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Abstract
Background Ovarian cancer (OC) has the highest fatality rate amongst all gynecologic malignancies.
Exploring new factors and pathways associated with development of ovarian cancer would help to
identify new therapeutic targets. Long non-coding RNAs (lncRNAs) play indispensable roles in the
process of the progression of OC.

Methods Reverse transcription-quantitative PCR (RT-qPCR) was performed to verify the expression of
RAD51B-AS1 in cell lines and patients’ tissues. Cellular proliferation, metastasis and apoptosis were
detected using Cell Counting Kit-8(CCK-8), colony formation, Transwell and �ow cytometry assays,
respectively. Mouse xenograft models were established to detect tumorigenesis. RT-qPCR, western
blotting and immuno�uorescence experiments were conducted to explore the quantitative and positional
relationship between RAD51B-AS1 and its host gene, RAD51B. Co-transfection rescue experiments were
then performed to preliminarily explore its mechanism in vivo and in vitro.

Results RAD51B-AS1 was signi�cantly upregulated in a highly metastatic human OC cell line and in OC
tissues. RAD51B-AS1 signi�cantly increased the proliferation and metastasis of OC cells, whilst also
enhancing resistance to anoikis. Biogenetics prediction analysis revealed that the only target gene of
RAD51B-AS1 was RAD51B. Subsequent gene function experiments revealed that RAD51B exerted the
same biological effects as RAD51B-AS1. Rescue experiments demonstrated that the malignant biological
behaviors promoted by RAD51B-AS1 overexpressing were partially or completely reversed by RAD51B
silencing in vitro and in vivo.

Conclusion RAD51B-AS1 promoted the malignant biological behavior of OC, and the underlying
mechanism of this action may be associated with the positive regulation of RAD51B expression. The
present study revealed a potentially novel molecular mechanism underlying the development of OC.
RAD51B-AS1 is expected to serve as a novel molecular biomarker for the diagnosis and prediction of a
poor prognosis in OC, and as a potential therapeutic target for management of the disease.

1. Background
OC has the highest fatality rate amongst all gynecologic malignancies according to the latest data [1].
Due to the deep location of the ovary within the pelvic cavity, inconspicuous early symptoms and the lack
of speci�c tumor markers, > 75% of patients with OC are diagnosed with late stage diseases (FIGO stages
III-IV) in the �rst instance. Furthermore, patients often develop abdominal cavity spread and/or distant
metastases [2-4]. Therefore, to understand the molecular mechanisms underlying the biological processes
and development of OC, along with the elucidation of interventional measures are urgently required. 

Long non coding RNAs consist of >200 nucleotides with limited or no protein-coding [5]. Currently, a
growing number of lncRNAs have been reported to participate in the process of the progression of OC
through a variety of pathways and molecular mechanisms [6-8]. Certain lncRNAs, such as MALAT1, ANRIL
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and PTAR, have been identi�ed as prognostic biomarkers [9-12]. However, the clinical signi�cance and
biological mechanisms of the overwhelming majority of lncRNAs remain unknown, highlighting the
necessity for identi�cation of novel lncRNAs as potential molecular markers for the diagnosis and
treatment of OC.

The human OC cell line, HO8910PM, is a highly metastatic subline developed from the parental cell line,
HO8910 [12-14]. Due to the different malignant capacities of these two cell lines, differences in lncRNA
were detected using second-generation sequencing, with those that demonstrated signi�cant differences
being selected for RT-qPCR veri�cation. These results aimed to identify novel lncRNAs associated with
the development of OC. From these data, a novel lncRNA, ENST00000554679.1(RAD51B-AS1), was
selected. Located on 14q24.1 and consisting of two exons, it was transcribed from the reverse strand of
the RAD51B gene. To the best of our knowledge, the present study is the �rst to investigate the role and
mechanism of lncRNA RAD51B-AS1 in OC development. The results of the current study may assist in the
elucidation of potential diagnostic or therapeutic OC biomarkers.

2. Materials And Methods
2.1. Patients and tissue samples

49 samples of OC patients and 9 samples of ovarian benign tumor patients who performed surgery for
the �rst time, without any radiotherapy, chemotherapy or neoadjuvant chemotherapy before surgery.
Patient information is shown in Table S1. Exclusion criteria: patients with other malignant tumors or
severe complicated diseases were excluded. The Ethics Committee of the Women’s Hospital, school of
medicine, Zhejiang University approved this study (granted number: IRB-20210147-R), and the
participants were all provided informed consent.

