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COMPARISON BETWEEN IMMUNOHISTOCHEMICAL EXPRESSION
OF KI-67 AND MCM-3 IN MAJOR SALIVARY GLAND EPITHELIAL
TUMORS IN CHILDREN AND ADOLESCENTS. PRELIMINARY STUDY

RAFAL ZIELINSKI, JOZEF KOBOS, ANNA ZAKRZEWSKA

Department of Pediatric Otorhinolaryngology, Medical University of Lodz, Lodz, Poland

While Ki-67 expression is frequently used as an indicator of tumor cell prolifera-
tion, alternative markers have also been proposed. Possible alternative indicators of
proliferation are the minichromosome maintenance (MCM) proteins, whose levels
are inversely associated with tumor cell differentiation.

The aim of this preliminary study was to compare the levels of Ki-67 and MCM-3
expression in major salivary gland epithelial tumors in all children and adolescents
who underwent surgery in our department in the years 2009-2014.

The histopathological diagnosis of the subjects was reviewed, as well as the expres-
sion of Ki-67 and MCM-3 in post-op specimens of the tumors.

The normality of data was checked with the Shapiro-Wilk test. The t test for in-
dependent variables or the U test was used as appropriate to determine statisti-
cally significant differences in the expression of Ki-67 and MCM-3. Five cases of
pleomorphic adenoma, one of myoepithelioma, one of basal cell adenoma and one
of mucoepidermoid carcinoma were identified. Significantly greater MCM-3 than
Ki-67 expression was observed in every case. The results of our preliminary study
empbhasize the need for future research on MCM-3 as a sensitive proliferation mark-
er, providing an alternative to Ki-67, in cases of various major salivary gland epi-
thelial tumors in children and adolescents.
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Introduction

Epithelial tumors of the major salivary glands are
very rare in children. However, they mostly affect the
parotid gland and are more common in those over ten
years old, with approximately 70% occurring between
16 and 20 years of age [1}. Nevertheless the most com-
mon epithelial tumors of the major salivary glands in
children and adolescents are pleomorphic adenomas
(PA) [2]. However, few authors have reported the vari-
ous pathological characteristics of major salivary gland
tumors in children as well as adolescents and adults [3}].

The pathological assessment of major salivary
gland tumors should be based on an evaluation of

histopathological features, and, if necessary, comple-
mentary analysis should be used to confirm the diag-
nosis {4}].

Proliferation marker assessment may be also helpful
in preparing both the pathological diagnosis and prog-
nosis. Ki-67 is a protein expressed during active phases
of the cell mitotic cycle, but is not present in resting
cells. Its expression is therefore frequently used as an
indicator of proliferation {5}. However, McCallum and
Hall suggest that Ki-67 may play an important role
in ribosome biosynthesis and not cell proliferation {6}.
The levels of expression of other proliferation markers
have also been proposed as new diagnostic and prog-
nostic indicators for various tumors [7}.
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The minichromosome maintenance (MCM) pro-
teins include a group of six proteins which, includ-
ing MCM-3, are considered to play important roles
in DNA replication, allowing one-time replication of
the genome in each mitotic cell cycle. An evaluation
of MCM protein expression levels may also provide
an insight into the prognosis of neoplasms, as the
proteins are inversely associated with tumor cell dif-
ferentiation and their levels could be used as indica-
tors of proliferation {8].

Few papers discuss MCM expression; only one ad-
dresses MCM-3 expression in salivary gland tumors,
and none of these studies is based on a child popula-
tion {9].

The aim of this preliminary study was to compare
the expression of Ki-67 and MCM-3 in major sali-
vary gland epithelial tumors in all children and ad-
olescents treated with surgery in our department in
the years 2009-2014.

Material and methods

The university review board approved the meth-
ods of the present study. The authors have complied
with the World Medical Association Declaration of
Helsinki regarding ethical conduct of research in-
volving human subjects. The study was conducted
under the assumption that research findings would
be kept anonymous.

