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Introduction

The Global Cancer Observatory (GLOBOCAN) 2022 
data showed the global incidence of ovarian cancer was 
324,603 cases, with nearly half (178,223 cases; 54.9%) 
occurring in Asia [1]. The global mortality from ovarian 
cancer was estimated at 206,956 deaths in the same 
year [1]. In Indonesia, ovarian cancer ranks as the third 
most common malignancy among women, with 15,130 
new cases (8.5%) and 9,673 deaths reported in 2022 
[1]. Ovarian cancer originates from different cell types, 
including epithelial, germ, and stromal cells. Epithelial 
ovarian carcinoma, which are the most common, 
comprises four main histological subtypes: serous 
carcinoma (the most common), endometrioid carcinoma, 
clear cell carcinoma, and mucinous carcinoma [2]. 

Based on histopathological criteria, mucinous ovarian 
tumor (MOT) is classified along a spectrum from benign 
to malignant forms, including mucinous cystadenoma 
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and adenofibroma (MCA), mucinous borderline tumor 
(MBT), and mucinous carcinoma of the ovary, which is 
further subdivided into low-grade mucinous carcinoma 
(LG-MC) and high-grade mucinous carcinoma (HG-
MC) types [3]. The incidence of primary mucinous 
carcinoma has been reported to be approximately 3% 
of all epithelial ovarian carcinomas [4, 5] and relatively 
higher in Asian populations, particularly in Indonesia, 
Singapore, and Korea [3]. In Brunei Darussalam (2007- 
2017), mucinous carcinoma accounted for 31% (64/207) 
of ovarian carcinoma cases, followed by serous carcinoma 
at 28% (58/207) [6]. Data from the Anatomical Pathology 
Laboratory of Dr. Soetomo General Hospital, Surabaya 
(2016–2020), demonstrated that mucinous carcinoma 
accounted for 25% of all MOT, and MBT represented 85% 
of all borderline ovarian tumors [7]. In addition, data of 
MOT during 2018-2021 were 46 (39%) MCA, 17 (14%) 
MBT, and 55 (47%) LG-MC [8]. Overall, the prognosis 
for patients with mucinous carcinoma is more favorable 
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compared to other epithelial ovarian carcinoma subtypes, 
with a five-year overall survival rate exceeding 90% [9]. 

The diagnosis of MOT remains challenging because 
of their wide morphological spectrum, from benign 
to malignant lesions, including MCA, MBT, LG-MC, 
and HG-MC. Mucinous borderline tumor exhibit 
epithelial proliferation resembling well-differentiated 
adenocarcinomas but are distinguished by the absence 
of stromal invasion [10]. Overlapping cellular features 
among benign, borderline, and malignant lesions 
further hinder accurate diagnosis, potentially leading to 
misclassification of borderline tumors as cystadenomas, 
borderline tumors as carcinomas, or carcinomas as 
borderline tumors. Such diagnostic inaccuracies may 
result in suboptimal treatment and affect clinical outcomes 
and survival. Borderline ovarian tumors are usually 
treated surgically [11], while mucinous carcinoma require 
surgical resection followed by adjuvant chemotherapy 
as the standard treatment approach [12]. Therefore, the 
identification of reliable differentiation markers among 
MCA, MBT, and mucinous carcinoma is critical for 
guiding optimal clinical management.

Among the potential biomarkers, p53 has gained 
attention as a critical regulatory in tumorigenesis. 
Functioning as a transcription factor, the p53 protein 
modulates the expression of downstream target genes 
that regulate key cellular processes, including cell cycle 
control, DNA damage repair, and apoptosis [13]. TP53 is 
frequently mutated genes in human cancers, with present 
in over half of all cases and commonly altered in ovarian 
cancer. In ovarian carcinoma, approximately 70% of TP53 
mutations are missense mutations, and these alterations 
often occur early in tumor development, suggesting a role 
in ovarian carcinogenesis [14, 15].

