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Abstract
Increasing reports demonstrate that long noncoding RNAs participate in the regula-
tion of numerous malignancies, cervical cancer included. Although lncRNA LOXL1 
antisense RNA 1 has been commonly accepted to be an oncogene in many cancers. 
Here, the role of LOXL1-AS1 in CC still need to be explored. In this study, LOXL1-
AS1 was found elevated in CC tissues and cells. LOXL1-AS1 depletion restrained 
CC cell proliferation, migration, invasion, and angiogenesis in vivo. Furthermore, 
we found that LOXL1-AS1 upregulated Lysophospholipase 1 expression via 
sequestering miR‐526b-5p. Rescue assays revealed that overexpression of LYPLA1 
reversed the LOXL1-AS1 silencing-induced inhibitory effects on the malignant phe-
notypes of CC cells. To conclude, this study showed that LOXL1-AS1 facilitates 
cellular process in CC via functioning as a miR‐526b-5p sponge.
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Introduction

Cervical cancer is a common gynecological malignancy, which has become an 
important public health issue (Marth et al. 2017). It is widely acknowledged that the 
occurrence of CC results from the interaction between genetic and environmental 
factors (Niu 2019). The latest statistics show that over 529,800 females are suffer-
ing from CC and over 275,100 people die of CC each year, making CC the second 
fastest growing cancer (Forouzanfar et al. 2011; Kim et al. 2015). Moreover, CC is a 
leading cause of high mortality in developing countries where access to high-quality 
healthcare systems that facilitate timely screening and early diagnosis of CC may be 
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limited (Luan and Wang 2018). Despite significant progress made in clinical treat-
ment for CC, the 5-year overall survival of patients with CC is at a poor level (below 
40%) (Zhao et al. 2012). Thus, it is exigent to figure out more diagnostic or thera-
peutic biomarkers for CC.

Long noncoding RNAs (lncRNAs) are transcripts of longer than 200 nucleotides 
and have limited protein-coding capacity (Bunch 2018). A multitude of studies have 
revealed the important regulatory functions of lncRNAs in various cellular pro-
cesses of cancer (Gibb et al. 2011). The differentially expressed lncRNAs have been 
found in diverse types of cancers (Mercer et al. 2009). For example, MATN1-AS1 
suppresses glioblastoma cell proliferation and migration through the modulation 
of RELA and MAPK signaling (Qiu et al. 2020). LL22NC03-N64E9.1 is a possi-
ble prognostic molecular biomarker for lung cancer treatment and promotes cancer 
cell proliferation (Jing et  al. 2018). Additionally, lncRNAs are widely reported to 
regulate CC progression. OIP5-AS1 increases cell growth in CC by controlling the 
availability of miR-143-3p to upregulate SMAD3 (Chen et  al. 2019). TPT1-AS1 
is upregulated in CC and TPT1-AS1 overexpression facilitates CC cell growth, 
migration, invasion ability by serving as a miR-324-5p sponge (Jiang et al. 2018). 
Recently, lncRNA LOXL1 antisense RNA 1 (LOXL1-AS1) has been found to exert 
carcinogenic effects in many cancers. For instance, LOXL1-AS1 contributes to the 
aggressive behaviors of ovarian cancer cells through the miR-18b-5p/VMA21 axis 
(Xue 2020). LOXL1-AS1 promotes oncogenic activities in CC cells by miR-28-5p 
to upregulate RAP1B (Yang 2020). However, the mechanism of LOXL1-AS1 in CC 
remains largely unexplored, which needs further study.

This study aimed to investigate the expression pattern and biological effects of 
LOXL1-AS1 in CC. Our findings might provide an innovative idea for CC treatment.

Materials and Methods

Clinical Tissues Collection

Fifty paired CC samples and noncancerous samples were obtained from patients 
who underwent operation in Binhai County People’s Hospital. The patients were 
pathologically diagnosed with CC. The specimens were immediately placed in 
liquid nitrogen after collection and transferred into a refrigerator at −80  °C. The 
patients and their families signed informed consent, and all the experiments in this 
study were approved by the Ethics Committee of Binhai County People’s Hospital. 
None of these patients had undergone antitumor treatment before the operation.

