
Abstract. Background: Minichromosome maintenance
proteins (MCM), due to their involvement in DNA
replication in the course of mitosis, may provide sensitive
markers of cell proliferation. Localization of MCM-3 and
the extent of its expression were evaluated in mammary
adenocarcinomas and soft tissue fibrosarcomas in dogs.
The obtained results were compared to grades of
malignancy (G) of the studied tumours. Materials and
Methods: The research material was sampled in the course
of surgery in 71 dogs of various breeds, aged 4 to 14 years
(50 cases of mammary adenocarcinoma and 21 cases of
soft tissue fibrosarcoma). The tumours were verified by
histopathology and immunohistochemistry was used to
evaluate MCM-3 expression. The preparations were
photographed and the images were subjected to computer-
assisted image analysis using MultiScanBase Ver. 14.02
software. Results: Nuclear expression of MCM-3 was
detected in 70%  adenocarcinomas and in over 71%  of
fibrosarcomas. Augmented expression of MCM-3 was
observed in samples of tumours manifesting higher grade
of malignancy. Statistical analysis demonstrated strong
positive correlation (r=0.71 for fibrosarcomas, r=0.52 for
adenocarcinomas; p<0.05) between MCM-3 expression
and grade of malignancy in the studied tumours.
Conclusion: MCM-3 may provide a sensitive and useful
marker of proliferative potential in various histological
types of neoplastic tumours. 

An increase in the incidence of neoplastic tumours,
including their malignant forms, continues to be observed
in both humans and animals. Out of the malignant epithelial
tumours, mammary gland adenocarcinoma is the most
frequent form, both in women and in bitches. Despite
increasingly effective oncological prevention and diagnosis,
this malignancy represents one of the principal causes of
death due to neoplastic disease. Soft tissue sarcomas (STS)
represent another form of the disease. In contrast to the
relatively frequent carcinomas, in humans they account for
just 1%  and in animals for 14%  of all diagnosed malignant
tumours (1, 2). Even if relatively rare, this group of
malignancies of mesenchymal origin pose a significant
problem in oncology. This reflects, first of all, their
incompletely recognised etiopathogenesis and their
treatment, which usually manifests low efficacy (2).
Fibrosarcomas form a prevalent subgroup of canine soft
tissue sarcomas while adenocarcinomas are the most
frequently diagnosed type of mammary cancer in bitches
(2-6).

Both in veterinary medicine and in human therapy,
problems arise due to relatively late detection of the
neoplastic disease. The late diagnosis reflects, among other
causes, the lack of tumour-induced complaints (e.g. in soft
tissue sarcomas) (7). In the case of mammary
adenocarcinomas in bitches, the tumours are unnoticed by
owners of the dogs at the preliminary stages as, similarly to
sarcomas, they induce no pain or motor disturbances in the
dog. In such a situation, an accurate evaluation of a tumour’s
malignancy grade (G) represents a very important element
of histopathological diagnosis since it allows prediction of
the prognosis of the disease to be attempted. Nevertheless,
grading of the tumour on the basis of subjective appraisal of
cellular pleomorphism, mitotic activity or extent of necrosis
in the tumour is insufficient. In such a situation, attempts are
made to take advantage of additional markers of cell
proliferation (such as proteins of MCM family), which
would permit a more precise prognosis. 
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A key element in cell proliferation involves DNA
synthesis. Initiation of DNA replication in both normal and
neoplastic cells represents a complex multi-stage mechanism.
Principles of the process include cyclical association of
initiation factors to the so-called pre-replication complexes
(pre-RC) (7-10). The main component of pre-RC involves
the hexameric minichromosome maintenance complex
(MCM), consisting of strongly conserved proteins, namely
MCM-2, MCM-3, MCM-4, MCM-5, MCM-6 and MCM-7
(10, 11). Association of MCM complex to pre-RC takes place
as early as the G1-phase but at this stage its conformation is
inactive. It is not until the S-phase of the cell cycle that MCM
complex becomes phosphorylated, forming an enzymatically
active helicase. The latter becomes linked to DNA and
subsequently dissociates out of pre-RC. Its effects include
disentangling of double DNA strands and gradual association
of proteins, which participate in DNA replication (10). It
should be noted that association of MCM complex to pre-RC
is spaced in time from its activation so that DNA replication
occurs only once in every cell division. Even if MCM
proteins bind to chromatin before DNA replication and
undergo gradual separation in the course of replication,
remaining in the cell nucleus throughout the cycle of the
replicating cell (12). It should be added that, in contrast to
neoplasms, MCM proteins undergo degradation in cells which
pass into quiescence stage or undergo terminal differentiation,
as occurs in the majority of normal tissues (13-16). 

