nodular, two were of superficial spreading type, one was subungual, and one was 

unclassified. In three cases of ALK-positive metastatic melanoma, histologic sections of the 

corresponding primary tumors were available and could be tested for ALK expression. All 

were immunoreactive for ALK. The proportion of immunoreactive cells in the metastases 

was similar to the primary melanomas (Figs. 3 – 5).

Table 1 also documents the BRAF and NRAS mutation status of the ALK-positive 

metastatic melanomas. ALK-positivity was found in melanomas with and without associated 

BRAF or NRAS mutations. Melanomas with high expression of ALK (expressed by the 

majority of tumor cells) tended to be wild type for BRAF and NRAS, while the tumors with 

documented BRAF or NRAS mutation expressed ALK only in a minority of melanocytes 

(Table 1).

Primary cutaneous melanoma—We examined 303 primary cutaneous melanomas for 

ALK expression by IHC. Seven tumors (2.3%) were immunopositive for ALK. Six patients 

were male and one was female. The patients’ ages ranged from 38 – 72 years of age (mean = 

56 years; median = 63 years). Four tumors were located on the back, two on the lower 

extremity, and one on the face. Tumor thickness ranged from 0.95 to 10 mm (mean = 5 mm; 
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median = 4.3 mm). The tumor mitotic rates ranged from 1 to 24 mitoses per mm2 (mean = 7; 

median = 4). Five of the tumors were nodular melanomas, one was a subungual melanoma; 

and one was unclassified. Five melanomas were amelanotic and two tumors were focally 

pigmented. Two were ulcerated. The tumors were predominantly composed of epithelioid 

melanocytes. In some tumors a minor population of fusiform melanocytes was also present 

(Fig. 3). The features of the primary ALK-positive melanomas are summarized in Table 2.

Similar to metastatic tumor tissue, the proportion of primary tumor cells, which were 

immunoreactive for ALK, was variable. In five melanomas, most tumor cells were positive 

for ALK. In four tumors, more than 75% of the tumor cells were positive (Table 2, Figs. 3 - 

5), with a similar proportion of IHC-positive cells between primary tumor and 

corresponding metastasis. In two primary melanomas less than half of the tumor cells was 

immunoreactive for ALK (Table 2, Fig. 6). Their corresponding sentinel lymph nodes were 

negative. Both patients had so far remained free of disease (Oct 2015).

NanoString Analysis

A NanoString nCounter assay29 with probes in ALK exons 1-19, intron 19, and exons 20-29, 

was used to confirm the presence of ALKATI, the recently described novel ALK transcript18. 

Of the seven IHC ALK-positive primary melanomas, adequate RNA was obtained from six; 

one subungual tumor yielded inadequate RNA quality for further analysis due to prior 

decalcification of the tissue. All six remaining primary tumors analysed by the NanoString 

nCounter assay contained the ALKATI isoform (Fig. 7A). Levels of intact wild-type ALK 

were very low. All 9 ALK-positive metastases contained the ALKATI novel transcript, but 

three of them (M1, M8 and M9) showed co-expression of ALKATI and wild-type ALK (Fig. 

7B).

DISCUSSION

While early-stage primary cutaneous melanoma is surgically curable, the prognosis is less 

favorable for patients with regional metastasis, and survival has historically been poor for 

patients with distant metastatic disease30. However, the recent development of selective 

kinase inhibitors31-36 has provided new therapeutic opportunities for advanced stage 

metastatic melanoma patients with activating mutations of BRAF and NRAS. Recent trials 

using FDA approved kinase inhibitors have confirmed that targeting activating mutations in 

melanoma can have dramatic anti-tumor responses, although they are rarely durable37, 38.

While mutations of BRAF, NRAS and NF1 are the most common alterations in melanoma1, 

a number of less common genomic aberrations have been identified, which might also 

provide new therapeutic opportunities20, 39. The identification of new targets continues to 

increase therapeutic options for cancer patients40. We have recently found a new isoform of 

the ALK receptor-tyrosine kinase in melanoma and other cancer types. This novel isoform is 

expressed as the result of alternative transcriptional initiation, and we recently reported one 

patient harboring this isoform who had a temporary partial response to crizotinib18.

