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Abstract. Background and aim: Primary mucinous ovarian carcinoma is an uncommon epithelial ovarian can-
cer subtype with poor advanced prognosis. Identifying predictive biomarker of early metastatic spread is es-
sential for improving staging and therapeutic strategies. Mucin SAC (MUC5AC), a secretory glycoprotein,
has been linked to tumor progression and epithelial-mesenchymal transition (EMT). This study aimed to
evaluate the association between MUCS5AC expression and omental metastasis in primary mucinous ovarian
carcinoma. Methods: A cross-sectional study was conducted to semi-quantitatively analyze MUCS5AC expres-
sion in 63 paraffin-embedded tissue samples of primary mucinous ovarian carcinoma. Immunohistochemical
staining was performed using a rabbit polyclonal MUCS5AC antibody. Expression levels were categorized as
low or high based on intensity and distribution. A Chi-square test was used to assess the relationship between
MUCSAC expression and omental metastasis. Resu/ts: The study included 63 cases of primary mucinous
ovarian carcinoma, consisting of 37 (58.7%) with omental metastasis and 26 (41.3%) without metastasis.
High MUCS5AC expression was observed in 86.5% of metastatic cases and in 50.0% of non-metastatic cases.
This difference was statistically significant (P-value 0.002 [<0.05]). Patients with high MUC5AC expression
had a 6.40 times higher likelihood of omental metastasis than those with low expression (95% CI: 1.89-21.5).
Conclusions: High MUCS5AC expression was significantly associated with omental metastasis in primary mu-
cinous ovarian carcinoma, supporting its potential role as a predictive biomarker for metastatic risk stratifica-
tion. (www.actabiomedica.it)
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a mortality-to-incidence ratio that is substantially
higher compared to breast or cervical cancer, reinforc-

Ovarian cancer is the sixth most prevalent ma- ing its status as one of the most lethal cancers affecting

lignancy in women worldwide and has a high fatal-
ity rate owing to delayed diagnosis and lack of early
indications (1). Ovarian cancer is hard to detect be-
cause of peritoneal spread and ambiguous abdominal
symptoms. Worldwide, 313,959 new ovarian cancer
cases and 207,252 deaths occurred in 2020, indicat-

ing its poor prognosis (2). These figures underscore

women in the region (3). A 5-year survival rate of over
90% is typical for early-stage mucinous ovarian can-
cer. Metastatic illness patients had a 12- to 30-month
survival rate (4). Ovarian cancer has several histologi-
cal subgroups with different molecular characteristics,
clinical behavior, and therapeutic responsiveness (5).
Pathogenic processes divide ovarian carcinoma into
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two forms. Type I includes endometrioid, clear cell,
seromucinous, Brenner, and low-grade serous carcino-
mas. (6) Undifferentiated, carcinosarcoma, and high-
grade serous carcinoma are type II. Epithelial ovarian
cancers account for 90%, with serous carcinoma be-
ing the most frequent subtype. Mucinous ovarian
carcinoma, which accounts for 3%-5% of epithelial
ovarjan malignancies, is a unique clinical and molecu-
lar subpopulation that warrants additional study (3).
Mucinous ovarian cancer closely mimics the gastro-
intestinal tract’s mucin-producing epithelium and
progresses from benign mucinous cystadenoma to
borderline mucinous tumors to invasive carcinoma.
KRAS mutations and PI3K/AKT pathway dysregu-
lation commonly accompany this development (7).
While early-stage mucinous ovarian carcinoma gener-
ally carries a favorable prognosis, with a five-year sur-
vival rate approaching 90%, the prognosis significantly
worsens once metastasis occurs. Advanced-stage dis-
ease is often resistant to conventional therapy and as-
sociated with substantially reduced survival outcomes.
In the FIGO staging system, omental involvement is
categorized as stage III disease, which is associated
with a significant drop in overall survival and a shift
in treatment strategy (8). Therefore, biomarkers that
correlate with omental spread may aid early prognos-
tication and clinical decision-making. A major clinical
challenge in mucinous ovarian carcinoma is its fre-
quent presentation at advanced stages, often after peri-
toneal spread or distant metastasis has occurred (1).
Although early-stage mucinous tumors tend to ex-
hibit indolent behavior, advanced-stage disease is
typically associated with poor therapeutic response
and decreased overall survival, underscoring the need
for accurate risk stratification. Conventional imaging
and histopathological assessment often fail to distin-
guish aggressive from indolent tumors in the early
stages. 'This highlights the urgent need for reliable
biomarkers to predict metastatic potential and guide
early therapeutic intervention. Tumor metastasis de-
pends on epithelial-mesenchymal transition (EMT),
in which epithelial cells lose their polarity and inter-
cellular connections and develop mesenchymal motil-
ity and invasiveness (7,8). EMT drives ovarian cancer
peritoneal spread and is connected to chemoresistance
and recurrence. Mucin family proteins, notably Mucin