2.2.Cell lines and cell culture. 

The human ovarian cancer cell lines (HO8910 and HO8910-PM) were provided by the Women’s Hospital,
school of medicine, Zhejiang University, where they were tested and authenticated. All cells were cultured
in RPMI 1640 (BI, Israel) medium containing 10% fetal bovine serum (FBS) in a 5% CO2 humidi�ed
incubator at 37℃.

2.3.RNA sequencing analysis. 

Total RNAs of HO8910 and HO8910PM cells were prepared by Trizol Reagent (Invitrogen, USA). RNA
quality was evaluated by Agilent 2200(Agilent, USA). And high-quality RNA was used for RNA sequencing.
Firstly, the rRNA was removed and then RNA was fragmented to about 200 nucleotides lengths. Secondly,
complementary DNA (cDNA) was synthesized and puri�ed. Thirdly, the ends of the cDNA were repaired
and the primers were added for PCR ampli�cation and puri�cation. Finally, after quality inspected,
libraries were sequenced by illumine Hiseq Platform (RiboBio CO., LTD,China). 
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2.4. RNA extraction and RT-qPCR 

Total RNA was extracted by TRIzol reagent. The nuclear and cytoplasmic fractions were isolated by
PARIS Kit RNA Isolation System (Invitrogen, Thermo Fisher Scienti�c). PrimeScript RT reagent Kit with
gDNA Eraser (Takara Bio Inc.) were used for synthesizing cDNA, and RT-qPCR was performed through TB
Green Premix Ex Taq (Takara Bio Inc.). Primers’ sequences are provided in Table S2. Statistical analyses
of the results were performed using the 2−ΔΔCT relative quanti�cation method. 

2.5. Northern blotting

Probes were prepared and digoxigenin-labeled by Sangon Biotech Co., Ltd. (Shanghai, China), whose
sequences were shown in Table S3. Afterwards, 15 μg RNA was separated in 1% formaldehyde denatured
gel after electrophoresis under the statement of 25 V constant pressure and low temperature overnight
and subsequently transferred to HyBond N+ membrane by the upward capillary transfer method for 20 h.
The membrane was prehybridized in a hybrid furnace at 50°C for 2 h and hybridized overnight in a 50°C
hybridization apparatus. Following that, �lm was blocked for 1h and then reacted in antibody solution for
30 min. The �nal step is X-ray �lm exposure and records of results in the darkroom.

2.6. Transfection of siRNA and lentiviral vectors into ovarian cancer cells 

SiRNAs purchased from GenePharm (Shanghai, China) were used to knock down RAD51B-AS1 or
RAD51B, and e�ciency had been evaluated by RT-qPCR. The sequences are represented in Table S4.
Additionally, for the ectopic expression of RAD51B-AS1, the lentiviruses encoding the RAD51-AS1
sequence and the negative control lentiviruses (LV‐RAD51B‐AS1 and LV‐NC, respectively, GeneChem,
Shanghai, China) were infected into HO8910 cells. After 72 hours of infection, the cells were selected by
complete culture medium containing 2 μg/mL puromycin.

2.7. CCK-8 assay

Cell proliferation was assessed by the CCK-8 assay (Dojindo Laboratories, Japan). The cells were seeded
at 5 × 103 cells/well into 96-well plates. CCK-8 solution (10 μL) was added to each well at hours 0h, 24h,
48h, 72h and 96h post transfection. After incubation at 37°C for 2 hours, the absorbance at 450 nm was
measured by a microplate reader (SkanIt RE for Varioskan Flash 2.4.3).

2.8. Plate colony formation assay and soft-agar colony formation assay

For plate colony formation assays, 500 cells per well were resuspended and added to six-well plates and
incubated at 37 °C for 2 weeks. For soft-agar colony formation assays, 5000 cells per well were
resuspended by complete culture medium containing 0.3% agarose, and then added to six-well plates
already solidi�ed by the laid medium containing 0.5% agarose, and incubated for 3 weeks. Colonies were
�xed and stained with 0.1% crystal violet for 20 min. Cell colonies(>50 cells) were counted and analyzed
per well.
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2.9. Transwell migration and invasion assay

Cell migration and invasion assays were conducted by 24-well transwell plates (8 μm pore, Corning
Costar, USA). The transwell �lter inserts were coated with (invasion) or without (migration) Matrigel (BD
Biosciences, 1:12 diluted). 3× 105 cells (invasion) or 2× 105 cells (migration) suspended in 200μL OPTI-
MEM were added to the upper chamber, and 500μL high concentration medium containing 18%FBS was
added to the lower chamber. Air bubbles should be avoided between the upper and lower chambers. After
incubated for 24h, the cells which traversed the bottom of the upper chamber were �xed in 0.5% crystal
violet solution for 20 min. And cells remaining in upper chamber were removed by cotton swabs. Images
were captured and number of cells were counted per �eld. 

