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Abstract

Minichromosomal Maintenance protein 7 (MCM7), a member of the MCM
family of proteins critical to the DNA replication complex, has recently been
shown to improve the sensitivity and specificity of Epithelial Ovarian Cancer
(EOC) diagnosis but its function in Carcinogenesis is not clear. We evaluated
MCM7 gene expression, RMI and CA125 serum level as diagnostic tools of
primary ovarian cancer in Egyptian women. The MCM7 gene expression was
evaluated by SYBR green Quantitative Real Time PCR (Q RT-PCR) in ovarian
tumor tissues of 50 Egyptian women. 25 malignant and 25 benign tumor tissues
were studied. Serum Human cancer antigen 125 (CA 125) was measured in the
serum of all participants of the study using immune sorbent assay (ELISA). The
MCM7 showed significant difference among ovarian malignant tumors patients
compared to the control subjects (p< 0.01). Absolute sensitivity of MCM7 & 96%
specificity were found with the best cutoff value at 1.96 .There was a significance
correlation between MCM7 with RMI and with CA125 in all patients of the study
(p<0.01 for both). The mRNA expression of MCM7 was positively correlated with

the progression of the stage & grade of the tumor (p <0.01) for both.
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Introduction

Ovarian cancer is highly metastatic and is the leading cause of
death amongst all gynecological malignancies [1] and it is the fifth
most common cause of cancer-related death among women [2]. This
is because the majority of women are diagnosed lately. Worldwide,
ovarian cancer has been estimated to affect 225 500 women with
Global mortality of this cancer remains high, with 140,200 deaths
per year [3]. Global mortalityofthis cancer remains high and minimal
improvement in mortality has been observed over the past decade
[4]. This poor overall survival is mainly due to late diagnosis, disease
recurrence and resistance to standard platinum-based chemotherapy
[2]. The 5-year survival rate of more than 70% of patients with
advanced-stage EOC is only 35% [5].

Different modalities were either tried to predict malignant
ovarian masses depending on ultrasound findings of the mass,
menopausal state and & some biomarkers such as CA125 either
separately or combined [6]. The major limitation of CA125 is that
it may be high in benign disease, such as endometriosis, ovarian
cysts, and pelvic inflammatory disease [7]. The combination of serum
levels of CA125 with menopausal status, other tumor markers, and
ultrasound parameters increases the discriminating power of this
method between benign and malignant pelvic masses [8].

In 1990, Jacobs and his colleagues originally developed the Risk
of Malignancy Index (RMI) [9]. The Risk of Malignancy Index
(RMI) is a simple scoring method based on menopausal status,
ultrasound findings, and the serum CA125 level. This method has
given significantly better results than the use of a single parameter.
The RMI is the product of the Ultrasound scores (U), the Menopausal
score (M), and the absolute value of the serum CA125RMI = U x M x

CA125 [9]. This score has long been used for prediction of malignancy
in ovarian masses. Sensitive and specific screening test that could
detect ovarian cancer at a curative stage has yet to be developed.

Minichromosomal —maintenance (MCM) proteins play
an important role in DNA replication, they are related to cell
proliferation, and serve as useful markers for cancer screening,
surveillance, and prognosis. They are encoded by genes which are
parts of the MCM genes from MCM 2-7 which have hexametric
structure [10]. 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 [11].
MCM? can be used as a prognostic indicator in various cancers, such
as endometrial 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 [11] thus, MCM?7 is a
useful marker for predicting disease prognosis.

The aim of this study is to ascertain MCM7 clinical utility to do
a comprehensive assessment of MCM?7 protein expression in benign
and malignant ovarian tissues by real time PCR and its relation to
CA125 and RMI that may have predictive and therapeutic impact on
patients.

Materials and Methods

Participants

This case-control study was conducted on 50 Egyptian female
patients with established diagnosis of ovarian mass who were
admitted A in Shams University Maternity Hospital, gynaecologic
outpatient clinicfrom October, 2012-February, 2014 and written
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consent was taken from patients.All women gave their informed
consent to participate in the study, which was approved by the
Research Ethics Committee of A in Shams University, Faculty of
Medicine. All participants in the present study were planned for
surgical intervention for removal or exploration of an ovarian mass.
None of them was pregnant or has malignant tumor other than
ovarian tumor.

