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Minichromosome maintenance protein 7 (MCM7) is involved in replicative licensing and synthesis of DNA. It

was previously identified as an overexpressed gene in high-grade serous carcinomas compared with serous

borderline tumors of the ovary in cDNA microarray studies. In this study, we sought to validate MCM7

expression in 342 ovarian tumors on tissue microarrays. MCM7 expression was quantified as the MCM7 labeling

index, and it was independently generated by two methods: a score provided by manual review of each sample

by a pathologist observer and by an automated cellular imaging system. Analyses of MCM7 scores indicated a

high degree of concordance and distribution between the observer- and machine-generated MCM7 labeling

indexes. MCM7 expression was significantly higher in high-grade serous carcinomas than in serous borderline

tumors or other histological subtypes of ovarian cancer. For both observer- and machine-derived scores,

univariate analyses indicated the significant association of a high MCM7 labeling index with better progression-

free survival in high-grade serous carcinomas. These results suggest the clinical importance of MCM7

expression in high-grade serous carcinomas of the ovary and the need for further evaluation of MCM7 as

a potential prognostic factor in ovarian cancer.
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Ovarian cancer is the leading cause of death among
gynecologic malignancies in North America.1 In
2009, 21 550 new cases of ovarian cancer were
expected in the United States. The prognosis
remains poor, with a 5-year overall survival rate of
35%. Tumor stages, residual diseases after surgery,
histological types, and tumor grades are the most
important prognostic factors (reviewed by Gadducci
et al2). In addition to these predictors, cDNA
microarray analyses have identified several cell

cycle-related proteins as potential biomarkers to
predict response to chemotherapy and prognostic
clinical outcomes.3,4

cDNA microarray analyses have been used as
high-throughput screening tools to explore gene
expression, which can be used as a gene signature
to detect ovarian cancer at an early stage, predict
clinical outcomes, and identify additional therapeu-
tic targets.5–8 In our previous study, we compared
gene expression profiles between stage I serous
borderline tumors and high-grade stage I serous
cancer, and we identified the minichromosome
maintenance protein 7 (MCM7) as an upregulated
transcript in serous carcinomas compared with
serous borderline tumors.8

MCM proteins are highly conserved proteins
from yeast to eukaryotic organisms, which have an
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important role in DNA synthesis (reviewed by Tye9

and Forsburg10,11). MCM proteins are involved in
two critical steps in DNA synthesis: the first step is
DNA replication initiation mediated by hexametric
MCM complexes at replication origins, and the
second step is DNA elongation mediated by MCM
helicase activities. MCM7 can be used as a prog-
nostic indicator in various cancers, such as endo-
metrial cancer,12 prostate cancer,13 neuroblastoma,14

colorectal cancer,15 and small cell lung cancer.16 In
endometrial, prostate, colon, and lung cancer, a high
MCM7 labeling index has a worse prognosis in
cumulative overall survival. In neuroblastoma,14

high MCM7 expression without MYCN amplifica-
tion shows a better prognosis for progression-free
survival. In glioblastoma, MCM7 expression is not
correlated with its clinical outcome.17 These differ-
ences might be attributable to the differences in
cancer characteristics, end points, and sample sizes
in these studies. Moreover, the MCM7 staining
pattern is related to the thickness and invasiveness
of malignant melanocytic skin lesions.18 The thick-
ness and invasiveness of the disease in melanoma
determine the prognosis of the disease; thus, MCM7
is a useful marker for predicting disease prognosis.

In this study, we investigated MCM7 expression
in epithelial ovarian carcinomas and correlated its
expression with pathologic factors using two differ-
ent MCM7 labeling indexes produced by a pathol-
ogist observer and by the automated cellular imaging
system on tumor microarrays from 342 patients.