2.10. Establishment of anoikis model

Adherent ovarian cancer cells were digested with 0.25% trypsin and added into a six-well plate with ultra-
low attachment surface (polystyrene, non-pyrogenic) purchased from Corning, with about 2.5× 105 cells
each well. Under these conditions, and the morphology and growth of the suspended cells were observed
by microscope. The culture medium was changed about once 2 or 3 days depending on the state of the
cells (medium changing method: after centrifugation at 800rpm for 3min, supernatant was discarded and
cells were resuspended by fresh complete medium and then added to a new culture plate with ultra-low
attachment surface).

2.11. Flow cytometric analysis of apoptosis 

Adherent cells were cultured in serum-free medium to induce apoptosis and harvested 72 hours after
transfection. Both cells digested with 400 μl of accutase (Invitrogen) and the supernatant were collected
into a 15-ml collection tube. Suspended cells and their medium were collected, too. The samples were
centrifuged at 1000 rpm for 5 min, and the precipitate was collected and washed by PBS twice. For
apoptosis analysis, the cells were stained by an Annexin V-FITC/ propidium iodide (PI) Apoptosis Kit
(MULTI SCIENCES, China). Thereafter, the cell apoptosis ratio was measured by a BD FACSVerse.

2.12. RNA �uorescence in-situ hybridization (FISH) and immuno�uorescence assay

FISH probes targeting for RAD51B‐AS1 were purchased from RiboBio CO., LTD (China). Brie�y, HO8910
cells were grown on 4-chamber glass bottom dish (Cellvis, USA), �xed in a 4% formaldehyde solution for
30 minutes at room temperature, permeabilized in PBS containing 0.5% Triton X‐100 for 5 minutes at 4°C,
and then prehybridized at 37°C for 1 hour. Hybridization was conducted with FISH probes overnight at
37°C in the dark. If immuno�uorescence assay was followed, cells were then blocked with 3% BSA for 1
hour. Then cells were incubated with primary antibody anti-RAD51B (Santa cruz) at 4°C overnight and
secondary antibody FITC labeled anti-mouse(multisciences) at room temperature for 1 h. After the cells
were gradually washed, DAPI was counterstained to visualize the cell nucleus. Finally, the dish was
observed by confocal laser scanning microscopy (Olympus).
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2.13. Western blotting

Firstly, cell protein lysates were separated in 10% SDS-PAGE gel, and then transferred to polyvinylidene
di�uoride membrane. Secondly, western blotting analysis was carried out with anti-RAD51B (Santa cruz),
anti-Bcl-2(Santa cruz) antibodies. Anti-β-ACTIN antibody (Fdbio science) was used as an internal control.
Thirdly, the membrane was washed and subsequently incubated with horseradish peroxidase-conjugated
secondary antibodies (Cell Signaling Technology, USA). Finally, complexes were visualized with Fdbio-
Dura Enhanced Chemiluminescence kit and the expression levels of proteins were assessed by Image J.

2.14. Mouse xenograft assay

An in vivo model of ovarian cancer was established by subcutaneously injecting 3-week-old female
BALB/c nude mice (Silaike Experiment Animal Co., Ltd., Shanghai, China) with a rate of 5× 106 HO8910
cells stably overexpressed RAD51B-AS1 per mouse (12 mice) and same number lentivirus infected
negative control cells suspended in PBS (6 mice). After 1 week, tumors were formed in both groups of
nude mice, the experimental group of LV-RAD51B-AS1 nude mice were randomly divided into two groups
on average, one group was injected with si-RAD51B intratumorally every 3 days, the other group of nude
mice and the control group of LV-NC nude mice were injected with the same amount of Si-NC every 3
days to control variables. The tumor volumes of the mice were measured every week and calculated by
the following formula: tumor volume [mm3] = 0.5 × Length × Width2). After 5 weeks, nude mice were
sacri�ced, and the subcutaneous implanted tumors lesions were excised, weighed, measured and
photographed. The half of the tumor tissues were used for RNA extraction and the other half were used
for immunohistochemical staining. This experiment was carried out in accordance with the National
Institutes of Health Guide for the Care and Use of Laboratory Animals and approved by the China Medical
University Animal Care and Use Committee (Approval number: IACUC-20200506-07).

