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Abstract: Addressing the critical challenge of early ovarian cancer (OC) detection, our study focuses on identify-
ing novel biomarkers by analyzing preoperative peripheral blood exosomes from high-grade serous ovarian cancer
(HGSC) patients and healthy controls. Utilizing high-performance liquid chromatography-mass spectrometry-based
quantitative proteomics, we isolated and analyzed peripheral blood exosomes to identify differentially expressed
proteins (DEPs). This comprehensive analysis, supported by gene ontology enrichment and Kyoto Encyclopedia of
Genes and Genomes (KEGG) database assessments, revealed 28 proteins with decreased abundance and 33 with
increased abundance in HGSC patients compared to controls. Notably, Zinc Finger Protein 587B (ZNF587B) exhib-
ited a significant reduction in abundance, confirmed by decreased mRNA and protein levels in HGSC and normal
ovarian tissues, consistent with omes exosomal protein expression levels. Immunohistochemical staining further
confirmed reduced ZNF587B protein levels in HGSC tissues. The significant correlation between ZNF587B expres-
sion levels and tumor stage underscores its potential as a valuable biomarker for early liquid biopsy screening of OC.
Our findings suggest ZNF587B plays a crucial role in early HGSC detection, highlighting the importance of further

research to validate its clinical utility and improve ovarian cancer patient outcomes.
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Introduction

Ovarian cancer (OC) bears the highest mortality
rate among gynecological malignancies [1]. At
the time of diagnosis, 60-70% of patients pres-
ent at an advanced stage, with a 5-year survival
rate ranging between 20-30% [2]. Currently,
clinical diagnosis and screening primarily rely
on a combination of the serum tumor marker
CA125 and transvaginal ultrasound. However,
the sensitivity and specificity of these methods
remain unsatisfactory [3]. Therefore, there is
an urgent need to identify sensitive and specif-
ic methods for early diagnosis and screening of
0OC, to reduce mortality rates and improve the
5-year survival rate [4].

Pathological diagnosis remains the gold stan-
dard for OC diagnosis [5]. Traditional histology,
imaging techniques, and related serum tumor
markers play pivotal roles in clinical diagnosis
[6]. Nevertheless, with ongoing advancements
in bioinformatics and molecular biology, there

is a deeper comprehension of the molecular
mechanisms underlying tumor initiation and
progression [7, 8]. The limitations of traditional
diagnostic approaches, such as inherent sub-
jectivity, are increasingly evident, posing chal-
lenges in providing a comprehensive and ac-
curate reflection of tumor characteristics [9].
Hence, we have developed a novel liquid biopsy
method. Compared to traditional tissue biopsy,
liquid biopsy offers numerous advantages, in-
cluding rapidity, convenience, and minimal inva-
siveness [10, 11], thus holding significant appli-
cation potential in clinical settings [12, 13]. In
liquid biopsy, tumors or other diseases are diag-
nosed by detecting bioactive molecules in bodi-
ly fluids such as blood or urine [14]. One of its
primary advantages lies in noninvasive sam-
pling. Additionally, it demonstrates high sensi-
tivity and fast detection, facilitating early tumor
detection [15]. Liquid biopsy targets three cat-
egories of bioactive molecules: free DNA, circu-
lating tumor cells, and exosomes. Levels of free
DNA and circulating tumor cells in the blood-
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stream are exceedingly low [16], with as few
as 1-10 tumor cells per milliliter of circulating
blood, making their enrichment challenging.
Conversely, bioactive exosomes released by
tumor cells are abundant in bodily fluids (ex-
ceeding 10°%/ml of blood), rendering the detec-
tion of exosomes highly sensitive, thereby aid-
ing in early tumor diagnosis [17]. Moreover, the
lipid bilayer membrane structure of exosomes
confers robust protection, shielding exosome
contents from degradation by blood circulation
enzymes, thereby enhancing stability [18]. Due
to their small size, exosomes possess strong
tissue barrier penetration capabilities, facilitat-
ing easy access to various bodily fluids, a cru-
cial prerequisite for liquid biopsy [16, 19].

