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Abstract
Background:LBX2-AS1 is a long noncoding RNA that facilitates the development of gastrointestinal
cancers and lung cancer, but its participation in ovarian cancer development remained uninvestigated.

Methods: Clinical data retrieved from TCGA ovarian cancer database and the clinography of 60 ovarian
cancer patients who received anti-cancer treatment in our facility were analyzed. The overall cell growth,
colony formation, migration, invasion, apoptosis and tumor formation on nude mice of ovarian cancer
cells were evaluated before and after lentiviral-based LBX2-AS1 knockdown. ENCORI platform was used
to explore LBX2-AS1-interacting microRNAs and target genes of the candidate microRNAs. Luciferase
reporter gene assay and RNA-pulldown assay were used to verify the putative miRNA-RNA interactions.

Results: Ovarian cancer tissue specimens showed signi�cant higher LBX2-AS1 expression levels that
non-cancerous counterparts. High expression level of LBX2-AS1 signi�cantly associated with patients
reduced overall survival. LBX2-AS1 knockdown signi�cantly downregulated the cell growth, colony
formation, migration, invasion and tumor formation capacity of ovarian cancer cells and increased their
apoptosis in vitro. LBX2-AS1 interacts with and thus inhibits the function of miR-455-5p and miR-491-5p,
both of which restrained the expression of E2F2 gene in ovarian cancer cells via mRNA targeting.
Transfection of miRNA inhibitors of these two miRNAs or forced expression of E2F2 counteracted the
effect of LBX2-AS1 knockdown on ovarian cancer cells.

Conclusions

LBX2-AS1 was a novel cancer-promoting lncRNA in ovarian cancer. This lncRNA increased the cell
growth, survival, migration, invasion and tumor formation of ovarian cancer cells by inhibiting miR-455-
5p and miR-491-5p, thus liberating the expression of E2F2 cancer-promoting gene.

Background
Ovarian cancer is the second most frequently diagnosed gynecological cancer and the leading cause of
gynecological cancer-related death [1]. Common treatment strategies include surgery and adjuvant
chemotherapy, but because its often diagnosed as late stage, patients’ outcome remains to be improved.
The pivotal roles played by long noncoding RNAs (lncRNAs) in the development of ovarian cancers have
been increasingly addressed[2-3]. LncRNAs are known to regulate gene expressions by “sponging”
microRNAs, thus participating in the cancer development[4-5]. MicroRNAs (miRNAs) are small RNAs (<
200 nt) that are known to repress the expression of their target genes by interacting with their binding
sites on the target gene mRNAs and suppressing protein translation[6], and lncRNAs could regulate the
expression of miRNA target genes by competitively binding to these miRNAs[7] . LncRNAs including
FLVCR1-AS1, HOXD-AS1, MLK7-AS1 and HOTAIR[8-11] have been reported to promote ovarian cancer
development through such mechanisms, while some other lncRNAs, such as MAGI2-AS3 [12], showed a
cancer-suppressive role in ovarian cancer development.
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lncRNA LBX2-AS1 has been previously found as a cancer-promoting lncRNA in several types of cancers
mainly by sponging cancer suppressive miRNAs [13-14], but its role and mechanism of action in the
development of ovarian cancer remain undetermined. In this research, we found that LBX2-AS1
expression level was signi�cantly increased in ovarian cancer, in association with patients’ reduced
overall survival; knockdown of this lncRNA could signi�cantly reduce the cell growth, colony formation,
migration, invasion and tumor formation of the ovarian cancer cells and increase their apoptosis. Wealso
found that LBX2-AS1 could directly binds to and inhibit the function of miR-455-5p and miR-491-5p, both
of which restrained the expression of E2F2 by interacting with the 3’ UTR of its mRNA. Our data showed
that inhibition of these two miRNAs or the forced expression of E2F2 counteracted the effect of LBX2-
AS1 knockdown on the malignancy of ovarian cancer cells.

Materials And Methods
Collection of patient-derived tissue specimens and meta-analysis

A total of 60 ovarian tissues and paired adjacent nontumor tissues were collected from patients who
received surgical resection at Nanjing Maternity and Child Health Care Hospital. None of the patients had
undergone chemotherapy or radiotherapy prior to surgery. Following surgical resection, all tissues were
immediately frozen in liquid nitrogen and stored at −80°C until use for total RNA isolation. The present
study was approved by the Ethics Committee of Nanjing Maternity and Child Health Care Hospital and
was performed in accordance with the Declaration of Helsinki. Written informed consent was provided by
all participants before inclusion in the study.

TCGA ovarian cancer dataset were analyzed using UCSC Xena TCGA data browser
(https://xena.ucsc.edu).Clinical data were retrieved from the medical records of 60 ovarian cancer
patients who received anti-cancer treatment in our facility during 2015-2018. The patients were at the age
of 47 ± 5.12, who were diagnosed with the tumor at stage II and received adjuvant chemotherapy after
radical tumorectomy. Informed consent in written was obtained from each patient. The patient-derived
ovarian cancer tissue specimens and the contralateral,non-cancerous ovarian tissue specimens were
obtained during surgery and were stored in liquid nitrogen before analysis. A total of1657 and 1436 cases
fromthe Kaplan-Meier Plotter Database werecollected to analyze overall survival and progression-
freesurvival rates. 

