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Ki-67 labeling of paraffin sections has been corre-
lated with the number of cells in non-Go phases of
the replicative cell cycle, and this immunohisto-
chemical technique has been applied to the evalu-
ation of a variety of human neoplasms. Similarly,
immunolabeling for p53 protein has been used to
detect mutations in the corresponding gene, as a
reflection of possible cellular transformation in the
same context. Both of these techniques were ap-
plied to 253 melanocytic tumors of the skin to assess
their possible utility in the diagnosis and subcatego-
rization of such lesions. They included 76 banal
(common) nevi (CN), 39 Spitz nevi (SN), 62 superfi-
cial spreading malignant melanomas in radial
growth (SSMMs), 32 nodular malignant melanomas
(NMMs), 21 lentigo maligna melanomas in radial
growth (LMMs), and 23 melanomas arising in asso-
ciation with preexisting compound nevi (MCN). One
hundred cells were counted randomly in each tu-
mor, and dark, exclusively nuclear reactivity was
scored as positive labeling; results were recorded as
percentages. Negligible Ki-67 and p53 labeling was
seen in CN and SN, at a level that was similar to that
obtained in cases of LMM and MCN. The largest
proportion of Ki-67–positive and p53-positive cells
was observed in NMMs, followed by SSMMs. Radial
growth-phase SSMMs and LMMs demonstrated im-
munoprofiles that were similar to those of melano-
cytic nevi, and MCN did so as well. The prototypical

malignant melanocytic tumor representing the ver-
tical growth phase—nodular melanoma—demon-
strated a statistically significant difference from all
other lesions in this study with respect to Ki-67
index (P 5 .008, x2) and p53 reactivity (P < .000001,
x2). Subsequent concurrent use of a Ki-67 threshold
index of 10% and a p53 index of 5% correctly indi-
cated the presence of vertical growth in 75% of
NMMs, whereas only 8% of radial growth phase
melanomas of other types were colabeled at the
same levels of reactivity for the two markers (P <
.00001, x2). Thus, although the distinction between
benign and malignant melanocytic tumors could
and should not be based on immunohistology for
Ki-67 and p53, these results suggest that the latter
determinants may, in fact, be used as an adjunct to
morphology in the recognition of the vertical
growth phase in cutaneous malignant melanomas.
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In attempts to extend morphologic observations in
the prediction of biologic behavior, several adjunc-
tive techniques have been applied to cutaneous
melanocytic lesions of all types. These procedures
have included nuclear morphometry (1); immuno-
staining for p53 proteins (2– 4), the INK4A/CDKN2
tumor suppressor gene product (5), proliferating
cell nuclear antigen (6 – 8), or the Ki-67 nuclear
protein (9 –13); and histochemical analysis of nu-
cleolar organizer regions (14).

A particularly challenging facet of dermatopa-
thology concerns the more narrow setting of mela-
nocytic malignancy. In that context, it is important
to identify the growth phases (radial or vertical) of
melanomas, in recognition of the prognostic im-
portance attached to them (15). Our laboratory has
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previously studied the expression of putatively mu-
tant p53 protein in melanocytic lesions and found a
reasonable correlation between its presence and
malignant morphologic and biologic characteris-
tics; moreover, non–wild-type p53 protein was also
preferentially associated with vertical growth
among melanomas of various types (2). Relatively
few reports have addressed the identification of
growth phases in cutaneous melanocytic tumors
using the MIB1 (anti–Ki-67) antibody (9), and none
has discussed its concomitant application with p53
in this context. Moreover, the issue of whether pro-
liferation indices and p53 are truly helpful in the
diagnostic distinction between melanocytic nevi
and melanomas is still unsettled, in part because of
methodological differences in various publications
(6 –13). Hence, the specific aim of the following
evaluation was 2-fold: first, to reassess the utility of
concurrent labeling evaluation for Ki-67 and p53 in
the differential diagnosis of benign and malignant
melanocytic neoplasms, and, second, to study the
differences, if any, in the labeling indices for these
markers in various biologic subgroups of cutaneous
melanoma. The latter included “common” lesions
in the radial and vertical growth phases (as defined
by Elder & Murphy [16]), as well as other examples
of recognized histologic melanoma variants. A cur-
rently advocated microwave-mediated enhance-
ment method (17) was used to optimize exposure of
the Ki-67 and p53 target epitopes in standard par-
affin sections.

