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CircUBE2D2 regulates HMGB1 through miR-885-5p to promote ovarian

cancer malignancy
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H I G H L I G H T S

� CircUBE2D2 subcellular localization and RNAse R resistance analysis.

� Expression patterns of circUBE2D2 and miR-885-5p.

� CircUBE2D2 silencing inhibits SKOV-3 cell malignant phenotypes.

� CircUBE2D2 serves as the ceRNA of miR-885-5p.

A R T I C L E I N F O A B S T R A C T

Background: The newly discovered CircUBE2D2 has been shown to abnormally upregulate and promote cancer

progression in a variety of cancers. The present study explored circUBE2D2 (hsa_circ_0005728) in Ovarian Cancer

(OC) progression.

Methods: CircUBE2D2, miR-885-5p, and HMGB1 were examined by RT-qPCR or WB. SKOV-3 cell functions

(including cell viability, apoptosis, migration, and invasion) were validated using the CCK-8, flow cytometry,

scratch assay, and transwell assay, respectively. The direct relationship between miR-885-5p and circUBE2D2 or

HMGB1 was confirmed by a dual-luciferase reporter and RNA pull-down analysis. circUBE2D2′s role in vivo

tumor xenograft experiment was further probed.

Results: OC tissue and cell lines had higher circUBE2D2 and HMGB1 and lower miR-885-5p. Mechanically,

CircUBE2D2 shared a binding relation with miR-885-5p, while miR-885-5p can directly target HMGB1. Eliminat-

ing circUBE2D2 or miR-885-5p induction inhibited OC cell activities. However, these functions were relieved by

down-regulating miR-885-5p or HMGB1 induction. Furthermore, circUBE2D2 knockout reduced tumor growth.

Conclusion: CircUBE2D2 regulates the expression of HMGB1 by acting as a sponge of ceRNA as miR-885-5p,

thereby promoting the control of OC cell proliferation and migration and inhibiting cell apoptosis. Targeting

CircUBE2D2 could serve as a new potential treatment strategy for OC.
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Introduction

Ovarian Cancer (OC) is highly invasive and metastatic, among which

high-grade serous carcinoma originating from the ovarian epithelium is

the most common.1 The staging of OC is determined by the International

Federation of Gynecologists and Obstetricians.2 Most epithelial OC cases

are diagnosed as advanced. However, despite aggressive surgery and

chemotherapy or immunotherapy, the survival rate of patients with

advanced epithelial OC remains low, and more effective diagnostic and

therapeutic approaches are urgently needed.3

CircRNAs are highly conserved and stable noncoding RNA molecules

with a unique covalent closed-loop structure.4 The production and func-

tion of circular RNA remain incompletely elucidated in the academic

literature; however, it has been demonstrated to impact tumor develop-

ment through diverse mechanisms. Of these mechanisms, circular RNA’s

role as a microRNA (miRNA) sponge is considered paramount, as it can

modulate gene expression by competitively binding to miRNA molecules

as a competitive endogenous RNA (ceRNA).5 Abnormally expressed

circRNAs in OC are related to its diagnosis or prognosis 6 and are related

to OC progression.7,8 It is elaborated that circUBE2D2 regulates CDca_3

through miR-512-3p to induce mesothelioma progression.9 Whether cir-

cUBE2D2 mediates OC cell activities still lacks an in-depth study. miR-

NAs are tiny noncoding RNAs composed of only 17‒22 nucleotides 10

that can bind to 3’UTRs and alter downstream target expression by

mRNA degradation induction or translation inhibition.11 Some miRNAs

have been identified to be associated with OC, for example, miR-425-5p
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and miR-760 promote OC cell proliferation and metastasis,12,13 and

miR-143, miR-365 and miR-4324 inhibit metastasis.14-16 It is known

that miR-885-5p can inhibit tumor cell proliferation and metastasis.17-19

HMGB1 has been measured to be highly expressed in tumor cells 20-22

and is a new potential OC marker, especially for epithelial OC.23 There-

fore, the authors hypothesize that CircUBE2D2 may act as ceRNA to reg-

ulate the miR-8851-5p/HMGA1 axis, thereby participating in the

regulation of OC progression.

The main objective of this study was to investigate the effects of a

novel circular RNA, CircUBE2D2, on the biological function of OC cells.

Various experimental methods and bioinformatics software were used to

explore the interaction between CircUBE2D2 and miR-885-5p and

HMGB1, as well as how CircUBE2D2 promotes the occurrence and

development of OC cells by regulating the miR-885-5p/HMGB1 axis to

provide new insights and therapeutic prospects into the regulatory

mechanisms of CircUBE2D2 in OC.

Materials and methods

Clinical tissue sample

30 patients with OC who underwent surgery were enrolled, all of

whom did not receive any preoperative local or systemic treatment.

Table 1 demonstrates the patient’s clinical features. Cancer tissues and

para-cancer non-tumor tissues were collected, frozen in liquid nitrogen,

and stored at -80 °C for the convenience of subsequent experimental

studies. This human study was approved by the Ethics Committee of

Cangzhou Central Hospital (Approval nº 202006CZ37) Consent was

obtained from all patients or family members and written informed con-

sent was signed prior to surgery.

Cell line and culture

Normal ovarian epithelial cells HOECs and human OC cell lines

SKOV-3, HO-8910, A2780 and OVCAR3 cells were derived from Shang-

hai Institutes for Biological Sciences. All cells were cultured in RPMI

1640 or DMEM containing 10 % FBS (Gbico), 100 U/mL penicillin, and

100 μg/mL streptomycin (Sigma-Aldrich) and placed in a 5 % carbon

dioxide humidified incubator at 37 °C.

