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Melanocytic nevus cells in the dermis adopt many
morphological features of Schwann cells. These dif-
ferentiation-related changes typically are not ob-
served in melanomas. However, nevus cells do not
fully recapitulate a Schwann cell phenotype, because
they lack expression of mature myelin-associated
proteins. In this study, melanocytic nevi and malig-
nant melanomas were examined by immunohisto-
chemistry for expression of low-affinity nerve growth
factor receptor (p75NGFR), neural cell adhesion mol-
ecule (CD56/N-CAM), and growth-associated phos-
phoprotein-43 (GAP-43). These three proteins define
the earliest stages of Schwann cell development but
are not expressed in myelinated Schwann cells or
normal melanocytes. p75NGFR was expressed in 25 of
25 (100%) and CD56/N-CAM and GAP-43 in 23 of 25
(92%) nevi, predominantly in type C nevus cells and
nevic corpuscles. Most (84%) of the nevi expressed all
three proteins. In primary invasive and metastatic
melanoma, expression of each of the three proteins
was limited to <20% of lesions but was not observed
in any melanoma in situ (x2 P < 0.0001). None of the
melanomas expressed all three proteins (ANOVA P <
0.0001). These data confirm and extend earlier studies
by showing that terminal differentiation of melano-
cytes in the dermis recapitulates some aspects ob-
served in the earliest stages of Schwann cell develop-
ment and that invasive melanomas follow a divergent
pathway. Studying these early differentiation events
may help to identify specific defects in the relevant
signaling pathways and establish tenable targets for
therapy of advanced-stage melanoma. (Am J Pathol
1999, 155:549–555)

Tumor progression in cutaneous malignant melanoma
occurs as a multistep process beginning with the loss of

cell cycle control and the dysregulated proliferation of
intraepidermal melanocytes, followed by additional ge-
netic perturbations that permit tumor cells to invade and
migrate through the dermis, gain access to vascular
spaces, and eventually metastasize.1 Critical to the later
stages of this process is the interaction between invasive
melanoma cells and the dermis. Consequently, to under-
stand these interactions in melanoma, it is necessary first
to explore the usual relationship that occurs between the
dermis and nonmalignant melanocytes.

Under normal circumstances, intraepidermal melano-
cytes proliferate infrequently unless subjected to chronic
UV exposure.2–4 If proliferation continues, melanocytes
may aggregate to form a melanocytic nevus.5,6 These
nevomelanocytes or “nevus cells” may acquire the ability
to migrate from the epidermis into the dermis, where they
are subjected to cellular and stromal interactions char-
acteristic of this location. It is generally believed that the
normal orderly sequence of growth of melanocytic nevi
begins with limited and controlled proliferation of cells in
the epidermis, followed by penetration into the dermis,
where the nevus cells withdraw from the cell cycle, un-
dergo a final terminal differentiation, and become senes-
cent.5,6 This differentiation or “maturation” sequence in
the dermis results in identifiable changes in morphology,
gene expression, and biochemical function of the nevus
cells.6 Morphologically, nevus cells situated in the epi-
dermis and superficial dermis are rounded or “epithe-
lioid” in appearance, are functionally equivalent to epi-
dermal melanocytes in their ability to synthesize melanin,
and are termed “type A” nevus cells. As nevus cells
migrate into deeper portions of the dermis, however, they
undergo a transition whereby they produce less melanin,
withdraw from the cell cycle, and become smaller, form-
ing so-called type B nevus cells. With further penetration
into the dermis, the cells produce little if any melanin,
continue to diminish in size, and adopt a fusiform mor-
phology representing that of “type C” nevus cells. In
long-standing intradermal nevi, type C areas may be the
predominant component and likely represent a final
stage of cellular senescence before involution.5–7
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Type C nevus cells in many ways morphologically
resemble neural crest-derived Schwann cells of the pe-
ripheral nervous system.6 First, the deeper dermal type C
areas of nevi often contain a complex network of small
(,1 mm) axons around which the nevus cells aggregate,
giving the appearance of axon ensheathment at the level
of light microscopy.8,9 Furthermore, type C cells can
produce structures that recapitulate the morphology of
Wagner-Meissner corpuscles, specialized tactile sensory
organs formed by Schwann cells in the dermis of acral
skin.6 We have shown that, like Wagner-Meissner corpus-
cles, “nevic corpuscles” are invested by numerous small
axons.10,11 However, type C nevus cells are not identical
to mature myelinated Schwann cells, because these two
cell types maintain significant differences that relate to
their ultimate function. For example, although type C
nevus cells are tightly apposed to small nerves, they do
not truly ensheath them, as do unmyelinated Schwann
cells.8 In addition, type C nevus cells lack the myelin
figures observed in myelinated Schwann cells; corre-
spondingly, most proteins related to full myelin produc-
tion have not been demonstrated in type C nevus
cells.8,12,13 However, type C nevus cells and nevic cor-
puscles express the Schwann cell-related antigen
AHMY-1, identified as an epitope shared by myelin pro-
teins P0, P1, and myelin basic protein (MBP), indicating
that type C nevus cells and nevic corpuscles undergo
partial activation of myelination programs.14

