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Topoisomerase II (topo II) is an enzyme that affects
replication, transcription, and chromosome segre-
gation. It serves as a target for several useful anti-
chemotherapeutic agents, such as etoposide (VP-
16) and teniposide (VM26). Monoclonal antibody
topo IIa (Clone JH2.7; Neomarkers, Union City, CA)
specifically identifies the alpha isoform of topo II.
Using this antibody in an immunohistochemical
analysis, we studied differential expression of topo
II in a variety of thyroid lesions. The topo II labeling
index is defined as the number of topo II staining
positive nuclei divided by the total number of tumor
cells counted multiplied by 100. An average of 1000
cells were counted in each case. The average label-
ing indexes for anaplastic carcinoma (7.8), tall cell
variant of papillary carcinoma (4.8), follicular car-
cinoma (2.6), Hürthle cell carcinoma (3.4), and
medullary carcinoma (2.4) were much higher than
for papillary carcinoma (0.76), follicular adenoma
(0.65), Hürthle cell adenoma (0.32), and normal
thyroid (0.1). This study suggests that immunohis-
tochemical analysis of topo II correlates with thy-
roid tumor histology; it is more frequently ex-
pressed in tumors that are associated with
aggressive clinical behavior. It may help to define a
role for anti-topoisomerase drugs in treatment of
aggressive thyroid neoplasms.
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Thyroid neoplasia displays a spectrum that encom-
passes benign tumors, such as adenoma and bio-
logically insignificant papillary microcarcinoma, to
the most clinically aggressive anaplastic carcinoma
(1, 2). The prognostic roles of histologic subtype,
metastases, extrathyroidal extension, and molecu-
lar markers (bcl-2, p53, Ret and Ras oncogenes)
have been defined (3, 4).

A major development in the field of cancer che-
motherapy is the establishment of DNA topoisom-
erase II (topo II) as the prime target for many clin-
ically useful drugs (5–7). Topo I and II are a group of
enzymes that are responsible for controlling the
topology of the DNA molecule. These enzymes act
by forming transient enzyme-bridged DNA breaks
that act as passage for other DNA strands. Thus, the
action of DNA topoisomerases in the cell seems to
be necessary for normal functioning by controlling
DNA conformation, replication, recombination,
and/or transcriptional events (8).

The sensitivity or resistance of a cell to anti-
topoisomerase agents may depend on the cellular
content of these enzymes, mainly topo II (9 –12). In
addition, the cellular expression of this enzyme can
indicate the rate of cellular proliferation and the
sensitivity of a tumor to anti-topo II drugs (13–15).
This has been explored in cell lines and even in
neoplastic (adrenal, breast, lung tumors) archival
material (19 –22). Using topo II antibodies in immu-
nohistochemical methods offers a particular advan-
tage over other techniques, such as cellular protein
extraction, because the tissue architecture is main-
tained (19 –22).

In the present study, we explored the differential
expression of topo IIa in paraffin-embedded archi-
val material from various thyroid specimens to in-
vestigate the possible role of topo IIa in thyroid
neoplasia.

MATERIALS AND METHODS

We examined 50 specimens in this study. They
were retrieved from the surgical pathology files of
the University of Pennsylvania Medical Center.

Copyright © 2000 by The United States and Canadian Academy of
Pathology, Inc.
VOL. 13, NO. 4, P. 396, 2000 Printed in the U.S.A.
Date of acceptance: September 10, 1999.
Address reprint requests to: Zubair W. Baloch, M.D., Ph.D., Assistant
Professor, Department of Pathology and Laboratory Medicine, University
of Pennsylvania Medical Center, 6 Founders Pavilion, 3400 Spruce Street,
Philadelphia, PA 19104; e-mail: baloch@mail.med.upenn.edu; fax: 215-
349-8994.

396



These specimens were fixed in 10% neutral buffered
formalin and embedded in paraffin. The hematox-
ylin and eosin stained sections were reviewed to
ensure accuracy of the classification of cases ac-
cording to the already published criteria. The cases
included papillary carcinoma (nine cases), tall cell
variant of papillary carcinoma (six cases), follicular
carcinoma (six cases), Hürthle cell carcinoma (three
cases), anaplastic carcinoma (two cases), medullary
carcinoma (two cases), follicular adenoma (two
cases), Hürthle cell adenoma (nine cases), multi-
nodular goiter (four cases), lymphocytic thyroiditis
(two cases), and normal thyroid (five cases). The
normal thyroid tissue represented the uninvolved
thyroid parenchyma from total thyroidectomy
specimens.

