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Melanocytes in Long-standing Sun-Exposed Skin

Quantitative Analysis Using the MART-1 Immunostain
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Objective: To help distinguish early melanoma from
normal sun-damaged skin by quantifying the density,
confluence, and depth of follicular penetration of
melanocytes in long-standing sun-exposed skin of the
face and neck.

Design: Case series.

Setting: Referral center.

Patients: Random selection of 149 patients undergo-
ing Mohs surgery for basal cell and squamous cell car-
cinomas of the face and neck.

Intervention: Frozen-section slides were made from
long-standing sun-exposed normal skin and stained with
MART-1 (melanoma antigen recognized by T cells 1 stain-
ing) immunostain.

Main Outcome Measures: The number, conflu-
ence, and depth of penetration of melanocytes along
the follicular epithelium were quantified per high-
power field (original magnification �400, equivalent
to 0.5 mm of skin). Confluence was categorized by the

number of adjacent melanocytes (none, 0-1; mild,
2; moderate, 3-6; and severe, �6).

Results: The mean number of melanocytes per high-
power field was 15.6 (range, 6-29). Confluence was se-
vere in 1.0% of the specimens, moderate in 34.0%, mild in
54.0%, and absent in 11.0%. Focal areas of increased mel-
anocyte density occurred in 24.2% of the specimens; in these
areas, the mean number of melanocytes per high-power field
was 20.3 (range, 7-36) and the confluence of melanocytes
was severe in 13.0%, moderate in 50.0%, and mild in 37.0%.
The mean depth of follicular epithelium penetration by
melanocytes was 0.38 mm. Pagetoid spread and nesting of
melanocytes were not seen. Nonspecific scattered MART-
1–staining dermal cells were in half of the slides.

Conclusions: Melanocytes in long-standing sun-
exposed skin have an increased density and a conflu-
ence that is often moderate (3-6 adjacent melanocytes),
but they do not exhibit pagetoid spread or nesting. Non-
specific MART-1–staining dermal cells should not be in-
terpreted as invasive melanoma.
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P
HYSICIANS WHO DIAGNOSE

melanoma histologically or
whoevaluatethesurgicalmar-
gins of melanoma often face
the difficulty of distinguish-

ing nonmalignant melanocyte hyperplasia
frommelanomainsituinsun-damagedskin
(ie, lentigomaligna[LM]).Lentigomaligna
and LM melanoma (LMM) are character-
izedbyhyperplasiaof atypicalmelanocytes
occurringsinglyor innests, exhibitingpag-
etoid spread and extending down the hair
follicles.Manyof thesecriteriaoverlapwith
thechangesseeninskindamagedfromlong-
term exposure to the sun.1 Because there
are no well-defined criteria for melanocyte
density in sun-damaged skin, the distinc-
tion between benign and malignant is
oftenarbitrary.The penetrationofmelano-
cytes along the follicular epithelium is con-
sidered characteristic of LM and LMM, yet
the depth of penetration in long-standing
sun-exposedskinof the faceandneck isun-

known.Withsuchuncertainties,manyphy-
sicians most likely err on the side of over-
diagnosingmelanomainsun-damagedskin
to avoid the obvious medical and legal con-
sequencesofnotdiagnosingtruemelanoma.
Overdiagnosis,however, leads toadditional
and unnecessary surgery, morbidity, and
deformity.

Several previous studies have at-
tempted to address this issue. In a study of
84 patients, Fallowfield et al2 found that
sun-exposed forearm skin had 27 to 55 mel-
anocytes per 200 keratinocytes and but-
tock skin had 10 to 35 melanocytes per 200
keratinocytes. In this study, S100 immu-
nostains were used in specimens from fewer
than half of the patients.2 By using immu-
nohistologic staining with MART-1 (mela-
noma antigen recognized by T cells 1 stain-
ing), Kelley and Starkus3 found that
sun-protected skin had a melanocyte-
keratinocyte ratio of approximately 1:10
in 5 patients. In our experience, there are
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50 to 70 keratinocytes per high-power field (original mag-
nification �400); therefore, 5 to 7 melanocytes per high-
power field would be present in sun-protected skin. In the
same study by Kelley and Starkus, sun-damaged skin from
9 patients had “practically confluent” melanocytes. Long-
term exposure to UV-B irradiation has been shown to in-
crease the number of melanocytes in the epidermis.4

The goal of the present study was to define, in a clini-
cally useful manner, the number, degree of confluence,
and depth of penetration of melanocytes in long-
standing sun-exposed skin of the head and neck.

