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Abstract: Objectives: To investigate the expression of FUT8, STX4, and calpain2 in ovarian tumor tissues and their
association with clinicopathological characteristics. Methods: This retrospective study analyzed the expression of
FUT8, STX4, and calpain2 in ovarian tumor samples from patients treated at Shanghai Pudong New Area People’s
Hospital between January 1, 2008, and December 31, 2017. The association between marker expression and his-
topathological features was evaluated. Binary logistic regression was used to assess the diagnostic value of these
markers in malignant ovarian tumors. Results: The expression of FUT8, STX4, and calpain2 was significantly higher
in malignant ovarian tumors compared to benign tumors (all P < 0.05). A positive correlation was observed among
the expressions of FUT8, STX4, and calpain2 (all P < 0.001). FUT8 expression was associated with the International
Federation of Gynecology and Obstetrics (FIGO) stage (P = 0.013), STX4 expression was related to patient age (P =
0.012) and lymph node metastasis (P = 0.019). Patients with high co-expression of all three markers had a signifi-
cantly higher likelihood of having malignant ovarian tumors compared to those with low expression of at least one
marker (P = 0.002). Conclusions: Simultaneous detection of FUT8, STX4, and calpain2 expression in ovarian tumor

tissues provides valuable diagnostic insights for malignant ovarian tumors.
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Introduction

Ovarian cancer, a significant malignancy of the
female reproductive system, ranks among the
three most common gynecological cancers and
poses a substantial threat to women'’s health
and survival [1]. It has the highest mortality
rate among gynecological cancers, highlighting
the urgency of addressing this critical health
challenge [1]. Due to its complex histopatholo-
gy, lack of specific early clinical manifestations,
and insidious progression, ovarian cancer is
often referred to as the “silent killer” [2]. In
2022, China reported 57,090 new cases of
ovarian cancer and 39,306 related deaths [3].
The absence of effective early screening meth-
ods and diagnostic markers frequently results
in late-stage diagnoses, with over 70% of pa-
tients presenting at intermediate to advanced
stages, requiring comprehensive treatments
such as surgery and chemotherapy [4]. Ad-

vanced ovarian cancer often metastasizes to
organs like the liver, lungs, bones, and brain,
leading to poor prognoses and reducing the
B5-year survival rate to less than 40% [4].
Despite its significant impact, the mechanisms
underlying distant metastasis remain poorly un-
derstood, and effective early diagnostic strate-
gies are lacking [5].

Biomarkers play a crucial role in predicting can-
cer prognosis, monitoring treatment response,
detecting tumor recurrence, and guiding clinical
decision-making [6]. Therefore, identifying reli-
able early biomarkers and elucidating the mo-
lecular mechanisms of metastasis are essen-
tial for improving early diagnosis, controlling
metastasis and recurrence, and enhancing sur-
vival outcomes in ovarian cancer [6].

Fucosyltransferases (FUTs), part of the glycosyl-
transferase superfamily, catalyze the transfer
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of fucose from guanosine diphosphate (GDP)-
fucose to N-, O-, or glycosylphosphatidylinositol
(GPIl)-anchored sugar chains, forming fucosyl-
ated oligosaccharides, glycoproteins, and gly-
colipids [7]. Among these, FUT8 uniquely adds
fucose to the first N-acetylglucosamine (Gl-
cNAc) residue of N-glycans via an «-(1,6)-
linkage [8]. Aberrant expression of FUT8 has
been implicated in various malignancies, play-
ing a pivotal role in tumorigenesis and progres-
sion [8].

FUT8 modulates glycan chain structures of
substrate proteins such as immunoglobulins,
alpha-fetoprotein (AFP), and cell adhesion mol-
ecules, influencing tumor cell behavior [8]. Core
fucosylation enhances the binding affinity of
receptors like epidermal growth factor receptor
(EGFR) and integrin a3B1, while its absence
reduces receptor-ligand binding and down-
stream signaling, impacting gene expression,
proliferation, migration, invasion, apoptosis, ad-
hesion, and angiogenesis [9]. FUT8 has been
shown to promote tumor cell proliferation and
drug resistance through upregulation of EGFR
expression and signaling [10]. Additionally,
increased core fucosylation of E-cadherin en-
hances tumor cell adhesion, migration, and
invasion [11].

Research demonstrates that FUT8 mRNA, pro-
tein levels, and enzymatic activity are signifi-
cantly elevated in various cancers, including
lung, breast, ovarian, and prostate cancers,
correlating with tumor severity [11-14]. These
findings underscore the importance of investi-
gating FUT8 as an early and reliable biomarker
and elucidating its role in metastasis to improve
ovarian cancer prognosis.

Syntaxin (STX) proteins are key components of
the SNARE complex, a protein family compris-
ing synaptosome-associated proteins (SNAPs),
STXs, and vesicle-associated membrane pro-
teins (VAMPs) [15]. Emerging evidence high-
lights the critical role of SNARE proteins in the
etiology, progression, invasion, and metastasis
of cancer, positioning them as promising thera-
peutic targets [15, 16]. The STX family consists
of 16 members, including STX1, STX2, STX3,
and STX4, which are primarily localized to the
plasma membrane [17]. Among them, STX4-
mediated integrin transport has been identified
as a pivotal factor in cancer cell migration and
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survival, making it a potential target for cancer
therapeutics [18].

Our prior research demonstrated STX4 overex-
pression in ovarian cancer, which appears to
promote tumor progression and suggests its
viability as a target to suppress cancer cell
invasiveness [19]. This observation aligns with
studies showing a positive correlation between
STX4 expression and clinical stage as well as
lymphatic metastasis in ovarian cancer, further
implicating its role in tumorigenesis and pro-
gression [4]. Targeting STX4 as a therapeutic
strategy for ovarian cancer is, therefore, a
promising area for future exploration [4].

Calcium-activated neutral protease (calpain) is
a member of the calcium-dependent cysteine
protease family and it acts as a downstream
signaling molecule of the G-protein-coupled
estrogen receptor (GPER) [20, 21]. Calpain, a
class of calcium-dependent proteases, pro-
motes tumor migration and invasion by cleav-
ing substrates such as focal adhesion kinase
(FAK) and E-cadherin [22, 23]. Studies have
shown that calpain regulates various biological
processes, including cytoskeletal remodeling,
neurodevelopment, cell cycle regulation, apop-
tosis, cell proliferation, migration, and signal
transduction, through cleavage modifications
[24].

