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ABSTRACT

Introduction: Salivary gland tumors (SGTs) may represent a considerable diagnostic challenge, primarily because of the complexity of the
classification and the rarity of several entities. Since proliferative activity is a reliable method to assess tumor biology. There has been continuous
research to find such biological markers. Ki-67 is a widely accepted proliferation marker, with'its expression tightly associated with the cell cycle. It
is implicated in many of human cancers as a prognostic factor. MCM-3, member of ‘minichromosome maintenance proteins family, is up-
regulated in proliferating cells. MCM-3 overexpression in almost all human cancers implicates that it might facilitate the tumorigenesis by
playing a role in the malignant transformation of cells.

Objectives: to evaluate the MCM-3 protein expression in benign and malignant salivary gland tumors and compare the obtained results with the
expression of Ki-67 proliferation antigen.

Materials and methods: Immunohistochemical analysis of 20 cases of SGTs with 2 sections from each specimen (20 sections for antiKi-
67antibody and 20 sections for antiMCM3antibody) and 5 control cases. Immunohistochemical staining was performed using a Labeled Strept-
Avidin Biotin method (LSAB).

Results: Normal salivary gland tissue showed negative immunoreactivity for both Ki-67 and MCM-3 in epithelial and myoepithelial cells. All the
examined cases showed positive expression for both proliferative markers in benign and malignant SGTs, with different intensities.

Conclusions: The proliferative markers Ki-67 and MCM-3proteins are overexpressed in malignant salivary gland tumors, than benign ones.
Both Ki-67 and MCM-3 may be reliably applied as diagnostic markers to distinguish benign from malignant salivary gland tumors.
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INTRODUCTION

Since proliferative activity.is a reliable method to assess tumor
biology, there has been continuous research to find such
biological markers (4). Ki-67 is. a widely accepted
proliferating marker, with its expression tightly associated
with the cell cycle (5). The absence of Ki-67 in quiescent cells
and its universal expression in proliferating tissues created
great interest on its potential role as a marker of cell
proliferation, and its expression in resting cells-has rarely been
reported (6).

Although the Ki-67 is not associated with any type of
human cancer as a causative factor, it is implicated in many
of them as a prognostic factor based on the expression
profile of tumor cells (7).

Studies have proven that the minichromosome
maintenance (MCMs) protein expression has-a relationship
with diagnosis and prognosis (8). MCM-2 and MCM-3 seem
to have the most important role in several/types of neoplasia
).

The mini chromosome maintenance (MCM) proteins are
a family of essential eukaryotic replication proteins with six
distinct members (MCM-2-MCM-7) (10). The six proteins
are highly similar to each other and form a hexameric
complex (11).

MCM-3, member of minichromosome maintenance
proteins family- expression is up-regulated in proliferating
cells, whereas intracellular levels decrease significantly in
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differentiated and growth-arrested cells (12,13,14). MCM- 3
protein enters the nucleus at the end of mitosis, remains in
the nucleus during most of Gl phase, and becomes
predominantly cytoplasmic at the GI/S transition, and
disappears at the beginning of S phase (15,16).

Although genetic characterization of tumor tissues
shows that mutation of the p53 is the most common genetic
alteration in human cancers, the mutation rate of the p53 in
cervical cancer is relatively low (17,18). It implies that there
might be other factors involved in cervical carcinogenesis.
MCM-3 is overexpressed in almost all human cancers;
therefore, it might facilitate the tumorigenesis by playing a
role in the malignant transformation of cells (19).

Studies on Ki-67 expression in salivary malignancies
indicate a biological role in salivary gland cancer pathogenesis
(20). Although the expression of MCM-3 has not yet been
widely studied in salivary gland neoplasm, MCM-3 might be a
useful proliferation marker for differential diagnosis and
recognition of clinical behavior of salivary gland tumors (21).
This study aimed to evaluate the MCM-3 protein expression in
benign and malignant salivary gland tumors and comparing the
obtained results with expression of Ki-67 antigen.

