
Abstract. Background: Despite great progress in the
understanding of ovarian cancer biology, clinico-
pathological data (i.e. grade, stage, histological type and
residual disease after surgery) seem to be the most
important prognostic factors. Materials and Methods: The
present study aimed to investigate the relationship between
expression of minichromosome maintenance proteins
(MCM-3, MCM-7), metallothioneins (MT-I/II, MT-III), and
Ki-67 in 103 ovarian cancer cases, mostly of the serous
histological type. Results: Statistical analysis revealed
strong positive correlations in the expression of MCM-3 vs.
Ki-67 (r=0.492), MCM-7 vs. Ki-67 (r=0.651), and MCM-3
vs. MCM-7 (r=0.515) (all p<0.0001). The Kruskal–Wallis
test showed an association of increased expression of
MCM-3 and Ki-67 with increasing grade of histological
malignancy (p=0.0011, p=0.029, respectively). Regarding
clinical progression, cytoplasmic MT-I/II expression was
significantly higher in more advanced disease stages
(III+IV vs. I+II; p=0.0247). Conclusion: Due to the
correlations shown here, the determination of MCM
proteins as proliferation markers of ovarian cancer, should
be strongly considered.

Ovarian cancer is highly metastatic and is the leading cause
of death amongst all gynecological malignancies. The
majority of women are diagnosed with disseminated
intraperitoneal carcinomatosis as a result of consultation for
unspecific or subtle signs and symptoms. Proposed risk
factors are generally associated with hormonal imbalance
related primarily to hyperestrogenism and hereditary factors,
such as genetic mutations in well-known loci. Surface
epithelial tumors (carcinomas) account for approximately
60% of all ovarian tumors and approximately for 90% of
malignant ovarian neoplasms (1). They arise from the normal
ovarian surface epithelium or inclusion cysts lined with such
cells. Ovarian tumors are also classified into five major
subtypes as follows: serous, mucinous, endometrioid, clear
cell, and transitional cell type (Brenner type). Tumors in each
type can be further subdivided into benign, intermediate
(borderline) and malignant (2). Clinicopathological data (i.e.
grade of histological malignancy, stage of clinical
advancement, histological type of tumor and residual disease
after surgery) seem to be the most important prognostic
factors, yet studies on determination of new prognostic
markers are ongoing (3). 

The family of minichromosome maintenance proteins
(MCMs) constitute a potential new tool in the assessment of
cancer cell proliferation rate. They are a highly conservative,
widespread group of proteins, with a well-known, important
role in DNA synthesis. In first step, during the end of mitosis
and the beginning of the G1 phase, inactive MCM 2-7
complexes are recruited into pre-replication complexes, while
they subsequently acquire helicase activity and take part in the
unwinding of DNA, establishing bi-directional replication forks
in the entry of the S phase (4-6). When DNA is replicated,
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MCMs dissociate from chromatin and ensure a single
replication per single cell cycle (7). MCMs are found in
proliferating cells and their expression is down-regulated when
cells enter into quiescent, differentiated and senescent states.
Their potential advantages as markers of proliferation could
rely on their close association with the regulation of replication.
Certain recent studies have shown associations between
elevated levels of MCMs and expression of Ki-67 antigen in
various types of cancers, e.g. breast and ovarian, suggesting the
possibility of using MCMs in cancer diagnostics (8, 9). 

Metallothioneins (MTs) are a group of low-molecular
proteins with a high content of cysteine residues (30%) which
allow them to bind to metal ions, such as Cu, Cd and Zn,
therefore enabling regulation of their homeostasis (10, 11).
Four main isoforms of mammalian MTs have so far been
identified (MT-I to MT-IV) (12, 13). MT-I and MT-II are
observed in most tissues of adult mammals, MT-III localizes
in the brain, whereas MT-IV in stratified epithelium (14, 15).
MT-I and MT-II have been shown to be multi-purpose
proteins involved in a broad range of functions including:
angiogenesis, immune defense response, metal homeostasis,
regulation of NF-κB (nuclear factor kappa-light-chain-
enhancer of activated B cells) expression, neutralization of
reactive oxygen, inhibition of inflammatory reaction and
apoptosis, regulation of the cell cycle and differentiation of
cells (16-19). Due to their involvement in cell proliferation
and survival, increased expression of MT-I/II mRNA and
proteins has been observed in various human cancer types;
such as cancers of the breast, kidney, lung, nasopharynx,
ovary, prostate, salivary gland, testes, urinary bladder, cervix,
endometrium, skin, pancreas, and melanoma, and acute
lymphoblastic leukemia. However, in other types of tumors
[e.g. hepatocellular, gastric, colorectal, central nervous system
(CNS), and thyroid cancers] decreased expression has been
demonstrated (20). The role of the MT-III, also known as
growth-inhibitory factor (GIF), in cancer cells seems to be
more complex. In gastric and esophageal cancer,
downregulation due to MT-III promoter hypermethylation
was reported (21, 22). In breast cancer, lack of MT-III
expression was rare and associated with a good prognosis
(23), whereas in kidney cancer, no statistical significance was
observed (24). However, in some types of cancer, e.g. urinary
bladder, prostate, stomach and breast its expression was
elevated and similarly to MT-I/II was associated with cancer
cell resistance to cytotoxic agents (25-29).