Cell transfection

GenePharma (Shanghai, China) provided oligonucleotides and plas-

mids. For studies of circUBE2D2 knockdown, SKOV-3 cells with 50 %

confluence were transiently transfected with 20 nM siRNA for cir-

cUBE2D2 (si-CircUBE2D) or a disrupted Negative Control (si-NC). For

induction studies, 100 ng pcDNA3.1 based HMGB1 induction plasmid

(HMGB1) or negative pcDNA control was transfected. miR-885-5p

mimics (20 nM), miR-885-5p inhibitors (20 nM), or negative controls

(mimic-NC or inhibitor-NC) produced miR-885-5p overexpressed or

knockdown cells. The culture medium was replaced 6 h after transfec-

tion, and 48 h after transfection, transfection efficiency in cells was

evaluated by RT-qPCR, and follow-up experiments were performed. For

the in vivo silencing study for circUBE2D2, 50 % confluent SKOV-3 cells

were infected with shRNA lentivirus for circUBE2D2 (sh-CircUBE2D2)

or negative controls for 24 h, and then virus-mediated cells were treated

with 1 μg/mL puromycin for 14 days.

RNA isolation and RT-qPCR

MolPure® Cell/Tissue Total RNA Kit (YEASEN, Shanghai, China)

extracted total RNA from tissues or cultured cells. Assessments of RNA

concentration and purity were completed with a NanoDrop 2000 spec-

trophotometer (Thermo Fisher Scientific). Random primers and stem

ring primers of Oligo (dT)18 or miR-885-5p were added to synthesize

cDNA by reverse transcription based on Hifair® Ⅱ 1st Strand cDNA Syn-

thesis Kit (gDNA digester plus) (YEASEN). RT-qPCR started with

Hieff®qPCR SYBR®Green Master Mix Kit (YEASEN) in LightCycler 480

real-time PCR instrument (Roche, Basel, Switzerland). RNAs were calcu-

lated by 2−△△Ct, circRNA, and mRNA were referenced by GAPDH, and

miRNA was by U6. All primers for RT-qPCR are listed in Table 2.

CircUBE2D2 RNAse R resistance analysis and subcellular mapping

Total RNA isolated from cells was incubated at 37 °C for 30 min with

or without 4 U/mg RNAseR (GENESEED, Guangzhou, China). Cir-

cUBE2D2 and UBE2D2 mRNA were detected by RT-qPCR, and the resis-

tance of CircUBE2D2 to RNAse R was evaluated.

For subcellular localization analysis, RNA from the nucleus and cyto-

plasm of 1 × 106 SKOV-3 cells was isolated using the PARIS kit (Life

Technologies, USA). Gene expression was assessed by RT-qPCR, taking

GAPDH and U6 as the cytoplasmic and nuclear references, respectively.

Western blotting

The cells and tissues were washed with pre-cooled PBS, and lysis

buffer (Beyotime, Shanghai, China) was added and placed on ice for lysis

for 20 min. Bradford assay (Bio-Rad, USA) analyzed protein concentra-

tion. The proteins were then isolated by 15 % SDS-PAGE and loaded to

PVDF membranes. At room temperature, they were sealed with 5 %

skim milk powder for 1 h, then washed three times with TBST, and incu-

bated overnight with primary antibody HMGB1 (ab228624, Abcam,

UA) and β-actin (ab115777, Abcam) at 4 °C. The secondary antibody

(CST, USA) bound to horseradish peroxidase was incubated at 37 °C for

1 h and developed using an ECL kit (ultrassignal, China).

CCK-8 detection

Cell viability assay was conducted using the CCK-8 detection

(Dojindo, Japan) at 0 h, 24 h, 48 h, and 72 h after transfection. In the

96-well plates, 2 × 103 SKOV-3 cells were added in each well and incu-

bated with 10 µL CCK-8 reagent at each time point. The plates required

2 h incubation before reading the absorbance at 450 nm on a microplate

reader (Bio-Rad).

Flow cytometry

Apoptosis rates were assessed by the FITC-Annexin V Apoptosis

Detection Kit (BD Biosciences). At 48 h after transfection, SKOV-3 cells

were washed twice with pre-cooled PBS and re-suspended in 500 μL 1 ×

binding buffer. Next, 5 μL Annexin V-FITC and 5 μL PI solutions were

incubated together. After 15 min, the proportion of apoptotic cells was

measured on a FACScan flow cytometer (BD Biosciences).

The cell cycle was analyzed using PI staining for DNA content. Sim-

ply put, SKOV-3 cells were fixed overnight with cold 70 % ethanol for PI

staining at 20 μg/mL. Flow cytomety (BD Bioscience) was conducted for

analysis of the cell cycle after 30 min of protection from light.

Table 1.

Clinical characteristics of patients.

Characteristics Number Percentage (%)

Age <50 12 40

≥ 50 18 60

Histotype Serous 15 50

Endometrioid 8 26.67

Mucinous 5 16.67

Clear cell 2 6.67

Tumor differentiation Low 18 60

Medium‒High 12 40

Lymph node metastasis Yes 13 43.33

No 17 56.67
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Scratch assay

At 48 h after transfection, SKOV-3 cells were made into a suspension.

The suspension was mixed with DMEM without FBS, of which the con-

centration was adjusted to 5 × 106 cells /mL. With 80% confluence, cells

were wounded by cross-shaped scratches with 1 mL gun tip. Cell mass

was washed away with PBS, and the culture medium was changed. At

0 h, 24 h, and 48 h after the scratch, the scratch width was observed.