Immunohistochemical Analysis
Topo IIa antibody was purchased from Neomar-

kers (Union City, CA). Tissue sections (4 to 5 mm)
were cut onto neoprene-coated slides. Slides were
then stained using the avidin-biotin-peroxidase
complex detection method (Chemate Secondary
Detection Kit Peroxide/3,39-diaminobenzidine;
Ventana, Tucson, AZ) and automatic immunos-
tainer (Ventana). Antigen retrieval was achieved by
boiling the slides in IX Heir Buffer (Ventana) for 10
min and cooling them at room temperature before
staining. Topo IIa antibody (Ab-2, clone JH2.7) was
incubated with tissue sections at room temperature
for 1 h. Optimal dilution of the topo IIa antibody
used in this study was 1:50. After the primary incu-
bation, the sections were incubated with the sec-
ondary antibody and avidin-biotin-peroxidase
complex. The reactions were visualized by using
diaminobenzidine as chromogen. Positive controls
for topo IIa staining included tonsillar tissue and
lymph node. Negative controls were also included
to rule out nonspecific staining.

Scoring of Topo IIa Staining
In all cases, 10 high power fields (4003) were

selected, and at least 1000 cells were assessed by
each of the authors. The topo II labeling index (LI)
is defined as the number of topo IIa staining posi-
tive cells divided by the total number of cells
counted multiplied by 100. The results for each case
are expressed as the mean plus or minus the stan-
dard error of mean (Table 1). In all cases, the inter-
observer differences were less than 5%. Statistical
analysis, including the differences between the LI,
was performed by Student’s t test. This can be
performed only between cases of usual papillary
carcinoma and tall cell variant of papillary carci-
noma. In the rest of diagnostic categories, this
method was unsuccessful because of the limited

number of cases or higher LI standard deviation
values.

RESULTS

Table 1 summarizes the cases, diagnostic catego-
ries, and their respective average topo IIa LIs
(6SEM). All cases that stained positive for topo IIa
showed specific nuclear staining, whereas no cyto-
plasmic staining was noted. Some cases showed a
regional variation in the number of cells stained
positive for topo IIa within a single neoplastic le-
sion. However, this variation was not related to any
particular histologic appearance.

All cases of normal thyroid, multinodular goiter,
and lymphocytic thyroiditis failed to show any sig-
nificant staining. In cases of lymphocytic thyroid-
itis, the activated lymphocytes within germinal cen-
ters showed positive staining, providing a positive
internal control. Anaplastic carcinomas and tall cell
variant of papillary carcinoma showed the highest
average LI in this study (7.8 and 4.8) followed by
Hürthle cell, follicular, and medullary carcinomas
(3.4, 2.6, and 2.4, respectively) (Figs. 1 and 2). The
average LI for papillary carcinoma was much lower
(0.76) and was not much higher than that of follic-

TABLE 1. Topoisomerase II Labeling Indexes in Cases of

Thyroid Neoplasms

Benign Malignant

Histologic
Diagnosis

Topo II Index
Histologic
Diagnosis

Topo II Index

Nml 0 FCA 2.9 6 0.07
Nml 0 FCA 1.3 6 0.2
Nml 0 FCA 1.7 6 0.3
Nml 0.1 6 0.07 FCA 4.1 6 0.2
Nml 0.1 6 0.07 FCA 3.3 6 0.1
NG 0 FCA 2.6 6 0.8
NG 0 HCA 8.7 6 0.1
NG 0.05 6 0.07 HCA 0.2 6 0.07
NG 0.05 6 0.07 HCA 1.5 6 0.7
LT 0 PTC 0.8 6 0
LT 0 PTC 0.5 6 0.1
FA 0.1 6 0.1 PTC 0.9 6 0
FA 1 6 0 PTC 1.05 6 0.3
HA 0.6 6 0.07 PTC 0.4 6 0.1
HA 0.5 6 0.07 PTC 0.6 6 0
HA 0.1 6 0 PTC 0.6 6 0.1
HA 0 PTC 0.4 6 0.2
HA 0 PTC 1.5 6 0.3
HA 0.15 6 0.07 TCV-PTC 6.35 6 0.07
HA 0.4 6 0 TCV-PTC 4.5 6 0.7
HA 1.2 6 0.2 TCV-PTC 1.7 6 0.07
HA 0.5 6 0.2 TCV-PTC 1.5 6 0.2

