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Abstract. Salivary glands give rise to approximately 
30  histological distinct tumor types, which results in a 
diagnostic challenge for the pathologist. The present retro-
spective, immunohistochemical study aimed to evaluate the 
expression of Topoisomerase II‑α, a nuclear enzyme, as a 
diagnostic and prognostic marker in benign and malignant 
salivary gland tumors, including leomorphic adenoma, 
mucoepidermoid carcinoma, acinic cell carcinoma and 
carcinoma ex‑pleomorphic adenoma. A total of 59 cases of 
benign and malignant salivary gland tumors were included 
in the present study. Representative paraffin-embedded 
sections were immunostained for Topoisomerase  II‑α 
(Topo II‑α). The expression level was semi‑quantified for 
each case and then correlated with the histological diag-
nosis using hematoxylin and eosin‑stained slides, grade 
of tumor and total survival. Significant differences were 
revealed between the expression level of Topo  II‑α in 
pleomorphic adenoma and mucoepidermoid carcinoma 
(P<0.001), carcinoma ex‑pleomorphic adenoma (P<0.001), 
acinic cell carcinoma (P=0.005) and a group composed 
of all the malignant tumors (P<0.001). Cancer‑specific 
survival rates were insignificantly increased in tumors 
expressing low levels of Topo  II‑α (P=0.464). Thus, the 
present study demonstrated different expression levels of 
Topo II‑α in benign and malignant salivary gland tumors. 
These differing expression levels may act as valuable 
biomarkers for the correct histological diagnosis. Further 
studies conducted on a larger scale may lead to even more 
conclusive results.

Introduction

Salivary glands give rise to no fewer than 30 histologically 
distinct tumor types. Over the years there has been some 
progress in clarifying specific causes of salivary gland cancer. 
The best known risk factor is that of radiation exposure as is 
evident in the increased risk of post‑atomic bomb survivors 
and in patients who received therapeutic radiation (1). In the 
second half of the 20th century a considerable number of new 
entities of salivary gland tumor were added. These neoplasms 
are relatively uncommon, comprising <2% of all tumors in 
humans. Approximately 65‑80% arise within the parotid 
gland, 10% within the submandibular gland and the remainder 
in the minor salivary glands (2‑5).

In the present study we investigated pleomorphic adenoma 
(benign tumor), mucoepidermoid carcinoma, acinic cell 
carcinoma, and carcinoma ex‑pleomorphic adenoma. The 
histological diagnosis of salivary gland tumors was performed 
using hematoxylin and eosin (H&E)‑stained slides. The results 
showed different expression levels of Topo II‑α in benign and 
malignant salivary gland tumors. These differing expression 
levels may act as valuable biomarkers for the correct histo-
logical diagnosis.

Materials and methods

Topoisomerase II‑α. Topoisomerase is a nuclear enzyme 
important for DNA replication, transcription, recombination, 
and mitosis. Topoisomerases introduce supercoils that release 
the strain caused by over winding. Type I Topoisomerases 
relax supercoiled structures while type II Topoisomerase 
(also known as DNA gyrase) can introduce negative super-
coiling through coupling of ATP hydrolysis. Therefore, 
negative supercoiling is introduced by Topoisomerase II and 
relaxed by Topoisomerase I (6). Topoisomerase II has two 
isoenzymes, isoenzyme α exists only in proliferating cells 
and has been shown to be a marker for cell proliferation in 
normal and neoplastic cells (6‑8). In addition, it is involved 
in different signaling pathways related to the cell cycle and 
apoptosis, such as extracellular signal‑regulated kinase 
(ERK2)  (9), NF‑κB  (10), and others. Topoisomerase II‑α 
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(Topo II‑α) has been extensively researched for its role as 
a molecular target of chemotherapy agents. Several studies 
have suggested that Topo II‑α expression is related to 
response to anthracycline treatment for breast cancer (11‑13), 
renal medullary carcinoma  (14), ovarian carcinoma  (15), 
salivary gland tumors (16,17), acute myeloid leukemia (18), 
Hodgkin's lymphoma (19), colorectal cancer (20), hepatocel-
lular carcinoma (21), gallbladder carcinoma (22), prostate 
carcinoma (23), and other malignant tumors (24). Thus, these 
cancer types benefit from using Topo II‑α as a prognostic 
marker, and also for individual tailored therapy.

Few articles available regarding the expression of Topo 
II‑α in salivary gland tumors. The purpose of the current 
study was to determine whether the expression of Topo II‑α 
can be used as a marker to differentiate between benign and 
malignant salivary gland tumors, and as a prognostic marker. 
To the best of our knowledge, our research is the most exten-
sive one to examine the expression of Topo II‑α in salivary 
gland tumors.