In addition to p53, minichromosome maintenance 
protein 2 (MCM2) is one of the biomarkers involved in 
tumorigenesis, reflecting the regulation of proliferation. 
It has recently been recognized as a novel proliferation 
marker with significant prognostic relevance across 
various cancer types [16]. MCM2 belongs to the MCM 
protein complex or pre-replication complex, which 
consists of six highly conserved proteins (MCM2-MCM7) 
that collectively interact to initiate DNA replication. This 
complex is considered a convergence point connecting 
growth signaling pathways with DNA replication 
initiation [17]. MCM2 initiates DNA replication and is a 
surrogate marker for Ki-67, which is active in all phases 
of cell division, while Ki-67 is only active in the S phase 
[17]. Recent studies have shown that overexpression of 
MCM2 is associated with cancers of the stomach, colon, 
and skin. In addition, MCM2 is a promising proliferative 
marker in various cancers, including thyroid, rectal, and 
breast cancers, and is frequently upregulated in ovarian 
carcinoma, where it is associated with advanced stage, 
high-grade tumors, and poor prognosis [18]. Although 
p53 and MCM2 have been widely studied as individual 
biomarkers in various cancers, limited data are available 
regarding their relationship in MOT. Therefore, this 
study aims to evaluate the expression of p53 and MCM2 
across the spectrum of MOT and to identify potential 
diagnostic markers for distinguishing benign, borderline, 

and malignant ovarian tumors.

Materials and Methods

An analytical cross-sectional study was conducted 
on patients diagnosed with MOT by histopathological 
examination at Dr. Soetomo General Hospital between 
2018 and 2021. Ethical approval was obtained from the 
Health Research Ethics Committee (No. 0913/KEPK/
II/2024; February 6, 2024).

Study samples 
The samples consisted of formalin fix paraffin-

embedded tissue (FFPE) from patients who fulfilled the 
inclusion criteria, including tissue blocks of adequate 
quality with tumors cells sufficiently preserved and 
representative for immunohistochemical analysis. Cases 
with coexisting tumors of the gastrointestinal tract or other 
organs were excluded.

The sample size was determined according to the 
formula n = Zα2. p. q/d2, where n represents the minimum 
required sample size; α was set at 0.05 (Zα = 1.96); p 
was assumed to be 0.5; q = 1 − p = 0.5; and d (margin 
of error) was set at 0.14. Based on this calculation, each 
group required 14 samples, resulting in a minimum total 
of 48 samples. After applying a 10% correction factor, 
the total was adjusted to 53 and subsequently rounded to 
60 samples, including MCA (n = 15), MBT (n = 15), LG-
MC (mucinous carcinoma grade 1, n = 15), and HG-MC 
(mucinous carcinoma grades 2 and 3, n = 15).

Immunohistochemistry assessment 
All slides were independently examined by two 

pathologists using a binocular light microscope (Olympus 
CX41RF). In this study, p53 expression was evaluated by 
immunohistochemistry (IHC) using a mouse monoclonal 
anti-p53 antibody (clone DO-7, dilution 1:100; Diagnostic 
Biosystems). p53 expression is interpreted as either a 
normal staining pattern, indicating the wild-type, or an 
abnormal staining pattern, indicating the mutant-type. The 
normal staining pattern is characterized by heterogeneous 
(patchy) nuclear staining with variable intensity, ranging 
from negative to weak and strong positivity. In contrast, 
the abnormal staining pattern can be classified into three 
types: overexpression, complete absence, and cytoplasmic 
staining. Overexpression is characterized by diffuse, 
strong nuclear staining observed in more than 80% of 
tumor cells. Complete absence shows negative nuclear 
staining, while internal control cells remain positive, 
confirming the validity of the test. Cytoplasmic staining 
is defined by unequivocal, strong cytoplasmic positivity 
with or without accompanying nuclear staining [19, 20].

MCM2 expression was evaluated by IHC using a 
mouse monoclonal anti-MCM2 antibody (clone 1E7, 
#12079; Cell Signaling Technology, dilution 1:100). 
Nuclear or cytoplasmic staining was considered positive. 
Immunohistochemical results were quantified based on 
two parameters such as the percentage of positively stained 
tumor cells (A) and staining intensity (I). The proportion 
score (A) was defined as follows: 0 = no tumor cells 
stained (0%), 1 = <35% positive cells, and 2 = >35–100% 
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years (21.7%), and 50% of patients were under 45 years. 
Tumors were most commonly located in the right ovary 
(48.3%), followed by the left ovary (41.7%) and bilateral 
cases (10%) (Table 1).