TCV-PTC 5.5 6 0.07
TCV-PTC 9.4 6 0.07
MD-CA 4 6 0.7
MD-CA 0.9 6 0.4
AN-CA 8.1 6 0.9
AN-CA 7.5 6 0.7

Nml, normal; NG, nodular goiter; LT, lymphocytic thyroiditis; FA,
follicular adenoma; HA, Hürthle cell adenoma; FCA, follicular carcinoma;
HCA, Hürthle cell carcinoma; PTC, papillary thyroid carcinoma; TCV-PTC,
tall cell variant of papillary thyroid carcinoma; MD-CA, medullary carci-
noma; AN-CA, anaplastic carcinoma.
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ular adenoma (0.39). A significant relationship was
found between the histologic type of thyroid tumor
and topo IIa LI. The average topo II index of the tall
cell variant of papillary carcinoma was statistically
different from that of the usual papillary carcinoma
(P , .01). No significant correlation was noted be-
tween tumor size and lymph node metastasis.

DISCUSSION

Topo II serves as a target for many anticancer
drugs, such as etoposide (VP-16), teniposide (VM-
26), and doxorubicin, the so-called chemothera-

peutic agents known as topo II inhibitors (5–7).
Several investigators have shown that a relative de-
crease or increase in the cellular content of topo II
may serve as one of the factors responsible for
chemotherapeutic sensitivity or resistance (9 –13).
Human topoisomerase is biochemically differenti-
ated into two isoforms, the a and the b subtypes.
The a isoform predominates mainly in the prolifer-
ating cells, whereas the b isoform is seen in resting
cells (23, 24). It has been proposed that topo II
analysis can be used as a marker for cell prolifera-
tion (13–16). Several investigators have studied
topo II expression in various tumors and have
shown a relationship between the clinical aggres-
siveness of the tumor and topo II expression (16 –
22). Detection of topo II in formalin-fixed, paraffin-
embedded human tissues has eliminated the need
for availability of fresh tumor tissues and problems
that can be observed with protein extraction and
complicated blotting procedures (16 –22). In addi-
tion, the immunohistochemical methods have par-
ticular advantages over other procedures because
of the maintenance of tissue architecture and cel-
lular details (16 –22).

In this study, we have shown by performing im-
munohistochemical analysis that thyroid neo-
plasms express topo II, whereas normal thyroid and

FIGURE 1. Tall cell variant of papillary carcinoma (A; hematoxylin
and eosin stain, 3200) showing intense nuclear positivity for DNA
topoisomerase II in numerous nuclei (B; immunoperoxidase stain,
3200). Usual variant of papillary carcinoma showing rare nuclear
staining for DNA topoisomerase II (C; immunoperoxidase stain, 3200).

FIGURE 2. Anaplastic thyroid carcinoma (A; hematoxylin and eosin
stain, 3200) showing DNA topoisomerase II nuclear staining (B;
immunoperoxidase stain, 3200)
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benign thyroid conditions (nodular goiter and lym-
phocytic thyroiditis) failed to show any significant
staining for topo II antibodies. The aggressive thy-
roid tumors, such as anaplastic carcinoma, tall cell
variant of papillary carcinoma, Hürthle cell carci-
noma, and medullary carcinoma, showed much
higher nuclear expression of topo II than did pap-
illary and follicular carcinoma. We found heteroge-
neous expression of topo II within a single tumor
(19 –21). Yamazaki et al. (21) suggested that this
variable expression may be related to the differ-
ences in the sensitivity of tumor cells to topo II
inhibitors and may have clinical consequences.

Topo II inhibitors have been used in the chemo-
therapeutic trials of both anaplastic and nonana-
plastic thyroid carcinomas (25–27). The reported
efficacies range from being moderately responsive
to being totally nonresponsive (25–28). Satake et al.
(27) investigated topo II amino acid mutations in
multiple anticancer drug-resistant anaplastic thy-
roid carcinomas by a reverse transcriptase-
polymerase chain reaction and found no muta-
tions. They inferred that the resistance to topo II
inhibitors most likely is due to overexpression of
multidrug resistance-related mRNA rather than to
topo II mutation (28). However, Osawa et al. (28)
showed that the undifferentiated thyroid carci-
noma cells can be divided into two groups: those
with low sensitivity and those with high sensitivity
to chemotherapeutic agents. Hence, it may be im-
possible to affect all aggressive thyroid tumor cells
by chemotherapy alone because the tumor may
consist of two clones with different chemosensitiv-
ities. We believe that the heterogeneous expression
of topo II in aggressive thyroid tumor in our study
may explain the findings of Osawa et al. (27) and
the reported lack or minimal efficacy of topo II
inhibitors in treatment of aggressive malignant thy-
roid tumors.