MATERIALS AND METHODS

The present study was conducted on 20 specimens diagnosed
as salivary gland tumor. Two sections from each specimen
(40 sections) were used. The cases were collected from the
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Maxillofacial and Plastic Surgery Department, Faculty of
Dentistry, Alexandria University. Five specimens of normal
salivary gland tissue served as control group, taken from a
safety margin of the same patient’s specimens, away from
the tumor tissue.

A written informed consent was obtained from all the
patients .The research protocol was approved by the Ethical
Committee of the Faculty of Dentistry.

Patients’ clinical data were collected from their files,
including the patient’s age and gender as well as the site of the
tumor. The specimens were fixed in 10% neutral buffered
formalin, processed and embedded in paraffin wax using the
conventional procedures.

Serial sections of 4 pum thick were placed on glass slides
and stained by (H&E) for routine histopathological
examination. A total of 20 cases were examined, 5 cases were
benign salivary gland tumors (3 pleomorphic adenoma,
myoepithelioma and Warthin's tumor one case each), and 15
cases were malignant salivary gland tumors (4 mucoepidermoid
carcinoma (MEC), 3 myoepithelial carcinoma, oncocytic
carcinoma, adenocarcinoma (NOS) and sebaceous
adenocarcinoma 2 cases each, carcinoma ex-pleomorphic
adenoma (CXPA) and adenoid cystic carcinoma (AdCC), one
case each.

Immunohistochemical staining was performed using a
Labeled Strept-Avidin Biotin complex ‘method (LSAB),
following manufacturer’s kit manual instructions.

Serial sections of 4 um thick were taken from the same
tissue blocks and mounted on poly-L-lysine coated glass
slides. The tissue sections were deparaffinized in xylene for
10 minutes, dehydrated in graded series of ethanol and washed
twice in phosphate buffered saline (PBS) for 5 minutes. All
sections were micro-waved in 0.0l citrate buffer for 15
minutes. This is done to unmask the antigenic sites in
formalin-fixed tissues and to'increase the staining intensity
of the primary antibody, the slides were then left to cool at
room temperature for 20 minutes. Blocking the endogenous
peroxidase was achieved by treating sections for 20 minutes
at room temperature with 0.3% hydrogen peroxide (H,0O,)
and then blocking with 1% bovine serum albumin (Sigma) in
phosphate-buffered saline (PBS) for one hour. To evaluate
the MCM3 and Ki-67 antigen expression, rabbit polyclonal
antibody (US Biologicay, USA) for MCM-3 was used on 20
sections, and rabbit polyclonal antibody ' (Thermo Fisher
Scientific, USA) for Ki-67 was used on 20 sections. Sections
were then incubated with the primary antibody for 1 hour at room
temperature with 1:50 dilution according to'the manufacturer's
specifications. After washing in PBS three times for two
minutes, sections were incubated in biotinylated secondary
antibody in PBS for 30 minutes at room temperature and
subsequently with streptavidin-peroxidase conjugate. Then
sections were washed in PBS in the same manner. The
0.02% diaminobenzidinehydrochloride (DAB) containing
0.03% hydrogen peroxidase used as chromogen to visualize
the peroxidase activity. Then they were washed in PBS in
the same manner. The tissue sections were washed in water,
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counterstained by Mayer's hematoxylin (Sigma) and covered
with glass slip. The number of Ki-67 and MCM-3 positive
nuclei was counted using Leica Quin 500 analyzer computer
system, (Leica Microsystems, Swizerland). The cursor was
used to point to the positive nuclei, which was then
automatically counted by the computer system. The number of
positive nuclei was calculated in 10 different fields using
magnification (x400).

Statistical analysis

Mean values and standard deviation (SD) were calculated for
each group. Analysis of data was performed using SPSS 17
(Statistical =~ Package for  Scientific  Studies) for
Windows.Description of quantitative variables (ex. Age,
number of positive nuclei) was in the form of mean, standard
deviation (SD). Mean values were recorded in control,
benign and malignant neoplasms were compared using
analysis of variance (ANOVA) test.. Comparison between
the groups (ex. Benign and malignant) was performed using
unpaired t test.

