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Abstract

Background: The prognosis and response of treatment of high grade serous ovarian carcinoma can be predicted
by using numbers of biological markers.

Aim: The present study aimed of investigating the clinicopathological significance and prognostic value of
MRE11, RAD50, ER and PR expressions in high grade serous ovarian carcinoma. The association between double-
strand breaks repair genes (MRE11-RAD50 complex) and steroid hormones receptor (ER and PR) was also studied.

Methods: An immunohistochemical study was performed on 108 high grade serous ovarian carcinoma cases.
The expressions of MRE11, RAD50, ER and PR were evaluated and correlated to patients' clinicopathological data.

Results: The results showed that high MRE11, RAD50, ER and PR protein expressions were seen in 51.9%,
70.4%, 66.7% and 31.5%, of high grade serous ovarian carcinoma cases, respectively. MRE11 and RAD50
overexpression was significantly related to high-stage (p=0.012 and p=0.024, respectively), lymph node metastasis
(p=0.002 and p=0.008, respectively), negative estrogen expression (p<0.001 for both) and negative progesterone
expression (p<0.001 and p=0.002, respectively). MRE11 and RAD50 overexpression was a poor prognostic factor
for OS compared with high ER/PR expression in high grade serous ovarian carcinoma patients.

Conclusion: High immunohistochemical expression of MRE11 and RAD50 in high grade serous ovarian
carcinomas is related to poor prognosis.
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Introduction
Ovarian carcinoma is considered the ninth most common cancer

among females and the eighth leading cause of mortality among
cancer-related deaths [1,2], while in USA and in Egypt as well it takes
the fifth rank among the most common cancers in females [3,4].
Epithelial ovarian carcinomas comprise most cases with the
predominance for the serous type with about 75% which has been
defined as two different distinct types; low grade serous ovarian
carcinoma (LGSOC) and high grade serous ovarian carcinoma
(HGSOC) [5-7]. HGSOC is predominates and represents 20 times
more common than LGSOC. Approximately 80% of HGSOC are found
to be at (Stage III-IV) on diagnosis only survival rate of 20% to 30%
[8,9].

The etiology of ovarian cancer is still not fully understood, among
many risk factors associated with the development of ovarian cancer
are genomic instability and the changes of sex hormones during a
woman’s lifetime [10]. DNA repair maintains genomic stability and
integrity thus any mutations may share in carcinogenesis, cancer
progression and poor response to therapy [11,12]. Meiotic
recombination 11 (MRE11) and RAD50 are components of MRN

complex, which is consists of MRE11, RAD50 and NBS1; have major
role in the phases of double stranded DNA repair. The MRN complex
may have impaired function by mutations or epigenetic silencing any
of the above-mentioned members. MRE11 and NBS1 germ- line
mutations were lethal to experimental animals, however in man they
rarely lead to an Ataxia telangiectasia-like disorder (ATLD) and
Nijmegen break- age syndrome (NBS), respectively. Breast and ovarian
cancer susceptibility could be attributed to certain mutations in MRN
complex [12-14].

The role by which estrogen and progesterone, the main sex
hormones, regulates ovarian cell proliferation has been suggested in
addition taking estrogen as a hormone replacement therapy during
menopause for longer periods exaggerates the risk of developing
ovarian cancer [15]. Estrogen receptor (ER) and progesterone receptor
(PR) mediate the effects of female steroid hormones on proliferation
and apoptosis of ovarian cancer cells. The hormonal treatment for
ovarian cancer has not yet been widely recommended [10].

The poor prognosis of ovarian cancer is relatively due to late
diagnosis and tumor metastasis at time of diagnosis. The aim of this
study was to investigate MRE11, RAD50, estrogen receptor and
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progesterone receptor protein expressions in high grade serous ovarian
carcinoma using immunohistochemistry technique. The prognostic
roles of the two DNA repair proteins MRE11 and RAD50, estrogen
receptor and progesterone receptor were examined in relation to
clinicopathologic factors. The correlation between the two DNA repair
proteins MRE11 and RAD50 and hormone receptors as ER and PR was
also studied.