p53 expression
Immunohistochemical staining for p53 is presented in 

Figure 1 for MCA and MBT, and in Figure 2 for LG-MC 
and HG-MC. Overall, p53 expression was predominantly 
of the normal staining pattern (66.7%). All MCA samples 
exhibited a normal staining pattern, which was also 
observed in 86.67% of MBT, 60% of LG-MC, and 20% 
of HG-MC cases. Statistical analysis demonstrated 
a significant difference in p53 expression across the 
MOT spectrum (p = 0.000) (Table 2). The results of the 
Mann–Whitney test showed significant differences in p53 
expression between MCA and LG-MC (p=0.007), MCA 
and HG-MC (p=0.000), MBT and HG-MC (p=0.000, and 
LG-MC and HG-MC (p=0.028). There were no significant 
differences in p53 expression observed between MCA and 

positive cells. The intensity score (I) was graded as 0 = 
no staining, 1 = weak, 2 = moderate, and 3 = strong. The 
immunoreactive score (IRS) was obtained by multiplying 
A × I, and classified as: 0 = negative, 1–2 = weak, 3–4 = 
moderate, and 5–6 = strong expression.

Statistical analysis 
Differences in p53 and MCM2 expression were 

analyzed using the Kruskal–Wallis test, followed by 
the Mann–Whitney U test for pairwise comparisons 
and correlations were evaluated using Spearman’s rank 
correlation test.

Results

Patient characteristics
Sample characteristics included histopathological 

diagnosis, patient age, and tumor location. The mean 
age was 43.2 years (range 16–69), with the highest 
proportion aged 46–55 years (23%), followed by 56–65 

Characteristics MCA MBT LG-MC HG-MC N (%) 
Age
     16-25 years 6 3 1 2 12 (20)
     26-35 years 1 3 3 2 9 (15)
     36-45 years 1 3 1 4 9 (15)
     46-55 years 3 2 5 4 14 (23.3)
     56-65 years 2 4 4 3 13 (21.7)
     65-75 years 2 0 1 0 3 (5)
Tumor location
     Left ovary (ovarium sinistrum) 9 7 5 4 25 (41.7)
     Right ovary (ovarium dextrum) 6 8 10 5 29 (48.3)
     Bilateral ovaries (ovarium bilateral) 0 0 0 6 6 (10)

MCA, Mucinous Cystadenoma; MBT, Mucinous Borderline Tumor; LG-MC, Low Grade Mucinous Carcinoma; HG-MC, High-Grade Mucinous 
Carcinoma. 

Table 1. Characteristics of Samples

Figure 1. Immunohistochemical Staining of p53 in Mucinous Cystadenoma and Mucinous Borderline Tumor. p53 
expression showed variable nuclear staining patterns, ranging from negative to weak and strong positivity, consistent 
with normal (wild type) expression. Mucinous cystadenoma was showed at 100× (A) and 400× (B), and in mucinous 
borderline tumor at 100× (C) and 400× (D) magnification.
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MCA MBT LG-MC HG-MC Total p value
N (%) N (%) N (%) N (%) N (%)

p53 expression p = 0.000*
      Normal (wild type)  staining 15 (100) 13 (86.67) 9 (60) 3 (20) 40 (66.67)
      Abnormal (mutant type) staining 0 2 (13.33) 6 (40) 12 (80) 20 (33.33)
MCM2 expression p = 0.118
IRS interpretation
      0=Negative 6 (10) 8 (13.33) 4 (6.67) 2 (3.330 20 (33.33)
      1-2=Weak 7 (11.67) 4 (6.67) 9 (15) 8 (13.33) 28 (46.67)
      3-4=Moderate 2 (3.33) 2 (3.33) 2 (3.33) 1 (1.67) 7 (11.67)
      5-6=Strong 0 1 (1.67) 0 4 (6.67) 5 (8.33) 

Table 2. Differences in p53 and MCM2 Expression among the Spectrum of Mucinous Ovarian Tumors

Note, *, significant difference; MCA, Mucinous Cystadenoma; MBT, Mucinous Borderline Tumor; LG-MC, Low Grade Mucinous Carcinoma; 
HG-MC, High-Grade Mucinous Carcinoma; IRS, Immunoreactive Score 

Figure 2. Immunohistochemical Staining of p53 in Low Grade and High Grade Mucinous Carcinoma. p53 expression 
shows unequivocal, strong cytoplasmic staining with or without nuclear staining, as well as diffuse, strong nuclear 
overexpression in more than 80% of tumor cells, consistent with abnormal (mutant type) expression. Low grade 
mucinous carcinoma was showed at 100× (A) and 400× (B), and high grade mucinous carcinoma at 100× (C) and 
400× (D) magnification. 