Cell Lines

CC cell lines (HeLa, CaSki, C33A, and SiHa) and the immortalized squamous cells 
of human cervix Ect1/E6E7 were provided from the American Type Culture Col-
lection (ATCC, Manassas, VA, USA). Cells were cultured in RPMI 1640 medium 
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with 10% fetal bovine serum (FBS; Gibco, NY, USA) and 1% penicillin/streptomy-
cin (Biochrom, UK) in an incubator with 5%  CO2 at 37 °C.

Transfection

To downregulate LOXL1-AS1 expression, short hairpin RNAs (sh-LOXL1-
AS1#1 or #2) were purchased from GenePharma (Shanghai, China). Sequence 
of LYPLA1 was constructed with pcDNA3.1 (Invitrogen, USA) to generate 
pcDNA3.1/LYPLA1. MiR-526b-5p mimics and NC mimics or miR-526b-5p 
inhibitor and NC inhibitor were supplied by GenePharma. HeLa and CaSki cells 
were seeded into 6-well plates at 1 × 10 cells/well and were transfected with the 
indicated plasmids using Lipofectamine 2000 (Invitrogen, USA). After 48  h of 
transfection, the transfection efficiency was assessed by RT-qPCR.

RT‑qPCR

TRIzol kit (Invitrogen) was utilized to collect total RNA in CC cells. Purified 
RNA was reverse transcribed into cDNA using the PrimerScript RT Reagent Kit 
(TaKaRa, Japan), and miRNA from total RNA was reverse transcribed using the 
Prime-Script miRNA cDNA Synthesis Kit (TaKaRa). The SYBR-Green Real-
Time PCR Kit (Takara, Japan) was employed with a Bio-Rad CFX96 system 
for analysis of RT-qPCR. U6 and GAPDH acted as internal references. Relative 
quantification was calculated using the  2−ΔΔCt method.

Western Blot

RIPA buffer (Huashun, Shanghai, China) containing protease inhibitor was 
employed to extract total protein in CC cells. Next, the protein was separated by 
10% SDS-PAGE (Epizyme, China, PG110) and transferred onto a PVDF mem-
brane (Millipore, USA). After being blocked with T 5% skim milk for 1 h, the 
membrane was incubated at 4 °C overnight with the following primary antibodies: 
FGF2 (Abbkine, PRP, 100009), Ang-2 (Biovision, 7116-50), VEGFA (Abbkine, 
PRP, 100006) and GAPDH (ProteinTech, USA, 10494). Next, the membrane was 
incubated with horseradish peroxidase-conjugated goat anti-rabbit immunoglobu-
lin G secondary antibodies (1:2000, ab6721, Abcam) at room temperature for 2 h. 
The bands were detected and visualized with the ECL chemiluminescent detec-
tion system (Thermo Fisher Scientific, USA).

3‑(4,5‑Dimethylthiazol‑2‑yl)‑2,5‑Diphenyltetrazolium Bromide (MTT) Assay

MTT assay was performed with the MTT Cell Proliferation Assay Kit (Roche, 
USA). HeLa and CaSki cells were cultured in 96-well plates. After incubation 
for 0  h, 24  h, 48  h, and 72  h, each well was added with 20 μL MTT reagent 
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(Invitrogen; 5  mg/mL). Then the mixture was cultured for 4  h with 5%  CO2 at 
37  °C. After that, 100 μL dimethyl sulfoxide (DMSO; Sigma, St. Louis, MO, 
USA) was used to dissolve the formazan. The optical absorbance of each well 
was measured with an ultraviolet spectrophotometer (Bio-Tek Instruments Inc., 
USA) at 490 nm.