We hypothesize that because type C nevus cells and
nevic corpuscles have no known similar physiologically
relevant function (unlike Schwann cells), the develop-
ment of Schwann cell characteristics is an example of
transdifferentiation in which these cells access an alter-
native differentiation program. As melanocytes, Schwann
cells, and neurons all descend from the same neural
crest progenitor, it is plausible that each of these cell
types retains a degree of plasticity between the differen-
tiation pathways that ultimately determines cellular func-
tion and can be reactivated by specific signals.15,16 Fur-
ther support for the idea that type C nevus cells and
Schwann cells use overlapping differentiation programs
is the fact that Schwann cells can have melanocytic
properties, including melanin production.17

In contrast to the observed morphological and bio-
chemical changes indicative of terminal differentiation
from the proliferation-competent type A to the prolifera-
tion-incompetent type C nevus cell, invasive melanoma
cells do not typically undergo a similar transition. Instead,
invasive melanoma cells continue to proliferate and may
even adopt a phenotype that includes the expression of
some proteins more typical of neurons than of Schwann
cells.10,18–20 Together, these observations strongly sug-
gest that there is divergence between the neural crest
differentiation programs activated by normal melano-
cytes and by invasive melanoma cells on entry into the
dermis.

The purpose of the present study was twofold. First,
given the similarities between Schwann cells and type C
nevus cells and nevic corpuscles, it was determined
whether unique markers of early Schwann cell differenti-
ation are expressed in vivo during nevus cell differentia-

tion in the dermis, because other studies have shown that
proteins associated with mature Schwann cells, including
products of many of the myelin-associated genes, are not
expressed in nevi.8,12–14,21,22 Expression of the low-affin-
ity nerve growth factor receptor (p75NGFR), neural cell
adhesion molecule (CD56/N-CAM), and growth-associ-
ated phosphoprotein-43 (GAP-43) was evaluated be-
cause these proteins define the unmyelinated and pre-
myelinating/promyelinating stages of Schwann cell
development but are not expressed by mature myelin-
ated Schwann cells or by normal melanocytes.23,24 Sec-
ond, expression of these same proteins in vivo was eval-
uated during the histologically recognizable stages of
tumor progression in cutaneous malignant melanoma.
These studies may lead to the recognition of specific
defects in the signal transduction pathways that control
differentiation and thus may help to establish targets for
novel therapies to alter the biological behavior of other-
wise late-stage melanomas.