To the Authors’ knowledge, studies comparing the
expression of MTs and MCMs, in association with
proliferation in ovarian cancer have not been conducted.
Therefore, the aim of this study was to investigate the
relationship between expression of MT-I/II, MT-III, MCM-
3, MCM-7, and Ki-67 antigen in ovarian cancers and the
clinicopathological data and to analyze their potential impact
on patients’ outcomes.

Materials and Methods

Patients. The study was conducted on 103 archival paraffin blocks
with ovarian cancer samples obtained during radical ovariectomy in
the Department of Gynecologic Oncology at the University of
Medical Sciences in Poznan. All patients received surgical and
chemical treatment according to existing protocols. All cases were
analyzed by age, histological type, malignancy grade and stage
according to the 1988 International Federation of Gynecology and
Obstetrics (FIGO) classification. Histological types were determined
according to the World Health Organization (WHO) criteria (30).
Patient’s ages at the time of the diagnosis ranged from 31 to 79
(median 50) years. Based on the literature data, patients were
divided into three age groups: <45 years old, 45-55 and >55 years
old. By histological, examination 79/103 (77%) cases were
diagnosed as serous ovarian cancer. The remaining 24/103 (23%)
cases of non-serous cancer consisted of: 4/103 (3.7%) mucinous,
18/103 (17.4%) endometrioid and 2/103 (1.9%) clear cell cancer.
According to the WHO classification of histological malignancy
grade, 17/103 cases were graded as G1 (16.6%), 43/103 as G2
(41.7%) and 43/103 as G3 (41.7%). Based on the FIGO
classification, 12/103 cases were evaluated as stage I (11.6%),
12/103 cases as stage II (11.6%), 76/103 cases as stage III (73.9%)
and 3/103 cases as stage IV (2.9%). The mean observation time was
41.5 (range=4-98) months. During this time, 78 of the patients died. 

Immunohistochemistry (IHC). The samples were fixed in 4%
buffered formalin, dehydrated and embedded in paraffin. The
paraffin blocks were cut into 7-μm sections and stained with
hematoxylin and eosin for initial histological evaluation. For IHC
reactions, 4-μm thick paraffin sections were prepared. The sections
were dewaxed, re-hydrated and the epitopes were exposed using
Pre-Treatment Link Rinse Station and Target Retrieval Solution (pH
6 for Ki-67; pH 9 for the rest of the markers; 97˚C, 20 min)
(DakoCytomation, Glostrup, Denmark). Activity of endogenous
peroxidase was blocked by 5 min exposure to Peroxidase-Blocking
Reagent (DakoCytomation). The sections were then rinsed with
Wash Buffer and incubated for 20 min at room temperature with the
following primary antibodies (from DakoCytomation, unless stated
otherwise) directed against: MT-I/II (clone E9, 1:100), MT-III (non-
commercial rabbit polyclonal antibody raised against
GGEAAEAEAEKC peptide, 1:800; obtained from Invitrogen,
Carlsbad, USA), MCM-3 (clone 101, 1:50), MCM-7 (clone DCS-
141.1, 1:50; Leica, Weltzar, Germany;), estrogen receptor (ER,
clone 1D5, 1:100), progesterone receptor (PR, clone 636, 1:100) and
Ki-67 (clone MIB1, 1:100). Secondary goat anti-mouse and anti-
rabbit antibodies coupled to a dextran core, linked to horseradish
peroxidase, were applied and subsequent visualization was
performed using the EnVision™ FLEX+ system (DakoCytomation)
according to the manufacturer’s instructions. All IHC reactions were
performed in an automated staining platform, Autostainer Link48
(DakoCytomation). The reactions were visualized using 3,3’-
diaminobenzidine tetrachlorohydrate (DAB+chromogen). All slides
were counterstained with Mayer’s hematoxylin. 

