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of pancreatic cancer through up-regulation
of LDHA by targeting miR-561-5p
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Abstract

Background: Long non-coding RNAs (IncRNAs) regulate tumor development and metastasis in several types of
cancers through various molecular mechanisms. However, the biological role of most INcRNAs in pancreatic cancer
(PC) remains unclear. Here, we explored the expression, biological functions, and molecular mechanism of LINCO1128
in PC.

Methods: Quantitive reverse transcription PCR was used to detect the expression level of LINC01128 in PC tissues
and different PC cell lines. A loss-of-function and gain-of-function experiment was used to explore the biological
effects of LINCO1128 on PC carcinogenesis in vitro and in vivo. Western blot analysis, subcellular fractionation experi-
ment, luciferase reporter gene assay, and MS2-RNA immunoprecipitation experiment were used to study the poten-
tial molecular mechanism of LINCO1128 during carcinogenesis.

Results: The expression of LINC01128 was upregulated in PC tissues and cell lines, and overexpression of LINCO1128
was significantly related to the poor prognosis of patients with PC. Furthermore, silencing LINCO1128 significantly
inhibited the proliferation, migration, invasion, and epithelial-mesenchymal transition (EMT) of PC cells in vitro and
tumor growth in vivo, while LINCO1128 overexpression promoted these processes. Further research showed that
LINCO1128 acted as a sponge for microRNA miR-561-5p, and lactate dehydrogenase A (LDHA) was the downstream
target gene of miR-561-5p. It was also revealed that the expression of miR-561-5p in PC was decreased, and a nega-
tive correlation between miR-561-5p and LINC01128 was revealed. Based on rescue experiments, LDHA overexpres-
sion partially restored the inhibitory effect of LINC0O1128 knockdown on proliferation, migration, and invasion of PC
cells.

Conclusions: LINCO1128 promotes the proliferation, migration, invasion, and EMT of PC by regulating the miR-
561-5p/LDHA axis, suggesting LINCO1128 may be a new prognostic marker and therapeutic target in PC.
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Introduction

Pancreatic cancer (PC) is one of the most common
malignant tumors, with 458,918 new cases and 432,242
deaths worldwide in 2018 [1]. Although the diagnosis and
treatment of PC have been improved in recent years, the
*Correspondence: 1524210407@qq.com; 411438618862@email.ncu.edu.cn efficacy of surgery and chemotherapy is still unsatisfac-

LIvE . " .
Min Zhong and Zhi Fang are contributed equal to this work . . o

! Department of Oncology, The First Affiliated Hospital of Nanchang tory, with a 5-year survival rate of only 5% [2, 3]. There-
University, 17 Yongwai Street, Nanchang 330006, Jiangxi, China fore, it is urgent to explore novel molecular mechanisms

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.



http://orcid.org/0000-0002-9828-0316
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12935-022-02490-5&domain=pdf

Zhong et al. Cancer Cell International (2022) 22:93

of PC, identify new prognostic biomarkers, and develop
more effective treatment strategies.

Long non-coding RNAs (IncRNAs) are transcripts
greater than 200 nucleotides in length; they play an
important role in many biological processes, including
cell-cycle regulation, lineage differentiation, stem cell
pluripotency, and cancer progression [4]. Recent stud-
ies have shown that IncRNAs are aberrantly expressed in
plenty of cancers, acting as oncogenes, tumor suppres-
sors, or both, which participates in various biological
processes, such as proliferation, migration, and metas-
tasis [5-7]. Several IncRNAs have been reported to be
related to the growth, invasion, and metastasis of PC [5,
8, 9], however, their specific roles and mechanisms in the
occurrence of PC have not yet been elucidated.

LINCO01128, located on chromosome 1 (827,591—
859,446), is a novel IncRNA identified in cancer. Previ-
ous studies have shown that LINC01128 can enhance cell
proliferation, migration, and invasion by upregulating
stratifin (SFN) expression after binding with microRNA
(miRNA) miR-383-5p [10]. In contrast, another study
demonstrated that LINC01128 acted as a tumor suppres-
sor in acute myeloid leukemia [11]. In our current study,
we found LINCO01128 was upregulated in PC tissues
and cell lines, and loss-of-function and gain-of-function
experiments showed that LINCO01128 promoted cell
proliferation, migration, invasion, and epithelial-mes-
enchymal transition (EMT) in vitro and tumor growth
in vivo. Mechanistically, LINC01128 acted as a compet-
ing endogenous RNA (ceRNA) that upregulated the pro-
tein expression of lactate dehydrogenase A (LDHA) by
sponging miR-561-5p. In summary, our study reveals a
novel LINCO01128/miR-561-5p/LDHA pathway in PC,
indicating that LINC01128 may serve as a potential prog-
nostic marker for the occurrence and development of PC,
thereby providing a new target for PC treatment.