Materials and methods

Tissue Microarrays

Tissue microarrays were constructed from duplicate
0.6-mm cores, using cases harvested, with patient
consent, for the Gynecologic Tissue Bank at
Vancouver General Hospital. Ethical approval was
obtained from the University of British Columbia.
Tumor tissue samples, all collected since 2003, were
promptly fixed in 10% neutral buffered formalin
and embedded in formalin after tissue processing.
The tissue microarrays were constructed with a
microarrayer (Beecher Instruments, Silver Springs,
MD, USA). Patients with ovarian carcinoma were
treated according to provincial treatment guidelines,
which include platinum/taxane chemotherapy for
all patients except those with stage IA and IB
tumors, who do not routinely receive chemotherapy.
Histopathology and tumor grade were reviewed and
assigned according to the World Health Organiza-
tion (WHO) and Silverberg criteria, respectively.
Clear-cell carcinomas were all considered grade 3, as
recommended by WHO. The patient age at surgery
ranged from 22 to 100 years; the mean was 59.5
years. Follow-up ranged from 0.02 to 8.8 years;
the mean was 2.9 years. The patient with 0.02 year
of follow-up had serous borderline tumor, and she
died perioperatively 1 week after the surgery. This

record was censored in both overall survival and
progression-free survival analyses.

Immunohistochemical Analysis

Sections of tissue arrays were deparaffinized, rehy-
drated, and submitted to antigen retrieval by
a steamer for 25min in target retrieval solution
(Dako, Carpinteria, CA, USA). Endogenous peroxide
was diminished with 3% H2O2 for 30min. Slides
were blocked in protein block solution for 30min
and then blocked with avidin and biotin for 10min
each, followed by incubation with MCM7 anti-
body (ab2360; Abcam, Cambridge, MA, USA) 1:200
overnight at 4 1C. The sections were then incubated
with biotinylated universal link for 15min and
streptavidin for 25min at 25 1C. Slides were deve-
loped in diaminobenzine and counterstained with
hematoxylin.

Pathologist Observer Review

MCM7 staining in tumor samples was microscopi-
cally examined under � 10 to � 20 objective lenses,
and immunopositive nuclei were estimated as the
percentage of tumor nuclei, varying from 0 to 100%
with incremental 5%. All slides were analyzed in a
blinded fashion.

Automated Cellular Imaging System (ACIS)

ACIS III is an image analysis system that analyzes
immunohistochemically stained tissue using an
automated bright-field microscope and proprietary
analysis software. ACIS III (Dako) transforms an
immunohistochemically stained slide into a digital
image that, through various algorithms, can be used
to detect, enumerate, and classify stained cellular
objects. For this study, a tissue microarray applica-
tion was used that allows for analysis of multiple
tissue samples on the same slide. For homogenous
tumor samples, the entire tissue core was analyzed
by one observer and the percentage of positively
stained nuclei was recorded. Operator-selected
regions were collected from samples that contained
abundant nontumor elements (ie, stroma, hemato-
poietic cells) by one observer (DMM). In all cases
in which operator-selected regions were used,
two areas were chosen that represented a pure
tumor population and were collected using a 40�
circle tool.

Statistical Analyses

The JMP program (version 8.0; SAS Institute, Cary,
NC, USA) was used to perform all statistical
analyses. Concordance between MCM7 labeling
index produced by the observer and the ACIS was
estimated using four different correlation analyses.
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MCM7 expression among groups was determined by
pairwise comparison and the Student’s t-test. The
Cox proportional hazards model was used to assess
the association of MCM7 expression and other
clinical and pathological factors with disease pro-
gression and survival. Multivariate analysis was
then performed to identify the independent prog-
nostic factors as well as to estimate their effects on
progression-free survival and overall survival ad-
justed for covariates (age, histology, and stage).
Kaplan–Meier survival curves by MCM7 character-
istics were calculated and compared using the log-
rank test. All statistical tests were two tailed, with a
significance level set at 5%.

Results

Distribution of Tumor Samples by Stage and Histology

To determine sample distribution by stage and
histology, we generated a contingency table and
plotted the distribution by histology color-coded
stage (Figure 1). The majority of tumor samples in
the tissue microarrays were advanced-stage, high-
grade serous carcinomas. In contrast, a majority of
tumors in the other histological subtypes (endo-
metrioid, clear cell, and mucinous) presented at early
stages (Figure 1). These data are consistent with the
results from other studies using SEER data.19 Table 1

includes a detailed description and distribution of the
tumors.

