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DNA ploidy in malignant melanoma, skin cancer and pigmented nevi
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The determination of DNA content in human cancers is the subject of increasing interest, particularly in view of its
potential clinical applications. There are relatively few studies which describe DNA content of skin neoplasms and pigment-
ed nevi. These studies have shown conflicting results.

In the present investigation the authors measured DNA ploidy using flow and video-imaging cytometry in 51 malignant
melanomas, 20 skin cancers and 48 pigmented nevi. For DNA measurement paraffin embedded tissues and fresh cell smears
were used. Clinical and histological data of malignant melanomas were recorded and correlated with DNA ploidy. DNA
histograms were examined for DNA aneuploidy by DNA Index. DNA ploidy in primary lesions of melanomas and their
metastases were compared.

The aneuploidy rate, found in our observation, was significantly higher in whole malignant melanoma group, in clinical
Stage 11 and I1I, in tumors with thickness greater then 1.5 mm, tumors with Clark level III,IV and V. Another clinical and
histological factors did not show significant correlation with ploidy. Aneuploidy was found in 8 of 20 (45.0%) skin cancers.
In the whole population of pigmented nevi aneuploid DNA content was identified in 10 nevi (20.1%).

The results of this study suggest that aneuploidy seems to be connected with advanced stage of malignant melanoma but
it does not replace other prognostic factors. Both cytometric methods can be used for routine DNA ploidy analysis. Ploidy
studies are not uscful for predicting metastatic potential of primary melanoma. Results obtained from fresh cell smears and
paraffin embedded tissues were identical.

Key words : Malignant melanoma, skin cancer, pigmented nevi, DNA ploidy, flow cytometry, video-imaging cytometry.

DNA content detected by video-imaging and flow cytom-
etry in malignant and premalignant cells becomes more and
more often routine adjunct to clinical and histological diag-
nosis [1, 5, 6, 13]. It seems that the presence of abnormal
DNA in many neoplasms is correlated with the poor clinical
course [6, 9, 13]. However, diploid cell population was also
found in such malignant cell transformations as leukemias,
lymphomas, and aneuploidy in such benign transformations
as thyroid adenoma, mastopathy and premalignant cutaneous
lesions.

It is clear that DNA ploidy is not always an adequate param-
eter to differentiate benign from malignant lesions [1, 6, 9].

Malignant melanoma is a neoplasm with often surprising
course of disease [12, 21, 26, 27, 33]. To optimize correct
treatment for each patient new prognostic factors such as DNA
ploidy are researched. Identification of aggressive tumors with

poor prognosis may offer the opportunity for prevention of
lethal metastases by using adjuvant therapy. Existing studies
did not bring unequivocal results. The meaning of DNA ploidy
measurement in malignant melanoma cells is not established
correctly so far, and recent results are contradictory [3, 5, 16,
20, 23, 35, 39].

Basal cell (BCC) and squamous cell carcinomas (SCC) are
the most common neoplasms recognized annually. Patients
with basal cell carcinoma have good prognosis and rarely
appear to die of locoregional recurrence following surgical
resection. Patients with squamous cell carcinoma (divided into
poorly and well differentiated) have good prognosis too, but
more often appear to die of metastases [31]. New prognostic
factors, such as DNA ploidy can provide an approach for ad-
juvant therapy that might prevent a lethal regional recurrence
or metastases [34].
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Many nevi are thought to be associated with a potential risk
for developing malignant melanoma - especially dysplastic and
congenital nevi [7, 30]. Compositus nevi, blue nevi or melano-
sis Dubreuilh can also give rise to malignant melanoma [22].
According to different authors the potential risk for developing
malignant melanoma in various nevi ranges from 4 to 80%.
The most often reported numbers are 20—50% [29].

The aim of this study is to present the results of DNA ploidy
analysis in randomly choosen melanoma, skin cancer and pig-
mented nevi removed surgically on the out patients basis.
Cytometry methods, process of fresh and retrospective par-
affin tissue block preparation for DNA detection are described.

