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Abstract: Objective: To investigate the implications of serum hsa_circ_0007534 levels in ovarian cancer (OC) pa-
tients. Methods: A retrospective analysis was conducted on the clinical data of 102 OC patients, and 102 healthy 
controls (HCs) were included in this study. Serum levels of hsa_circ_0007534 were measured using qPCR. The 
relationship between circRNA levels and clinicopathologic characteristics was analyzed. Additionally, the diagnostic 
performances of serum hsa_circ_0007534 and CA-125 levels in OC patients were evaluated using Receiver Operat-
ing Characteristic (ROC) curve analyses. Results: OC patients had significantly elevated serum hsa_circ_0007534 
levels compared to HCs, allowing a differentiation between OC patients and HCs. Higher serum hsa_circ_0007534 
levels were associated with more aggressive disease features and poorer overall survival. Patients with elevated 
hsa_circ_0007534 levels tended to have worse clinical outcome compared to those with lower levels. Multivariate 
analyses indicated that high hsa_circ_0007534 levels were independently associated with poorer outcome. Fur-
thermore, serum hsa_circ_0007534 levels effectively distinguished between chemoresistant and chemosensitive 
patient groups. Conclusions: Serum hsa_circ_0007534 levels may serve as valuable predictors of prognosis in OC 
patients.
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Introduction

Ovarian cancer (OC) is a highly aggressive  
gynecological tumor [1]. Despite significant ad- 
vances in debulking surgeries, chemotherapy, 
and targeted treatment, long-term survival out-
comes for OC patients remain unsatisfactory, 
and reliable prognostic biomarkers for effective 
management are still lacking [1-3]. Most OC 
patients are diagnosed at relatively advanced 
stages [4], emphasizing the urgent need for 
novel biomarkers for diagnostic and prognostic 
use.

Circular RNAs (circRNAs) are a class of noncod-
ing RNAs that regulate target genes post-tran-
scriptionally [5, 6], influencing OC cell malig-
nancy through miRNA/mRNA pathways [7].  
For example, downregulation of circ-TFRC, can 
inhibit OC progression by the regulation of the 
miR-615-3p/insulin-like growth factor 2 (IGF2) 
axis [8], while circRHOBTB3 targets the phos-
phatidylinositol 3 kinase (PI3K)/AKT (protein 

kinase B) axis to prevent OC progression [9]. 
High-throughput sequencing and microarray te- 
chniques have highlighted the diagnostic and 
prognostic potential of specific circRNAs in vari-
ous cancers [10, 11], often revealing differen-
tial expression patterns linked to clinical char-
acteristics. Several studies have confirmed the 
prognostic value of circRNAs across different 
cancer types, including OC [12]. For instance, 
hsa_circ_0120175 promotes OC development 
and is associated with poor prognosis [13], 
while upregulation of hsa_circRNA_102958 in- 
dicates poor outcomes and facilitates OC pro-
gression through the miR-1205/SH2 domain-
containing protein 3A (SH2D3A) axis [14].

However, the role of circulating circRNAs in 
patient diagnosis and outcome prediction is  
not well understood. Upregulation of hsa_circ_ 
0007534 has been reported in various can-
cers, including glioma, cervical cancer, colorec-
tal cancer, osteosarcoma, non-small cell lung 
cancer, and breast cancer [15-20]. To date, no 
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studies have explored the relevance of hsa_
circ_0007534 in OC. This study investigates 
the diagnostic and prognostic value of serum 
hsa_circ_0007534 levels in a cohort of OC 
patients.

Materials and methods

Human samples

This retrospective study included 102 patients 
with ovarian cancer (OC), with blood and tissue 
samples collected between May 2018 and May 
2023 at Huzhou Central Hospital. Serum sam-
ples from healthy controls were obtained from 
healthy volunteers at the same hospital. The 
study protocol was approved by the Ethics 

mary OC through pathologic examination and 
no prior immunotherapy. Exclusion criteria in- 
cluded age below 18 years, incomplete clinical 
data, concurrent malignancies in other areas, 
and concurrent autoimmune diseases.

Data collection

Data collected included age, histologic type, 
serum carbohydrate antigen 125 (CA-125) lev-
els, tumor size, histologic grade, lymph node 
metastasis status, and International Federa- 
tion of Gynecology and Obstetrics (FIGO) stage.

