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Abstract: Melanocytic neoplasms with spitzoid features including spitz nevi, spitz tumors and spitzoid melanomas are
commonly encountered in the practice of dermatopathology. Although many cases can be accurately diagnosed on
the basis of morphology and histology, a significant number of cases may be difficult to accurately classify. Several
studies have now shown that chromosomal copy number aberrations are typical of melanoma while present in only a
small percent and to a limited degree in spitz nevi. In this study, we correlated the clinical, histologic and array CGH
findings of 10 spiztoid melanocytic neoplasms. Our study shows that the clinical and histologic changes correlate
well with the molecular findings by array CGH. Further that array CGH can be used to help classify and predict behav-
ior of spitzoid melanocytic neoplasms. A limited variety of copy number aberrations including gains of 11p and much
more rarely 7g may be seen in spitz nevi. Additionally in this report we present the first case of a typical spitz nevus
with copy number gains involving both 7q and 11p. Conversely, melanomas with spitzoid features typically have mul-
tiple chromsomal copy number aberrations involving a variety of loci. A smaller number of chromosomal aberrations,
possibly a single aberrant locus, may be present in spitz tumors, but their presence may predict more aggressive
behavior.

Keywords: Spitzoid melanocytic neoplasms, melanoma, dermatopathology, chromsomal copy number aberrations,
array, genomic hybridization

Introduction

Comprehensive studies by comparative ge-
nomic hybridization (CGH) and array CGH have
clearly shown significant genetic differences
between histologically benign nevi including
Spitz nevi and melanoma [1]. Hence CGH has
been adopted as a clinically useful tool for dis-
tinguishing benign and malignant melanocytic
neoplasms. Specifically isolated gains in 11p
have been identified as characteristic of a sub-
set of Spitz nevi where as melanomas may har-
bor multiple distinct copy number aberrations
[2]. Approximately 20% of spitz nevi are said to
have an isolated gain in 11p and most of these
cases also show mutations in HRAS which is

located on the short arm of chromosome 11.
Additionally a small number perhaps 5% of spitz
nevi without 11p gain may also have this same
HRAS mutation [1]. Spitz nevi most likely to
harbor 11p gains are those that are large and
bulky tumors with an infiltrative pattern with
desmoplasia and dispersion to single cells at
the base [3]. Additional unique features of
Spitz nevi include frequent tetraploidy, which is
characteristic of approximately 5% to 10% of
spitz nevi [4].

Although rare, isolated gains in 7q have also
been reported in Spitz nevi [2, 5]. A specific
estimate of the frequency of this finding would
require a large study of spitz nevi since studies
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to date suggest a very low and rare incidence of
this finding. Hence while occasional karyotopic
abnormalities may be found in spitz nevi, these
changes are mostly distinct from melanoma.
Based on this difference fluorescence in situ
hybridization (FISH) targeting key chromosomal
aberrations on 6p, 6q and 11q characteristic of
melanoma has also been used as a more tar-
geted method of looking at copy number aberra-
tions in melanocytic neoplasms as a diagnostic
tool. In factin a study of 27 ambiguous melano-
cytic neoplasms with a differential diagnosis of
spitz nevus versus melanoma, the detection of
copy number aberrations by FISH involving chro-
mosome 6 or the long arm of chromosome 11
strongly correlated with metastasis. In this study
we wished to use array CGH to evaluate 10
melanocytic neoplasms with spitzoid morphol-
ogy (8 spitz nevi, 1 spitz tumor and 1 spitzoid
melanoma) and correlate the array CGH findings
to the clinical outcome of these cases.

Material and methods
Specimen material

The cases used in this study were obtained from
the files of the Department of Pathology, State
University of New York at Buffalo and the Ros-
well Park Cancer Institute at Buffalo. Institu-
tional Review Board approval was obtained and
resultant guidelines followed throughout the
study. Eight spitz nevi, one spitz tumor and one
spitzoid melanoma were reviewed by at least
two pathologists (TH & RTC) by conventional
light microscopy. DNA was isolated from ten-
micron sections of nine spitz nevi and one-
melanoma using the Gentra Puregene Tissue kit
(Qiagen, Inc.), per manufacturer’s instructions.
Following quantification, 100ng of genomic DNA
from each sample was whole genome amplified
using the BioScore Screening and Amplification
Kit (Enzo Life sciences [7].