Methods

Clinical samples

48-primary PC specimens and their adjacent tissues were
obtained from the First Affiliated Hospital of Nanchang

Table 1 Primer list
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University with the written consent of the patient. None
of the patients received chemotherapy or radiotherapy
prior to surgery. The study was approved by the Human
Research Ethics Committee of the First Affiliated Hospi-
tal of Nanchang University.

Cell lines and cell culture

Human PC cell lines (SW1990, AsPC-1, PANC-1, BxPC-
3, Capan-2, and MIAPaCa-2) and a normal pancreatic
epithelial cell line (HPDE) were purchased from the
American Type Culture Collection (ATCC). All cells
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM; Gibco, USA) with 10% fetal bovine serum (Inv-
itrogen, USA) in an incubator under 5% CO, at 37 °C. All
cell lines were tested for mycoplasma contamination and
authenticated using short tandem repeat (STR) profiling.

Real-time quantitative PCR (qRT-PCR)

First, TRIzol (Invitrogen) was used to extract total RNA
from fresh pancreatic tissue samples and PC cells. Easy
Script cDNA Synthesis Kit (TransGen Biotech) was used
to reverse transcribed the extracted RNA into com-
plementary DNA (cDNA). Subsequently, the Step One
Plus real-time PCR system (Applied Biosystems) and
Fast Start Universal SYBR Green Master Mix (Takara)
were used for qRT-PCR detection. Table 1 presented the
primer sequences used in our manuscript. The relative
expression level was analyzed via using 2~22¢T method.

Cell transfection

LINCO01128 overexpression plasmid, short hairpin RNA
(shRNA) against LINCO01128, LDHA overexpression
plasmid, LDHA inhibitors, miRNA mimics, and miRNA
inhibitors were purchased from Gene Pharma (Shanghai,
China). The cells under a density of 50-70% were trans-
fected with the corresponding plasmid via Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) accord-
ing to the manufacturers’ guidance.

Gene Forward primer Reverse primer

LINCO1128 AAGGTGAGGTGAGAGGACAGGAAG CAAGGCAGGCACTCAACGGTAG
miR-561 CAAAGUUUAAGAUCCUUGAAGU TCAACTGGTGTCGTGGAGTCGGC
LDHA GAGTGGAATGAATGTTGCTGGTGTC CCAGGATGTGTAGCCTTTGAGTTTG
GAPDH CCAGCCGAGCCACATCGCTC ATGAGCCCCAGCCTTCTCCAT

U6 CTCGCTTCGGCAGCACATATACT ACGCTTCACGAATTTGCGTGTC

LINC01128, long intergenic non-protein coding RNA 1128; LDHA, lactate dehydrogenase A; GAPDH, glyceraldehyde 3-phosphate dehydrogenase
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Cell proliferation and colony formation assays

A density of 2000 cells per well and 500 cells each well
were needed for Cell Counting Kit 8 (CCK-8) assay and
colony formation assays after 48 h-transfection, respec-
tively. The details for each experiment could be seen as
previously described [12].

Migration and invasion assays

Cells at a density of 3 x 10* were seeded into the upper
transwell chamber (BD Biosciences, USA) under FBS-
free medium condition with or without Matrigel (Corn-
ing, USA), while the lower chamber was filled with
complete medium. The chamber was collected and
stained with crystal violet containing 1% methanol after
24-h incubation.

Luciferase reporter assay

An online software site named StarBase3.0 (http://starb
ase.sysu.edu.cn/) was used in our study to predict the
binding sites among LINC01128, miRNA-561 and LDHA
[13]. Lipofectamine 3000 transfection reagent was fur-
ther used to transfect luciferase vector (Promega, USA)
with wild-type LINC01128 or mutant-type LINC01128
into PC cells with the mimic. The luciferase activity of the
reporter plasmid was finally detected via the double lucif-
erase reporter gene assay system (Promega, USA).