Patients. A total of 59 consecutive cases of salivary gland 
tumors, 34 women and 25 men (median age, 57 years), diag-
nosed at ‘Rabin Medical Center’ during the years 1991‑2010, 
were examined. All the tumors were diagnosed following a 
superficial or radical parotidectomy, except one which was 
diagnosed after a base of tongue biopsy. Surgical specimens 
were obtained directly from the operation room, fixed in 4% 
buffered formaldehyde and embedded in paraffin for exami-
nation in conventional H&E staining. The specimens were 
reviewed in order to confirm the diagnosis.

Immunohistochemistry. The representative paraffin embedded 
blocks were cut into 3‑5  µm sections. Immunostaining 
was carried out using an antibody commercial kit 
(cat.  no.  NCL‑TOPOIIAp; Novocastra Laboratories Ltd., 
Newcastle upon Tyne, England), containing a mouse anti‑rabbit 
polyclonal antibody against a recombinant protein corre-
sponding to the C‑terminal region of the Topo II‑α molecule. 
The procedure was performed with an automated immuno
histochemistry system (Ventana medical systems Inc., Tucson, 
AZ, USA) in accordance with the manufacturer's instructions. 
High‑grade colon carcinoma specimens were used as control 
for stain adequacy. Sections of positive and negative control 
tissues and non-malignant tissue of the resected salivary gland 
specimen were also included.

Microscopy and staining evaluation. To assess the level of 
Topo II‑α expression, five representative high power fields 
(x400) were examined. For each field, the percentage of posi-
tively stained nuclei was registered along with the intensity 
of the stain. The intensity was rated 0‑3 (0, for no nuclear 
stain; 1, for the weakest nuclear stain; and 3, for the strongest 
nuclear stain) in comparison with the control stain. A score 
was calculated by multiplying the intensity of each field with 
the percentage of positively stained cells and then by a factor 
of 100 (i.e., if 20% of the nuclei in the slide was stained with an 
intensity of 2 the slide got a score of 40) (25). The mean score 
of five fields was named ‘Topo II‑α index’ of the specimen. 
This was conducted by two independent observers (L.R.W and 
R.K.), and inter‑observer concordance was >95%.

Statistical analysis. Our main aim was to assess Topo II‑α 
expression as a diagnostic and prognostic marker. Sensitivity 
and specificity of the method in diagnosing malignant tumors 
were calculated, using the pathologic diagnosis as the ‘gold 
standard’.

Survival curves were calculated for two groups divided 
by a cut‑off Topo II‑α index. One group comprised malignant 
tumors with an index above the cut‑off index, while the second 
group comprised cases of malignant tumors with an index 
below the cut‑off index. Survival curves were calculated using 
the Kaplan Meier method and the log rank test was used to 
test the difference between them to find the most significant 
cut‑off index. Comparisons between the Topo II‑α index of the 
two different groups (malignant vs. benign) were carried out 
using the Mann‑Whitney U test. Multivariate logistic regres-
sion analysis was conducted to determine clinicopathological 
characteristics associated with a high expression of Topo II‑α. 
Data were arranged and analyzed using SPSS for Windows 
version 16 (SPSS, Inc., Chicago, IL, USA). The results are 
presented as a mean and standard deviation. The statistical 
significance level was set to 0.05 (two‑tailed).

Ethics approval. The present study was approved by the 
local Ethics Committee in Rabin Medical Center, Petah 
Tikva, Israel (ministry of health approval no. 920100120). 
Procedures performed in studies involving human participants 
were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 
Helsinki declaration and its later amendments or comparable 
ethical standards. For retrospective studies formal consent is 
not required.

Results

Patients. Clinicopathological data from 59 patients (34 men 
and 25 women) with salivary gland tumors were included 
in the present study, and the corresponding specimens were 
investigated for Topo II-α expression. The median age of 
the overall patient group was 57 years (interquartile range, 
44-68 years) (Table I).

Histology. Of the total 59 tumors, 18 (30%) were pleomor-
phic adenoma, 15 (24%) were mucoepidermoid carcinoma, 
13  (22%) were acinic cell carcinoma, and 13 (22%) were 
carcinoma ex‑pleomorphic adenoma. All the tumors were 
stained for Topo II‑α. Nuclear stain was considered positive 
(Figs. 1 and 2).

