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Purpose: Circular RNAs (circRNAs) are emerging as promising biomarkers for various
human malignancies. However, the application of circRNAs as non-invasive biomarkers in
high-grade serous ovarian cancer (SOC) remains to be elucidated. Here, we aim to investi-
gate the feasibility of using serum circSETDBI1, a tumor-promoting circRNA generated from
the SET domain bifurcated histone lysine methyltransferase 1 (SETDBI1), known to be
upregulated in SOC, as a biomarker for detecting SOC progression, predicting relapse, and
evaluating the effectiveness of SOC treatment.

Methods: Serum circSETDB1 levels were measured using quantitative real-time RCR in 60
SOC patients (18 primary chemoresistance, 42 primary chemosensitive) and 60 healthy
volunteers. Progression-free survival curve was calculated by Kaplan-Meier analysis.
Diagnostic value was analyzed using receiver operating characteristic curve (ROC) method.
Results: Serum circSETDBI1 expression is upregulated in SOC patients. Higher levels of
circSETDBI are positively associated with advanced clinical stage, lymph node metastasis of
SOC patients. Notably, serum circSETDBI levels are significantly increased in primary
chemoresistance patients. Patients with higher levels of circSETDBI1 have a shorter progres-
sion-free survival time. In addition, diagnostic value analyses revealed that serum
circSETDBI can distinguish patients with SOC from healthy volunteers as well as patients
with primary chemoresistance from those with primary chemosensitivity.

Conclusion: Our data suggest that serum circSETDB1 may serve as a novel non-invasive
biomarker for detecting SOC progression and predicting response to chemotherapy and
relapse in high-grade serous ovarian cancer.

Keywords: circular RNA, circSETDBI, high grade serous ovarian cancer, chemotherapy,
chemosensitivity, relapse

Introduction

High-grade serous ovarian cancer (SOC) is a serious gynecological malignancy with
poor prognosis and high mortality.' > Optimal cytoreductive surgery combined with
platinum-based combination chemotherapy is the first-line treatment. However,
relapse and subsequent resistance to chemotherapy are responsible for high mortality
rate of SOC.* The identification of new biomarkers that can assist in monitoring
chemotherapy response and identifying disease recurrence during routine treatment
would help to improve outcomes of SOC patients.
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Circular RNAs (circRNAs), a class of noncoding RNAs
produced from back-splicing of precursor mRNA in eukar-
yotes, have been suggested to play critical roles in human
diseases and show great potential as biomarkers and thera-
peutic targets.>”’ CircRNAs are characterized by 3'—5' cova-
lent RNA rings' closed-loop structure, resulting in RNA
molecules that are more stable than linear RNAs.%* In parti-
cular, the stable circular structure of circRNAs lengthens
their half-life, especially in cell-free samples (such as blood
and urine), creating potential for the use of circRNAs as
biomarkers in patient samples from noninvasive sources.’®
Although increasing evidence indicates that aberrantly
expressed circRNAs are involved in epithelial ovarian cancer
development and progression, it remains undetermined
whether circRNAs may be detected in serum samples and
whether they are associated with clinical features and che-
motherapy response as noninvasive biomarkers for SOC.’

Previous sequencing analyses have revealed an abnor-
mal expression of hsa circ_006352 in ovarian cancer.'’
Hsa_circ_006352 is located at chrlq21.3: 150923840—
150935195 with 1078 length in gene symbol SETDBI;
thus, we nominate it as circSETDBI. As a proof of
concept, circSETDB1 was selected for further investiga-
tion because its parental gene is involved in tumor growth

11,12

and metastasis, epigenetic silencing,'® homologous

recombination'®!?

and signal transduction.'®'” Based
on the currently available information, SETDB1 holds
considerable value as a potential biomarker and therapeu-
tic target for cancer.'® However, the specific role of
circSETDBI in high-grade serous ovarian cancer remains
to be established.

In the present investigation, we aim to examine serum
circSETDBI1 expression level and its biological signifi-
cance for detecting SOC progression, predicting relapse,

and evaluating the effectiveness of SOC treatment.