Spectrum of mucinous ovarian tumors p value 
MCA and MBT 0.150
MCA and LG-MC 0.007*
MCA and HG-MC 0.000*
MBT and LG-MC 0.104
MBT and HG-MC 0.000*
LG-MC and HG-MC 0.028*

Note: *, significant difference; MCA, Mucinous Cystadenoma; 
MBT, Mucinous Borderline Tumor; LG-MC, Low Grade Mucinous 
Carcinoma; HG-MC: High-Grade Mucinous Carcinoma.  

Table 3. Mann-Whitney Test of p53 Expression among 
the Spectrum of Mucinous Ovarian Tumors

MBT, or between MBT and LG-MC (Table 3). 

MCM2 expression
Immunohistochemical staining for MCM2 is shown in 

Figure 3. MCM2 expression in MCA was predominantly 
weak (11.67%), while in MBT was mostly negative 

(13.33%). LG-MC and HG-MC predominantly showed 
weak expression, observed in 15% and 13.33% of cases, 
respectively (Table 2). MCM2 expression did not differ 
significantly across the MOT spectrum based on the 
Kruskal–Wallis test (p = 0.118) (Table 2). 

 
Correlation between MCM2 and p53

Spearman analysis revealed a strong positive 
correlation between p53 expression and the MOT 
spectrum (p < 0.05; r = 0.632) and a weak positive 
correlation between MCM2 expression and the MOT 
spectrum (p < 0.05; r = 0.274). Furthermore, a significant 
moderate positive correlation was also found between 
MCM2 and p53 expression in MOT (p < 0.05; r = 0.393).

Discussion

Mucinous ovarian tumors are a distinct subtype of 
epithelial ovarian carcinoma, accounting for 3–10% of 
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cases and commonly diagnosed at an early stage [4]. 
They are typically unilateral, large size and approximately 
65–80% are diagnosed at an early stage [5, 9]. This is 
consistent with the present study, in which most tumors 
were unilateral, involving either the right ovary (48.3%) 
or the left ovary (41.7%). In addition, it tends to occur in 
younger individuals, with 50% of patients under 45 years, 
indicating a predilection for premenopausal women. In 
contrast, high-grade serous carcinoma of the ovary (HG-
SC) predominantly occurs in postmenopausal women, 
with a median age at diagnosis of approximately 61 years 
[5, 9]. This result is consistent with previous reports 
showing that mucinous carcinoma typically arises in 
younger patients compared to HG-SC, with approximately 
17% of cases diagnosed before age 40 and 37% before 
age 50 [5, 9].

This tendency is thought to be associated with genetic 
alteration such as KRAS, HER2, TP53, etc. The KRAS 
oncogene plays a pivotal role in the development and 
progression of epithelial ovarian carcinoma, from benign 
to malignant forms. Previous studies have reported 
KRAS mutations in approximately 40–65% of mucinous 
carcinoma [9]. Moreover, KRAS mutations have been 
detected in carcinoma foci and also in adjacent borderline 
and benign areas [4, 9]. The frequency of KRAS mutations 
varies among histological subtypes, with the highest 
prevalence observed in mucinous carcinoma (50%), 
followed by endometrioid ovarian carcinoma (10%), 
serous ovarian carcinoma (5%), and clear cell ovarian 
carcinoma (0%) [21]. Another study reported KRAS 
mutations in 57% of mucinous adenomas (4/7), 90% of 
MBT (9/10), and 75.61% of mucinous carcinoma cases 
(31/41), while no KRAS mutations were identified in 
normal ovarian tissue [22]. In comparison with serous 
ovarian tumors, primary MOT shows a higher frequency 
of KRAS mutations and a lower incidence of BRCA 
and p53 alterations [4]. Moreover, TP53 and KRAS 
co-mutations occur in approximately 53% of cases and 

are associated with poorer progression-free and overall 
survival [23, 24]. 

This study showed that all benign tumors exhibited 
normal (wild-type) p53 expression, while 87% of 
borderline tumors demonstrated normal staining. In 
contrast, malignant tumors mainly exhibited abnormal 
pattern, indicating increased mutant-type p53 expression 
with higher tumor grade. The abnormal staining patterns 
observed included overexpression, complete absence, 
and cytoplasmic staining [19, 20]. Moreover, in this 
study found that p53 expression strongly correlate with 
the spectrum of MOT. These findings are consistent 
with previous reports describing p53 overexpression in 
approximately 70% of malignant tumors and 33% of 
MBT, as well as in 85% of HG-SC and 16% of mucinous 
carcinoma [4, 25]. These data imply that p53 alteration 
represents an early molecular event in the neoplastic 
transformation from benign to malignant [24]. p53 
mutations occur in approximately 50–60% of mucinous 
carcinomas but are less frequent in borderline tumors 
(~11.5%) [26]. 