The retrospective study was based on an analysis
of formalin-fixed, paraffin-embedded tissue blocks
of salivary gland tumors collected during surgical
treatment procedures in our department in the years
2009-2014. General clinical data including patient
age and gender, as well as the gland involved and
site of the tumor, were obtained from patient medical
documentation.

Delay before initiation of the treatment, data con-
cerning therapy, pathological post-op assessment and
clinical trials were recorded in every case.

Formalin-fixed and paraffin-embedded tissue from
the above cases were selected for this study. Slides
were created from 3 um thick paraffin sections,
stained with hematoxylin and eosin, and used for
immunohistochemical study. Standard staining with
hematoxylin and eosin using EnVision+ HRP kits
(Dako) was used to confirm the diagnosis in every
case of salivary gland tumor. In the immunohisto-
chemical study, the antibody was applied against Ki-
67 clone MM1 (dilution 1 : 100, Leica Novocastra
Laboratories) and MCM-3 clone 101 (dilution 1 : 50,
Dako). The antibody was immunostained by antigen
unmasking (high temperature/target retrieval solu-
tion, pH 9.0) and incubated for 60 minutes at room
temperature. The epithelial layer of normal oral mu-
cosa that had previously demonstrated immunostain-
ing of both markers was used as a positive control.
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The cell counting was performed without refer-
ral to clinical information or pathological diagnosis.
MultiScan Base ver. 8.09 by Computer Scanning Sys-
tems was used for image capture and analysis. The
cells in each sample were counted in ten microscop-
ic fields, which showed more intense staining. Only
clearly definable nuclei with heavy staining were
identified as positive.

The acquired data were then analyzed with basic
statistics. The mean and median numbers of positive
tumor cells out of 1000 tumor cells at high magni-
fication (400X) and standard deviation value were
computed for each marker in every studied case.

The Shapiro-Wilk test was used to determine
whether data concerning the expression of Ki-67
and MCM-3 were normally distributed. Based on the
result, statistically significant differences in the ex-
pression of Ki-67 and MCM-3 were identified using
Student’s t test for independent variables for data fol-
lowing a normal distribution, and the Mann-Whit-
ney U test for data that did not.

Results

Eight cases of major salivary gland epithelial tu-
mors were operated on in the years 2009-2014 in our
department. There were five cases of pleomorphic
adenoma, one case of myoepithelioma, one case of
basal cell adenoma and one case of mucoepidermoid
carcinoma.

The group comprised 5 boys and 3 girls aged from
7 years 2 months to 17 years 11 months (mean — 14
years 2 months; SD — 3 years 8 months, Table I).
Mean time of delay before initiation of the treatment
was 10.7 *5.6 months (range: 4-20 months).

In cases of pleomorphic adenoma, myoepithelioma
or basal cell adenoma of the parotid gland or subman-
dibular gland, superficial parotidectomy or subman-
dibular gland excision was introduced respectively.
In the case of a boy with mucoepidermoid carcino-
ma, total parotidectomy with facial nerve preserva-
tion was introduced. No postoperative complications
were observed, either early or later on, including fa-
cial nerve weakness or paresis (stage I of facial nerve
function according to House-Brackmann), Frey syn-
drome, lingual or hypoglossal nerve malfunction,
bleeding or complicated wound healing.

All pathological diagnoses were based on both he-
matoxylin and eosin-stained tumor section analysis and
assessment of immunohistochemical staining results.
In one extremely difficult case, myoepithelioma of the
submandibular gland, a pathological “second opinion”
was necessary to prepare the final diagnosis. In all of
the cases, pathological examination of post-op speci-
mens confirmed the surgical excisions to be complete.

All patients were observed on a regular basis during
monthly ambulatory visits. During the one-year ob-
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servation period following surgery, neither clinical ex-
amination nor control ultrasonography revealed any
signs of tumor recurrence in any studied case.