Variable Expression of MCM7 in the Tumor Nuclei of
Tumor Samples

To analyze MCM7 expression in ovarian tumors, we
performed immunohistochemical analysis using
commercially available MCM7 antibodies. To set
up the conditions for immunohistochemical analy-
sis, we used mouse testicular tissue. As shown in
Figure 2a, germ cells with proliferative capacity
showed intense nuclear staining for MCM7, whereas
mature sperm cells that lost proliferative capacity
showed no staining for MCM7. These results
demonstrated the specificity of MCM7 antibody.
Therefore, similar conditions were used to perform
immunohistochemical analysis of MCM7 on tissue
microarrays. Immunohistochemical analysis of
MCM7 expression indicated variable expression of
MCM7 among tumor samples. MCM7 staining was
restricted to nuclei, and nuclear expression of
MCM7 was more prominent in tumor nuclei than
in surrounding normal tissues (Figure 2b). Tumor
nuclei that were positive for MCM7 staining were
expressed as the percentage of total tumor nuclei.
Representative MCM7 staining and the correspond-
ing labeling indexes are shown in Figure 2b.

Analysis of the MCM7 Labeling Index Showed Similar
Distribution between Data Obtained by Human
Observers and ACIS

Quantile plots indicate quantized distribution of the
MCM7 labeling index by the observer, but contin-
uous distribution of the MCM7 labeling index by the
ACIS (Figure 3). These differences reflect the
systematic bias of human observers to produce the
labeling index as multiples of five. Distribution of
the binned MCM7 labeling index shows similar
patterns of distribution between data produced
by the observers and ACIS. Finally, a correlation
analysis of MCM7 labeling indexes indicates a

Figure 1 Distribution of tumor samples on the basis of histology
(on x axis) and stage (on y axis). The width of each column
represents the sample size. High-grade serous tumors contain the
largest sample size, and mucinous tumors contain the smallest
sample size. In addition, high-grade serous tumors had the
highest percentage of patients with advanced disease.

Table 1 Histological distribution of specimens in tissue micro-
arrays

Histological diagnosis No. Percentage

High-grade serous 218 63.74
Endometrioid 34 9.94
Clear cell 29 8.48
Mucinous 10 2.92
Undifferentiated 9 2.63
Low-grade serous 9 2.63
Serous borderline 17 4.97
Fallopian tube 3 0.88
Adenocarcinoma NOS 13 3.80
Total 342 100.00

NOS, not otherwise specified.

MCM7 in ovarian cancer

T Ota et al 279

Modern Pathology (2011) 24, 277–287



strong correlation between the two scoring modes
(Figure 3 and Table 2).

MCM7 Expression Is Higher in High-Grade Serous
Carcinomas Than in Serous Borderline Tumors

To validate our previous cDNA microarray studies
indicating that MCM7 expression was higher in
high-grade serous carcinomas than in serous border-
line tumors, we analyzed MCM7 expression in high-
grade and borderline tumor samples. The results,
shown in Figure 4, indicate higher levels of MCM7
expression in high-grade serous carcinoma (histol-
ogy code 1) compared with serous borderline tumors
(histology code 7). Similar results were obtained
using the ACIS score, which indicates that the
finding was observer independent (Figure 4).

MCM7 Expression Is Higher in High-Grade Serous
Carcinomas Than in Other Histological Subtypes

To determine MCM7 expression across various
histological subtypes of ovarian tumors, we sub-
grouped MCM7 expression on the basis of histo-
types and analyzed the variance among groups. The
results, shown in Figure 5 and Table 3, indicate that
MCM7 expression was significantly higher in high-
grade serous carcinomas than in all other subtypes.
In particular, significant differences in MCM7
expression were observed when high-grade serous
and clear cells or high-grade serous and mucinous or
high-grade serous tumors were compared with
various other subtypes. Similar findings were
observed when the ACIS score was obtained,
suggesting that the results were observer
independent.