Materials and Methods

Tissues

All tissues were obtained from the archives of formalin-
fixed, paraffin-embedded tissues at the Department of
Pathology, New York Presbyterian Hospital–Cornell Med-
ical Center. The study included 25 benign melanocytic
nevi (BMN) and 50 malignant melanomas representing
histologically recognizable stages of tumor progression,
including 10 melanomas in situ (MISs); 30 primary inva-
sive melanomas (PIMs); and 10 metastatic melanomas
(METs). The BMN were selected for the presence of
prominent type C areas and nevic corpuscles. For the
PIM group, lesions were further characterized as super-
ficially invasive (,1.0 mm thick, n 5 13) or deeply inva-
sive (.1.0 mm thick, n 5 17). Desmoplastic and neuro-
tropic melanomas were not included in the study,
because in our patient population, this rare variant of
melanoma represented fewer than 1% of primary invasive
melanomas accessioned. All tissues were cut at 5-mm
thickness, mounted on positively charged glass micro-
scope slides (ProbeOn Plus; Fisher Scientific, Pitts-
burgh, PA), deparaffinized, rehydrated through a
graded series of ethanol, and submitted to appropriate
epitope retrieval methods (described below) before
immunohistochemistry.

Immunohistochemistry

The primary antibodies used in this study previously were
characterized as follows. The monoclonal anti-p75NGFR
antibody (clone ME82–11; Boehringer-Mannheim, India-
napolis, IN) was raised against membrane fragments of
the melanoma cell line WM-9.25 This antibody reacts with
human p75NGFR and has been well characterized with
respect to specificity and tissue distribution. The well-
characterized monoclonal anti-CD56/N-CAM (clone
123C3; NeoMarkers, Fremont, CA) was raised against
the membrane fraction of a small cell lung carcinoma and
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recognizes native (150 kd) and glycosylated (185 kd)
isoforms of human CD56/N-CAM.26 The monoclonal anti-
GAP-43 (clone 5E7; Oncogene Research Products, Cam-
bridge, MA) is one of several well-characterized antibod-
ies raised against rat full-length GAP-43, which also
reacts with human GAP-43, given the highly conserved
peptide sequence between vertebrates.27 Each of these
antibodies labels unmyelinated Schwann cells but not
mature myelinated Schwann cells of the peripheral ner-
vous system or melanocytes.

Before immunohistochemistry, tissues were treated
with an appropriate epitope retrieval method to optimize
immunoreactivity. For the antibodies specific for
p75NGFR (final concentration 0.5 mg/ml) and GAP-43
(final concentration 1 mg/ml), tissues were first digested
with pepsin (Sigma Chemical Co., St. Louis, MO; 0.25%
w/v in TBS: 150 mM NaCl, 50 mM TriszHCl, pH 2.0) for 5
minutes at 45°C. For the antibody specific for CD56/
NCAM (final concentration 4 mg/ml), tissues were sub-
jected to heat-induced epitope retrieval28 by immersion
of the tissue sections in 10 mM Nazcitrate (pH 6.0) for 20
minutes at 95°C, followed by cooling in the same buffer
for an additional 20 minutes at room temperature (rt).

Immunohistochemistry was performed as described
previously.29 Briefly, tissue sections were incubated with
primary antibody for 1 hour at rt (anti-p75NGFR and
anti-GAP-43) or for 16 hours at 4°C (anti-CD56/N-CAM).
After appropriate washes, the primary antibodies were
localized with biotinylated secondary horse anti-mouse
immunoglobulin (Vector Laboratories, Burlingame, CA)
for 8 minutes at 45°C, followed by a streptavidin alkaline
phosphatase detection system (Boehringer-Mannheim)
for 10 minutes at 45°C, and finally by chromogen (Vector
Red; Vector Laboratories) for 10 minutes at rt. All tissues
were counterstained with hematoxylin, permanently

mounted, and viewed with a standard light microscope. A
tissue was considered to be positively labeled if lesional
melanocytes contained visually detectable red chromo-
gen in a membrane and/or cytoplasmic pattern. The dis-
tribution of immunolabeled cells within a given lesion was
also noted (ie, intraepidermal and/or intradermal). For
immunolabeled BMN, the specific cell types labeled (ie,
type A, B, and C nevus cells; nevic corpuscles) were
noted.