Among the calpain family, Calpainl and
Calpain2 are the most extensively studied
members [21]. Notably, Calpain2 has been
shown to mediate ductal cancer cell migration
through the mitogen-activated protein kinase
(MAPK) pathway [25]. Additionally, Guo et al.
reported that Calpain2 regulates estrogen (E2)-
stimulated tumor growth by upregulating the
breast tumor cells 1 (GREB1) gene, enhancing
cell proliferation, and promoting tumor pro-
gression [11, 26]. These findings suggest that
the combined evaluation of FUT8, STX4, and
Calpain2 expression in tumors could be instru-
mental in predicting malignant metastasis [11,
26].

To address existing research gaps and enhan-
ce the understanding of the clinicopathological
features of ovarian tumors, this study aims to
investigate the correlations among FUT8, STX4,
and Calpain2 expression and their association
with the clinicopathological characteristics of
ovarian malignancies. Exploring these relation-
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ships is crucial for identifying biomarkers that
can predict malignant metastasis, aiding in the
differential diagnosis of aggressive ovarian
tumors. By analyzing the joint expression pat-
terns of FUT8, STX4, and Calpain2 in ovarian
cancer tissues, this study seeks to provide
valuable insights into their prognostic signifi-
cance and potential as therapeutic targets.
This comprehensive analysis aims to advance
our understanding of ovarian cancer’s molecu-
lar mechanisms and contribute to the develop-
ment of more effective diagnostic and treat-
ment strategies.

Materials and methods
Patients and specimens

In the initial phase of this study, preliminary tri-
als were conducted to determine FUT8 expres-
sion levels in both the control and ovarian can-
cer groups. The mean expression values were
93.49 + 35.21 in the control group and 116.58
+ 37.72 in the ovarian cancer group. With the
significance level () set at 5% and statistical
power (1-B) at 80%, we used equal group allo-
cation to ensure the robustness of our compar-
ative analysis. Based on calculations using the
Sample Size module in PASS software, a sam-
ple size of 19 cases per group was required
to achieve the desired statistical power. To
account for potential dropouts and improve reli-
ability, we increased the sample size by approx-
imately 20%. Consequently, a total of at least
92 cases, with an equal distribution of 46 per
group, was required.

This retrospective study included 93 patients
diagnosed with ovarian tumors and hospital-
ized at Shanghai Pudong New Area People’s
Hospital between January 1, 2008, and De-
cember 31, 2017. The inclusion criteria were
as follows: (1) age > 18 years; (2) histopatho-
logical confirmation of ovarian cancer; and (3)
initial diagnosis with no prior exposure to che-
motherapy, radiotherapy, immunotherapy, or
targeted therapy. Exclusion criteria included
incomplete clinical records, secondary ovarian
cancer, concurrent malignancies, autoimmune
diseases, or mental disorders.

Formalin-fixed, paraffin-embedded (FFPE) sur-
gical tissue samples were collected from all
eligible patients. Histological diagnoses were
confirmed by two independent pathologists
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through blinded reviews of histological slides.
Clinical and pathological data, including age,
tissue type, tumor type, FIGO stage, degree of
differentiation, tumor location, lymph node
metastasis, and distant metastasis, were me-
ticulously collected. The clinical and pathologi-
cal staging of ovarian cancer patients followed
the 2014 International Federation of Gyne-
cology and Obstetrics (FIGO) criteria [27].

All samples were handled in strict compliance
with ethical guidelines and standards. Ethical
approval for the study was obtained from the
Review Board of Shanghai Pudong New Area
People’s Hospital (Approval Number 2022-D-
36). This rigorous methodology ensures the
reliability and validity of the study findings, con-
tributing to a deeper understanding of the
clinical and pathological features of ovarian
cancer.

Immunohistochemistry

Immunohistochemical analysis was performed
to evaluate protein expression in ovarian tissue
samples. Tissue sections were processed using
a standardized protocol for antigen retrieval
and rehydration. The slides were microwaved
for 10 minutes in a 0.01 M citric acid buffer and
then cooled for 30 minutes to facilitate antigen
retrieval. Endogenous peroxidase activity was
blocked by incubating the sections with 3%
hydrogen peroxide in methanol for 20 minutes.
To reduce non-specific binding, the slides were
incubated with 5% bovine serum albumin in
phosphate-buffered saline (PBS) at room tem-
perature.

Following three washes with PBS, the samples
were incubated overnight at 4°C with the fol-
lowing mouse monoclonal primary antibodies:
anti-FUT8 (1:500, clone ab191571, Abcam),
anti-STX4 (clone ab77037, Abcam, Cambridge,
UK), and anti-calpain2 (Cell Signaling Tech-
nology, Danvers, USA). Immunoreactivity was
visualized by applying rat anti-mouse 1gG2b-
peroxidase, followed by 3,3’-diaminobenzidine
tetrahydrochloride substrate in a Tris-HCI buf-
fer (pH 7.6) containing 0.02% hydrogen perox-
ide. The slides were counterstained with hema-
toxylin, dehydrated, and mounted for micr-
oscopic analysis. Negative controls were pre-
pared by replacing the primary antibody with
PBS to confirm staining specificity.
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Interpretation and evaluation of immunohisto-
chemical results

Immunostaining results were independently
evaluated by two clinical pathologists, with
a senior expert resolving any discrepancies.
Immunoreactivity was detected in both the
cytoplasm and nucleus of tumor cells, with uni-
form cytoplasmic staining and variable nuclear
staining intensity. A scoring system was em-
ployed to quantify staining density and intensi-
ty. Five high-power fields (200x magnification)
were randomly selected for each sample to
assess staining intensity and the proportion of
positively stained tumor cells.

The proportion of positive cells was quantified
using Image J software [28]. Protein expression
was evaluated semi-quantitatively using the
H-score system, which integrates the percent-
age of positive cells and staining intensity. The
H-score, ranging from 0 to 300, was used to
categorize protein expression as weak positive
(< 100), positive (100-200), and strong positive
(> 200). For analysis, FUT8, STX4, and calpain2
expression levels were dichotomized into high
(H-score > median) and low (H-score < median)
groups based on the median H-score for each
protein.