METHODS

Patients undergoing Mohs surgery for basal and squamous cell
carcinoma of the head and neck were randomly selected dur-
ing a 5-month period (December 1, 2003-April 30, 2004). For
each of the 149 patients selected for the study, the patient’s age,
sex, type of tumor excised, personal history of dysplastic nevi
or malignant melanoma, and history of recent intense sun ex-
posure were recorded. Recent intense sun exposure was de-
fined as outdoor exposure, within 2 weeks before surgery, in a
sunny climate such as that of Florida, which is in contrast to
the climate of western Pennsylvania (particularly in the win-
ter), where most study participants lived. Recent intense sun
exposure was of interest because it increases the number and
activity of melanocytes.5

After the tumors were completely removed, the proposed dog-
ears to be excised during reconstruction were evaluated for the
presence of any visible lesions (ie, ephelides, lentigo, sebor-
rheic keratosis, or nevi). Dog-ears were excluded from the study
if a skin lesion was present or if the patient had a history of ir-
radiation to the face or neck. From the remaining dog-ears, 1-cm
strips of skin were cut, defatted, and prepared for vertical fro-
zen sections. Particular attention was paid to cutting the tissue
into thin sections (3-4 µm), which is technically easier after de-
fatting the tissue. Each slide had an average of 3 tissue sections.
The slides were stained with MART-1 immunostain using a de-
scribed protocol.6 In this protocol, the secondary antibody is
bound to a spherical polymer with attached horseradish peroxi-
dase, which activates the bronze-colored diaminobenzidine chro-
mogen. Compared with traditional immunostaining protocols,
the use of the polymer makes this protocol more efficient and
provides a more powerful amplification of the chromogen.6 Of

the 149 patients, 17 were excluded from the study owing to poor
MART-1 staining of tissue, lack of epidermis on the slide pre-
pared, or the presence of architectural changes of a lentigo along
the entire epidermis. One slide from each of the remaining 132
patients was included in the study.

The slides were examined microscopically (high-power field,
�400 magnification, equivalent to 0.5 mm of skin) for num-
ber, density, confluence, and depth of melanocytes in the fol-
licular epithelium. Measurements of melanocytes in 0.5 mm
of skin have been accurate in distinguishing sun-damaged skin
from melanoma in situ.7 On each slide, a representative area
was chosen. This was 0.5 mm of epidermis that had a melano-
cyte density similar to the remainder of the slide. Areas with
histologic evidence of a lentigo were avoided. Density and con-
fluence measurements were made from epidermis that was flat
or had the least undulations with respect to the horizontal axis.
Thick sections were not used because overlapping melano-
cytes may give the appearance of increased melanocyte den-
sity. To avoid counting melanocytes that were not in the same
plane, only the melanocytes in focus were counted. If there was
marked variability of density and confluence on a slide, mea-
surements were made in a representative area and in areas of
increased melanocyte density. Epidermal melanocyte conflu-
ence was stratified as none, mild (2 adjacent melanocytes), mod-
erate (3-6 adjacent melanocytes), or severe (�6 adjacent mel-
anocytes). In slides with follicles, the depth of the deepest
melanocyte penetrating the follicular epithelium was mea-
sured from the granular layer of adjacent epidermis. Melano-
cytes in the papillae of the follicle were not counted. The con-
fluence of the melanocytes in the follicular epithelium was
stratified with the same scale used for epidermal confluence.
The presence of pagetoid spread and melanocyte nest (�4 clus-
tered melanocytes), if any, was noted.

Mean±SDandmedianswerecalculated for thedensity,degree
of confluence, and depth of follicular penetration of melanocytes.
Factors thatmayaffectmelanocytedensity(age,historyofdysplas-
ticneviormelanoma,andrecent intensesunexposure)werenoted.
A Kruskal-Wallis 1-way analysis of variance was used to compare
the average density between subgroups of patients.

RESULTS

All 132 patients were white. Of these 132 patients, 116
(87.9%) had basal cell carcinoma, 12 (9.1%) had squa-
mous cell carcinoma, 2 (1.5%) had atypical fibroxan-
thoma, 1 (0.8%) had a sebaceous tumor, and 1 (0.8%)
had a vascular tumor (percentages total �100 because
of rounding). The mean age of the patients was 70 years
(range, 32-98 years); 54.0% were men, and 46.0% were
women. All the skin samples were from sun-exposed areas
of the head or neck. Eleven patients had a history of re-
cent intense sun exposure, and 5 had a personal history
of dysplastic nevi or melanoma.