5AC (MUCS5AC), promote EMT in epithelial ma-
lignancies, including gastrointestinal and respiratory
tract tumors (11). Although MUCS5AC’s significance
in ovarian cancer is unclear, its overexpression is postu-
lated to facilitate EMT-mediated metastatic progres-
sion, thereby contributing to the aggressive clinical
behavior observed in certain cases of mucinous ovar-
ian carcinoma. MUCS5AC is a member of the mucin
superfamily and belongs to the category of secretory
mucins (12). MUCS5AC is a secretory mucin typically
expressed in the epithelial linings of the stomach, tra-
cheobronchial tree, and endocervix, where it serves to
protect mucosal surfaces. It is generally absent in nor-
mal ovarian tissue. Abnormal expression has been seen
in stomach, pancreatic, and colon cancers. MUC5AC
increases tumor cell proliferation, invasion, and me-
tastasis via integrin-mediated signaling, cytoskeletal
reorganization, and extracellular matrix breakdown.
Specifically, MUC5AC promotes tumor invasiveness
through interaction with B4 integrin and subsequent
activation of focal adhesion kinase (FAK), which trig-
gers downstream pathways such as PI3K/AKT and
MAPK/ERK. In addition, MUC5AC contributes to
enhanced cell migration, immune evasion, and resist-
ance to apoptosis, reflecting its multifactorial role in
tumor progression (11). Recent studies have increas-
ingly focused on the role of MUCS5AC across various
carcinomas. Its expression is more frequently observed
in primary mucinous ovarian carcinomas than in met-
astatic gastrointestinal tumors, suggesting its poten-
tial utility as a tissue-specific diagnostic marker (13).
MUCS5AC is consistently expressed in mucinous ovar-
ian neoplasms and has been shown to correlate with
higher histological grade and poorer clinical out-
comes, indicating possible diagnostic and prognos-
tic significance (14). MUCS5AC is also involved in
epithelial-mesenchymal transition, extracellular matrix
remodeling, and peritoneal implantation in ovarian can-
cer, supporting its position as a metastasis protein (15).
Given its established involvement in tumor progres-
sion and metastasis in various epithelial malignancies,
as well as its consistent expression in mucinous ovar-
ian neoplasms, MUC5AC emerges as a promising
biomarker for further investigation. However, limited
studies have specifically evaluated its role in relation
to metastatic behavior in mucinous ovarian carcinoma.
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According to the FIGO staging system, omental me-
tastasis corresponds to stage III disease, which is as-
sociated with significantly worse prognosis and altered
treatment algorithms. Although MUCS5AC expression
has been previously studied as a diagnostic marker to
distinguish primary from metastatic mucinous tumors,
its prognostic significance—particularly in predicting
omental dissemination in primary mucinous ovar-
ian carcinoma—remains underexplored. To the best
of our knowledge, this is one of the first studies to
semi-quantitatively evaluate MUCS5AC expression in
relation to omental metastasis in strictly primary mu-
cinous ovarian carcinoma. Given the clinical implica-
tions of omental involvement, identifying tissue-based
predictive biomarker of metastatic risk may provide
prognostic value. Accordingly, we examined the cor-
relation between MUCS5AC expression and omental
metastasis in mucinous ovarian carcinoma.