2.15. Immunohistochemistry (IHC) analysis

Tissue samples were �xed with 4% paraformaldehyde. In good �xed state, they were pruned, dehydrated,
embedded, sliced, stained and sealed in strict accordance with pathological experiment detection
standard operating procedure. Finally, the quali�ed samples were examined under microscopy. IHC
analysis was performed with anti-RAD51B (Huabio), anti-Bcl-2(Abcam), anti-Ki-67(Abcam) antibodies.

2.16. Statistical analysis

SPSS 24 and Graphpad Prism 8 were used for all statistical analysis. Student's T test was used for
comparison of data with normal distribution and homogeneity of variance, while Welch's Correction's
unpaired T test was used for comparison of data with normal distribution but uneven variance.
Nonparametric Mann-Whitney test was used for non-normal distribution data. Kaplan-Meier method was
introduced for survival analysis. P < 0.05 indicated the signi�cant difference.

3. Results
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3.1. Identi�cation and characterization of RAD51B-AS1

The lncRNA expression pro�les of the ovarian carcinoma cell line, HO8910, and the derived cell line,
HO8910PM, which has a higher malignancy than HO8910, were analyzed using high-throughput
sequencing analysis (Figure 1A). The top 16 differentially expressed lncRNAs [log2(fold change)>2.5 or
<-2.5, P<0.05] were selected for further validation (Table 1). Among those selected, ENST00000554679.1
(RAD51B-AS1) was determined to be the most signi�cantly upregulated lncRNA following RT-qPCR
(Figure 1B). RAD51B-AS1 is 537 bp in length, and was con�rmed in the present study via northern blotting
(Figure 1C). It was predominately located in the nucleus, as veri�ed by subcellular fractionation followed
by expression analysis (Figure 1D), and FISH analysis (Figure 1E). The current study then assessed
RAD51B-AS1 expression in 49 serous ovarian carcinoma tissues and 9 benign tumors, revealing a
remarkably increase in the expression of RAD51B-AS1 in cancer samples (Figure 1F). 

Table 1. The function of lncRNAs expressed differentially between HO8910PM and HO8910
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Name of lncRNAs The
expression
level in
HO8910PM

Function

NR_045196.2

(SNHG18)

Low SNHG18 acts as a tumor suppressor and a diagnostic
indicator in hepatocellular Carcinoma[15] SNHG18 promotes
glioma cell motility via disruption of α-Enolase
nucleocytoplasmic transport[16] SNHG18 indicates poor
prognosis in Multiple Myeloma[17] SNHG18 drives the growth
and metastasis of non-small cell lung cancer[18]

ENST00000568391.1 High Not reported

ENST00000607026.1 High Not reported

NR_126480.1

(SALRNA1)

High SALRNA1:A senescence-associated lncRNA can delay
senescence[19] a new therapeutic target to limit the
irreversible apoptosis of lung epithelial cells in COPD
patients[20].

ENST00000414885.1 High Not reported

NR_110574.1 High Not reported

NR_046837.1 High Not reported

NR_125949.1 High Not reported

NR_135108.1 High Not reported

NR_125948.1 High Not reported

NR_126420.1 High Not reported

ENST00000557197.1 High Not reported

ENST00000604215.1 High Not reported

ENST00000599208.1 High Not reported

ENST00000554679.1 High Not reported

NR_027412.1

(LINC00910)

Low LINC00910 is hypermethylated and highly expressed in
gastric cancer[21].

3.2. lncRNA RAD51B-AS1 enhances growth, metastasis and anoikis resistance in OC cells