5‑Ethynyl‑2′‑deoxyuridine (EdU) Assay

EdU assay was carried out to determine cell proliferation as previously described 
(Sun et  al. 2017). HeLa and CaSki cells were seeded in 96-well plates at 4 ×  104 
cells/well. Afterward, EdU reagent (50  μmol/L; RiboBio Co., Ltd, Guangdong, 
China) was added to the plates which were then cultured for 1 h with 5%  CO2. Next, 
cells were treated with 4% paraformaldehyde (Sigma-Aldrich, St. Louis, MO, USA), 
and then stained with DAPI (Invitrogen). Images of EdU-positive cells were photo-
graphed using a fluorescent microscope (CANY, Shanghai, China).

Wound Healing Assay

CC cells after transfection were grown in 6-well plates (5 ×  104 cells/well). When 
cells reached 90% confluence, an artificial scratch was made in the middle of the 
cell monolayer using a 200 µL pipette tip. Next, the floating debris was washed away 
using PBS and serum-free medium was used to replace the old one. The wound clo-
sure was observed, and images were captured using an inverted microscope (Nikon, 
Japan) at 0 h and 24 h. Quantitative analysis was performed using ImageJ version 
1.8.0 software.

Transwell Assay

Cell invasion was detected by transwell assay with Matrigel (356234, Millipore, 
USA). HeLa and CaSki cells (1 ×  105) were seeded in the upper chamber with 
Matrigel-precoated inserts (8  μm in pore size; Corning, NY, USA), which was 
added with serum-free medium. The lower chamber was added with the medium 
containing 20% FBS. Next, cells invaded to the lower chamber were fixed with 4% 
paraformaldehyde, stained with 0.1% crystal violet (Sigma-Aldrich, USA) at room 
temperature for 15 min, and observed under a light microscope.

Tube Formation Assay

An Angiogenesis Starter Kit (Thermo Fisher Scientific, Shanghai, China) was used 
for tube formation assay. The Matrigel was dissolved to solidify the matrix at 4 °C 
overnight. Next, 96-well plates was prechilled and coated with Matrigel. Subse-
quently, the plates were cultured at room temperature for 30 min. Human umbilical 
vein endothelial cells were co-cultured with the transfected HeLa and CaSki cells, 
which were then added to cultured endothelial cell growth medium containing 10% 
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of FBS. After a 24-h incubation at 37 °C in a 5%  CO2 atmosphere, the network of 
tubular structures was observed with an inverted photomicroscope (Olympus, Mel-
ville, NY, USA). The data was analyzed using ImageJ software (National Institutes 
of Health, Bethesda, MD, USA). Each experiment was replicated at least 3 times.

Luciferase Reporter Assay

Wild type or mutant type LOXL1-AS1 or LYPLA1 was subcloned into the pmir-
GLO vector (Promega, WI, USA) to generate LOXL1-AS1-Wt/Mut or LYPLA1 
3’UTR-Wt/Mut reporter plasmids. All plasmids were synthesized by GenePharma. 
The luciferase reporter plasmids (0.1  µg) and miR-526b-5p mimics (40  nM) or 
NC mimics (40  nM) were transfected into CC cells using Lipofectamine 2000. 
After48 h, the Luciferase Reporter Assay System (Promega) was used to detect the 
luciferase activities. Renilla luciferase activities were used as the internal control for 
the normalization of firefly luciferase activity.

RNA Pull‑Down

Bio-NC and Bio- LOXL1-AS1 constructs were synthesized by Shanghai Genep-
harma Co., Ltd. RIPA lysis buffer containing RNase inhibitors (Thermo Fisher Sci-
entific, Inc.) was utilized to lyse cells. Bio-NC and Bio- LOXL1-AS1 (200 pmol) 
were added to the supernatants. The Dynabeads™ M-270 Streptavidin (1  mg; 
cat. no. 65305; Thermo Fisher Scientific, Inc.) and proteinase K (Sigma-Aldrich) 
were then added and incubated with the supernatants overnight at 4  °C to isolate 
the RNA. Beads were isolated from the supernatant after centrifugation (2,500 × g, 
5 min, 4 °C) and washed with wash buffer (10 mM Tris–HCl pH 7.5, 1 mM EDTA, 
2 M NaCl and 0.1% Tween-20) followed by another centrifugation step (2,500 × g, 
5  min, 4  °C). Finally, the RNA attached to the magnetic beads was washed and 
eluted. RT-qPCR was used to measure the enrichment of miRNAs.