Topo IIa expression is observed mainly during
the S and G2/M phases of the cell cycle (13–15). In
addition, several investigators have shown a similar
staining pattern and frequent co-expression of topo
IIa and the proliferation marker Ki-67; these data
suggest the usefulness of topo II as a marker for cell
proliferation (16, 19 –21). Lino et al. (19) found that
topo IIa expression in some adrenocortical carci-
nomas was higher than that of Ki-67 and that some
cells expressing topo IIa failed to express Ki-67.
This overexpression of topo II has been previously
reported in other malignant human neoplasms (9 –
12). These findings suggest not only that expression
of topo II serves as a marker for cellular prolifera-
tion but also that its altered expression reflects ma-
lignant transformation (9 –12, 21).

In the present study, the LIs for anaplastic carci-
noma, tall cell variant of papillary carcinoma, and
Hürthle cell carcinoma were much higher than

those of papillary carcinoma and follicular ade-
noma. Lino et al. (19) reported similar results for
adrenocortical adenomas and carcinomas. Our re-
sults indicate that topo IIa expression might predict
aggressive biologic behavior in malignant thyroid
tumors and may help to clarify the possible corre-
lation between topo II inhibitor sensitivity and re-
sistance in various forms of thyroid malignancies.
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Book Review

Sternberg SS (ed), Sinard J (CD-ROM ed): Di-
agnostic Surgical Pathology, 3rd Ed, Vols 1
& 2, CD-ROM version, Philadelphia, Lippin-
cott Williams & Wilkins, 1999 ($325).

I am among those old-fashioned conservatives
who cannot do away with books. I still have my
1968 (2nd) edition of Robbins Textbook of Pa-
thology in mint condition. I know that this be-
havior is impractical. Robbins sits accessibly on
my bookshelf because I have it and regard it
respectfully as a landmark in pathology teaching.
Despite this attachment to paper, I have become
reasonably computer literate. But until the op-
portunity came to review a textbook on CD-
ROM, I had never tried an electronic version of a
book. I like the weight of a book in my lap,
leafing, turning the pages. Sternberg on CD was a
revelation. Installation on my desktop (a PIII 450
with 128 MB of RAM) and on my notebook (a PII
350 with 64 MB of RAM) was no big deal. The use
is quite intuitive; when comfortable with Win-
dows, you can get along right away.

What is much faster than paper is searching.
Search results are given as hits in text, figures,
and references. I found great pleasure in chasing
key words in the work, seeing in which different
contexts they were used. This is something I had
never done before; you cannot get that fast
through the paper version. The text is as on pa-
per and has been reviewed before. The refer-
ences come out in a contrasting color on the
screen and are partly provided with abstracts,
which is extremely useful. A search of a name

rapidly yields the number of citations of any one
pathologist in the book.

The images are mostly of excellent quality
and come out great on a good 170 screen but also
on the 140 LCD screen of my notebook. Rapid
access to the wealth of images is in fact the most
important asset of the CD. Rather than leafing, I
found myself increasingly searching the CD in
everyday practice. In doing so, two things be-
came more and more clear. The first is that more
images would be nice. For a paper version, a
limitation in the number of images is unavoid-
able, but the CD could stock many more. The
second is that one can do with less text, provided
that the essentials in the text are presented in an
accessible format. Reading of lengthy paragraphs
on screen is rather annoying. Replacing them
with abbreviated problem-oriented tables that
list differential diagnoses and diagnostic criteria
would be a definitive improvement. One could
even dream of adding interactive diagnostic al-
gorithms.

Overall, Sternberg on CD is value for money.
It is useful in daily practice and user friendly, but
it marks a start rather than the endpoint of an
evolution. A specially developed CD-ROM ver-
sion of a textbook, that takes full advantage of
the possibilities of this medium, would have
more impact.

Fred T. Bosman
University of Lausanne
Lausanne, Switzerland
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