Cell culture and and stable cell line selection

SKOV3, OVCAR-3, Caov-3 and ES-2 human ovarian cancer cell lines as well as the human ovarian surface
epithelial cells (HOSEPICs) were purchased from the cell bank of the Chinese academy of science
(Shanghai, China). These cells were cultured in a humidi�ed atmosphere at 37 degree with 5% CO2 using
RPMI-1640 medium supplemented with 10% fetal bovine serum and 1% of pen/strep stock solution
purchased from Thermo Fisher Scienti�c (Shanghai, China)[15]. LBX2-AS1 knockdown in vitro was
achieved by lentiviral-based delivery of two different shRNA (sh-LBX2-AS1#1 and sh-LBX2-AS1#2) into

https://xena.ucsc.edu/
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the target cells. A non-targeting shRNA (sh-NC) was used as negative control for LBX2-AS1 knockdown.
The lentiviral particles were commercially purchased (Genecopoeia) and were used at a titer of 10^6 U/ml
using Lipofectamin 2000 (Thermo Fisher Scienti�c) as the transcription reagent at a ratio of 1:20 in
antibiotic-free cell culture medium. The cells were selected with Puromycin (Thermo Fisher Scienti�c) 48
hours after transfection for two passages. The e�ciency of LBX2-AS1 knockdown was evaluated by qRT-
PCR. Augmentation and inhibition of miR-455-5p or miR-491-5p were achieved by transfecting
commercially purchased miR-455-5p or miR-491-5p mimic and inhibitor (Ribobio, Guangzhou, China),
respectively, at a concentration of 100nM into the target cells using Lipofectamin 2000 (Thermo Fisher
Scienti�c) as the transcription reagentat a ratio of 1:20 in antibiotic-free cell culture medium. Cells were
analyzed 24 hours after transfection.

Evaluation of RNA expression levels

Total RNA (>200nt)or total small RNA (<200nt) were extracted using spin column-based isolation kit
(Beyotime, Shanghai, China). The cells cultured in vitro and the patient-derived tissue specimens were
�rst lysed using the lysis buffer associated with the kit before RNA extraction. The RNA extraction
products were subject to qRT-PCR using commercially purchased cDNA synthesis kit, primers and qPCR
mix (Genecopoeia, Guangzhou, China). For RNA >200nt, GAPDH was used as housekeeping gene, and
RNU6B was used as housekeeping gene for small RNA. Primers used in this research were as follows:
LBX2-AS1 Fw:5’-AGTTTGTCCCAGGTTTGGCA-3’;LBX2-AS1Rev: 5’-CATGCCAGGGTCCTTGTTCT-3’; E2F2
Fw: 5’-GAGCTCACTCAGACCCCAAG-3’; E2F2 Rev: 5’-AACAGGCTGAAGCCAAAAGA-3’; GAPDH Fw: 5’-
CCACATCGCTCAGACACCAT-3’; GAPDH Rev: 5’-TGACAAGCTTCCCGTTCTCA-3’; miR-455-5p Fw: 5’-
GCCGCCTATGTGCCTTTGGACT-3’; miR-491-5p Fw: 5’-GGAGTGGGGAACCCTTCC-3’; RNU6B Fw: 5’-
CTCGCTTCGGCAGCACA-3’; RNU6B Rev: 5’-AACGCTTCACGAATTTGCGT-3’. The reverse primer for the two
miRNAs were universal miRNA primer associated with the qPCR kit.

Cell proliferation

The overall cell growth of the SKOV3 and OVCAR-3 ovarian cancer cells was evaluated by CCK-8 cell
proliferation assy. Brie�y, the cells were seeded on 96-well-plate at a 1000 cells/well ratio; after 24, 48 or
72 hours of cell culture, the cells were incubated with CCK-8 solution at a ratio of 1:10 in the cell culture
medium for 1 hour, and the amount of cells in each well was compared by measuring the OD 450 value
of each well using a microplate reader.

Cell colony formationassay

The colony forming ability of the SKOV3 and OVCAR-3cells was evaluated by clone formation assay.
Brie�y, 200 cells resuspended in 10 ml cell culture medium were cultured in a 100 mm petri dish. 2 weeks
after cell culture, the clones on the petri dish were �xed with 4% paraformaldehyde, followed by staining
with GIMSA solution (Sigma-Aldrich, Shanghai, China). The clones on each petri dish were counted in 3
randomly picked view under microscope.
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Transwell invasion assay

Invasiveness and mobility of the SKOV3 and OVCAR-3cells were evaluated by transwell assay using 8μm
pore polycarbonate membrane inserts with or without Matrigel coating (Corning, Shanghai, China),
respectively. Brie�y, 5000 cells resuspended in serum-free medium were added into the transwell chamber,
which was placed in cell culture medium supplemented with 5% fetal bovine serum and was cultured
overnight. Cells migrated through the membrane were �xed with 4% paraformaldehyde, followed by
staining with GIMSA solution and counting in 3 randomly picked view under microscope.

Flow cytometry

Apoptosis of the SKOV3 and OVCAR-3cells in in vitro cell culture was evaluated by Annexin V-FITC/PI
staining and �ow cytometry. Brie�y, the cells were collected by trypsin/EDTA (Sigma-Aldrich) treatment,
before they were stained using Annexin V-FITC Apoptosis Detection Kit (Solarbio, Beijing, China)
following the manufacturer’s instructions. the Annexin V-FITC/PI staining of these cells were then
evaluated by �ow cytometry, and the apoptotic cells were determined by Annexin V-FITC+/PI- staining.

Animal studies

Allanimal maintenance and procedures were carried inaccordance with the National Institute of Health
Guidefor the Care and Use of Laboratory Animals, with theapproval of the Animal Research Committee of
Nanjing Medical University.The tumorigenicity of the SKOV3 cells was evaluated by tumor formation
assay using nude mice. Brie�y, 10^7 cells resuspended in 0.2 ml of sterile PBS were subcutaneously
injected on the back of the nude mice. The tumor volume was measured at day 7, 14, 28 and 35 post
injection. The tumor mass was collected for weighting at day 35.