RNA Immunoprecipitation (RIP) Assay

The RIP™ RNA-Binding Protein Immunoprecipitation Kit (Millipore, MA, USA) 
was utilized to validate the interaction between genes. Briefly, CC were seeded into 
6-well plates. After 48 h, the cell lysates was obtained after the subsequent treat-
ment of cells with lysis buffer. Magnetic beads coated with Ago2 (1: 50; ab186733) 
or IgG (1: 100; ab109489) were mixed with the cell lysates and incubated for 6 h at 
4 °C. Next, the immunoprecipitated RNA was extracted with the subsequent elution 
of protein beads. Finally, RT-qPCR was performed to analyze the extracted precipi-
tated RNA.

Fluorescence In Situ Hybridization (FISH)

CC cells were seeded in 24-well plates at a density of 6 ×  104 cells/well. Next, the 
cells were fixed with 4% polyformaldehyde. After treatment with 2 µg/mL protease 
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K (Invitrogen), the cells were incubated in the solution added with 250 µL pre-
hybridization, glycine, and ethyl phthalide reagent at 42 °C for 1 h. Next, hybridiza-
tion solution containing 300 ng/mL LOXL1-AS1 probe (RiboBio Co., Ltd, Guang-
dong, China) was supplemented and mixed at 42 °C overnight. The cells were then 
stained with DAPI for 10  min and blocked with the anti-fluorescence quenching 
agent (Invitrogen). The cells were observed in 5 randomly selected fields of view 
using a fluorescence microscope.

Statistical Analysis

Data are shown as the mean ± SD. Statistical analyses were conducted using a one-
way ANOVA or Student’s t-test. GraphPad Prism software 5.0 was utilized for 
statistical analysis. All experiments were carried out at least 3 times. The value of 
p < 0.05 was considered statistically significant.

Results

Inhibition of LOXL1‑AS1 Suppresses CC Cell Growth

The expression of LOXL1-AS1 in CC tissues and cells was analyzed. In Fig. 1A, 
LOXL1-AS1 exhibited a higher expression in CC tissues than in normal tissues. 
Additionally, the high level of LOXL1-AS1 in CC cells was verified (Fig. 1B). These 
findings suggested that LOXL1-AS1 may be an oncogene in CC. Next, HeLa and 
CaSki cells were transfected with two LOXL1-AS1-specific shRNAs (sh-LOXL1-
AS1#1 or #2) to silence the endogenous expression of LOXL1-AS1. As expected, 
the LOXL1-AS1 level was decreased in CC cells (Fig. 1C). The specific functions 
of LOXL1-AS1 in CC were detected by functional assays. As revealed by MTT 
assay, the transfection of LOXL1-AS1 shRNAs significantly inhibited the viability 
of HeLa and CaSki cells (Fig. 1D). Similarly, EdU assay also validated that silenc-
ing LOXL1-AS1 inhibited CC cell proliferation ability (Fig. 1E). Moreover, we used 
transwell and wound healing assays to test whether LOXL1-AS1 knockdown affects 
cell migration and invasion. The knockdown of LOXL1-AS1 notably suppressed the 
migratory potential of CC cells (Fig. 1F). In addition, the invasive capacity of CC 
cells was reduced in the sh‐LOXL1-AS1#1/2 group compared to the control group 
(Fig. 1G). The impact of sh-LOXLA-AS1 on tube formation ability was detected by 

Fig. 1  Role of LOXL1-AS1 in CC cells. A LOXL1-AS1 expression in CC tissues was detected by RT-
qPCR. n = 50 B LOXL1-AS1 expression in CC cells was measured by RT-qPCR. C The knockdown 
efficiency of LOXL1-AS1 in HeLa cells and CaSki cells was detected by RT-qPCR. D Cell viability was 
detected by MTT assay in HeLa and CaSki cells after knockdown of LOXL1-AS1. E EdU assay was car-
ried out to assess cell proliferation after knockdown of LOXL1-AS1. F Cell invasion was evaluated by 
transwell in cells transfected with sh-LOXL1-AS1#1/2. G Wound healing assay was performed to detect 
the migratory potential of cells transfected with sh-LOXLA-AS1#1 or #2. H The impact of sh-LOXLA-
AS1 on tube formation ability was detected by tube formation assay. I The expression of angiogenesis 
associated proteins (VEGFA, Ang-2 and FDF2) in HeLa and CaSki cells upon LOXLA-AS1 silencing 
was measured by western blot. *p < 0.05