RESULTS

Clinical evaluation

The present study comprised tissue samples obtained from 20
patients (12 males and 8 females) which were diagnosed as
salivary gland tumor at Oral Pathology Department, Faculty of
Dentistry, Alexandria University. Base line data of all patients is
illustrated in (Table 1).

Table (1): The clinical data of SGT patients(N=20).

Variable % N

Type

¢ Benign 25% 5

¢ Malignant 75% 15
Age

(Mean = SD) 55.7£13.5
Gender

¢ Male 60% 12

¢ Female 40 % 8
Site

o Parotid 35% 7

¢ Submandibular 5% 1

o Sublingual 5% 1

¢ Minor salivary gland 55% 11

250



Abdalla et al.

Immunohistochemical results
¢ Patterns of Ki-67 and MCM-3 immunostaining in normal
salivary gland tissue:

Normal salivary gland tissue showed negative
immunoreactivity for both Ki-67 and MCM-3 in epithelial and
myoepithelial cells.
¢ Patterns of Ki-67 and MCM-3 immunostaining in benign

salivary gland tumors:

All the five benign salivary gland tumors showed
positive expression for Ki-67 and MCM-3.

Pleomorphic adenoma cases showed intense nuclear and
cytoplasmic immunosignals in myoepithelial cells for Ki-67.
In MCM-3, the examined cases of PA showed diffuse total
cell reactivity with different nuclear intensity (Fig.1).
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Fig. (1): Pleomorph1c adenoma showing intense diffuse p0s1tlve
immunosignals to Ki-67(a) and to MCM-3 (b) in
glandular epithelial and myoepithelial cells ( x200).

Myoepithelioma case exhibited positive cytoplasmic
immunoreaction of myoepithelial cells for Ki-67, while intense
total cell reactivity in myoepithelial cells for MCM=3 was noted

Flg (2) Myoepltheiloma exhlbltlng pos1t1ve 1mmun0react1v1ty
Ki-67 (a,) and to MCM-3(b) (x200).
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Papillary cysticadenoma lymphomatosum (Warthin's
tumor) exhibited intense immunoreactivity for both markers in
the oncocytic epithelial lining. However, the lymphoid stroma
was free from any reaction.
¢ Patterns of Ki-67 and MCM-3 immunostaining in

malignant salivary gland tumors:

All malignant tumors showed positive immunoxpression
for both Ki-67 and MCM-3 with different intensities.

Low-grade MEC expressed positive immunoreactivity
in the epidermoid «cells, whereas membranous

immunoreactions were noted in the clear and mucous
secreting cells for both Ki-67and MCM-3 (Fig.3), more over
the high-grade MEC showed intense immunopositivity
particularly in the epidermoid cells.

ii‘lg (3): Low-grade mucoeplderm01d carcinoma shov§1ng- positive
to Ki-67(a), and toMCM-3(b) immunore-activity in the
epidermoid and clear cells (x200).

Myoepithelial carcinoma showed total cell positivity for
both markers (Ki-67, and MCM-3) in the malignant epitheloid
andplasmacytoid myoepithelial cells.

Non otherwise specified adenocarcinoma (NOS),
showed intense diffuse positive immunostaining for both Ki-
67 and MCM-3 (Fig.4).
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Flg “4): Adenocarcmoma exh1b1t1ng total cell l positive
immunosignals to Ki-67 (a) and to MCM-3 (b) (x200).
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Oncocytic carcinoma, showed also total cell reactivitiy
in the malignant oncocytes. It was more intense to Ki-67
than to MCM-3 (Fig.5).

Flg (5) Oncocytlc carcinoma exhlbiting diffuse cytoplasmic
immunoreaction of Ki-67(a), and to MCM-3 (b)<in the
malignant oncocytic cells (x200).