The H-score system, which calculates the prod-
uct of the percentage of positive cells and the
staining intensity. The protein expression for
each marker was subsequently grouped ac-
cordingly [29]. The H-score was determined
using the formula: H-score = (percentage of
strong positive cells x 3) + (percentage of posi-
tive cells x 2) + (percentage of weak positive
cells x 1) [30].

Statistical analysis

Statistical analyses were performed using IBM
SPSS Statistics Version 27.0.1 (SPSS Inc.,
Chicago, IL, USA). The normality of continuous
data was assessed using graphical methods
(e.g., histograms) and the Shapiro-Wilk test.
FUT8 and calpain2 expression scores followed
a normal distribution and are reported as the
mean + standard deviation (X+sd). Inter-group
comparisons for these variables were con-
ducted using the independent samples t-test.
Conversely, STX4 protein expression scores
that exhibited a non-normal distribution are
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presented as the median (interquartile range).
Inter-group comparisons for STX4 were per-
formed using the Mann-Whitney U test. Stati-
stical significance was defined as a P-value <
0.05 for all comparisons.

Clinical-pathological characteristics, including
age, tissue type, tumor location, distant metas-
tasis, lymph node metastasis, differentiation,
and FIGO stage, were treated as categorical
variables. The nine possible combinations of
high and low expression levels for FUT8/STX4/
calpain2 and the eight combinations of their
respective expression levels were analyzed as
categorical data and reported as frequency (n)
and percentage (%). Pearson’s chi-square test
was used for inter-group comparisons if the
theoretical frequency exceeded 5 and the total
sample size was at least 40. Yates’ correction
was applied when the theoretical frequency
was between 1 and 5 with a total sample size of
at least 40. Fisher’s exact test was employed
when the theoretical frequency was less than 1
or the total sample size was below 40.

Protein expression scores were dichotomized
into high and low expression groups based on
the median value. Scores equal to or above the
median were classified as high expression,
while scores below the median were classified
as low expression. Spearman’s rank correlation
coefficient was used to evaluate the correlation
between the expression scores of FUT8, STX4,
and calpain2 proteins. Multivariate binary logis-
tic regression analysis was conducted to iden-
tify predictive factors. The predictive perfor-
mance of the model and individual risk factors
was assessed by calculating the area under the
receiver operating characteristic (ROC) curve
(AUC), Youden index, optimal cutoff value, sen-
sitivity, and specificity. Predictive efficacy was
evaluated based on the AUC, with values
between 0.5 and 0.7 indicating low predictive
efficacy, and values between 0.7 and 0.9
indicating moderate predictive efficacy, as
described by ChenY et al. [31].

Results

Clinical and pathological characteristics of
patients

This study included 93 patients with ovarian
tumors, comprising 12 cases (12.90%) of be-
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Table 1. Clinical and pathological characteris-
tics of ovarian cancer patients

Clinicopathologic parameters Case No.
Age (years)

<50 25 (31.25)

>50 55 (68.75)
Tissue type

Serous ovarian cancer 67 (83.75)

Other types of ovarian cancer 13 (16.25)
FIGO stage

/1 33(35.48)

/v 47 (58.75)
Differentiation

Poorly/Moderately differentiated 63 (78.75)

Well-differentiated 5 (6.25)

Undifferentiated 12 (15.00)
Tumor location

Unilateral 53 (66.25)

Bilateral 27 (33.75)
Lymph node metastasis

Negative 29 (36.25)

Positive 8 (10.00)

Unscanned 43 (53.75)
Distant metastasis

Negative 19 (23.75)

Positive 61 (76.25)

Results expressed as the number of patients and
percentage (%); FUT8, Glycosyltransferase 8; STX4,
Synaptotagmin-4.

nign tumors, 1 case (1.08%) of a borderline
tumor, and 80 cases (86.02%) of malignant
tumors. Among patients with malignant ovarian
tumors, 55 were aged > 50 years, and 25 were
aged < 50 years. There were 67 cases of serous
ovarian cancer and 13 cases of other histologi-
cal subtypes. Based on FIGO staging, 33 cases
were classified as stage I/Il, while 47 cases
were classified as stage lll/IV. In terms of dif-
ferentiation, there were 63 cases of poorly/
moderately differentiated tumors, 5 cases of
well-differentiated tumors, and 12 cases of
undifferentiated tumors. Regarding tumor la-
terality, 53 cases were unilateral, and 27 cases
were bilateral. Lymph node metastasis was
observed in 8 cases, while 29 cases showed
no lymph node involvement. Additionally, 61
cases had distant metastases, while the other
19 cases did not (Table 1).
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Comparison of FUT8, STX4 and calpain2
expression between benign and malignant
ovarian tumors

The cohort included 80 cases of malignant
tumors, 12 cases of benign tumors, and 1
case of borderline tumors. The expression lev-
els of FUT8, STX4, and calpain2 were compared
between the benign and malignant ovarian
tumors. Results demonstrated that the expres-
sion of FUT8, STX4, and calpain2 was signifi-
cantly higher in malignant ovarian tumors com-
pared to benign tumors (P < 0.05; Table 2;
Figures 1-3).

Correlation analysis of FUT8, STX4, and cal-
pain2 expression in ovarian cancer

Spearman’s rank correlation analysis was per-
formed on 80 ovarian cancer samples. The
median expression scores were 177.50 (inter-
quartile range [IQR]: 135.00-198.75) for FUTS,
207.50 (IQR: 166.25-250.00) for STX4, and
205.00 (IQR: 152.50-240.00) for calpain2. Si-
gnificant positive correlations were observed
between the expression levels of these pro-
teins: FUT8 and STX4 (r = 0.405, P < 0.001),
FUT8 and calpain2 (r = 0.632, P < 0.001), STX4
and calpain2 (r = 0.495, P < 0.001) (Table 3;
Figures 4-6).

Correlation of FUT8, STX4 and calpain2
expression with clinicopathologic features in
ovarian cancer

In this study of 80 ovarian cancer patients, the
median H-scores for FUT8, STX4, and calpain2
were 177.5, 207.5, and 205, respectively. Pa-
tients were grouped into high and low expres-
sion categories based on these median scores:
40 patients each for high and low FUT8 ex-
pression, 39 with high STX4 expression and 41
with low expression, and 40 patients each for
high and low calpain2 expression. The correla-
tion between the expression of these proteins
and clinicopathological features was analyzed.