Materials and Methods

Patients and clinical samples
Formalin-fixed and paraffin embedded high grade serous ovarian

carcinomas of one hundred eight cases were included in this study. The
cases were collected from the archive of the pathology departments in
Minia University Hospital and Minia Oncology Center during the
period of June 2013 to June 2018. Clinical and pathological
characteristics were taken from the medical records and pathology
reports. Routine hematoxylin and eosin sections were performed for
histopathological evaluation. The stage of tumors was defined
according to TNM staging system and the International Federation of
Gynecology and Obstetrics (FIGO). Tumor grade was assessed
according to the WHO classification 2014 [16]. Follow-up data were
taken from the clinical databases.

Immunohistochemistry
Sections 3μm-thick were constructed. All sections were incubated

for 1h at 60 ˚ C and deparaffinized in xylene, rehydrated through a
graded series of ethanol solutions, and then incubated with 0.3%
hydrogen peroxide for 30 min at room temperature to block
endogenous peroxidase. Antigen retrieval was carried out in citrate
buffer pH 6 for 20 min, and then sections were cooled to room
temperature. After washing in 0.1M phosphate-buffered saline,
sections were incubated with mouse monoclonal antibody to MRE11
(12D7, Abcam) at a dilution of 1:200 in PBS, mouse monoclonal
antibody to RAD50 (13B3/2C6, Abcam) at a dilution of 1:100 in PBS,
mouse monoclonal estrogen receptor (Roche) and mouse monoclonal
progesterone receptor (Roche) at room temperature for 30 min. The
reaction was visualized using the Ventana Benchmark automated
system using Ventana reagents and DAB detection kit. Finally, the
sections were mounted, and cover slipped.

Evaluation of immunostaining
Immunohistochemical analysis of all slides was evaluated by two

pathologists (NR and MG). For ER and PR immunohistochemistry
expression evaluation, two scoring systems were used. The first one
was a simple system, scored as follows: <1% of tumor cells with ER/PR
staining (0 points), up to 1% (1 point), 1 to <50% staining (2 point), ≥
50% staining (3 points). The second one used is the Allred scoring
system. The proportion of positive cells was scored as follows:
negatively stained tumor cells (0 points), 1% (1 point), 1 to 10% (2
points), 10% to 33% (3 points), 33% to 66% (4 points), and >66% (5
points). Intensity of staining was scored as follow: absent tumor cells
staining (0), weak (1), intermediate (2), and strong staining (3). The
proportion and intensity scores were added to obtain a final score that
ranged from 0 to 8. Using the Allred scoring system, up-to 3 was
considered negative and >3 was signed as positive [15]. For evaluation
of MRE11 and RAD50 immunohistochemical expression, the intensity
of staining for the nuclear MRE11 and RAD50 was scored as follows: 0:

no staining; 1+: weak staining; 2+: moderate staining; 3+: strong
staining. The percentage of nuclear-stained cells was scored as follows:
0: no staining; 1+: 1-25%; 2+: 26-50%; 3+: 51-100%. The final score was
calculated by multiplying the percentage score and the intensity score.
Nuclear immunoreactivity of the MRE11 and RAD50 was scored on a
range of 0 – 9+ with scores of 0 – 4+ considered as low nuclear
expression and 5–9+ considered as high nuclear expression [17].

Statistical analysis
The statistical evaluation was performed using the SPSS software

Version 25.0 (SPSS Inc., Chicago, IL, USA). The scoring data of MRE11
and RAD50 were categorized into “ Low Expression ”  and “ High
Expression” . The statistical significance of the association between
these markers as well as clinicopathological parameters was assessed by
Chi test and Fisher’s exact test. In addition, the probability of overall
survival was determined by the Kaplan-Meier test. P-value <0.05 were
considered as significant.

Results
This study was carried out on 108 patients with high grade serous

ovarian neoplasms. The age of patients ranged from 30 years to 70
years with a mean (± standard deviation:SD) of 55.93 (± 9.61) years
and a median of 54years. Other patients’ characteristics were shown in
(Table 1).