This study aimed at determining localization of extent of
expression of MCM-3 in cells of canine mammary
adenocarcinomas and soft tissue fibrosarcomas using
immunohistochemical techniques and at comparing the
obtained results with grades of tumour malignancy (G).
Positive results of the tests might provide a rationale for
application of proteins in MCM family as markers
facilitating determination of the extent of tumour cell
proliferation.

Materials and Methods

Samples for the study were obtained during surgery in 71 dogs of
various breeds, aged 4 to 14 years. The tumours were verified as
adenocarcinomas (50 cases) and as fibrosarcomas (21 cases) by
histopathology.

Formalin-fixed, paraffin-embedded tissue was cut (4 μm) and the
sections were prepared routinely. Detection of MCM-3 antigen
expression was preceded by 15 min exposure of the sections in a
microwave oven to boiling Antigen Retrieval Solution
(DakoCytomation, Denmark) at 250 W. For demonstration of MCM-3
antigen expression, mouse monoclonal antibodies (clone 101) were
used at a dilution of 1:50 (DakoCytomation). The sections were
incubated with antibody for 1 h at room temperature. Subsequently,
incubations were performed with biotinylated antibodies (15 min, room
temperature) and with streptavidin-biotinylated peroxidase complex (15
min, room temperature) (LSAB2; HRP, DakoCytomation, Denmark).
DAB (DakoCytomation, Denmark) was used as a chromogen (7 min,

room temperature). All the sections were counterstained with Meyer’s
hematoxylin. In every case, controls were included in which the specific
antibody was substituted by the Primary Negative Control
(DakoCytomation).

Microphotographs of the obtained preparations were subjected to
computer-assisted image analysis via a computer coupled to
Axiophot Optical Microscope (Carl Zeiss, Germany). The set had
the potential to record images and to perform their digital analysis.

The measurements took advantage of MultiScanBase Ver. 14.02
software (Computer Scanning Systems, Warszawa, Poland). 

Microscope examination allowed for sorting of the tumours into
three groups of a variable malignancy grade. The method for the
evaluation of the malignancy grade included three parameters scored
on a scale from 0 to 3 points: histological differentiation of the
tumour; number of mitoses per 10 large visual fields under ×400
magnification and area of necrosis. The sum of the points enabled
the distinction of 3 grades of malignancy (G) among the tumours:
2-3 pt, G1; 4-5 pts, G2; 6-8 pts, G3 (1). The expression of MCM-
3 antigen was appraised semiquantitatively by evaluating the
proportion of positive cells 0-5% : no reaction (–), 6-25% : weak
reaction (+), 26-50% : moderate reaction (++), above 50% : intense
reaction (+++). The obtained results were subjected to statistical
analysis employing Statistica PL software (StatSoft, Krakow,
Poland) and using Spearman’s correlation analysis. 

Results

The expression of MCM-3 protein was demonstrated both in
canine mammary adenocarcinomas and in soft tissue sarcomas
(Figures 1, 2). The expression was noted in the cell nucleus. 

Evident differences in intensity of the protein expression
were detected in each group of the studied tumours. In cases
of mammary adenocarcinomas, 28%  tumours manifested
MCM-3 expression estimated at +, 26%  at ++ and 16%  at
+++. In cases of soft tissue fibrosarcomas, 47%  tumours
manifested expression estimated at +, over 19%  at ++ and
almost 5%  at +++. It should be mentioned that 30%  of
adenocarcinomas and over 28%  of sarcomas presented no
MCM-3 expression. The distribution of MCM-3 expression,
as related to G tumour malignancy grade in mammary
adenocarcinomas (Figure 3) and fibrosarcomas (Figure 4)
presented an interesting pattern. In G1 adenocarcinomas,
over 46%  tumours manifested no MCM-3 expression, over
28%  showed expression of the protein at +, almost 18%  at
++ and over 7%  at +++. In cases of G2 adenocarcinomas,
over 13%  of the tumours demonstrated no MCM-3
expression, more than 33%  showed expression at + , 40%
at ++ and over 13%  at +++. In all cases of G3
adenocarcinomas, MCM-3 expression was shown: 14%  at +,
over 28%  at ++ and over 57%  at +++. In soft tissue
fibrosarcomas of G1 grade, 40%  of tumours manifested no
MCM-3 expression, over 53%  at + and almost 7%  at ++,
while expression at +++ was not noted. All fibrosarcomas of
G2 or G3 grade manifested variable expression of MCM-3:
in G2, MCM-3 expression was detected in 50%  at + and
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Figure 1. High expression of MCM-3 (brown nuclei) in cells of canine
mammary gland adenocarcinoma (×200, counterstained with
hematoxylin). 