Similarly, no lymphatic or distant metastases were
found in the case of mucoepidermoid carcinoma.

The levels of Ki-67 and MCM-3 expression were
assessed in every pathological post-op specimen.
Both Ki-67 and MCM-3 expression were present in
all the studied tumors.

The results also revealed significantly stronger ex-
pression of MCM-3 than Ki-67 in every studied case
(Table I, Fig. 1).

Discussion

Salivary gland epithelial tumors constitute about
3% of all tumors of the head and neck area and only
5% of these tumors occur in children and adolescents
[10]. It is suggested that in the pediatric population,
like in adults, the parotid gland is the most common

site involved by pleomorphic adenoma. When a tu-
mor is situated in the submandibular gland it is also
mostly a benign lesion, which is not in agreement
with studies on adults {2, 11, 12}.

The methods of operational treatment of epithelial
salivary gland tumors in children and adolescents do
not differ from those in adults and include total or
partial removal of the gland along with the tumor
and possibly lymphatic operations in case of malig-
nancies. Because of low grade histology, in most cases
of major salivary gland malignant epithelial tumors
in children and adolescents, elective neck dissections
are not necessary. If possible, function of the facial
nerve and its branches should always be preserved
{12, 13}.

In postoperative salivary gland tumor diagnosis,
a combination of pathological analysis of hematox-
ylin and eosin-stained sections and immunohisto-
chemical staining is thought to be the gold standard.
Nevertheless, a pathologist often faces a challenge in

Table I. General clinical data, mean and median numbers of cells which showed heavy staining for both Ki-67 and
MCM-3 out of 1000 tumor cells at high magnification (400 X) counted in 10 microscopic fields in studied cases along

with Student’s t test or Mann-Whitney U test results

NUMBER  PATHOLOGICAL AGE GENDER MEAN AND MEDIAN MEAN AND MEDIAN STUDENT’S
OF THE DIAGNOSIS NUMBERS OF CELLS WITH NUMBERS OF CELLS T TEST OR
CASE HEAVY STAINING FOR WITH HEAVY STAINING MANN-
Ki-67 (or 1000 FOR MCM-3 (oF 1000 WHrITNEY U
COUNTED CELLS) IN COUNTED CELLS) IN TEST RESULT
10 MICROSCOPIC FIELDS 10 MICROSCOPIC FIELDS
1 PA of the left 17 years boy Mean 4 *1.2 Mean 17.2 £3.9 p = 0.0002
submandibular 2 months Median 3.5 +1.2 Median 16.5 +3.9
gland
2 PA of the left 13 years boy Mean 28.5 +11.2 Mean 53.8 £11.7 p = 0.0001
parotid gland Median 25.5 112 Median 52.5 £11.7
3 PA of the left 17 years boy Mean 10.1 £3.9 Mean 17.2 8.1 p = 0.0225
parotid gland 2 montchs Median 10.5 +3.9 Median 15 £8.1
4 PA of the left 12 years girl Mean 23.5 =11.8 Mean 45.3 =11.2 p = 0.0005
parotid gland 2 months Median 21 +11.8 Median 45 +11.2
5 PA of the right 7 years girl Mean 13.1 £4.9 Mean 24.9 =12.7 p = 0.0376
parotid gland 2 months Median 12 +4.9 Median 23 +12.7
6 Myoepithelioma 17 years boy Mean 14.8 =6.6 Mean 30.2 +7.5 p = 0.0001
of the right 11 months Median 14 6.6 Median 30 £7.5
submandibular
gland
7 Basal cell 16 years girl Mean 20.7 =4.3 Mean 39.2 £11 p = 0.0001
adenoma of the 10 months Median 20 =4.3 Median 38 +11
right parotid
gland
8 Low grade 12 years boy Mean 9.4 =3.6 Mean 22.5 £11.1 p = 0.0009
mucoepidermoid Median 9 *3.6 Median 21 £11.1
carcinoma of the
right parotid
gland
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Fig. 1. Case No. 5 (original magnification 200 X). Pleomorphic adenoma of the parotid gland: expression of Ki-67 (A),
expression of MCM-3 (B), Case No. 6 (original magnification 200 X). Myoepithelioma of the submandibular gland: ex-
pression of Ki-67 (C), expression of MCM-3 (D), Case No. 7 (original magnification 200 X). Basal cell adenoma of the
parotid gland: expression of Ki-67 (E), expression of MCM-3 (F), Case No. 8 (original magnification 200X). Low grade
mucoepidermoid carcinoma of the parotid gland: expression of Ki-67 (G), expression of MCM-3 (H)
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the histopathological diagnosis of post-op specimens;
thus a second opinion is often needed to make a final
diagnosis {14}.