Material and Methods
Study design

This cross-sectional study was conducted at Wahi-
din Sudirohusodo Hospital and Hasanuddin University
Hospital in Makassar, Indonesia. Mucinous ovarian
carcinoma patient tissue specimens were examined for
MUCS5AC expression at Department of Pathology
Anatomy, Faculty of Medicine, Hasanuddin University.
Tissue specimens from patients diagnosed with muci-
nous ovarian carcinoma were collected from January
2020 to September 2024. Inclusion criteria for this study
were paraffin-embedded ovarian tumor tissue blocks ac-
companied by omental tissue, histopathologically diag-
nosed as mucinous ovarian carcinoma with or without
omental metastasis. Ovarian tumor tissue and omental
tissue were processed as separate paraffin-embedded
blocks to ensure independent evaluation of the primary
tumor and metastatic deposits. Exclusion criteria in-
cluded tissue blocks with poor preservation, damaged
sections, or inadequate material for immunohistochemi-
cal examination. All cases were reviewed independently
by two anatomical pathologists. MUCS5AC expression
was semi-quantitatively assessed and recorded as numer-
ical scores derived from immunohistochemical analysis.

Research procedures

Formalin-fixed paraffin-embedded (FFPE) blocks
were used to create 3 pm tissue sections. After deparaffi-
nization, the slides were immunostained with a rabbit
polyclonal antibody specific for MUC5AC (Elabsci-
ence, Wuhan, China; catalog no. D-AB-10374L)
at a dilution of 1:1200. The staining was evaluated
under a light microscope at 200x magnification. Two
anatomical pathologists, blinded to the patients’ clini-
cal data, independently assessed MUCS5AC expres-
sion. Specifically, the percentage of positively stained
tumor cell membrane and cytoplasm exhibiting a
brown coloration was determined microscopically.
This assessment was performed using a semi-quantitative
scoring system adapted from Rico ez al. (16). MUC5AC
expression was categorized as negative without stain-
ing; weak with intensity +1 in <70% of tumor cells or
intensity +2 in <30% of tumor cells; moderate with in-
tensity +1 in >70%, intensity +2 in >30% but <70%, or
intensity +3 in <30% of tumor cells; and strong with
intensity +2 in >70% or intensity +3 in >30% of tumor
cells. For statistical purposes, MUC5AC expression
was divided into low expression (negative and weak)
and high expression (moderate and strong) groups.
Omental metastatic status was confirmed by the pres-
ence of tumor cell nests within the omentum based on

hematoxylin and eosin (H&E) staining.
Statistical analysis

Data analysis was performed using SPSS 26.0
and the research patients’ clinical and pathological
features were summarized using descriptive statistics.
MUCSAC expression and omental metastasis were
examined using the Chi-square test. A P-value <0.05
indicated statistical significance. Figure 1 shows the
research flow, including MUCS5AC expression and

omental metastasis.

Results

A total of 63 primary mucinous ovarian carcinoma
patients were studied. These were 37 (58.7%) with
omental metastasis and 26 (41.3%) without metastasis
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From all patients diagnosed with mucinous ovarian
carcinoma (Jan 2020 — Sept 2024), 63 cases were
selected based on inclusion and exclusion criteria.

2

Diagnosis was confirmed histopathologically as primary mucinous
ovarian carcinoma, with or without omental metastasis, based on
H&E staining reviewed by two independent anatomical pathologists.

\ 4

Tissue samples were processed from paraffin blocks and 3 pjun sections
were prepared. Immunohistochemical staining was performed using
rabbit polyclonal MUCSAC antibody (Elabscience; 1:1200 dilution).

4

MUCSAC expression was semi-quantitatively evaluated by assessing both
staining intensity and percentage of positive tumor cells in membranous and
cytoplasmic areas. MUCSAC expression was categorized as low (negative +

weak) or high (moderate + strong) for statistical analysis.

2

The association between MUCSAC expression and omental metastasis was analyzed
using the Chi-square test. Odds ratio and 95% confidence interval were also
calculated.