Higher MCM7 Expression Is Significantly Associated
with Better Progression-Free Survival

To determine the clinical importance of MCM7
expression, we performed Cox proportional hazards
analysis to estimate the association between MCM7
expression and overall survival and progression-free
survival. Likelihood ratio tests were performed to
determine the significance of MCM7 expression in
overall survival and progression-free survival out-
comes. These analyses indicate that there was no
significant association between MCM7 expression
and overall survival, although disease stage was
strongly associated with overall survival (Table 4).
However, in multivariate analysis, stage and MCM7
labeling index were significantly associated with
progression-free survival for the entire tumor cohort.
Because serous histology represents the majority of
the cohort, we determined whether MCM7 expres-
sion in high-grade serous tumors is associated with
progression-free survival. These analyses indicate
that the MCM7 labeling index was significantly
associated with progression-free survival in patients
with high-grade serous carcinomas (Table 4). In
addition, in the multivariate model, the MCM7
labeling index produced by ACIS was indepen-
dently associated with progression-free survival,
whereas no significant association was observed
with the MCM7 labeling index produced by ob-
server review (Table 4). Further analysis of the
multivariate model that included the MCM7 label-
ing index and two-stage classification (early and late
stages) also yielded a significant association of
ACIS-produced MCM7 labeling index with progres-
sion-free survival in late-stage, high-grade serous
carcinomas (Table 4). These results indicate that
the ACIS-produced MCM7 labeling index is an

Figure 2 Immunohistochemical analysis of minichromosome maintenance protein 7 (MCM7) expression in tissue samples. (a) As
positive and negative controls, mouse testicular specimens were stained with anti-MCM7 antibodies. MCM7 is specifically expressed in
the nuclei of spermatogonia and spermatocytes. As the cells in the germinal layer differentiated, less staining of MCM7 was observed in
spermatids, and fully differentiated sperms completely lacked MCM7 expression. (b) Representative nuclear staining patterns of MCM7
in tumor cells. MCM7 staining is observed by brown chromogen staining. All micrographs were taken at original magnification of �10
objective.
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independent prognostic factor in late-stage, high-
grade serous carcinomas of the ovary. We further
dichotomized the MCM7 labeling index into two
groups (high and low) on the basis of unbiased
median distribution of the MCM7 labeling index for
the entire tumor cohort. The MCM7 labeling index
below the median score was considered low, and the
MCM7 labeling index equal to or above the median
score was considered high. The Kaplan–Meier
progression-free survival analysis indicate that high

MCM7 labeling indexes were significantly asso-
ciated with better progression-free survival in both
methods of MCM7 scoring for the entire tumor
cohort consisting of various histologies and stages
(Figure 6). Again, because high-grade serous carci-
nomas represented the majority, we then limited the
Kaplan–Meier progression-free survival analysis to
high-grade serous carcinomas. The results from
this analysis indicate that higher MCM labeling
indexes were significantly associated with better

Figure 2 continued.
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progression-free survival (Figure 6). Further analysis
indicates that a significant association between
MCM7 expression and progression-free survival
was observed in late-stage (stage III and IV) serous
carcinomas of the ovary (Table 4). Finally, risk ratio
analyses indicated reduced risks of recurrence for
patients with higher levels of MCM7 expression
(Tables 5 and 6). In contrast, higher stages were
associated with increased risk of recurrence. Inter-
estingly, much reduced risk of recurrence was
observed in patients with endometrioid carcinomas
compared with patients with high-grade serous
carcinomas, whereas slightly increased risk of
recurrence was observed in patients with clear-cell
carcinomas compared with patients with high-grade
serous carcinomas (Table 7).

Discussion

In this study, we identified MCM7 to be over-
expressed in high-grade serous carcinomas
compared with serous borderline tumors or clear-

cell carcinomas. Several reported mechanisms reg-
ulate MCM7 expression. The promoter regions of
MCM5, MCM6, and MCM7 each contain numerous
E2F activation sites, implying that E2F controls the
Mcm levels at the G1/S boundary.20–22 In a mouse
model for cervical cancer, MCM7 expression corre-
lated with Rb inactivation, which bound to E2F and
prevented it from stimulating cellular proliferation.
In our previous cDNA microarray studies,8 we
identified MCM7 as an overexpressed transcript in
carcinomas compared with serous borderline tu-
mors. In the same study, we identified the E2F
pathway to be a candidate biological pathway
altered in high-grade serous carcinomas. Taken
together, these results suggest that alterations in
the E2F pathway may regulate MCM7 expression. In
addition, the MCM7 promoter has an E-box binding
site for the MYC oncoproteins.20 MCM7 is a direct
target of MYCN, and overexpression of MYCN
increases MCM7 expression in neuroblastoma cell
lines.23 Therefore, multiple biological pathways may
be responsible for overexpression of MCM7 in high-
grade serous carcinomas of the ovary.