Invasion analysis

Transwell chambers (BD Biosciences) were coated with matrix gel

(BD Biosciences), of which the upper compartment contained 200 μL

cell suspension (5 × 106 cells/mL), and the lower compartment con-

tained 500 μL DMEM + 20 % FBS. After 24 h, the remaining migratory

and invasive cells were fixed with 4 % paraformaldehyde and stained

with 0.5 % crystal violet. Cell images were taken under an inverted

microscope (Olympus) in visual fields.

Luciferase activity detection

StarBase 3.0 (http://starbase.sysu.edu.cn/) predicted the binding

site between miR-885-5p 3′UTR segment and CircUBE2D2. TargetScan

3.0 7.1 (http://www.targetscan.org/vert_71/) and starBase predict miR-

885-5p targets. miR-885-5p binding sites-contained wild type and

mutant circUBE2D2 and HMGB1 3ʹUTR sequences were inserted into

the pmirGLO carrier. The luciferase reporter was co-transfected into the

cells with miR-885-5p mimics or control mimics using Lipofectamine®

2000. After 48 h, each well of 96-well plates was supplementary with

100 μL lysis buffer and centrifuged at 10,000‒15,000 g for 3‒5 min to

measure luciferase activities based on the dual luciferase reporter assay

kit (Beyotime).

RNA pull-down and RIP analysis

Cell lysate products were collected with RIPA lysis buffer. For RNA

pull-down, the product was combined with Bio-miR-885-5p or Bio-miR-

NC (GenePharma) and co-incubated with streptavidin magnetic beads

(Thermo Fisher Scientific) at 4 °C. CircUBE2D2 in purified RNA was ana-

lyzed by RT-qPCR.

Animal research

All animal studies were conducted in accordance with protocols

approved by the Cangzhou Central Hospital Animal Care and Use Com-

mittee (Approval No. 202019CZ39). Twelve 6-week-old BALB/c nude

mice (Shanghai Laboratory Animal Research Center) were implanted

subcutaneously with 5 × 106 SKOV-3 cells transfected with sh-cir-

cUBE2D2 or sh-NC at the left abdomen. Tumor volume = 1/2 (length

× width2). Euthanasia was executed on day 27 after implantation.

Data analysis

G-power 3.1 (University of D€usseldorf, D€usseldorf, Germany) was

utilized for sample size calculation and power analysis in this study.

A one-way analysis of variance was conducted to compare the levels

of CircUBE2D2 between the tumor and non-tumor groups. Based on

the difference in means between the two groups, with a significance

level (α) of 0.05 and a test power (1-β) of 0.8, it was determined

that the power of the test was 80 % and the minimum required sam-

ple size was 24. The results are presented as mean ± standard devia-

tion. Statistical differences were evaluated using one-way ANOVA

and post hoc Tukey Kramer test with the assistance of data analysis

software (SPSS 19.0, SPSS Inc., Chicago, IL, USA); p < 0.05 was con-

sidered statistically significant.

Results

CircUBE2D2 subcellular localization and RNAse R resistance analysis

In the CircBase, circUBE2D2 (hsa_circ_0005728) is derived from

exons 3 through 5 of the UBE2D2 gene on chromosome 5q31.2 by fold-

ing back, with a length of 280 bp (Fig. 1A). Subsequently, linear

UBE2D2 was found to be degraded by RNAse R, but circUBE2D2 was

not digested by RNAse R (Fig. 1B). RT-qPCR results from nuclear and

cytoplasmic components showed that circUBE2D2 was primarily located

in the cytoplasm of SKOV-3 cells (Fig. 1C).

Expression patterns of circUBE2D2 and miR-885-5p

CircUBE2D2 and miR-885-5p levels in OC tissues and cells were

detected by RT-qPCR. CircUBE2D2 in OC was increased (Fig. 2A). An

increase in CircUBE2D2 was observed in highly differentiated tumor tis-

sues compared to poorly differentiated tumor tissues (Fig. 2B). Cir-

cUBE2D2 expression was upregulated in tumor tissues with lymphatic

metastasis compared with those without lymphatic metastasis. Kaplan-

Meier survival curve analysis showed that OC patients with higher Cir-

cUBE2D2 expression had poorer overall survival (Fig. 2C). In addition,

the OC cell line showed a higher level of circUBE2D2 than normal

HOECs (Fig. 2D). Thus, abnormal CircUBE2D2 expression is associated

with the progression and prognosis of OC. In contrast, miR-885-5p was

lower in OC tissues and cell lines (Fig. 2E‒F). A strong negative correla-

tion was found between miR-885-5p and circUBE2D2 expression in OC

tissues (Fig. 2G).

CircUBE2D2 silencing inhibits SKOV-3 cell malignant phenotypes

The authors performed a loss-function analysis concerning cir-

cUBE2D2 in vitro. Transient transfection of si-circUBE2D2 resulted in

reduced expression of circUBE2D2 (Fig. 3A). In SKOV-3 cells, cir-

cUBE2D2 knockdown repressed cell viability (Fig. 3B) and induced apo-

ptosis (Fig. 3C). Meanwhile, knockdown of circUBE2D2 also increased

the proportion of SKOV-3 cells in the G0/G1 phase (Fig. 3D). In addition,

the absence of circUBE2D2 inhibited cell migratory (Fig. 3E) and inva-

sive (Fig. 3F) rates.

CircUBE2D2 serves as the ceRNA of miR-885-5p

One of the CircUBE2D2 targets, miR-885-5p, was screened from

the starBase database. The predicted binding sites are shown in

Table 2.

Primer Sequence.