In this study, we sought to determine the frequency of ALK expression in melanoma. After 

we determined ALK-positivity using IHC, we used a NanoString nCounter to assess whether 
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immunoreactivity for ALK reflects expression of wild-type ALK, ALK translocations (as in 

Spitz nevi/tumors)13 or the presence of the recently identified novel ALKATI isoform18.

The frequency of ALK-positivity in metastatic cutaneous melanoma was 3%, if any, even 

focal staining was included. The frequency of ALK expression was 2% in the case of 

positive staining of the majority of tumor cells. Among primary melanomas, the frequency 

of positive labeling was 2.3% for any staining and 1.7% for staining of the majority of tumor 

cells. The frequency of the IHC ALK expression in this series of 603 melanomas is 

considerably lower than the initially reported frequency of ~11% (38 of 334 melanomas)18, 

which was assessed by gene expression profiling using the RNA-seq dataset of the TCGA 

project1. This discrepancy is likely related to methodology. First, RNA-seq assesses the 

presence of the ALK mRNA transcript and might be more sensitive than ALK IHC, which 

detects the expression of the ALK protein. If that is the case, it will be of interest to 

determine whether low expression of ALKATI detectable by RNA-seq, but not by 

immunohistochemistry is clinically relevant. This is best addressed in the context of a 

prospective clinical trial comparing anti-ALK targeted therapy responses to various levels of 

ALKATI expression by different methods. Second, in several melanomas with ALK 

expression not all of the tumors cells expressed ALK. As most of our cases were initially 

screened by TMAs containing small core biopsies from randomly selected tumor areas, it is 

likely that some ALK-expressing tumor cell populations were missed by sampling bias (the 

cores on the TMA did not contain any ALK-expressing tumor cells, but other areas of the 

tumor may have expressed ALK). Thus, our screening method may have led to under-

recognition of tumors with ALKATI expression, in which only a subpopulation of tumor cells 

was immunoreactive for ALK. On the other hand, it is also possible that the process for 

selecting tumors to the TCGA project led to enrichment of melanomas expressing ALKATI. 

Considering these methodological limitations, the frequency of ALKATI-expressing 

melanomas can be estimated to range somewhere in between 2 and 10% of cutaneous 

melanomas.

Since positive staining for ALK was observed in a similar proportion of tumor cells and at a 

similar level of staining intensity in the few cases of matching primary and metastatic 

tumors, ALK-positivity and the presence of the truncated ALKATI isoform likely reflect an 

oncogenic mechanism of melanoma in primary tumors, which persists in metastases thereof. 

Given the small number of ALK-positive primary and metastatic melanomas available to 

date it is difficult to assess to what extent ALK-positivity and ALKATI expression may also 

develop during tumor progression or treatment-related clonal tumor selection.

The small number of ALKATI-expressing melanomas makes it also difficult to ascertain 

whether there is a distinct morphologic phenotype that corresponds to the IHC and 

molecular findings. Preliminary observations suggest that most ALK-positive melanomas 

are primary nodular melanomas predominantly composed of amelanotic epithelioid or 

mixed spindle and epithelioid cells.

With regard to an association of ALK expression and mutation status, we found ALK 

immunoreactivity in metastatic tumors with or without BRAF or NRAS mutations. This 

confirms prior observations in the TCGA dataset that ALKATI can be expressed 
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independently of different mutations, including BRAF, NRAS and KIT. This suggests that 

efforts to identify patients with ALK-positive melanomas should include cutaneous 

melanomas with and without known mutations. The frequency of associated BRAF 
mutations in our series may be slightly underestimated due to the use of IHC in one case.