Material and methods

The first study material contained 51 patients with malig-
nant melanomas and 20 patients with skin cancers treated in
Great Poland Cancer Center in 1993. All lesions were removed
surgically. In this group DNA ploidy was measured in fresh
material (fresh cell smears) and in paraffin-embedded tissues
from the same patient. This allowed a comparison of both
results. DNA ploidy measurements, clinical and histological
data were compared. Clinical data were based on case reports
and clinical examination. In the group of 21 malignant mela-
noma patients DNA ploidy was measured in primary lesion
and metastases and the results were compared. The second
study material contained 48 nevi of different types preven-
tively removed in the Great Poland Cancer Center in 1993.
Histopathology was assessed in the Department of Tumor
Pathology of University of Medical Sciences in Poznan. In
this group 8 Spitz nevi, 2 congenital nevi, 27 compound nevi
including 3 with significant proliferation, 6 dysplastic, 4 in-
tracutaneous and one junction nevi were identified.

Measurements of DNA ploidy in cell nuclei were done
using two cytometric methods: flow cytometry and video-
imaging cytometry. Suspension of cells from paraffin blocks,
and for image cytometry, additionally fresh cell smears were
stained for DNA. In flow cytometer fluorescence emitted from
a cell stained with a fluorescent dye which binds specifically
and stoichiometrically to DNA, in video-imaging cytometer
optical density of stained DNA were measured. Results were
achieved in form of histograms reflecting percentage of cells
in respective phases of cell cycle.

Sample preparation. Fresh cell smears delivered from the
operation theatre were evaluated by video-imaging cytome-
try. The smears were done on the microscopic glass covered
with gel and human lymphocytes were used as positive dip-
loid internal control tissue. The microscopic glass was rinsed
in Carnoy’s solution which, as it was proved in other studies,
1s a sufficient chromatine fixative and permits examination
of DNA content [18]. Fixation time was 3 min. The sample
was stained with Feulgen method.

ModFit cell cycle analysis: F:\KRENZ \kre(13.002
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Fig.1. Flow cytometry - diploid histogram of malignant melanoma, G/
G, peak and G,/M peak.
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Fig.2. Flow cytometry - aneuploid histogram of malignant melanoma,
second aneuploid G/G, peak in the middle.
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Fig.3. Video-imaging cytometry - diploid histogram of malignant mela-
noma.
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Fig.4. Video-imaging cytometry - aneuploid histogram of malignant
melanoma.

Preparation of paraffin blocks consisted of the following
stages:

a) 2—3 50 um sections were cut from each paraffin em-
bedded block;

b) excessive tissue was removed with the scalpel;

¢) sections were dewaxed in xylene baths for 1—2 h and
then the tissue was rehydrated according to the method de-
scribed in earlier works [11, 22]. Part of cell suspension was
placed on the microscopic glass and stained with Feulgen

(100 p.Kunitz) RNase in 0.9% NaCl and then incubated for 5
min at room temperature;

b) then 50 ml propidium iodide (1 mg/ml in 0.9% NaCl)
were added and the mixture was incubated for 30 min at room
temperature in the dark. All samples were analyzed on a Cy-
toron Absolute Cytometer (Ortho Diagnostic) in the Depart-
ment of Clinical Immunology and Allergology, University of
Medical Sciences in Poznan, using the computer program Cell
Cycle ver 1.7. Between 3000 and 10 000 cells were analyzed.
All samples were also analyzed on video-imaging cytometer
MAGICAL (Joyce—Loebl) in the Department of Radiobiol-
ogy and Cell Biology, University of Medical Sciences in
Poznan, using the computer program Genias. About 1000 cells
of study population and about 100 cells of human lympho-
cytes (internal control) were analyzed. The examinations were
carried out in constant conditions: magnification x640, indi-
vidually provided light, analyzed area - 0.04 mm?.

