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ABSTRACT

Endometrioid carcinoma (EC) is a subtype of uterine cancer that typically carries a favorable prognosis, but some
are more aggressive. EMMPRIN and matrix metalloproteinase-9 (MMP-9) are emerging biomarkers with
established pathomechanistic association among cancers, however the association in EC remains obscure. A
retrospective cohort study was conducted on patients with endometrioid carcinoma diagnosis, confirmed by two
independent pathologists. Clinical data was obtained from the hospital electronic medical record. Samples were
stained using EMMPRIN and MMP-9 immunohistochemistry and the expression strengths were measured using
H-score. A total of 45 cases from 2022-2025 were included for analysis. We found moderate, positive correlations
between EMMPRIN and MMP-9 to tumor stage, r = 0.38; 95%CI [0.1-0.60] and r = 0.47; 95%CI [0.20-0.67],
respectively (p < 0.05) were found, suggesting higher expressions in more aggressive cases. In addition, MMP-9
and EMMPRIN were correlated with each other (r = 0.34; 95%CI [0.05-0.58]; p = 0.02), supporting evidence of
co-expression. No association among other clinicopathologic profiles and expression strengths were found. Higher
expression levels of EMMPRIN and MMP-9 are associated with more advanced and aggressive EC subtypes.
These findings suggest that both biomarkers may reflect tumor aggressiveness beyond conventional
clinicopathological parameters and warrant further investigation in larger, prospective studies.
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Introduction

Endometrial carcinoma (EC) is the 6 most
common female cancer in the world, with an
incidence reaching 420,000 (10.7: 100,000) in 2022.
Despite this, prognosis is generally good, with a
reported mortality rate of 2: 100,000 or about 5% of
all endometrial cases. (Makker et al, 2021; Oaknin
et al, 2022; Sung et al, 2021) The incidence and
mortality rises and is thought to be correlated with
increased obesity, one of the independent risk
factors of developing EC. Conventional
classification of endometrial carcinoma is based on
pathological morphology, with a more molecular
approach emerging as a more prognostically
relevant factor. Traditional classification of
endometrial carcinoma comprises type 1
(endometrioid adenocarcinoma) and type 2
(serous/clear cell carcinoma), with type 1

endometrial carcinoma accounts for about 90% of
all cases. The International Federation of
Gynecology and Obstetrics (FIGO) further refined
type 1 classification into 3 grades: Grade I with solid
growth of < 5%, Grade II with solid growth of 6—
50%, and Grade III with growth exceeding 50%.
This type generally carries a favorable prognosis,
except for the latter which matches the type 2 poor
prognosis. (Makker et al, 2021; Oaknin et al, 2022;
Soslow et al, 2018) Recurrence is rare, with a study
by Akesson et al (2023) reporting a recurrence rate
of 7%. However, recurrence in endometrioid
carcinoma often marks a more aggressive subtype,
with a survival rate of less than 50% in 5 years.
(Akesson et al, 2023)

Histopathology ~ is  paramount  in
endometrioid carcinoma management.
Histopathological features and expressions dictate
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the prognosis and management, thus the importance
of novel biomarkers in endometrioid carcinoma.
There are many research reporting new biomarkers
associated with recurrence, aggressiveness, and
response to treatment. EMMPIRN and MMP-9 are
novel biomarkers positively associated with
metastasis, stemness, angiogenesis, and invasion.
Studies by Xin (2016), Ueda (2007), Li (2022)
reported large positive effect sizes of EMMPRIN
and MMP-9 in recurrence, invasion, lymph node and
organ metastasis, and higher disease grade. Despite
this, data regarding these novel biomarkers remain
limited in Indonesia and the association to each
other and how this relationship affects the clinical
stage remains unclear. Therefore, this study was
aimed to wuncover the correlation between
EMMPRIN and MMP-9 expressions, as well as both
markers correlation to clinical stage and other
clinicopathological characteristics in EC cases.

Methods
Study Design

This study is a retrospective cohort study
which was designed to analyse the correlation
between EMMPRIN and MMP-9 expressions to
endometrioid carcinoma clinical stage. This study
was a single center observational study at Soetomo
Regional General Hospital in Surabaya, which is the
referral hospital in this regency. The data and
specimens were collected over the period of 2022—
2025. This study had gained the ethical approval
issued by the Health Research Ethics Committee of
Dr. Soetomo General Academic Hospital, Surabaya
number 1552/KEPK/II1/2026.