Realtime quantitative polymerase chain reac
tion (qPCR)

For RNA extraction, 200 μL of serum per donor 
was mixed with 800 μL of TRIzol (Invitrogen, CA, 
USA), following the manufacturer’s instructions. 
RNA purity was confirmed using a NanoDrop 
instrument (Thermo Fisher Scientific, MA, USA) 
with OD260/OD280 values between 1.8 and 
2.0. cDNA was synthesized using a reverse 
transcription kit, and qPCR was conduct- 
ed using a SYBR Green qPCR kit (TaKaRa, 
Shiga, Japan). Primers for the target circRNA 
and glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) control are listed in Table 1. The 
2-∆∆Ct method was used to quantify relative 
gene expression.

Statistical analyses

Measured data were expressed as mean ± 
standard deviation (SD) and compared using 
paired or unpaired t-tests. Counted data were 
expressed as case numbers and analyzed us- 
ing chi-square tests. The diagnostic performan- 
ce of serum CA-125 and hsa_circ_0007534 
levels was evaluated using ROC curve analy-
ses. Overall survival (OS) and progression-free 
survival (PFS) were assessed using the Kaplan-
Meier method. Independent predictors of OS in 
OC patients were identified using multivariate 

Table 1. qPCR primer sequences
Name Sequence (5’-3’)
GAPDH Forward TATGATGATATCAAGAGGGTAGT
GAPDH Reverse TGTATCCAAACTCATTGTCATAC
hsa_circ_0007534 Forward CTGGTGTGGTTCAGGAGGAA
hsa_circ_0007534 Reverse ATGGAATTGCTGGCGAGTTG

Committee of Huzhou Cent- 
ral Hospital (No. 202408003-
02). All procedures adhered to 
the principles of the Helsinki 
Declaration, and blood pro-
cessing was conducted uni-
formly following standard pro-
tocols. Inclusion criteria were 
a confirmed diagnosis of pri-

Table 2. Baseline OC information
Characteristic Numbers of Cases (%)
Age
    < 50 35 (34.3%)
    > 50 67 (65.7%)
Histology
    Serous 60 (58.8%)
    Others 42 (41.2%)
Serum CA-125 (U/mL)
    < 35 29 (28.4%)
    > 35 73 (71.6%)
Tumor size
    < 5 cm 40 (39.2%)
    > 5 cm 62 (60.8%)
Histological grade
    Well 44 (43.1%)
    Moderate/poor 58 (56.9%)
Lymph node metastasis
    Negative 38 (37.3%)
    Positive 64 (62.7%)
FIGO stage
    I/II 47 (46.1%)
    III/IV 55 (53.9%)
OC, Ovarian cancer; FIGO, Federation Internationale of 
Gynecology and Obstetrics.
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Figure 1. Ovarian cancer (OC) is characterized by increased serum hsa_
circ_0007534. (A) Dramatic increases in serum hsa_circ_0007534 con-
centrations were evident in patients with OC compared to healthy controls. 
(B) Marked increases in CA-125 levels were observed in the serum of pa-
tients with OC compared to healthy controls. (C) Dramatic increases in hsa_
circ_0007534 expression were evident in patients with OC tissues relative 
to paracancerous tissue subjects. (D) There were a significant positive cor-
relation with hsa_circ_0007534 expression between OC tissues and serum. 
hsa_circ_0007534 expression were detected in CA-125 (E), tumor size (F), 
histologic grading (G), lymph node metastasis (H), and Federation Internatio-
nale of Gynecology and Obstetrics (FIGO) staging (I). *P < 0.05.

Cox regression analysis. Sta- 
tistical analyses were per-
formed using SPSS 20.0 and 
GraphPad Prism 8.0, with 
P-values < 0.05 considered 
significant.

Results

OC patient characteristics

The participants had a medi-
an age of 52 years (range: 
39-79), with 47 (46.1%) having 
FIGO stage I-II disease and 55 
(53.9%) having FIGO stage III-
IV disease. Histologically, 60 
cases were classified as se- 
rous and 42 as other types. 
Tumor sizes were < 5 cm in 40 
patients and ≥ 5 cm in 62 
patients. Preoperative serum 
CA-125 levels were < 35 U/mL 
in 29 (28.4%) cases and ≥  
35 U/mL in 73 (71.6%) cas- 
es. Histologic grades includ- 
ed well-differentiated in 44 
(43.1%) cases and moderate-
ly/poorly differentiated in 58 
(56.9%) cases. Additionally, 
38 (37.3%) patients were neg-
ative and 64 (62.7%) were 
positive for lymph node me- 
tastasis (Table 2).