Prediction of lncRNA-miRNA interaction and miRNA-mRNA interaction

Prediction of lncRNA-miRNA and miRNA-mRNA interactions was performed using Encyclopedia of RNA
Interactomes (ENCORI) platform (http://starbase.sysu.edu.cn/) with default settings.

Luciferase reporter gene assay

To verify the putative miRNA-mRNA and miRNA-LncRNA interaction, the predicted bindings sites of miR-
455-5p and miR-491-5p on LBX2-AS1 or the 3’ untranslated region of E2F2 mRNA were inserted into the 3’
untranslated region of Gaussia luciferase gene on the Luciferase reporter vector, which also carries the
secreted alkaline phosphatase (SEAP) gene as the internal reference. The reporter vector was co-
transfected with miRNA mimic negative control, miR-455-5p mimic or miR-491-5p mimic into the target
cells. 24 hours after transfection, the Gaussia luciferase and alkaline phosphatase secreted into the cell
culture medium was evaluated using Secrete-PairGaussia Luciferase Assay Kit (genecopoeia) following
the manufacturer’s instructions.

RNA-pulldown assay
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To verify the putative miRNA-lncRNA interaction, we used a biotinylated LBX2-AS1 (Ribobio) as probe to
enrich LBX2-AS1-interacting miRNAs from the cell lysate of the SKOV3 and OVCAR-3 cells. Brie�y, the
cells were lysed using a harsh RIPA lysis buffer by pipetting, after which the cell lysate pre-cleared by
centrifugation was incubated with the biotinylated LBX2-AS1 for 2 hours at 4 degree with gentle rotation,
followed by incubation with streptavidin-conjugated agarose beads (Sigma-Aldrich) for 2 hours under the
same condition. miRNAs associated with the beads were then subject to qRT-PCR as described above.

Western blot assay

Protein levels of E2F2 in the SKOV3 and OVCAR-3 cells after various of treatment were evaluated by
western blot assay using GAPDH protein as internal reference. The primary antibody for E2F2 (EPR8622,
Rabbit monoclonal) and GAPDH (EPR16891, Rabbit monoclonal) as well as the Goat anti-Rabbit
secondary antibody (ab205718) were purchased from Abcam (Shanghai, China).

Statistical analysis

Statistical analysis was performed using Graphpad Prism software (Ver. 8.4, GraphPad Software, San
Diego, CA, USA). Data were normalized to the mean value of the control group when applicable. Student’s
t test was used for two-group comparison. One-way analysis of variance using Dunnett’s method as the
post-hoc test was used for comparison of each experimental group to one control group. One-way
analysis of variance using Tukey’s method as the post-hoc test was used for multiple group comparison.
The p values were marked in histograms and line charts as follows: *, p < 0.05, comparing to the control
group; **, p < 0.01, comparing to the control group; ##, p < 0.01, comparing to the LBX2-AS1 knockdown
group.

Results
1. Increased expression of LBX2-AS1 in ovarian cancer and its association with patients’ reduced

survival

In this research, we �rst explored LBX2-AS1 expression levels in ovarian cancer tissue specimens and
non-cancerous ovarian tissue specimens in TCGA ovarian cancer dataset. As shown in Figure 1A, we
found that the expression level of LBX2-AS1in ovarian cancer tissue specimens was signi�cantly higher
than that in the non-cancerous ovarian tissue specimens. We next divided the patients’ data included in
this dataset into LBX2-AS1 high expression group and low expression group based on the LBX2-AS1
expression levels in their ovarian cancer tissue specimens, and we compared the overall survival of these
two group of patients. As shown in Figure 1B, the overall survival of patients with LBX2-AS1 expression
levels higher than the median value in their ovarian cancer tissue specimens was signi�cantly lower than
that of patients with LBX2-AS1 expression levels lower than the median value. We also compared the
expression levels of LBX2-AS1 in 60 pairs of patient-derived ovarian cancer tissue specimens and
contralateral,non-cancerous ovarian tissue specimens that were obtained during surgery in our facility. As
demonstrated in Figure 1C, our qRT-PCR results showed that LBX2-AS1 expression levels in these ovarian
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cancer tissue specimens (OC) was signi�cantly higher than that in the contralateral, non-cancerous
ovarian tissue specimens (para-cancer). Similarly, we found that LBX2-AS1 expression levels in four
commercially purchased human ovarian cancer cell lines SKOV3, OVCAR-3, Caov-3 and ES-2 were
signi�cantly higher than that in one non-malignant human ovarian epithelial cell line HOSEPICs , as
shown in Figure 1D. By separating these 60 ovarian cancer patients according to the LBX2-AS1
expression levels in their ovarian cancer tissue specimens, we found that the overall survival of patients
with high LBX2-AS1 expression levels was signi�cantly lower than that of patients with low LBX2-AS1
expression levels in Figure 1E. These results suggested that the expression level of LBX2-AS1 was
increased in ovarian cancer, and the high expression of this lncRNA was signi�cantly associated with the
reduced overall survival of ovarian cancer patients.