Exosomes are vesicles formed within endo-
somes and are gradually released from the cell
through budding. They typically have diameters
of less than 100 nm [20]. Comprising a variety
of bioactive substances such as microRNAs,
long non-coding RNA, circular RNA, and pro-
teins, exosomes play diverse biological roles
[24]. Extracellular vesicles were isolated from
the peripheral blood of five patients with high-
grade serous ovarian cancer (HGSC) and five
healthy volunteers via ultracentrifugation. Their
morphology was observed using transmission
electron microscopy, and the presence of the
markers CD9 and CD81 was confirmed throu-
gh western blotting, validating their identity as
exosomes. Exosome proteomics was analyzed
using high-performance liquid chromatogra-
phy-mass spectrometry (HPLC-MS), identifying
267 proteins, with 61 showing a 1.2-fold in-
crease in abundance. Differentially expressed
proteins (DEPs) were categorized based on sec-
ondary functions using gene ontology (GO) and
analyzed through the Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway data-
base. As a result, ZNF587B was identified as
potential research target. Notably, there are no
existing studies on the role of this protein in
exosomes and ovarian cancer, and it exhibits
the largest deviation from the conventional
classification and quantification categories in
the test results.

Materials and methods
Patients and tissue samples
A total of 10 plasma samples were collected

between 2017 and 2018 from the Shanghai
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First Maternity and Infant Hospital (Shanghai,
China). This included 5 plasma samples from
patients diagnosed with high-grade serous
ovarian cancer (HGSC) and 5 samples from
healthy individuals. Diagnosis of HGSC in
patients was confirmed through histological
examination of tissue biopsy, and none had
received radiotherapy, endocrine therapy, che-
motherapy, or surgery before blood sample col-
lection. Written informed consent was obtained
from all participants, including patients and
healthy individuals. This study was approved by
the Ethics Committee of the Shanghai First
Maternity and Infant Hospital (approval num-
ber: KS18112).

Extraction and identification of exosomes from
peripheral blood

Whole-blood samples were collected in eth-
ylenediaminetetraacetic acid (EDTA)-coated
plasma tubes to prevent coagulation. The col-
lection was conducted under standardized con-
ditions to minimize cellular perturbations and
ensure exosome integrity. Upon collection,
samples were promptly centrifuged at 1,600xg
for 15 minutes at room temperature to sepa-
rate the plasma. The plasma layer was care-
fully aspirated without disturbing the buffy coat
and transferred to polypropylene tubes, known
for their low protein-binding properties, thus
preserving the native state of the exosomes.
These samples were then maintained at 2-8°C
and processed within 2 hours of collection to
isolate exosomes, ensuring minimal degrada-
tion and maintaining sample fidelity for sub-
sequent proteomic analysis. Serum exosomes
were extracted using ExoQuick exosome pre-
cipitation solution (Cat. No. EXOQ5A-1). Plasma
was collected by centrifuging at 3000xg for 15
minutes to remove cells or cell fragments. The
supernatant was transferred to a clean steril-
ization tube, and ExoQuick reagent was added.
The mixture was incubated at 37°C for 15 min-
utes and then centrifuged again at 10,000xg
for 5 minutes at 25°C. The supernatant was
transferred to another clean sterilization tube,
and the pellet was discarded. Next, 25 ul of
ExoQuick reagent was added to every 100 pl of
supernatant and mixed evenly, followed by
overnight incubation at 4°C (or at least 12
hours). After centrifugation at 1500xg for 30
minutes at room temperature or 4°C, the su-
pernatant was removed, centrifuged again at
1500x%g for 5 minutes, and the liquid compo-
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nents in the upper layer were carefully remov-
ed. Then, 1/10 of the original volume of sterile
water or nuclease-free water was added to
resuspend the precipitate until completely dis-
solved. Protein quantification was performed
using the bicinchoninic acid (BCA) assay.

Proteomic analysis of exosomes by HPLC-MS

The peptides were fractionated using high-pH
reversed-phase HPLC, employing an Agilent
300 Extend C18 column (5 ym particle size,
4.6 mm inner diameter, 250 mm length). The
peptide fractionation gradient consisted of
8-32% acetonitrile at pH 9, separating 60 frac-
tions over 60 minutes, which were then com-
bined into nine fractions and subsequently
freeze-dried for further analysis.