Sebaceous adenocarcinoma, exhibited positive nuclear and
cytoplasmic immunoexpression of Ki-67.and total cell
immnuoreaction of MCM-3. In one case, squamous metaplasia
with keratin formation was seen with positive immunoreactions
to MCM-3.

In Carcinoma ex-pleomorphic adenoma intense diffuse
positive nuclear and cytoplasm immunoreactivity were detected
in almost all malignant cells-for both ki67 and MCM-3.

Adenoid cystic carcinoma exhibited positive nuclear and
cytoplasmic immunoexpression of Ki-67 in basaloid
myoepithelial and clear cells. Some nuclei were. free from any
reaction. Diffuse total immunopositivity to MCM-3 in_almost
all malignant basaloid and clear cells with different nuclear
intensities was detected as well (Fig.6).
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Fig. (6). Aden01d cystic carcinoma showing positive reaction in
the basaloid myoepithelial cells to Ki-67(a), and MCM-

3 (b) (x200)
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Statistical results:
Ki-67 immunoexpression

The mean number of Ki-67 positive nuclei in benign and
malignant tumors was (93.6£11.99), (155.4+20.73)
respectively .The greatest mean number of positive nuclei was
recorded in the malignant tumors. One way analysis of
variance (ANOVA) test revealed a statistically significant
difference (p<0.0001). Tukey’s post hoc test revealed a
significant difference between the two groups.
MCM-3 immunoexpression

The mean number of MCM-3positive nuclei in benign and
malignant< tumors . was (87.64+£9.51), (123.73= 7.4)
respectively. The greatest mean number of positive nuclei was
recorded in the malignant tumors. One way analysis of
variance (ANOVA) test revealed a statistically significant
difference (p<0.0001). Tukey’s post hoc test revealed a
significant difference between the two groups.
Comparison between Ki-67 and MCM-3
Immunoexpression

The mean number of Ki-67 positive nuclei in benign and
malignant tumor were greater than the mean number of
MCM-3 positive nuclei . Unpaired t test revealed that the
difference was not statistically significant (p=0.234) in
benign tumor, and the difference was statistically significant
in and in malignant tumors (p=0.0002).

DISCUSSION

Salivary gland tumors (SGTs) are relatively uncommon
lesions accounting for 3-6% of all head and neck neoplasms.
World Health Organization (WHO) has given the global
incidence of salivary gland tumors as 0.4-13.5 cases per
100,000 population annually (22).

The rapid proliferation rate is one of the features
common to most neoplasms. Identification of a proliferating
fraction within the tumor cell population has been useful in
diagnosis and/or prognosis in a range of human cancers.
Biological markers indicative of cell cycle state has proven
useful for determining growth fractions(23).

In the present study, Ki-67 protein was examined in
normal salivary gland tissues as well as benign and
malignant salivary gland tumors. All normal control sections
of salivary gland tissues revealed negative immunoreactivity
to Ki-67.

Ki-67was expressed in all the examined salivary gland
tumors with different intensities. The malignant salivary
gland tumors showed intense and abundant staining of Ki-67
compared to benign tumor.

In this work, the pleomorphic cases adenoma showed
positive nuclear and cytoplasmic Ki-67 immunosignals in
myoepithelial cells, while carcinoma ex- pleomorphic
adenoma (CXPA ) exhibited intense diffuse total cell
immunepositivity in the almost all malignant cells, These
findings are in agreement with Tadbir et al (24), and
Trandafirescu et al (25), who mentioned that, Ki-67 is useful
in assessing the intensity of proliferation in plemorphic
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adenoma and it gives indications on the risk of malignancy.
Also Freitas et al (26) suggested that CXPA having a higher
Ki-67 proliferative index than pleomorphic adenoma,
therefore it may be useful in distinguishing CXPA from
benign pleomorphic adenoma (26).