Topo II-α expression. The mean expression levels of 
Topo II-α, presented as the Topo II‑α index, are provided 
in Table II. The highest expression of Topo II‑α was in the 
carcinoma ex‑pleomorphic adenoma tumors, with a range 
of 0.4‑38.0. A significant difference (P<0.05) was found 
between the mean expression of Topo II‑α in the normal 
salivary gland tissue and pleomorphic adenoma (Fig. 1) and 
mucoepidermoid carcinoma (P<0.001) (Fig. 2), acinic cell 
carcinoma (P<0.005), carcinoma ex‑pleomorphic adenoma 
(P<0.001), and a group comprising all the malignant tumors 
(P<0.001). A Topo II-α index of 0.4 yielded a sensitivity of 
76% and specificity of 94% in differentiating the pleomorphic 
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adenoma group from the group comprising all the malignant 
tumors.

Association between tumor grade and Topo  II‑α index. 
Table  III shows the association between tumor grade and 
Topo II‑α index. As the acinic cell carcinoma grading was not 
uniformly accepted, this tumor was excluded from this part of 
the analysis.

Survival. The mean follow-up for the entire cohort with malig-
nant tumors was 9.1 years (range, 1.5-15). A total of 13 patients 
with malignant tumors died of their disease after an average of 
4.5 years (range, 0.7-12.8). We searched for the most significant 
cut‑off Topo II‑α index to yield prognostic significance but we 
were limited by the relatively small study group and by other 
confounding clinic‑pathological parameters known to have 
prognostic significance (like age and tumor size). Serial calcu-
lations were performed in order to find the most significant 
cut-off index thich was 2.0. Between the two groups (above 
and below the cut‑off index) there was no significant differ-
ence in all tested clinicopathologic parameters (Table IV). 
The 5‑year cancer‑specific survival among the patients with 
an index ≥2.0 was 68% (20 patients), compared with 85% for 
those with an index <2.0 (21 patients) (Fig. 3). This difference 
was not statistically significant (log rank test, P=0.464).

Discussion

In this research, we set out to study the expression of Topo II‑α, 
in several salivary gland tumors. We found a statistically signif-
icant higher expression of Topo II‑α in the malignant tumors 
group compared with the benign tumor pleomorphic adenoma, 
with an index of 0.4 having high sensitivity (76%) and speci-
ficity (94%) for malignancy. In a study by Maruya et al (17), a 
higher expression of the enzyme was demonstrated in malig-
nant salivary gland tumors in comparison to common benign 
tumors, but the difference was not statistically significant due 
to a small study group (up to 7 cases of each malignant tumor).

Our results show that the enzyme is expressed at different 
levels in each type of malignant salivary gland tumor, the 
highest expression was observed in the carcinoma ex‑pleo-
morphic adenoma group. This tumor is considered aggressive 
among salivary gland tumors, while the other two tumors we 
assessed are considered low grade tumors (2), and showed 
lower indices of the enzyme. Carcinoma ex‑pleomorphic 

Table II. Topo II‑α index according to the histological type.

		  Topo II‑α index 
Histological type	 n	 (mean ± SD)

Normal salivary gland	 16	 0.50±0.30
Pleomorphic adenoma	 18	 0.13±0.20
Acinic cell carcinoma	 13	 1.81±2.58
Mucoepidermoid carcinoma	 15	 6.41±10.91
Carcinoma ex‑pleomorphic	 13	 8.16±12.55
adenoma

Table I. Clinicopathological data of the study cohort.

		  Sex	 Age, years	 Tumor size, cm	 Positive surgical
Histological type	 No. of cases	  (% male)	 (median, IQR)	  (mean ± SD)	 margins (%)

Pleomorphic adenoma	 18	 44	 56, 42-65.3	 2.8±1.2	 0
Acinic cell carcinoma	 13	 33	 59, 43.5-69	 3.1±0.7	 50
Mucoepidermoid carcinoma	 15	 23	 52, 33.5-61.5	 2.1±1.5	 25
Carcinoma ex-pleomorphic adenoma	 13	 69	 62, 54-69	 3.0±1.0	 100
Total	 59	 42	 57, 44-68	 2.8±1.2	 25

SD, standard deviation; IQR, intra-quartile range.

Figure 2. Topo II‑α immunostained in Mucoepidermoid carcinoma. Note 
that there are several positive cells. Magnification, x200.