 

2. LBX2-AS1 knockdown reduced the malignancy of ovarian cancer cells.

Considering that qRT-PCR results presented in Figure 1D have shown that, among the four ovarian cancer
cell lines we have examined, LBX2-AS1 expression levels in SKOV3 and OVCAR-3 cells were higher than
that in the Caov-3 and ES-2 cells, we chose the SKOV3 and OVCAR-3 cells as models for futher LBX2-AS1
knockdown. As shown in Figure 2A, lentiviral transfection of two different LBX2-AS1-targeting shRNAs
(sh-LBX2-AS1#1 and #2, respectively) each signi�cantly reduced the expression level of this lncRNA in
the two ovarian cancer cell lines in vitro. We then evaluated the malignancy of these ovarian cancer cells
with or without LBX-2-AS1 knockdown with various cell function assays. We found that, comparing to the
negative control cells transfected with non-targeting shRNA (sh-NC), SKOV3 or OVCAR-3 cells with LBX2-
AS1 knockdown showed signi�cantly decrease in overall cell growth (Figure 2B), clonogenicity (Figure
2C), trans-well migration and invasion capacity (Figure 2D and 2E, respectively) in vitro as well as
tumorigenicity in nude mice (Figure 2G 2H and 2I), while the apoptosis of these two cell lines was
signi�cantly increased by LBX2-AS1 knockdown (Figure 2F). These results clearly showed that LBX2-AS1
was integral to the malignancy of ovarian cancer cells.

 

3. LBX2-AS1 inhibited miR-455-5p and miR-491-5p in ovarian cancer cells via direct interaction

LncRNAs are known to promote cancer progression by interacting with and thus inhibiting the function of
cancer suppressive miRNAs [16-17], including LBX2-AS1[13-14]. We employed ENCORI platform to
explore potential LBX2-AS1-interacting miRNAs, and we found miR-455-5p and miR-491-5p as two
candidate miRNAs, both of which have been reported as cancer suppressors in ovarian cancer [18-19].
The predicted interaction between LBX2-AS1 and miR-455-5p or miR-491-5p as well as the binding sites
were demonstrated in Figure 3A. To verify these predicted interactions, we purchased two different
luminescence reporter vectors, on one of which the cDNAs of the two predicted binding sites for miR-455-
5p and miR-491-5p on LBX2-AS1 were inserted into the 3’ untranslated region of Gaussia luciferase
reporter gene (LBX2-AS1-wt), and on the other one of which the cDNA of the two predicted binding sites
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were scrambled (LBX2-AS1-mut), and we separately transfected these two different vectors into SKOV3 or
OVCAR-3 cells with co-transfection of miR-455-5p mimic, miR-491-5p mimic or miRNA mimic negative
control (miR-NC). As demonstrated in Figure 3B and 3C, comparing to that in miR-NC co-transfected cells,
co-transfection with miR-455-5p mimic or miR-491-5p mimic signi�cantly reduced the Gaussia luciferase
production by the LBX2-AS1-wtreporter vector transfected cells but not the LBX2-AS1-mut reporter vector
transfected ones, suggesting that miR-455-5p and miR-491-5p could interact with the predicted binding
site on LBX2-AS1 presented in Figure 3A. To further con�rm the interaction between LBX2-AS1 and the
two miRNAs, we performed RNA pulldown assay in attempt to enrich miR-455-5p and miR-491-5p from
ovarian cancer cell lysate using biotinylated LBX2-AS1 as probe. As shown in Figure 3D, we found that
miR-455-5p and miR-491-5p could be enriched in the RNA pulldown complex using biotinylated LBX2-AS1
but not a negative control biotinylated RNA constructed by scrambling the sequence of LBX2-AS1,
suggesting the direct interaction between LBX2-AS1 and the two miRNAs. To investigate if LBX2-AS1
could functionally inhibit miR-455-4p or miR-491-5p in ovarian cancer cells, we �rst evaluated the level of
these two miRNAs in SKOV3 or OVCAR-3 cells with or without LBX2-AS1 knockdown. As shown in Figure
3E, we found that the levels of these two miRNAs in SKOV3 and OVCAR-3 cells were signi�cantly
decreased by LBX2-AS1 knockdown. We further found that the levels of these two miRNAs were
signi�cantly lower in the 60 patient-derived ovarian cancer tissue specimens, comparing to that in the
paired contralateral healthy ovarian tissue specimen, as shown in Figure 3F. Using the qRT-PCR data in
Figure 1C and in Figure 3F, we found that LBX2-AS1 levels in the 60 patient-derived ovarian cancer tissue
specimens were negatively associated with that of miR-455-5p or miR-491-5p in Figure 3G. These results
suggested that increased LBX2-AS1 level could reduce that of miR-455-5p or miR-491-5p in ovarian
cancer cells.

 

4. 3’ UTR of E2F2 mRNA was a direct target of miR-455-5p and miR-491-5p

MiRNAs regulate cancer development often by inhibiting the expression of their target genes through the
interaction with their binding sites on the 3’ UTR of their target mRNAs 20, 21. Using ENCORI platform, we
found E2F2 as a possible target gene of both miR-455-5p and miR-491-5p, and the predicted interaction
between the 3’ UTR of E2F2 mRNA and miR-455-5p or miR-491-5p as well as the binding sites were
demonstrated in Figure 4A. To verify this novel interaction between E2F2 mRNA and miR-455-5p or miR-
491-5p, we constructed luminescence reporter vectors using these two predicted bindings site as
described in Figure 3B and 3C. As demonstrated in the right two panel in Figure 4A, co-transfection with
miR-455-5p or miR-491-5p mimic could signi�cantly reduce the production of Gaussia luciferase in the
two ovaran cancer cell lines governed by the wildtype binding sites (E2F2-wt) but not those governed by
the scrambled ones (E2F2-mut), while co-transfection with miRNA mimic negative control (miR-NC)
showed minimal effect. These results clearly suggested the interaction between E2F2 mRNA and the two
miRNAs. Further analysis showed that low expression of E2F2 had a longeroverall survival rate and
progression-freesurvival in OC(https://kmplot.com/analysis/index.php?p=service&start=1)(Figure.4B-
4C).To further investigate whether miR-455-5p or miR-491-5p could inhibit the expression of E2F2 gene in