▸
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tube formation assay. We found that LOXLA-AS1 depletion markedly reduced tube 
formation ability in CC cells (Fig. 1H). Also, the expression of angiogenesis associ-
ated proteins (VEGFA, Ang-2, FGF2) in the sh-LOXL1-AS1/2 group was reduced 
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Fig. 2  LOXL1-AS1 binds to miR‐526b-5p. A FISH assay for the distribution of LOXL1-AS1 in HeLa 
and CaSki cells. B RIP assay confirmed the existence of LOXL1-AS1 in RISCs. C The binding between 
LOXL1-AS1 and predicted miRNAs was detected by RNA pull-down assay. D The miR-526b-5p level 
in CC cells was measured by RT-qPCR. E The overexpression efficiency of miR-526b-5p was detected 
by RT-qPCR. F The interaction between miR-526b-5p and LOXL1-AS1 was verified by a luciferase 
reporter assay. G The enrichment of miR-526b-5p and LOXL1-AS1 in the beads conjugated with anti-
Ago2 was examined using RIP assay. H The miR-526b-5p level in CC tissues was measured by RT-
qPCR. I The expression relationship between miR-526b-5p and LOXL1-AS1 in CC tissues. *p < 0.05, 
***p < 0.001
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as well (Fig. 1I). Overall, we concluded that LOXL1-AS1 exerts oncogenic effects 
in CC.

LOXL1‑AS1 Binds to miR‐526b‑5p

As for the regulatory mechanism of LOXL1-AS1, FISH revealed LOXL1-AS1 was 
mainly distributed in the cytoplasm of HeLa and CaSki cells (Fig. 2A). Studies have 
showed that cytoplasmic lncRNAs could act as ceRNAs through sequestering miR-
NAs to release mRNAs (Tay et al. 2014). LOXL1-AS1 was also reported to exert 
ceRNA functions in other cancers. Consistently, RIP assay revealed that LOXL1-
AS1 was enriched in the Ago2 group, demonstrating the presence of LOXL1-AS1 
in Ago2-comprised RNA-induced silencing complexes (RISCs) (Fig. 2B). We thus 
hypothesized LOXL1-AS1 might serve as miRNA sponges in CC. At the starBase 
website (search category: Pan-Cancer: more than 5 cancer types, AgoExpNum = 1), 
we found 8 miRNAs possibly binding to LOXL1-AS1. And RNA pull-down assay 
demonstrated that miR-526b-5p had the strongest binding affinity to LOXL1-AS1 
(Fig. 2C). RT-qPCR showed that miR-526b-5p expression was significantly down-
regulated in CC cells (Fig. 2D). In order to identify whether LOXL1-AS1 and miR-
526b-5p interacts with each other, miR-526b-5p was overexpressed by miR-526b-5p 
mimics (Fig.  2E), and miR‐526b-5p mimics significantly reduced the luciferase 
activity of wild type LOXL1-AS1 compared to that of the mutant type (Fig. 2F). RIP 
assay indicated that LOXL1-AS1 and miR-526b-5p were co-immunoprecipitated by 
Ago2 antibody (Fig. 2G), demonstrating the interaction between LOXL1-AS1 and 
miR-526b-5p. Moreover, the miR-526b-5p expression level was verified to be down-
regulated in CC tissues, compared to adjacent normal tissues (Fig. 2H). According 
to Spearman’s correlation analysis, miR-526b-5p expression was negatively cor-
related to LOXL1-AS1 expression in CC samples (Fig. 2I). Overall, LOXL1-AS1 
could bind to miR‐526b-5p.