Serum hsa_circ_0007534 
was elevated in OC patients

qPCR analysis revealed that 
hsa_circ_0007534 serum le- 
vels were significantly elevat-
ed in OC patients compared  
to HCs (Figure 1A), similar  
to the elevated levels of CA- 
125 (Figure 1B). hsa_circ_ 
0007534 expression was al- 
so significantly higher in OC 
tissues compared to adjacent 
non-cancerous tissues (Figure 
1C), showing a strong posi- 
tive correlation between tis-
sue and serum expression le- 
vels (Figure 1D). Notably, ele-
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vated hsa_circ_0007534 expression was as- 
sociated with high serum CA-125 levels (≥ 35 
U/mL, Figure 1E), larger tumor size (≥ 5 cm, 
Figure 1F), poorer histologic grade (moderate/
poor, Figure 1G), lymph node metastasis posi-
tivity (Figure 1H), and advanced FIGO stage (III/
IV, Figure 1I).

Association between serum hsa_
circ_0007534 levels and clinicopathologic 
findings

Analysis of the relationship between serum 
hsa_circ_0007534 levels and clinicopatholog-
ic features of OC patients showed that higher 
levels of this circRNA were significantly associ-
ated with high serum CA-125 concentrations (P 
< 0.05), larger tumor size (P < 0.05), advanced 
FIGO stage (P < 0.05), poorer histological grade 
(P < 0.05), and lymph node metastasis (P < 
0.05) (Table 3). However, serum hsa_circ_ 
0007534 levels were not significantly associ-
ated with patient age (P = 0.835) or histologic 
subtype (P = 0.421).

= 0.000), histologic grade (RR = 3.486, 95% CI 
= 1.384-8.78, P = 0.008), and serum hsa_
circ_0007534 levels (RR = 2.560, 95% CI = 
1.074-6.101, P = 0.034) as independent pre-
dictors of OS in OC patients (Table 4).

Serum hsa_circ_0007534 levels in OC treat
ment

qPCR detection showed that serum hsa_
circ_0007534 expression levels were higher in 
chemoresistant patients compared to chemo-
sensitive patients (Figure 4A). ROC curve analy-
ses further demonstrated that serum hsa_circ_ 
0007534 levels could effectively differentiate 
between chemoresistant and chemosensitive 
groups (AUC = 0.7414, P < 0.0001, Figure 4B).

Discussion

Ovarian cancer (OC) remains the deadliest and 
fifth most frequently diagnosed cancer among 
women [1]. High OCrelated mortality are pri-
marily due to late-stage diagnosis, as the dis-
ease often lacks distinctive early-stage symp-

Table 3. Associations between serum hsa_circ_0007534 concen-
trations and clinicopathologic characteristics in patients with OC

Characteristics Case
hsa_circ_0007534

p
Low High

Age 0.835
    < 50 35 18 17
    ≥ 50 67 33 34
Histology 0.421
    Serous 60 32 28
    Others 42 19 23
Serum CA-125 (U/mL) < 0.05
    < 35 29 19 10
    ≥ 35 73 32 41
Tumor size < 0.05
    < 5 cm 40 34 6
    ≥ 5 cm 62 17 45
Histological grade < 0.05
    Well 44 32 12
    Moderate/poor 58 19 39
Lymph node metastasis < 0.05
    Negative 38 31 7
    Positive 64 20 44
FIGO stage < 0.05
    I/II 47 36 11
    III/IV 55 15 40
OC, Ovarian cancer; FIGO, Federation Internationale of Gynecology and Obstetrics.

Serum hsa_circ_0007534 
was closely related to OC 
patient survival

High serum hsa_circ_000- 
7534 levels were significantly 
associated with poorer OS (P 
= 0.0183, Figure 2A) and PFS 
(P = 0.0144, Figure 2B) com-
pared to low serum levels.

Diagnostic utility of serum 
hsa_circ_0007534 in OC

The diagnostic performance 
of serum hsa_circ_0007534 
and CA-125 levels in OC pa- 
tients was evaluated using 
ROC curve analyses. Serum 
hsa_circ_0007534 levels eff- 
ectively distinguished OC pa- 
tients from healthy controls, 
with an Area Under Curve 
(AUC) of 0.8693 (P < 0.0001) 
(Figure 3A), showing higher 
diagnostic accuracy than CA- 
125 (Figure 3B). Multivariate 
Cox regression analysis identi-
fied tumor size (relative risk 
[RR] = 6.199, 95% confidence 
interval [CI] = 2.443-15.726, P 
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toms or reliable biomarkers [4]. While CA-125  
is the most often used serum biomarker for 
assessing gynecologic malignancies, its limita-
tions are well-documented. This study found 
that CA-125 expression was increased in OC 
patients compared to HCs, with CA-125 levels 
distinguishing between these groups. However, 