To clarify the biological functional roles of RAD51B-AS1 in malignant OC cells, knockdown and
overexpression experiments were conducted. RAD51B-AS1 was knocked-down using two siRNAs
transfected into HO8910PM cell lines. These were selected due to their relatively higher expression of
lncRNA RAD51B-AS1. The knockdown experiments demonstrated a high knockdown e�ciency (Figure
2A). In addition, an RAD51B‐AS1 overexpression lentivirus was infected into HO8910 ovarian cells, which
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possess lower levels of RAD51B-AS1, to establish a stably overexpressed RAD51B‐AS1 cell line. The
e�ciency of this experiment was also demonstrated (Figure 2B). CCK-8 assays revealed that the
proliferation of cells was signi�cantly attenuated after the depletion of endogenous RAD51B-AS1 when
compared with the negative control group (Figure 2C). Furthermore, proliferation was considerably
increased following RAD51B-AS1 overexpression (Figure 2D). Similar trends were demonstrated in
colony-formation and survival assays following RAD51B-AS1 knockdown (Figure 2E) and overexpression
(Figure 2F). In the RAD51B-AS1 knockdown group, the migration and invasion of cells was markedly
decreased compared with the control group (Figure 2G), while the RAD51B-AS1 overexpression group
signi�cantly increased these effects (Figure 2H). We revealed that RAD51B-AS1 can promote the anoikis
resistance of OC cells. The highly metastatic cell line HO8910PM demonstrated stronger anoikis
resistance when compared with its parent cell line HO8910 (Figure S1A). This may be a mechanism by
which stronger metastasis conferred. To investigate this hypothesis, functional assays regarding the
anoikis resistance of RAD51B-AS1 were carried out. The results revealed that RAD51B-AS1 knockdown
signi�cantly increased the apoptotic rate of OC cells when cells were attached and detached (Figure 2I),
while overexpression of RAD51B-AS1 signi�cantly reduced these effects (Figure 2J). This indicated that
anoikis resistance was signi�cantly weakened after RAD51B-AS1 silencing and enhanced after RAD51B-
AS1 overexpression. In the soft agar assay, the anchor-independent growth of OC cells was signi�cantly
reduced after RAD51B-AS1 knockdown (Figure S1B) and increased after RAD51B-AS1 overexpression
(Figure S1C). As Bcl-2 is an anti-anoikis gene, its protein expression levels were reduced following
RAD51B-AS1 downregulation (Figure 2K), while RAD51B-AS1 overexpression resulted in increased
expression (Figure 2L). Furthermore, adherent HO8910 cells were compared with the same generation of
HO8910 cells that were suspended for 24 and 48 h. The results revealed that intracellular RNA levels of
lncRNA RAD51B-AS1 were signi�cantly increased after suspension was induced (Figure 2M), indicating
that RAD51B-AS1 contributed to the anoikis resistance of OC.

3.3. RAD51B-AS1 positively regulates RAD51B

Biogenetics prediction analysis of the downstream target genes of lncRNA RAD51B-AS1 was conducted.
Since RAD51B-AS1 was mainly located in the nucleus, the ways in which it regulates its target genes were
primarily divided into cis and trans regulation. Potential cis-regulated lncRNA target genes were obtained
by integrating the differentially expressed lncRNAs with their adjacent (10 kb) mRNA data. For the
prediction of trans regulation, sequences of differentially expressed lncRNAs and mRNAs were �rst
extracted, after which BLAST software was used for primary screening (e<1E-5) and RNAPlex software
was used for secondary screening to identify the possible target genes of lncRNA. As demonstrated in
Tables S5 and S6, the only identi�ed target gene was RAD51B.

FISH assays revealed that RAD51B-AS1 and RAD51B were both located in the nucleus in close proximity
to each other and with the stable overexpression of RAD51B-AS1, the �uorescence intensity of RAD51B
also increased (Figure 3A). Data from 49 cases of OC were subsequently analyzed, and there was clear
evidence of a positive linear correlation between RAD51B-AS1 and RAD51B (Figure 3B). To verify that
RAD51B was the target gene of RAD51B-AS1, RT-qPCR and western blotting assays were carried out. Due
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to the position of RAD51B-AS1 corresponding to the intron of RAD51B, the two transfected siRNAs did
not have any effect on RAD51B mRNA levels (Figure S2A). RAD51B-AS1 knockdown and overexpression
markedly decreased and elevated RAD51B mRNA expression levels, respectively (Figure 3C and 3D).
Additionally, western blotting analyses revealed that RAD51B protein levels were markedly different
(Figure 3E and 3F), which was consistent with mRNA levels in dysregulated RAD51B-AS cell lines. Thus,
the results suggested that RAD51B-AS1 may regulate RAD51B expression at the transcriptional and
translational level. It was hypothesized that RAD51B-AS may facilitate OC progression by increasing
RAD51B expression.