MATERIALS AND METHODS

A total of 253 well-characterized cutaneous mela-
nocytic neoplasms were studied, as obtained from
the surgical pathology files of Washington Univer-
sity Medical Center and SmithKline-Beecham Lab-
oratories (St. Louis, Missouri). These specimens
were procured as excisional biopsies from 101
males and 153 females, ranging in age from 3 to 98
years, whose lesions had arisen in various locations.
The samples were obtained with standard surgical
technique and immediately fixed in neutral-
buffered formalin. Each of these tumors had been
diagnostically classified originally by at least two of
the authors using established morphologic criteria
(16). Vertical growth in melanomas was defined by
the presence of at least one of the following criteria
(16): all tumor cell nests in the epidermis being
smaller than at least one in the dermis, differing
cytologic appearances of the intraepidermal and
intradermal components, the presence of dermal
tumor cell nests of 25 or more cells in width, and
mitotic activity in intradermal neoplastic cells.
Complete follow-up information was obtained in
all instances to validate the nosologic process.

The various tumors were categorically distributed
as follows: 76 common nevi (CN), 39 Spitz nevi
(SN), 62 superficial spreading malignant melano-
mas (SSMMs), 32 nodular malignant melanoma
(NMMs), 21 lentigo maligna melanomas (LMMs),
and 23 melanomas arising in association with pre-
existing common nevi (MCN). Each of the nodular
melanomas was, by definition, in the vertical
growth phase, whereas all other melanomas in the
study were, by design, radial growth phase lesions.

Paraffin sections of all specimens were cut at 4 m
thickness and mounted on glass slides coated with
poly-L-lysine (Sigma-Aldrich Chemical Co., St.
Louis, MO). They were dewaxed in xylene and ab-
solute ethanol; incubated for 30 min in methanolic
H2O2 (0.3% [v/v]) to quench endogenous peroxi-
dase; and rehydrated by passage through graded
ethanol solutions, distilled water, and phosphate-
buffered-saline (PBS; pH 7.4). Heat-mediated “an-
tigen retrieval” (17) was undertaken after immer-
sion of the slides in standard citrate buffer (0.01 M;
pH 6.0). They were warmed for 12 min in a micro-
wave oven (Sharp, Los Angeles, CA; 600 W; 2,450
MHz). After a 20-min cooling period, the sections
were rinsed in water and incubated in PBS. The
MIB-1 antibody to Ki-67 (Dako Co., Carpinteria, CA;
dilution 1:300) and a “cocktail” of anti-p53 reagents
(clone designations 1801 and D07; BioGenex Co.,
Dublin, CA, and Dako, respectively) were then ap-
plied and the sections were incubated for 16 hours
at 4° C. Antibody bridge assembly with the avidin-
biotin-peroxidase complex (ABC) technique, using
the Elite ABC kit (Vector Laboratories; Burlingame,
CA), was carried out on the next day by sequential
1-h incubations. Chromogenic development was
obtained by immersion of the sections in nickel
chloride– complexed 3,39-diaminobenzidine solu-
tion (0.25 mg/mL with 0.003% H2O2) for a maxi-
mum of 10 min. The slides were then lightly coun-
terstained with Harris’s hematoxylin.