The peptides were reconstituted in an LC
mobile phase containing 0.1% (v/v) aqueous
formic acid and separated using an Easy-nLC
1000 ultra-high-performance liquid chromatog-
raphy system. Mobile phase A consisted of
0.1% formic acid in 2% acetonitrile, while
mobile phase B comprised 0.1% formic acid in
90% acetonitrile. The liquid chromatography
gradient settings were as follows: 0-26 min,
9-25% B; 26-34 min, 25-36% B; 34-37 min,
36-80% B; 37-40 min, 80% B; with a flow rate
of 700 nL/min. Following chromatographic sep-
aration, peptides were introduced into a nano-
spray ionization (NSI) source and analyzed by
an Orbitrap Fusion™ mass spectrometer. The
ion source voltage was set at 2.0 kV, and both
the parent ions and their fragments were
detected and analyzed by high-resolution Or-
bitrap. The primary mass spectrometer scan-
ned a range of 350-1550 m/z at a resolution of
60,000, while the secondary MS scanned a
fixed range of 100 m/z at a resolution of
15,000. Data were acquired using a data-
dependent scanning (DDA) program, where the
top 20 peptide segments with the highest sig-
nal intensity were selected for Higher-energy
C-trap dissociation (HCD) collision-induced
fragmentation. To enhance MS efficiency, the
automatic gain control was set to 5e4, the sig-
nal threshold to 5000 ions/s, the maximum
injection time to 200 ms, and a dynamic exclu-
sion time of 30 s was applied to prevent repeti-
tive scanning of parent ions.

RNA isolation and real-time PCR

Total RNA was extracted using the TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) follow-
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ing the manufacturer’s protocol, and reverse
transcription was carried out using a Pri-
meScript RT Reagent Kit (TaKaRa, Shanghai,
China). RNA concentration and purity were
assessed using an Agilent Technologies 2100
Bioanalyzer. Quantitative real-time polymerase
chain reaction (qRT-PCR) experiments were
conducted using 7500 Real-Time PCR Systems
(Applied Biosystems). Analyses were performed
in triplicate for each sample using the SYBR
Green PCR Kit (Applied Biosystems, Waltham,
MA, USA) over 40 cycles. The gRT-PCR cycling
protocol included a 3-step thermal cycling
sequence: initial denaturation at 94°C for 15
seconds, annealing at 55°C for 30 seconds, fol-
lowed by extension at 70°C for 30 seconds. To
ensure amplification specificity, a melting cur-
ve analysis was conducted post-amplification.
The primer sequences used for qRT-PCR are
detailed as follows: ZNF587B-F, 5-CAGTGGA-
CGACTTCATGGCT-3’; and ZNF587B-R, 5-CCT-
CAACAGTACCGAGCACA-3'. The expression lev-
els from gqRT-PCR were calculated using the
284t method.

Western blotting

Proteins were extracted from tissue lysates and
lysed in Tissue Protein Extraction Reagent
(Thermo Scientific, MA, USA) supplemented
with a 1x phosphatase inhibitor cocktail and 1x
protease inhibitor cocktail (Roche) for 5 min-
utes on ice, followed by centrifugation (12,000
rom, 4°C, 15 minutes). Soluble proteins in
the supernatant were separated by sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred onto nitro-
cellulose membranes (Bio-Rad, Hercules, CA,
USA). Nonspecific binding was blocked by incu-
bating the membranes in 5% non-fat milk for 1
hour at room temperature. Subsequently, the
membranes were incubated overnight at 4°C
with either an anti-ZNF587B monoclonal anti-
body (1:1000; Affinity Company customization)
or an anti-CD81 polyclonal antibody. After
washing with phosphate-buffered saline con-
taining 1% Tween 20 (PBST), the membranes
were incubated with horseradish peroxidase
(HRP)-conjugated anti-mouse or anti-rabbit
secondary antibodies (1:2000, Jackson) at
room temperature for 2 hours and then wash-
ed again with PBST. Western blots were visual-
ized using an enhanced chemiluminescence
(ECL) detection reagent and an ECL kit (Thermo
Scientific). A monoclonal anti-GAPDH-peroxi-
dase antibody (1:2500, ab9485, Abcam) se-
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Table 1. Clinicopathological information in 5
HGSC patients

ID Age FIGO Tumor grade ER PR Ki-67
Sample01 63 IC, G3 + - 70%+
Sample02 54 |A G3 +  + 40%+
Sample03 59 IA G3 + - 60%+
SampleO4 50 IB G3 - - b0%+
Sample05 49 1A G3 + - 80%+

rved as an internal loading control to assess
the amount of loaded protein.

Immunohistochemistry (IHC)

Human primary HGSC tissue sections were
probed with a monoclonal antibody against
ZNF587B (1:100; customized by Affinity Com-
pany), followed by the application of an HRP-
conjugated secondary antibody. Preparation of
the HGSC tissue microarray and IHC proce-
dures were conducted following previously
described protocols [22].