Small cutaneous nerves served as internal positive
controls in each tissue section, because all three proteins
are expressed in unmyelinated Schwann cells. As a neg-
ative control, selected tissue sections were incubated
with a monoclonal mouse IgG of irrelevant specificity
(anti-measles virus).

Statistical Analysis

Statistical comparisons were made between diagnostic
groups for the expression of a given protein, using the x2

test. To evaluate the diagnostic groups for the usual
expression phenotype for all three proteins, analysis of
variance (ANOVA) was performed together with post hoc
analysis, using the Scheffé test. Comparisons of expres-
sion between superficially and deeply invasive PIMs were
made with the t-test. A result was considered significant
at or below a P value of 0.05. All analyses were performed
with Statview software (version 4.5; Abacus Concepts,
Berkeley, CA).

Results

Protein expression of p75NGFR, CD56/N-CAM, and
GAP-43 in representative melanocytic lesions is shown in

Figure 1. Protein expression of p75NGFR, CD56/N-CAM, and GAP-43 in BMN and PIM. a and b: p75NGFR in BMN (a) and PIM (b). Note expression in nevic
corpuscles and lack of expression in melanoma cells. c and d: CD56/N-CAM in BMN (c) and PIM (d). Similar to p75NGFR, note expression in most nevic
corpuscles, but only rare labeled melanoma cells. e and f: GAP-43 in BMN (e) and PIM (f). The greatest level of labeling is seen in type A and B nevus cells, but
there is no labeling in melanoma cells. Immunohistochemistry was performed as described in the text: Vector Red chromogen, hematoxylin counterstain.
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Figure 1, and all results are summarized in Table 1.
p75NGFR was detected in 100% (25/25) of the BMN
studied, with labeling occurring exclusively in the type C
nevus cells and in nevic corpuscles (Figure 1a). Almost
all of the type C nevus cells and nevic corpuscles were
labeled. In contrast to BMN, only 12% (6/50) of melano-
mas expressed p75NGFR (x2 P , 0.0001) (Figure 1b).
Most of the labeled melanomas were PIMs (5/30). In
these lesions, expression was restricted to small foci,
accounting for less than 10% of the tumor cells, and
usually was limited to the invasive component of the
lesion. For PIMs that contained labeled intraepidermal
melanoma cells, the invasive dermal component always
was labeled as well. PIMs that expressed p75NGFR were
more deeply invasive (mean depth 1.78 mm 6 0.57 mm
SE) than those that lacked expression (mean depth 0.82
mm 6 0.14 mm SE) (t-test P 5 0.020). None of the MIS
(0/10) and only 10% of the MET (1/10) expressed detect-
able levels of p75NGFR. For the one MET that expressed
p75NGFR, less than 10% of the tumor cells were labeled.

The expression of CD56/N-CAM in BMN was similar to
that observed for p75NGFR in that labeling was common
in BMN but uncommon in melanomas. For BMN, 92%
(23/25) of the lesions contained CD56/N-CAM. Like
p75NGFR, expression occurred exclusively in the type C
nevus cells and in nevic corpuscles (Figure 1c). Unlike
BMN, however, only 12% (6/50) of melanomas expressed
CD56/N-CAM (x2 P , 0.0001) (Figure 1d). Most of the
labeled melanomas were PIMs (5/30). In these lesions,
expression was always limited to small foci of tumor cells
in the invasive dermal component of the lesion. Unlike
p75NGFR, there was no significant difference in the
mean depth of invasion between those PIMs that ex-
pressed CD56/N-CAM and those that did not (t-test P 5
0.406). None of the MISs (0/10) and only 10% of the METs
(1/10) expressed detectable levels of CD56/N-CAM. For
the one MET that expressed CD56/N-CAM, approxi-
mately half of the tumor cells were labeled.