The mean number of melanocytes per high-power
field was 15.60 ± 4.38 (median, 15.0; range, 6-29)
(Figure 1). Melanocyte confluence was severe in
1.0%, moderate in 34.0%, mild in 54.0%, and absent
in 11.0% of the patients. There were focal areas of
increased melanocyte density in 32 (24.2%) of the 132
slides. In these areas, the mean number of melano-
cytes per high-power field was 20.3±5.2 (median, 20;
range, 7-36) (Figure 1, inset). The confluence of mela-
nocytes in these areas of increased melanocyte density
was severe in 13.0%, moderate in 50.0%, mild in
37.0%, and absent in 0% of the patients. In slides with

Figure 1. Typical melanoma antigen recognized by T cells 1–staining normal
sun-exposed skin with a focal area of increased melanocyte density (arrows)
(original magnification �200). Inset, High-power view of the focal area of
increased melanocyte density showing nearly confluent melanocytes
(melanoma antigen recognized by T cells 1 stain, original magnification �400).
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severe melanocyte confluence, the number of adjacent
melanocytes did not exceed 9. There was no pagetoid
spread or nesting of melanocytes in the epidermis.

In 120 of 132 slides, at least 1 complete hair follicle
was present. The mean depth of the deepest melano-
cyte in the basal layer of the follicular epithelium was
0.38±0.04 mm (range, 0-1.5 mm) (Figure 2). The
confluence of melanocytes in the follicular epithelium

was severe in 0%, moderate in 18.0%, mild in 53.0%,
and absent in 29.0% of the patients.

There was no statistically significant difference in the
measured variables among patients with a history of re-
cent sun exposure and malignant melanoma or dysplastic
nevi compared with all other patients (P�.05). There was
a statistically significant (P�.001) inverse correlation be-
tween average melanocyte density and patient age.

Scattered dermal MART-1–staining cells were ob-
served in the dermis in about half of the slides (Figure3).
These cells were more likely to be present in slides with
some background staining and adjacent to torn edges of
tissue. In most slides, these cells were faintly stained and
were scattered within the dermis without nesting. In a
few slides, they were darkly stained without features of
nesting. Three patterns of dermal staining were noted:
inflammatory, follicular, and dendritic. These cells also
stained after repeating the MART-1 immunostain pro-
tocol without the MART-1 antibody.

COMMENT

The goal of this study was to quantitatively define the
density, confluence, and depth of follicular penetration
of melanocytes in long-standing sun-exposed skin of the

Figure 2. Melanoma antigen recognized by T cells 1–staining normal
sun-exposed skin shows extension of melanocytes along the follicle (original
magnification �200).

A B

C D

Figure 3. Nonspecific melanoma antigen recognized by T cells 1–staining dermal cells in an inflammatory pattern (original magnification �200) (A and B),
a follicular pattern (original magnification �200) (C), and a dendritic pattern (original magnification �200) (D).
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head and neck. This is important because it is not known
how much melanocyte hyperplasia is needed to diag-
nose LM and LMM. Without quantitative guidelines for
the normal density of melanocytes in sun-damaged skin,
decisions about the histologic diagnosis and margins of
melanoma in sun-exposed skin are made subjectively. By
better defining normal features in practical and easily ap-
plicable terms, we hope to provide the evidence to aid
physicians faced with this dilemma.

We found that normal long-standing sun-exposed skin
has an average of 15 to 20 melanocytes per high-power field
(in 0.5 mm of skin), a confluence of up to 9 adjacent
melanocytes, and melanocytes extending along hair fol-
licles. However, there was no nesting or pagetoid spread
of melanocytes. Although tissue that is cut tangentially may
seem to have high-level melanocytes in the epidermis, this
should not be confused with pagetoid spread (Figure 4).