Myoepithelioma, in the present study, exhibited positive
immunoreaction to Ki-67 in myoepithelial cells, whereas
myoepithelial carcinoma showed diffuse total cell positivity
to Ki-67 in the malignant epitheloid and plasmacytoid
myoepithelial cells. This is in accordance with Nagao et al
(1), they stated that Ki-67 labeling index (LI) is helpful in
the differential diagnosis between myoepithelioma and
myoepithelial carcinoma.

The only studied case of Warthin's tumor showed
intense immunoreactivety to Ki-67 in the oncocytic
epithelial cells. However, the lymphoid stroma was free
from any reaction, this is in accordance with, Sangeetha et al
(27) in their work on salivary glands.

The cases of mucoepidermoid carcinoma included in this
study were of the high and low grade types. Both types were
positively immunoreactive to Ki-67, being obviously more
intense in the high grade type especially in the epidermoid
cells. Accordingly Nguyen et al (28), found that, strong Ki-67
staining occurred in patients with high-grade MEC, whereas
low-grade MEC revealed negative or weak  staining.  This
indicated that the proliferating index of Ki-67 may be used as
an important parameter for grading mueoepidermoid
careinoma (29).

In the present work, AdCC exhibited intense positive
nuclear and cytoplasmic immunoexpression to Ki-67. This is
in agreement with Lazzaro et al (30), while Fonseka et al
(31), reported low expression of this marker in adenoid
cystic carcinoma. This difference may be due to measuring
the expression by using immunohistochemical staining,
which is affected by tissue aging, staining technique, enzyme
antibody used, and single observer bias.

Previous studies have proposed that MCM proteins may
be sensitive proliferation markers and may serve as novel
biomarkers for prognostication and diagnosis of various
premalignant and malignant lesions (32; 33). As suggested
by Ashkavandi et al (21),MCM-3 is useful to determine the
prognosis and in the differential diagnosis of salivary gland
tumors.

In the current work, MCM-3 was expressed in all the
examined salivary gland tumors with different. intensities. In
general all salivary gland malignancies, compared to benign
lesions, were highly expressive to MCM-3, whereas the
normal control section of salivary gland tissues revealed
negative immunoreactivity to MCM-3.

In this research, both pleomorphic adenoma and
carcinoma ex- pleomorphic adenoma , showed positive total
cell immunoreaction to MCM-3,with increased intensity of
staining in CXPA. This agrees with Vargas et al (32). They
found MCM-2 LI was higher in CXPA than pleomorphic
adenoma.
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The case of adenoid cystic carcinoma included in this
research revealed diffuse total cell immunopositivity to
MCM-3. This is in accordance with Ashkavandi et al (21)
and Ghazy et al (34), although the latter found that adenoid
cystic carcinoma revealed only cytoplasmic MCM-2
staining. The heterogeneity in staining is cell cycle
dependent as suggested by Yan et al (16).Who found that ,
unbudded cells showed clear nuclear staining, whereas
premitotic budded cells {single nucleus) showed
cytoplasmic staining. In contrast, postmitotic large budded
cells (two divided nuclei) showed either nuclear or
cytoplasmic staining.

This study showed that mucoepidermoid carcinoma
expressed positive immunoreactivity in epidermoid and
mucus secreting cells, with the high grade MEC cases
showing a marked increase. of MCM-3 expression when
compared to the low grade cases. This is in agreement with
Ashkavandi et al (21), Vargas et al (32), and Ghazy et al (34).
This..might be explained by the fact that in cancer,
differentiated neoplastic cells tend to grow and spread at a
slower rate than undifferentiated or poorly differentiated cells,
which lack the structure and function of normal cells and grow
uncontrollably (35).

In the present study, the myoepithelioma and
myoepithelial carcinoma exhibited total positive cell
reactivity to MCM-3. The malignant epitheloid and
plasmacytoid myoepithelial cells were more intensely
immunostained. This was in conform with Ghazy et al (34),
who reported that myoepithelial carcinoma showed higher
value of MCM-2 expression, which might indicate the
aggressive behavior of this neoplasm.