FUT8 expression was not significantly associ-
ated with age (P = 0.228), differentiation (P =
0.053), distant metastasis (P = 0.189), tissue
type (P = 0.762), tumor location (P = 0.813), or
lymph node metastasis (P = 0.835), but it was
significantly associated with FIGO stage (P =
0.013). STX4 expression showed no significant
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Table 2. Comparison of FUT8, STX4 and calpain2 expression between benign and malignant ovarian

tumors

Benigne ovarian tumors (n = 12)  Malignant ovarian tumors (n = 80) U value P value
FUT8 83.33+48.45 177.50 (135.00, 198.75) -4.128 <0.001
STX4 117.50+55.08 207.50 (166.25, 250.00) -3.880 <0.001
calpain2 45.00 (20.00, 131.25) 205.00 (152.50, 240.00) -4.315 < 0.001

Results expressed as means + SD or median (Q1, Q3); FUTS8, Glycosyltransferase 8; STX4, Synaptotagmin-4.

Figure 1. FUT8 immunohistochemical staining in three types of OC (HE x200). A. Benign ovarian tumor; B. Border-
line ovarian tumor; C. OC. FUTS8, Glycosyltransferase 8; OC, ovarian cancer.

relationship with differentiation (P = 0.158), tis-
sue type (P = 0.417), FIGO stage (P = 0.621),
tumor location (P = 0.692), or distant metasta-
sis (P = 0.086), but it was significantly associ-
ated with age (P = 0.012) and lymph node
metastasis (P = 0.019). Calpain2 expression
was not significantly associated with differenti-
ation (P = 0.842), age (P = 0.469), tissue type
(P =0.762), FIGO stage (P = 0.496), tumor loca-
tion (P = 0.813), lymph node metastasis (P =
0.246), or distant metastasis (P = 0.793)
(Tables 3-5).

Predictive value of FUT8, STX4, and calpain2
in ovarian cancer

Multivariate binary logistic regression analysis
was performed to compare the predictive
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effects of FUT8, STX4, calpain2, and their com-
bined model. The statistical analysis revealed
that FUT8, STX4, and calpain2 were not in-
dependent predictors of ovarian cancer (P >
0.05). However, the individual diagnostic per-
formance of each protein was evaluated: FUTS:
AUC = 0.879 (95% CI: 0.803-0.955, P < 0.001),
sensitivity = 0.763, specificity = 0.917, Youden
index = 0.680, cutoff value = 132.5. A score >
132.5 indicated a high risk of ovarian cancer.
STX4: AUC = 0.848 (95% CI: 0.762-0.935, P <
0.001), sensitivity = 0.638, specificity = 1.000,
Youden index = 0.638, cutoff value = 182.5.
A score = 182.5 identified high-risk ovarian
cancer cases. Calpain2: AUC = 0.888 (95% CI:
0.814-0.961, P < 0.001), sensitivity = 0.688,
specificity = 1.000, Youden index = 0.688, cut-
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Figure 2. STX4 immunohistochemical staining in three types of OC (HE x200). A. Benign ovarian tumor; B. Border-
line ovarian tumor; C. OC. STX4, Synaptotagmin-4; OC, ovarian cancer.

Figure 3. Calpain2 immunohistochemical staining in three types of OC (HE x200). A. Benign ovarian tumor; B. Bor-
derline ovarian tumor; C. OC. OC, ovarian cancer.
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Table 3. Correlation analysis of FUT8, STX4 and calpain2 expression in ovarian cancer

FUT8 STX4 calpain2 r value P value
177.50 (135.00, 198.75) 207.50 (166.25, 250.00) - 0.405 <0.001
177.50 (135.00, 198.75) - 205.00 (152.50, 240.00) 0.632 <0.001

207.50 (166.25, 250.00)  205.00 (152.50, 240.00) 0.495 <0.001

Results expressed as median (Q1, Q3), Correlation coefficients (r) were calculated by Spearman rank correlation analysis;

FUTS8, Glycosyltransferase 8; STX4, Synaptotagmin-4.

r=0.405, P<0.001, n=80

STX4(points)

50 ° °

0 50 100 150 200 250 300

FUT8(points)

Figure 4. Analysis of the correlation between FUT8 expression and STX4
expression.

r=0.632, P<0.001, n=80

calpain2(points)

FUT8(points)

Figure 5. Analysis of the correlation between FUT8 expression and calpain2
expression.

off value = 167.5. A score > 167.5 classified
patients as high risk for ovarian cancer, demon-
strating the highest diagnostic efficiency among
the three indicators.

The combined FUT8/STX4/calpain2 model had
an AUC of 0.894 (95% CI: 0.819-0.968, P <

0.001), sensitivity = 0.713,
specificity = 1.000, Youden
index = 0.713, and cutoff value
= 0.9227803, indicating excel-
lent diagnostic performance.
The Hosmer-Lemeshow test
yielded a P-value of 0.587 (>
0.05), suggesting a good mo-
del fit. This indicates that the
model aligns well with the ob-
served data and accurately re-
flects the characteristics and
trends of ovarian cancer cases
(Tables 6, 7; Figure 7).

Correlation analysis of joint ex-
pression of two factors out of
FUT8, STX4, and calpain2 with
malignant ovarian tumors

In this study involving 92
patients with ovarian tumors,
the median H-scores for FUTS,
STX4, and calpain2 were 165,
187.5, and 195, respectively.
Patients were categorized ba-
sed on these median scores
into high and low expression
groups: high FUT8 (44 patients)
and low FUT8 (48 patients);
high STX4 (46 patients) and
low STX4 (46 patients); high
calpain2 (44 patients) and
low calpain2 (48 patients).
Statistical analyses revealed
that high expression of FUTS,
STX4, or calpain2 was signifi-
cantly associated with malig-

nant ovarian tumors, with higher malignancy
rates observed in patients with high marker
expression compared to those with low expres-
sion (P < 0.001; Table 10).