It is of interest that none of the ALK-positive primary or metastatic melanomas harbored an 

ALK translocation. Such translocations are typical of ALK-positive spitzoid 

neoplasms13, 14, 41. While some of our patients with ALK-positive metastatic melanoma 

have died of metastatic disease, to date we have not yet learned of a patient with a primary 

Spitz tumor containing an ALK translocation, who has died of metastatic melanoma (KJB, 

unpublished observations, Oct 2015). While more long-term follow-up of patients with 

ALK-positive spitzoid neoplasms is needed, our observations suggest a fundamental 

difference in the biology between tumors designated as “atypical Spitz tumor” or “spitzoid 

melanoma” and non-spitzoid ALK-positive melanoma. Age of presentation is another 

difference. Most spitzoid neoplasms affect children, adolescents and young adults, while 

most patients with ALK-positive non-spitzoid melanomas in this series were middle-aged or 

older.

It is also noteworthy that in spitzoid tumors with ALK-translocations usually all 

melanocytes of a tumor are strongly positive for ALK by IHC13, 41. In contrast, in ALKATI-

expressing melanomas not all tumor cells are ALK immunoreactive and the staining 

intensity is often variable. The most plausible explanation for this phenomenon is that 

genomic rearrangements, such as ALK translocation, are stable changes of the DNA 

sequence and put the ALK kinase domain under the control of a strong and constitutively 

expressed promoter. However, in ALKATI-expressing tumors no recurrent genetic 

aberrations are found at and around the ALK locus, indicating that the transcriptional 

activation is independent of genetic aberrations at the ALK locus. In addition, integrated 

genomic analysis of DNA-, RNA-, and ChIP-seq data revealed that both ALK alleles are 

actively transcribed suggesting that the transcriptional activation of ALKATI depends on 

trans-acting elements, such as transcription factors or chromatin modifiers21. Thus, ALKATI-

expression is probably determined by the concerted expression of several transcription 

factors and transcriptional repressors as well as the epigenetic landscape and the 

accessibility of transcription factor binding sites. ALKATI-expression may therefore vary 

dependent on the stage of the cell cycle or the tumor microenvironment.

In conclusion, we have documented that protein expression of ALK can be detected in a 

small subset of melanomas using IHC, with variable immunoreactivity ranging from focal 

weak to strong and diffuse labeling. All ALK-positive melanomas in this series contained 

the ALKATI isoform, and not an ALK translocation. Given the demonstrated efficacy of 

ALK kinase inhibitors in other cancers types, our findings suggest a potential therapeutic 

opportunity for patients with ALK-positive metastatic melanomas. Since IHC confirmation 

of ALK expression is important for identifying tumors that can be targeted by ALK-

inhibitors27, pathologists play an important role in the process of identifying treatment 

options for patients with metastatic melanoma. Our findings should encourage pathologists 

to collaborate with oncologists to offer ALK testing for patients, in which there may be no 

other therapeutic opportunity.
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Figure 1. 
Metastatic melanoma expressing ALK in most tumor cells (case 9 of Table 1). A, Malignant 

amelanotic epithelioid tumor cells (H&E stain). B, The tumor cells are homogenously 

positive for melan-A. C, Most of the tumor cells are positive for ALK by 

immunohistochemistry. D, There is a range of staining intensity within the tumor from weak 

to strong.

Busam et al. Page 11

Am J Surg Pathol. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Metastatic melanoma expressing ALK in a minor subpopulation of tumor cells (case 5 of 

Table 1). A, Predominantly amelanotic melanoma with foci of necrosis (H&E stain). B, The 

tumor is composed of large atypical epithelioid cells (H&E stain). C, ALK 

Immunohistochemistry reveals a minor population of weakly immunopositive cells scattered 

throughout the tumor. D, Both cytoplasmic and rare nuclear labeling are seen.
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Figure 3. 
Primary nodular melanoma (case 4 of Table 2; corresponding metastasis shown in Fig. 4). A, 

Silhouette of the primary nodular melanoma. B, The tumor is ulcerated. Nests and sheets of 

predominantly amelanotic epithelioid melanoma cells are present in the dermis. C, Most 

tumor cells have epithelioid cell features, but there is also a cluster of fusiform melanocytes. 

D, Most tumor cells are positive for ALK. Both nuclear and cytoplasmic labeling are seen.
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Figure 4. 
ALK-positive melanoma metastasis in lymph node (corresponding to the primary tumor 

shown in Fig. 3). A, H&E stained section of lymph node with amelanotic metastatic 

melanoma. B, The tumor cells are immunoreactive for ALK. C, There is a range from weak 

to strong staining intensity, both nuclear and cytoplasmic.