Positive controls for Ki-67 studies were repre-
sented by paraffin sections of “stock” neoplasms
that had been previously studied by flow cytometry
to determine proportions of tumor cells in the dif-
ferent phases of the cell cycle. Similar sections of
neoplasms that had been shown to manifest p53
mutations by Southern blot analysis also were used
as positive controls. Nonimmune murine ascitic
fluid was substituted for the primary antibodies as a
negative control. Cells were considered Ki-67 posi-
tive or p53 positive when they demonstrated strong
and exclusively nuclear labeling. Those cases with
no reactivity whatsoever were regarded as negative,
whereas immunoreactivity in the others was scored
semiquantitatively (as “1 to 4% 1,” “5 to 9% 1,” and
$10% 1, etc.) by assessment of 100 tumor cells in
randomly selected microscopic fields at 4003 mag-
nification. Paired categorical results were com-
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pared by x2 analysis, using True Epistat statistical
computer software (Epistat Services, Richardson,
TX). Similarly, a Bayesian formula was used to cal-
culate the predictive value of “positive” results, as
compared with correlation with morphologic fea-
tures of the vertical growth phase.

RESULTS

None of the common nevi showed more than 5%
labeling for Ki-67, and all of them were completely
nonreactive for p53 as well. The mean MIB-1 index
was 0.5% in that group, with a range of 0 to 5%
reactive cells (Tables 1 and 2). The majority of cases
of CN (43 of 76 [57%]) failed to exhibit any nuclear
staining. Likewise, SN demonstrated a very low
Ki-67 index, ranging from 0 to 11% with a mean of
1.4% (Fig. 1); only one case of SN manifested more
than 5% nuclear labeling. All SN likewise failed to
label for p53. The results for LMMs and MCN were
similar to those obtained in common nevi and SN;
the average MIB-1 indices for those two forms of
melanoma were 1.5% and 0.6%, respectively, and
only 5% of LMMs and 4% of MCN were labeled for
p53. The highest degree of both Ki-67 and p53 im-
munoreactivity was observed in NMMs. Seventy-
eight percent of those tumors were p53 positive,
and they had a mean proliferation index of 16.1%
(Figs. 2 and 3). The only other group of melanocytic
tumors with substantial p53 labeling (25%) was the
SSMMs, in which an average Ki-67 staining index of
3.1% was obtained (Fig. 4). In aggregate, the prolif-
eration indices of nodular melanoma and superfi-
cial spreading melanomas differed statistically from
those of LMMs and melanomas arising in preexist-
ing nevus (P , .05, x2), but this obviously was due
principally to the effect of data from the NMM
group. Further corroboration of the latter point was
gained from the observation that a statistically sig-
nificant difference was also observed in the mean
Ki-67 indices between SSM and NMM (P , .05, x2).
Conversely, p53 labeling was significantly and in-
dependently different for both the SSMM and
NMM categories as compared with all other mela-
nocytic lesions in the study (P 5 .035, x2) (Fig. 5).
Using a model with a 10% cutoff level for MIB-1

labeling and a 5% level for concurrent p53 immu-
noreactivity, 24 (75%) of the NMMs in this series
could be correctly identified as in the vertical
growth phase. In contrast, only five (8%) of the
radial growth phase SSMMs showed similar find-
ings in regard to the two markers being considered
(Fig. 6). In the context of all melanomas in this
study, the positive predictive value of the previously
cited p53/Ki-67 threshold was found to be 83% for
identification of the vertical growth phase.

DISCUSSION

Various monoclonal antibodies against the Ki-67
nuclear antigen have been used to measure the
proliferative index (PI) in malignant melanomas,
and correlations have been drawn between that
analyte and tumor thickness, metastatic potential,
or overall prognosis (18 –20). Fewer studies have
applied PI as a discriminative tool in separating
melanocytic nevi from malignant melanomas, and,
with some exceptions, most of those analyses were
based on a limited number of cases or they used
dissimilar methods, some of which would be im-
practical in routine diagnostic pathology (6, 21–25).
Our goals in part reproduced those of earlier assess-
ments of PI in melanocytic lesions, but they were
also somewhat different. We not only considered
the value of Ki-67 labeling in the cited differential
diagnosis but also evaluated its potential role in
recognition of the vertical growth phase in undis-
puted melanomas and paired it with concomitant
p53 immunolabeling toward the same end. Growth
phase in melanocytic malignancies has great signif-
icance in the estimation of overall prognosis, as
recently summarized (26).