Gene Forward Primer Reverse Primer

CircUBE2D2 GATCACAGTGGTCTCCAGCA GCCCCATTATTGTAGCTTGC

miR-885-5p RT:GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGAGGC

GCGCGTCCATTACACTACCCT AGTGCAGGGTCCGAGGTATT

HMGB1 TATGGCAAAAGCGGACAAGG CTTCGCAACATCACCAATGGA

GAPDH CACCCACTCCTCCACCTTTG CCACCACCCTGTTGCTGTAG

U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
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Fig. 1. CircUBE2D2 subcellular localization and RNAse R

resistance analysis. (A) CircUBE2D2 structure. (B) RT-qPCR

measurements of circular and linear UBE2D2 mRNA with or

without RNAse R. (C) RT-qPCR measurements of circUBE2D2

in the nucleus and cytoplasm (*p < 0.05).

Fig. 2. Expression signatures of circUBE2D2 and miR-885-5p. (A) RT-qPCR measurements of CircUBE2D2 in OC tissue and matched normal tissue. (B) Relative expres-

sion of CircUBE2D2 in tumor tissues with different degrees of differentiation. (C) Relative expression of CircUBE2D2 in tumor tissue with or without lymphatic metas-

tasis. (D) The median value of CircUBE2D2 was set as the cut-off value, and the Kaplan-Meier method was used to determine the correlation between the expression of

CircUBE2D2 and the overall survival of OC patients. (E) The relative expression of CircUBE2D2 in normal Ovarian Epithelial Cells (HOECs) and OC cells (SKOV-3, HO-

8910, A2780 and OVCAR3). (F) Relative expression of miR-885-5p in OC tissues and normal tissues. (G) Relative expression of miR-885-5p in normal ovarian epithelial

cells and OC cells. (H) Spearman test to study the correlation between miR-885-5p expression and circUBE2D24 level in OC (*p < 0.05).
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Figure 4A. Data from GSE216150 obtained from GEO DataStes

showed that the expression of miR-885-5p in the serum of OC

patients was down-regulated compared to the normal group (Fig. 4B).

The circUBE2D2 fragment carrying the miR-885-5p binding sequence

was cloned into the luciferase vector and mutated into the target

region. In SKOV-3 cells, WT-CircUBE2D2 combined with miR-885-5p

mimic induced a significant reduction in luciferase activity (Fig. 4C).

At the mutation site of miR-885-5p (MUT-circUBE2D2), there was no

reduction in luciferase activity (Fig. 4C). RNA pull-down analysis

showed that circUBE2D2 enrichment was increased with Bio-miR-

885-5p incubation (Fig. 4D). CircUBE2D2 knockdown caused miR-

885-5p to be up-regulated (Fig. 4E).

Fig. 3. CircUBE2D2 silencing inhibits SKOV-3 cell malignant phenotypes. SKOV-3 cells were transfected with si-NC or si-CircUBE2D2. (A) RT-qPCR measurements of

CircUBE2D2. (B) Determination of CCK-8 cell viability. (C‒D) Flow cytometry analysis of apoptosis and cell cycle. (E) Cell scratch migration assay. (F) Assay of Trans-

well invasion (×100, *p < 0.05).
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CircUBE2D2 regulates cell behaviors in vitro by targeting miR-885-5p

The authors evaluated whether miR-885-5p is the molecular medium

that circUBE2D2 functions in the OC progression. Transfection effi-

ciency of miR-885-5p inhibitor was determined by RT-qPCR (Fig. 5A).

The collected data reflected that lessening miR-885-5p eliminated the

roles of si-UBE2D2-mediated anti-survival (Fig. 5B), pro-apoptosis and

induction of cell cycle stasis in the G0/G1 phase (Fig. 5C‒D), anti-migra-

tion (Fig. 5E), and anti-invasion (Fig. 5F) in SKOV-3 cells.

HMGB1 was directly inhibited by miR-885-5p in vitro

According to TargetScan, HMGB1 3′UTR contained complementary

nucleotides of miR-885-5p (Fig. 6A). According to the Kaplan-Meier

Plotter database, higher HMGB1 expression was associated with poorer

prognosis in OC patients (Fig. 6B). In the presence of miR-885-5p

mimics, WT-HMGB1 3′UTR resulted in a strong reduction in luciferase

activity, and this effect was eliminated by mutations in the miR-885-5P

complement sequence (MUT-HMGB1 3′UTR, Fig. 6C). In OC, HMGB1

levels were elevated (Fig. 6D‒E), and HMGB1 expression was negatively

correlated with miR-885-5p levels (Fig. 6F). In addition, HMGB1 levels

in OC cells were enhanced (Fig. 6G‒H). Transfection efficiency of miR-

885-5p mimics was evaluated using RT-qPCR (Fig. 6I). As expected,

miR-885-5p mimics repressed HMGB1 protein levels while silencing

miR-885-5p forced HMGB1 protein levels (Fig. 6J).

miR-885-5p regulates cell behavior in vitro by downregulating HMGB1

When HMGB1 overexpressed plasmid was transfected into SKOV-3

cells, HMGB1 mRNA and protein expressions were induced (Fig. 7A‒B).

Elevating miR-885-5p significantly inhibited cell viability (Fig. 7C) pro-

moted apoptosis and increased the proportion of G0/G1 phase cells

(Fig. 7D‒E), and inhibited cell migration (Fig. 7F) and invasion rate

(Fig. 7G). However, high expression of HMGB1 significantly saved these

effects of miR-885-5p induction in SKOV-3 cells (Fig. 7C‒G).

CircUBE2D2 regulates HMGB1 expression through miR-885-5p

Subsequently, the authors examined whether circUBE2D2 regulates

HMGB1 expression in SKOV-3 cells. As expected, circUBE2D2 silence

significantly down-regulated HMGB1 expression. However, the intro-

duction of miR-885-5p inhibitor significantly reversed this effect

(Fig. 8A‒B).

