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Accumulating evidence has shown that long non-coding RNAs (lncRNAs) can be

used as biological markers and treatment targets in cancer and play various roles

in cancer-related biological processes. However, the lncRNA expression profiles and

their roles and action mechanisms in ovarian cancer (OC) are largely unknown.

Here, we assessed the lncRNA expression profiles in OC tissues from The Cancer

Genome Atlas (TCGA) database, and one upregulated lncRNA, LINC01969, was

selected for further study. LINC01969 expression levels in 41 patients were verified

using quantitative real-time polymerase chain reaction (qRT-PCR). The in vitro effects

of LINC01969 on OC cell migration, invasion, and proliferation were determined

by the CCK-8, ethynyl-2-deoxyuridine (EdU), wound healing, and Transwell assays.

Epithelial–mesenchymal transition (EMT) was evaluated using qRT-PCR and Western

blotting. The molecular mechanisms of LINC01969 in OC were assessed through

bioinformatics analysis, RNA-binding protein immunoprecipitation (RIP), dual luciferase

reporter gene assays, and a rescue experiment. Finally, in vivo experiments were

conducted to evaluate the functions of LINC01969. The results of the current study

showed that LINC01969 was dramatically upregulated in OC, and patients with lower

LINC01969 expression levels tended to have better overall survival. Further experiments

demonstrated that LINC01969 promoted the migration, invasion, and proliferation

of OC cells in vitro and sped up tumor growth in vivo. Additionally, LINC01969,

which primarily exists in the cytoplasm, boosted LARP1 expression by sponging

miR-144-5p and promoted the malignant phenotypes of OC cells. In conclusion, the

LINC01969/miR-144-5p/LARP1 axis is a newly identified regulatory signaling pathway

involved in OC progression.
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FIGURE 6 | LINC01969 regulates LARP1 by acting as a competing endogenous RNA (ceRNA) for miR-144-5p. (A) Two potential miR-144-5p binding sequences and

mutation sequences of LARP1 messenger RNA (mRNA) were shown. (B) Dual luciferase reporter assays were used to confirm the direct target between LARP1 and

miR-144-5p. (C) LARP1 expression in ovarian cancer (OC) stage I + II and stage III + IV from The Cancer Genome Atlas (TCGA) database. (D) The correlation

analysis between LINC01969 expression and LARP1 expression in OC from TCGA database. (E) The correlation analysis between miR-144-5p expression and

LARP1 expression in OC from TCGA database. (F) LARP1 gene expression in OC tissues and paired non-normal tissues from our dataset. (G) The correlation analysis

between LINC01969 expression and LARP1 expression in OC tissues and paired non-normal tissues from our dataset. (H) The correlation analysis between

miR-144-5p expression and LARP1 expression in OC tissues and paired non-normal tissues from our dataset. (I) LARP1 expression in OC cell lines and IOSE-80 cell

line was analyzed by quantitative real-time PCR (qRT-PCR). (J–L) The level of LARP1 was detected by Western blot assay. Data were presented as mean ± SD; **P <

0.01, ***P < 0.001.

inhibited cell proliferation, whereas miR-144-5p inhibitor
promoted cell proliferation and reversed the effect of LINC01969
silencing on A2780 cell proliferation (Figure 7A). Transfection
of the miR-144-5p mimics reversed the effect of LINC01969
overexpression on SKOV3 cell proliferation (Figure 7A). The
results presented in Figures 7B,C show that cell migration

and invasion were increased by LINC01969 overexpression
and miR-144-5p inhibitor but decreased by sh-LINC01969 and
miR-144-5p mimics. Conversely, transfection of miR-144-5p
mimics reversed the cell invasion- and migration-promoting
effects of LINC01969 overexpression. Transfection of the miR-
144-5p inhibitor reversed the effect of LINC01969 silencing
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FIGURE 7 | LINC01969/miR-144-5p axis regulates ovarian cancer (OC) progression. (A) Ethynyl-2-deoxyuridine (EdU) showed that miR-144-5p mimics treatment

reversed the effect of LINC01969 overexpression on OC cell proliferation. (B) Wound healing assay showed that miR-144-5p inhibitor treatment reversed the effect of

LINC01969 silencing on OC cell migration. (C) MiR-144-5p mimics treatment reversed the effect of LINC01969 overexpression on OC cell invasion. (D) The

expression of epithelial–mesenchymal transition (EMT) markers were determined using Western blot assay. Data were presented as represent the mean ± SD of three

independent experiments; **P < 0.01, ***P < 0.001.

on cell migration and invasion. Next, we determined whether
LINC01969 regulates EMT of OC cells through LARP1.
EMT marker expression was evaluated using a Western blot
assay. Knockdown of LARP1 increased E-cadherin expression

and decreased Vimentin and Snail expression in OC cells
(Figure 7D). In addition, knockdown of LARP1 reversed
the EMT-promoting effect of LINC01969 overexpression
(Figure 7D).
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All these findings imply that LINC01969 functions as a ceRNA
for miR-144-5p to control LARP1 expression and promote the
proliferation, migration, and invasion of OC cells.