Using Ki-S5, another immunohistologic marker
of PI, Rudolph et al. (12) suggested that a growth
fraction of 5% could be used to help discriminate
between benign and malignant melanocytic prolif-
erations. Our results (and conclusions) deviate to
some extent from those of the latter study, probably
because a different indicator of proliferative capac-
ity was used; that reality underscores that each
monoclonal antibody used in PI studies (e.g., anti–
proliferating cell nuclear antigen, MIB-1, Ki-S5)

TABLE 1. Ki-67 Labeling in 253 Melanocytic Lesions of the Skin

CN
(n 5 76)

SN
(n 5 39)

SSMM
(n 5 62)

NMM
(n 5 32)

LMM
(n 5 21)

MCN
(n 5 23)

Range of labeling (% cases) 0 –5 0 –11 0 –21 5 –56 0 –7 0 –5
Mean labeling (% cases) 0.5 1.4 3.1 16.1 1.5 0.6
Absence of labeling (# cases) 43 20 7 0 11 17
1–5% positivity (# cases) 33 18 42 4 9 6
6–9% positivity (# cases) 0 0 9 3 1 0
$10% positivity (# cases) 0 1 4 25 0 0

CN, common nevi; SN, Spitz nevi; SSMM, superificial spreading malignant melanoma; NMM, nodular malignant melanoma; LMM, lentigo maligna
melanoma; MCN, melanoma arising in compound nevi.
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shows its own distinctive “profile” in paraffin sec-
tions of various neoplastic tissues, and those re-
agents therefore cannot be compared with one an-
other directly (27, 28). In the Rudolph et al. (12)
study, a mean PI of 6.38% was seen in 57 in situ
melanomas, and that was significantly different
from the Ki-S5 index in benign nevi. In contrast, we
found no statistically meaningful differences in
MIB-1 labeling between a spectrum of melanocytic
nevi (CN and SN) and de novo LMMs or melanomas
arising in CN. Those results may be considered
surprising by some observers, considering the dif-
ferent biologic natures of the lesions in question.
However, it should be realized that although label-

ing with MIB-1 correlates well with the number of
cells in non-G0 phases of the cell cycle, that quan-
tum is probably not very different in benign nevi
and radial growth phase melanomas. Indeed, low
PIs in the latter group of neoplasms are consonant
with their clinical attributes, which include a rela-
tively long chronological evolution and a concur-
rently prolonged incapability for metastasis (29).
The predominant lack of putatively mutant p53
protein in those lesions is also consistent with such
attributes, inasmuch as the p53 gene in melano-
cytic lesions is thought to be aberrant mainly in
malignant tumors that have acquired metastatic

TABLE 2. P53 Labeling in 253 Melanocytic Lesions of the Skin

CN
(n 5 76)

SN
(n 5 39)

SSMM
(n 5 62)

NMM
(n 5 32)

LMM
(n 5 21)

MCN
(n 5 23)

Range of labeling (% cases) 0 0 0 –18 0 –49 0 –6 0 –4
Mean labeling (% cases) 0 0 2.1 12.6 0.8 0.3
Absence of labeling (# cases) 76 39 15 1 15 19
1–4% positivity (# cases) 0 0 40 7 7 4
5–9% positivity (# cases) 0 0 9 6 1 0
$10% positivity (# cases) 0 0 1 18 0 0

CN, common nevi; SN, Spitz nevi; SSMM, superificial spreading malignant melanoma; NMM, nodular malignant melanoma; LMM, lentigo maligna
melanoma; MCN, melanoma arising in compound nevi.