https://kmplot.com/analysis/index.php?p=service&start=1)(Figure.4B-4C)
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ovarian cancer cells, we transfected the SKOV3 and OVCAR-3 cells with miR-455-5p mimic, miR-491-5p
mimic or miRNA mimic negative control, after which we compared the protein levels of E2F2 in these
cells. As shown in Figure 4D, our western blotting assay results revealed that, comparing to that in the two
ovarian cancer cells transfected with miRNA mimic negative control, transfection with miR-455-5p or miR-
491-5p mimic signi�cantly decreased the protein level of E2F2 in these cell lines, suggesting that these
two miRNAs could directly inhibit the expression of E2F2 gene. Notably, we found that LBX2-AS1
knockdown could also downregulate the protein level of E2F2 in the two ovarian cancer cell lines, which
could be abrogated by co-transfection with miR-455-5p or miR-491-5p inhibitor, as suggested by our
western blot assay results in Figure 4E, suggesting that LBX2-AS1 could assist the expression of E2F2
gene by inhibiting miR-455-5p or miR-491-5p.

 

5. LBX2-AS1 increased the malignancy of ovarian cancer cells by regulating the miR-455-5p/miR-491-
5p-E2F2 axis

Based on our results presented in Figure 4E, we hypothesized that LBX2-AS1 might participate in the
development of ovarian cancer by inhibiting miR-455-5p and miR-491-5p, thus increasing the expression
of E2F2 gene. To help verifying this idea, we established E2F2 overexpression in SKOV3 and OVCAR-3
cells by transfection with E2F2 gene overexpressing plasmids, which was con�rmed by our western blot
assay results presented in Figure 5A. We next achieved LBX2-AS1 knockdown on SKOV3 and OVCAR-3
cells with or without E2F2 overexpression; we found that the downregulation of the overall cell growth of
the two ovarian cancer cells by LBX2-AS1 was signi�cantly weakened by the forced expression of E2F2
or the co-transfection with miR-455-5p or miR-491-5p inhibitor, as shown in Figure 5B. We further found
that forced expression of E2F2 or the co-transfection with miR-455-5p or miR-491-5p inhibitor
signi�cantly abrogated the inhibition of the malignancy of SKOV3 and OVCAR-3 cells by LBX2-AS1
knockdown, as shown in Figure 5C, D, E and F. These results clearly suggested that LBX2-AS1 participates
in the cell growth, survival, colony formation, migration and invasion by inhibiting miR-455-5p and miR-
491-5p, thus facilitating the expression of E2F2 gene in ovarian cancer cells.

Discussions
LncRNA LBX2-AS1 was �rst identi�ed in 2016 [22], and the functional research on this lncRNA in cancer
biological started very recently. In 2018, two different research groups proposed this lncRNA as a
biomarker for poor prognosis in glioma [23-24], after which this lncRNA was found to participate in the
development of esophageal squamous cell carcinoma [25] , non-small cell lung cancer [26], gastric
cancer [14] and hepatocellular carcinoma [13]. Notably, Zhang et al explored LBX2-AS1 expression level in
esophageal squamous cell carcinoma and the correlation between LBX2-AS1 expression level and
patients overall survival using the data in TCGA esophageal squamous cell carcinoma [12], which
inspired us to perform a similar pilot study on ovarian cancer. In this research, we found that, based on
the data we obtained from TCGA database and our clinical record, the expression level of LBX2-AS1 was
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frequently increased in ovarian cancer, and patients who have high LBX2-AS1 expression levels in their
ovarian cancer tissue specimens showed a decreased overall survival, suggesting the cancer promoting
role of this lncRNA in ovarian cancer. These results not only suggested the cancer-promoting role of
LBX2-AS1 in ovarian cancer development but also present it as a potential biomarker for the prognosis of
ovarian cancer patients, which will be further investigated in our future research. We next veri�ed the role
of LBX2-AS1 in ovarian cancer cells by several cell functional assays, and the results clearly showed that
the expression of this lncRNA is pivotal to the cell growth, survival, colony formation, migration, invasion
and tumor formation of ovarian cancer cells, thus further suggesting its cancer-promoting role. 

LBX2-AS1 has been found to target microRNA-384 and miR-219a-2-3p in hepatocellular carcinoma and
gastric cancer [13-14], respectively, yet the function and mechanism of action of this lncRNA in ovarian
cancer as we have revealed haven’t been investigated before. Considering that the research on the
mechanism of action of LBX2-AS1 in cancer is de�cient, in this research we used ENCORI platform to
explore possible LBX2-AS1-interacting miRNAs. When selecting miRNA candidates for functional
veri�cation, we also toke the previous publication records of these candidates into consideration. We
noticed that miR-455-5p and miR-491-5p were both reported as cancer-suppressive miRNAs in ovarian
cancer [18-19], and in this research, by luminescence reporter gene assay, RNA pulldown assay and cell
functional assays, we con�rmed that LBX2-AS1 could directly bind to these two miRNAs, by which LBX2-
AS1 increased the malignancy of ovarian cancer cells. We further used ENCORI platform to �nd potential
target genes regulated by both miR-455-5p and miR-491-5p, and we found E2F2 as a possible target
gene. The cancer-promoting role of E2F2 in ovarian cancer and other types of cancers has been well
addressed [27-30]. We therefore hypothesized that LBX2-AS1 might increase the expression level of E2F2
gene in ovarian cancer cells by inhibiting miR-455-5p and miR-491-5p, and this hypothesis was veri�ed by
our luminescence reporter gene assay and cell functional assays.

