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Abstract. DNA topoisomerase type II (DT-II) is a major
component of interphase nuclear matrix fractions,
present in S-phase of the cell cycle. A series of 80 car-
cinomatous breast surgical samples was evaluated by
immunohistochemistry, using a polyclonal antibody in a
comparison with Ki—67 antiserum. A correlation with
clinico-pathological data was also performed. Infiltrating
ductal and lobular carcinomas constantly express DT-II
with varying intensity of nuclear staining; a similar im-
munohistochemical pattern is observed with Ki-67. A
frequent co-expression of DT-II and Ki-67 is encoun-
tered with double immunostaining; accordingly to these
data, a linear relationship is evident when linear regres-
sion is employed. In addition, significant relationships
between DT-II values and tumour size, histological
grade and node involvement are shown, while an inverse
correlation is appreciable between DT-II and oestrogen
receptors and progesterone receptors. DT-II may be
considered to be an additional operational marker for
the proliferating fraction of cells in breast carcinomas.
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Introduction

DNA topoisomerases are enzymes that control and
modify the topological state of DNA; these enzymes
have been classified into two types (Liu 1983; Wang
1985; Potmesil et al. 1988). Type I induces transient
DNA single-strand breaks, whereas type II introduces
transient breaks and passes a double-strand DNA seg-
ment through the break (Potmesil et al. 1988). DNA type
IT topoisomerase (DT-II) also catenate and decatenate
closed circular duplex DNA, being implicated in several
aspects of DNA metabolism and structure including rep-
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lication and transcription (Luchnik et al. 1982; Harland
et al. 1983; Kaguni and Kornberg, 1984).

It has been reported that DT-II is a major component
of interphase nuclear matrix fractions (Berrios et al.
1985); moreover, this enzyme is present in all normal and
transformed cells in S-phase with a lack of detectable
activity in non-proliferating elements (Duguet et al.
1983; Tandou et al. 1984). Earlier reports have suggested
that DT-II activity correlates with cell proliferation
(Duguet et al. 1983; Sullivan et al. 1986; Bodley et al.
1987; Chow and Ross 1987; Hsiang et al. 1988), al-
though such a correlation has not been found elsewhere
(Tricoli et al. 1985). However, all these studies relied
solely upon activity assays, suggesting caution in their
interpretation since they might not reflect changes in the
total amount of enzyme. Furthermore, Heck and Earn-
shaw (1986) have shown that DT-II is present in stoi-
chiometric amounts in nuclei of proliferating cells, but
this enzyme is rapidly lost when cells cease dividing.

Immunofluorescent detection of DT-II has been re-
ported in the nucleus of proliferating lymphocytes in
culture with a significant correspondence with im-
munoblotting data (Heck and Earnshaw 1986). Recently
overexpression of this enzyme has been reported in 36%
of node-negative primary breast tumour specimens by a
semiquantitative Western blot procedure (Tandon et al.
1991); in addition these data were significantly correlated
with a high percentage S-phase fraction and Ki-67 score
(Tandon et al. 1991).

In the present study we have performed an im-
munocytochemical investigation on primary breast car-
cinomas in an attempt to verify whether DT-II may be
considered to be an additional aid in evaluating the rate
of cell proliferation. The possible relationships between
DT-II immunostaining, Ki—67 expression and clinico-
pathological features in the same cases were also
analysed.

Materials and methods

In the period 1990-1992, 80 carcinomatous breast surgical samples
were collected from female patients (age range 29-85 years; median



Fig. 1. Infiltrating ductal carcinoma: an
intense nuclear positivity for DNA topo-
isomerase type II is evident in numerous
neoplastic elements. Immunoperoxidase
with Mayer’s haemalum nuclear counter-
stain, x 150

Fig. 2. Infiltrating lobular carcinoma:
some nuclei of neoplastic cells are
strongly stained with DNA topoisom-
erace type II; note the unstained sur-
rounding acini, Immunoperoxidase with
Mayer’s haemalum counterstain, x 150

Fig. 3. Infiltrating ductal carcinoma: a
mixture of brown DNA topoisomerase
type 11, and red (Ki—67) staining is en-
countered in some cells; occasionally iso-
lated elements (arrowheads) show

an exclusive reactivity for DT-II. Im-
munoperoxidase and alkaline phospha-
tase with Mayers’s haemalum counter-
stain, x 420



56). Of these, 66 cases were represented by ductal infiltrating car-
cinomas (18 grade I, 23 grade II, 25 grade III), while 14 cases were
diagnosed as lobular infiltrating carcinomas. For all cases the post-
surgical stage (pTNM) was available and infiltrating ductal car-
cinomas were graded according to the method of Bloom and
Richardson (1957). Specimens of normal breast tissue adjacent to
carcinomas were also tested as controls.