Clinicopathological characteristics Carcinoma (N=108)

 No %

Age

≤ 50 26 24.1

>50 82 75.9

Bilaterally

Negative 30 27.8

Positive 78 72.2

FIGO Stage

I 22 20.4

II 32 29.6

III 30 27.8

IV 24 22.2

LN status

Negative 74 68.5

Positive 34 31.5

Omentum Deposition

Negative 72 66.7

Positive 36 33.3

OS

Alive 68 63
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Dead 40 37

Table 1: Clinicopathological characteristics of the cases.

Immunoreactivity
                                       ER expression was observed in the nuclei of

tumor cells. ER expression was negative in 36 cases (33.3%) and

positive in 72 cases (66.7%). The ER immunoreactivity was inversely
associated with stage (p=0.002), LN status (p=0.002), omentum
deposition (p=0.013) and OS (p<0.001). No association was found
between ER immunoreactivity and other clinicopathological
parameters as shown in (Table 2), Figure. 1 a, b.

Clinicopathological characteristics
ER PR

-ve (%) +ve (%) P value -ve (%) +ve (%) P value

Age       

≤ 50 20 (76.9) 6 (23.1)
0.293

18 (69.2) 8 (30.8)
0.617

>50 52 (63.4) 30 (36.6) 56 (68.3) 26 (31.7)

Bilaterally       

Negative 18 (60) 12 (40)
0.369

18 (60) 12 (40)
0.301

Positive 54 (69.2) 24 (30.8) 56 (71.8) 22 (28.2)

FIGO Stage       

I 6 (27.3) 16 (72.7)

0.002

8 (36.4) 14 (63.6)

0.009
II 24 (75) 8 (25) 24 (75) 8 (25)

III 18 (60) 12 (40) 18 (60) 12 (40)

IV 24 (100) 0 (0) 24 (100) 0 (0)

LN status       

Negative 26 (56.1) 36 (47.9)
0.002

48 (58.5) 34 (41.5)
0.003

Positive 26 (100) 0 (0) 26 (100) 0 (0)

Omentum Deposition       

Negative 40 (55.6) 32 (44.4)
0.013

41 (58.3) 30 (41.7)
0.021

Positive 32 (88.9) 4 (11.1) 32 (88.5) 4 (11.1)

OS       

Alive 36 (50) 36 (50)
<0.001

38 (52.8) 34 (47.2)
0.001

Dead 36 (100) 0 (0) 36 (100) 0 (0)

MER11       

Low 18 (34.6) 34 (65.4)
<0.001

22 (42.3) 30 (57.7)
<0.001

High 54 (95.4) 2 (3.6) 52 (92.9) 4 (7.1)

RAD50       

Low 8 (25) 24 (75)
<0.001

12 (37.5) 20 (62.5)
0.002

High 64 (84.2) 12 (15.8) 62 (81.6) 14 (18.4)

Table 2: Association of ER and PR Expressions and Clinicopathological Characteristics of High Grade Serous Ovarian Carcinoma Patients.

 Chi-square test and Fisher’s exact test.

p-value ≤ 0.05 is considered significant.

                                        PR expression was observed also in the nuclei
of tumor cells. PR expression was positive in 34 (31.5%) cases and
negative in 74 cases (68.5%). A statistically inverse association was
noted between PR expression and FIGO stage (p=0.009), LN status
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(p=0.003), omentum deposition (p=0.021) and OS (p<0.001). No
association was found between PR immunoreactivity and other
clinicopathological parameters as shown in (Table 2), Figure. 1 c, d.

The MRE11 protein was mainly
distributed in the nucleus, as shown in Figure 1.

MRE11 expression was low in 52 cases (48%) and high in 56 cases
(51.9%). The MER11 immunoreactivity was significantly associated
with high FIGO stage (p=0.012), LN status (p=0.002), omentum
deposition (p=0.007) and OS (p<0.001). A statistically significant
inverse association was found between MER11 and ER expression
(p<0.001). A statistically significant inverse association was found
between MER11 and PR expression (p<0.001). No association was

found between MER11 expression and other clinicopathological
parameters (Table 3), Figure. 1 e, f.