Figure 2. High expression of MCM-3 (brown nuclei) in cells of canine
soft tissue fibrosarcoma (×100, counterstained with hematoxylin). 

Figure 3. Proportion of adenocarcinomas which manifest MCM-3
expression, as related to grade of malignancy (G).

Figure 4. Proportion of fibrosarcomas manifesting expression of MCM-3,
as related to grade of malignancy (G).

Figure 5. Correlation between expression of MCM-3 and G in cells of
canine mammary gland adenocarcinoma. Correlation coefficient r=0.52;
p<0.05.

Figure 6. Correlation between expression of MCM-3 and G in cells of
canine fibrosarcoma. Correlation coefficient r=0.71; p<0.05.



50%  at ++. Moreover, in that subgroup there were no cases
of no MCM-3 expression nor of +++. In the G3 subgroup of
fibrosarcomas, half of the studied cases demonstrated MCM-
3 expression at ++ and the other half at +++.

Spearman’s correlation analysis showed statistically
significant positive correlation between expression of MCM-
3 and the G grade both in mammary adenocarcinomas
(r=0.52; p<0.05) and in soft tissue fibrosarcomas (r=0.71;
p<0.05) (Figures 5, 6). 

Discussion

In the present study, the expression of MCM-3 as related
to G grade of malignancy was analysed in 71 cases of the
most frequently manifested malignant tumours in dogs,
namely in mammary adenocarcinomas and in soft tissue
fibrosarcomas.

The results show that a growing grade of tumour
malignancy (both of fibrosarcomas and adenocarcinomas) is
accompanied by an increasing level of MCM-3 expression:
from 7%  G1 adenocarcinomas to 53%  G3 tumours
manifesting strong (+++) MCM-3 expression; in soft tissue
fibrosarcomas, from total absence of the pronounced MCM-
3 expression in G1 tumours to 50%  of G3 tumours with
strong (+++) MCM-3 expression. In a similar way, Rodins
et al. (17) documented a positive correlation between
expression of MCM-2 and malignancy grade in 56 cases of
malignant tumours of human kidney (clear cell carcinoma,
chromophil carcinoma, oncocytoma and transitional cell
carcinoma). Moreover, the authors detected a significant
correlation between MCM-2 expression level and expression
of Ki-67 proliferation-associated antigen, although in all the
studied tumours antibodies directed to MCM-2 labelled
around ten-fold higher numbers of cells than Ki-67
antibodies did. It should be added that several authors
showed that in non-neoplastic tissues, expression of MCM
family proteins reached higher or similar levels as compared
to expression of Ki-67, the recognized proliferation marker
(18, 19). In turn, Meng et al. (20) studied 92 cases of
prostate gland and detected a significantly increased level of
MCM-2 expression in tumours as compared to the normal
tissue. In these studies, patients with high expression of
MCM-2 also manifested shorter disease-free survival times.
Similarly to other types of malignant epithelial cells, such as
non-small cell lung carcinoma or oral cavity squamocellular
carcinoma, increased expression of MCM-2 correlated with
shorter survival of the patients (21, 22).

The presented study shows a positive correlation between
expression of MCM and malignancy grade in fibrosarcomas,
which was also noted in malignant mesenchymal tumours in
humans. Halfenstein et al. (23) examined 17 cases of
chondrosarcoma and 14 cases of enchondroma and found
that expression of MCM-6 clearly correlated with tumour

malignancy grade. In addition, expression of MCM-6 was
markedly higher in G1 chondrosarcomas than in
enchondromas, which, according to the authors, might
facilitate differential diagnosis of the tumours. Similarly,
Sington et al. (24) analysed 51 myxofibrosarcomas in
humans and documented positive correlation between
intensity of MCM-2 expression and tumour malignancy
grade and mitotic indices. Moreover, the authors noted that
increased expression of MCM-2 was accompanied by
increasingly shorter time to relapse. 

In the cases of cervical intraepithelial neoplasia,
previously termed a pre-invasive carcinoma, Ki-67 could be
detected in around 10%  superficial epithelial cells while
MCM-5 was present in almost all the cells (25). In a similar
way, in many other dysplastic conditions in humans, such as
Bowen’s disease or colon adenomas, MCM undergo a
markedly higher expression than that of Ki-67 (26-28).
These results allow us to suggest that MCM proteins may
serve as a proliferation marker of not only neoplastically
transformed cells but also of cells in the course of neoplastic
transformation process. The cells remaining in the cell cycle
due to disturbed proliferation control stay at the threshold
between a normal and a neoplastically transformed cell.
Their early detection might permit implementation of an
appropriate treatment to prevent development of a neoplastic
disease. In conclusion, MCM proteins may provide a
sensitive cell proliferation marker in line with the routinely
used antigens such as Ki-67 or PCNA.
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