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Abstract. The expression of proliferating cell nuclear an-
tigen (PCNA) was examined in formalin-fixed paraffin-
embedded tissue sections from 41 lesions (27 melanocytic
nevi, 3 atypical nevi and 11 malignant melanomas) to
determine the proliferative activity of primary cutaneous
melanocytic tumours. Most of the malignant melanomas
had more than 7% PCNA-positive cells (9.2+0.5%),
while the melanocytic nevi manifested less than 1%
PCNA-positive cells (0.440.1%). Atypical nevi exhib-
ited an intermediate, but still significantly lower, label-
ling ratio when compared with malignant melanomas
(0.8 +£0.2%). The proliferative activity of the lesions was
compared between portions at different depths in the
skin (epidermal, upper dermal and lower dermal loca-
tion). In cases of malignant melanoma, the proliferative
activity was higher in the deeper portion of dermis
whereas PCNA-positive cells in melanocytic nevi were
located in the upper dermis predominantly. Thus the
PCNA labelling ratio of malignant melanoma and/or
melanocytic nevus cells located in the epidermodermal
junction was not necessarily higher than that of malig-
nant melanoma and/or melanocytic nevus cells in the
dermis. These results indicate that staining with PCNA
would be very useful in the differentiation of malignant
melanoma from melanocytic nevi manifesting cellular
and/or structural atypia by virtue of a significant differ-
ence in the proportion of PCNA-positive cells. Although
malignant melanomas have higher proliferative activity
than melanocytic nevi in the deeper dermis, junctional
activity in melanocytic tumours does not indicate cell
proliferation.
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Introduction

Proliferative activity in tumour cells correlates with the
degree of malignancy in various neoplasms (Ellison et al.
1987; Hall et al. 1990; McGurrin et al. 1987). In primary
cutaneous melanocytic tumours, many studies have been
conducted on the mitotic index, labelling index with tri-
tiated thymidine or immunohistochemical determination
of Ki-67 antigen in malignant melanoma cells (Kaude-
witz et al. 1989; Kopf et al. 1987; Moretti et al. 1990;
Schmoeckel and Braun-Falco 1978; Shirakawa et al.
1970; Smolle et al. 1989; Takahashi et al. 1991; Urso
et al. 1992; Worth et al. 1989). Most of these studies
have shown that the proliferative activity of melanoma
cells correlates well with the prognosis. However, the
cell kinetics of melanocytic nevi have not been clarified;
mitotic figures in melanocytic nevi are extremely rare
(Bentley-Phillips and Marks 1976; Smolle et al. 1989;
Urso et al. 1992).

Proliferating cell nuclear antigen (PCNA) was origi-
nally described as an antigen recognized by an antibody
reacting with antigens in proliferating cell nuclei from
patients with systemic lupus erythematosus (Hall and
Levinson 1990; Miyachi et al. 1978; Quinn and Wright
1990). Further studies on PCNA have revealed that this
antigen is identical to the auxiliary protein of DNA poly-
merase-0 and is concentrated in proliferating cells with
a peak in S phase in normal tissue and in neoplasms
(Almendri et al. 1987; Bravo et al. 1987; Morris and
Mathews 1989; Prelich et al. 1987). The results of immu-
nohistochemical techniques using PCNA correlate well
with the results of assays using tritiated thymidine (Oga-
ta et al. 1987). Recently, several monoclonal antibodies
against PCNA have been found to react on formalin-
fixed paraffin-embedded tissues and proliferative activi-
ty of specific cells and the localization of proliferating
cells has been evaluated in various tissues (Garcia et al.
1989; Hall et al. 1990; Takahashi et al. 1991). In this
study, proliferative activity of benign and malignant cu-
taneous melanocytic tumours was evaluated by an im-
munohistochemical technique using monoclonal anti-
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body against PCNA. Several cases of borderline lesions,
melanocytic nevi with cellular and/or structure atypia
(atypical nevi), were also examined. In addition to the
ratio of proliferating cells in the whole tumour, the
numbers of proliferating cells were compared at different
depths in the tumours. Areas were selected from the
epidermal (junctional), upper dermal and lower dermal
level of cach lesion. The efficacy of this staining in in-
forming the discussion on diagnosis and histogenesis of
melanocytic tumours was assessed.