                                                  RAD50 expression was observed in the
nucleus as shown in Figure 2. RAD50 overexpression was low in 32
(29.6%) cases and high in 76 cases (70.4%). RAD50 high expression
was significantly associated with advanced stage (p=0.024), LN status
(p=0.008) and OS (p<0.001). A statistically significant inverse
association was found between RAD50 and ER expression (p<0.001).
A statistically significant inverse association was found between
RAD50 and PR expression (p=0.002). No association was found
between RAD50 high expression and other clinicopathological
parameters as shown in (Table 3), Figure. 1 g, h.

Clinicopathological characteristics
MER11 RAD50

Low (%) High (%) P value Low (%) High (%) P value

Age

≤ 50 12 (46.2) 14 (53.8) 0.561 8 (30.8) 18 (69.2) 0.587

>50 40 (48.8) 42 (51.2) 24 (29.3) 58 (70.7)

Bilaterally

Negative 18 (60) 12 (40)
0.215

10 (33.3) 20 (66.7)
0.477

Positive 34 (43) 44 (56.4) 22 (28.2) 56 (718)

FIGO Stage

I 16 (72.7) 6 (27.3)

0.012

17 (63.6) 8 (36.4)

0.024
II 18 (56.3) 14 (43.8) 10 (31.6) 22 (68.8)

III 16 (53.3) 14 (46.7) 6 (20) 24 (80)

IV 2 (8.3) 22 (91.7) 2 (8.3) 22 (91.7)

LN status

Negative 46 (62.2) 28 (37.8)
0.002

30 (40.5) 44 (49.5)
0.008

Positive 6 (17.6) 28 (82.4) 2 (5.5) 32 (49.1)

Omentum Deposition

Negative 44 (61.6) 28 (38.5)
0.007

26 (36.1) 46 (63.9)
0.122

Positive 8 (22.2) 28 (77.8) 6 (16.7) 30 (83.3)

OS

Alive 46 (67.6) 22 (32.4)
<0.001

32 (47.1) 36 (52.9)
<0.001

Dead 6 (15) 34 (85) 0 (0) 40 (100)

RAD50

Low 32 (100) 0 (0)
<0.001

High 20 (26.3) 56 (73.7)

Table 3: Association of MER11 and RAD50 Expressions and Clinicopathological Characteristics of High Grade Serous Ovarian Carcinoma
Patients.

 Chi-square test and Fisher’s exact test.
p-value ≤ 0.05 is considered significant.
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                   Representative immunohistochemical Expressions of ER (a, b) and PR (c, d), MRE11 (e, f) and RAD50 (g, h), in High Grade Serous
Ovarian carcinoma (Low versus high expression), images were taken at 40×.

The median follow-up was 16 months (range;
5-36 months). Overall survival was not significantly associated with
any prognostic clinicopathological factors. Regarding marker
expressions and OS, increased expression of MER11, RAD50 and were
significantly associated with lower OS (p=0.037 and p=0.026,
respectively), (Figure 2).
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Figure 1:

Survival Analysis:



                     Kaplan-Meier survival curves for DFS according to
MRE11, RAD50 and ER expressions.

Discussion
Ovarian carcinomas are considered one of the most complicated

obstacles in onco-gynecology [18]. This complexity is due to the
presence of a wide range of histological forms of ovarian carcinomas
and their different etiopathogenesis [19]. Hormonal factors play
the most important role in etiopathogenesis of ovarian carcinomas.
Estrogens and progesterone, the same as receptors to them, are
promoters of some hormone-dependent tumors, especially breast
cancer, endometrial cancer and ovarian cancer [20].

Therapeutic strategy for patients with ovarian carcinomas includes
surgical component and chemotherapy. Despite improvement of
surgical treatment strategies and application of modern chemotherapy
schemes [21], long-term results of treatment in patients with
disseminated ovarian carcinomas remain unsatisfactory [22].

Hormonal therapy has been described for patients with chemo-
resistant ovarian carcinomas [23]. Clinical focus on hormonal
treatment of ovarian carcinoma patients was increased due to the
update of molecular-biological technologies [24]. However, the use of
hormonal therapy in treatment of patients, as well as prognosis
depending on expression of hormone receptors are not widely studied.

