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Abstract

Background

Pancreatic adenocarcinoma (PAAD) is a pancreatic disease with a high mortality rate in the

world. This present research intends to identify the function of lncRNA LINC00857/miR-340-

5p/Transforming growth factor alpha (TGFA) in the progression of PAAD.

Methods

Bioinformatics analysis was used to explore the differentially expressed lncRNA/miRNA/

mRNA and analyze the relationship between lncRNA/miRNA/mRNA expression and prog-

nosis of PAAD by enquiring TCGA, GEO and GTEX. KEGG pathway analysis and GO

enrichment analysis were implemented to annotate the crucial genes regulated by

LINC00857. The biological behaviors of PAAD cells were detected by CCK-8, colony forma-

tion and transwell assays. Interactive associations between LINC00857 and miR-340-5p, as

well as miR-340-5p and TGFA were analyzed by dual luciferase assay.

Results

By enquiring TCGA database, we got that LINC00857 was highly expressed in patients with

PAAD and positively associated with worse prognosis in PAAD patients. Moreover,

LINC00857 upregulation promoted the proliferation and clone formation abilities of PAAD

cells. Afterwards, the downstream miRNA and mRNA targets of LINC00857 were picked up

to construct a ceRNA network. Further study revealed that TGFA expression was positively

regulated by LINC00857 and negatively regulated by miR-340-5p. Besides that, the inhibi-

tory effect of miR-340-5p on PAAD cells growth and movement can be blocked by
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LINC00857 upregulation. While, the malignant behavior of PAAD cells induced by TGFA

overexpression can be eliminated by LINC00857 knockdown.

Conclusions

Upregulation of LINC00857 improved growth, invasion and migration abilities of PAAD cells

by modulation of miR-340-5p/TGFA, affording potential targets and biomarkers for the clini-

cal diagnosis and treatment.

Introduction

Pancreatic adenocarcinoma (PAAD), as a fatal tumor, is featured by early hematopoietic and

lymphocytic hyperplasia following high local recurrence rate [1]. Until now, surgical resection

is still the most effective treatment for PAAD. According to statistics, only 18.45% of PAAD

patients were diagnosed with stage I or II [2]. Due to the lack of early symptoms and specific

molecular markers for early detection and warning, most patients are diagnosed with

advanced cancer with local invasion or distant metastasis [3]. The above reasons lead to inef-

fective surgical resection and drug treatment in PAAD patients, resulting in high mortality

and poor prognosis in PAAD patients. In recent years, despite advances in tumor treatment,

especially in targeted therapy and immunotherapy, the mortality rate of PAAD is still basically

unchanged [4]. Hence, it is essential to further explore the regulatory mechanism during the

initiation and progression of PAAD, which may afford an effective solution for the therapy of

PAAD.

Long noncoding RNAs (lncRNAs), as non-coding RNAs with a length of over 200 nucleo-

tides, have been discovered to be referred to the development of many diseases [5]. A previous

research reported that lncRNAs could act as molecular sponges to compete microRNAs (miR-

NAs) [6]. For example, lncRNA PVT1 sponged miR-519d-3p to promote progression and gly-

colysis in pancreatic ductal adenocarcinoma (PDAC) [7]. LncRNA LINC00657 facilitated the

malignancy of PDAC via regarding as a competing endogenous RNA (ceRNA) on miR-433 to

upregulate PAK4 expression [8]. Additionally, lncRNA ITGB2-AS2 has been discovered to

accelerate cell proliferation and aggressiveness via regulating miR-4319/RAF1 in PDAC [9]. In

this research, we discovered that LINC00857 was highly expressed in PAAD samples by ana-

lyzing the TCGA database. Accordingly, several researches have revealed that LINC00857

played an essential role in numerous tumors, such as lung adenocarcinoma [10], esophageal

adenocarcinoma [11], and hepatocellular carcinoma [12]. However, the understanding on the

effect of LINC00857 aberrant expression on PAAD is incomprehensive.