Materials and methods

Clinical specimens

A total of 60 serum samples were obtained from patients
with primary SOC at the People’s Hospital of Zhengzhou
University between January 2015 and October 2018. The
diagnosis of SOC was confirmed by two pathologists
separately and the tumor histologic classification was
high-grade serous ovarian carcinoma. The median age of
SOC patients was 58 years (range 49-66). Sixty age-
matched healthy individuals were recruited through adver-
tisements in our hospital as the control group. SOC

patients and healthy participants did not receive surgery
or chemotherapy or radiotherapy or biotherapy before
blood collection. Clinical information of patients are sum-
marized in Table 1. This study was conducted in accor-
dance with the Declaration of Helsinki. This research was
approved by the Life Science Ethics Review Committee of
Zhengzhou University, and all patients provided written
informed consent.

Evaluation of response to chemotherapy
All patients received 6 cycles of platinum-taxane-com-
bined chemotherapy after surgical resection. The evalua-
tion criteria of patient’s response to chemotherapy was
according to National Comprehensive Cancer Network
(NCCN) Guidelines for epithelial ovarian cancer (version
2018). Primary chemosensitive group (n=42): complete
remission and relapse >6 months after completing prior

Table |
expression levels and clinicopathologic characteristics of patients

Clinical association between serum circ-SETDBI

with high-grade serous ovarian cancer

irc-SETDBI P-value
expression
Total cases | High | Low

All cases

Age 60 32 28
<60 29 16 13 0.2192
>60 31 16 15

FIGO stage
-1l 16 3 13 0.0010%*
-V 44 29 15

Lymph node

metastasis
Yes 36 25 Il 0.000 | *#*
No 24 7 17

Residual tumor size
<l cm 32 17 15 0.1256
>| cm 28 15 13

Response to

chemotherapy
chemosensitive 42 18 24 0.0002%#*
chemoresistant 18 14 4

CA-125 level
>35 U/mL 40 24 16 0.0554
<35 U/mL 20 8 12

Notes: **P<0.01, **P<0.001.
Abbreviations: FIGO, International Federation of Gynecology and Obstetrics;
LGSC, low-grade serous carcinoma; HGSC, high-grade serous carcinoma.
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chemotherapy. Primary chemoresistant group (n=18):
complete remission and relapse <6 months after complet-
ing prior chemotherapy or progression, stable, or persistent
disease on primary chemotherapy. The patients were fol-
lowed up for a median time of 24 months 13.5 (rang, 324
months) and the course documented. SOC patients were
then divided into 2 groups: (i) evidence of disease group:
evidence of disease including progression, stable, or per-
sistent disease after primary surgery and platinum-taxane-
combined chemotherapy (n=34) and (ii) no evidence of
disease group: no evidence of disease after primary sur-
gery and platinum-taxane-combined chemotherapy (n=26).

Serum collection and RNA extraction

Whole blood specimens were collected for serum circSETDBI
estimation. The serum was added with RNAlock Reagent
(DP440, TIANGEN BIOTECH, Beijing, China) within 2 hrs
of collection and stored at —80°C until further use. In addition
to circSETDBI, the serum CA-125 levels were also evaluated.
Total RNA was extracted and purified by using the RNAprep
Pure Hi-Blood Kit (DP443, TIANGEN BIOTECH, Beijing,
China) following the manufacturer’s instructions. 15 mL
serum collected for RNA isolation, 100-150 ng yield per
sample, was quantified by NanoDrop One C spectrophot-
ometer (Thermo Fisher Scientific, Waltham, MA, USA).