C1A5) axis to facilitate OC progression [25]. 
Conversely, hsa_circ_0000-144 inhibits OC 
progression by sequestering miR-610 and mo- 
dulating ETS-domain protein (ELK3) expressi- 
on [26]. In this study, we found that hsa_
circ_0007534 expression was significantly hi- 
gher in OC patients compared to HCs. Elevated 

Figure 2. Associations between serum levels of hsa_circ_0007534 and survival of OC patients. Patients with raised 
hsa_circ_0007534 in their sera had markedly worse OS (A) and PFS (B) relative to those with low levels of this cir-
cRNA. OC, Ovarian cancer; OS, overall survival; PFS, progression-free survival.

elevated CA-125 levels can 
also occur in various benign 
gynecologic and non-gyne-
cologic conditions, such as 
pelvic inflammatory disea- 
se, endometriosis, pregnan-
cy, and adenomyosis [21]. 
Thus, there remains a need 
to identify new biomarkers 
suitable for early-stage OC 
diagnosis and capable of 
differentiating between ma- 
lignant tumors and benign 
ovarian masses. CircRNAs, 
due to their excellent stabili-
ty, are promising candidates 
for extracellular biomarkers 
in this context.

CircRNAs can influence the 
onset and progression of OC 
and other cancers [22, 23]. 
For example, circ_0015756 
promotes OC progression 
through the miR-145-5p/
Phosphoserine Aminotrans- 
ferase 1 (PSAT1) axis [24], 
while circ_0072995 targets 
the miR-122-5p/Solute car-
rier family 1 member 5 (SL- 

Table 4. Multivariate analyses of prognostic factors in patients with 
OC

Variable
Overall survival

RR 95% CI p
Tumor size (< 5 cm vs. ≥ 5 cm) 6.199 2.443-15.726 0.000
Histological grade (moderate/poor vs. well) 3.486 1.384-8.78 0.008
Lymph node metastasis (negative vs. positive) 0.371 0.126-1.097 0.073
FIGO stage (III/IV vs. I/II) 0.558 0.169-1.838 0.337
hsa_circ_0007534 (low vs. high) 2.560 1.074-6.101 0.034
OC, Ovarian cancer; FIGO, Federation Internationale of Gynecology and Obstetrics.

Figure 3. The diagnostic performance of serum hsa_circ_0007534 in OC. (A, 
B) The diagnostic accuracy of serum hsa_circ_0007534 (A) and CA-125 (B) 
levels were compared in patients with OC and healthy controls. OC, Ovarian 
cancer.
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serum levels of hsa_circ_0007534 were asso-
ciated with high CA-125 concentrations, larger 
tumor size, advanced FIGO staging, poorer his-
tologic grade, and lymph node metastases. 
Additionally, patients with elevated serum hsa_
circ_0007534 had reduced OS, with serum 
hsa_circ_0007534 levels independently asso-
ciated with OS.

Certain circRNAs have been proposed as bio-
markers with diagnostic and prognostic value 
in OC, with their dysregulation correlating with 
clinicopathologic features in OC patients [27]. 
For instance, plasma circN4BP2L2 levels have 
been suggested as a novel diagnostic biomark-
er for epithelial OC [28], and circ-0001068 has 
similarly been proposed as a diagnostic marker 
for OC [29]. Given their accessibility, serum cir-
cRNAs are promising targets for diagnostic, 
prognostic, and therapeutic monitoring. Here, 
we evaluated serum hsa_circ_0007534 as a 
potential circulating biomarker for OC. Com- 
pared to HCs, OC patients exhibited increas- 
ed circulating hsa_circ_0007534 levels, which 
effectively distinguished between OC patients 
and HCs (AUC = 0.8693). This diagnostic capa-
bility is superior to previously reported circ_ 
0003972 (AUC = 0.724) [30] and circDENND4C 
(AUC = 0.675) [31]. Notably, serum hsa_
circ_0007534 levels could also distinguish 
between chemoresistant and chemosensitive 
groups.

However, this study has limitations. First, the 
single-center study had a limited sample size, 
necessitating further research with a larger 
sample population. Second, the lack of investi-

ologic features and poorer overall prognostic 
outcomes. Thus, serum hsa_circ_0007534 
may be a valuable diagnostic and/or prognostic 
biomarker for OC.
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