GAP-43 was expressed in 92% (23/25) of the BMN
studied. Like the other two markers of early Schwann cell
differentiation, GAP-43 was expressed in type C nevus
cells and in nevic corpuscles; however, the intensity of
immunolabeling was considerably less and occurred in a
smaller percentage of cells (,50%) than that observed
for p75NGFR or CD56/N-CAM. However, 64% (16/25) of
the BMN also demonstrated stronger immunolabeling in

the type A and type B nevus cells (Figure 1e), a feature
never observed for p75NGFR or CD56/N-CAM. This phe-
notype was confirmed using a different monoclonal anti-
body (clone 1G7; Novocastra Laboratories, Newcastle
upon Tyne, England) raised against a recombinant pro-
karyotic fusion protein containing the human complete
GAP-43 molecule. For this validation, 13 selected BMN
from the group evaluated with 5E7 were studied with
1G7. Using this antibody, 92% (12/13) of the original
BMN expressed GAP-43 in a distribution identical to that
observed for 5E7.

Unlike BMN, only 12% (6/50) of melanomas expressed
GAP-43 (x2 P , 0.0001) (Figure 1f). All of the melanomas
that expressed GAP-43 were PIMs (6/30); none of the
MISs (0/10) or METs (0/10) were labeled. In PIMs, ex-
pression of GAP-43 was limited to small foci representing
less than 10% of the tumor cells and generally occurred
in the invasive dermal component of the lesions. Two of
the PIMs, however, expressed GAP-43 only in the intra-
epidermal component of the lesions, a feature never ob-
served for p75NGFR or CD56/N-CAM. There was no
significant difference in the mean depth of invasion be-
tween those PIMs that expressed GAP-43 and those that
did not (t-test P 5 0.369).

It is of interest that none of the PIMs, MISs, or METs
expressed all three of the early Schwann cell differentia-
tion-related proteins, but 3/6 of the PIMs that expressed
GAP-43 also expressed either CD56/N-CAM or
p75NGFR. In contrast, 84% (21/25) of the BMN ex-
pressed all three of the early Schwann cell-related pro-
teins (ANOVA P , 0.0001 overall; Scheffé post hoc anal-
ysis P , 0.0001 between BMN and each melanoma
diagnostic category, ie, MIS, PIM, MET). Control tissues
incubated with a mouse monoclonal antibody of irrel-
evant specificity (anti-measles virus) were uniformly
negative.

Discussion

In this report, we demonstrate that Type C nevus cells
and nevic corpuscles express three proteins that also
define early stages of Schwann cell differentiation. These
findings provide confirmatory evidence that nevus cell
differentiation is at least in part related to Schwann cell
differentiation and extend earlier studies by more pre-
cisely defining the stage of Schwann differentiation reca-
pitulated by melanocytes during their normal orderly pro-
cess of terminal differentiation in the dermis. Furthermore,
this differentiation program does not occur during tumor
progression in malignant melanomas.

p75NGFR is one of the earliest proteins to be ex-
pressed by migrating neural crest stem cells, even before
they are committed to entering the Schwann cell differ-
entiation program.23,24 p75NGFR is a membrane-associ-
ated receptor tyrosine kinase (RTK) that serves as a
major receptor for the neurotrophins. p75NGFR functions
in association with a family of other RTKs encoded by the
Trk family of related genes30,31 and may also cooperate
with other growth factors to act as a Schwann cell survival
factor.32 The expression of p75NGFR remains high in

Table 1. Summary of Results

Lesion p75NGFR CD56/N-CAM GAP-43

BMN 25/25 (100%)* 23/25 (92%)* 23/25 (92%)†

MIS 0/10 (0%) 0/10 (0%) 0/10 (0%)
PIM 5/30 (17%) 5/30 (17%) 6/30 (20%)
MET 1/10 (10%) 1/10 (10%) 0/10 (0%)

Results are expressed as number of lesions expressing the
protein/number of lesions studied in that diagnostic group (and the
corresponding percentage positive).

*Labeling occurred exclusively in type C nevus cells and nevic
corpuscles.