CircUBE2D2 silence inhibits mouse tumor growth

sh-circUBE2D2 transfected or sh-NC transfected SKOV-3 cells were

implanted in nude mice. The transduction of sh-circUBE2D2 signifi-

cantly inhibited tumor growth (Fig. 9A). In tumors transfected with sh-

sh-circUBE2D2, circUBE2D2 and HMGB1 levels were suppressed, while

miR-885-5p were enhanced (Fig. 9B‒C).

Fig. 4. CircUBE2D2 serves as the ceRNA of miR-885-5p. (A) Schematic diagram of complementary nucleotide sequences of circUBE2D2 and miR-885-5p identified by

starBase database. (B) GEO DataStes (https://www.ncbi.nlm.nih.gov/) obtained GSE216150 data to analyze miR-885-5p expression in OC patient’s serum and normal

serum. (C) Determination of luciferase activity. (D) RNA pull-down assay results. (E) RT-qPCR measurements of miR-885-5p expression in SKOV-3 cells (*p < 0.05).
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Discussion

In recent years, CircRNA has become a research hotspot due to its

role in tumorigenesis and cancer progression.24 CircRNA regulates gene

expression at the transcriptional and translational levels, directing DNA

synthesis or gene rearrangement. CircRNA is an interaction between

ceRNA and miRNA and mRNA is known as ceRNA crosstalk. CircRNA,

as ceRNA, regulates gene expression, thereby inhibiting miRNA’s degra-

dation of mRNA. A large number of studies have confirmed that this

mechanism is involved in regulating the biological behavior of various

tumors, such as the migration and invasion of cancer cells. In this study,

the authors demonstrated for the first time that CircUBE2D2 is a carcino-

genic factor that regulates OC cell metastasis. CircUBE2D2 regulates the

expression of HMGB1 by targeting miR-885-5p and promotes cancer

progression.

As a novel gene regulatory factor, circRNA has been increasingly

proven to play a role as an oncogene or tumor suppressor in the occur-

rence and development of cancer. For example, Circ-BNC2 is underex-

pressed in OC samples, and its overexpression can inhibit OC cell

proliferation, migration, and invasion.25 Circ-NOLC1 is highly expressed

in epithelial OC and is considered a tumor-promoting circRNA to

promote the development of malignant behavior in OC cells.26 The pres-

ent data suggest that the high expression of CircUBE2D2 in OC samples

may act as a tumor-promoting factor that regulates the occurrence and

progression of OC. The authors verified that CircUBE2D2 was highly

expressed in OC tissues and cells by RT-qPCR. In addition, CircUBE2D2

was associated with cancer stage, lymphatic metastasis, and poor prog-

nosis in OC patients. The authors then further demonstrated by CCK8

and flow cytometry, cell scratch test and Transwell that silencing Cir-

cUBE2D2 inhibits OC growth, proliferation, migration, and invasion and

promotes apoptosis. These results all suggest that CircUBE2D2 is

involved in metastasis and malignant progression of OC and can be used

as a biomarker for the diagnosis and prognosis of OC.

Circular RNA localization is closely related to the sponge effect on

miRNA.27 CircRNAs derived from exons are usually present in the cyto-

plasm. The authors predict by the CSCD database (http://gb.whu.edu.

cn/CSCD) and nuclear separation experiments to determine the Cir-

cUBE2D2 subcellular localization. These experiments determined that

CircUBE2D2 is primarily present in the cytoplasm of OC cells and

showed that circular UBE2D2 is RNase R resistant. Subsequently, it was

found that miR-885-5p was one of the targets of CircUBE2D2 by Star-

base3.0 prediction. Subsequently, data from GSE216150 showed that

Fig. 5. CircUBE2D2 regulates cell behavior in vitro by targeting miR-885-5p. (A) RT-qPCR measurements of miR-885-5p. (B) Determination of CCK-8 cell viability. (C‒

D) Flow cytometry analysis of apoptosis and cell cycle. (E) Cell scratch migration assay. (F) Assay of Transwell invasion (×100; *p < 0.05).
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serum miR-885-5p expression was down-regulated in OC patients com-

pared to normal groups. In summary, it is speculated that miR-885-5p

functions as a tumor suppressor RNA in the negative regulation of OC.

The present findings are similar to previous findings regarding miR-885-

5p in neuroblastoma and hepatocellular carcinoma. miR-885-5p was

lowly expressed in neuroblastoma, and its strong expression had a tumor

inhibition effect and interfered with cell cycle entry and cell survival.28

miR-885-5p was strongly down-regulated in hepatocellular carcinoma,

and its induction inhibited tumor cell proliferation and migration.19

Interestingly, miR-885-5p is highly expressed in patients with early pan-

creatic cancer.29 However, no studies have confirmed whether miR-885-

5p is regulated by CircUBE2D2 and thus involved in OC progression.

The authors confirmed the targeting relationship between miR-885-5p

and CircUBE2D2 by dual luciferase reporter assay. In addition, silencing

CircUBE2D2 inhibited the progression of OC cells, but inhibiting the

expression of miR-885-5p eliminated the inhibitory effect of Cir-

cUBE2D2 silencing on the proliferation, migration and invasion behav-

ior of OC cells. These results suggest that CircUBE2D2 can target the

expression of miR-885-5p to regulate the development and progression

of OC. miRNAs inhibit mRNA translation and/or cleavage by interacting

with mRNA, ultimately leading to the down-regulation of protein

expression.30 Kaplan-Meier Plotter analysis showed that higher HMGB1

expression was associated with poor prognosis in OV patients. The pres-

ent study confirmed that HMGB1 was highly expressed in OC and was a

functional target of miR-885-5p in OC. HMGB1 is a nuclear DNA-binding

protein ubiquitous in mammalian cells and involved in transcriptional

regulation of gene expression.31 More and more evidence shows the

involvement of HMGB1 in the transcription of cancer-related genes.32,33

HMGB1 is highly expressed in cancers, and down-regulation of HMGB1

represses tumor cells to proliferate.34,35 It has been reported that

HMGB1 can promote cell proliferation and metastasis by regulating

downstream RAGE/ERK,36 TNFR1/NF-Kb,37 and TLR4/HMGB1 38 sig-

naling pathways. Based on this, in order to explore CircUBE2D2 as the

ceRNA of miR-885-5p, it can affect the progression of OC by regulating

the expression of HMGB1. The authors showed for the first time that Cir-

cUBE2D2 acts as a regulator of HMGB1 expression through miR-885-5p.