Sample & Data Collection

All endometrioid carcinoma samples with
available specimens in our center were included in
this study. The samples hematoxylin-eosin slide was
re-evaluated  blindly by 2  independent
histopathologists to ensure accurate diagnosis and
sampling based on WHO endometrioid carcinoma
pathological features. (Herrington & Editorial
Board, WHO. C. O. T., 2020) These samples must
be preserved in formalin-fixed paraffin-embedded
(FFPE) to facilitate optimal immunohistochemistry
(IHC) evaluation. Frozen section, second opinion
requests, and patients already underwent chemo or
radiotherapy samples were excluded.

The clinical data was curated from the
electronic medical record of this hospital, while
pathological characteristics of the sample were

taken by re-assessing the samples. Overall, data
collected in this study include Age, TNM and
clinical staging, differentiation grade,
lymphovascular and perineural invasion presence in
the sample. The TNM staging in this study was done
in accordance with FIGO classification of
endometrial carcinoma. (Berek et al., 2023) Samples
that passed the double-blind histopathologist
assessment were evaluated for EMMPRIN and
MMP-9 expression using immunohistochemistry
(IHC) method. Positive cells were quantified using
H-score, which represents samples’ positivity, thus
strength. The H-score was calculated using the
following formula, with a maximum score of 300.
(Price et al, 2023)

Hscore = (1a%weak) + (2a%moderate) + (3 + %strong)

Immunohistochemistry Protocol

Pathologists confirmed samples were
stained using an immunohistochemistry technique
for EMMPRIN and MMP-9. 4 C. This study used
EMMPRIN (8D6): sc-21746 monoclonal antibody
(1:100) from Santa Cruz Biotechnology and MMP-
9 clone IHC109 (1:200, GenomeMe). FFPE samples
were cut into 4 micrometer thick slices, then the
paraffin was removed with a xylol bath. Samples
were rehydrated using 96% ethanol, followed by
90% and 80% ethanol solution for 2 minutes each,
after which the samples were rinsed with aquadest
for 5 minutes. After rinsing, the samples were placed
into a 3% hydrogen peroxide (H202) in methanol for
15 minutes and then rinsed again with aquadest for
5 minutes. Samples were placed in Target Retrieval
Solution (TRS) with pH 6 citrate buffer and then
heated in a microwave for 20 minutes. PBS washing
was done for 5 minutes after TRS treatment, ready
to be dyed with primer antibodies and were left
overnight in the solution. Afterward, the samples
were rinsed using PBS for 5 minutes, followed by
secondary antibody addition for 20 minutes. The
samples were washed again using PBS and then
incubated for 5 minutes with diaminobenzidine. An
aquadest wash was done, to which Mayer’s
hematoxylin counterstain was added for 10 minutes.
Samples were washed with aquadest, rehydrated
using ethanol and fixed using xylene.

Statistical Analysis

Collected data was initially cleaned using
listwise deletion. Afterward, the analytical process
was conducted using Rstudio software ver.
2024.09.1+394. Initially, data distribution of each

IJDDT, Volume 16 Issue 42s, 2026

Page 273



Expression of EMMPRIN and MMP-9 Correlates with Tumor Stage in Endometrioid Carcinoma

variable was tested for normality assumption using
Saphiro-Wilk test, with p value of more than 0.05
suggesting normal distribution, hence the use of
parametric tests in subsequent analyses. Pearson
correlation was used to correlate the expression level
of both EMMPRIN and MMP-9 H-scores, with p
value of less than 0.05 indicating significant
correlation. Both expression levels were also
analyzed with clinicopathological data and
tabulated, with Mean = SD of each variable
representing its central tendencies. H-scores
difference between groups were assessed using T-
test or ANOVA, with p value of less than 0.05
demonstrating significant between-group
difference.

Results
Patient & Clinicopathological characteristics

Figure 1. The result of immunohistochemistry of
different expression intensity of A. MMP-9 (400x
magnification): (1) Negative (2) Weak (3) Strong
(4) Very Strong; B. EMMPRIN, (400x
magnification): (1) Negative (2) Weak (3) Strong
(4) Very Strong