†Labeling occurred in types A, B, and C nevus cells and nevic
corpuscles, but the greatest intensity of labeling occurred in types A
and B nevus cells.
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precursor Schwann cells as they proliferate and establish
initial connections with axons. High levels of p75NGFR
also persist indefinitely in unmyelinated Schwann cells,
but expression ceases on exit from the cell cycle and
acquisition of the myelinated phenotype.23

Unlike Schwann cells, however, a role for p75NGFR in
melanocyte differentiation remains obscure. The gene for
p75NGFR is positioned on chromosome 17q21-ter.33 Ab-
errations involving this chromosomal region are rare in
melanoma,1 and the expression of p75NGFR is infre-
quent in primary invasive lesions.13,34 We also found that
unlike benign nevi in which expression was usual in type
C nevus cells and nevic corpuscles, p75NGFR was found
in only a minority of invasive melanomas and metastatic
melanomas. The primary melanomas that expressed
p75NGFR were predominantly deeply invasive lesions in
which labeling was limited to small foci of tumor cells.
Despite the fact that p75NGFR is not expressed in mel-
anoma in situ and is expressed in low frequency in pri-
mary invasive and metastatic melanomas, it is up-regu-
lated in approximately half of immortalized cell lines
established from melanoma metastases because of in-
creased transcription of the gene.35 In fact, the monoclo-
nal anti-p75NGFR antibody used in this study was raised
against the membrane fraction from a metastatic mela-
noma cell line.25 The biological significance of this ob-
servation is unclear because p75NGFR was detected in
only 10% of the in vivo metastases included in this study.
It has been suggested that p75NGFR may contribute to
metastatic competence or organ tropism.36–38 It is of
particular interest that the expression of p75NGFR has
been described in desmoplastic and neurotropic mela-
nomas,39,40 rare subtypes of primary melanoma believed
to recapitulate perineurial, endoneurial, or Schwann cell-
like characteristics.41 As mentioned above, these mela-
noma variants were not included in the present study,
because in our patient population, they were extremely
rare tumors representing fewer than 1% of all primary
invasive melanomas accessioned and thus were not rep-
resentative of the usual differentiation-related changes in
primary melanomas.

The second protein that defines early stages of
Schwann cell development is CD56/N-CAM. CD56/N-
CAM is a member of the immunoglobulin superfamily that
exists in at least eight isoforms.42 CD56/N-CAM mediates
Ca21-independent homophilic intercellular attachments
and likely functions in cell migration during embryogen-
esis as well as contributing to the induction and mainte-
nance of differentiation in some cell types.42,43 The
150-kd isoform of CD56/N-CAM is expressed in precur-
sor and unmyelinated Schwann cells and has been iden-
tified in Wagner-Meissner corpuscles.44 Like p75NGFR,
the expression of CD56/N-CAM is extinguished by
Schwann cells with a mature myelinated phenotype.23

The gene for CD56/N-CAM is positioned on chromosome
11q23, a site rarely deleted in melanomas.1,45 In this
study, the pattern of expression of CD56/N-CAM was
similar to that observed for p75NGFR in that it was
present in type C nevus cells and nevic corpuscles, but
usually absent in melanomas.

The third protein that defines early stages of Schwann
cell differentiation is GAP-43. Concomitant with axonal
contact, migrating precursor Schwann cells begin to ex-
press GAP-43 (also known as B50, F1, neuromodulin,
and pp46).23,24 GAP-43 is a highly conserved protein
among vertebrates and has been demonstrated in both
precursor Schwann cells and mature unmyelinated
Schwann cells of the peripheral nerves in humans.46

Although the precise range of functions of this protein
remains unknown, GAP-43 is regulated by protein phos-
phorylation and is a natural substrate for protein kinase C
(PKC).27,47,48 In its active phosphorylated state, GAP-43
can bind actin and mediate the formation of filopodia and
changes in cell shape.49 In this capacity, GAP-43 may
influence the plasticity and motility of the unmyelinated
Schwann cell, whose function is to associate with multiple
small axons. Another potentially important role for
GAP-43 is its ability to reduce intracellular levels of the
second messenger cAMP.47 GAP-43 is expressed in
high levels in precursor and unmyelinated Schwann cells,
but the level of expression falls as cells reach the promy-
elinating stage of differentiation.23 Because many of the
early myelin genes are positively regulated by
cAMP,23,50–52 accordingly, it is believed that GAP-43
may serve a major role in maintaining the unmyelinated
phenotype.