LYPLA1 is Targeted by miR‐526b‑5p

To further probe the ceRNA pattern, bioinformatics tools (RNA22, miRmap and 
PITA) were searched to predict the targets of miR-526b-5p. As a result, seven 
mRNAs (CTNNB1, KTN1, LYPLA1, ACBD5, NDUFV3, CFI, and SERBP1) 
were discovered (Fig. 3A). After miR-526b-5p mimics were transfected into CC 
cells, the miR-526b-5p-bound mRNA expression was detected, and the results 
showed that LYPLA1 expression had a most significant downregulation in CC 
cells among all mRNAs (Fig.  3B). The miR-526b-5p binding site in LYPLA1 
is predicted and the mutant site was designed for luciferase reporter assay 
(Fig.  3C). A significantly decreased luciferase activity was detected in cells 
containing LYPLA1‐Wt reporters after co-transfection with miR‐526b-5p mim-
ics (Fig. 3C). Moreover, we further confirmed that LOXL1-AS1, miR-526b-5p, 
and LYPLA1 were co-existed in RISCs immunoprecipitated by Ago2 anti-
body (Fig.  3D). As revealed, the levels of LYPLA1 mRNA and protein were 
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significantly reduced by miR‐526b-5p overexpression and LOXL1-AS1 silenc-
ing. Moreover, the levels of LYPLA1 mRNA and protein were significantly 
increased in the cells silencing miR‐526b-5p (Fig. 3E–F). It suggests that miR‐
526b-5p is a negative regulator of LYPLA1. The elevated levels of LYPLA1 
mRNA and protein in CC tissues were validated by RT-qPCR and western blot-
ting, respectively (Fig. 3G–H). It was revealed that miR-526b-5p expression was 
negatively correlated with LYPLA1 or LOXL1-AS1 expression in CC samples 
(Fig. 3I). To conclude, LOXL1-AS1 positively regulates LYPLA1 expression by 
sponging miR‐526b-5p.

LYPLA1 Overexpression Reverses the Regulatory Effect of LOXL1‑AS1 Depletion

Finally, we investigated whether LYPLA1 is responsible for the regulation of 
LOXL1-AS1 in CC. The overexpression efficiency of LYPLA1 in CC cells was 
examined by RT-qPCR and western blot analyses (Fig.  4A). MTT and EdU 
assays revealed that LYPLA1 overexpression counteracted the suppressive effect 
of LOXL1-AS1 inhibition on CC cell proliferation (Fig.  4B and C). Inhibition of 
LOXL1-AS1 repressed cell migration and invasion, but this effect was reversed 
upon LYPLA1 overexpression (Fig. 4D and E). Additionally, tube formation assay 
showed that the co-transfection with pcDNA3.1/LYPLA1 restored the decreased 
angiogenesis capacity by sh-LOXL1-AS1#1 (Fig. 4F). Also, as shown in Fig. 4G, 
upregulation of LYPLA1 reduced the sh-LOXL1-AS1-mediated effect on the 
expression of angiogenesis associated proteins. In summary, LOXL1-AS1 acceler-
ates cellular process in CC by elevating LYPLA1.

Discussion

Despite great improvement made in treatment for CC, the overall survival rate 
remains less than 40% (Jing et  al. 2015). It is exigent to elucidate the potential 
mechanisms in CC progression to develop an effectively targeted therapy. The func-
tional roles of lncRNAs in human cancers has been widely reported (Guttman et al. 
2009; Peng et al. 2017; Yang et al. 2014). Numerous lncRNAs are identified to play 
crucial roles in CC, such as oncogene lncRNAs SOX21-AS1 and SNHG12 (Zhang 
et al. 2019; Jin et al. 2019), and a tumor suppressor gene lncRNA DGCR5 (Liu et al. 
2019). This study focused on the function of LOXL1-AS1 in CC. According to pre-
vious research, inhibition of LOXL1-AS1 significantly hampers cell proliferation 