In this research, we found that LBX2-AS1 knockdown could signi�cantly increase the apoptosis of
ovarian cancer cells in cell culture, which was counteracted by the inhibition of miR-455-5p or miR-491-5p
or by the forced expression of E2F2. Interestingly, Creighton et al reported that E2F2 overexpression could
induced p53-dependent apoptosis in p53 competent ovarian cancer cells, while in ovarian cancer cells
with disabled p53 signaling, such as SCOV3, effect of E2F2 overexpression on the apoptosis of these
cells remained elusive [31]. In this research we also found that the impact of E2F2 overexpression on the
apoptosis of SCOV3 and OVCAR-3 cells was indistinctive. It remained to be further investigated how E2F2
participated in the regulation of ovarian cancer cell apoptosis. We also propose that high expression
levels of LBX2-AS1 might lead to the increased resistance to chemotherapy or radiotherapy of ovarian
cancer cells, considering that Reimer et al have reported the signi�cant association between the high
expression levels of E2F2 and increased platinum drug resistance in ovarian cancer patients [32]. These
issues will be further addressed in our future research.

Amajor drawback of this research was the lack of in vivo research. Although we have found that the
tumor formation by ovarian cancer cells on nude mice could be delayed by LBX2-AS1 knockdown, these
results might not be enough to address that LBX2-AS1 facilitated tumor growth in vivo, considering that
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the immune system of the nude mice is impaired. The mechanism of action of this lncRNA as we have
proposed based on our cell functional assay results should also be veri�ed in in vivo experiments, which
will be performed in our future research.

Conclusions
In summary, we demonstrated thatLBX2-AS1 was a novel cancer-promoting lncRNA in ovarian cancer.
This lncRNA increased the cell growth, survival, migration, invasion and tumor formation of ovarian
cancer cells by inhibiting miR-455-5p and miR-491-5p, thus liberating the expression of E2F2 cancer-
promoting gene(Figure 6),which may become a potentialmolecular marker for ovarian cancer treatment.
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:MicroRNAs;E2F2: E2F transcription factor 2.

Declarations
Acknowledgements

Not applicable.

Funding

This work was supported by the National Natural Science Foundation of China (81802595, 81702831);
The Natural Science Foundation of Jiangsu Province(BK20160140).

Availability of data and materials

The datasets used and/or analyzed during the current study are availablefrom the corresponding author
upon reasonable request.

Author contributions

XG and SH designed the study. JC, HW, RT, PX, GL, JM and HW performed the in vitro and animal
experiments. JC, HW, RT, PX, GL and HW analyzed the data. JC and HW wrote the paper. Allauthors read
and approved the �nal paper.

Ethics approval and consent to participate

All animal maintenance and procedures were carried in accordance with theNational Institute of Health
Guide for the Care and Use of LaboratoryAnimals, with the approval of the Animal Research Committee
of Nanjing Medical University.



Page 12/20

Consent for publication

Not applicable.

Competing interests

The authors declare no Disclosure Statement.

Author details

1Department of Gynecology, Women’s Hospital of Nanjing Medical University, (Nanjing Maternity and
Child Health Care Hospital), Nanjing 210004, China.2Department of Gynecology, The First A�liated
Hospital of Nanjing Medical University, Nanjing 210029, China.

References
1. Lheureux S, Gourley C, Vergote I, Oza AM. Epithelial ovarian cancer. Lancet 2019;393(10177): 1240-

1253.

2. Tripathi MK, Doxtater K, Keramatnia F, Zacheaus C, Yallapu MM, Jaggi M, et al. Role of lncRNAs in
ovarian cancer: de�ning new biomarkers for therapeutic purposes. Drug Discov Today 2018;23(9):
1635-1643.

3. Worku T, Bhattarai D, Ayers D, Wang K, Wang C, Rehman ZU, et al. Long Non-Coding RNAs: the New
Horizon of Gene Regulation in Ovarian Cancer. Cell Physiol Biochem 2017;44(3): 948-966.

4. Thomson DW, Dinger ME. Endogenous microRNA sponges: evidence and controversy. Nat Rev Genet
2016;17(5): 272-283.

5. Kopp F, Mendell JT. Functional Classi�cation and Experimental Dissection of Long Noncoding RNAs.
Cell 2018;172(3): 393-407.

�. Lu TX, Rothenberg ME. MicroRNA. J Allergy Clin Immunol 2018;141(4): 1202-1207.

7. Beermann J, Piccoli MT, Viereck J, Thum T. Non-coding RNAs in Development and Disease:
Background, Mechanisms, and Therapeutic Approaches. Physiol Rev 2016;96(4): 1297-1325.

�. Yan H, Li H, Silva MA, Guan Y, Yang L, Zhu L, et al. LncRNA FLVCR1-AS1 mediates miR-513/YAP1
signaling to promote cell progression, migration, invasion and EMT process in ovarian cancer. J Exp
Clin Cancer Res 2019;38(1): 356.

9. Dong S, Wang R, Wang H, Ding Q, Zhou X, Wang J, et al. HOXD-AS1 promotes the epithelial to
mesenchymal transition of ovarian cancer cells by regulating miR-186-5p and PIK3R3. J Exp Clin
Cancer Res 2019;38(1): 110.



Page 13/20

10. Yan H, Li H, Li P, Li X, Lin J, Zhu L, et al. Long noncoding RNA MLK7-AS1 promotes ovarian cancer
cells progression by modulating miR-375/YAP1 axis. J Exp Clin Cancer Res 2018;37(1): 237.