Evaluation of IHC reaction. Expression of MT-I/II was analyzed in
two different fractions: cytoplasmic and nuclear. The evaluation of
cytoplasmic MT-I/II (cMT-I/II) and MT-III reactions intensities were
conducted as previously using the semiquantitative immunoreactive
score (IRS) of Remmele and Stegner, which is based on the
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intensity of the color reaction and the percentage of positive cancer
cells in the slide (31). The scale takes into account the percentage of
cells with positive reaction (0: absence of cells with positive
reaction, 1: 1-10% cells, 2: 11-50%, 3: 51-80%, 4: over 80% cells
with positive reaction) as well as intensity of the reaction (0: no
reaction, 1: low intensity of color reaction, 2: moderate intensity of
color reaction, 3: intense color reaction). The product of both these
parameters comprises the final score ranging from 0 to 12 points. 

Nuclear expression of MT-I/II (nMT-I/II), ER and PR was
analyzed using a semi-quantitative five-grade scoring scheme in
whole-tissue sections according to tumor cell positivity. The results
were encoded as follows: 0 (0% cells stained), 1 (1-10% cells
stained), 2 (11-25% cells stained), 3 (26-50% cells stained), 4 (51-
100% cells stained). 

For the evaluation of MCM-3, MCM-7 and Ki-67 in each
paraffin section three fields with the highest number of tumor cells
yielding a positive nuclear reaction (hot spots) were selected. The
percentage of positive cells in each hot spot was evaluated under
×400 magnification, scoring the brown-labeled cell nuclei of cancer
cells (BX-41 light microscope equipped with CellD software for
computer-assisted image analysis; Olympus, Tokyo, Japan). The
general result for every sample was an average of the three hot spot
percentages. The intensity of the IHC reactions in coded
preparations were independently evaluated by two pathologists.
Moreover in doubtful cases, re-evaluation with a double-headed
microscope was performed until a consensus was achieved.

Statistical analysis. The results were subjected to statistical analysis
using Prism 5.0 software (GraphPad, La Jolla, CA, USA). The
relationships between the expression of all markers were examined
using Spearman’s rank correlation test. The relationship between the
expression intensity of markers and malignancy grade was examined
by ANOVA rank test on the Kruskal–Wallis and Mann–Whitney tests.
Spearman’s rank correlation test was applied to analyze the
relationship between studied markers and clinicopathological data.
Overall survival (OS) was determined by the Kaplan–Meier method
and the significance of differences was determined by the Mantel–Cox
log-rank test. The hazard ratio (HR) and 95% confidence interval (95%
CI) were estimated for each variable. In all analyses, results were
considered to be statistically significant when p was less than 0.05.

Results

The majority of examined tumors manifested nuclear
expression of MCM-3, MCM-7 and Ki-67 antigen (Figure 1).
Out of all the analyzed proliferation markers, the highest
expression level was noted for MCM-7 (mean
74.68%±23.11%) which was comparable to the expression
level of MCM-3 (mean 72.94%±22.65%). Expression levels
of the MCMs were significantly higher compared to Ki-67
antigen expression (mean 54.08%±22.59%; both p<0.0001,
Mann–Whitney test, Figure 2). Similar results were noted
when the expression of these proteins was analyzed between
different grades of malignancy (Figure 2). Statistical analysis
using Spearman correlation test revealed strong positive
correlations between expression of MCM-3 and Ki-67
(r=0.492), MCM-7 and Ki-67 (r=0.651), and MCM-3 and
MCM-7 (r=0.515) (for all p<0.0001) (Figure 3).

Expression of MCM-3 and Ki-67 antigen differed depending
on the grade of histological malignancy (p=0.029 and
p=0.0011, respectively; Kruskal–Wallis test; Figure 4). MCM-
3 protein expression was stronger in G3 cases compared to G1
cases (p=0.0075; Mann–Whitney test). Moreover, the strongest
MCM-7 expression was also noted in G3 cases compared to
G1 and G2 cases (p=0.049 and p=0.0411, respectively;
Mann–Whitney test). Similar results were noted regarding Ki-
67 antigen expression. G3 cases manifested the strongest
expression of this marker and its expression was significantly
stronger than that of G1 and G2 cases (p=0.0005 and
p=0.0054, respectively; Mann–Whitney test).