MCM-3 is part of the replication licensing complex and
thus tightlyassociated with cell proliferation (36). Therefore,
it was important to compare the expression levels of MCM-3
and the established proliferation marker (Ki-67) in SGTs.

According to this work the expression of Ki-67 protein in
malignant SGTs was significantly higher than expression of
MCM-3. In contrast, most studies have demonstrated that, LI
of MCM-3 was significantly higher than Ki-67 LI, in the
different human tumor including SGTs (19, 21, 36). The
difference may be related to the type of antibody used
(monoclonal and polyclonal), and the differences in how the
cells are counted.

The fact that the MCM-3 LI was considerably higher
than the Ki-67 LI suggests that Ki-67 may be expressed
during a shorter interval of the cell cycle than MCM-3. The
mRNA levels of MCM-3 are dramatically induced at the
G1-S boundary, whereas Ki-67 is predominantly expressed
during the S, G2, and M phases, MCM-3 is expressed even
in normal and neoplastic cells at the early G1 phase, Ki-67
expression cannot be detected at this stage (37).

In the present work, positive correlation was documented
between MCM-3 expression and Ki-67 expression in malignant
SGTs (the correlation coefficient r=0.2309). This is in
agreement with a study conducted by Shetty et al (38), who
reported that, on mammary carcinomas, a positive correlation
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was disclosed between the expression intensities of MCM-2 and
Ki-67. In contract, Lee et al (39), in papillary thyroid
carcinoma (PTC) demonstrated that, there was no significant
correlation between labeling indices of MCM-3 and Ki-67.

Since only one previous study has assessed MCM-3
expression in salivary gland tumors Ashkavandi et al (21),
more work is required to add to the growing body of
knowledge on the application of this novel proliferation
marker in the study of salivary gland tumours.

CONCLUSION

This study concludes that

* Ki-67 and MCM-3 proteins are overexpressed in
malignant salivary gland tumors than benign ones.

* Both Ki-67 and MCM-3 may be reliably applied as
diagnostic markers to distinguish benign from malignant
salivary gland tumors.

CONFLICT OF INTEREST
The authors declare that they have no conflicts of interest.

REFERENCES

1. Nagao T, Sato E, Inoue R, Oshiro H, Reisuke H.
Takahashi, Takeshi Nagai,. Immunohistochemical
Analysis of Salivary Gland Tumors:" Application for
Surgical Pathology Practice. Acta Histochem
Cytochem 2012; 45: 269-82.

2. Brandwein MS, Ferlito A, Bradley PJ, Hille JJ,
Rinaldo A. Diagnosis and classification of salivary
neoplasms: pathologic challenges and relevance to
clinical outcomes. Acta Otolaryngol 2002; 122: 758-
64.

3. Seifert G, Donath K. Hybrid tumours of salivary
glands. Definition and classification of five rare cases.
Eur J Cancer B Oral Oncol 1996; 32B: 251-9.

4. Habberstad AH, Gulati S, Torp SH. Evaluation of the
proliferation markers Ki-67/MIB-1, mitosin, survivin,
pHH3, and DNA topoisom erase <Ila in human
anaplastic astrocytomas - an immunohistochemical
study. Diagn Pathol 2011; 6: 43-50.

5. Brown DC, Gatter KC. Ki67 protein: the immaculate
deception? Histopathology 2002; 40: 2-11.

6. van Dierendonck JH, Keijzer R, van de Velde CJ,
Cornelisse CJ. Nuclear distribution. of the Ki-67
antigen during the cell cycle: Comparison with growth
fraction in human breast cancer cells. Cancer Res
1989; 49: 2999-3006.

7. Huret JL. Rhabdoid predisposition syndrome. Atlas Genet
Cytogenet Oncol Haematol. 2000. Available at:
http://AtlasGeneticsOncology.
org/Kprones/rhabdKpronID10051.html

8. Hua C, Zhao G, Li Y, Bie L. Minichromosome
Maintenance (MCM) Family as potential diagnostic
and prognostic tumor markers for human gliomas.
BMC Cancer 2014; 14: 526 -33.