Statistical analysis

Sample size determination for this study was
based on a preliminary analysis aimed at ensur-
ing adequate statistical power to detect signifi-
cant differences in the primary outcomes of
interest, while also considering ethical implica-
tions by utilizing the minimum necessary sam-
ples. Based on these considerations, a mini-
mum of five samples per group was deemed
necessary. This approach is consistent with
recommendations from similar studies and was
validated by consulting with a statistician spe-
cializing in biomedical research.

Statistical analysis was performed using SPSS
13.0 software, and data are presented as
mean z standard deviation. Differences be-
tween the two groups were analyzed using
Student’s t-test, with statistical significance set
at P < 0.05.

Results

Identification of exosomes in HGSC peripheral
blood

Exosomes were isolated from the peripheral
blood of five patients with HGSC and five
healthy volunteers using ultracentrifugation.
The demographic information and clinical char-
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acteristics of the five patients are detailed
in Table 1. Transmission electron microscopy
was employed to observe the morphology.
Additionally, western blotting was conducted to
detect exosome markers, confirming the iden-
tity of the extracted extracellular vesicles as
exosomes.

Transmission electron microscopy analysis
revealed that exosomes from both healthy vol-
unteers and patients with HGSC exhibited a
classic cup-shaped bilayer membrane struc-
ture, with diameters ranging from 10 to 100
nm (Figure 1A). The exosome membrane dis-
played enrichment of transmembrane proteins
involved in exosome transport, including CD63,
CD81, and CD9, as well as heat shock proteins
(HSPB0, HSP70, and HSPAS). Western blotting
confirmed the presence of transmembrane
proteins CD63, CD81, and HSP70 in the sam-
ples (Figure 1B). Nanoparticle tracking analysis
demonstrated that the average diameter of
exosomes in both the experimental and con-
trol groups fell within the range of 40-100 nm
(Figure 1C). Furthermore, the analysis revealed
that the exosome protein concentration in the
experimental group was comparable to that in
the control group (Figure 1D).

Differential expression of exosome proteins in
HGSC peripheral blood

The proteomics analysis of exosomes isolated
from peripheral blood was conducted using
HPLC-MS, revealing the identification of 267
proteins, among which 61 proteins exhibited a
1.2-fold increase in abundance. These DEPs
were further categorized based on their sec-
ondary functions according to the GO classifica-
tion and analyzed utilizing the KEGG pathway
(Figure 2A-F). In comparison with the control
group, the experimental group displayed 28
proteins with decreased abundance and 33
proteins with increased abundance. The 61
identified proteins were classified into four cat-
egories, designated as Q1-Q4, based on the
conventional classification and quantitative
assessment of the C/D ratio (Table 2 and
Figure 2E). Exploring databases such as the OC
Serum Marker Database, Clinical Proteomics
Data Bank, Proteomics Identification Data-
base, and Proteomics DB, we observed mini-
mal research on the ZNF587B protein in the
context of OC. Notably, the expression abun-
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Figure 1. Identification of exosomes in HGSC peripheral blood. A. Transmission electron microscopy shows the
classic cup-shaped bilayer membrane structure (100 nm) of exosomes from both normal individuals and HGSC
patients; B. Western blot confirms the presence of transmembrane proteins CD63, CD81, and heat shock protein
HSP70 in our samples; C. Nanoparticle tracking analysis reveals the average diameter distribution of exosomes in
the experimental and control groups to be 40-100 nm; D. Exosomal protein concentration in the experimental group

is comparable to that of the control group.

dance of ZNF587B protein was found to be low
in peripheral blood serum, and it has not been
previously reported as a serum marker for OC.
Therefore, we postulated that this protein might
be specific to exosomes and could potentially
serve as a diagnostic marker for liquid biopsy in
exosomes. Thus, based on our preliminary find-
ings, we aim to further validate its utility and
reliability.

Expression of ZNF587B was decreased abun-
dance in HGSC tissue

We assessed ZNF587B expression in primary
HGSC tissues (T) and compared it with the
expression in corresponding normal ovarian tis-
sues (N) using western blot analysis (Figure
3A). ZNF587B protein expression was found
to be decreased in HGSC tissues. Additionally,
we detected the endogenous expression of
ZNF587B mRNA in HGSC patient tissues and
matched normal ovarian tissues using real-
time PCR, revealing a significant decrease in
ZNF587B mRNA expression in HGSC compared
to the control group (Figure 3B). These findings

1908

were further confirmed by analyzing the protein
expression of ZNF587B in 59 normal ovarian
tissues (Figure 3C) and 59 primary HGSC tis-
sues (Figure 3D) using immunohistochemistry
(IHC). The IHC results were categorized into
two groups: high ZNF587B expression (score of
3 or 4) and low ZNF587B expression (weak or
no staining, score of O, 1, or 2). Our analysis
revealed that 84.7% of normal ovarian tissues
(50/59) displayed high positive staining, where-
as 79% of HGSC tissues (47/59) showed low
staining. Thus, the observed downregulation of
ZNF587B in HGSC tissues prompted further
exploration of its clinical significance.