DNA measurement. DNA content in the consecutive phas-
es of the cell cycle determined by video-imaging and flow
cytometry was referred to the cells of control population with
diploid (2n) standard DNA content [22]. The histograms were
scaled using diploid references where diploid is equal 2n and
1s defined by the presence of cells differing from diploid by
less then 10%. The tumor was considered as aneuploid when
the histograms showed a distinctive peak differing from stan-
dard by at least 10%.

Examples of diploid and aneuploid histograms achieved
by flow and imaging cytometry are presented in Figs 1—4.

The relationships between ploidy, clinical and histological
factors of malignant melanomas were analyzed by test chi2.
A p-value < 0.05 was considered statistically significant.

Results

In the whole population of malignant melanomas diploid
DNA content was detected in 12 tumors (23.5%) and aneup-
loid DNA content in 39 tumors (76.5%) [p < 0.01]. In the
female group diploid DNA content was identified in 9 out of
36 tumors (25.0%) and aneuploid in 27 (75.0%); in the male
group diploid DNA content was identified in 3 out of 15 tu-
mors (20.0%) and aneuploid in 12 (80.0%) [p < 0.02]. Corre-
lations between DNA ploidy and sex, localization and clini-
cal stage are presented in Table 1.

Correlation between aneuploidy rate, age and localization
did not show significant differences. Aneuploidy rate was
higher in clinical Stage II and III then in clinical Stage 1.

Histological data and DNA ploidy are compared in Table 2.
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Table 1. DNA ploidy and clinical data. Malignant melanoma

Clinical data n Diploidy Aneuploidy P
n % n %

Whole group 51 12 235 39 76.5 0.01
females 36 9 25.0 27 75.0 0.02
malcs 15 3 20.0 12 80.

Localization
head and neck 5 1 20.0 4 80.0
trunk 12 2 16.7 10 83.3
upper limbs 9 2 222 7 77.8
lower limbs 25 7 280 18 72.0 NsS.

Clinical stage
1 5 3 60.0 2 40.0
11 38 7 18.4 31 81.6
11 8 2 250 6 75.0 0.001

Table 2. DNA ploidy and histopatological data. Malignant melanoma

Significant correlation was shown between aneuploidy and
tumor thickness greater then 1.50 mm (according to Breslow)
and between aneuploidy and mitotic index (greater then 10
mitosis/10 fields by magnification x640). Due to clinical type
of malignant melanoma aneuploidy was measured in 19 of
28 superficial spreading melanomas (SSM) (67.9%), in 18 of
21 nodular malignant melanomas (NMM) (85.7%) and in 2
lentigo malignant melanomas. Differences were not statisti-
cally significant. According to Clark level aneuploidy was
detected in 15 out of 18 Clark III (83.3%), in 20 out of 27
Clark IV (74.1%) and in 4 Clark V cases. In Clark levels I and
IT aneuploidy was not observed. There was no correlation
between aneuploidy and lymph node involvement, inflam-
matory infiltration, ulceration, cell type and regression.

Histological n Diploidy Ancuploidy p
data n % 7 o

Tumor thickness (in mm)

<0.75 2 2 0

0.76—1.49 3 1 333 2 66.7

1.50—3.99 14 4 28.6 10 71.4

>4.00 32 5 15.6 27 84.4 0.001
Clark level

I 0 0 0

Il 2 2 0

1| 18 3 16.7 15 833

v 27 7 25.9 20 74.1 N.S.

\Y 4 0 4
Clinical type

SSM 28 9 32.1 19 67.9

NMM 21 3 143 18 "85.7

LMM 2 0 2 N.S.
Ulceration

yes 32 7 219 25 78.1

no 19 5 26.3 14 733 N.S.
Cell typc

cpithelioid 19 6 31.6 13 68.4

spindle-shaped 1 1 9.1 10 90.9

mixcd 21 5 23.8 16 76.2 N.S.
Inflammatory infiltration

absence 2 0 2

+ 16 3 18.8 13 81.2

++ 21 6 28.6 15 71.4

+++ 12 3 25.0 9 75.0 N.S.
Regression

yes 14 2 143 12 85.7

no 37 10 27.0 27 73.0 N.S.
Mitotic index

< 10/10 ficlds 9 4 444 5 55.6

2 10/10 ficlds 42 8 19.1 34 80.9 0.02
Lymph nodec status

positive 8 2 25.0 6 75.0

negative 43 10 233 33 76.7 N.S.
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Table 3. DNA ploidy in cutaneous carcinoma