Quantitative real-time PCR (qRT-PCR)
Total RNA was reverse transcribed by using FastKing gDNA
Dispelling RT SuperMix (KR118, TIANGEN BIOTECH,
Beijing, China) into a final volume of 20 pL (15 mins
at 42°C, 3 mins at 95°C, and maintained at —20°C).
Subsequent qRT-PCR experiments were performed using
RealUniversal Color PreMix SYBR Green PCR Kit
(FP201, TIANGEN BIOTECH, Beijing, China) in an ABI
StepOnePlus Real-Time PCR system, with a 50 pL reaction
consisting of 25 pL of 2x RealUniversal Premix, 0.3 uM of
each of the forward and reverse primers, 5 pL. S0XROX
Reference Dye, and 5 ng of cDNA. The qPCR conditions
were 95°C for 15 mins, followed by 40 cycles of 95°C for
10 s and 60°C for 30 s. The primers used for circSETDB1
were forward: 5'-TCCTGTGAAGCCTGAAGGAC-3' and
5-TTAGTTGATGGCAGGCACAC-3'. GAPDH
was used as control to normalize the relative gene expression.
The GAPDH primers for qPCR were forward: 5'-AAA
ATCAAGTGGGGCGA,TGC-3' and reverse: 5'-GATGACC
CTTTTGGCTCCCC-3'. Relative gene expression was cal-
2722 method.

Ieverse:

culated using the comparative the

Statistical analysis

Data were presented as mean + standard error of the mean
(SEM). The differences between the groups were analyzed
by Student’s #-test when two groups were compared.
Receiver operating characteristic (ROC) curves and area
under the curve (AUC) were constructed to determine the
optimal values of circSETDBI1, which provided high sen-
sitivity and specificity. Analyses were performed with
Graph-Pad Prism, version 6.0 (GraphPad Software, Inc.,
San Diego, CA, USA). Kaplan—Meier curves were con-
structed to determine patient progression-free survival
rates using SPSS statistical package 17.0 (SPSS, Inc.,
Chicago, IL, USA). Patients who were lost to the follow-
up or who died from causes unrelated to SOC were treated
as censored events. The statistical differences in survival
among subgroups were compared using the log-rank test.
P-values of <0.05 were considered statistically significant.

Results
Serum circSETDBI levels and clinical

pathological features of SOC patients

To investigate whether circSETDBI1 could be served as a
beneficial non-invasive biomarker for SOC, we analyzed
circSETDBI1 expression in 60 SOC patients' serum sam-
ples and 60 healthy volunteers’ serum samples. As shown
in Figure 1, circSETDBI expression was significantly up-
regulated in SOC patients as compared to healthy volun-
teers (5.6524+0.3131 vs 3.198+0.2551, P<0.0001, Figure
1A). We chose a cut-off value of 5.0 to divide the patients
into those with low and high expression levels of
circSETDBI. between circSETDBI
expression levels and the clinical pathological features

The associations

are illustrated in Table 1. Statistical analysis revealed that
circSETDBI1 expression levels in SOC serum specimens
were positively associated with advanced clinical
International Federation of Gynecology and Obstetrics
(FIGO) stages (P=0.0010, Table 1, Figure 1B) and tumor
lymph node metastasis (P<0.0001, Table 1, Figure 1C). No
significant associations were found between circSETDBI1
expression and age and residual tumor size (Table 1).

To assess the diagnostic value of circSETDBI as candi-
date biomarkers of SOC, we performed ROC curve analysis.
As depicted graphically in Figure 1D, circSETDB1 had an
AUC of 0.803140.03974 (95% CI=0.7252-0.8810) with
sensitivity of 78.33% and specificity of 73.33% in separating

the healthy volunteers from SOC patients (Figure 1D).
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Figure | Serum expression levels of circSETDBI in SOC patients and its potential value for SOC diagnosis.

Notes: (A-C) qRT-PCR analysis of serum circSETDBI expression in (A) SOC patients (n=60) and health volunteers (n=60), (B) SOC patients with early-stage (I, Il) and
advanced-stage (lll, IV), (C) SOC patients with or without lymph node metastasis. Data are presented as the mean + SEM. (D) ROC curve analysis of serum circSETDBI for
discriminating SOC patients from healthy controls. **P>0.01, ***P>0.001.

Abbreviations: SOC, high-grade serous ovarian cancer; ROC, receiver operating characteristic; AUC, curves and area under the curve; M+, lymph node metastasis, M—,
non-lymph node metastasis.