Five milliliter Fasting blood samples were collected from all
the participants, To obtain and clarify serum, samples were left to
stand at room temperature for at least 30min to allow the blood to
clot and then centrifuged at 2000rpm for 15min and aliquoted to be
analyzed according to manufacturer’s protocols of Abcam Cancer
Antigen CA125 Human ELISA Kit (ab108653) supplied from Abcam
Incorporation USA, that used for the measurement of human CA125,
The minimum detectable concentration of CA125 by this assay is
estimated to be 5UmL". The samples that exceeded the reading of
highest standard were further diluted 2 times; absorbance value was
read at 450nm within 15min.

Studied individuals were classified into two main groups

Group A: Twenty five cases with malignant ovarian lesions (mean
age 49.12+15.034) 80% were epithelial and 20% were stromal tumors,
32% were low Grade (Gx and G1) and 68% were high grade (G2 and
G3), 60% were early stage (I and II) and 40% were late stage (III).

Group B: Twenty five cases with benign ovarian lesions as a
control group (mean age 43.36+12.065).

All patients of the study were subjected to complete detailed
history taking, general and local examination, radio-diagnostic
investigations as pelvic ultrasonography (us) and all patients were
subjected to surgery for excision of the tumor mass. Then, tumor
samples were sent for pathological staging and grading according
to (TNM) classification. Clinical staging of the disease was done
according to TNM classification [17].

Tissue samples

Human ovarian tumor tissue samples (both benign and
malignant) were obtained directly at the operating theater in a Petri
dish on ice. These were selected to be representative of the tumor.
Blood was washed by ice cold saline. The fat, necrotic tissue, skin
and muscle tissue were rapidly dissected from tissue of interest. The
tissue samples were wrapped in aluminum foil and immediately were
chilled on ice for further RNA extraction.

RNA extraction

The RNA extraction of all samples was done by TRIzol Reagent
manufactured by Life Technologies Corporation, Carlsbad, California,
which was based on a modified salt precipitation procedure in the
presence of highly effective RNase inhibitors and was kept at -80°C
till its use for q-Real Time PCR of MCM7 and Glyceraldehyde 3P
dehydrogenase (GABDH) as a house keeping gene for tissue samples.

RNA quality and quantity in pguL™*

It was then determined using an Ultraspec 1000, UV/visible
spectrophotometer (Amersham Pharmacia Biotech, Cambridge,
UK).

Reverse transcription

Reverse transcription was performed using QuantiTect” Reverse

Transcription kit manufactured by (QIAGEN, Germany). It was
used for cDNA synthesis with integrated removal of genomic DNA
contamination, for use in real-time two-step RT-PCR.

Relative quantitative real time PCR (qg-real time PCR)

The volume of the first-strand reaction was brought to 20uL with
RNAase free water and template cDNA (1pg/reaction) were amplified
on an iCycler (Bio-Rad) using 10uL 2x QuantiTect SYBR Green PCR
Master Mix and 2pL of the gene-specific oligonucleotide primers. All
PCRs were done by initial activation step at 95°C for 15min followed
by 45 cycles of 15, 30 and 30 sec at 95, 50 and 72°C, respectively.
Bio-Rad software was used to calculate threshold cycle (Ct) values
for all target genes and for the reference gene Glyceraldehyde 3P
dehydrogenase (GABDH). The expression values for the tumor
samples are presented as fold expression in relation to the control
sample, the actual values were calculated using the 24T equation:
Then calculation of the relative quantification (RQ) or fold change is
done by the following equation:

Statistical analysis

The data was expressed as median and independent samples
Mann-Whitney or Kruskall Wallis Test. Spearman’s rho correlation
was used to explore the relationship between MCM7, CA 125
and RMI among the groups of the study. The threshold value for
optimal sensitivity and specificity of MCM7, CA 125 and RMI were
determined by Receiver Operating Characteristics (ROC) curve. The
cutoff value that maximized the sum of sensitivity and specificity was
chosen for discrimination between benign and malignant groups. All
statistical analysis were performed using the software package SPSS
for Windows, version 15.0 (SPSS Inc., Chicago, Illinois). Significant
p-value considered when it is #0.05.