Figure 3 Distribution of minichromosome maintenance protein 7 (MCM7) labeling index by a pathologist observer (observer) and an
automated cellular imaging system (ACIS). (a) Normal quantile plots and frequency distribution of binned data indicate skewed
distribution of the MCM7 labeling index toward the lower end. Patterns of distribution are similar in both observer- and ACIS-derived
data. (b) Correlative analysis between observer- and ACIS-derived MCM7 labeling indexes shows significant correlation. (c) Correlation
between MCM7 labeling indexes produced by the observer and the ACIS. (d) Correlation between ACIS-derived MCM7 labeling indexes
of duplicate samples from the arrays.
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Mcm expression represents cell cycle entry and is
used as a proliferative marker superior to commonly
used other proliferative markers, such as Ki67 and
proliferating cell nuclear antigens (PCNAs),12,15–17

except melanoma.18 MCM7 is expressed in more
cells than Ki67 or PCNAs, because it is expressed in
cells licensed to proliferate in addition to those
that are already proliferating.24 As chemotherapy
is most effective against proliferating cells,25 it is
conceivable that MCM7 expression may indicate
responsiveness to chemotherapy that may in turn
affect progression-free survival.

Our analysis of MCM7 expression in 342 tumor
specimens on tissue microarrays indicates the
prognostic potential of MCM7 expression in ovarian
cancer, considering that its expression is signifi-
cantly associated with progression-free survival,
although no significant association was observed
with overall survival. It should be noted that all
patients in this cohort received a uniform standard
of care, including optimal debulking surgery and
platinum-based chemotherapy. Although several
factors, including age, performance status, residual
disease, and histology, are considered independent

Figure 4 Minichromosome maintenance protein 7 (MCM7) expression is significantly higher in high-grade serous tumors (histology code 1,
n¼218) compared with serous borderline tumors (histology code 7, n¼17). Both observer- (a) and ACIS-derived (b) scores produced
statistically significant differences (Po0.001 and P¼0.001) between the two groups. Results are presented as mean diamond comparison
charts in which the group mean is represented by a horizontal line across the center of diamonds, the upper and lower 95% confidence
limits are indicated by the tips of diamonds, and the overlap marks are indicated by two short horizontal lines flanking the mean.

Table 2 Concordance between observer and ACIS MCM7 scores

Pairwise correlations

Variable By variable Correlation No. Lower
95% CL

Upper
95% CL

Significant
probability

ACIS Observer 0.8315 319a 0.7926 0.8614 o0.001b

Nonparametric: Spearman’s q Prob4|q|

Variable By variable Spearman’s r
ACIS Observer 0.8544 o0.001b

Nonparametric: Kendall’s s Prob4|s|

Variable By variable Kendall’s t
ACIS Observer 0.6802 o0.0001b

Nonparametric: Hoeffding’s D Prob4D

Variable By variable Hoeffding’s D
ACIS Observer 0.3316 o0.0001b

ACIS, automated cellular imaging system; CL, confidence limit; MCM7, minichromosome maintenance protein 7; Observer, pathologist observer;
Prob, probability.
a
Out of 342 samples, 319 have both observer and ACIS scores.

b
Significance at ao0.05.
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prognostic factors for progression-free survival, our
findings indicate that the MCM7 labeling index is
also a prognostic factor for progression-free survival,
independent of age, stage, and histology. As perfor-
mance status and residual disease volume were not
available, we could not adjust for these independent
prognostic factors.

Analysis of stage and histology distribution of the
tumor cohort indicates appropriate representation of
ovarian cancer cases in the US and Canadian
population. For example, as expected, patients with

high-grade serous carcinomas represented the ma-
jority. Moreover, the overwhelming majority of high-
grade serous carcinomas were diagnosed at an
advanced stage compared with other histology
subtypes. These results are important because they
indicate that our study is well represented and that
the study outcomes may also reflect the general
ovarian cancer patient population in the United
States and Canada.