It is well known that lncRNAs are able to serve as ceRNAs to regulate the expression of

genes by sponging miRNAs [13]. MiRNAs, which composed of 17–24 nucleotides, can control

gene expression by targeting to the 3’UTR of the target mRNAs [14]. To date, more than 1500

mature miRNAs were confirmed in the human genome, which can regulate about 50% of all

people protein-coding genes [15]. Several literatures revealed that miRNAs are involved in the

development of human diseases, including malignancies [16–18]. Currently, abundant miR-

NAs, such as miR-1290 [19], miR-216b [20], and miR-454 [21], were illustrated to be abnor-

mally expressed in PDAC patients. Significantly, miR-340-5p was served as a downstream

target of LINC00857 by visiting bioinformatics software. While, the exact function of miR-

340-5p in PAAD cells remains unclear.
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Herein, we used biological information analysis to explore the expression of LINC00857 in

PAAD and the prognostic relationship with PAAD patients. Besides, we performed functional

experiments to detect the biological properties of LINC00857 in the malignant progression of

PAAD cells and the relevant downstream molecular mechanisms.

Materials and methods

Data acquisition and bioinformatics analysis

The association between LINC00857 and miR-340-5p was speculated by lncbase2.0 website.

Targetscan database was used to explore the upstream regulator of Transforming growth factor

alpha (TGFA). TCGA (https://cancergenome.nih.gov/, project-PAAD) and GTEx database

were applied to analyze the expression of LINC00857 and TGFA in PAAD patients. TCGA

and Gene expression omnibus (GEO) database were applied to detect miR-340-5p expression

in PAAD patients. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis and

Gene Ontology (GO) enrichment analysis were implemented to annotate the crucial genes,

which were co-regulated with LINC00857. OncomiR website was used to select the differen-

tially expressed miRNA in PAAD samples.

Cell source and culture

Two human PAAD cell lines (PANC-1 or SW 1990) were awarded from the Cell Bank of the

Chinese Academy of Sciences (Shanghai, China). The normal pancreatic cell line (HPDE6-C7)

was purchased from American Type Culture Collection (ATCC, Manassas, USA). The cells

were cultivated in Dulbecco’s modified Eagle’s medium (DMEM) covering 10% fetal bovine

serum (FBS), 100 U/mL penicillin, and 100 mg/mL streptomycin (Sigma, USA) under the con-

dition of 37˚C, 5% CO2.

Regulation of genes expression

Firstly, PANC-1 or SW 1990 cells were implanted into six-well plates with a fresh density of

1×105 cells per well. When the cells covered 60% confluence, pcDNA3.1-LINC00857/si-

LINC00857, miR-340-5p mimic/inhibitor, pcDNA3.1-TGFA/si-TGFA were transfected into

cells to respectively elevate or reduce LINC00857, miR-340-5p and TGFA expression. All the

transfection experiments were performed with the support of Lipofectamine 2000 (Invitrogen,

USA).

qPCR

TRIzol reagent (Beyotime, China) was used to isolate the whole RNA from the treated PANC-

1 or SW 1990 cells. To analyze miR-340-5p expression, the cDNA was generated from the

whole RNA with the assistance of miScript reverse transcription kit, and qPCR was carried out

with the help of miScript SYBR Green PCR kit. U6 functioned as the internal standard for

miR-340-5p detection. For the evaluation of LINC00857 and TGFA expression, the whole

RNA was converted into cDNA using PrimeScript™ RT Reagent Kit. Afterwards, qPCR was

implemented by utilizing the SYBR-Green PCR Master Mix. All the procedures were per-

formed on ABI 7500 real time PCR system. GAPDH was served as the internal standard for

LINC00857 and TGFA detection. 2−ΔΔCt method was employed to evaluate the relative genes

expression. The primers were constructed as follows:

LINC00857 Forward: 5’-TGAATAGCTACCCCTGGGCT-3’, Reverse: 5’-AGCCCAGGGG
TAGCTATTCA-3’; miR-340 Forward: 5’- TATAAAGCAATGAGACTGAT-3’, Reverse:

5’-GAACATGTCTGCGTATCTC-3’; U6 Forward: 5’-CTCGCTTCGGCAGCACAT-3’,
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Reverse: 5’-TTTGCGTGTCATCCTTGCG-3’; TGFA Forward: 5’-GGTCCGAAAACACTGT
GAGTGG-3’, Reverse: 5’- CAAACTCCTCCTCTGGGCTCTT-3’; GAPDH Forward: 5’-
CCATGGGGAAGGTGAAGGTC-3’, Reverse: 5’-AAATGAGCCCCAGCCTTCTC-3’.

Detection of protein expression

Western blot was applied to examine the related protein expression levels. Firstly, transfected

PANC-1 or SW 1990 cells were washed by pre-cooling PBS and then lysed using RIPA buffer

(1% protease inhibitor) to extract protein. The concentration of protein was determined by a

BCA protein assay kit. Afterwards, the protein was separated through SDS-PAGE gel and blot-

ted onto PVDF membranes. After sealing with 5% skimmed milk, the membranes were incu-

bated with primary antibodies against TGFA or GAPDH, which were obtained from Abcam

(Cambridge, MA, USA). Subsequently, the membranes were incubated with the secondary

antibodies. Protein bands were developed after suffered from ECL and quantified with Image J

software.

Determination of cell activity

The proliferation of PANC-1 or SW 1990 cells was examined with the assistance of CCK-8

assay. After 24 h post-transfection, the cells were collected. Afterwards, the processed single

cell suspension was seeded in 96-well plates with a density of 2000 cells per well. The CCK-8

assay was implemented at 0, 24, 48 and 72 h. After cell seeding, 15 μL of CCK-8 reagent was

loaded into per well, accompanied by incubation at same condition for another 1.5 h. The opti-

cal density (OD) value was examined at 450 nm on a microplate reader.

Cell invasion and migration experiments

Invasive and migratory abilities of treated PANC-1 or SW 1990 cells were explored adopting

transwell chambers. Firstly, treated cells were rinsed with PBS and re-suspended in DMEM

excluding FBS. 200 μL cell suspension including 1×105 cells was added into the above cham-

ber. The lower chamber was loaded with 500 μL of DMEM including 10% FBS. After 24 h of

incubation, get rid of the non-migratory cells by using a cotton swab, while the migratory cells

were fixed with paraformaldehyde and stained with crystal violet. The migratory cells images

were caught using a microscope. The procedures of the invasion experiment were the same to

the migration assay, except that the chambers were pre-coated with Matrigel.

Plate clone formation assay

For this experiments, 500 PANC-1 or SW 1990 cells were seeded onto the six-well plates with

DMEM (10% FBS), each group consisting of 3 holes. After 10–14 days cultivation, the clones

were rinsed twice with PBS and stained with crystal violet staining (Beyotime, China). Finally,

a microscope was applied to count the colony forming units.

Luciferase report assay

The wild-type (wt) LINC00857/TGFA with the predicting binding sites of miR-340-5p was

cloned and inserted into the pGL3-vector, named as wt- LINC00857/TGFA. While, the mutant

(mut) LINC00857/TGFA sequence was synthesized and inserted into pGL3-vector, called

mut-LINC00857/TGFA. Afterwards, the wt-LINC00857/TGFA or mut-LINC00857/TGFA

and miR-340-5p mimic/inhibitor were together transfected into cells by using Lipofectamine

2000 (Invitrogen, USA). After cultivation for 48 h, the cells were gathered and the luciferase
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activity was examined by using the dual luciferase reporter assay system based on the supplier’s

instruction.