Ki-67 expression has been well described in G1,
S, G2 and mitotic phases of the cell cycle {7}. The
expression of Ki-67 also reaches a peak during G2
and mitotic phases of the cycle {15}]. Ki-67 is thus
the proliferation marker used to assess various types
of tumors {16, 17}. Expression of Ki-67 may also be
used as a proliferation marker and prognostic tool in
epithelial salivary gland tumor assessment in adults
{18, 191. Faur suggests that Ki-67 expression may be
especially useful in assessment of extremely prolifera-
tive forms of salivary gland tumors, both benign and
malignant {5].

Nevertheless, De Cruz Perez suggests that Ki-67
expression, as well as that of a few other markers,
does not correlate with prognosis of salivary gland
tumors in children and adolescents. Unfortunately,
while the study presents a qualitative description,
it presents no quantitative description of expression
[4]. Thus other biomarkers should be considered as
alternative proliferation markers in salivary gland ep-
ithelial tumors in children and adolescents.

As the degree of DNA replication regulation may
be another marker of cell proliferation, MCM protein
expression may present an extremely promising tool
for the evaluation of cell cycle progression {20, 211.
The MCM family may act as potential diagnostic and
prognostic markers of various tumors [22}. Hua et /.
suggest that MCM-3 expression levels are of greater
prognostic relevance than histological diagnosis in se-
lected tumors {23]. MCM-3 expression may also be
considered as a useful marker for diagnosis of pre-
carcinomatous lesions, e.g. oral dysplasia {24]. The
MCM complex may also offer an alternative target
for blocking the proliferation of cancerous and pre-
cancerous tumor cells and thus also oncological drug
development for various tumors, as suggested by Si-
mon et al. {251].

The present study describes the comparison of ex-
pression of both Ki-67 and MCM-3 in salivary gland
tumors in children and adolescents. Ashkavandi ez a/.
reported similar findings in the assessment of both
markers in salivary gland tumors in adults, suggest-
ing that MCM-3 expression may be a more sensitive
marker of proliferation than Ki-67 expression in sali-
vary gland pleomorphic adenomas, mucoepidermoid
carcinomas, and adenoid cystic carcinomas in adults.
They also stated that MCM-3 may be used for differ-
ential diagnosis between malignant and benign sali-
vary gland tumors {9}].

Our preliminary study based on eight cases pro-
poses that MCM-3 expression could be used as a pro-
liferation marker in epithelial tumors of the major
salivary glands in children and adolescents. However,
our findings are not sufficient to confirm its value in

the diagnosis or prediction of tumor prognosis, its re-
currence in benign epithelial tumors, or its recurrence
and TNM staging in malignant epithelial lesions of
the salivary glands in this age group of patients.

Conclusions

The results of our preliminary study emphasize the
need for future research on MCM-3 as an alternative
to Ki-67 and also as a sensitive proliferation marker
in cases of various major salivary gland epithelial tu-
mors in children and adolescents.

The authors declare no conflict of interest.
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