Carcinoma n Diploidy Ancuploidy Tetraploidy
n % n % n %

Squamous ccll 12 S 41.2 6 50.0 1 8.8

Basal ccll 7 S 71.4 2 28.6 0

Basosquamous 1 0 1 0

Whole group 20 10 50.0 9 45.0 1 5.0

Table 4. DNA ploidy in primary lesions and lymph node metastases

DNA ploidy n %
Primary lcsion - diploidy 3 143
Mectastasis - diploidy
Primary lesion - ancuploidy 16 76.2
Mctastasis - ancuploidy
Primary lcsion - diploidy 1 4.75
Mctastasis - ancuploidy
Primary lesion - ancuploidy 1 4.75
Mectastasis - diploidy
Table 5. DNA ploidy in melanocytic nevi
Typcs of nevi n 2n 2n
n % n %
Congenital 2 | 50.0 1 50.0
Compound 24 21 87.5 3 12,5
Compound with prolifcration 3 2 66.7 1 333
Compound dysplastic 6 3 50.0 3 50.0
Intradermal 4 4 0
Junction 1 1 0
Spitz 8 6 75.0 2 25.0
48 48 38 79.2 10 20.1
*
*p < 0.001.

Aneuploid DNA content was detected in 8 out of 20 tu-
mors of skin cancer (45.0%), diploid DNA content in 10 out
of 20 tumors (50.0%) and tetraploid DNA content in 1 case
(5.0%) (Table 3).

DNA ploidy in primary lesion and metastasis was com-
pared. In 8 cases with more then one regional lymph node
metastasis 21 DNA ploidy measurements were done. In 19
measurements DNA content was similar, in two it was differ-
ent (Table 4).

In the whole population of nevi, aneuploid DNA content
was identified in 10 nevi (20.1%) and diploid in 38 nevi
(79.2%) [p < 0.001]. Aneuploidy was found in one out of 2
congenital nevi, in 3 out of 24 compound nevi, in one out of

3 compound nevi with proliferation, in 3 out of 6 dysplastic
nevi, in 2 out of 8 Spitz nevi (Table 5).

Discussion

In the whole group of malignant melanoma aneuploid DNA
content was significantly greater then diploid DNA content.
Similar results were obtained by Wass et al. [39] (67.0% ane-
uploidy), BArRLoGIE et al. [1] (89.0% aneuploidy), BUCHNER et
al. [5] (76.0% aneuploidy), SONDERGAARD et al. [36] (74.0%
aneuploidy), ZaLoupix et al. {40] (62.0% aneuploidy). Dif-
ferent results were obtained by ScHMIEGELOw et al. [32] (dip-
loidy in 85.9% cases of SSM and in 66.4% NMM), BARTKOWI-
AK et al. [3] (diploidy rate 57.0%), SILvER et al. [35] (diploidy
rate 55.6%).