In all breast samples the fixation was omitted and the specimen
was frozen in isopentane cooled and liquid nitrogen and stored at
—70° C until the time of assay. Sections 5 um thick were obtained
by a Leitz 1720 C digital cryostat and mounted on poly-L-lysine
coated glass slides. Parallel sections were treated for 1015 min in
3.7% phosphate buffered saline formalin solution prior to immu-
nostaining for rabbit anti-human DT-II (Cambridge Research
Biochemicals, USA, diluted to 1:200), Ki-67 (Dako, Denmark, at
a ditution of 1:100), oestrogen and progesterone receptors (ER,
PgR; Abbott, USA). 3-3’ diaminobenzidine tetrahydrochloride was
utilized as chromogen and a slight nuclear counterstain was perfor-
med by Mayer’s haematoxylin. In addition, in order to demonstrate
DT-II and Ki-67 on the same section (using both peroxidase and
alkaline phosphatase as labels), the two antisera were mixed so as
to give the final concentrations found to be appropriate for the
individual reagents in preliminary single antigen staining (Mason
and Sammons 1978).

Scoring of DT-II and Ki—67 immunostaining was performed by
counting a minimum of 1000 cells in multiple random fields, using
a high-power (40 x ) objective with a grid screen; the relationship
between the number of cells with DT-II expression and the number
of stained elements with Ki—67 was estimated by the linear regres-
sion test and a correlation coefficient (r) was calculated. Chi-square
analysis was applied in order to evaluate the relationship between
DT-II reactivity and immunocytochemical expression of ER and
PgR; the same statistical test was also utilized to compare DT-II
immunostaining with other categorized clinico-pathological vari-
ables such as tumour size, histological grade and nodal status.
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Results

All ductal and lobular infiltrating carcinomas showed an
evident nuclear reactivity for DT-II, while no cytoplas-
matic staining was noted (Figs. 1, 2). A regional variation
in the number of cells stained by DT-II was sometimes
seen within a single carcinomatous lesion. The rate of
stained cells ranged from 3 to 75%, with a median value
of 15%; this value was used to discriminate between low
and high DT-II immunoexpression.

In normal breast tissue, adjacent to carcinomas, single
reactive elements were occasionally observed.

The Ki-67 immunostaining exhibited a pattern sim-
ilar to that of DT-II, with the proportion of stained cells
ranging from 2 to 70% with a median value of 11.5%.

When double immunostaining was performed on the
same section, an evident mixture of brown (DT-II) and
red (Ki—67) products was appreciated in the nucleus of
the great majority of stained neoplastic elements (Fig. 3);
in addition, some cells showed a brown nuclear im-
munostaining due exclusively to DT-II (Fig. 3). When
the linear regression test was performed, a significant
linear relationship between DT-II and Ki—67 values was
encountered (r=0.882) (Fig. 4).

Immunostaining of ER and PgR was very heteroge-
nous, the percentage of positive cells running from 0 to
80%; ER and PgR expression was recorded as positive
when at least 10% positive cells were encountered
throughout the whole tumour area.

The chi-square test showed significant relationships
between DT-II values and tumour size, histological

Table 1. DNA topoisomerase type II (DT-

. S - DT-II DT-11 P

IT) immunoexpression in 80 primary breast (0-15) 15

carcinomas in relation to clinico-pathologi-

cal characteristics All tumours 41 (51.25%) 39 (48.75%)
Tumour size <0.02
T, 28 (35%) 15 (18.75%)
T, 12 (15%) 19 (23.75%)
T, 1 (1.25%) 5 (6.25%)
Histology NS
Infiltrating ductal 32 (40%) 34 (42.5%)
(total)
Grade I 13 (19.69%) 5 (7.57%) <0.002
Grade II 14 (21.21%) 9 (13.63%)
Grade I 5 (7.57%) 20 (30.30%)
Infiltrating lobular 9 (11.25%) 5 (6.25%)
Axillary nodes
Negative 30 (37.5%) 18 (22.5%) <0.03
Positive (total) 11 (13.75%) 21 (26.25%)
1-3 Nodes 6 (18.75%) 7 (21.875%) NS
>3 Nodes 5(15.625%) 14 (43.75%) -

Receptor status
ER positive
ER negative
PgR positive
PgR negative

34 (42.5%) 8 (10%) <0.001
7 (8.75%) 31 (38.75%)

29 (36.25%) 9 (11.25%) <0.001
12 (15%) 30 (37.5%)

NS, not significant; ER, oestrogen receptor; PgR, progesterone receptor
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Fig. 4. There is a linear relationship between the number of cells
with DNA topoisomerase type (DT-II) expression and the number
staining with Ki~67 in primary breast infiltrating carcinomas

grade and axillary lymph node involvement, respectively
(Table 1). A significant inverse correlation was noted
between DT-II and ER and PgR (Table 1).