11. Chang L, Guo R, Yuan Z, Shi H, Zhang D. LncRNA HOTAIR Regulates CCND1 and CCND2 Expression
by Sponging miR-206 in Ovarian Cancer. Cell Physiol Biochem 2018;49(4): 1289-1303.

12. Gokulnath P, de Cristofaro T, Manipur I, Di Palma T, Soriano AA, Guarracino MR, et al. Long Non-
Coding RNA MAGI2-AS3 is a New Player with a Tumor Suppressive Role in High Grade Serous
Ovarian Carcinoma. Cancers (Basel) 2019;11(12).

13. Wang Y, Zhao Y, Zhang X, Zhang A, Ma J. Long noncoding RNA LBX2-AS1 drives the progression of
hepatocellular carcinoma by sponging microRNA-384 and thereby positively regulating IRS1
expression. Pathol Res Pract 2020; 152903.

14. Yang Z, Dong X, Pu M, Yang H, Chang W, Ji F, et al. LBX2-AS1/miR-219a-2-3p/FUS/LBX2 positive
feedback loop contributes to the proliferation of gastric cancer. Gastric Cancer 2019.

15. Liu Y, Gao S, Zhu J, Zheng Y, Zhang H, Sun H. Dihydroartemisinin induces apoptosis and inhibits
proliferation, migration, and invasion in epithelial ovarian cancer via inhibition of the hedgehog
signaling pathway. Cancer Med 2018;7(11): 5704-5715.

1�. Beermann J, Piccoli M-T, Viereck J, Thum T. Non-coding RNAs in Development and Disease:
Background, Mechanisms, and Therapeutic Approaches. Physiol Rev 2016;96(4): 1297-1325.

17. Chan JJ, Tay Y. Noncoding RNA:RNA Regulatory Networks in Cancer. Int J Mol Sci 2018;19(5): 1310.

1�. Xu L, Li H, Su L, Lu Q, Liu Z. MicroRNA‐455 inhibits cell proliferation and invasion of epithelial
ovarian cancer by directly targeting Notch1. Mol Med Rep 2017;16(6): 9777-9785.

19. Denoyelle C, Lambert B, Meryet-Figuière M, Vigneron N, Brotin E, Lecerf C, et al. miR-491-5p-induced
apoptosis in ovarian carcinoma depends on the direct inhibition of both BCL-XL and EGFR leading to
BIM activation. Cell Death Dis 2014;5(10): e1445-e1445.

20. Di Leva G, Garofalo M, Croce CM. MicroRNAs in cancer. Annu Rev Pathol 2014;9: 287-314.

21. Fabian MR, Sonenberg N, Filipowicz W. Regulation of mRNA translation and stability by microRNAs.
Annu Rev Biochem 2010;79: 351-379.

22. Bao L, Zhang Y, Wang J, Wang H, Dong N, Su X, et al. Variations of chromosome 2 gene expressions
among patients with lung cancer or non-cancer. Cell biology and toxicology 2016;32(5): 419-435.

23. Liang R, Zhi Y, Zheng G, Zhang B, Zhu H, Wang M. Analysis of long non-coding RNAs in glioblastoma
for prognosis prediction using weighted gene co-expression network analysis, Cox regression, and
L1-LASSO penalization. Onco Targets Ther 2019;12: 157-168.



Page 14/20

24. Wu F, Zhao Z, Chai R, Liu Y, Wang K, Wang Z, et al. Expression pro�le analysis of antisense long non-
coding RNA identi�es WDFY3-AS2 as a prognostic biomarker in diffuse glioma. Cancer Cell Int
2018;18: 107.

25. Zhang Y, Chen W, Pan T, Wang H, Zhang Y, Li C. LBX2-AS1 is activated by ZEB1 and promotes the
development of esophageal squamous cell carcinoma by interacting with HNRNPC to enhance the
stability of ZEB1 and ZEB2 mRNAs. Biochem Biophys Res Commun 2019;511(3): 566-572.

2�. Tang LX, Su SF, Wan Q, He P, Xhang Y, Cheng XM. Novel long non-coding RNA LBX2-AS1 indicates
poor prognosis and promotes cell proliferation and metastasis through Notch signaling in non-small
cell lung cancer. Eur Rev Med Pharmacol Sci 2019;23(17): 7419-7429.

27. Zhou Q, Zhang F, He Z, Zuo M-Z. E2F2/5/8 Serve as Potential Prognostic Biomarkers and Targets for
Human Ovarian Cancer. Front Oncol 2019;9: 161-161.

2�. Reimer D, Sadr S, Wiedemair A, Goebel G, Concin N, Hofstetter G, et al. Expression of the E2F family
of transcription factors and its clinical relevance in ovarian cancer. Ann N Y Acad Sci 2006;1091:
270-281.

29. Xie L, Li T, Yang LH. E2F2 induces MCM4, CCNE2 and WHSC1 upregulation in ovarian cancer and
predicts poor overall survival. European review for medical and pharmacological sciences
2017;21(9): 2150-2156.

30. Feliciano A, Garcia-Mayea Y, Jubierre L, Mir C, Hummel M, Castellvi J, et al. miR-99a reveals two
novel oncogenic proteins E2F2 and EMR2 and represses stemness in lung cancer. Cell Death Dis
2017;8(10): e3141-e3141.

31. Creighton CJ, Fountain MD, Yu Z, Nagaraja AK, Zhu H, Khan M, et al. Molecular pro�ling uncovers a
p53-associated role for microRNA-31 in inhibiting the proliferation of serous ovarian carcinomas and
other cancers. Cancer Res 2010;70(5): 1906-1915.