In the group examined correlation between DNA ploidy
and sex, age and localization of the primary lesion was not
observed. This is similar to results received by LINDHOLM et
al. [20], ZaLoupik et al. [40] and KHEIR et al. [17]. Female sex
and localization of primary lesion in the lower limbs show
better prognosis but in multivariate analysis, considering the
fact that in women ulceration (worse prognostic factor) oc-
curs rarely, the prognostic meaning of both features is not so
unequivocal. Higher clinical stage is connected with poor
prognosis (higher tumor thickness according to Breslow, high-
er Clark level and positive lymph node status). Our own re-
sults show higher aneuploidy rate in tumors with thickness
greater then 1.50 mm, with Clark level III, IV and V. The
difference in aneuploidy rate between clinical Stages II—III
and I was not statistically significant. Higher aneuploidy rate
was observed in tumors with mitotic index exceeding 10 mi-
toses/10 fields. According to Suaw et al. [33] high mitotic
index is connected with more aggressive course of the dis-
ease and higher recurrence rate. SONDERGAARD et al. [36] iden-
tified higher aneuploidy rate in tumors with high mitotic in-
dex. Our results did not show correlation between DNA ploidy
and occurring of the regression. We did not find reports in
literature comparing ploidy and regression. Comparison of
other histological factors with DNA ploidy did not show any
correlation.

In one study [31] aneuploid or tetraploid squamous cell
carcinomas (SCC) of the head and neck were significantly
associated with metastases to regional lymph nodes. Some
well differentiated diploid SCC of the head and neck did not
develop metastases. In other studies aneuploidy was measured
in 25 to 80% of SCC {8, 15, 25, 28] and in 13 to 24% of BCC
[10, 38]. DNA aneuploidy was associated with pleomorphic
BCC and was not associated with an aggressive clinical course
[10].

In our study aneuploidy was measured in 28.0% of BCC
and 1n 50.0% of SCC.
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So far DNA ploidy results in melanocytic nevi have been
contradictory. In congenital melanocytic nevi aneuploidy
range was between 8.7% and 24.9% [24]. STENZINGER et al.
[37] and NewToN et al. [24] did not find a significant cor-
relation between histological degree of atypia and DNA con-
tent. On the other hand, BRaNHILL et al. [2] observed such a
correlation. In dysplastic nevi with ranging degree of atypia
the range of aneuploidy percentage was quite wide 22.0—
87.5%.

In all 376 acquired melanocytic nevi BUCHNER et al. [5] con-
firmed the diploid DNA content. In contrast, SONDERGAARD et
al. [36] found in 16 nevi 4" (25%) aneuploid DNA. LEBoIT et
al. [19] noticed different DNA content in the consecutive le-
ston levels - mostly diploid cells in the upper levels and a mozaic
of diploid and hyperdiploid cells in the lower levels. The some
authors observed aneuploidy and tetraploidy in some benign
melanocytic lesions, indicating probably higher risk of prolif-
eration and melanoma development.

Aneuploidy and tetraploidy found in the cells of different
nevi which are benign may indicate an increased tendency
towards proliferation and increased risk of malignant trans-
formation. In nevi considered as premalignant more frequent
preventive examinations are recommended. The nevi cannot
be used as diploid control in DNA ploidy determination.

The results obtained from fresh tissue material and retro-
spective material from the paraffin embedded blocks were
identical. The technique of preparing samples from paraffin
blocks for DNA ploidy assessment described earlier by Hep-
LEY et al. [11] was tested and modified. This method ap-
peared to be relatively simple, reproducible and objective. It
may be employed to study archival material and for retro-
spective prognostic analysis of the pathological material. The
preparation of cell smears from fresh tissue material sup-
plied directly from the operation theatre appears to be a sim-
ple and fairly fast method, and the results of DNA determi-
nation correlated with those obtained from the paraffin
blocks. It 1s very important to remove carefully excessive
parts of paraffin sections not belonging to the researched
tissue (for example the subcutaneous tissue) to avoid of the
possibility of measuring DNA content in unwanted tissue.
The present study confirmed the usefulness of video-imag-
ing and flow cytometry method for the routine DNA content
analysis. The results obtained from both methods were iden-
tical. Flow cytometry is a fast cytometric method, great num-
ber of cells and many of cell parameters can be measured at
the same time. The disadvantage of this method is the loss
of morphological identification of cells and complicated
preparing of cell solution. Advantage of video-imaging cy-
tometry is the possibility of morphological identification of
cells using microscope and possibility to select the artefacts
and normal cells. Disadvantage of this method is the small
number of measured cells and time-consuming measurement.
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