In this cohort, we found 360 cases of
endometrioid carcinoma over the past 3 years
(2022-2025), among which only 45 samples were
included. ©The immunohistochemistry-stained
samples are displayed in Figure 1 A-B. The mean age
of diagnosis in our study was 52.5 years old, with
the youngest and oldest cases being 20 and 83 years
old respectively. The clinical stage corresponds
heavily to tumor classification according to FIGO;
therefore, it was omitted in the analysis as the
frequency remained identical. All samples
expressed both EMMPRIN and MMP-9. The mean
H-score for EMMRPIN was 177.5, while the mean
H-score of MMP-9 was 131. The scores were
normally distributed. In our center, nodal and organ
involvement were rare, with only 5 cases (11.1%),
all of which were overlapping (co-occuring) cases.
Most of the samples were grade 1 (well-
differentiated), with 27 cases (60%), followed by
equal parts of grade 2 (moderate differentiation) and
grade 3 (poorly differentiated) accounting for 18
cases (40%). Lymphovascular invasion was rare,
seen only in 7 cases (15.5%), while there was no
perineural invasion found in this study. The
characteristics of the samples were summarized in
Table 1.

Table 1. Clinicopathological characteristics of
included endometrioid carcinoma cases
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No | Characteristics N (%) EMMPRIN p MMP-9 H- P
H-score (X + score (X +
SD) SD)
1 Age (x = SD) 52.5 + 11.98-year-old
20-40 | 6(13.3%) 173 +35.2 0.87 140 £33.9 0.52
41-60 [ 27 (60.0%) 179 +£31.1 127 £28.3
60-80 | 12 (26.6%) 176 +32.9 135+30.2
2 Tumor stage (T)* 2+2
(Median £ IQR)
pTl | 13 (28.8%) 170 +30.6 0.02" 120+ 19.5 0.01"
pT2 | 15(33.3%) | 163.3+27.8 123£29.8
pT3 | 12(26.6%) 192+22.9 137 £29.0
pT4 | 5(11.1%) 203 £39.6 170 +15.8
3 Nodal stage (N) NA
N1 | 5(11.1%) 154 +33.8 0.07 130 +30.4 0.81
NO/Nx | 40 (88.8%) 180 +30.3 134 +20.4
4 Differentiation grade 1+1
(Median £ IQR)
Grl 27 (60%) 170 +25.8 0.26 134 +29.8 0.46
Gr2 9 (20%) 190 +20.8 124 +13.8
Gr3 9 (20%) 178 +47.5 127 £39.2
5 Lymphovascular NA
invasion (LVSI)
Yes | 7 (15.5%) 190 + 16.9 0.23 129 £27.6 0.86
No | 38(84.5%) 175+33.0 131+29.9

" p <0.05; T staging correspond to FIGO

classification

Correlation between Expression Levels and
Clinicopathological Characteristics

Moderate but significant correlations
between tumor stages with both EMMPRIN (r =

IJDDT, Volume 16 Issue 42s, 2026

Page 275



Expression of EMMPRIN and MMP-9 Correlates with Tumor Stage in Endometrioid Carcinoma

0.38; 95%CI [0.1-0.60]; p = 0.01) and MMP-9 (r =
0.47; 95%CI [0.20-0.67]; p = 0.01) H-scores were
observed in this study. We also observed moderate,
significant correlation (r = 0.34; 95%CI [0.05-0.58];
p = 0.02) between EMMPRIN and MMP-9 H-
scores. Scatterplots demonstrating the correlations
between tumor staging and both expression H-
scores, as well as the correlation between MMP-9
and EMMPIRN are displayed in Fig 2A and C. No
other significant correlation and association between
expressions or tumor stage was observed in this
study, including pre-post-menopausal occurrence,
tumor grade, and LVSI occurrence (p > 0.05).
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Figure 2. Scatter plots with trendline of (A)
EMMPRIN H-score and tumor stage; (B) MMP-9
H-score and tumor stage; (B) EMMPRIN and
MMP-9 H-scores (p < 0.05)

Discussion

Tumor staging is an important factor in
endometrioid carcinoma and endometrial cancers.
Staging is an established prognostic factor; thus,
management is tailored around it. Predicting tumor
aggressiveness may offer a more precise risk
stratification, hence a more accurate treatment and
possibly, better outcome. (Akesson et al., 2023) In
line with this, characterization of the study cohort
provides important context for interpreting
biomarker expression and its clinical relevance. In
our study, EC was mostly diagnosed early (stage I),
with the majority of cases happening during
perimenopausal age, with moderate-to-strong levels
of EMMPRIN and MMP-9 expression. These
characteristics conform well with previous studies
(Ueda et al., 2007; Stewart & Crook, 2011; Xin et
al, 2016) suggesting adequately representative
samples.