In vitro studies confirmed that silencing CircUBE2D2 significantly down-

regulated HMGB1 expression, while miR-885-5p inhibitor reversed this

Fig. 6. HMGB1 is directly inhibited by miR-885-5p. (A) Schematic diagram of miR-885-5p and HMGB1 complementary nucleotide sequences predicted by TargetScan

database. (B) Kaplan Meier Plotter database (http://kmplot.com/analysis/index.php?p=background) analyzed the correlation between HMGB1 and OC patients’ over-

all survival. (C) Luciferase activity in SKOV-3 cell. (D‒E) RT-qPCR and Western blot measurements of HMGB1 in OC tissues and matched normal tissues, and (F‒G) in

OC cells and HOECs cells. (H) Spearman test to evaluate the correlation between HMGB1 mRNA expression and miR-885-5p levels in OC. (I) RT-qPCR measurements

of miR-885-5p in SKOV-3 cells. (J) Western blot measurements of HMGB1 protein in SKOV-3 cells (*p < 0.05).
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result. miR-885-5p mimic inhibited the proliferation, migration, and

invasion of OC cells, but overexpression of HMGB1 eliminated the role

of miR-885-5p mimic in inhibiting the progression of OC cells. In addi-

tion, in vivo studies confirmed that lentivirus-mediated CircUBE2D2

silencing led to the increased miR-885-5p expression, down-regulated

HMGB1 expression, and reduced tumor growth in xenografts.

However, there are some limitations to this study. The regulatory

mechanism of CircRNA in malignant tumors is complex. Further-

more, circRNAs have been shown to function not only as competing

ceRNAs, but also as protein scaffolds and regulators of transcription

and splicing. This study did not include a comprehensive analysis of

ovarian cancer patients and normal tissue samples, specifically

examining the association between CircUBE2D2 expression and the

tumor immune microenvironment; The molecular mechanism of Cir-

cUBE2D2 regulating the downstream pathway of HMGB1 is not

clear. In subsequent studies, the authors will further analyze the

relationship between CircRNA in OC tissues and the immune micro-

environment or immune escape of OC tumors. At the same time,

Fig. 7. miR-885-5p induction regulates cell behavior by down-regulating HMGB1. (A‒B) RT-qPCR and Western blot measurements of HMGB1. (C) Determination of

CCK-8 cell viability. (D‒E) Flow cytometry analysis of apoptosis and cell cycle. (F) Cell scratch migration assay. (G) Assay of Transwell invasion. (×100; *p < 0.05).
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more molecular and animal studies will be conducted to explore the

role of CircUBE2D2 in OC.

In this study, CircUBE2D2 was highly expressed in OC tissues and

cells. Patients with high CircUBE2D2 expression had higher FIGO stage

and cancer cell differentiation and were associated with poor prognosis.

CircUBE2D2 can therefore be used as a biomarker for the diagnosis and

treatment of OC. CircUBE2D2 was predicted as the ceRNA of miR-885-

5p. Functionally, CircUBE2D2 silencing inhibited the proliferation,

migration and invasion of OC cells and promoted apoptosis. Mechanisti-

cally, CircUBE2D2 acts as the ceRNA of miR-885-5p to regulate the

expression of HMGB1, thus participating in the occurrence and progres-

sion of OC. The present data therefore enhance the understanding of

circRNA biology, and these results highlight that CircUBE2D2 offers

broad promise for the diagnosis and treatment of OC.

Conflicts of interest

The authors declare no conflicts of interest.

Availability of data and materials

The datasets used and/or analyzed during the present study are

available from the corresponding author upon reasonable request.

Ethics approval

The present study was approved by the Ethics Committee of Can-

gzhou Central Hospital (Approval nº 202006CZ37) and written informed

consent was provided by all patients prior to the study start. All proce-

dures were performed in accordance with the ethical standards of the

Institutional Review Board and The Declaration of Helsinki, and its later

amendments or comparable ethical standards.

All animal experiments complied with the ARRIVE guidelines and

performed in accordance with the National Institutes of Health Guide

for the Care and Use of Laboratory Animals. The experiments were

approved by the Institutional Animal Care and Use Committee of Can-

gzhou Central Hospital (Approval nº 202019CZ39).

Author’s contribution

RuiXue Yan, SaiTian Zeng and FangYuan Gao designed the research

study. RuiXue Yan performed the research. SaiTian Zeng provided help

and advice on the experiments. LingLing Li analyzed the data. RuiXue

Yan, SaiTian Zeng and XiYun Xiao wrote the manuscript. All authors

contributed to editorial changes in the manuscript. All authors read and

approved the final manuscript.

Funding

Not applicable.

Acknowledgements

Not applicable.

References

1. Committee opinion No. 716 summary: the role of the obstetrician-gynecologist in the

early detection of epithelial ovarian cancer in women at average risk. Obstet Gynecol

2017;130(3):664–5.