Results

Concerning the comparison between malignant and benign
groups as regards the demographic data and clinical characteristics,
there is statistical significant difference between the two groups
related to menstrual state and US score (p>0.05). Histopathological
findings of the malignant group were analyzed, Epithelial Ovarian
Cancer (EOC) were 20 samples (80%) and other types where 5
samples (20%), the low grade EOC samples were 5 (25%) and high
grades where 15 (75%) early stages EOC were 10 samples (50%) and
late stage 10 (50%) there was no statistical association between the
grade and stages of the cancer group data not shown.

Figure 1 shows the Quantitative real time PCR for MCM7, and
ROC Curves analyses of the 3 markers. The best cutoff points was
calculated by ROC curve to discriminate the malignant and benign
cases, the best cut off point was 1.96 for MCM7, 6.05UMI" for CA
125 and 9.65 for RMIas shown in (Figure 2). As regards MCM7
positivity rate, MCM7 mRNA was>cutoff value in 100% (25/25) of
the malignant group and in 4% (1/25) of the benign group with highly
significant difference between the two groups (p< 0.01) as in Table 1.
There is no significant difference between the expressions of MCM7
in relation to the different clinicopathological factors in malignant
groups of the study as shown in Table 2. The MCM?7 expression
positivity rate by RT-PCR analysis in both groups of the study in
relation to different clinicopathological factors is shown in Table
3. Expression of MCM7 in Ovarian tissue samples from Malignant
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transverse line indicates the threshold level.

Figure 1: Amplification curves of MCM7 gene in different groups of the study was done by real time PCR.
Collective Amplification Curves of the g-real time PCR products of MCM7 Gene with its housekeeping gene (GABDH) in both Malignant and Benign Groups. The
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Figure 2: Combined ROC curve analysis for, serum CA125 (U/ml), RMI and
g-RT-PCR for MCM7 gene expression, in ovarian malignant group versus
Ovarian benign group. In CA125 curve the area under the curve was 0.94,
Arrow denotes cut off point at 6.05 U/ml at which CA125 sensitivity was
96% specificity was 84%. In RMI curve the area under the curve was 0.976.
Arrow denotes cut off point at 9.65 at which RMI sensitivity was 100 % and
specificity was 92%. In MCM7 CURVE the Area under the curve was 0.994.
Arrow denotes Cut off point at 1.96 at which MCM7 sensitivity was 100 % and
specificity was 96%.

group as measured by g-real time PCR showed 100% sensitivity, 96%
specificity and after its combination with RMI the sensitivity reached
to absolute value with 98% accuracy and 96.15% PPV as shown in
Table 4. The expression of ovarian MCM?7 was positively correlated
with CA125 and RMI with high significance (p<0.01) in Table 5.

Discussion

Ovarian cancer is the most lethal gynecologic malignancy [18].
The origin and pathogenesis of epithelial ovarian cancer (EOC) have
long been investigated but still poorly understood [19]. Studies have
shown that epithelial ovarian cancer is not a single disease but is
composed of a diverse group of tumors that can be classified based on
distinctive morphologic and molecular genetics features [20].

The mainstays of malignant cancer treatment are surgery,
radiotherapy, and chemotherapy [21]. Despite progress in cancer
therapy, ovarian cancer mortality has remained virtually unchanged
over the past two decades [22]. Most of the patients are diagnosed at
an advanced stage [2,19], and most of them have already peritoneal
spread, with a 5-year survival rate of less than 30% so ovarian cancer
is accepted as a “silent killer” [23].

Search is ongoing since many years for a novel, more sensitive,
and more specific tumor marker or diagnostic algorithm to serve

Table 1: Positivity rate of MCM7 gene expression measured by real time PCR
(No of cases 2 cut off value) in all groups of the study.

MCM7 expression
Positive Negative Ve
(21.96) (<1.96) (P)
25 0 46.154
Malignant (25)
100% 0% (0.00)**
1 24
Benign (25)
4.00% 96%

**p < 0.01: is highly significant

in the classification of patients with a pelvic mass and for screening
in ovarian cancer. One of the promising markers is MCM7. MCM7
is one of the highly conserved Mini-Chromosome Maintenance
proteins (MCM) that are essential for the initiation of eukaryotic
genome replication [24]. MCM?7 plays a pivotal role in the G1/S phase
transition, orchestrating the correct assembly of replication forks on
chromosomal DNA and ensuring that all the genome is replicated
once and not more than once at each cell cycle [25].