Subcellular fractionation assay

APARIS kit purchased from Life Technology Company,
USA was used to isolate nuclear and cytoplasmic RNA,
which can be referred to the manufacturer’s instructions
for details. The levels of B-actin, U6, and LINCO01128 of
each fraction were subsequently analyzed and evaluated
via qRT-PCR.

MS2-RIP assay

We co-transfected SW1990 and BxPC-3 cells with
pcDNA-MS2, pcDNA-MS2-LINC01128, or pcDNA-
MS2-LINC01128-MUT (miR-561-5p), along with pMS2-
GFP (Addgene), using Viafect reagent. After 48 h, GFP
antibody (Roche) and the Magna RIP™ RNA-Binding
Protein Immunoprecipitation Kit (Millipore, Bedford,
MA, USA) were used to collect and lyse the cells and
perform RIP analysis according to the manufacturer’s
instructions. Finally, purified RNA was measured using
qRT-PCR to confirm the presence of the bound target.

Western blot

Western blotting was performed as described previously
[12]. Antibodies against B-actin, E-cadherin, Slug, Snail,
N-cadherin, vimentin, and LDHA were purchased from
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Cell Signaling Technology. Quantitative analysis of pro-
tein expression was realized by Image] software (National
Institutes of Health, Bethesda, MD).

In vivo analysis

A total of 18 five-week-old female nude mice purchased
from the National Laboratory Animal Center (Beijing,
China) were randomly assigned into three groups for the
following experiments. The cells about 1 x 10° from the
negative control (NC) group, the LINC01128 overexpres-
sion group and the LINC01228 knockdown group were
separately subcutaneously injected into the right axilla
of the corresponding group of nude mice. Tumor vol-
ume was measured every four days using the formula:
length x width® x 0.5. After 28-day feed, the nude mice
were killed by cervical dislocation under ether anesthe-
sia and the tumors were collected and recorded. All ani-
mal experiments were ethically supported by the Animal
Research Ethics Committee of Nanchang University.

Statistical analysis

SPSS software (version 25.0) was used for statistical
analysis. Student’s t-test and one-way ANOVA were used
to evaluate the statistical significance of comparisons
between two groups and more than two groups, respec-
tively. Spearman’s correlation analysis was performed
using MATLAB. Survival plots were drawn accord-
ing to the Kaplan—Meier analysis. All experiments were
repeated at least three times. p <0.05 was considered sta-
tistically significant.

Results

The up-expression of LINC01128 in PC tissues and cell lines
is related to a poor prognosis in PC patients

To determine the exact role of LINC01128 in the carcino-
genesis of PC, qRT-PCR was used to detect the expres-
sion levels of LINC01128 in 48 pairs of PCs and their
adjacent normal tissues. LINC01128 expression in adja-
cent normal tissues was significantly lower than in PC
tissues (Fig. 1a). Furthermore, the upregulated expression
of LINC01128 was significantly associated with clini-
cal stage (Fig. 1b). In addition, compared to the normal
pancreatic HPDE cells, LINC01128 was highly expressed
in PC cell lines (Fig. 1c). Additionally, the clinical follow-
up data of the enrolled patients with PC showed that
patients with higher LINC01128 expression had shorter
overall survival than patients with lower LINC01128
expression (Fig. 1d). In summary, these findings indicate
that LINC01128 is upregulated in PC tissues and cell
lines and is associated with poor prognosis in patients
with PC.
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Fig. 1 LINCO1128 was upregulated in pancreatic cancer (PC) tissues and cell lines and associated with poor prognosis in patients with PC. a-c

The expression level of LINCO1128 in PC tissues and adjacent normal tissues, normal pancreatic epithelial cell lines, and PC cell lines was detected
using qRT-PCR. d Kaplan—Meier analysis was used to evaluate the relationship between the expression level of LINCO1128 and the overall survival of
patients with PC. Data are expressed as the mean 4 SD of three independent experiments. *p <0.05, **p < 0.01
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LINCO01128 knockdown inhibits the proliferation,
migration, invasion, and EMT of PC and induces G2/M
phase arrest