Low expression of ZNF587B is correlated with
poor prognosis in HGSC

Low expression of ZNF587B correlates with
poor prognosis in HGSC. Our previous studies
have demonstrated a common reduction of
ZNF587B levels in HGSC compared to adja-
cent normal tissues. Utilizing data from TCGA,
Kaplan-Meier survival analysis revealed that
diminished ZNF587B expression was associat-
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Figure 2. Differential expression of exosomal proteins in peripheral blood. (A) Heat map of exosomal protein mo-
lecular function based on gene ontology enrichment cluster analysis; (B) Differential expression of proteins (DEPs)
categorized by their fold changes; (C) Functional analysis of exosomal protein domains based on KEGG pathway en-
richment; (D) Protein domain enrichment map of upregulated proteins and (F) downregulated proteins; (E) DEPs cat-
egorized into four groups based on their fold changes, designated as Q1 to Q4. Q1 (O <ratio<1/1.3 and P < 0.05),
Q2 (1/1.3<ratio<1/1.2 and P < 0.05), Q3 (1.2 < ratio < 1.3 and P < 0.05), and Q4 (ratio > 1.3 and P < 0.05).

Table 2. Differential expression of exosome
proteins
. Number of

Regulation Quant category proteins
Decreased abundance Q1 (0-0.77) 22

Q2 (0.77-0.83) 6
Increased abundance Q3 (1.2-1.3) 7

Q4 (>1.3) 26
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ed with shorter OS times (P = 0.009), indicating
that reduced ZNF587B expression may contrib-
ute to unfavorable prognosis in HGSC (Figure
4A). Importantly, TCGA data analysis did not
reveal a direct correlation between ZNF587B
expression and tumor grade (Figure 4B). Com-
parative analysis confirmed that ZNF587B
expression levels in HGSC patients were sig-
nificantly lower than those in individuals with-
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Figure 3. Decreased expression of ZNF587B in HGSC tissues. A. Western blot analysis of ZNF587B expression in
primary HGSC patient tissues (T) compared with matched normal ovarian tissues (N); B. Real-Time PCR showing en-
dogenous expression of ZNF587B mRNA in HGSC patient tissues and matched normal ovarian tissues; C. Analysis
of ZNF587B protein expression in 59 normal ovarian tissues; D. Immunohistochemistry demonstrating high positive
staining in (50/59) 84.7% of normal ovarian tissues and low staining in HGSC tissues (47/59) 79%.

out cancer, underscoring the importance of Discussion

ZNF587B as a biomarker (Figure 4C). This evi-

dence, based on TCGA data, firmly establishes ZNF587B is a novel cisplatin-sensitive gene
the clinical relevance of ZNF587B expression identified in our previous study through HPLC-
in HGSC and provides a valuable prognostic MS analysis of exosomes from the peripheral
marker. blood of patients with HGSC [23]. ZNF587B
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Figure 4. Low expression of ZNF587B correlates with poor prognosis in HGSC. A. Kaplan-Meier survival analysis
reveals that lower ZNF587B levels are associated with shorter overall survival (0S) time (P = 0.009), suggesting
a potential role of low ZNF587B expression in poor HGSC prognosis; B. No correlation is found between ZNF587B
expression and tumor grade; C. ZNF587B expression level in HGSC is significantly lower than in normal individuals

(P < 0.05). Abbreviations: HR: Hazard Ratio; NA: Not Available; N: Normal.

belongs to the C2H2-type zinc finger protein
(ZFP) family [24]. Diseases associated with
ZNF587B include transient myeloproliferative
syndrome, and many ZFP proteins have been
shown to inhibit tumor development and malig-
nancy [25]. However, the function of ZNF587B
remains unknown, and its protein has been
rarely studied in ovarian carcinoma [26].