In general, we observed specific staining of MCM7
in the tumor nuclei. Analysis of the MCM7 labeling

Figure 5 Highest expression of minichromosome maintenance protein 7 is detected in the most aggressive ovarian cancer subtype: high-
grade serous carcinomas (histology code 1) compared with other subtypes. The numbers on the vertical axes represent MCM7 labeling
index produced by the observer (a) and the ACIS (b). Results are presented as mean diamond comparison charts in which the group mean
is represented by a horizontal line across the center of diamonds, the upper and lower 95% confidence limits are indicated by the tips of
diamonds, and the overlap marks are indicated by two short horizontal lines flanking the means. Histology codes are as follow: 1¼high-
grade serous; 2¼ endometrioid; 3¼ clear cell; 4¼mucinous; 5¼undifferentiated; and 6¼ low-grade serous.

Table 3 Mean distribution of MCM7 labeling index by observer and ACIS among six histological subtypes

Serous
(1)

Endometrioid
(2)

Clear cell
(3)

Mucinous
(4)

Undifferentiated
(5)

Low-grade
serous (6)

Observer
Mean 35.66 23.15 17.41 21.30 49.75 4.75
s.e.m. 1.96 3.63 3.49 6.24 9.1 9.1
Upper 95% mean 39.53 30.55 24.58 35.41 67.66 22.66
Lower 95% mean 31.79 15.76 10.24 7.19 31.85 �13.15
No. 202 33 27 10 8 8

P-valuea

1 vs 2 0.01
1 vs 3 o0.001
1 vs 6 0.001

ACIS
Mean 22.40 15.45 12.10 15.49 26.6645 3.3679
s.e.m. 1.61 3.38 3.21 5.43 7.2381 7.2381
Upper 95% mean 25.56 22.33 18.71 27.77 40.91 17.613
Lower 95% mean 19.23 8.58 5.50 3.21 12.42 �10.88
No. 209 34 27 10 9 9

P-value
1 vs 3 0.02
1 vs 6 0.01

ACIS, automated cellular imaging system; MCM7, minichromosome maintenance protein 7; Observer, pathologist observer.
a
Each pair was analyzed using Student’s t-test. Bold values represent statistically significant differences.
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Table 4 Univariate and multivariate analysis of MCM7 labeling index

P-value; observer No. of events P-value; ACIS No. of events Analysis

Overall survival
All histology 81 82 Multivariate
Stage o0.0001 o0.0001
Histology 0.093 0.084
MCM7 0.71 0.051

Serous
MCM7 0.77 74 0.97 75 Univariate

Progression-free survival
All histology 138 141 Multivariate
Stage o0.0001 o0.0001
Histology 0.08 0.1
MCM7 0.08 0.015

Serous 0.069 149 0.025 153 Univariate
4-stage o0.0001 142 o0.001 146 Multivariate
MCM7 0.11 0.035
2-stage o0.0001 o0.0001 Multivariate
MCM7 0.094 0.033

Serous (low vs high)a Univariate
Early 0.29 17 0.26 18
Late 0.037 125 0.032 128

ACIS, automated cellular imaging system; MCM7, minichromosome maintenance protein 7; Observer, pathologist observer; 4-stage, FIGO 4-stage
classification; 2-stage, early and late stage.
a
Log-rank analysis.
Significant associations are highlighted by bold letters.

Figure 6 (a, b) Progression-free survival analysis of MCM7 score by the observer (a) and by the automated cellular imaging system (ACIS)
(b) in the entire tumor cohort. (c, d) Progression-free survival analysis of MCM7 score by the observer (c) and by the ACIS (d) in patients
with high-grade serous carcinomas. Solid lines represent MCM7 scores equal to or above the median, and dashed lines represent MCM7
scores below median.
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index showed strong concordance between the
observer-derived labeling index and the ACIS-
derived labeling index. Analysis of MCM7 expres-
sion in different histological subtypes of ovarian
tumors further confirmed our previous cDNA ex-
pression studies indicating higher levels of MCM7
expression in high-grade serous carcinomas com-
pared with borderline tumors. These results are
significant, considering that previous cDNA expres-
sion studies were performed using formalin-fixed
paraffin-embedded tumor samples.8 In this study,