We next analyzed the effect of LINC01128 on PC cell
proliferation. Considering the highest expression of
LINCO01128 in BxPC-3 and SW1990 cells exhibited in
Fig. 1c, these two cells were chosen to further examine
the biological effect LINC01128. Subsequently, a stably
transfected cell line with LINC01128 knockdown (sh-
LINCO01128) and a negative control (sh-NC) cell line were
established in SW1990 and BxPC-3 cells (Fig. 2a). CCK-8
and cell clone assays showed that the cell proliferation
rate and colony-forming ability of the sh-LINC01128
group were significantly lower than in the sh-NC group
(Fig. 2b, ¢). In addition, flow cytometry was used to
analyze the role of LINCO01128 in cell cycle regulation.
Compared to that in the sh-NC group, the percentage
of cells in the G2/M phase was significantly increased in

the sh-LINC01128 group (Fig. 2d), indicating a role of
LINCO01128 in G2/M phase arrest. These results prove
that LINC01128 knockdown is able to induce G2/M
phase arrest, which may be the reason for the observed
inhibition of proliferation.

Considering the role of LINCO01128 from clinical
samples in lymph node metastasis and vascular infil-
tration, a transwell assay was used to investigate the
role of LINC01128 in migration and invasion. Com-
pared to the sh-NC group, cell migration and invasion
were obviously deceased in the sh-LINC01128 group
(Fig. 2e, f). The transformation of tumor cells from epi-
thelioid cells to mesenchymal cells with migration and
invasion potential is called EMT, which plays a very
important role in cancer progression [14]. Moreover,
the epithelial marker E-cadherin was found to be down-
regulated, the mesenchymal markers vimentin and
N-cadherin were upregulated during EMT reversely
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Fig. 2 LINC01128 knockdown inhibited proliferation, migration, invasion, and EMT and induced G2/M phase arrest. a The transfection efficiency of
SW1990 and BxPC-3 cells after LINCO1128 knockdown by shRNA was analyzed using gRT-PCR. b, ¢ CCK-8 assays and clone formation assays were
used to determine the cell proliferation rate and cell viability. d Fluorescence-activated cell sorting (FACS) was used to analyze cell cycle distribution.
e, f Cell migration and invasion abilities were analyzed using transwell migration and invasion assays. g The protein expression of E-ceaderin,
N-cadherin, Slug, Snail and Vimentin was detected by western blot analysis. Data are presented as mean =% SD of three independent experiments.
*p<0.05, *p <0.01
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Fig. 3 LINCO1128 overexpression promoted proliferation, migration, invasion, and EMT in pancreatic cancer. a The transfection efficiency of
PANC-1 and MIAPaCa-2 cells after LINCO1128 overexpression was analyzed using gRT-PCR. b, ¢ CCK-8 assays and clone formation assays were used
to determine the cell proliferation rate and cell viability. d Cell migration and invasion abilities were analyzed using transwell assays. e Western
blot analysis was conducted to evaluate the impact of LINCO1128 on EMT progression. Data are presented as mean = SD of three independent
experiments. *p <0.05, *p < 0.01

[15]. Interestingly, we also confirmed that the decline
of LINCO01128 resulted in an upregulation of E-cad-
herin and a downregulation of N-cadherin, Vimentin,
Slug, and Snail (Fig. 2g). The above results indicate that
LINCO01128 knockdown could inhibit migration, inva-
sion, and EMT in PC.

LINC01128 overexpression enhances proliferation,
migration, invasion, and EMT

Stable LINCO01128 overexpression and negative control
cell lines were constructed in MIAPaCa-2 and PANC-1
cells (Fig. 3a). Cell clone assays and CCK-8 indicated
the colony-forming ability and cell proliferation rate of
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the LINCO01128 group were greatly higher than in the
NC group (Fig. 3b, ¢). In addition, cell migration and
invasion in the LINCO01128 group were significantly
increased compared to the NC group (Fig. 3d). Finally,
western blot analysis confirmed that LINC01128 over-
expression reduced the E-cadherin expression but
increased the expressions of N-cadherin, vimentin,
Slug, and Snail (Fig. 3e). In summary, these results indi-
cate that the overexpression of LINCO01128 enhances
cell proliferation, migration, invasion, and EMT in PC.