MT-I/II expression was noted in cancer cell nuclei and
cytoplasm, whereas MT-III expression was noted only in the
cytoplasm of cancer cells (Figure 1). Strong significant
correlation was noted between nMT-I/II and cMT-I/II
(r=0.532, p<0.0001, Spearman correlation test) (Figure 3).
No correlations were noted between nMT-I/II and cMT-I/II
vs. MT-III expression. Statistical analysis revealed significant
correlation of nMT-I/II with Ki-67 (r=0.219, p=0.026), and
of nMT-I/II with MCM-3 (r=0.252, p=0.010) (Figure 3). 

Metallothionein expression differed in different grades of
histological malignancy (Figure 5). Significant differences
utilizing the Mann–Whitney test were noted in cytoplasmic
expression of MT-I/II between G1 and G2 cases (p=0.0127),
and G2 and G3 cases (p=0.0341). Moreover, MT-III
expression was significantly stronger in G1 cases compared
to G3 cases (p=0.0296). No significant differences were
noted in nuclear MT-I/II expression regarding the grade of
histological malignancy. Analysis based on clinical stage
showed that only cytoplasmic MT-I/II expression was
stronger in advanced disease stages (III+IV vs. I+II,
p=0.0247; Mann–Whitney test).

No differences in the expression of the analyzed markers
were noted regarding the histological type of the tumor, nor
regarding patient age (data not shown). Moreover, univariate
survival analysis revealed that none of the analyzed
clinicopathological markers yielded prognostic significance.

Discussion 

Prognostic and predictive markers of high sensitivity and
specificity values for ovarian cancer have not yet been clearly
determined. Our study aimed at identifying the possible
correlation between tested markers, clinicopathological data
and their impact on patient outcome. In the literature of ovarian
cancer research, as far as we are aware of, expression of the
MCM family of proteins using IHC methods has only been
described in only three articles (9, 32, 33), with only one
describing MCM-7 expression (33). Due to the well-known
function of MCM protein hexamers (MCM 2-7), it seems that
results concerning one representative member can be
extrapolated to the others (9, 32). Moreover, in our opinion, the
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studies of metallothionein expression in ovarian cancer seem
to be insufficient, especially in relation to different cellular
localizations. Therefore, in the present study apart of MT-III
expression evaluation, we analyzed MT-I/II expression
separately in the nuclear and cytoplasmic compartment of
cancer cells.

Given that MCMs play a critical role in DNA synthesis
initiation and that DNA replication must precede each cell
division, MCM expression is expected to correlate with
cell proliferation. In this line, accumulating evidence
highlights the value of MCM protein expression as a novel
indicator of cell proliferation (34). Indeed, our research
showed a strong positive correlation between the
expression of proliferative antigen Ki-67 and both studied
MCMs. Those associations may indirectly point to their
similar roles in formation of their functional hexamers (9,
32). In view of the known functions of the MCM family

of proteins these were expected results. Studies on other
tumor types, e.g. breast, prostate and lung cancer, have
shown increased expression of MCM proteins in cancer
cells, postulating the possibility of using these proteins as
proliferation markers (35-37).

Gakiopoulou et al. (9) and Levidou et al. (32) investigated
the expression of MCM-2 and MCM-5 in ovarian cancer.
They revealed strong positive correlations between both
tested markers and Ki-67 antigen. Moreover their results
showed the relationship between expression of MCMs,
staging, grading and patient outcome. Ota et al. (33) studied
the expression of MCM-7 in epithelial ovarian cancer and
correlated the results with clinicopathological features.
Strong positive correlation was observed between protein
expression, grading, and progression-free survival. According
to their results, they suggest that MCMs appear to be
promising prognostic markers. Our analysis on MCM
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Figure 1. Low (A-E) and high (F-J) expression of the analyzed markers. Nuclear expression of minichromosome maintenance proteins: MCM-3 (A,
F), MCM-7 (B, G) and Ki-67 antigen (C, H) in ovarian cancer cells. Metallothionein-I/II manifested nuclear and cytoplasmic expression (D, I),
whereas only cytoplasmic expression was noted for metallothionein-III expression (E, J). Magnification ×200. 