This study found that MCM2 expression in MOT 
tended to be weak, with no statistically significant 
differences observed across the spectra of MOT and 
weak positive correlation with the spectrum of MOT. 
In addition, a moderate positive correlation was found 
between MCM2 and p53 expression across the spectrum 
of MOT. Consistent with previous studies in epithelial 
ovarian carcinoma subtypes, particularly clear cell 
carcinoma. MCM2 expression has been associated with 
poor prognosis, and its immunoreactivity has been 
detected in both the nucleus and cytoplasm of tumor 
cells [18]. Additionally, MCM2 expression increases 
significantly with higher tumor grade and stage [27]. 
Cytoplasmic MCM2 expression has been associated with 
excellent long-term survival (up to 100% at 15 years), 
whereas nuclear expression correlates with lower 5-year 
overall survival (~78%) [18]. 

Figure 3. Immunohistochemical Detection of Minichromosome Maintenance Protein 2 (MCM2) in Mucinous Ovarian 
Tumors (Original Magnification ×400; scale bar = 100 µm). Positive MCM2 expression is visualized as brown staining 
in the nuclei and cytoplasm of tumor cells. (A) negative; (B) weakly positive; (C) moderately positive; (D) strongly 
positive.
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In normal cells, DNA damage can induce mutant p53 
to upregulate MCM2 and poly (ADP-ribose) polymerase 
(PARP), facilitating binding to chromatin. Both MCM2 
and PARP play essential roles in DNA repair by activating 
repair pathways. However, in cancer cells, mutant p53 
interacts aberrantly with MCM2 and PARP, leading 
to defective DNA repair mechanisms. This failure 
promotes the accumulation of mutations in oncogenes 
and tumors suppressor genes, resulting in uncontrolled 
cell proliferation, migration, and invasion, which 
contribute to tumors progression [13, 28-30]. MCM2 can 
promote increased cancer cell migration and invasion. 
MCM2 activates Cdc42 and Rho, which disrupt filopodia 
formation and induces stress fiber development, thereby 
enhancing cellular invasion and migration. In addition, 
Rhotekin (RTKN), an effector protein of Rho, can also 
upregulate MCM2 expression, further promoting cell 
proliferation, migration, and invasion [28, 29]. In addition, 
MCM2 has been implicated in cancer progression, 
showing positive correlations with TNM stage and lymph 
node metastasis in several cancers, where it promotes cell 
proliferation and inhibits apoptosis [17]. 

This study is limited by a relatively small sample 
size (60 cases), which may reduce statistical power 
and generalizability, particularly for high-grade tumors 
with diverse genetic profiles. The cross-sectional design 
precludes assessment of temporal changes, causality, 
prognostic value, recurrence, and survival outcomes. 
Additionally, molecular analysis was restricted to p53 
and MCM2 without evaluating other relevant oncogenic 
pathways (e.g., EMT-related proteins, Wnt/β-catenin 
signaling components, MMPs, or VEGF) that may 
influence tumor behavior. Future prospective longitudinal 
studies with clinical follow-up and expanded molecular 
profiling are needed to clarify the temporal and clinical 
utility of these biomarkers across the spectrum of 
mucinous ovarian tumors. 

Despite its limitations, this study offers valuable 
insights into p53 and MCM2 expression across the MOT 
spectrum, demonstrating a strong association between 
mutant-type p53 and tumor progression, as well as a 
moderate correlation between p53 and MCM2. These 
findings suggest that p53 may serve as complementary to 
support the distinction between benign, borderline, and 
malignant mucinous carcinoma of the ovary. 

In conclusion, this study showed significant differences 
in p53 expression across the spectrum of MOT, 
particularly between MCA and LG-MC, MCA and 
HG-MC, MBT and HG-MC, and LG-MC and HG-
MC, but not between MCA and MBT or between MBT 
and LG-MC. p53 expression in MCA demonstrated a 
normal staining pattern in all samples, whereas abnormal 
(mutant-type) staining increased across the spectrum of 
MOT. Moreover, p53 expression have a strong positive 
correlation with the spectrum of MOT. The increasing 
frequency of abnormal p53 staining with higher tumor 
grade indicates a strong association between mutant-type 
p53 expression and tumor progression. These findings 
enhance our understanding of the molecular alterations 
underlying mucinous ovarian tumors and may inform 
future diagnostic and prognostic strategies. 
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