FIGURE 1. Limited Ki-67 labeling in Spitz nevus, showing
immunoreactivity in fewer than 3% of the tumor cells (hematoxylin &
eosin, 1603).

FIGURE 2. Nodular melanoma, showing p53 immunoreactivity in
approximately 7% of tumor cells (anti-p53 immunostain, 3003).

FIGURE 3. Approximately 50% of the neoplastic cells in this nodular
melanoma are labeled by Ki-67 (Ki-67 immunostain, 3003).

FIGURE 4. Fewer than 3% of the neoplastic cells in the dermis are
labeled by Ki-67 in this superficial spreading melanoma. Virtually
identical results were obtained in the same case with anti-p53
immunostains (Ki-67 immunostain, 2003).
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potential (i.e., entered the vertical growth phase)
(2– 4).

Melanomas arising in MCN have received com-
paratively little attention in the pertinent literature
(30); they are characterized by the appearance of a
subpopulation of obviously malignant melano-
cytes, arising in the background of a “parent” ne-
vus. The malignant component in MCN may be
junctional or intradermal. The PIs and p53 profiles
of the two distinct elements of such tumors have
been heretofore unstudied, and they again seem to
be similar to one another. In the broader context of
systemic neoplasia, however, it is known that PI
and gene mutations are related to the number of
intragenomic “lesions” that have accrued, with
consequent dysregulation of cellular replication
(31, 32). At least at an immunohistochemical level,
there is evidence for very infrequent mutation in
the p53 tumor suppressor gene in both radial
growth LMMs and MCN (2). Therefore, the coinci-
dence of PIs in those two tumor groups is not
altogether unexpected, and, although unsubstanti-
ated by rigorous clinical analyses, that observation
further suggests that most MCN are closely allied

biologically to radial growth phase melanomas of
more “conventional” morphotypes.

The mean Ki-67 labeling index observed in radial
growth phase SSMMs was higher than that of com-
parable LMMs and MCN, but it was still well below
the PI of vertical growth phase (nodular) melano-
mas in this series. Such data contrast with the find-
ings of Fogt and co-workers (14), who reported no
statistically significant differences in MIB-1 labeling
of 12 radial growth phase melanomas and 8 vertical
growth phase tumors; however, that study was
clearly limited by its small number of cases. In fact,
we believe that our results could be anticipated in
light of accepted knowledge concerning the biology
of growth phases in melanomas, as well as the
observed p53 labeling data obtained in this series
(15). Vertical growth (exemplified by NMMs) is ac-
companied by alterations in DNA content, amplifi-
cation or suppression of a variety of gene com-
plexes, and synthesis of various proteins that
facilitate stromal invasion and distant metastasis
(15, 26). Hence, it would be logical to expect that
proliferation in that growth phase would diverge
from that seen in radial growth melanomas.

On the basis of our observations, we believe that
the most justifiable diagnostic use of p53 and MIB-1
indices in melanocytic lesions rests not on their
association with benignancy or malignancy (33) but
rather on their application as adjuncts (preferably
in combination with one another) in the objective
diagnostic distinction between radial and vertical
growth phases of melanoma. Because exceptions
do occur and some minor overlap was indeed ob-
served in the immunophenotypes of SSMM and
NMM, some caution should be exercised in regard
to such evaluations. P53/MIB-1 immunostaining
results should be integrated with available morpho-
logic and clinical information and used only as an
interpretative supplement. The construction of this
preliminary evaluation did not encompass melano-
mas with an “indeterminate” growth phase, as re-
flected by their morphologic characteristics. In-
deed, a validation study to test the prospective
utility of our results has been initiated, with partic-
ular emphasis on cases in the latter category. Ob-
viously, clinical outcomes analysis of a large group
of lesions will be necessary to corroborate the value
of Ki-67 and p53 immunoreactivity in a determina-
tion of the growth phases of melanomas.
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