








DNA topoisomerase I immunostaining
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Figure 3 Variation of topoisomerase I staining intensity in ovarian carcinomas. (A) Topoisomerase I staining in an
ovarian carcinoma. The enzyme shows a nuclear localisation and the intensity of the stain was subjectively graded as equal
to the intensity of the positive control shown in fig IA and B. Therefore, the topoisomerase I staining intensity was graded as
3+ (x400). (B) Topoisomerase I staining in an ovarian carcinoma shows a nuclear localisation and the intensity of the
stain was subjectively graded as less intense than the positive control shown in fig IA and B. Therefore, this tumour was
graded as 2+ for topoisomerase I (x400) .

in areas of active transcription.2" However, in
normal tissues, the enzyme is clearly not associ-
ated with cell proliferation. This is easily seen in
squamous epithelium as well as colonic mucosa,
both of which show a weak staining in all of the
epithelial cells. The proliferating cells in these
tissues have been localised to the basal layer of
the squamous epithelium and the crypts of the
colon by immunohistochemical staining for
topoisomerase II, a marker of cell proliferation.33
The staining of the Purkinje cells of the cerebel-
lum is interesting and suggests further study.

Topoisomerase I expression in ovarian carci-
noma varies from weak to strong. The molecu-
lar mechanism to explain the rise in topoi-
somerase I concentrations in some of these
neoplasms remains undetermined but studies
from cultured cells suggest it could be a result
of increased topoisomerase I gene transcrip-
tion,"4 or amplification of the topoisomerase I
gene."5 Our data also show that, at least in the
small sample of tumours that we evaluated,
there is no apparent correlation with prolifera-
tion or grade. This lack of a correlation
between topoisomerase I and proliferation has
been reported by others,"432 and may have
important clinical implications. Clearly, topoi-
somerase I targeted drugs are most effective
during S phase because it is believed that the
DNA break stabilised by the drugs is converted
into a lethal lesion by interaction with the rep-
lication fork.'6 Therefore, it is possible that the
only tumours that could be treated effectively
with topoisomerase I agents are those that con-
tain raised levels of topoisomerase I and, in
addition, have a large population of cycling

cells. A recent study on the camptothecin sen-
sitivity of human lymphocytes suggests that
this hypothesis may be true.36

Because topoisomerase II a has been dem-
onstrated recently to be a proliferation marker
that can be used on paraffin embedded, forma-
lin fixed human tissueS,26 33 37 it can be used to
estimate the number of cycling cells in a
tumour. If we assume arbitrarily that a
topoisomerase II a index of 50 or greater iden-
tifies a rapidly cycling tumour (50% of the cells
in G2, S, or M phase), then by inspection of
table 2, only three of the 14 patients we studied
(21%) had raised topoisomerase I activity in
tumours that were proliferating rapidly. Inter-
estingly, it has been reported recently that
16.3% ofpatients with ovarian carcinoma show
a response to topotecan.11 Unfortunately,
topoisomerase I levels and cell proliferation
data were not obtained for these patients.

Surprisingly, we found that mitotic figures
stained strongly positive for topoisomerase I. In
general, topoisomerase I has not been thought
of as an enzyme necessary for the condensation
and subsequent separation of chromosomes.
These functions have been attributed to the
related enzyme, DNA topoisomerase 1I.38A0
However, the topoisomerase I staining inten-
sity on mitotic figures is as strong as that seen
for topoisomerase II (Holden, unpublished
data, 1997) and might suggest that topoi-
somerase I also plays an important role in
chromosome structure and function. Indeed,
recent evidence in yeast indicates that there are
several factors that appear to interact with
topoisomerase I to allow for proper mitotic
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chromosome structure. These TRF (DNA
topoisomerase I related function) genes have
been found to have human homologues," and
might suggest that topoisomerase I performs a
similar role in human cells.
The predominantly nuclear localisation ob-

served in our immunostaining is of interest
because previous studies have indicated a pre-
dominantly nucleolar localisation of topoi-
somerase.42 However, recently, in work with
cultured cells, it has been shown that the
enzyme can shift from a predominantly nucleo-
lar localisation to a nuclear localisation de-
pending on the growth conditions.43 Our
series of ovarian carcinomas showed mostly a
nuclear stain. However, in agreement with pre-
vious data, we have also observed nucleolar
localisation of topoisomerase I. This was iden-
tified in a squamous cell carcinoma of the head
and neck (Holden, unpublished data). The
potential clinical significance of this difference
in topoisomerase I localisation, as well as the
mechanism involved has yet to be determined.

In summary, the use of an immunohisto-
chemical stain for topoisomerase I may allow
for the correlation of topoisomerase I concen-
trations with the response of patients to topoi-
somerase I targeted anticancer agents. In addi-
tion, screening of various classes of human
malignancies for topoisomerase I expression
can now be rapidly performed and may identify
groups of tumours potentially treatable and
curable with drugs that target the enzyme.

This work was funded by a research educational grant from
Upjohn-Pharmacia. We thank J Chris Pitchford for his interest
in the topoisomerases as anticancer drug targets.
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