LINCO01128 functions as a molecular sponge of miR-561-5p
To explore the potential molecular mechanism of
LINCO01128 in PC carcinogenesis, we first explored the
subcellular location of LINC01128. The results sug-
gested that LINC01128 was mainly distributed in the
cytoplasm (Fig. 4a), indicating LINC01128 may perform
as a miRNA sponge. Next, we used StarBase3.0 to pre-
dict the potential downstream targets of LINCO01128
and identified several miRNAs as candidates. Following
to the fold change expression of twenty predicted miR-
NAs in SW1990 cells transfected with sh-LINC01128
(Table 2), we chose miR-561-5p as our candidate miRNA
(Fold change=3.37; p<0.01). Binding site information
of LINC01128 and miR-561-5p was shown in Fig. 4b.
The luciferase reporter gene test results confirmed that
miR-561-5p mimics significantly reduced the luciferase
activity of WT-LINCO01128, whereas the luciferase activ-
ity of MUT-LINC01128 did not change significantly
(Fig. 4c). To further identify whether LINC01128 directly
binds to endogenous miR-561-5p, we performed MS2-
RNA immunoprecipitation (RIP) assays to pull down
the endogenous miRNAs related to LINC01128. Com-
pared to the empty and mutant plasmids, the wild-type
LINCO01128 vector tagged with MS2 was rich in miR-
561-5p (Fig. 4d).

Furthermore, silencing of LINCO01128 upregulated
the level of miR-561-5p compared to the sh-NC group
(Fig. 4e). To further evaluate the expression of miR-
561-5p in tumor tissues, we preformed qRT-PCR. The
results revealed that the miR-561-5p levels were lower in
PC tissues than normal tissues, and the expression level
of LINC01128 was negatively correlated with that of miR-
561-5p (Fig. 4f, g). To further explore the exact biological
effect of miR-561-5p, we carried out CCK-8 assay, colony
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formation assay and transwell assay with miR-561-5p
mimics. Results showed that the cellular growth, prolif-
eration, migration and invasion ability was decreased in
miR-561-5p mimics compared to control group (Addi-
tional file 1: Fig. Sla—c). In addition, LINC01128 pro-
moted the proliferation, migration, and invasion of PC
cells at least by sponging miR-561-5p in part (Fig. 4h, i).
In summary, LINC01128 can be used as a miR-561-5p
molecular sponge.

LDHA is a downstream target of miR-561-5p in PC

In general, miRNAs perform post-transcriptional func-
tions by base pairing with 3’-untranslated regions to
inhibit protein synthesis [16]. LDHA was predicted as a
potential downstream target of miR-561-5p by search-
ing in StarBase3.0 (Fig. 5a). Subsequently, the luciferase
reporter assay confirmed the hypothesis that LDHA
was a direct target of miR-561-5p (Fig. 5b). First of all,
the expression of LDHA was valuated after LINC01128
upregulation or downregulation. As shown in Addi-
tional file 2: Fig. S2a—d, suppressing LINC01128 inhib-
ited both the mRNA expression and protein expression
of LDHA while enhancing LINCO01128 reversed the
results. In addition, the expression of LDHA was
upregulated by miR-561-5p inhibitors, however, co-
transfection of sh-LINC01128 and miR-561-5p inhibi-
tors reversed the effect of miR-561-5p knockdown on
LDHA transcriptionally and translationally (Fig. 5c).
So far, our results prove that LDHA is the direct tar-
get gene of miR-561-5p. The results of functional
experiments further showed that LDHA silencing
significantly inhibited the promotion of miR-561-5p
inhibitors on cell proliferation, migration, and invasion
(Fig. 5d, e).

LDHA overexpression reverses the anti-tumorigenic effects
of LINCO1128 knockdown

Our previous experiments demonstrated that
LINCO01128 could promote PC cell proliferation, migra-
tion, and invasion by sponging miR-561-5p and that
LDHA was the downstream target of miR-561-5p.
Thus, we investigated the role of LINC01128 in pro-
moting tumor growth mediating by LDHA. In addition,
we overexpressed LDHA in BxPC-3 and SW1990 cells

(See figure on next page.)

three independent experiments. *p < 0.05, **p < 0.01

Fig.4 LINCO1128 was a sponge for miR-561-5p. a The subcellular location of LINC01128 was determined by subcellular fractionation assay. b
Sequences of WT-LINCO1128, Mut-LINC01128, and miR-561-5p. ¢ Luciferase assay of SW1990 and BxPC-3 cells transfected with LINCO1128-MUT or
LINCO1128-WT reporter gene, together with NC or miR-561-5p. d MS2-RIP was applied to evaluate endogenous miR-561-5p associated with the
MS2-tagged LINCO1128. e The expression level of miR-561-5p in BxPC-3 and SW1990 cells. f The expression level of miR-561-5p in PC tissues and
adjacent normal tissues. g The correlation between LINCO1128 and miR-561-5p levels was determined by Spearman’s rank correlation test analysis.
h, i CCK-8 assays and transwell assays were used to detect the proliferation, migration, and invasion ability. Data are presented as mean =+ SD of
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Table 2 Fold change expression of twenty predicted miRNAs in
cells transfected with sh-LINC01128