Further analysis examined the association
between malignant ovarian tumors and the
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300

calpain2(points)

50

r=0.495,

P<0.001, n=80 Discussion

In this study, we identified th-
at elevated expression levels
of FUT8, STX4, and calpain2
are correlated with an incre-
ased risk of malignant ovarian
tumors, highlighting their po-
tential as biomarkers for malig-
nancy prediction in patients
with ovarian tumors. Further-
h more, concurrent high expres-

STX4(points)

Figure 6. Analysis of the correlation between STX4 expression and calpain2

expression.

concurrent high expression of two markers
(FUT8, STX4, and calpain2). The findings were
as follows: FUT8 and STX4: The malignancy
rate was 100.00% in patients with concurrent
high expression of FUT8 and STX4, which was
not significantly different from those with only
one marker highly expressed (100.00%, P =
1.000). However, it was significantly higher
than in patients with both markers showing
low expression (67.57%, P < 0.001). FUT8 and
Calpain2: The malignancy rate was 100.00% in
patients with concurrent high expression of
FUT8 and calpain2, showing no significant dif-
ference from those with one high marker
(100.00%, P = 1.000) but significantly higher
than in those with both markers showing low
expression (67.57%, P < 0.001). STX4 and
Calpain2: The malignancy rate was 100.00% in
patients with concurrent high expression of
STX4 and calpain2, which was not significantly
different from those with one high marker
(100.00%, P = 1.000) but significantly higher
than in those with both markers showing low
expression (65.71%, P < 0.001; Table 8).

Correlation analysis of joint expression of all
three factors of FUT8, STX4, and calpain2 with
malignant ovarian tumors

Among the 92 patients, 27 exhibited high
expression of all three markers (FUT8, STX4,
and calpain2). Compared to patients with at
least one marker showing low expression,
those with concurrent high expression of all
three markers had a significantly higher malig-
nancy rate (P = 0.002; Table 9).
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0 sion of all three markers was
significantly associated with a
higher risk of malignant ovari-
an tumors in the studied co-
hort. These findings suggest
that the simultaneous detec-
tion of FUT8, STX4, and calpain2 expression in
ovarian tumor tissues could serve as a valuable
diagnostic tool for identifying malignant ovarian
tumors.

Ovarian cancer is the fifth most prevalent can-
cer among women worldwide, often developing
during menopause, with a recent trend of earli-
er onset. The subtlety of early symptoms and
the lack of effective diagnostic methods con-
tribute to the increasing incidence of ovarian
cancer, which has the highest mortality rate
among gynecological malignancies [32-34].
Traditional screening methods, including trans-
vaginal ultrasound and serum tumor markers
such as carbohydrate antigen 125 (CA125) and
human epididymis protein 4 (HE4), have limita-
tions in clinical practice [32-34].

Recently, novel molecular markers derived
from liquid biopsy techniques, such as circulat-
ing tumor cells (CTCs), circulating tumor RNA
(ctRNA), circulating tumor DNA (ctDNA), and
tumor-educated platelets (TEPs), have expand-
ed the targets for early ovarian cancer detec-
tion [32-34]. However, their diagnostic efficacy
remains suboptimal when used independently.
Emerging techniques, including gene chips,
proteomics, and immunohistochemistry, are
gaining prominence in research on the early
diagnosis of ovarian cancer. Despite these ad-
vances, the heterogeneity of ovarian cancer’s
pathological types and the unclear mecha-
nisms underlying its development mean that no
single biomarker currently offers high sensitivi-
ty and specificity for early clinical diagnosis.

Am J Transl Res 2025;17(1):144-161



FUT8, STX4, and calpain2 in OC

Table 4. Correlation of FUT8 expression with clinicopathologic features in ovarian cancer

FUT8 expression

Clinicopathologic parameters Case No. Low High x° value P value

Age (years) 1.455 0.228
<50 25 (31.25) 15 (18.75) 10 (25.00)
>50 55 (68.75) 25 (81.25) 30 (75.00)

Tissue type 0.092 0.762
Serous ovarian cancer 67 (83.75) 33(82.50) 34 (85.00)
Other types of ovarian cancer 13 (16.25) 7 (17.50) 6 (15.00)

FIGO stage 6.241 0.013
I/ 33(35.48) 22 (55.00) 11 (27.50)
/v 47 (58.75) 18 (45.00) 29 (72.50)

Differentiation 5.989 0.053
Poorly/Moderately differentiated 63 (78.75) 28 (70.00) 35 (87.50)
Well-differentiated 5 (6.25) 5 (12.50) 0 (0.00)
Unknown 12 (15.00) 7 (17.50) 5 (12.50)

Tumor location 0.056 0.813
Unilateral 53 (66.25) 27 (67.50) 26 (65.00)
Bilateral 27 (33.75) 13 (32.50) 14 (35.00)

Lymph node metastasis 0.044 0.835
Negative 29 (78.38) 18 (62.07) 11 (37.93)
Positive 8 (21.62) 4 (10.00) 4 (10.00)

Distant metastasis 1.726 0.189
Negative 19 (23.75) 12 (30.00) 7 (17.50)
Positive 61 (76.25) 28 (70.00) 33 (82.50)

Results expressed as the number of patients and percentage (%); FUT8, Glycosyltransferase 8.

Table 5. Correlation of STX4 expression with clinicopathologic features in ovarian cancer

STX4 expression

Clinicopathologic parameters Case No. - x?value  Pvalue
Low High

Age (years) 6.267 0.012
<50 25 (31.25) 18 (43.90) 7 (17.95)
>50 55 (68.75) 23 (56.10) 32 (82.05)

Tissue type 0.658 0.417
Serous ovarian cancer 67 (83.75) 33 (80.49) 34 (87.18)
Other types of ovarian cancer 13 (16.25) 8(19.51) 5(12.82)

FIGO stage 0.244 0.621
I/1 33(35.48) 18 (43.90) 15 (38.46)
/v 47 (58.75) 23 (56.10) 24 (61.54)

Differentiation 3.522 0.158
Poorly/Moderately differentiated 63 (78.75) 29 (70.73) 34 (87.18)
Well-differentiated 5 (6.25) 3(7.32) 2 (5.13)
Unknown 12 (15.00) 9 (21.95) 3(7.69)

Tumor location 0.157 0.692
Unilateral 53 (66.25) 28 (38.29) 25 (64.10)
Bilateral 27 (33.75) 13 (31.71) 14 (35.90)

Lymph node metastasis - 0.019
Negative 29 (78.38) 18 (62.07) 11 (37.93)
Positive 8 (21.62) 1(2.44) 7 (17.95)

Distant metastasis 2.941 0.086
Negative 19 (23.75) 13 (31.71) 6 (15.38)
Positive 61 (76.25) 28 (68.29) 33 (84.62)