The hexametric protein complex formed by the MCM proteins
is a key component of the pre-Replication Complex (pre-RC) and
involved in the formation of replication forks and in the recruitment
of other DNA replication related proteins [26-27].

MCM expression represents cell cycle entry and is used as a
proliferative marker superior to commonly use other proliferative
markers, such as Ki67 and proliferating cell nuclear antigens (PCNAs)
[28]. MCMY is expressed in cells more than Ki67 or PCNAs, because
it is expressed in cells licensed to proliferate in addition to those that
are already proliferating [11].

As chemotherapy is most effective against proliferating cells, it is
conceivable that MCM?7 expression may indicate responsiveness to
chemotherapy that may in turn affect progression-free survival [11].

So MCM?Y is recently proposed as a novel potential biomarker
to detect ovarian cancer cases. MCM?7 expression can be used as the
potential prognostic biomarker for disease recurrence or progression-
free survival in ovarian cancer [11].

The present study extended those findings by investigating
MCM?7 expression in human ovarian tumor tissues by quantitative
real-time RT-PCR analysis, with combination between serum CA125
and RMI with MCM?7 gene expression in ovarian malignancies that
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Table 2: MCM7 gene expression as measured by real time PCR in relation to clinicopathological factors in malignant group only.

Clinicopathological factors Mean X2
Median Range
(no.) rank (P)
NP (No.=10) 96.945 47.67-645.83 10.25 2.331
Parity
MP (No.=15) 277.24 44.17-1612.41 14.83 (0.13)
Positive (No.=10) 298.96 44.17-1612.41 15.1 1.359
Breast F
Negative (No.=15) 157.04 47.67-645.83 11.6 (0.24)
Premenopausal 0.807
134.82 47.67-1239.03 11.63
(No.=12) (0.37)
M.S
Postmenopausal
277.24 1568.24-1612.41 14.27
(No.=13)
Positive (No.=4) 231.995 81.86-341.32 15.25 0.446
F.H (0.5)
Negative (No.=21) 157.04 44.17-1612.41 12.57
Smokers (No.=3) 341.32 283.07-1239.03 20.83 3.931
Smoking Nonsmokers (No.=12) 174.855 44.17-645.83 12.29 (0.14)
Passive Smokers (No.=10) 174.25 1612.41-1564.74 115
Past administration (No.=6) 231.995 44.17-320.68 13.42 0.025
OCT
Never (No.=19) 157.04 47.67-1612.41 12.87 (0.87)
US=1(No.=9) 94.68 47.67-1612.41 12.61 0.039
us
US=3(2-5) (No.=16) 174.855 44.17-1239.03 13.22 (0.84)

MS: Menopausal State; FH: Family History; OCT: Oral Contraception; US: Ultrasound Score.

Table 3: The positivity rates of MCM?7 in relation to different clinicopathological
factors in all groups.

Clinico- Ve
MCM7
pathological factors (P)
(No.) Positive Negative
(21,96) (<1,96)
NP (No.=17) 10(38,5%) | 7(29,2%) 3.607
Parity
MP (No.=33) 16(61,5%) = 17(70,8%) | (0.058)
Positive (No.=25) 11(42.3%) | 14(58.3%) | 1.282
Breast F
Negative (No.=25) 15(57,7%) | 10(41.7%) | (0.258)
Premenopausal (No.=12) 13(50%) 18(75%) 3.311
M.S
Postmenopausal (No.=13)  13(50%) 6(25%) (0.069)
Positive (No.=5) 5(19.2%) 9(37.5%) 2.066
F.H
Negative (No.=20) 21(80.8%) | 15(62.5%) | (0.151)
Smokers (No.=2) 3(11.5%%) = 2(8.3%%) 1.241
Smoking (0.538)
Nonsmokers (No.=13) 13(50.0%) 9(37.5%)
Passive Smokers (No.=10) | 10(38.5%) & 13(54.2%)
Pastadministration ;.6 50006)  8(33.3%6%) = 1,131
OCT (NO.—4)
Never (No.=21) 19(73.1%) | 16(66.7%%) | (0.288)
US=0(No=20) 1(3.8%) 19(79.2) 33,316
us US=1(No.=14) 9(34.6%) 5(20.8%) | (0,00)"
US=3(2-5) (No.=16) 16(61.6%) 0(0%)
Total 26 24 50

M.S: Menopausal State; FH: Family History; OCT: Oral Contraception; US:
Ultrasound Score.
**p<0.01 is highly significant.

may be used as diagnostic tool and therapeutic target to defeat cancer
cells.