miRNAs Fold change p value
miR-363-3p 249 <001
miR-92b-3p 1.46 <0.01
miR-92a-3p 241 <001
miR-367-3p 235 <001
miR-32-5p 149 <0.01
miR-363-3p 1.31 <001
miR-25-3p 1.55 <0.01
miR-208a-3p 1.24 <001
miR-519b-3p 1.09 <001
miR-561-5p 3.37 <0.01
miR-27b-3p 2.21 <001
miR-599 113 <0.01
miR-299-3p 1.71 <001
miR-95-3p 1.44 <0.01
miR-4662a-3p 2.03 <0.01
miR-2278 2.21 <001
miR-2115-3p 147 <0.01
miR-137 1.15 <001
miR-663a 191 <0.01
miR-3679-5p 244 <001

Bold values indicate among the 20 miRNAs predicted in SW1990 cells
transfected with sh-LINC01128, the highest fold change was miR-561-5p

to verified whether LDHA could overturn the anti-can-
cer effects of sh-LINC01128. The rescue assay showed
that LDHA overexpression partially reversed the effects
of LINC01128 knockdown on cell proliferation, migra-
tion, and invasion in PC (Fig. 6a-e). Taken together,
these results indicate that LINC01128 may act as a cru-
cial tumor promoter of PC by competitively binding to
miR-561-5p and subsequently upregulating the expres-
sion of LDHA.

LINCO1128 promotes tumor growth and regulates LDHA
protein expression in vivo

Previously, we have proved that LINC01128 was overex-
pressed in PC cells whose knockdown suppressed pro-
liferation, migration, invasion, and EMT of these cells.
Next, we performed a xenograft in vivo mouse assay
using SW1990 cells and MIAPaCa-2 cells to explore
the role of LINC01128 in tumor growth. We obtained
tumor images after the mice were euthanized (Fig. 7a,
b). The results showed that LINC01128 knockdown
decreased tumor size and tumor weight compared to
those in the negative control, while LINC01128 over-
expression yielded an opposite result (Fig. 7c—f). In
the tumor tissue sample, qRT-PCR was used to clarify
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the transfection efficiency of the sh-LINC01128 and
LINCO01128 overexpression groups (Fig. 7g, h). An
opposite expression level between miR-561-5p and
LINCO01128 was detected (Fig. 7h, i). Finally, western
blot analysis showed that LDHA protein expression was
significantly reduced in the sh-LINC01128 group com-
pared to the NC group but mountingly increased in the
LINCO01128 group (Fig. 7j, k). In conclusion, our results
indicate that LINC01128 promotes tumor growth and
regulates LDHA protein expression in vivo.

Discussion
It has been confirmed that IncRNAs are involved in the
occurrence and development of various cancers [17],
including prostate cancer, bladder cancer, gallbladder
cancer, PC, osteosarcoma, and breast cancer [12, 18-21].
Several IncRNAs have been identified, such as THAP9-
AS1 [22], PLAT1 [23], PVT1 [24], and XLOC_006390
[25], and their underlying mechanisms have been
explored in PC. LINC01128 has previously been impli-
cated in cervical cancer [10] and acute myeloid leukemia
[11], however, there have been no reports on its effects in
PC. In our study, we found that LINC01128 was upregu-
lated in PC tissues and cell lines, and LINC01128 over-
expression was related to the poor prognosis of patients
with PC. In addition, LINC01128 knockdown inhibited
cell proliferation, migration, invasion, and EMT pro-
cesses of PC cells and led to G2/M phase arrest, while
LINCO01128 overexpression yielded opposite results.
Previous studies have shown that IncRNAs can regu-
late gene expression at the pre-transcriptional level, tran-
scriptional level, and post-transcriptional level according
to their locations in the cell [26, 27]. The IncRNAs locat-
ing in the nucleus functioned pre-transcriptionally or
transcriptionally, whereas IncRNAs located in the cyto-
plasm usually competing with endogenous RNAs and
sponging miRNAs to regulate the expression of target
mRNAs post-transcriptionally [28, 29]. LINC01128, a
novel IncRNA, has been shown to promote cell prolif-
eration, migration, and invasion, inhibit cell apoptosis,
sponge miR-383-5p, thus upregulating the expression
of SEN in cervical cancer [10]. However, another study
demonstrated that LINC01128 inhibited the malignant
behavior of acute myeloid leukemia [11]. These findings
may be explained by the fact IncRNAs possess a more
pronounced tissue-specific expression pattern compared
to protein-encoding genes. Through subcellular grad-
ing experiments, we found that LINC01128 was mainly
located in the cytoplasm, indicating that LINC01128
may play a role as a ceRNA during initiation and pro-
gression by sponging miRNAs. The deregulation of
miR-561-5p expression in various cancers indicates that
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proliferation, migration, and invasion of BxPC-3 cells transfected with miR-561-5p inhibitor and co-transfected with miR-561-5p inhibitor and LDHA
shRNA. Data are presented as mean = SD of three independent experiments. *p < 0.05, **p <0.01