Results expressed as the number of patients and percentage (%); STX4, Synaptotagmin-4.
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Table 6. Correlation of calpain2 expression with clinicopathologic features in ovarian cancer

calpain2 expression

Clinicopathologic parameters Case No. - x?value  Pvalue
Low High

Age(years) 0.524 0.469
<50 25 (31.25) 14 (35.00) 11 (27.50)
>50 55 (68.75) 26 (65.00) 29 (72.50)

Tissue type 0.092 0.762
Serous ovarian cancer 67 (83.75) 34 (85.00) 33(82.50)
Other types of ovarian cancer 13 (16.25) 6 (15.00) 7 (17.50)

FIGO stage 0.464 0.496
I/ 33 (35.48) 15 (37.50) 18 (45.00)
/v 47 (58.75) 25 (62.50) 22 (55.00)

Differentiation 0.633 0.842
Poorly/Moderately differentiated 63 (78.75) 31 (77.50) 32 (80.00)
Well-differentiated 5 (6.25) 2 (5.00) 3(7.50)
Unknown 12 (15.00) 7 (17.50) 5 (12.50)

Tumor location 0.056 0.813
Unilateral 53 (66.25) 27 (67.50) 26 (65.00)
Bilateral 27 (33.75) 13 (32.50) 14 (35.00)

Lymph node metastasis - 0.246
Negative 29 (78.38) 15 (51.72) 14 (48.28)
Positive 8(21.62) 2 (5.00) 6 (15.00)

Distant metastasis 0.069 0.793
Negative 19 (23.75) 10 (25.00) 9 (22.50)
Positive 61 (76.25) 30 (75.00) 31 (77.50)

Results expressed as the number of patients and percentage (%).

Table 7. Multivariate binary logistic regression analysis for
predicting ovarian cancer patients with ovarian tumors

requires distinct approaches ba-
sed on tumor type. For benign ovar-

Standard  Wald P OR
x?value value value

Relevant
factors error

95% Cl value
Lower Upper

ian tumors, simple tumorectomy
or adnexectomy is typically suffi-
cient, while malignant ovarian tu-

FUT8 0.009 0.008 1.388 0.239 1.009
STX4 0.007 0.006  1.138 0.286 1.007
calpain2 0.012 0.007 3.357 0.067 1.012

limit  limit . .
mors necessitate a multimodal
0.994 1.025 approach involving surgery, che-
0.994 1.020 motherapy, radiotherapy, integra-
0.999 1.025 tive traditional Chinese and We-

FUTS8, Glycosyltransferase 8; STX4, Synaptotagmin-4.

Therefore, the search for reliable biomarkers
remains critical for improving early diagnosis
and treatment, potentially enhancing the quali-
ty of life and prognosis of affected women [35].

Ovarian cancer is characterized by advanced-
stage presentation in most patients, with 70%-
80% diagnosed only after disease progression
beyond the early stages. This delay signifi-
cantly worsens outcomes, with a five-year sur-
vival rate of 20%-30% for advanced cases [34].
The surgical management of ovarian lesions
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stern medicine, and gene therapy
[36].

Failure to promptly address benign tumors may
lead to unnecessary destruction of healthy
ovarian tissue, whereas delayed treatment of
malignant tumors results in missed therapeu-
tic windows, poorer prognoses, and increased
mortality risk. These factors underscore the
critical importance of precise preoperative
diagnostics and early detection of ovarian can-
cer, currently regarded as the most effective
strategy for reducing mortality. Despite this
urgency, there remains a lack of reliable bio-
markers and effective diagnostic methods for
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Figure 7. ROC curves for predicting malignant ovarian tumors patients
based on related factors and the FUT8/STX4/calpain2 model.

early detection and screening [32-34]. Identify-
ing biomarkers with improved sensitivity and
specificity, as well as predictive value for accu-
rate ovarian cancer diagnosis, is therefore
paramount.

The dynamic process of tumor invasion and
metastasis involves multiple factors and se-
quential steps, including the detachment of
cancer cells from the primary tumor, invasion
into adjacent tissues and organs, entry into
blood or lymphatic vessels, and eventual colo-
nization at distant sites, where they proliferate
to form metastatic tumors [37]. This process is
often influenced by aberrant protein glycosyl-
ation, which affects tumor growth, differentia-
tion, transformation, adhesion, metastasis,
and immune surveillance, thereby playing a
critical role in tumorigenesis and migration [38,
391

Our study revealed that high expression of
FUTS8 is significantly correlated with the FIGO
stage of ovarian cancer and the benign/malig-
nant classification of ovarian tumors. This as-
sociation may be attributed to FUT8'’s role in
upregulating core fucosylation modifications of
substrate molecules, contributing to the malig-
nant transformation, progression, and metas-
tasis of tumors [40].

Additionally, high STX4 expression was signifi-
cantly associated with patient age, lymph node

155

curve source

—FUT8
—STX4

— calpain2
FUTB/STX4/calpain2 model
—reference line

metastasis, and the benign/
malignant classification of ov-
arian tumors. This correlation
may result from age-related
variations in tumor biological
characteristics, which influen-
ce STX4 expression [41]. For
example, advancing age is as-
sociated with changes in the
tumor microenvironment, cel-
lular signaling pathways, and
hormonal levels, particularly
declining estrogen and proges-
terone levels in women, all of
which could affect the onset
and progression of ovarian
cancer and STX4 expression
[42]. Older patients may also
experience cumulative gene-
tic and epigenetic alterations,
leading to changes in gene
expression patterns, including
STX4 [42]. Furthermore, age-related declines
in immune system function may impact the
tumor immune microenvironment and, conse-
quently, STX4 expression and function [42, 43].

Tumor metastasis is a complex process involv-
ing interactions between cancer cells and their
microenvironment. During metastasis, cancer
cells infiltrate the extracellular matrix (ECM), a
process heavily influenced by soluble N-ethyl-
maleimide-sensitive factor attachment protein
receptor (SNARE) proteins, which are critical for
intracellular vesicular transport [43]. Evidence
indicates that specific SNARE proteins, particu-
larly those involved in the transport of invasive
sodium-associated proteins, play a pivotal role
in enabling the invasive and migratory proper-
ties of malignant cancer cells [15, 16, 42, 44].

STX4, a member of the syntaxin family, is
involved in guiding MT1-MMP to the plasma
membrane [45]. Studies have demonstrated
that STX4 mediates increased invasiveness in
breast and ovarian tumors by promoting cell
adhesion, proliferation, invasion, and chemo-
tactic migration, while reducing apoptosis [19,
46, 47]. The integrin transport mediated by
STX4 is essential for cancer cell migration and
survival, thereby contributing to ovarian cancer
progression [19].