Discussion

We have demonstrated that infiltrating ductal and lob-
ular carcinomas constantly express DT-II, although the
immunohistochemical distribution pattern of this
enzyme was heterogeneous within the same tumour and
also among different breast neoplasms; moreover, a sim-
ilar immunostaining was observed with Ki-67 on parallel
sections. These data are strongly supported by the fre-
quent co-expression of DT-II and Ki—67 by double im-
munostaining in same neoplastic elements. In addition,
there is a linear relationship between the number of cells
showing DT-II and the number showing Ki-67 im-
munoreactivity in breast carcinomas, supporting the no-
tion that DT-II immunoreactivity may be used as an
operational marker for cell proliferation. However, in
order to explain the correlation between DT-II and
Ki-67, interesting similarities between Ki-67 antigen and
DT-II have been claimed (Verheijen et al. 1989); never-
theless by methods of protein extraction followed by
electrophoresis on SDS-polyacrylamide gels, it has been
found that the Ki—67 antibody recognized a huge protein
doublet of M, 345 and 395 kDa (Gerdes et al. 1991),
whereas the DT-II antibody detected a 175-180 kDa
band (Smith and Makinson 1989). In addition, utilizing
a ¢cDNA clone it has been confirmed that the chromo-
somal localization of the Ki—-67 gene is 10q25 (ter)
(Fonatsch et al. 1991), while DT-II genes have been
mapped to chromosomes 3 and 17 (Tan et al. 1992).
Immunohistological methods of assessing cell
proliferation have particular advantages over other
techniques because of the maintenance of cellular and

tissue architecture, the relative simplicity of the meth-
odology and the rapidity of results; neither in vivo nor
in vitro labelling is required and the use of radioactivity
is avoided (Hall and Levison 1990; Hall and Woods
1990). Immunohistology would be even more useful if
available antibodies to cell-cycle-related antigens were
applicable to neoplastic tissues. In infiltrating breast car-
cinomas, a number of studies have looked at the relation-
ship between the growth fraction, as measured by the
only widely used antibody that recognizes a cell-cycle-
related antigen, Ki-67, and various clinico-pathological
features such as tumour diameter, histological grade,
lymph node involvement and ER and PgRs (Gerdes et
al. 1986, 1987; Barnard et al. 1987; Lelle’ et al. 1987;
Wrba et al. 1988; Bouzobar et al. 1989; Raymond and
Leong 1989; Marchetti et al. 1990). In addition, in our
cases, the DT-II immunoexpression shows a direct rela-
tionship with tumour size (P<0.02), node status
(P <0.03) and histological grade (P<0.002); moreover,
no statistical differences are encountered when the his-
tological tumour type and the number of positive lymph
nodes are considered. Finally, a significant inverse cor-
relation has been appreciated between DT-II immuno-
staining and ER (P <0.001) or PgR (P<0.001).

The possibility of utilizing DT-II immunoexpression
as a feature of drug resistance has been reported else-
where (Tewey et al. 1983; Nelson et al. 1984; Yang et al.
1985; Potmesil 1988; Liu 1989); in fact, there is ample
evidence identifying DT-II as the intracellular target of
numerous anticancer drugs (Tewey et al. 1983 ; Nelson et
al. 1984; Yang et al. 1985; Potmesil 1988; Liu 1989). In
particular, results are consistent with the interpretation
that low levels of DNA damage caused by Adriamycin
and other drugs in chronic lymphocytic leukaemia and
in normal lymphocytes are due to extremely low levels of
DT-II (Potmesil et al. 1988). In human breast cancer
cells, an increase in DT-II content has been found in a
clonogenic cell subpopulation recruited by a cytotoxic
drug (VP 16) under oestrogen enhancement (Epstein et
al. 1989). In the same study, it has been shown that the
increase in DT-II is localized to an activated G1 phase
cell subset. In our view immunocytochemical detection
of DT-II in breast carcinomas gives an advantage in
comparison with other proliferation markers since some
information about drug resistance mechanisms may be
determined. Further clinical studies are needed in order
to evaluate a potential dual role for DT-II in neoplastic
pathology.
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