Materials and methods

Forty-one surgically removed melanocytic tumours of the skin were
examined. These included 27 melanocytic nevi and 11 primary cuta-
neous malignant melanomas. Three atypical nevi, which showed
cellular and/or structural atypia, were also examined. The atypical
nevi were defined by several features of melanocytic lesions includ-
ing: cellular atypia of melanocytic cells, abnormal pigmentation
in the keratinizing layer of the epidermis, abnormal foci of melano-
cytic cells in the upper layer of the epidermis, fusion of the rete
ridges, and an inflammatory response. According to the World
Health Organization Melanoma Program (Clemente et al. 1991),
these atypical nevi have satisfied more than two minor criteria
for the diagnosis of dysplastic nevi; however, the lesions have not
necessarily satisfied the two major criteria. Thus we have preferred
the term atypical nevus rather than dysplastic nevus. The age and
sex of patients, and size and localization of tumours, are summa-
rized in Table 1. Melanocytic nevi were subdivided into junctional
nevi (10 cases), compound nevi (CN; 8 cases) and intradermal
nevi (IDN; 9 cases), and malignant melanoma into lentigo maligna
melanoma (3 cases), superficial spreading melanoma (SSM; 5
cases) and nodular melanoma (NM; 3 cases). Malignant melano-
mas were also classified by the level of tumour invasion and thick-
ness according to Clark’s classification and Breslow’s measure-
ment, respectively (Breslow 1975; Clark et al. 1969). All material
was routinely fixed with 10% phosphate-buffered formalin and
embedded in paraffin.

Sections, 3 pm thick, mounted on slides, were immunostained
by labelled avidin-biotin methods as described previously (Giorno
1984). Anti-PCNA antibody (PC10, Novocastra), biotinylated rab-
bit anti-mouse immunoglobulin (Dako) and peroxidase-conjugated
streptavidin (Dako) were employed as first, second and third incu-
bation, respectively. The first incubation was performed overnight
at 4° C. Finally, slides were developed by 3,3’-diaminobenzidine
and nuclear counterstained by methylgreen. Additional depigmen-
tation was employed by the treatment with 0.03 M disodium-hy-
drogen phosphate and 3% hydrogen peroxide for 2 h in the cases
containing numerous melanin pigments.

Because many factors in preparation of the sections have been
known to influence the intensity of immunostaining with anti-

Table 1. Clinical data of cases in the study

PCNA antibody (Hall et al. 1990), we confirmed in all cases that
some of the keratinocytes of the epidermal basal layer and hair
follicles were regularly stained positively as an integral control.
The PCNA-positive tumour cells were counted on the sections and
expressed as a percentage of total nucleated cells counted. In princi-
ple, more than 500 cells were observed from randomly selected
areas of tumours and the PCNA-positive cells were counted. In
addition, in order to evaluate the PCNA-positive cell ratio at differ-
ent levels, positive cells were examined and compared in epidermal,
upper dermal and lower dermal areas of each lesion. When the
lesion was too small to count more than 500 cells, all the tumour
cells in the section were counted. Lesions containing less than 100
tumour cells were excluded from the study.

Results

To compare the proliferative activity of benign, atypical
and malignant tumours of melanocytic origin, the
PCNA labelling ratio was examined in melanocytic nevi,
atypical nevi and malignant melanoma. Figure 1a-d
shows the histological features of melanocytic nevi and
the immunohistochemical localization of PCNA-positive
cells. As shown in Table 2, the percentage of PCNA-
positive cells in melanocytic nevi was 0.4+0.1% (range
0-1.7%) of total tumour cells. In cases of atypical nevi,
0.8+0.2% (range 0.5-1.8%) of total tumour cells were
labelled with the anti-PCNA antibody (Fig. 1¢, f). The
difference in the proportion of PCNA-positive cells was
not significant between melanocytic nevi and atypical
nevi. In contrast, PCNA-positive cells were frequently
observed in malignant melanoma (Fig. 1g, h), in which
the percentage of positive cells was 9.240.5% (range
7.5-11.7%) of total tumour cells. The differences in the
proportion of PCNA-positive cells were significant be-
tween melanocytic nevi and malignant melanoma (P <
0.01), and atypical nevi and malignant melanoma (P <
0.01). However, the ratios were not significantly different
between different subtypes of malignant melanomas
(lentigo maligna, superficial spreading and nodular mel-
anoma).