Array comparative genomic hybridization

Array CGH was performed on all 10 spitzoid
melanocytic neoplasm.  Reference genomic
DNA and amplified sample DNA (1ug each) was
individually fluorescently labeled using the
BioArray CGH Labeling System (Enzo Life Sci-
ences). The sample and reference probes were
combined, pelleted, resuspended and hybrid-
ized to the RPCI 21k BAC array as described [7-
9]. The hybridized slides were scanned using a
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GenePix 4200AL Scanner (Molecular Devices)
to generate high-resolution (5 ym) images for
both Cy3 (test) and Cy5 (control) channels. Im-
age analysis was performed using the ImaGene
(version 8.0.0) software from BioDiscovery, Inc.
The log2 test/control ratios were normalized
using a subgrid loss. Mapping information was
added to the resulting log2 test/control values.
The mapping data for each BAC was found by
querying the human genome sequence at
http://genome.ucsc.edu and BACs in regions of
segmental duplication or large-scale variation
were flagged.

FISH validation

RPCI-11 BAC clones were chosen from genomic
regions where copy number change was identi-
fied by the aCGH. DNA from the clones was la-
beled with Spectrum Orange (Abbott Molecu-
lar,Inc) by nick translation using a kit from Ab-
bott Molecular Inc. as per manufacturer’'s in-
structions. Labeled DNA was then hybridized to
pretreated tissue paraffin sections from the
lesion according to standard procedures. A cen-
tromere specific probe (Abbott Molecular, Inc.)
labeled with Spectrum Green was included as
an internal control. Slides were visualized and
analyzed on a Nikon Microscope using the Cy-
toVision Program (Applied Imaging, Inc.)

Results

This study included 8 spitz nevi, 1 spitz tumor
and 1 spitzoid melanoma. The clinical data is
summarized in table 1. The spitz nevi patients
ranged in age from 3 to 15 with an average of
8.6 years and included 6 females and 2 males.
The patient with the spitz tumor was a 6 year-
old male and the patient with the spitzoid mela-
noma was a 43 year-old male. Histology in the
majority of spitz nevi cases showed typical fea-
tures of spitz nevi, characterized by a symmetric
compound proliferation of epithelioid and spin-
dled melanocytes with clefting at the dermal-
epidermal junction, and dispersion of single
cells with descent in the dermis. Case number 6
showed a primarily dermal and symmetric
wedge- shaped proliferation of epithioid melano-
cytes with prominent collagen fibrosis and dis-
persion to single cells at the base. The cells
had open chromatin and abundant pink cyto-
plasm and lacked significant nuclear atypia
(Composite Figure 1A, B &C).
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Figure 1. Composite figure, case no. 6; (1 A, B, C): Biopsy revealed broad specimen with dermal nests and inflamma-
tion. The epidermis lacks acanathosis. Kamino bodies are not evident. Nests of pleomorphic melanocytes with ample
amphophillic cytoplasm are noted in the dermis. A patchy lymphohistiocytic infiltrate is present.
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Figure 2. Case no.6 demonstrating detection of DNA segment copy number changes on chromosome 7 and 11 using
21K BAC aCGH. Average log2 ratios (y-axis) were plotted for all clones based on chromosomal position (x-axis) with
the blue bar demarcating the centromere. Horizontal red lines indicate the log2 ratio for each segment as segmented

by Circular Binary Segmentation (CBS).