Our data are comparable with those of Acker and col-
leagues,7 who found a mean of 11.61±1.98 melanocyte
nuclei per 0.5 mm in sun-damaged skin in a morpho-
metric study. They found that the mean number of mel-

anocyte nuclei in melanoma in situ, 37.83±11.12, was
significantly higher.7

In another study, Weyers et al8 found that sun-
exposed skin with melanocytic hyperplasia has a me-
dian of 10 and a maximum of 26 melanocytes per 0.5 mm.
This data may be of limited value, as only 10 of the 50
cases of sun-damaged skin were studied immunohisto-
chemically with HMB-45 and S-100 stains. In compari-
son, melanoma in situ had a median of 50 and a maxi-
mum of 134 melanocytes per 0.5 mm. They also found
that the HMB-45 immunostain stains sun-damaged skin
and melanoma in situ similarly. This is expected be-
cause this immunostain stains melanocytes (regardless
of source), and sun-damaged skin is known to have a high
density of melanocytes. It was the objective of the pres-
ent study to better define the density, confluence, and
depth of follicular descent of melanocytes in sun-
damaged skin, so that benign melanocytic hyperplasia
is not diagnosed as melanoma.

Melanocyte number alone should not be used to dis-
criminate sun-damaged skin from early melanoma. The
degree of confluence, nesting, and pagetoid spread are
other crucial criteria. In our experience, “vertical stack-
ing” of melanocytes in the epidermis is a common find-
ing in melanomas (Figure 5).

In the present study, we also found that it is normal for
melanocytes to extend along the follicular epithelium in
sun-damaged skin. In their study, Weyers et al8 noted that
melanocytes descended “far” down adnexal epithelial struc-
tures in only 12% of cases of sun-exposed skin with
melanocytic hyperplasia, compared with 96% of cases of
melanoma in situ. However, they did not quantify what per-
centage of sun-exposed skin had melanocytes with “short”
descent down adnexal epithelium. Short descent was de-
fined as not reaching “the level of the uppermost portion
of sebaceous glands of surrounding follicles.”8(p561) Hence,
melanocytes can be seen along the follicular epithelium of
normal sun-exposed skin and melanoma in situ. Al-
though melanoma in situ is likely to have deeper descent
of melanocytes along the follicle, this feature alone should
not be used to distinguish the 2.

An old argument for wide margins of excision for mela-
nomawas theconceptof fieldchange in theepidermalmel-
anocytepopulationsurroundingamelanoma.9However,our
study and a previous study10 support the notion that field
changemaysimplybe theresultof long-termsunexposure.

How do our data compare with data from sun-
protected skin? Contrary to the long-held belief that the
number of melanocytes in the skin is static,11,12 it has been
established that sun exposure increases the number of
melanocytes2,4,13-15 and that melanocyte density is pro-
portional to cumulative sun exposure.15 Even casual sun
exposure, without sunbathing, may induce maximal mel-
anocyte proliferation.2 After only 3 days of sun expo-
sure, melanocytes become more dendritic and more dopa
positive16; after 12 days, the number of melanocytes in-
creases.5 The use of MART-1 immunostains has shown
that sun-protected skin has a melanocyte-keratinocyte
ratio of approximately 1:103 (Figure 6).

The MART-1 protein is a transmembrane protein ex-
pressed by benign and malignant melanocytes.17 Shown
to be more sensitive and specific than HMB-45 for mela-

Figure 4. Normal skin cut tangentially, simulating pagetoid spread of
melanocytes. Tangentially cut tissue typically has thicker stratum corneum
than surrounding tissue (melanoma antigen recognized by T cells 1 stain,
original magnification �400).

Figure 5. Malignant melanoma in situ, with vertical stacking of melanocytes
in the epidermis (melanoma antigen recognized by T cells 1 staining, original
magnification �400).
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noma and melanocytes in general,18 the MART-1 immu-
nostain is a valuable tool in the evaluation of surgical
margins of melanoma in sun-damaged skin. Melano-
cytes stain intensely and can be discriminated easily from
keratinocytes in frozen sections, but it is important to
have high-quality thin sections to minimize back-
ground chromogen coloration.