Despite these findings, significant knowled-
ge gaps remain regarding the direct impact of
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Table 8. Predictive value of individual related factors and FUT8/STX4/calpain2 model for ovarian

cancer patients with ovarian tumors

Prognostic indicators AUC 95% Cl P value Y;“dii” (f/‘;t“j’éf Sensitivity Specificity
FUTS 0.879 0.8030.955 0.000 0.680 132500  0.763 0.917
STX4 0.848 0.762:0.935 0.000 0.638 182500  0.638 1.000
calpain2 0.888 0.814-0.961 0.000 0.688 167.500  0.688 1.000
FUT8/STX4/calpain2 model 0.894 0.819-0.968 0.000 0.713 0.9227803  0.713 1.000

FUTS, Glycosyltransferase 8; STX4, Synaptotagmin-4.

Table 9. Correlation analysis of joint expression of two of FUT8, STX4, and calpain2 with tumor type

Case Tumor type )
- - X? value P value
No. Benign (%) Malignant (%)
FUT8/STX4
(1) Both of FUT8/STX4 low expression 37 2(32.43) 25 (67.57) 19.408 <0.001
(2) One of FUT8/STX4 high expression 20 0 (0.00) 20 (100.00) (2) versus (3)
(3) Both of FUT8/STX4 high expression 35 0 (0.00) 35 (100.00) - 1.000
FUT8/calpain2
(1) Both of FUT8/calpain2 low expression 37 12 (32.43) 25 (67.57) 19.371 <0.001
(2) One of FUT8/calpain2 high expression 22 0 (0.00) 22 (100.00) (2) versus (3)
(3) Both of FUT8/calpain2 high expression 33 0 (0.00) 33 (100.00) - 1.000
STX4/calpain2
(1) Both of STX4/calpain2 low expression 35 12 (34.29) 23 (65.71) 20.935 <0.001
(2) One of STX4/calpain2 high expression 24 0 (0.00) 24 (100.00) (2) versus (3)
(3) Both of STX4/calpain2 high expression 33 0 (0.00) 33 (100.00) - 1.000

Results expressed as the number of patients and percentage (%); FUT8, Glycosyltransferase 8; STX4, Synaptotagmin-4.

Table 10. Correlation analysis of joint expression of FUT8, STX4, and calpain2 factors with tumor type

Case Tumor type )

No. Benign (%) Malignant (%) % "2 value

FUT8/STX4/calpain2 18.731 0.002
(1) Fewer than FUTS8, STX4, and calpain2 high expression 65 12 (18.46) 53 (81.54)
FUT8"%/STX4'™"/calpain2°" 32  12(37.50) 20 (62.50)
FUT8""/STX4"e"/calpain2"ie" 6 0 (0.00) 6 (100.00)
FUT8"e"/STX4'"/calpain2"ie" 6 0 (0.00) 6 (100.00)
FUT8"en/STX4Men/calpain2'o” 8 0 (0.00) 8 (100.00)
FUT8'"*"/STX4""/calpain2nien 5 0 (0.00) 5 (100.00)
FUT8""/STX4"e"/calpain2'o¥ 5 0 (0.00) 5 (100.00)
FUT8"e"/STX4'"*"/calpain2'*¥ 3 0 (0.00) 3(100.00)
(2) All of FUT8, STX4, and calpain2 high expression 27 0 (0.00) 27 (100.00)

Results expressed as the number of patients and percentage (%); FUT8, Glycosyltransferase 8; STX4, Synaptotagmin-4.

STX4 on ovarian cancer cell proliferation and
invasion, as well as its potential influence on
the tumor microenvironment. Further research
is required to elucidate the precise mecha-
nisms by which STX4 regulates these process-
es and to explore its potential as a therapeutic
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targetin ovarian cancer [48]. Our study revealed
a significant association between high calpain2
expression and the classification of ovarian
tumors as benign or malignant. This correlation
may stem from calpain2’s role in cytoskeletal
remodeling during cell motility and fusion, regu-
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lation of enzymatic degradation within the cell
cycle, hydrolytic modification in signaling path-
ways, modulation of gene expression, degrada-
tion of apoptotic pathway substrates, and its
effects as a long-range enhancer [37].

Calpain2, a highly conserved calcium-depen-
dent protease, requires sufficient calcium ions
for activation. Under physiological conditions,
intracellular calcium levels are typically insuffi-
cient to activate calpain2. However, in malig-
nant tumor cells, intracellular calcium concen-
trations are significantly elevated, disrupting
calcium homeostasis and leading to increased
calpain2 activity or expression. This elevation
promotes tumor cell migration and invasion,
highlighting calpain2’s potential as a therapeu-
tic target and its involvement in the malignant
transformation and metastatic cascade of
ovarian cancer [49]. Further research is neces-
sary to elucidate the mechanisms by which cal-
pain2 contributes to these processes, which
could inform the development of novel thera-
peutic strategies targeting ovarian cancer pro-
gression.

Given the significant associations of FUTS,
STX4, and calpain2 with ovarian tumor classi-
fication, we utilized these markers in a com-
bined diagnostic model to differentiate bet-
ween benign and malignant ovarian tumors.
The combined model demonstrated an AUC of
0.894, with a sensitivity of 0.713 and a speci-
ficity of 1.000, reflecting high diagnostic accu-
racy. ROC curve analysis identified optimal cut-
off values of 132.5, 182.5, and 167.5 for FUTS,
STX4, and calpain2, respectively. These find-
ings suggest that tumors with H-scores of FUT8
> 132.5, STX4 > 182.5, and calpain2 > 167.5
can be classified as malignant. Achieving these
cutoff values for all three markers simultane-
ously enhances diagnostic precision.

We recommend that medical professionals
assess the expression of FUT8, STX4, and cal-
pain2 comprehensively to distinguish between
benign and malignant ovarian tumors. Timely
and accurate diagnosis based on these mark-
ers can improve patient prognosis and quality
of life.

Glycosylation, a pivotal epigenetic modification,
reflects cellular environmental changes without
altering the genetic sequence and is one of the
most prevalent post-translational modifications
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in all organisms. Aberrant glycosylation is a
hallmark of tumorigenesis, profoundly influenc-
ing various stages of tumor development and
directly promoting tumor progression and me-
tastasis [50].