This study showed a moderate, significant
correlation between EMMPRIN and tumor staging
of endometrioid carcinoma. EMMPRIN, also known
as Basigin, is a transmembrane protein that plays an
important role in cancer pathophysiology. (Y. Liu,
2022; Lygeros et al, 2023) It has regulatory function
with known interactions with many proteins and cell
signalling pathways, such as VEGFR, SMADA4,
cyclophilin A, EMMPRIN promotes cell
proliferation and retains cellular stemness through
interactions with molecules such as SMAD4, CyPA,
integrins, Cd98hc, NF-kB, and ERK1/2 signaling
pathways. This molecule is highly upregulated in
processes involving PI3K/Akt/HIF-1 signaling, a
pathway highly upregulated in many cancers
(Hanumegowda et al., 2025). Therefore, EC with a
marked upregulation of EMMPRIN may showcase
poorer clinicopathological characteristics, in this
case, clinical stage. The main function of
EMMPRIN is wupregulating MMP enzymes
expression in adjacent soft tissue cells, causing
extracellular matrix degradation. This explains the
co-expression of both EMMPRIN and MMP-9 in
our study, as supported by evidence in previous
studies suggesting strong association between both
expressions (Y. Liu, 2022; Wang et al., 2017). Such
a process supports cellular adhesion, invasion, and
angiogenesis. (Concepcion et al., 2022) EMMPRIN
upregulation was found to be a significant
prognostic predictor, as reported by Ueda et al
(2007). This study reported that stronger EMMPRIN
expression is associated with poor
clinicopathological parameters, such as the
occurrence of lymphovascular invasion, poorer
histological and tumor stage, metastasis, nodal
infiltration, and recurrence. (Ueda et al., 2007)

We also found a similar significant result
between MMP-9 and clinical stage. This molecule—
also known as beta galactinase, is an endopeptidase
responsible for breaking down large extracellular
matrix molecules. Its expression is altered in many
pathologic processes beyond cancer, such as
atherosclerosis and chronic inflammatory disorders.
(Liu et al., 2024; Mubarak et al., 2025) MMP-9
plays a major role in cellular signalling, capable of
modulating nuclear expression, by altering
extracellular signals which promote proliferation,
cell migration and invasion, epithelial-to-
mesenchymal traits, angiogenesis, and immune
evasion. It serves as a major biomarker among
cancers, often associated with poorer prognosis.
(Augoff et al., 2022) A meta-analysis of 28 studies
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showed significant, positive association between
MMP-9 expression and clinical stage, invasion
lymph node metastasis, and poor prognosis in
endometrial cancer cases. These effects were found
to be more significant in the Asian population. (Li et
al., 2022) Therefore, MMP-9 is highly upregulated
in higher disease grade. These findings underscore
the  prognostic  value of MMP-9 in
endometrial/endometrioid carcinoma risk
stratification.

In our study, a significant survival bias is
thought to be present, obscuring the real effect size
of expressions to tumor stage. Endometrioid
carcinoma is often detected in early stages (stage I-
II) due to hard-to-miss symptoms, such as abnormal
uterine bleeding and metrorrhagia. (Baker-Rand and
Kitson, 2024) Early diagnosis leads to prompt
definitive treatments (tumor removal), thus in many
cases with high expression of both EMMPRIN and
MMP-9, potentially with a more aggressive clinical
phenotype, were only diagnosed as grade 1 tumours.
This bias can be observed as large standard
deviations of the grade 1 tumor group in the
scatterplot.

This research demonstrated that classic
clinicopathological characteristics may not be
associated with a more advanced disease, therefore
judging disease severity merely based on basic
clinical and pathological data may not be as accurate
as previously thought. Despite the limited sample,
this study succeeded in highlighting significant
correlation between novel biomarkers, MMP-9 and
EMMPRIN, with clinical (T) stage of EC. This
result may contribute to more precise risk
stratification in endometrial carcinoma beyond
standard clinicopathological parameters commonly
used in clinical practice

Conclusion

There are significant correlations between
EMMPRIN and MMP-9 expressions with tumor
staging in endometrioid carcinoma. These findings
may offer a more precise risk stratification
compared to conventional histopathological
grading. Our preliminary study suggested that
MMP-9 and EMMPRIN expression measurement
are capable of describing the true phenotype, in
terms of aggressiveness, in endometrioid carcinoma
cases, while other parameters failed to show
significant association, thus providing cues on
tailoring appropriate management. Furthermore, our

findings warrant future studies focusing on the
prognostic aspect of both expressions.
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