Serum circSETDB1 levels and primary primary chemoresistant group and conducted qRT-PCR on
response to chemotherapy serum samples from patients. Statistical analysis revealed
To further investigate the contribution of circSETDBI to that serum circSETDBI expression levels were elevated in
the chemotherapeutic response, we grouped 60 cases of primary chemoresistant patients compared with that in pri-

SOC patients into primary chemosensitive group and mary chemosensitive patients (P=0.0008, Figure 2A).
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Figure 2 Serum circSETDBI expression level was associated with chemoresistance.

Notes: (A) qRT-PCR analysis of serum circSETDBI expression in patients with chemoresistance (n=18) and patients with chemosensitive (=42). Data are presented as the
mean = SEM. (B) ROC curve analysis of serum circSETDBI for discriminating patients with primary chemoresistance from patients with chemosensitive. ***P>0.001.
Abbreviations: SOC, high-grade serous ovarian cancer; ROC, receiver operating characteristic; AUC, curves and area under the curve.
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The prediction value of circSETDBI as a specific and
sensitive biomarker in identifying chemotherapy sensitivity
of SOC was determined by ROC curve analysis. The data
showed that circSETDB1 had an AUC of 0.8107+0.06424
(95% CI=0.6848-0.9367) with sensitivity of 77.78% and spe-
cificity of 76.74% in separating primary chemoresistant SOC
patients from primary chemosensitive patients (Figure 2B).

Serum circSETDBI levels and

progression-free survival

The correlations of progression-free survival and circSETDB1
levels were investigated using the Kaplan—-Meier method. The
data revealed that serum circSETDBI1 levels were significantly
correlated with progression-free survival of SOC patients.
Patients with higher circSETDBI levels had a mean progres-
sion-free survival of 13.2 months, whereas patients with lower
circSETDBI levers had a mean progression disease-free sur-
vival of 18.9 months (Log Rank =6.815, P=0.006; Figure 3).

Association of serum circSETDBI levels

with SOC tumor biomarker CA-125

The levels of CA-125 are established tumor marker of SOC
patients. According to postoperative serum CA-125 levels,
SOC patients were divided into two groups: CA-125-high
and CAIl25-low. To determine the association between
circSETDBI1 and CA-125, serum circSETDBI levels were
analyzed in CA-125-high and CA125-low groups. We
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Figure 3 Serum circSETDBI expression level was associated with progression-free
survival.

Notes: Kaplan—Meier survival curves show that median progression-free survival is
shorter in circSETDBI high group than in circSETDBI low group (13.2 vs 18.9
months, Log Rank =6.815, P=0.006).

found an association of higher circSETDBI1 levels with
CA-125-high group, although the association was not stati-
cally significant (P=0.0554, Table 1).

Discussion
Circulating biomarkers are more acceptable than tissue
value in clinical

biomarkers and have a greater

applications.'?°

Emerging evidence demonstrated the
potential of circRNAs as serum biomarkers in various
cancers.'”?"?> However, the application of circRNAs as
non-invasive biomarkers in high-grade serous ovarian can-
cer (SOC) remains to be elucidated. In the present study,
we evaluated the clinical significance of serum
circSETDBI level in SOC patients and demonstrated that
circSETDB1 may serve as a promising biomarker for
detecting SOC progression and predicting response to
platinum-taxane-combined chemotherapy and relapse in
high-grade serous ovarian cancer.