The array CGH data in 7 of these 8 cases was
unremarkable with no evidence of any chromo-
somal aberrations. One case (case 6) which
was from an 8 year-old female interestingly
showed gains in both 7q and 11p (Figure 2).
The 11p gains were validated by FISH analysis
as well (Figure 3). From a histologic standpoint
this case was a typical Spitz nevus without wor-
risome histologic changes. The lesion was a 6
mm dome shaped papule. The lesion was sym-
metric wedge shaped and mostly dermal. The
nests in the papillary dermis lacked any worri-
some changes, expansile nodular growth or mi-
totic activity and showed typical spitzoid mor-
phology. There was excellent maturation with
descent which included increasing dermal fibro-
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plasia, decrease nest and cell size and disper-
sion to single cells at the base. The follow up of
these 8 cases averaged 3 years and ranged
from 2.5 to 3.5 years with all cases having an
uneventful course with no evidence of recur-
rence or subsequent disease following complete
excision.

Case 9 was a spitz tumor from a 6 year old
male. The lesion was 1 cm nodule with verru-
cous epidermal hyperplasia on the surface with
focal ulceration. There was sheet like prolifera-
tion of spitzoid cells into the dermis with a thick-
ness of 1.4mm with focal areas of near conflu-
ence. Minimal maturation was noted. A number
of mitotic figures approximately 2/mm2 were
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noted including some near the base of the le-
sion (Figure 4A and B). The lesion as treated
with wide excision and sentinel node biopsy.
The sentinel node showed bulky involvement of
an inguinal lymph node with spitz tumor (Figure

RP11-1007G14(SO)11p15.5/CEP11(SG)

Figure 3. Dual-color FISH with a probe containing
chromosome 11p (orange signals) and a reference
probe for centromere of chromosome 11 (green sig-
nals) showing a central nest of melanocytes with
multiple orange signals surrounded by normal cells.

4C). Subsequent complete lymph node dissec-
tion failed to show any further lymph node in-
volvement. Subsequently at 12 months of follow
up the child experienced a local recurrence and
wide re-excision was again performed with
negative margins. The array CGH data in this
case showed clear gains in 19p (Figure 5).

Case number 10 was a clear melanoma his-
tologically with spitzoid features. The histology
showed confluent melanocytic dermal nests
with epitheloid morphology. Numerous abnor-
mal mitotic figures were present. The array CGH
data showed amplification of 6p and 17q as
well as deletion of 1p, and 15p (Figures not
shown). The multiplicity of aberrations with
complex karyotype was clearly diagnostic of
melanoma as well. Thus far the follow up of this
patient includes includes local-regional lymph
node and distant metastasis.

Discussion

There has been accumulating evidence that
molecular techniques looking at chromosomal
copy number aberrations maybe used in con-
junction with standard histologic and clinical
data as a method of improving diagnosis in am-
biguous melanocytic neoplasms [10,11]. In this
study we presented the clinical, histologic, and
molecular findings in 10 spitzoid neoplasms
including 8 typical spitz nevi, 1 spitz tumor and
1 spitzoid melanoma. Interestingly for the most
part the molecular changes identified by CGH
and FISH correlated well with the clinical and
histologic features in these cases.

Seven of the 8 typical spitz nevi in which histol-
ogy was not atypical and clinical outcome were
uneventful; there was no evidence of chromoso-

Figure 4. A) Verrucous epidermal hyperplasia on the surface with focal ulceration and proliferation of spitzoid cells
into the dermis. B). Rare dermal mitotic figure in the spitz tumor. C). Sentinel lymph node with bulky deposit.
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Figure 5. Case no.9 demonstrating detection of DNA segment copy number changes on chromosome 19 using 21K
BAC aCGH. Average log2 ratios (y-axis) were plotted for all clones based on chromosomal position (x-axis) with the
blue bar demarcating the centromere. Horizontal red lines indicate the log2 ratio for each segment as segmented by

Circular Binary Segmentation (CBS).