Figure 2. Expression levels of the analyzed proliferation markers [minichromosome maintenance protein (MCM)-3, MCM-7 and Ki-67] in all the
studied samples (A) and according to histological grade (B). ***p<0.001, ****p<0.0001; Mann–Whitney test.



expression in relation to the grade of histological malignancy
showed a growing tendency for this, but results for MCM-3
had statistical significance (p=0.029). Increased expression
was associated with increasing grade of histological
malignancy. Furthermore, as shown for other types of cancer,
and by our team in this study, a positive correlation of
MCM-3 with Ki-67 and MCM-7 with Ki-67, strongly
encourage consideration of the use of these proteins as
proliferation markers.

Proper selection of cases in our study is confirmed by the
relationship of Ki-67 and the grade of malignancy, as the
expression of this IHC marker was higher in the more
aggressive cases. Increased expression of proliferative antigen
Ki-67 was observed with increasing grade of histological
malignancy in ovarian cancer. This tendency is reflected in
literature of IHC of cancer in general, not only ovarian (38, 39). 

Additionally, we analyzed the expression of two members
of the MT family, MT-I/II and MT-III. Numerous studies
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Figure 3. Spearman correlation test revealed significant associations between expression of minichromosome maintenance protein (MCM)-3 and Ki-67
(A; r=0.49, p<0.0001), MCM-7 and Ki-67 (B; r=0.65, p<0.0001), MCM-3 and MCM-7 (C; r=0.51, p<0.0001), nuclear (nMT-I/II) and cytoplasmic
(cMT-I/II) metallothionein-I/II (D; r=0.53, p<0.0001), nMT-I/II and Ki-67 (E; r=0.21, p=0.0261) and nMT-I/II and MCM-3 (F; r=0.53, p<0.0001).



have shown involvement of MTs in the pathogenesis and
progression of many types of cancer (16). MT-I/II were
shown to augment cancer cell proliferation and protect them
against apoptotic stimuli (20). In terms of MT-I/II expression
in ovarian tumors, differences in their expression according
to histological type, grade of histological malignancy and
clinical advancement have been studied mostly.
Zagorianakou et al. (40) and McCluggage et al. (41) led
research on the benign, transitional, and malignant ovarian
lesions. They showed statistically significant differences

between the expression of the studied proteins and grade of
histological malignancy. The overexpression of MT-I/II in
malignant as opposed to benign ovarian surface epithelial
tumors may suggest their role in carcinogenesis. We
evaluated the nuclear and cytoplasmic expression of MT-I/II
separately, which has not been performed for ovarian cancer
before. Our results show an increased cytoplasmic expression
of MT with an increase of histological malignancy grade and
an increased nuclear expression of MT with increase of Ki-
67 antigen. This shows that our analysis of the disparity in
cytoplasmic and nuclear expression may be a more precise
method for evaluation and suggest the possible involvement
of these localizations in increasing aggressiveness and
proliferation. Moreover, we have studied the expression of
MT-III in ovarian cancer samples. Similarly to the other
researchers studying a expression in kidney and alimentary
tract cancers, we did not find any statistically significant
associations between MT-III expression and available
clinicopathological data (20, 21, 24), although it should be
noted that MT-III expression decreased with increasing grade
of histological malignancy. The prognostic significance of
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Figure 4. Expression of minichromosome maintenance proteins: MCM-3
(A), MCM-7 (B) and Ki-67 antigen (C) according to histological grade
of malignancy. *p<0.05; **p<0.005; ***p<0.001; Mann–Whitney test.

Figure 5. Cytoplasmic expression of metallothionein-I/II (A) and
metallothionein-III (B) according to the histological grade of
malignancy. *p<0.05; Mann–Whitney test. IRS: Immunoreactive Score. 



MT-III in human non-small cell lung cancer, gastric,
esophageal, urinary bladder and prostate cancer seems to be
limited (20, 21, 27, 29, 42). Similarly, analysis of our
patients’ outcomes including the expression of all examined
markers did not show any statistically significant differences. 

In conclusion, in the present study, we showed that MCM-3
and MCM-7 have a potential as markers of cell proliferation in
ovarian cancer. Additionally, we also observed stronger nuclear
MT-I/II expression in proliferating cancer cells, while
cytoplasmic expression of MT-I/II was found to associated with
higher-malignancy cancer cases. Our results clearly confirm the
importance of separate analysis of MT localization. Due to the
relevant correlations of the tested markers with Ki-67 antigen
and grade of histological malignancy in the current patient
cohort, determination of MCM-3, MCM-7, and MT-I/II, mostly
as proliferation markers of malignant ovarian tumors should be
taken into consideration.
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