2. Ataseven B, Harter P, Grimm C, Heitz F, Heikaus S, Traut A, et al. The revised 2014

FIGO staging system for epithelial ovarian cancer: Is a subclassification into FIGO

stage IVA and IVB justified? Gynecol Oncol 2016;142(2):243–7.

3. El Bairi K, Kandhro AH, Gouri A, Mahfoud W, Louanjli N, Saadani B, et al. Emerging

diagnostic, prognostic and therapeutic biomarkers for ovarian cancer. Cell Oncol

(Dordr) 2017;40(2):105–18.

4. Ma Y, Zheng L, Gao Y, Zhang W, Zhang Q, Xu Y. A comprehensive overview of circR-

NAs: emerging biomarkers and potential therapeutics in gynecological cancers. Front

Cell Dev Biol 2021;9:709512.

5. Sheng R, Li X, Wang Z, Wang X. Circular RNAs and their emerging roles as diagnostic

and prognostic biomarkers in ovarian cancer. Cancer Lett 2020;473:139–47.

Fig. 9. CircUBE2D2 suppresses tumor growth in vivo. (A) Tumor volume and

weight. (B‒C) RT-qPCR or Western blot measurements of circUBE2D2, miR-

885-5p, and HMGB1 in xenograft tumors (*p < 0.05).

Fig. 8. CircUBE2D2 regulates HMGB1 expression through miR-885-5p. (A‒B) RT-qPCR and Western blot measurements of HMGB1 in SKOV-3 cells (*p < 0.05).

10

R. Yan et al. Clinics 79 (2024) 100391

http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0001
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0001
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0001
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0005


6. Foruzandeh Z, Zeinali-Sehrig F, Nejati K, Rahmanpour D, Pashazadeh F, Seif F, et al.

CircRNAs as potent biomarkers in ovarian cancer: a systematic scoping review. Cell

Mol Biol Lett 2021;26(1):41.

7. Wu S-G, Zhou P, Chen J-X, Lei J, Hua L, Dong Y, et al. circ-PTK2 (hsa_circ_0008305)

regulates the pathogenic processes of ovarian cancer via miR-639 and FOXC1 regula-

tory cascade. Cancer Cell Int 2021;21(1):277.

8. Xie J, Wang S, Li G, Zhao X, Jiang F, Liu J, et al. circEPSTI1 regulates ovarian cancer

progression via decoying miR-942. J Cell Mol Med 2019;23(5):3597–602.

9. Dou D, Ren X, Han M, Xu X, Ge X, Gu Y, et al. CircUBE2D2 (hsa_circ_0005728) pro-

motes cell proliferation, metastasis and chemoresistance in triple-negative breast can-

cer by regulating miR-512-3p/CDCA3 axis. Cancer Cell Int 2020;20:454.

10. Liu B, Li J, Cairns MJ. Identifying miRNAs, targets and functions. Brief Bioinform

2014;15(1):1–19.

11. Hammond SM. An overview of microRNAs. Adv Drug Deliv Rev 2015;87:3–14.

12. Zhao Y, Yuan D, Zhu D, Xu T, Huang A, Jiang L, et al. LncRNA-MSC-AS1 inhibits the

ovarian cancer progression by targeting miR-425-5p. J Ovarian Res 2021;14(1):109.

13. Liao Y, Deng Y, Liu J, Ye Z, You Z, Yao S, et al. MiR-760 overexpression promotes pro-

liferation in ovarian cancer by downregulation of PHLPP2 expression. Gynecol Oncol

2016;143(3):655–63.

14. Zavesky L, Jand�akov�a E, Weinberger V, Hanzíkov�a V, Slana�r O, Kohoutov�a M. Ascites

in ovarian cancer: MicroRNA deregulations and their potential roles in ovarian carci-

nogenesis. Cancer Biomark 2022;33(1):1–16.

15. Wang Y, Xu C, Wang Y, Zhang X. MicroRNA-365 inhibits ovarian cancer progression

by targeting Wnt5a. Am J Cancer Res 2017;7(5):1096–106.

16. Wu H, Yan Y, Yuan J, Luo M, Wang Y. miR-4324 inhibits ovarian cancer progression

by targeting FEN1. J Ovarian Res 2022;15(1):32.

17. Jiang Z, Cui H, Zeng S, Li L. miR-885-5p inhibits invasion and metastasis in gastric

cancer by targeting malic enzyme 1. DNA Cell Biol 2021;40(5):694–705.

18. Lixin S, Wei S, Haibin S, Qingfu L, Tiemin P. miR-885-5p inhibits proliferation and

metastasis by targeting IGF2BP1 and GALNT3 in human intrahepatic cholangiocarci-

noma. Mol Carcinog 2020;59(12):1371–81.

19. Xu F, Yan J-J, Gan Y, Chang Y, Wang H-L, He X-X, et al. miR-885-5p negatively regu-

lates warburg effect by silencing hexokinase 2 in liver cancer. Mol Ther Nucleic Acids

2019;18:308–19.

20. Wang X, Xiang L, Li H, Chen P, Feng Y, Zhang J, et al. The role of HMGB1 signaling

pathway in the development and progression of hepatocellular carcinoma: a review.

Int J Mol Sci 2015;16(9):22527–40.

21. Zhong B, Qin Z, Zhou H, Yang F, Wei K, Jiang X, et al. microRNA-505 negatively regu-

lates HMGB1 to suppress cell proliferation in renal cell carcinoma. J Cell Physiol

2019;234(9):15025–34.

22. Liu Y, Xie C, Zhang X, Huang D, Zhou X, Tan P, et al. Elevated expression of HMGB1 in

squamous-cell carcinoma of the head and neck and its clinical significance. Eur J Can-

cer 2010;46(16):3007–15.