In order to clarify what portion of the tumour shows
the most frequent labelling with PCNA, the PCNA-posi-
tive cell ratios were evaluated at three different levels
of the tumours: epidermal, upper dermal and lower der-
mal areas. In most cases of CN, the PCNA-positive cells
were most frequent in the upper dermal region (0.6 +
0.2). In all cases of IDN, the PCNA-positive cell ratio

Histological Age (years) Sex Size Site (n) Total
type mean (range) (female/male) (cm)
head trunk extremity acrum

Junctional nevi 27.3 (6-70) 9/1 2-4 10 10
Compound nevi 34.9 (16-65) 6/2 5-8 3 3 1 1 8
Intradermal nevi 33.6 (17-45) 7/2 -5 7 1 1 9
Atypical nevi 26.7 (15-33) 3/0 — 2 1 3
Lentigo maligna melanoma 39.3 (21-45) 2/1 3-6 2 1 3
Superficial spreading melanoma 25.0 (8-40) 5/0 820 3 2 5
Nodular melanoma 35.3 (15-63) 2/1 4-16 1 1 1 3




Fig. 1. a Junctional nevus. Focal accumulation of melanocytic cells
in the epidermodermal junction. H&E, x 130. b Junctional nevus
showing rare positive staining for proliferating cell nuclear antigen
(PCNA); labelled avidin biotin (LAB), x 130. ¢ Intradermal nevus.
H&E, x110. d Rare PCNA-positive cells in intradermal nevus.

LAB, x110. e Atypical nevus showing fusion of the rete ridges,
lymphoid cell infiltration and lamellar fibrosis. H&E, x 130. f Sev-
eral PCNA-positive cells in the atypical nevus. LAB, x210. g
Malignant melanoma (nodular melanoma). H&E, x 110. h PCNA-
positive cells scattered in malignant melanoma. LAB, x 110
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Table 2. Histological type of cutaneous melanocytic tumours and
proliferative activity

Table 4. Clark’s level and proliferative activity of primary cutane-
ous malignant melanoma

Histological type Proliferative activity (%)
(mean + SE)

Melanocytic nevi (total) 04+0.1%
Junctional nevi 0.3+0.2
Compound nevi 0.6+0.1
Intradermal nevi 04101

~ Atypical nevi 0.8+0.2%*

Malignant melanoma (total) 9.2+0.5*%*
Lentigo maligna melanoma 8.6+1.1
Superficial spreading melanoma 9.1+0.8
Nodular melanoma 9.7+04

The differences were significant between proliferating activity of
melanocytic nevi* and malignant melanoma *** (P<0.001), and
atypical nevi** and malignant melanoma*** (P<0.001) by Stu-
dent’s t-test

was higher in upper dermal areas than in the lower der-
mal area. Thus the PCNA-positive cells of melanocytic
nevi with intradermal lesions (CN and IDN) were locat-
ed in the upper dermis predominantly. In contrast with
melanocytic nevi, PCNA-positive cells in malignant mel-
anomas were mainly distributed in deeper portions (Ta-
ble 3). SSM revealed a higher PCNA-positive cell ratio
in the upper dermal area than in the epidermal area.
Furthermore, in all cases of NM, PCNA-positive cell
ratios in the lower dermal area (10.3+0.6) were higher
than in the upper dermal area (8.4 +0.8).

For a comparison of tumour progression and the pro-
liferative activity of tumour cells pathological prognostic
factors including tumour size, mitotic index, depth of
invasion (Clark’s level) and tumour thickness (Breslow’s
measurement) were determined in malignant melano-
mas. Tumour size, mitotic index of tumour cells and
tumour thickness did not correlate well with the prolifer-
ative activity of tumour cells (data not shown). However,
the depth of tumour invasion correlated with labelling
with PCNA, i.e. tumours invading beneath the reticular
dermis (levels IV or V according to Clark’s classifica-
tion), had higher proliferative activity (9.9+0.5) than
those in levels I, II and III (7.940.3; Table 4).

Table 3. Proliferative activity and depth of melanocytic cells

Clark’s level Proliferative activity [range (mean + SE)]
I-I11 7.5- 8.7(7.940.3)
V-V 7.5-11.7 (9.940.5)

The proliferative activity of malignant melanoma in level I-TII
was lower than that in level IV--V by Student’s r-test (P <0.05)

Discussion

Several studies have shown that the proliferative activity
of malignant melanoma is higher than that of melano-
cytic nevi. Our present study also showed that malignant
melanoma possessed higher proliferative activity than
melanocytic nevi, although the mean values of the
PCNA labelling ratio of malignant melanoma and me-
lanocytic nevi were higher than in previous studies using
tritiated thymidine or Ki-67 (Smolle et al. 1989; Urso
et al. 1992). This difference may result, in part, from
the difference in the period in the cell cycle that the
assay could detect and the difference in half-life of the
products detected (Hall et al. 1990). In a previous study
using immunohistochemistry with anti-PCNA antibody,
quite a few melanocytic nevi contained PCNA-positive
cells (Takahashi et al. 1991), although most cases of me-
lanocytic nevi revealed PCNA-positive cells in our study.
This discrepancy may be caused by the fact that the
antigenicity of PCNA is weak and is influenced by the
interval and the manner of fixation (Hall et al. 1990).
In the present study all materials were fixed for no more
than 48 h and, further, cases were selected by the appro-
priate reactivity in normal epidermal cells in the same
section.