Figure 1. Study flow of MUC5AC expression and omental metastasis.

(Figure 2). The clinicopathological characteristics of
the patients are shown in Table 1. The majority of pa-
tients were under 50 years of age (42 patients; 66.7%),
with the remaining 21 (33.3%) aged 50 years or older.
In terms of parity, most were multiparous (39 patients;
61.9%), followed by nulliparous (16 patients; 25.4%)
and grand multiparous (8 patients; 12.7%).

MUCS5AC expression was evaluated immuno-
histochemically and categorized into low and high
expression groups. High MUCS5AC expression was
observed in 45 cases (71.4%), while low expression
was found in 18 cases (28.6%). The distribution of
staining intensity included strong expression (+3)
in 25 cases, moderate (+2) in 20 cases, weak (+1) in
16 cases, and negative staining (score 0) in 2 cases.
Both membranous and cytoplasm localization of
MUCS5AC was identified. Strong intensity appeared
as dark brown, moderate as light brown, weak as faint
brown, and negative cases showed no detectable stain-
ing (Figure 3).

As shown in Table 2, high MUC5AC expression
was more frequently observed in patients with omental
metastasis (32/37; 86.5%) compared to those without
metastasis (13/26; 50.0%). Conversely, low expression
was identified in only 5 metastatic cases (13.5%) and
13 non-metastatic cases (50.0%). Statistical analysis
using the Chi-square test demonstrated a significant
association between MUCS5AC expression and metas-
tasis status (P = 0.002 [< 0.05]). Patients with high
MUCSAC expression had 6.40-fold higher odds of
omental metastasis compared with those with low ex-

pression (95% CI: 1.89-21.5).

Discussion

In this study, a higher proportion of mucinous
ovarian carcinoma patients with omental metastasis
demonstrated high MUCS5AC expression (32 out of

37 cases; 86.5%) compared to those without metastasis
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Figure 2. Omental Metastasis in Mucinous Ovarian Carcinoma.
A: Omental metastasis showing tumor cell infiltration within
adipose tissue; B: Omental tissue without metastatic infiltra-
tion. (H&E, 100x Magnification).

Table 1. Characteristic of patients

Characteristics n %

Age (years)

<50 42 66.7
250 21 33.3
Parity Status

Nulliparous 16 25.4
Multiparous 39 61.9
Grand multiparous 8 12.7
Omental Metastasis

Yes 37 58.7
No 26 41.3
MUCS5AC Expression

Low 18 28.6
High 45 714

(13 out of 26; 50.0%) which showed high expression.
Conversely, low MUCS5AC expression was observed in
5 metastatic cases (13.5%) and 13 non-metastatic cases
(50.0%). Statistical analysis using the Chi-square test
revealed a significant association between MUCS5AC
expression and omental metastasis (P = 0.002). This
finding showed that a critical process in tumor me-
tastasis, epithelial-mesenchymal transition (EMT),
may be promoted by MUCS5AC overexpression. Vari-
ous ligands, including EGF, TGF-a, TNF-0, and
interleukins, affect MUCS5AC transcription in gob-
let and epithelial cells, activating downstream signal-
ing pathways to increase MUCS5AC expression (17).
MUCSAC modulates B4- and a6-cadherins, trig-
gering activation of the focal adhesion kinase (FAK)
pathway—a major regulator of cell motility. This sign-
aling promotes cytoskeletal remodeling and enhances
cell migration. EMT also involves E-cadherin down-
regulation and N-cadherin upregulation (cadherin
switching), leading to the loss of intercellular adhesion
and acquisition of spindle-shaped, mesenchymal mor-
phology. These changes enable tumor cells to detach
and invade surrounding or distant tissues (18). Thus,
MUCS5AC expression contributes to tumor cell mi-
gration and adhesion, which are critical early steps
in metastasis and vascular invasion (19). Research on
primary mucinous ovarian carcinoma remains rela-
tively limited. Despite fewer instances than the serous
subtype, advanced-stage mucinous ovarian cancer has
a greater fatality rate. This discrepancy emphasizes
the therapeutic necessity to study its biochemical and
molecular properties. While many studies have ex-
amined MUCS5AC in other malignancies, its role in
primary ovarian carcinoma, particularly the mucinous
subtype, remains inadequately defined. In colorectal
cancer, MUCS5AC overexpression enhances invasion,
motility, and apoptosis resistance via -catenin and
CD44 signaling (20). In pancreatic cancer, silenc-
ing MUCS5AC reduces metastasis and tumor growth
by suppressing the KLF4-Src—STAT3 axis (21).
Additionally, MUC5AC-induced activation of the
FAK pathway promotes EMT and invasive proper-
ties, supporting its oncogenic function (18). These
mechanisms, shared across epithelial malignancies,
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Figure 3. MUCS5AC intensity in Mucinous Ovarian Carcinoma. A: Strong (+3); B: Moderate (+2); C: Weak