mal copy number aberrations. However 1 typi-
cal spitz nevus showed copy number aberra-
tions which included gains in 11p and 7q. Each
of these copy number aberrations has individu-
ally been reported in spitz nevi. As mentioned
earlier, up to 20% of spitz nevi may harbor iso-
lated 11p gains. Gains in 7q are much more
infrequent in spitz nevi, although it has been
reported and in general is more typical of mela-
noma. This case is quite unique in that it is the
first example that we are aware of in which a
case of a typical spitz nevus without significant
atypical features and with a benign outcome
has been reported with coexistent gains in 7q
and 11p. Hence this case is quite unique and
further emphasizes the importance of integrat-
ing the clinical, histologic and molecular fea-
tures in order to make the most optimal diagno-
sis in melanocytic neoplasms.
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Case #9 was histologically a spitz tumor. This
case which was from an 6 year-old male who
did present with some histologically worrisome
changes including dermal confluence of cells
with incomplete maturation and multiple mitotic
figures with a count of 2/mm2 including some
mitoses at the base. Further this case clinically
showed more aggressive behavior with lymph
node involvement and local recurrence despite
removal with wide excision. To date this patient
is disease free with very close follow-up for re-
currence of skin lesions or lymph node enlarge-
ment in two years. The array CGH data in this
case revealed gains in 19p. Gains in 19p are
finding that can be seen in melanoma and has
never been reported in a spitz nevus. This is
consistent with the behavior of this case with
lymph node involvement and local recurrence.
Interestingly this case only had one identifiable
copy number aberration by array CGH as op-
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posed to multiple aberrations, which are com-
monly seen in melanomas. The presence of a
single but a definite copy number aberration
may be characteristic of some of these interme-
diate or borderline malignant neoplasms.

The human gene locus c-MEL located on chro-
mosome 19p has been identified by transfec-
tion of genomic DNA from the human mela-
noma cell line NK14. This gene is mapped to a
region of short arm of chromosome 19 and is
involved in karyotypic abnormalities in a variety
of malignancies including melanomas and leu-
kemia [12]. Aberrations on chromosome 19
have been found in multiple types of cancer [13
-16]. Similarly involvement of chromosome 19
in the form of t (1; 19) has also been described
in advanced malignant melanoma and pre-B
cell leukemia [13]. Hence, we would consider
the presence of any clonal chromosomal aberra-
tion other than the isolated finding of 11p of
high concern in a spitz tumor. However, as we
have seen in our studies by integrating clinical,
morphologic and molecular findings, we may be
able to further characterize the spectrum of
chromosomal aberrations which may occur in
benign spitz nevi which may occasionally in-
clude isolated gains in 7q or even the combined
presence of gains in 7q with gains in 11p.

Not surprisingly, case # 10 which came from a
43 year-old man and had definitive histologic
changes of melanoma with some spitzoid mor-
phology showed multiple karyotypical abnor-
malities typical of melanoma. Further the out-
come of this case showed distant metastasis
involvement of distant lymph nodes.

In this study, we have demonstrated a definitive
correlation between the clinical, histologic and
molecular findings in spitzoid melanocytic neo-
plasms. Further we show that by integrating
clinical, histologic and morphologic features one
can make an optimal diagnosis. This was most
evident in a unique case of a typical spitz nevus
with copy number gains in both 11p and 7q.
The appreciation that both of these changes
can independently occur in benign spitz nevi
combined with the clinical and histologic
changes allows one to accurately classify this
case as a benign spitz nevus. The classification
was further supported by the uneventful follow
up in our study. Further this helps us better
define the spectrum of karyotypic abnormalities
which may be seen in benign spitz nevi. Addi-
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tionally, we see that in some borderline neo-
plasms, spitz tumors, which do show intermedi-
ate grades of histologic aggressiveness there
maybe single or limited karyotypic abnormalities
of a smaller degree than seen in typical mela-
noma. However the presence of even these
limited but detectable aberrations can help pre-
dict the behavior and classification of such le-
sions and further may give more of a biologic
basis for a category of intermediate grade of
malignancy in melanocytic tumors. In summary,
we feel that integrating molecular findings with
the clinical and histologic data can significantly
help in the classification of melanocytic neo-
plasms and in predicting their behavior.
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