Alexandria Dental Journal. (2015) Vol .40 Pages: 248-255

Expression of MCM3 and Ki-67 in Salivary Gland Tumors

9. Scott IS, Morris LS, Bird K, Davies RJ, Vowler SL,

Rushbrook SM, et al. A novel immunohistochemical
method to estimate cell-cycle phase distribution in
archival tissue: implications for the prediction of
outcome in colorectal cancer. J Pathol 2003; 201: 187-
97.

10. Chong JP, Thommes P, Blow JJ. The role of
MCM/Plproteins in the licensing of DNA replication.
Trends Biochem Sci 1996; 21: 102-6.

11. Aparicio OM, Weinstein DM, Bell SP. Components
and dynamics of DNA replication complexes in S.
cerevisiae: redistribution of MCM proteins and Cdc45p
during S phase. Cell 1997; 91: 59-69.

12. Thommes P, Fett R, Schray B, Burkhart R, Barnes M,
Kennedy C, et al. Properties of the nuclear P1 protein,
a mammalian  homologue of the yeast MCM3
replication protein. Nucleic Acids Res 1992; 20: 1069-
74.

13.Burkhart R, Schulte D, Musahl C, G6hring F, Knippers
R. Interactions of human nuclear proteins P1Mcm3 and
P1Cdc46. Eur J Biochem 1995; 228: 431-8.

14.Musahl C, Holthoff HP, Lesch R, Knippers R. Stability
of the replicative Mcm3 protein in proliferating and
differentiating human cells. Exp Cell Res 1998; 24:
260-4.

15.Hennessy KM, Clark CD, Botstein D. Subcellular
localization of yeast CDC46 varies with the cell cycle.
Genes Dev 1990; 4: 2252-63.

16.Yan H, Merchant M, Tye BK. Cell cycle-regulated
nuclearlocalization of MCM2 and MCM 3, which are
required for the initiation ofDNA synthesis at
chromosoemal replication origins in yeast. Genes Dev
1993;7: 2149-60.

17.Crook T, Wrede D, Tidy JA, Mason WP, Evans DJ,
Vousden KH. Clonal p53 mutation in primary cervical
cancer: association with human-papillomavirus-
negative tumours. Lancet 1992; 339: 1070-3.

18.Busby-Earle RM, Steel CM, Williams AR, Cohen B,
Bird CC p53 mutations in cervical carcinogenesis-low
frequency and lack of correlation with human
papillomavirus status. Br J Cancer 1994; 69: 732-7.

19.Ha SA, Shin SM, Namkoong H, Lee H, Cho GW, et al.
Cancer-Associated Expression of Minichromosome
Maintenance 3 Gene in Several Human Cancers and Its
Involvement in Tumorigenesis. Clin Cancer Res 2004;
10: 8386-95.

20.Ben-Izhak O, Akrish S, Nagler RM. Ki67 and salivary
cancer. Cancer Invest 2008; 26: 1015-23.

21.Ashkavandi ZJ, Najvani AD, Tadbir AA, Pardis S,
Ranjbar MA, Ashraf MJ. MCM3 as a novel diagnostic
marker in benign and malignant salivary gland tumors.
Asian Pac J Cancer Prev 2013; 14: 3479-82.

22.Barnes L, Eveson J, Reichart P, Sidransky D. Tumors
of the salivary glands. In: World Health Organization
classification of tumors. Pathology and genetics of
head and neck tumors. Lyon: IARC, 2005. p 210-81.

254



Abdalla et al.

23.Quinn CM, Wright NA. The clinical assessment of
proliferation and growth in human tumours: evaluation
of methods and applications as prognostic variables. J
Pathol 1990; 160: 93-102.

24.Tadbir AA, Pardis S, Ashkavandi ZJ, Najvani AD,
Ashraf MJ, Taheri A, et al. Expression of Ki67 and
CD105 as proliferation and angiogenesis markers in
salivary gland tumors. Asian Pac J Cancer Prev 2012;
13: 5155-9.