32. Reimer D, Sadr S, Wiedemair A, Stadlmann S, Concin N, Hofstetter G, et al. Clinical relevance of E2F
family members in ovarian cancer--an evaluation in a training set of 77 patients. Clin Cancer Res
2007;13(1): 144-151.

Figures



Page 15/20

Figure 1

LBX2-AS1 expression was increased in ovarian cancer and its association with patients’ reduced survival.
(A) expression levels of LBX2-AS1 was found increased in ovarian cancer tissue specimens, comparing to
non-malignant ovarian tissue specimens. (B) overall survival of patients with high LBX2-AS1 expression
levels in their ovarian cancer tissue specimens were found decreased, comparing to that of patients with
low LBX2-AS1 expression levels. (C) expression levels of LBX2-AS1 was found increased in 60 ovarian
cancer tissue specimens, comparing to the contralateral, non-malignant ovarian tissue specimens. (D)
expression level of LBX2-AS1 in SKOV3, OVCAR-3, Caov-3 or ES-2 cell lines was found higher than that in
the HOSEPiCs cells in vitro. (E) among the 60 ovarian cancer patients, overall survival of those with high
LBX2-AS1 expression levels in their ovarian cancer tissue specimens were found decreased, comparing to
that of patients with low LBX2-AS1 expression levels.
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Figure 2

LBX2-AS1 knockdown reduced the malignancy of ovarian cancer cells. (A) LBX2-AS1 expression in SKOV-
3 or OVCAR-3 cells was signi�cantly reduced by lentiviral transfection-based knockdown. (B) CCK-8-
based cell growth assay results showed that LBX2-AS1 knockdown reduced ovarian cancer cell growth.
(C) colony formation assay results showed that LBX2-AS1 knockdown reduced the clonogenicity of
SKOV-3 and OVCAR-3 cells. (D) and (E), trans-well migration and invasion assay results showed that
LBX2-AS1 knockdown reduced the mobility and invasiveness of SKOV-3 and OVCAR-3 cells. (F) cell
apoptosis assay results showed that LBX2-AS1 knockdown increased the apoptosis of SKOV-3 and
OVCAR-3 cells in vitro cell culture. Tumor formation assay results showed that LBX2-AS1 knockdownof
SKOV-3cells reduced the tumorigenicity, marked bydecreased tumor mass(G-H)and the delayed tumor
volumeincrease (I) at the endpoint.



Page 17/20

Figure 3

LBX2-AS1 inhibited miR-455-5p and miR-491-5p in ovarian cancer cells via direct interaction. (A) putative
interaction between LBX2-AS1 and the two miRNAs were predicted using ENCORI platform. (B-C)
luciferase reporter assay results showed that co-transfection with miR-455-5p or miR-491-5p mimic could
signi�cantly reduce the production of Gaussia luciferase governed by the putative binding site on LBX2-
AS1. (D) RNA pulldown assay results showed that miR-455-5p and miR-491-5p could be enriched from
the lysate of SKOV3 and OVCAR-3 cells using biotinylated LBX2-AS1 as bait. (E) qRT-PCR results showed
that LBX2-AS1 knockdown could signi�cantly increase the level of miR-455-5p and miR-491-5p in the two
ovarian cancer cell lines. (F) expression levels of miR-455-5p and miR-491-5p in the 60 ovarian cancer
tissue specimens were signi�cantly lower than that in the contralateral, non-cancerous ovarian tissue
specimens.(G) expression levels of LBX2-AS1 were negatively associated with that of miR-455-5p or miR-
491-5p in the 60 ovarian cancer tissue specimens.
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Figure 4

3’ UTR of E2F2 mRNA was a direct target of miR-455-5p and miR-491-5p. (A) putative interaction between
the 3’ UTR of E2F2 mRNA and the two miRNAs were predicted using ENCORI platform (left); luciferase
reporter assay results showed that co-transfection with miR-455-5p or miR-491-5p mimic could
signi�cantly reduce the production of Gaussia luciferase governed by the putative binding site on the 3’
UTR of E2F2 mRNA.(B-C) Kaplan-Meier curve for Kaplan-Meier Plotter datasets of 1657 OC patients for
overall survival and 1436 OC patients for progression-freesurvival. (D) transfection with miR-455-5p or
miR-491-5p mimic could signi�cantly reduce the protein level of E2F2 in SKOV3 and OVCAR-3 cells in
vitro. (E) downregulation of E2F2 protein level by LBX2-AS1 knockdown was counteracted by transfection
with miR-455-5p or miR-491-5p inhibitor in the two ovarian cancer cells.
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Figure 5

LBX2-AS1 increased the malignancy of ovarian cancer cells by regulating the miR-455-5p/miR-491-5p-
E2F2 axis. (A) forced expression of E2F2 gene signi�cantly increased its protein level in SKOV3 and
OVCAR-3 cells. (B-E) overall cell growth, colony formation, migration and invasion of the two ovarian
cancer cells that were reduced by LBX2-AS1 knockdown were rescued by transfection with miR-455-5p or
miR-491-5p inhibitor or the forced expression of E2F2 gene. (F) apoptosis of the two ovarian cancer cell
lines provoked by LBX2-AS1 knockdown was rpressed by transfection with miR-455-5p or miR-491-5p
inhibitor or the forced expression of E2F2 gene.
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Figure 6

A schematic diagram depicting a potential mechanism by which the LBX2-AS1/miR-455-5p or miR-491-
5p/E2F2 axis regulates the proliferation,invasion and apoptosis of OC cells.