3.4. RAD51B promotes the malignant biological behavior of OC 

RAD51B was markedly upregulated in OC tissues (Figure 4A). Based on the Kaplan-Meier Plotter online
database, survival plots revealed that the patients with higher RAD51B expression levels had a lower
progression-free survival (Figure. 4B) and overall survival (Figure 4C). To determine and research the
potential regulatory role of RAD51B in the malignant biological behavior of OC, RAD51B expression was
downregulated in HO8910PM cells by transfecting with si-RAD51B, which simultaneously reduced the
expression of the anti-apoptotic protein Bcl-2 (Figure 4D). Subsequently, CCK-8 (Figure 4E) and colony
formation (Figure 4F) assays were performed to determine the effect of RAD51B on the proliferation of
OC cells. RAD51B silencing inhibited cell proliferation and survival. Consistent with RAD51B-AS1,
RAD51B downregulation also reduced metastasis (Figure 4G) and anoikis resistance (Figure 4H) in
HO8910PM cells. In the soft agar assay, the anchor-independent growth of OC cells was signi�cantly
reduced after RAD51B knockdown (Figure S2B). RAD51B was positively associated with RAD51B-AS1
and exhibited pro-carcinogenic properties in OC.

3.5 RAD51B-AS1 mediates OC progression by regulating RAD51B expression

To further demonstrate that RAD51B-AS1 promotes cancer cell progression by interfering with RAD51B
expression, rescue assays were conducted. It was revealed that si-RAD51B reversed the promotion of Bcl-
2 expression following LV-RAD51B-AS1 overexpression (Figure. 5A). Furthermore, RAD51B-AS1
overexpression markedly increased OC cell growth (Figure 5B and C) and metastasis (Figure 5D), which
was abolished by deleting RAD51B. Likewise, RAD51B knockdown reversed the promotion of anoikis
resistance and anchor independent growth following RAD51B-AS1 upregulation (Figure 5E and S2C).

3.6 RAD51B-AS1 contributes to OC progression by regulating RAD51B expression in vivo. 

To con�rm whether RAD51B-AS1 affected the proliferation of OC cells through RAD51B in vivo,
subcutaneous tumor mouse models were established. The results revealed that the tumor-promoting
ability of the overexpressed group was signi�cantly reduced compared with the control group, following
an intratumoral injection of si-RAD51B (Figure 6A-C). Both the knockdown e�ciency of si-RAD51B (Figure
6D) and the overexpression e�ciency of LV-RAD51B-AS1 were veri�ed (Figure 6E). RAD51B expression
levels were increased following RAD51B-AS1 overexpression (Figure 6D), and the linear correlation
between them was veri�ed (Figure 6F). Immunohistochemistry con�rmed that the RAD51B, Ki67 and Bcl-
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2 proteins were signi�cantly increased after RAD51B-AS1 overexpression and restored to their original
levels in simultaneously overexpressed RAD51B-AS1 and RAD51B knocked-down cells (Figure 6G). Taken
together, the results supported our in vitro �ndings and suggested that RAD51B-AS1 promoted OC
through RAD51B in vivo.

3.7 High expression of RAD51B-AS1 is predictive of a poor prognosis

The correlation between RAD51B-AS1 expression levels and the clinical prognostic parameters of 49
patients with OC was evaluated. The results revealed that RAD51B-AS1 expression levels were positively
correlated with poorer prognostic parameters, including FIGO stage and lymph node metastasis (Table 2).
The results indicated that high expression of RAD51B-AS1 was a predictor of poor prognosis in patients
with OC.

Table 2. Association between RAD51B-AS1 expression level and clinicopathological parameters of
patients. 

Variables N RAD51B-AS1 expression p value

low high

age years 0.228

≤50 12 5 7

>50 37 7 30

FIGO stage 0.012*

I/II 10 6 4

III/IV 39 6 33

Lymph node metastasis 0.044*

negative 23 9 14

positive 26 3 23

Serum CA125 (U/ml) 0.183

≤500 23 8 15

>500 26 4 22

* Bold values were presented as P 0.05

4. Discussion
An increasing number of studies have uncovered the indispensable role that lncRNAs play in the
tumorigenesis and progression of various types of cancer [22-24]. For instance, MALAT1 has been
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suggested to serve as a potential prognostic biomarker and therapeutic target in different types of
cancer [9, 25-27]. Abnormal regulation of lncRNAs is tightly involved in the diagnosis and therapy of
patients with cancer [28]. 