FUTS8, the sole fucosyltransferase responsible
for core fucosylation, adds fucose to aspara-
gine residues in glycoproteins. Abnormal FUT8
activity has been identified in multiple cancers,
including breast, prostate, and gastric cancers,
and has been linked to prognosis. FUTS8 influ-
ences tumorigenesis and progression by regu-
lating critical processes such as cell prolifera-
tion, apoptosis, migration, and metastasis [10,
51, 52].

In this study, we observed elevated FUT8
expression in malignant ovarian tumor tissues.
These findings suggest that core fucosylation
of the N-glycan structures of key receptors in
ovarian cancer may be influenced by additional
factors beyond FUT8 alone. Further exploration
of these mechanisms may provide insights into
the molecular pathways driving ovarian cancer
progression and identify potential therapeutic
targets.

The tumor microenvironment consists of a
diverse array of cellular components, including
inflammatory cells, fibroblasts, neurons, and
vascular endothelial cells. These cells either
directly activate proliferative signals in cancer
cells or indirectly modulate the tumor milieu by
secreting various molecules [53]. Our study
identified a significant correlation between
FUT8 and STX4 or calpain2, suggesting a po-
tential interplay among these factors that may
synergistically enhance the proliferation and
metastatic potential of ovarian tumor tissues
through distinct mechanisms. However, the bio-
logical interrelationships between FUT8 and
these markers in ovarian cancer remain unex-
plored, necessitating further investigation to
elucidate the underlying mechanisms.

In our analysis, the co-expression of FUT8 and
STX4 or calpain2 did not yield significantly
greater diagnostic accuracy in differentiating
benign from malignant ovarian tumors com-
pared to the use of individual markers. This
observation implies that the independent ex-
pression of FUT8, STX4, or calpain2 in ovarian
tumors is already sufficient to influence tumor
differentiation. Therefore, it is recommended
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that medical practitioners assess the expres-
sion levels of these three markers collectively
to accurately classify ovarian tumors as benign
or malignant. Early and precise diagnosis, cou-
pled with timely intervention, could improve
patient prognoses and enhance quality of life.

Calpain2, a calcium-activated neutral protease
in the cysteine proteinase superfamily, consists
of an 80 kD catalytic subunit and a 30 kD regu-
latory subunit, forming a heterodimer [54]. This
enzyme is involved in numerous cellular pro-
cesses, including cytoskeletal reorganization,
proteolytic modification of signaling proteins,
substrate degradation in apoptotic pathways,
and enzyme turnover within the cell cycle. In
oncology, calpain2 is critical for maintaining the
malignant phenotype of tumor cells [24].

Despite its involvement in calcium-mediated
cellular functions, the precise physiological
role of calpain2 remains incompletely under-
stood. As a highly conserved protease, calpain2
activation depends on sufficient calcium ions
[55]. Under normal conditions, intracellular cal-
cium levels are insufficient to activate calpain2.
However, in malignant tumor cells, elevated
intracellular calcium disrupts cellular equilibri-
um, suggesting that calpain2 operates under
high calcium concentrations in cancer cells
[56].

Interestingly, studies on vertebrate heart devel-
opment show that arrhythmias caused by STX4
dysfunction can be ameliorated by calcium sup-
plementation [47]. Using immunohistochemical
staining, we analyzed the relationship between
STX4 and calpain2 expression in human ovari-
an tumor tissues and observed a significant
correlation between the two. This finding sug-
gests that aberrant STX4 expression and acti-
vation may contribute to calpain2 overexpres-
sion in ovarian cancer.

We hypothesize that reducing calcium ion lev-
els in tumors could potentially downregulate
both STX4 and calpain2 expression. Clinical
evidence from our study suggests that regulat-
ing STX4 and calpain2 expression may partially
influence the progression and metastasis of
ovarian tumors. However, further research is
required to elucidate the mechanisms of cal-
pain2 activation through STX4-mediated sig-
naling pathways and their synergistic roles in
tumor progression.
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This study has several limitations that warrant
consideration. Firstly, the precise mechanisms
by which FUT8, STX4, and calpain2 contribute
to the malignant biological behaviors of ovarian
cancer remain incompletely understood. These
mechanisms are likely influenced by complex
regulatory factors, and further in-depth re-
search is needed to clarify their roles. Secondly,
the relatively small sample size and the single-
center design of this study may introduce selec-
tion bias. To address these limitations, future
studies should aim to increase the sample size,
incorporate high-quality cases, and perform
multicenter investigations to improve the preci-
sion and generalizability of the findings. While
clinical evidence suggests that the regulation
of STX4 and calpain2 expression may partially
contribute to ovarian tumor progression and
metastasis, additional studies are required to
elucidate the activation mechanism of cal-
pain2 through STX4-mediated signaling path-
ways and their synergistic effects in tumor
development.

In conclusion, early diagnosis of ovarian cancer
remains a challenging yet critical goal, as it is
essential for initiating timely treatment and
improving patient outcomes. The identification
of reliable biomarkers is vital for guiding the
selection of effective diagnostic methods and
enhancing the accuracy of ovarian cancer de-
tection. Biomarkers also provide a valuable ref-
erence for the combined detection of ovarian
cancer markers, contributing significantly to
improving diagnostic and treatment outcomes.

This study demonstrates that FUT8, STX4, and
calpain2 are highly expressed in ovarian can-
cer and that their expression is interrelated.
Individually, these biomarkers may aid in differ-
entiating tumor types, while their combined
use in a diagnostic model offers superior effi-
cacy in distinguishing between benign and ma-
lighant ovarian tumors. These findings suggest
that the combined expression of FUT8, STX4,
and calpain2 could serve as a valuable predic-
tor of malignancy in ovarian tumors.

Additionally, our results highlight the potential
role of these three proteins in promoting tumor
angiogenesis and metastasis. Targeting FUTS,
STX4, or calpain2 may offer a promising adju-
vant therapeutic strategy for ovarian cancer. To
further validate these findings, future research
should focus on expanding sample sizes, con-
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ducting multicenter cohort studies, and investi-
gating the impact of FUT8, STX4, and calpain2
on ovarian cancer prognosis. Moreover, in-
depth exploration of the complex mechanisms
underlying the involvement of these biomark-
ers in the malignant progression of ovarian can-
cer is essential to advance our understanding
and develop novel therapeutic strategies.
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