25.Trandafirescu M, Cotutiu C, Cojocaru E, Foia L.
Immunohistochemical ~ Aspects In  Pleomorphic
Adenoma, Related To Its Histogenesis And
Malignization. Romanian J Oral Rehabil 2012; 4: 11-6.

26. Freitas LL, Araujo VC, Martins MT, Chone

C, Crespo A, Altemani A. Biomarker analysis in
carcinoma ex pleomorphic adenoma at an early phase of
carcinomatous transformation. Int J Surg Pathol 2005; 13:
337-42.

27.Sangeetha N, Palaniappan V, Hemavathy N, Subathra
K. Histo-pathological Analysis of Salivary Gland
Lesions with Ki-67 Immunoprofile. RIPBCS 2014; 5:
993-1004.

28.Nguyen LH, Black MJ, Hier M, Chauvin P, Rochon L.
HER2/neu and Ki-67 as Prognostic Indicators in
Mucoepidermoid Carcinoma of Salivary Glands. J
Otolaryngol 2003; 32: 328-31.

29.Expression of proliferating cell nucler antigen and ki-
67 antigen in mucoepidermoid carcinoma. The lobal
journal of medicine and hygiene, 2013.

30.Lazzaro B, Cleveland D. P53 and Ki-67 antigen
expression in small oral biopsy specimens of salivary
gland tumors. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2000; 89: 613-7:

31.Fonseca I, Felix A, Soares J. Cell proliferationin
salivary gland adenocarcinomas with myoepithelial
participation. Astudy of 78 cases. Virchows Arch
1997; 430: 227-32.

32.Vargas PA, Cheng Y, Barrett AW, Craig GT, Speight
PM .Expression of Mcm-2, Ki-67and geminin in
benign and malignant salivary gland tumours] Oral
Pathol Med 2008; 37: 309-18.

33.Fanshawe T, Prevost A, Sainsbury R, Williams G,
Stoeber K. DNA replication licensing and cell cycle
kinetics of normal and neoplastic breast. Brit J Cancer
2005; 93: 1295-300.

34.Ghazy SE, Helmy IM, Baghdadi HM. Maspin and
MCM2 immunoprofiling in salivary/gland carcinomas
Diagn Pathol 2011; 6: 89.

35.Yamaguchi N, Ito E, Azuma S, Honma R, Yanagisawa
Y, Nishikawa A, et al. Fox Al as a lineage-specific
oncogene in luminal type breast cancer. Biochem
Biophys Res Commun 2008; 365: 711-7.

36.Soling A, Sackewitz M, Volkmar M, Schaarschmidt D,
Jacob R, Holzhausen HJ, et al. Minichromosome
Maintenance Protein 3 Elicits a Cancer-Restricted
Immune Response in Patients with Brain Malignancies

Alexandria Dental Journal. (2015) Vol .40 Pages: 248-255

Expression of MCM3 and Ki-67 in Salivary Gland Tumors

and Is a Strong Independent Predictor of Survival in
Patients with Anaplastic Astrocytoma Clin Cancer Res
2005; 11: 249-58.

37.Constantinos G, Stephanie V, Philippe V, Stamatios T.
MCM proteins as diagnostic and prognostic tumor
marker in the clinical setting. Histol Histopathol 2010;
25:351-70.

38.Shetty A, Loddo M, Fanshawe T, Prevost AT,
Sainsbury R, Williams GH, et al. DNAreplication
licensing and cell cycle kinetics of normal
andneoplastic breast. Br J Cancer 2005; 11: 1295-300.

39.Lee YS; Ha SA, Kim HJ, Shin SM, Kim HK, Kim S, et
al. Minichromosome maintenance protein 3 is a
candidate  proliferation marker in papillary thyroid
carcinoma. Exp Mol Pathol 2010; 88: 138-42.

255