aslncRNAs are a class of transcripts that are complementary to their sense RNA strands of protein-coding
genes, and have been shown to be widely expressed in a variety of tumors and cell lines [29-31]. aslncRNA
exerts multiple functions and can act as positive or negative regulators of their homologous genes
through cis or trans mechanisms [32]. However, the underlying mechanisms of aslncRNAs are complex.
Depending on their localization, aslncRNAs can interact with DNA, RNA and protein to affect the gene
expression process at the pre-transcriptional or post-transcriptional levels. This may involve mRNA
splicing, stabilization of its complementary mRNA, mRNA localization and transport, and the initiation of
sense‐encoded proteins [33]. For instance, the lncRNA TPT1‐AS1 promotes OC tumorigenesis and
metastasis by promoting TPT1 expression and inducing the transcriptional activity of the TPT1
promoter [34]. Furthermore, lncRNA FOXC2-AS1 stabilizes the mRNA of its sense‐cognate gene, FOXC2, to
activate the Ca2+-FAK signaling pathway and promote colorectal cancer progression [35]. GATA3-AS1
forms a DNA-RNA hybridization (R-loop) to enroll MLL methyltransferase at the gene site to regulate
GATA3 expression [36]. However, no e�cient and speci�c lncRNA has been identi�ed or used for OC
diagnosis or treatment, and its internal function and molecular mechanism have not been fully explored,
meaning that further analysis is required.

In the present study, RAD51B-AS1 was con�rmed to be expressed at high levels in OC tissues and
markedly associated with unfavorable OC clinicopathological features, including III‐IV FIGO stage and
lymph node metastasis. Moreover, RAD51B-AS1 was revealed to markedly promote OC proliferation,
migration and anoikis resistance in vitro and in vivo. Therefore, RAD51B-AS1 may play an oncogenic role
in OC. RAD51B expression was positively correlated with RAD51B-AS1 expression and signi�cantly
elevated in patients with OC, which could indicate its role as a tumor promoting gene for OC. RAD51B is a
paralog of the human gene RAD51. RAD51 protein levels have been reported to be a potential marker for
prognosis and it has been reported to promote cell proliferation in pancreatic cancer [37]. Increased RAD51
expression levels has been associated with genome instability, tumor recurrence, tumor progression, and
increased resistance to radiotherapy and chemotherapy in various types of cancer [38-40]. RAD51B also
plays a crucial role in the regulation of these processes, and may therefore act as a candidate oncogene
and biomarker for cancer detection and prognosis. Previously, RAD51B was been con�rmed to exert pro-
carcinogenic effects in certain types of cancer, was found to contribute to the tumorigenesis of gastric
cancer, server as a potential biomarker for the early detection of gastric cancer and function as an
indicator of poor prognosis [41]. Unfortunately, the clinical signi�cance of RAD51B and its cellular
functions in OC are not yet fully understood. The results of the present study revealed that RAD51B
downregulation suppressed OC malignancy. These data suggested that RAD51B was a pro-oncogene in
OC. However, the current study is limited by the sample size and the lack of determination of the
underlying mechanisms of RAD51B in contributing to the progression of OC. Further studies are required
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to understand the molecular mechanism through which RAD51B-AS1 regulates RAD51B, and through
which RAD51B participants in the progression of OC. 

These results may extend current knowledge about potential biomarkers and their prediction of overall
survival in patients with OC, and guide therapeutic strategies for the disease. The results may also
provide areas of study for determining the molecular mechanisms that underlie the development of OC,
and provide new molecular markers and targets for the diagnosis and treatment of OC.

5. Conclusion
In summary, current study demonstrated that lncRNA RAD51B-AS1 promoted the malignant biological
behavior of OC by activating RAD51B. The results may provide a potentially effective therapeutic target
for OC.
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Figure 1

Identi�cation and characterization of RAD51B-AS1. (A) Heatmap of differentially expressed lncRNAs
between HO8910 and HO8910PM[log2(fold change) 2 or -2 P 0.05]. The red arrow indicates lncRNA
RAD51B-AS1. (B) The expressions of sixteen selected lncRNAs were detected by RT-qPCR in HO8910 and
HO8910PM cells. Results shown are means ± SD(n≥3), *p < 0.05. (C) The validation of RAD51B-AS1 by
Northern Blotting. (D) Subcellular fractionation detection showed the location of RAD51B-AS1. Results
shown are means ± SD for three separate experiments. (E) FISH assay showed the location of RAD51B-
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AS1 with U6 and 18S as internal reference. Scale bar, 20μm. (F) The expression of RAD51B-AS1 in benign
ovarian tumors and ovarian cancer tissues. Results were shown as means ± SD. ****p < 0.0001.