In this study, GAP-43 expression was observed in type
A, B, and C nevus cells as well as in nevic corpuscles,
although the apparent level of expression was low rela-
tive to that observed for p75NGFR and CD56/N-CAM.
Because the antibodies used in this study react with both
phosphorylated and unphosphorylated forms of GAP-43,
it is unknown whether the low levels of expression in nevi
are reflective of the level of biological activity. The gene
for GAP-43 is positioned on chromosome 3, a site having
few documented aberrations in melanoma.1,53 Similar to
p75NGFR and CD56/N-CAM, GAP-43 typically was not
expressed in melanomas.

Based on our data, it can be concluded that melano-
cytic nevi and malignant melanomas in vivo differ signif-
icantly with respect to the expression of proteins related
to early differentiation events in Schwann cells. Our data
also show that among melanocytic nevi, the expression of
Schwann cell-related proteins is dependent on the phe-
notype of the nevus cells (ie, expression occurs predom-
inantly in type C nevus cells and nevic corpuscles) and
that expression of p75NGFR and CD56/N-CAM in nevi is
apparently more abundant than is GAP-43. In normal
Schwann cell differentiation, the expression of GAP-43 is
down-regulated before the reduction of p75NGFR protein
levels as cells enter the promyelinating stage of develop-
ment and before the expression of the major myelin pro-
tein genes.23 Thus, based on the observed protein ex-
pression pattern, type C nevus cells and nevic
corpuscles most closely recapitulate the phenotype of
cells at the premyelinating/promyelinating Schwann cell
border, a stage of Schwann cell development defined by
the down-regulation of GAP-43, early expression of my-
elin-associated proteins, and withdrawal from the cell
cycle. Additional support for this conclusion comes from
independent studies that noted the expression of a my-
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elin protein-related epitope shared by P0, P1, and myelin
basic protein in type C nevus cells and nevic corpuscles,
but the lack of expression of proteins characteristic of
fully myelinated Schwann cells such as P2, the proteolipid
protein (PLP), myelin-associated glycoprotein (MAG),
CD57, and CD9.8,12–14,22

Our data show that terminal differentiation of melano-
cytes in the dermis recapitulates aspects observed in the
early stages of Schwann cell development. In contrast,
most melanomas follow a divergent differentiation path-
way that is not used by nevus cells or Schwann cells. It
should be noted that the expression of these proteins
observed in only a few invasive and metastatic melano-
mas likely represents additional perturbations secondary
to tumor progression because melanomas in situ univer-
sally lacked expression. Alternatively, it is possible that
the low frequency of expression of these proteins in mel-
anoma represents an incomplete or failed attempt at
normal differentiation programs in the dermis. Thus, it is
possible that the reported expression of p75NGFR in
desmoplastic and neurotropic melanomas39,40 is related
to partial activation of a more nevus-like or Schwann
cell-like differentiation pathway in these tumors. This is an
attractive hypothesis, because it has been shown by
others that these rare types of melanoma may have a less
aggressive clinical course when compared to other mel-
anomas of identical stage and depth of invasion.54,55 It
also seems plausible that the phenotype shared by nevus
cells and Schwann cells may include, in addition to
p75NGFR, CD56/N-CAM, and GAP-43, other compo-
nents of the signaling pathways that control differentia-
tion. Further study of these pathways may identify in
melanomas specific defects that disrupt the normal me-
lanocyte differentiation program and may establish tena-
ble targets for chemotherapy of advanced-stage lesions.
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