Recent studies have revealed that circRNAs were aber-
rantly expressed in ovarian serous cancer and aberrant
expression of circRNAs contributed to the malignant can-
cer phenotypes.”>** Ahmed et al performed paired-end
RNA sequencing of primary sites, peritoneal and lymph
node metastases from three patients with stage IIIC serous
ovarian cancer and identified 67,580 circular isoforms in
SOC.'" These candidate circRNAs show a more robust
expression pattern across patients than mRNA forms indi-
cating their suitability as biomarkers in highly heteroge-
neous cancer transcriptomes.'® Another two research
groups investigate circRNA expression profiling in epithe-
lial ovarian cancer (EOC) by high throughput sequencing;
differential expression profiling analysis identified thou-
sands of candidate circRNAs in clinical EOC samples
compared with paired normal ovarian tissues indicate
those differentially expressed circRNAs may participate
in the pathogenesis of EOC.>>?® Although previous stu-
dies demonstrated that circRNAs are aberrantly expressed
in epithelial ovarian cancer, it remains undetermined if
circRNAs can be detected in serum samples and whether
they are associated with clinical pathological features as
noninvasive biomarkers for SOC. Here, we analyzed
serum expression level of circSETDBI1 in a cohort of
health volunteers and SOC patients. Our results show
that circSETDB1 was significantly upregulated in SOC
serum samples compared with healthy samples. ROC ana-
lysis has shown that serum circSETDBI1 had a high diag-
nostic accuracy in discriminating SOC patients from
healthy controls. In addition, circSETDBI1 was also
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significantly upregulated in subgroup of patients with
lymph node metastasis as well as patients with advanced
clinical stage. These results indicated that circSETDBI1
may be a promising biomarker for SOC.

Chemoresistance and cancer relapse in epithelial ovarian
cancer have become a burden in treating the disease
effectively.**”*® The involvement of circRNAs in relation
to chemoresistance in several types of cancers has also been
reported. Abu et al developed a chemoresistance colorectal
cancer cell line model and profiled the global circRNAs
expression via microarray. There were 773 upregulated and
732 downregulated circRNAs between the chemoresistant
and chemosensitive HCT-116 cells found. Among those
circRNAs, hsa_circ_32883 was identified to be a promising
biotarget for colorectal cancer chemoresistance.” In gastric
cancer (GC), the expression of circAKT3 was higher in
cisplatin-resistant GC than in cisplatin-sensitive samples.
Upregulation of circAKT3 in GC patients receiving cispla-
tin therapy was significantly associated with aggressive
phenotype.*® Circular RNA-MTO1 suppresses breast cancer
cell viability and reverses monastrol resistance through
regulating the TRAF4/Eg5 axis.*' In bladder cancer, the
expression level of hsa circ 0000285 was lower in cispla-
tin-resistant patients than in those cisplatin-sensitive, indi-
cating that downregulation of hsa_circ_0000285 contributed
to bladder cancer cisplatin resistance.*” Increasing evidence
suggest that circRNAs' signatures may be useful prognostic
and predictive factors for cancers.”’”* CircRNA_100876
was found to be significantly upregulated in esophageal
squamous cell carcinoma tissues. Patients with high expres-
sion of circRNA 100876 had shorted overall survival
time.>* Our investigation revealed that circSETDB1 expres-
sion level is higher in chemoresistant SOC patients than in
chemosensitive patients. Furthermore, serum circSETDBI
level has a significant diagnostic value in discriminating
patients with chemoresistance from patients with chemo-
sensitivity. Moreover, patients with low circSETDBI
expression had longer progression disease-free survival
time than those with high expression, thus defining
circSETDBI1 potential role in assessing clinical outcome
of SOC patients.

CircRNAs are more stable than cognate linear transcripts
and can be detected in urine samples and blood plasma.?’
The unique circular structure makes circRNAs insensitive to
ribonucleases and enables them to exist intact in various
tissues and body fluids.*>>® These unique characteristics
make circRNAs ideal candidates as noninvasive biomarkers
for cancer diagnosis, prognosis, and treatment.**>” Here, we

show that circSETDBI, also known as hsa_circ_006352, can
be used as a promising biomarker for predicting response to
platinum-taxane-combined chemotherapy and progression-
free survival in SOC.

Our study has several limitations that must be consid-
ered in the interpretation of our results. First, the sample
size applied in our single center study was limited. Further
investigations are needed to expand and confirm this
observation in a larger cohort of patients. Second, func-
tional relevance is lacking. The regulatory mechanisms of
circSETDBI in ovarian cancer cell lines should be subse-
quently investigated. It is now widely acknowledged that
no single biomarker will provide all the necessary infor-
mation for diagnosis, prognosis, and thus development of
therapeutic strategies for patients with ovarian cancer and
other cancers.>®**° As a consequence, the combined
circRNAs and/or clinical biomarkers may possess well
diagnostic, prognostic efficacy for patients with SOC.
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