Prognostic value of hormonal receptor status has been studied for
many years. Some studies stated high survival of ovarian carcinoma
patients at expression of ER and PR in tumor [25,26]. Other studies
shown that expression of PR is favorable prognostic factor, and
expression of ER is associated with progression of disease and short
relapse-free period [27-29].

DNA double-strand breaks (DSBs) cause base  pair  mismatch  [30]
which is directly linked with cancer susceptibility. DSBs repair occurs
by three mechanisms: homologous recombination (HR),
microhomology mediated end joining (MMEJ) and non-homologous
end joining (NHEJ) [31]. HR requires one homologous sequence to
repair breaks and repairs DSBs in the late S and G2 phases of the cell
cycle when sister chromatids are readily available [32]. MMEJ requires
a 5-25 base pair homologous sequence and repairs DSBs in S phase.
NHEJ can directly re-ligate broken ends in the absence of a
homologous template and repairs DSBs in the G0/G1 and early S
phases. The stability of the genome depends on HR as it executes
accurate DNA replication [33].

The MRN complex (MRE11-NBS1-RAD50), the checkpoint
mediator proteins, is the main domain of HR pathway. It allows DNA
repair to occur through cascade signals which arrest cell cycle
progression. Therefore, it acts as a barrier to oncogene-induced
neoplasia. Alterations in the HR pathway increase the risk of
tumorigenesis [34,35].

The clinical significance of MRE11 and RAD50 expressions as
clinical biomarkers has been studied in many cancers such breast
cancer, gastric cancer, colorectal cancer, and bladder cancer [35,36].
They are involved in the poor prognosis and chemoresistance of
human cancers [37].

In our study, immunohistochemical analysis showed high
expression of the MRE11 complex (MRE11, RAD50) in high grade
serous ovarian carcinoma. High protein expression of MRE11and
RAD50 was found in 51.9% and 70.4% of cases, respectively. Our
finding was in contrast with results of a previous study that
demonstrated a reduced detection of MRE11, and RAD50 in ovarian
carcinoma as compared to the control group of serous cystadenomas.

The findings of this study demonstrated that MRE11 and RAD50
overexpression were significantly related to lymph node metastasis and
TNM stage. Of interest, we detected a significant relation between high
protein expression of MRE11-RAD50 complex and steroid hormone
status (ER and PR). We also found that MRE11 and RAD50 protein
overexpression is associated with poor OS in high grade serous ovarian
carcinoma.

Altan et al. reported that high MRE11 expression is associated with
poor overall survival in gastric cancer. Some studies have suggested
that high MRE11expression activates DSB repair, leading to increased
possibility of local recurrence and reduced survival rates [11].

Gao et al. demonstrated that RAD50 expression is weak in colon
cancer and is not associated with clinicopathological factors. On the
other hand, they observed increased RAD50 expression in early stage
primary colon cancer.

This study detected that ER immunoreactivity was inversely
associated with tumor stage, LN status, omentum deposition and OS.
No association was found between ER immunoreactivity and other
clinicopathological parameters. Also, PR immunoreactivity was
inversely associated with stage, LN status, omentum deposition and
OS. No association was found between RR immunoreactivity and
other clinicopathological parameters.

Halon et al. stated that estrogen receptor expression in ovarian
cancer predicts longer overall survival [26]. Chen et al., Chakraborty et
al. and Nourieh et al. discussed that estrogen and progesterone
receptor expression in ovarian cancer alter the overall survival [27-29].

Our analysis indicates for the first time a putative role of the ER/PR
and MRE11- RAD50 pathway as a basis for a better understanding of
endocrine and target therapy in high grade serous ovarian carcinoma.

Conclusion
In conclusion, Therapeutic strategies as DNA repair interference

mechanisms and endocrine therapy are of great interest to overcome
treatment obstacles in high grade serous ovarian carcinoma. The
endocrine treatment is based on the high ER/PR
immunohistochemical expression as a predictive marker. Further
studies with larger patient collective and molecular methods are
needed to obtain more detailed and better insight into this research
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field and to predict the role of the MRE11 complex and its clinical
implications for ovarian cancer treatment.
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