Fig. 3  LYPLA1 is a target of miR-526b-5p. A Potential mRNAs of miR-526b-5p was predicted using 
online tools. B The expression of mRNAs in HeLa and CaSki cells after overexpressing miR-526b-5p 
was measured by RT-qPCR. C The binding site between miR-526b-5p and LYPLA1 is predicted in star-
Base. The interaction between miR-526b-5p and LYPLA1 was measured by luciferase reporter assay. D 
The interactions among LOXL1-AS1, miR-526b-5p, and LYPLA1 were identified by RIP assay. E–F 
The effects of miR-526b-5p mimics, sh-LOXL1-AS1#1, or miR-526b-5p inhibitor on the mRNA and 
protein levels of LYPLA1 were examined by RT-qPCR and western blot. G–H The mRNA and protein 
levels of LYPLA1 in CC tissues were examined by RT-qPCR and western blot. I The expression rela-
tionships among LOXL1-AS1, miR-526b-5p, and LYPLA1 in CC samples. *p < 0.05, ***p < 0.001

▸
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and migration and facilitates apoptosis in lung adenocarcinoma (Li et  al. 2020). 
LOXL1-AS1 is found overexpressed in lung cancer and aggravates malignant 
phenotypes of cells (Xie et  al. 2019). In our present study, our data revealed that 
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Fig. 4  LYPLA1 overexpression reverses the regulatory effect of LOXL1-AS1 silencing on cellular pro-
gression of CC. A The overexpression efficiency of LYPLA1 in HeLa and CaSki cells was verified by 
RT-qPCR and western blot. B–C The proliferation of CC cells with indicated transfection was measured 
using MTT and EdU assays. D–E Transwell and wound healing assays were used to examine the migra-
tion and invasion in cells with indicated transfection. F Tube formation capacity was assessed using tube 
formation assay. G The expression of angiogenesis associated proteins (VEGFA, Ang-2 and FDF2) in 
cells with indicated transfection was accessed by western blot. *p < 0.05
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LOXL1-AS1 was upregulated in CC. Downregulation of LOXL1-AS1 inhibited CC 
cell functions including proliferation, migration, invasion, and angiogenesis ability, 
suggesting that LOXL1-AS1 performs an oncogenic role in CC.

MicroRNAs (miRNAs) contain 22 nucleotides and exert specific functions post-
transcriptionally (He et al. 2019). For instance, miR-126 restrains CC cell migration 
and invasion by downregulating ZEB1 (Wei 2019). Upregulation of miRNA-494 sup-
presses the cellular process of CC through binding to Pttg1 (Chen et al. 2015). Addi-
tionally, increasing studies showed that lncRNAs could act as miRNA sponges to pre-
vent mRNAs from posttranscriptional degradation under a ceRNA pattern. Moreover, 
the ceRNA pattern also works in tumor progression. For instance, lncRNA AF147447 
represses the aggressive progression of gastric cancer via absorbing miR-34c to modu-
late MUC2 (Zhou et al. 2016). LncRNA RP4 functions as a ceRNA for miR-7-5p in 
colorectal cancer (Liu et al. 2018). Here, miR-526b-5p was found to share a binding 
site for LOXL1-AS1. Additionally, miR-526b-5p expression was downregulated in CC 
tissues and cells, and negatively correlated with LOXL1-AS1 expression in clinical 
samples. Collectively, LOXL1-AS1 could bind to miR-526b-5p in CC cells.

To further probe the ceRNA pattern, bioinformatics tools were searched to identify 
the targets of miR-526b-5p, and lysophospholipase 1 (LYPLA1) was discovered. Previ-
ous report indicated that LYPLA1 is overexpressed in non-small cell lung cancer and 
its downregulation hampers cell proliferation, migration, and invasion (Mohammed 
et al. 2019). Here, we confirmed that LYPLA1 was overexpressed in CC tissues. More-
over, overexpression of LYPLA1 reduced the inhibitory effect of LOXL1-AS1 silenc-
ing on malignant behaviors of CC cells.

In summary, LOXL1-AS1 was highly expressed in CC and upregulated LYPLA1 
to mediate cellular processes in CC by sequestering miR-526b-5p. Our findings may 
provide a possible theoretical basis for CC treatment.
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