In this study, there was no significant differences were found
between MCM?7 quantity and any of the studied clinicopathological
factors (p>0.05) indicating that this protein is a good marker as it
is not affected by any of the pathological factors. There was a highly
significant difference between malignant and benign groups as
regards expression of MCM7 gene by g-Real Time PCR (p<0.001).
Using (1.96) as a cut off value for MCM7 Gene Expression measured
by real time PCR area under the curve was 0.994, MCM?7 sensitivity
was 100% and specificity was 96%.

This results in agreement with Ota and his colleagues investigated
MCM?7 expression in epithelial ovarian carcinomas and correlated
its expression with pathologic factors using two different MCM7
labelling indexes produced by a pathologist observer and by the
automated cellular imaging system on tumor microarrays from 342
patients [11] that found (MCM?7) expression is significantly higher in
high-grade serous tumors compared with serous borderline tumors
they also observed significantly higher expression of MCM?7 in high-
grade serous carcinomas compared with endometrioid and clear-cell
tumors. Kobierzycki and his co-workers also investigated expression
of MCMY in ovarian cancer and they found a positive correlation of
MCM-7 with Ki-67, strongly encourage consideration of the use of
these proteins as proliferation markers [29].

In the current study, the median serum levels of the CA-125 in
malignant patient’s 21U/ml were higher than the levels in benign
patients (0.00U/ml). CA125 values showed a highly significant
difference between the two groups of the study (P<0.01). This agree
with other publications have described increased levels of serum CA-
125 in patients with malignant tumors [6]. Gorp and his co-operators
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Table 4: Sensitivity, specificity, predictive values and accuracy of detection of
MCM?7 gene by real time PCR in ovarian cancer.

Parameter Sensitivity Specificity PPV NPP | Accuracy
MCM7 100% 96% 96.15% 100% 98%
RMI 100% 92% 92.59%  100% 96%
CA125 96% 84% 85.71% | 95.45% 90%
C°mbg';:\’MMCM7 100% 96%  96.15% 100% = 98%

Table 5: Correlation between levels of MCM7 measured by real Time PCR &
CA125 serum levels, US score and RMI in all groups of the study.

. CA125
Spearman's rho (UIml) US Score RMI
gzg;:gf;': 0.555 0714 | 064
MCM?7 real time PCR o " " "
value Significance 0.00 0.00 0.00
no. 50

*: P value < 0.05 is significant; **: P value < 0.01 is highly significant by sperman
correlation.

also observed the median serum level of the CA-125 in malignant
patients 276.5U/ml was significantly higher than the levels in benign
patients (12.8U/ml) [30].

Regarding CA125, in the present study a cut-off value of 6.05U/
ml which was determined by the ROC curve (area under the curve,
0.947), at which the sensitivity is 96%, a specificity is 84%. This in
contrast to the result of [30] who found that the ROC-AUC for
CA125 was 0.856, at which the sensitivity is 73.9%, specificity is 89%
with cut off value 62.5U/ml. Such difference in our results may be due
to small sample size.

Regarding RMI, in the present study a cut-off value of 9.65U/
ml which was determined by the ROC curve (area under the curve,
0.976), at which the sensitivity is 100%, a specificity is 92%.

With respect to the overall performance as evaluated by area
under the ROC curve (AUC), the MCM7 gene expression had the
highest performance (AUC = 0,994), RMI with (AUC = 0.976) and
CA125 (AUC = 0.856). So the diagnostic power of MCM?7 alone was
inferior to CA125 and RMI. However, by combination of MCM7 with
RMI will result in absolute sensitivity (100%). The specificity (96%)
and the PPV will be 96.15% while NPV will be 100% and accuracy
will be 98%.

To the best of our knowledge these were novel combinations
between these different parameters we are the first to correlate
between MCM7 measured by real time PCR with US score, RMI, and
CA125serum levels (U/ml) in all groups of the study and found highly
significant correlation (p < 0.01).

In addition, we found concordance between the results of MCM7
measured by real time PCR and RMI in all groups of the study was
highly significant (p < 0.01).

Conclusion
MCMY could be a promising marker for diagnosis ovarian cancer.
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