(+1); D: Negative (0). IHC, 200x Magnification).

Table 2. MUCS5AC expression profile with omental metastasis

status in mucinous ovarian carcinoma

Omental Metastasis
Status
MUC5AC Yes No OR
Expression n (%) n (%) (CI95%) | P-value
High 32 (86.5) 13 (50.0) 6.40 0.002"
Low 5(135) |13 (50.0) | (1:89-215)

Note: Chi Square test, Significant P-value if P<0.05

are relevant due to biological similarities with muci-
nous ovarian carcinoma (11). These findings support
the role of MUC5AC in promoting invasive tumor
behavior and underscore its potential as a prognostic
biomarker for metastasis in primary mucinous ovarian
carcinoma. In this study, the Chi-square test showed
that patients with high MUCS5AC expression were

6.4 times more likely to develop omental metastasis

than those with low expression. Since FIGO stage III
involves the omental metastasis, MUC5AC overex-
pression may be an early indicator of upstaging risk.
Clinically, MUC5AC may be a valuable prognostic
biomarker for identifying individuals at higher risk of
metastatic spread. Although MUCS5AC is often used
to differentiate primary from metastatic mucinous tu-
mors, its prognostic relevance in predicting metastasis
in primary ovarian carcinoma remains limited. Our
results demonstrate a strong association between high
MUCS5AC expression and omental metastasis, sup-
porting its potential role in early risk stratification—
particularly for peritoneal dissemination, which is
often underrecognized in this subtype. In clinical
practice, detecting high MUCS5AC expression at the
time of diagnosis may prompt heightened suspicion
for occult omental metastasis. This could guide clini-
cians to perform more comprehensive surgical stag-
ing or initiate more aggressive initial treatment plans.
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Early identification of high-risk cases may help pre-
vent undertreatment and ultimately improve patient
prognosis. Notably, this is the first semi-quantitative
study correlating MUCS5AC expression with omental
metastasis using a defined scoring system in strictly
primary cases. Although this study provides impor-
tant preliminary evidence of the association between
MUCS5AC expression and omental metastasis, several
limitations should be acknowledged. First, the cross-
sectional design limits causal inference regarding the
role of MUCS5AC in metastatic progression. Second,
external generalizability may be constrained by the ab-
sence of validation in an independent cohort. Third,
the use of a single immunohistochemical biomarker
may not fully capture the molecular complexity un-
derlying metastasis. To strengthen these findings, fu-
ture research should adopt prospective cohort designs,
involve larger multi-center cohorts, and include ad-
ditional biomarkers such as EMT or ovarian lineage
markers. Furthermore, integrating MUCS5AC expres-
sion into clinical risk models or molecular profiling
platforms may enhance its prognostic utility in guid-
ing personalized management strategies for mucinous
ovarian carcinoma.

Conclusion

This study demonstrated a significant association
between MUCS5AC expression and omental metastasis
in primary mucinous ovarian carcinoma. High MU-
C5AC expression was more frequently observed in
patients with metastasis than in those without. These
findings suggest that elevated MUCS5AC expression
may be associated with an increased risk of metastatic
progression.
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