HPLC-MS-based quantitative proteomic analy-
sis revealed that ZNF587B expression was
3.292-fold lower in the experimental group
compared to the control group. Real-time PCR
and western blotting were employed to assess
mRNA and protein levels in 10 HGSC and 10
normal ovarian samples. The results demon-
strated a decrease in both ZNF587B mRNA
and protein levels. Interestingly, this contrasts
with the observed protein expression levels in
exosomes. Additionally, immunohistochemistry
staining indicated a reduced abundance of
ZNF587B protein in HGSC compared to normal
ovarian tissue. Further analysis, considering
patient age, body mass index (BMI), metasta-
sis, chemotherapy history, estrogen receptor
(ER) and progesterone receptor (PR) status,
clinical tumor grade, pathological tissue type,
and other clinical parameters, revealed a sig-
nificant correlation between ZNF587B expres-
sion and tumor stage.

We propose that the ZNF587B protein may be
exclusive to exosomes and could serve as a
potential marker for liquid biopsy diagnosis of
HGSC. Thus, based on preliminary results, fur-
ther validation of its practicality and reliability is
warranted.

1911

Acknowledging the critical limitations of liquid
biopsy for ovarian cancer diagnosis, we recog-
nize that significant challenges persist. The
sensitivity and specificity of liquid biopsy tech-
niques fluctuate, especially in detecting early-
stage ovarian cancer. Tumor heterogeneity and
the potential dilution of cancer-specific mark-
ers in the bloodstream present substantial
obstacles to achieving precise diagnoses.
Additionally, the absence of standardized pro-
tocols for sample collection, processing, and
analysis further amplifies result variability,
affecting the reliability and reproducibility of
the technique.

Moreover, despite the noninvasive appeal of
liquid biopsies, economic and logistical barriers
hinder their widespread adoption. The costs
associated with testing and the need for spe-
cialized equipment and expertise limit accessi-
bility, especially in resource-constrained set-
tings. These challenges highlight the necessity
for ongoing research to refine liquid biopsy
methodologies, develop standardized proto-
cols, and discover more sensitive and specific
biomarkers. Addressing these issues is crucial
to enhancing the clinical utility of liquid biop-
sies in ovarian cancer management.

The advent of precision medicine has allowed
for the meticulous treatment of tumors [27].
Traditional morphological and pathological di-
agnoses cannot keep up with the development
of medical treatments [28]. Thus, our study
was based on the fact that exosomes are small
vesicles with a lipid bilayer membrane struc-
ture secreted by cells to protect their genetic
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information from tumors. Unlike the need for a
large amount of fresh blood in the study of cir-
culating tumor cells, which can detect and
reflect the basic characteristics of OC, noninva-
sive liquid biopsy is a more reliable screening
tool in OC [20, 29] to identify potential markers
of secreted protein liquid biopsy diagnosis, lay
the foundation for early diagnosis and screen-
ing of OC, and provide practical methods and
tools for reducing ovarian mortality [30].

We investigated the potential of ZNF587B as a
biomarker for liquid biopsy in diagnosing ovari-
an cancer. Our findings suggest that ZNF587B
holds significant promise for improving early
detection rates. Given the typically late presen-
tation of ovarian cancer symptoms, identifying
reliable biomarkers such as ZNF587B is critical
for shifting diagnosis to earlier disease stages.
Early detection is closely linked to improved
patient outcomes, facilitating the timely initia-
tion of treatment strategies that can signifi-
cantly enhance patient survival rates and qual-
ity of life. Furthermore, the noninvasive nature
of liquid biopsy offers a patient-friendly alterna-
tive to traditional diagnostic methods, poten-
tially increasing patient compliance with sc-
reening programs.

However, our study has some limitations. First,
the sample size was relatively small, potentially
affecting the generalizability of our findings.
Additionally, although we demonstrated the
diagnostic potential of ZNF587B in ovarian can-
cer, the specificity and sensitivity of ZNF587B
as a stand-alone biomarker remain to be fully
elucidated. These aspects are crucial for the
clinical application of any biomarker and war-
rant further investigation.

Future research should aim to validate our find-
ings in larger and more diverse cohorts to con-
firm the utility of ZNF587B in early ovarian can-
cer detection. It is also essential to compare
ZNF587B with other emerging biomarkers and
existing diagnostic modalities to establish its
relative performance and potential additive
value. Moreover, studies exploring the biologi-
cal function of ZNF587B in ovarian cancer may
provide insights into its role in tumorigenesis
and offer new avenues for therapeutic interven-
tions. Finally, integrating ZNF587B into multi-
biomarker panels should be considered, as this
approach may enhance the diagnostic accura-
cy and predictive value of liquid biopsies for
ovarian cancer.
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