Figure 1. Topo II‑α immunostained in pleomorphic adenoma. Note the 
nuclear stain in one cell. Magnification, x200.
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adenoma originates from the benign tumor Pleomorphic 
Adenoma, and can develop after decades in which the benign 
tumor was steady. And so, proper and efficient follow‑up of 
patients suffering from pleomorphic adenoma, can lead to 
early diagnosis of the malignant transformation. Furthermore, 
in most cases, the malignant tumor presents with advanced 
disease stage  III/IV, which gives us further motivation to 
early detection. These findings lead us to the conclusion that 
Topo II‑α expression may be used as a clinical tool for early 
detection of malignant transformation, similar to previous 
researches conducted on p53 (26).

In addition, in the carcinoma ex‑pleomorphic adenoma 
group (13 cases), we found 2 cases of low grade tumors, in 
which Topo II‑α index was relatively low (1.1 in average) in 
comparison with the other 11 cases, which were of high grade, 
and showed much higher average index of 9.45. In the research 
of Maryua et al (17) their 3 cases of Carcinoma Ex‑Pleomorphic 
Adenoma, had all very high Topo II‑α expression. The expres-
sion of the enzyme in these tumors can imply on its biological 
behavior, and help us understand the nature of the tumor. In 
the future, it may lead to tailored treatment plans according 
to the tumor's immunohistochemical profile, and encourage 
research on targeted therapy, as is already carried out in other 
malignancies such as breast, colon, and lung cancer.

Mucoepidermoid carcinoma, being the most common 
malignant salivary gland tumor, is a subject of vast research. 

Many studies were conducted in order to clarify its genetic and 
morphologic heterogeneity and several immunohistochemical 
and genetic markers have been offered as prognostic and 
diagnostic markers (27,28). Our results suggest Topo II‑α as 
a differentiation marker between this tumor and pleomorphic 
adenoma. Furthermore, its expression may help us shed light 
on the biological behavior of the tumor. In addition, we found 
Topo II‑α variable expressions in the different grades, similar 
to those results published by Maruya et al. In light of these 
results, it is possible that the role of Topo II‑α in this type of 
tumor is complex.

The expression of Topo II‑α in acinic cell carcinoma was 
the lowest among all malignant tumors we tested. In general, 
this tumor is considered to be of low grade, with slow and 
indolent course. Therefore, the relatively low level of Topo 
II‑α expression matches the biological behavior of the tumor. 
Maruya et al (17) also found low levels of expression in this 
tumor type.

Survival rates were found to be higher in malignant tumors 
expressing low levels of Topo II‑α (index less than 2.0), though 
not statistically significant. Higher cut‑off values yielded 
significantly different survival rates, but also created groups 
with significant differences in other clinico‑pathologic param-
eters known to affect prognosis (like age and tumor size). It is 
possible that with more homogeneous, larger studies, the level 
of Topo II‑α expression may be proven to be of prognostic 
significance.

In the adjacent normal salivary gland, we found low levels 
of Topo II‑α expression, with 93% of samples exhibiting some 
level of positive staining. These levels were higher than the 
ones measured in pleomorphic adenoma. We did not find 
other comparative studies regarding these data, and we cannot 
suggest any conclusions for this finding.

The present study is limited by its retrospective nature, its 
relatively small study group and by lack of homogeneity in the 
study group.

Figure 3. Cumulative total survival among patients with malignant tumors.

Table IV. Clinicopathological data of low and high Topo II‑α 
index among malignant tumors.

	 Topo II‑ α index
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 <2.0	 ≥2.0	 P‑value

Number of patientsa	 21	 20
Age (average in years)	 52.1	 59.5	 0.164
Topo II‑α index 	 0.62±0.52	 10.6±12.3	 <0.001
(average ± SD)
Tumor size 	 2.5±0.94	 2.9±1.2	 0.241
(average in cm ± SD)
Positive surgical margins	 61%	 61%	 0.981

a5‑year cancer‑specific survival.

Table III. Grade and Topo II‑α index summation in mucoepi-
dermoid carcinoma and carcinoma ex‑pleomorphic adenoma.

		  No. of 	 Mean topo
Histological type	 Grade	 cases	 II‑α index

Mucoepidermoid 	 Low	 6	 2.13
Carcinoma	 Intermediate 	 9	 8.91
	 and high
Carcinoma 	 Low	 2	 1.1
ex‑pleomorphic
adenoma	 High	 11	 9.45
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To conclude, in salivary gland tumors, Topo II‑α is 
expressed in different levels at different histological types. It 
may be used in the histological analysis of these tumors for 
differentiating benign from malignant tumors. A Topo II‑α 
index ≥2.0 is insignificantly associated with lower 5‑year 
cancer specific survival rates. Salivary gland tumors with high 
Topo II‑α index may warrant more aggressive modalities of 
therapy. Further studies need to be conducted for more conclu-
sive results.
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