Figure 2

LncRNA RAD51B-AS1 enhances growth and metastasis and anoikis resistance in ovarian cancer cells.
(A) Veri�cation of knockdown e�ciency of two speci�c siRNAs targeting RAD51B-AS1 in HO8910PM
cells using RT-qPCR analysis. (B) Veri�cation of e�ciency of lentivirus overexpression in HO8910 cells
using RT-qPCR analysis. (C, D) CCK-8 assays showed proliferation of HO8910 and HO8910PM cells
treated with knockdown(C) or overexpression(D) of RAD51B-AS1. (E, F) Representative images of colony-
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formation assays for the survival ability in HO8910PM and HO8910 cells with RAD51B-AS1 down-
regulation(E) and up-regulation(F) are shown in left panels, respectively. Statistics of colony numbers per
well are shown in right graphs. (G,H) Transwell assays demonstrated the migration and invasion ability
after knockdown(G) or overexpression(H) of RAD51B-AS1. Scale bar, 100μm. (I, J) Apoptotic rates after
knocking down(I) or overexpressing(J) RAD51B-AS1 when cells were attached or detached. (K, L) Western
blotting assays showed expression of Bcl-2 protein while dysregulation of RAD51B-AS1. (M) The
expression level of RAD51B-AS1 was detected by RT-qPCR in HO8910 cells at 24h and 48h after induced
suspension. Results were shown as means ± SD, n≥3 ,*p 0.05, **p 0.01, ***p 0.001,****p<0.0001
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Figure 3

RAD51B-AS1 positively regulates RAD51B. (A) FISH and immuno�uorescence co-localization showed
that RAD51B-AS1 and RAD51B co-localized in the nucleus. Scale bar, 20μm. (B) The linear correlation
between RAD51B-AS1 and RAD51B in 49 cases of OC using RT-qPCR analysis. (C,D) RT-qPCR showed
mRNA level of RAD51B after silencing(C) or overexpression(D) of RAD51B-AS1 (E,F)Western blotting
analysis showed protein level of RAD51B after knockdown(E) or overexpression(F) of RAD51B-AS1.
Results were shown as means ± SD for three separate experiments. *p 0.05 **p 0.01 ***p 0.001, ****p
0.0001.

Figure 4

RAD51B promotes the malignant biological behavior of ovarian cancer. (A) Comparison of RAD51B
expression in benign ovarian tumors and ovarian cancer tissues using RT-qPCR.(B,C) Kaplan-Meier
analysis of progression-free survival(B) and overall survival(C) of OC patients based on the Kaplan-Meier
Plotter online database (Affymetrix ID: 1554496_at; all, P<0.05) (D) Bcl-2 expression are showed after
RAD51B knockdown using western blotting analysis.(E) CCK-8 assays showed cell growth ability after
RAD51B knockdown.(F) Colony formation assays showed HO8910PM cells colony formation ability.(G)
Transwell assays showed cells migration and invasion when RAD51B was knockdown. Scale bar, 100μm.
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(H) Apoptotic rate after knocking down RAD51B when cells were attached or detached. Results were
shown as means ± SD for three separate experiments. *p 0.05 **p 0.01 ***p 0.001

Figure 5

RAD51B-AS1 mediates OC progression by regulating RAD51B expression. (A) western blotting assays
were used to verify the expression levels of Bcl-2. (B) CCK-8 assays were used to observe the growth of
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cells. (C) The cell colony formation and viability were observed by plate colony formation experiment. (D)
Cell migration and invasion ability were observed by Trans-well assay. Scale bar, 100μm. (E) Apoptosis
rate of adherent and suspended cells was observed by �ow cytometry. Results were shown as means ±
SD for three separate experiments. *p 0.05 **p 0.01 ***p 0.001 ****p 0.0001

Figure 6
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RAD51B-AS1 contributes to progression of ovarian cancer by regulating RAD51B expression in vivo. (A)
Final volume of subcutaneous neoplasm in nude mice. (B) The volume growth curve of subcutaneous
tumor in nude mice.(C) Weight of subcutaneous neoplasm in nude mice.(D) The expression of RAD51B in
the tumor was detected by RT-qPCR.(E) The expression of RAD51B-AS1 in the tumor was detected by RT-
qPCR.(F) Analysis of linear relationship between lncRNA RAD51B-AS1 and RAD51B mRNA.(G) IHC
analysis of RAD51B,Ki67 and Bcl-2. Scale bar, 50μm. Results were shown as means ± SD for three
separate experiments. *p 0.05 **p 0.01 ***p 0.001 ****p 0.0001
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