Busam et al. Page 14

Am J Surg Pathol. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
Primary nodular melanoma (case 1 of Table 2) with metastasis. A, Silhouette of the primary 

nodular melanoma. B, The tumor cells are amelanotic and epithelioid in appearance forming 

large nests and sheet-like aggregates. C, Most tumor cells are strongly immunopositive for 

ALK. D, The tumor cells of the corresponding metastasis are strongly and homogenously 

positive for ALK.
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Figure 6. 
Primary nodular melanoma with only a subpopulation of ALK-positive tumor cells (case 7 

of Table 2). A, Silhouette of an amelanotic primary nodular melanoma. B, The tumor is 

composed of large epithelioid melanocytes, some in mitosis, arranged in sheet-like 

aggregates. C, In other areas of the tumor collagen bundles separate tumor cells with 

pleomorphic nuclei, some displaying prominent nucleoli. D, Immunohistochemical analysis 

documents that all tumor cells are positive for Sox10, but only a subpopulation is positive 

for HMB-45 and/or ALK.
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Figure 7. 
Quantitative mRNA profiling using Nanostring nCounter to distinguish and quantify the 

expression of wild-type ALK, translocated ALK, and ALKATI in clinical specimens. Tumors 

expressing wild-type ALK (ALKWT) show expression of ALK exons 1–19 and exons 20–29, 

but not intron 19. Tumors with ALK translocations show only expression of the ALK exons 

20–29. ALKATI-expressing tumors show expression of the alternative transcriptional start 

site in ALK intron 19, as well as expression of the exons 20–29, containing the transforming 

kinase domain. A, ALKATI expression of primary melanoma samples. B, ALKATI 

expression of primary melanoma samples.
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Table 1

Clinical and pathologic features of ALK-positive metastatic melanoma

Case Age/Gender Site of Metastasis Site of primary Thickness of primary (mm) IHC Mutations

1 63M LN Back 2.7 4+ BRAF-WT

2 56M LN Back 0.95 4+ BRAF-WT

3 56M LN Unknown NA 1+ NRASQ61K

4 67F Soft tissue Scalp 2.5 1+ BRAFV600K

5 52F Brain Back 2.2 1+ BRAFV600E
BRAFK601E

6 38M LN Back 3.2 4+ BRAF-WT

7 61M LN Back 7.8 4+ BRAF-WT

8 65F LN Toe 2.7 4+ BRAF-WT

9 51M LN Calf 0.65 3+
Negative for BRAFV600E

*

Abbreviations:

F = female; M = male; LN = lymph node; IHC = immunohistochemistry; mm = millimeter IHC Proportion: 1 + = < 25% of tumor cells are 
positive; 2+ = 25-49% of tumor cells are positive; 3+ = 50-74% of tumor cells are positive; 4+ = ≥ 75% of tumor cells are positive WT = wild type 
(no BRAF mutations detected by Sanger sequencing or Sequenom analysis);

*
immunohistochemical analysis using the monoclonal antibody VE1
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Table 2

Clinical and pathologic features of primary ALK-positive melanomas

Case Age/Gender Site Thickness (mm) Ulcer TMR (#/mm2) Type IHC ALKATI

1 63M Back 2.7 Absent 2 Nodular 4+ Present

2 46M Back 0.95 Absent 3 Unclassified 4+ Present

3 72M Back 10 Absent 4 Nodular 4+ Present

4 38M Back 3.2 Present 24 Nodular 4+ Present

5 65M Toe 5.2 Present 1 Subungual 2+
Not done

*

6 70F Face 4.3 Absent 8 Nodular 3+ Present

7 39M Leg 9 Absent 7 Nodular 2+ Present

Abbreviations:

F = female; M = male; LN = lymph node; TMR = tumor mitotic rate;

IHC = immunohistochemistry; # = number; mm - millimeter

*
Test could not be performed (inadequate RNA due to prior decalcification of tissue)
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