LINC01969 shRNA Blocks the Proliferation
and Metastasis of OC Cells in vivo
We established xenograft models to confirm our in vitro
findings in vivo. We injected LINC01969-silenced and non-
silenced A2780 cells into nude mice. Then, tumor volume
and weight were measured, and the tumors obtained from
the mice are shown in Figure 8A. We found that LINC01969
knockdown greatly slowed tumor growth (Figure 8B), and the
LINC01969 knockdown tumors were lighter at the end of the
experiment (Figure 8C). qRT-PCR and Western blot assays
showed that LARP1, Vimentin, and Snail expression levels were
lower and E-cadherin expression levels were higher in mice
with LINC01969-silenced tumors (Figures 8D,E), indicating that
LINC01969 knockdown decreased LARP1 expression andOC cell
EMT in vivo. These results show that LINC01969 can promote
OC growth and metastasis in vivo.

DISCUSSION

With the advancement of high-throughput sequencing
technology, a growing number of lncRNAs have been identified.
The roles of lncRNAs in diverse biological processes have been
widely explored, and how lncRNAs regulate tumorigenesis
has become a hot research topic. Mounting evidence has

implicated various lncRNAs in the modulation of cancer cell
proliferation, migration, and apoptosis (Jiang et al., 2018; Wu
et al., 2018; Zhao et al., 2019; Chen et al., 2020). Likewise, we
found a lncRNA, LINC01969, that was highly expressed in
OC samples and was related to clinical stage and prognosis.
The role of LINC01969 in cancer has not yet been well-
researched. Using tumor tissues from a population of OC
patients (n = 41) and OC cell lines, we verified that LINC01969
was indeed expressed at high levels in OC tissues and cell
lines. Using functional assays, we revealed that LINC01969
promoted the proliferation, migration, invasion, and EMT of
OC cells. We then probed the action mechanism of LINC01969
in OC.

LncRNA–miRNA–mRNA regulatory networks, in which
lncRNAs act as ceRNAs for miRNAs to boost expression
of specific mRNAs, are well-recognized (Feng et al., 2018;
Yang et al., 2019). For example, lncRNA FAM225A facilitates
nasopharyngeal carcinoma (NPC) tumor formation and
metastasis by sponging miR-590-3p/miR-1275 as a ceRNA and
increasing ITGB3 expression (Zheng et al., 2019). In addition,
the LINC01287/miR-298/STAT3 feedback loop modulates the
growth and EMT phenotype of hepatocellular carcinoma (HCC)
cells (Mo et al., 2018). Knockdown of lncRNA PVT1 reduces
cell migration and invasion and increases cell apoptosis via
miR-145-mediated inhibition of FSCN1 in esophageal carcinoma
cell (Shen et al., 2019). Here, we identified MiR-144-5p as a
target of LINC01969 using starBase. MiR-144-5p was previously
reported to function as an antitumor miRNA in renal cell

FIGURE 8 | LINC01969 short hairpin RNA (shRNA) curbs ovarian cancer (OC) cells to proliferate and metastasize in vivo. (A) Representative images of tumors from

indicated orthotopic xenografts. (B) Tumor volume and (C) weight data of indicated orthotopic xenografts. (D,E) Messenger RNA (mRNA) and protein expression levels

of LARP1 and epithelial–mesenchymal transition (EMT)-related markers after LINC01969 knockdown. Data were presented as mean ± SD; *P < 0.05, **P < 0.01.
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carcinoma (Yamada et al., 2018) and OC progression (Song et al.,
2018). Assays showed that miR-144-5p mimics inhibited the
proliferation, invasion, and migration of SKOV3 cells. Moreover,
upregulation of miR-144-5p partially reversed the effects of
sh-LINC01969 on the proliferation, invasion, and migration of
OC cells.

LARP1 was predicted as a target gene of miR-144-5p using
starBase. LARP1 encodes an RNA-binding protein that is
necessary for cancer cell survival and ribosome biogenesis (Al-
Ashtal et al., 2019). LARP1 functions as a molecular switch for
mTORC1-mediated translation of an essential class of mRNAs
(Hong et al., 2017) and posttranscriptionally regulates mTOR
and contributes to cancer progression (Mura et al., 2015) by
regulating cell division, apoptosis, and cell migration (Burrows
et al., 2010). Hopkins TG et al. reported that LARP1 promotes
OC progression and enhances resistance to chemotherapy
by differentially modulating the stability of diverse mRNAs
(Hopkins et al., 2016). The results of the present research
confirmed that LARP1 is a downstream target gene of miR-144-
5p and that LINC01969 competitively bound to miR-144-5p to
release LARP1, thereby modulating LARP1 expression.

In conclusion, LINC01969 acts as an oncogene and promotes
the migration, proliferation, invasion, and EMT of OC cells
through the miR-144-5p/LARP1 axis. LINC01969 might be a
useful prognostic biomarker in OC.
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