we also observed significantly higher expression of
MCM7 in high-grade serous carcinomas compared
with endometrioid and clear-cell tumors. It should
be noted that we also observed variable levels of
MCM7 expression in other histo-subtypes, although
the clinical significance of such variable expression
in these histo-subtypes is unclear. Our observation
that MCM7 expression in clear-cell carcinomas is
lower than in high-grade serous tumors is important,
considering that clear-cell carcinomas also showed
increased risk of recurrence in our sample cohort.
Given that recurrence is in part associated with poor
response to chemotherapy, it is reasonable to suggest
that low levels of MCM7 expression may be
associated with low proliferative capacity and poor
response to chemotherapy in clear-cell carcinomas.
Therefore, these results provide possible functional
links between lower MCM7 expression and poor
response to chemotherapy and consequent increased
risk of recurrence. Moreover, it is interesting to note
that increased risk of recurrence is observed in
patients with clear-cell tumors compared with
patients with high-grade serous carcinomas, despite
the fact that the majority of clear-cell tumors were
diagnosed at early stages and the majority of high-
grade serous carcinomas were diagnosed at advanced
stages (Table 7). These results are consistent with
several reports indicating the poor response of clear-
cell carcinomas to platinum-based chemotherapy.26

The potential clinical importance of MCM7
expression is not limited to clear cells. For the
entire tumor cohort, reduced MCM7 expression was
associated with increased risk of recurrence (Tables
5 and 6). In addition, MCM7 expression was an
independent prognostic factor for progression-free
survival. In multivariate analyses that included
stage, histology, and MCM7 labeling index, MCM7
expression was significantly associated with pro-
gression-free survival. When limiting the analysis to
high-grade serous carcinomas, MCM7 expression
was still significantly associated with progression-
free survival. In addition, when the analysis was
limited to late-stage, high-grade serous carcinomas,
the MCM7 labeling index produced by ACIS was
significantly associated with progression-free survi-
val. These results suggest the prognostic value of the
MCM7 labeling index in late-stage, high-grade
serous carcinomas and the potential use of ACIS-
based MCM7 expression analyses in translational
and clinical studies.

Table 5 Effect likelihood ratio tests for progression-free survival

Source Nparm DF LR w2 Prob4w2 Source Nparm DF LR w2 Prob4w2

Stage 3 3 43.00 o0.0001 Stage 3 3 44.6 o0.0001
Histology 3 3 8.10 0.044 Histology 3 3 7.5 0.058
MCM7 1 1 2.59 0.11 MCM7 1 1 5.3 0.022

ACIS, automated cellular imaging system; DF, degree of freedom; LR, likelihood ratio; Nparm, number of parameters; Observer, pathologist
observer; Prob, probability.
Significant associations are highlighted by bold letters.

Table 6 Risk ratios for MCM7 labeling indexa

Term Risk ratio 95%
Lower CL

95%
Upper CL

Reciprocal

Observer 0.63 0.35 1.1 1.6
ACIS 0.4 0.2 0.89 2.34

ACIS, automated cellular imaging system; CL, confidence limit;
MCM7, minichromosome maintenance protein 7; Observer, patholo-
gist observer.
a
Per change in regressor over entire range.

Table 7 Risk ratios by stage and histology

Observer ACIS

Stage /Stage Risk
ratio

Stage /Stage Risk
ratio

2 1 1.23 2 1 1.23
3 1 6.84 3 1 7.03
3 2 5.56 3 2 5.72
4 1 10.94 4 1 11.64
4 2 8.89 4 2 9.47
4 3 1.60 4 3 1.66

Observer ACIS

Histology /Histology Risk
ratio

Histology /Hisotology Risk
ratio

2 1 0.27 2 1 0.30
3 1 1.64 3 1 1.69
3 2 6.02 3 2 5.62
4 1 1.25 4 1 1.29
4 2 4.57 4 2 4.29
4 3 0.76 4 3 0.76

ACIS, automated cellular imaging system; Observer, pathologist
observer.
Histology code: 1¼ serous, 2¼ endometrioid, 3¼ clear cell, and
4¼mucinous.
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In conclusion, our results demonstrate MCM7
expression as the potential prognostic biomarker for
disease recurrence or progression-free survival in
ovarian cancer. Additional studies are needed to
establish the role of MCM7 in the differential
response to chemotherapy. Nonetheless, analysis of
progression-free survival in relation to MCM7
expression indicates MCM7 expression could be
used as a prognostic factor in patients’ response to
chemotherapy.
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