InarecentarticlebyShabrawi-Caelenetal,19 theauthors
raised the question regarding the specificity of the MART-
1/Melan-Aimmunostaininsun-damagedskin.Intheirstudy
of 10 cases of actinic keratoses, they found that samples
stainedwithMART-1hadmore immunoreactivecells than
samples stained with S100 or HMB-45. They had 2 expla-
nationsfor this: (1)MART-1ismoresensitive thantheother
immunostainsand(2)MART-1mayalsostainkeratinocytes
and other nonmelanocytic cells damaged by an inflamma-
tory process, as suggested by Maize et al.20 How does this
affect our data? It is possible that some of the cells counted
asmelanocytesmayactuallyhavebeenkeratinocytes.How-
ever, our results should be applicable to cases in which
MART-1isusedtodiagnosemelanomainsun-damagedskin.
TheMART-1rapid immunostainprotocol6 is themostprac-
tical and efficient method for the Mohs surgeon to better
judge the presence or absence of melanoma at the surgical
margin. Because we defined the upper limit of normal mel-
anocytedensityandconfluence,ourdata shouldaid inpre-
venting the overdiagnosis of positive surgical margins in
the management of melanoma in sun-damaged skin. This
holds true, especially in light of the data presented by
Shabrawi-Caelenetal.19However,specialcareisneededwhen
what seemtobemelanocyticnestsare seen. “Pseudonests,”
which may be aggregates of keratinocytes, macrophages,
and lymphocytes resulting from cellular damage along the
dermal-epidermal junction, may be seen on hematoxylin-
eosin– and MART-1–stained slides.20

The finding of scattered MART-1–staining cells in the
dermis of normal sun-exposed skin is also of concern.
They seem to be nonspecific and can be seen even if the
MART-1 antibody is withheld from the staining proto-
col. They were more likely to be present in slides with
background staining or near torn edges of tissue. These
nonspecifically staining cells may lead to the upgrading
of the Breslow thickness of melanomas stained with
MART-1 or to misinterpretation of an in situ melanoma
as being invasive. These cells may be nonmelanocytic cells
damaged by an inflammatory process, as suggested by
Maize et al.20 Although the identity of these cells is un-
clear, mislabeling them as melanocytes has tremendous
implications in the care of patients with melanoma.

Atypical melanocytes and multinucleated (“star-
burst”) melanocytes were not addressed in this study be-
cause they are not readily discernible in frozen sections;
in addition, there is no uniform criterion for melano-
cyte atypia. Although atypical melanocytes are uni-
formly seen in melanoma, they are also seen in normal
sun-exposed skin2,21 and should not be used alone as a
criterion for melanoma.

Nearly all patients in this study were from western
Pennsylvania and the surrounding regions. Only 11 pa-
tients had recent intense sun exposure. If a similar study
were performed with patients who had recent intense sun
exposure, the melanocyte density and confluence may

be even greater than in our study. The inverse correla-
tion between melanocyte density and patient age may re-
sult from the natural maturation process of nevus cells.

There are essentially 3 ways to define histologic cri-
teria to distinguish benign from malignant. The first is
to study the histologic features of malignant tumors
known to metastasize. This has been done for mela-
noma. In addition to the defined criteria, we have ob-
served that in most melanomas there is vertical stacking
of melanocytes in the lower half to two thirds of the epi-
dermis, with or without pagetoid spread of melanocytes
reaching the granular layer. The second way is to study
the features of normal skin, which was the purpose of
this study: to define quantitatively the features of nor-
mal skin in sun-exposed areas. The third way is to ob-
serve patients according to the criteria established from
the previous 2 designs and to determine whether the bio-
logical behavior is in concordance with the histologic fea-
tures. Previous work,22 which used confluent hyperpla-
sia and nesting as criteria for Mohs excision of melanoma,
resulted in recurrence of less than 0.5% in 535 patients
with 5-year follow-up data; ie, not excising areas of in-
creased melanocyte density (such as those found in the
present study) did not lead to persistence or recurrence
of melanoma. This further supports the clinical impli-
cations of this study in the care of patients with pig-
mented lesions in sun-exposed skin.

Data from the present study should assist the physi-
cian in discerning increased melanocyte density in
sun-damaged skin from that in LM and LMM. The Mohs
surgeon or pathologist has the evidence needed to avoid
overdiagnosing melanoma in sun-exposed skin. The find-
ings of increased melanocyte density and mild to mod-
erate confluence alone do not substantiate the diagnosis
of LM or LMM. There should be nesting, vertical stack-
ing, or pagetoid spread. In addition, the finding of
melanocytes along the follicular epithelium is normal in
sun-damaged skin and is not specific to LM or LMM.

Accepted for Publication: October 26, 2005.
Correspondence: Ali Hendi, MD, Department of Der-
matology, Mayo Clinic, 4500 San Pablo Rd, Jackson-
ville, FL 32224 (hendi.ali@mayo.edu).

Figure 6. Sun-protected normal skin from the abdomen. Melanocyte
confluence is absent (melanoma antigen recognized by T cells 1 staining,
original magnification �400).
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