The distribution of the proliferating cell in melanocyt-
ic nevi has not yet been evaluated. Previously, the cells
in the epidermodermal junctional lesions were assumed
to possess high proliferative activity, determined as
“junctional activity”. However, recent studies on cell
kinetics of melanocytic nevi do not support excess activi-
ty at this site (Bentley-Phillips and Marks 1976; Smolle
et al. 1989). Smolle et al. and Urso et al. have shown

Histological Proliferating activity (mean+ SE)
typing
epidermis upper dermis lower dermis

Melanocytic nevi 0.2+0.1 0.6+0.1 0.1+0.1
Junctional nevi 0.3+0.2 — —
Compound nevi 0.1+0.1 0.6+0.2 0.1+0.1
Intradermal nevi — 0.6+0.1 0.1+0.1

Atypical nevi 11104 0.5% —

Malignant melanoma 9.0+0.7 9.1+0.5 10.34+0.6
Lentigo maligna melanoma 8.6+1.1 10.6 -
Superficial spreading melanoma 9.2+0.9 93409 -
Nodular melanoma — 8.440.8 10.340.6

Only one case was available for evaluation



that the proliferating cells were distributed throughout
the whole lesion of melanocytic nevi, although superfi-
cial melanocytes would be metabolically more active
than the cells in deeper lesions (Bentley-Phillips and
Marks 1976; Smolle et al. 1989). Our study showed that
PCNA-positive cells were mainly located in the upper
dermal parts of the lesion and thus the proliferative ac-
tivity of the upper dermal region was higher than that
of the epidermal part of the lesion. * Junctional activity”’
does not mean high rate of cellular proliferation. In con-
trast with melanocytic nevi, malignant melanomas
showed a greater proliferative activity in deeper lesions.

Correlation of histological features of malignant mel-
anoma with prognosis of the patients has been well stud-
ied (Breslow 1975; Giorno 1984; Kopf et al. 1987;
Schmoeckel and Braun-Falco 1978; Shirakawa et al.
1970). Mitotic index, tumour thickness and proliferative
activity, including mitotic index, revealed a good correla-
tion with prognosis. In the present study, the mitotic
index of malignant melanoma did not correlate well with
PCNA-positive cell ratio, and we have assumed that be-
cause the values of mitotic index were very small and
possessed high deviations, proliferative activity, detected
by PCNA, was more accurate than the mitotic index.
In this context proliferative activity assessed by anti-
PCNA antibody is useful in predicting prognosis.

Concerning the depth of invasion (Clark’s level), pro-
liferative activity of melanoma cells was significantly
higher in cases with deeper invasion when compared
with cases with superficial invasion, although the differ-
ences were small. It has been reported that proliferative
activity of malignant melanoma increases as the tumour
exhibits deeper invasion into the skin (Moretti et al.
1990; Smolle et al. 1989; Takahashi et al. 1991). Because
malignant melanoma remains in the epidermis for a long
period before vertical growth begins, proliferative activi-
ty of invasive malighant melanoma has been thought
to be higher than that of non-invasive lesions (Clark
et al. 1969, 1984; McGovern et al. 1973). However, the
results of our study suggest that malignant melanoma
acquires a high proliferative activity at an early stage
of tumour development. A number of factors, including
various host responses, might contribute in preventing
malignant melanoma from vertical growth initially (Ack-
erman 1980). The fact that the malignant melanoma with
deeper invasion has a poor prognosis is probably related
to the fact that these more advanced cases are more
likely to metastasize. Our study revealed little relation-
ship between proliferative activity and histological sub-
types of malignant melanoma, which supports the unify-
ing concept of malignant melanoma. Some studies have
suggested that histological subtypes are significantly re-
lated to their prognosis (Ackerman and David 1986;
Shirakawa et al. 1970).

In conclusion, we emphasize the availability of anti-
PCNA antibody for the differential diagnosis of malig-
nant melanoma from atypical nevi. A PCNA-positive
cell ratio in malignant melanoma is easily distinguished
from that of a melanocytic nevus even when the lesions
show cellular and/or structural atypia. The results sup-
port the concept that dysplastic nevi have little relation-
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ship to malignant melanoma in terms of proliferative
activity (Ackerman and Mihara 1985).
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