miR-561-5p may play an important role in tumorigenesis
and progression [30, 31]. Kun et al. showed that miR-
561-5p was frequently down-regulated in gastric cancer
cell lines and tissues, and overexpression of miR-561-5p
inhibited cell proliferation and invasion by downregu-
lating c-Myc expression [32]. A recent next-generation
sequencing study showed that miR-561-5p was also often
down-regulated in PC [33]. In our study, StarBase3.0
predicted that miR-561-5p might be a downstream tar-
get of LINCO01128. Subsequent luciferase reporter and
MS2-RIP assays confirmed the interaction between
LINC01128 and miR-561-5p. Further experiments have
shown that miR-561-5p can promote cell proliferation,

migration, and invasion during the initiation and pro-
gression of PC, suggesting that the cancer-promoting
effect of LINC01128 mainly relies on miR-561-5p.
According to the ceRNA hypothesis, mRNA expres-
sion of target genes is upregulated due to the competitive
binding of IncRNAs to miRNAs. StarBase3.0 was used to
predict LDHA as a potential target gene for LINC01128
and miRNA-561. Previous studies have demonstrated
that LDHA is a step-control enzyme in the glycolysis
pathway [34, 35]. Increasing evidences have shown that
LDHA is upregulated in various cancers, which is related
to the clinicopathological characteristics and prognosis
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of patients and involved in cancer growth [36-38]. In
various cancers, including breast cancer, nasopharyngeal
cancer, gallbladder cancer, and PC, LDHA can promote
malignant progression by increasing the production
of lactic acid, accelerating the uptake of glucose, and
regulating many cancer-related molecules [39-43]. In a
previous study, LDHA silencing induced a decrease in
lactic acid concentration, and cancer cell migration was
reduced by approximately 40% compared to the control
siRNA [44]. In our study, luciferase reporter and MS2-
RIP experiments verified the direct binding of LDHA
to miR-561-5p. LDHA silencing partially eliminated the
tumorigenic effects of LINC01128 in the rescue experi-
ment. Furthermore, LINC01128 promoted tumor growth
and regulated LDHA protein expression in vivo. Recently,
the application of tumor-related IncRNA HOX Tran-
script Antisense Intergenic RNA (HOTAIR) deletion

mutant variant was defined an innovative RNA-based
strategy for tumor therapy reported to reduce cellular
motility, invasiveness, growth, and EMT [45]. In addition,
Wang et al. [46] also shed great light on the importance
of the researches regarding to targeting RNA therapeu-
tics in cancer which aroused widespread attention and
interests. Therefore, the development of the novel inhibi-
tor or variant of LINC01128 for PC therapy emerges to
be a significant strategy which needs further work in the
future.

Taken together, LINC01128 can act as a ceRNA and
regulate the expression of LDHA protein by competi-
tively sponging miR-561-5p, thus promoting prolif-
eration, migration, invasion, and EMT of PC cells. This
highlights the LINC01128/miR-561-5p/LDHA axis as a
potential significantly diagnostic and therapeutic target
for patients with PC.
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Conclusions

This study demonstrated that LINC01128 promoted
proliferation, migration, invasion, and EMT of PC via
regulating the miR-561-5p/LDHA axis, pointing that
LINCO01128 could act as a novel prognostic predictor and
a therapeutic target.
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