23. Chen J, Xi B, Zhao Y, Yu Y, Zhang J, Wang C. High-mobility group protein B1

(HMGB1) is a novel biomarker for human ovarian cancer. Gynecol Oncol 2012;126

(1):109–17.

24. Ghazimoradi MH, Babashah S. The role of CircRNA/miRNA/mRNA axis in breast can-

cer drug resistance. Front Oncol 2022;12:966083.

25. Liu T, Yuan L, Zou X. Circular RNA circ-BNC2 (hsa_circ_0008732) inhibits the progres-

sion of ovarian cancer through microRNA-223-3p/FBXW7 axis. J Ovarian Res

2022;15(1):95.

26. Chen S, Wu W, Li Q-H, Xie B-M, Shen F, Du Y-P, et al. Circ-NOLC1 promotes epithelial

ovarian cancer tumorigenesis and progression by binding ESRP1 and modulating

CDK1 and RhoA expression. Cell Death Discov 2021;7(1):22.

27. Hansen TB, Jensen TI, Clausen BH, Bramsen JB, Finsen B, Damgaard CK, et al. Natural

RNA circles function as efficient microRNA sponges. Nature 2013;495(7441):384–8.

28. Afanasyeva EA, Mestdagh P, Kumps C, Vandesompele J, Ehemann V, Theissen J, et al.

MicroRNA miR-885-5p targets CDK2 and MCM5, activates p53 and inhibits prolifera-

tion and survival. Cell Death Differ 2011;18(6):974–84.

29. Hussein NAEM, El Kholy ZA, Anwar MM, Ahmad MA, Ahmad SM. Plasma miR-22-3p,

miR-642b-3p and miR-885-5p as diagnostic biomarkers for pancreatic cancer. J Can-

cer Res Clin Oncol 2017;143(1):83–93.

30. Ling H, Fabbri M, Calin GA. MicroRNAs and other non-coding RNAs as targets for anti-

cancer drug development. Nat Rev Drug Discov 2013;12(11):847–65.

31. Vande Walle L, Kanneganti TD, LamkanfiM. HMGB1 release by inflammasomes. Viru-

lence 2011;2(2):162–5.

32. Mardente S, Mari E, Consorti F, Di Gioia C, Negri R, Etna M, et al. HMGB1 induces the

overexpression of miR-222 and miR-221 and increases growth and motility in papil-

lary thyroid cancer cells. Oncol Rep 2012;28(6):2285–9.

33. Mardente S, Mari E, Massimi I, Fico F, Faggioni A, Pulcinelli F, et al. HMGB1-induced

cross talk between PTEN and miRs 221/222 in thyroid cancer. Biomed Res Int

2015;2015:512027.

34. Tian L, Wang Z-Y, Hao J, Zhang X-Y. miR-505 acts as a tumor suppressor in gastric

cancer progression through targeting HMGB1. J Cell Biochem 2019;120(5):8044–52.

35. Dong Y-D, Cui L, Peng C-H, Cheng D-F, Han B-S, Huang F. Expression and clinical sig-

nificance of HMGB1 in human liver cancer: Knockdown inhibits tumor growth and

metastasis in vitro and in vivo. Oncol Rep 2013;29(1):87–94.

36. He S, Cheng J, Sun L, Wang Y, Wang C, Liu X, et al. HMGB1 released by irradiated

tumor cells promotes living tumor cell proliferation via paracrine effect. Cell Death

Dis 2018;9(6):648.

37. Jung AR, Kim GE, Kim MY, Ha U-S, Hong S-H, Lee JY, et al. HMGB1 promotes tumor

progression and invasion through HMGB1/TNFR1/NF-kappaB axis in castration-resis-

tant prostate cancer. Am J Cancer Res 2021;11(5):2215–27.

38. Lv W, Chen N, Lin Y, Ma H, Ruan Y, Li Z, et al. Macrophage migration inhibitory factor

promotes breast cancer metastasis via activation of HMGB1/TLR4/NF kappa B axis.

Cancer Lett 2016;375(2):245–55.

11

R. Yan et al. Clinics 79 (2024) 100391

http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0009
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0009
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0009
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0016
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0016
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0028
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0028
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0028
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0029
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0029
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0029
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0031
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0031
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0034
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0034
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0035
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0035
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0035
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0036
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0036
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0036
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0037
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0037
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0037
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0038
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0038
http://refhub.elsevier.com/S1807-5932(24)00068-1/sbref0038

	CircUBE2D2 regulates HMGB1 through miR-885-5p to promote ovarian cancer malignancy
	Introduction
	Materials and methods
	Clinical tissue sample
	Cell line and culture
	Cell transfection
	RNA isolation and RT-qPCR
	CircUBE2D2 RNAse R resistance analysis and subcellular mapping
	Western blotting
	CCK-8 detection
	Flow cytometry
	Scratch assay
	Invasion analysis
	Luciferase activity detection
	RNA pull-down and RIP analysis
	Animal research
	Data analysis

	Results
	CircUBE2D2 subcellular localization and RNAse R resistance analysis
	Expression patterns of circUBE2D2 and miR-885-5p
	CircUBE2D2 silencing inhibits SKOV-3 cell malignant phenotypes
	CircUBE2D2 serves as the ceRNA of miR-885-5p
	CircUBE2D2 regulates cell behaviors in vitro by targeting miR-885-5p
	HMGB1 was directly inhibited by miR-885-5p in vitro
	miR-885-5p regulates cell behavior in vitro by downregulating HMGB1
	CircUBE2D2 regulates HMGB1 expression through miR-885-5p
	CircUBE2D2 silence inhibits mouse tumor growth

	Discussion
	Conflicts of interest
	Availability of data and materials
	Ethics approval
	Author's contribution
	Funding
	Acknowledgements

	References