Data processing

The relationship between LINC00857 and clinical properties of PAAD patients was analyzed

by using the chi-square test. Cox regression analysis was used to explore the independent prog-

nostic factor of PAAD patients. Pearson’s correlation analysis was executed to evaluate the

expression relationship between LINC00857 and TGFA. Student’s t test was applied to analyze

the comparison between two groups, whereas ANOVA along with Bonferroni’s post hoc test

was implemented to estimate the difference among multiple groups. Experimental values,

which were from three independent experiments, were exhibited as mean ± standard deviation

through SPSS22.0 and Graphpad Prism 5.0 analysis. P< 0.05 was regarded as statistically

significant.

Results

LINC00857 is upregulated in PAAD samples and contributes to malignant

behavior in PAAD cells

Firstly, data from TCGA and GTEx, which including 178 PADD patients and 171 normal sam-

ples, showed that LINC00857 was highly expressed in patients with PAAD. Moreover, its high

expression led to a shorter survival time for PADD patients (Fig 1A and 1B, P<0.05). With the

increase of LINC00857 expression, the total survival time of PAAD patients decreased signifi-

cantly (Fig 1C, P = 0.0053), which further confirmed the importance of LINC00857 in the

prognosis of PDAA patients. Afterwards, we explored the clinical value of LINC00857 in

PAAD by estimating the relationship between LINC00857 expression and clinical properties

of the 162 cases of PADD patients with complete clinical information. The results revealed

that the expression of LINC00857 was associated with Death in PAAD patients, which was sta-

tistically significant (Table 1). After Cox regression analysis of the samples, it was found that

LINC00857 could be used as an independent predictor of the prognosis of PAAD (Table 2).

Subsequently, we detected LINC00857 expression in PAAD cell lines including PANC-1

and SW 1990. The result from PCR showed that LINC00857 expression was obviously elevated

in PANC-1 and SW 1990 cells compared with that of HPDE6-C7 cells (Fig 1D, P<0.01). Fur-

thermore, the CCK-8 assay showed that depletion of LINC00857 obviously reduced the OD

values of PANC-1 cells (Fig 1G, P<0.05). However, the OD values of HPDE6-C7 cells was not

affected by LINC00857 depletion until 72 h (Fig 1E, P<0.05). Moreover, the plate clone assay

revealed that knockdown of LINC00857 reduced the cloning formation number of PANC-1

cells (Fig 1I, P<0.01). After upregulation of LINC00857, the OD values of SW 1990 cells were

elevated obviously (Fig 1H, P<0.05). However, the OD values of HPDE6-C7 cells was not

affected by LINC00857 upregulation (Fig 1F). Additionally, after pcDNA3.1-LINC00857 stim-

ulation, the cloning formation number of SW 1990 cells was increased significantly (Fig 1J,

P<0.05). These observations revealed that LINC00857 functioned as a key regulator in PAAD

progression.

LINC00857 is positively related with TGFA, a target of miR-340-5p

Based on the above findings, mRNAs with strong co-expression with LINC00857 were selected

by KEGG and GO enrichment analysis. It was found that TGFA was widely involved in the sig-

naling pathways (PI3K-AKT pathway, Hepatocellualr carcinoma, Pancreatic cancer) from

KEGG and was significantly upregulated in PAAD patients (n = 178) than the normal samples
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Fig 1. The biological function of LINC00857 in PAAD was discovered. A. The expression level of LINC00857 was identified by enquiring TCGA and GTEx

database, including 178 PADD patients and 171 normal samples, P<0.001. B. Overexpression of LINC00857 significantly reduced the overall survival of PAAD,

P = 0.034. C. The disease free survival of PAAD patients significantly decreased with high expression of LINC00857, P = 0.0046. D. LINC00857 was obviously

upregulated in PANC-1 and SW 1990 cells compared with HPDE6-C7 cells, ��P<0.01 vs. HPDE6-C7. E. The influence of si-LINC00857 on HPDE6-C7 cells

proliferation was analyzed by CCK-8 assay, �P<0.05 vs. si-con. F. Upregulation of LINC00857 has no effect on HPDE6-C7 cells proliferation. G. Knockdown of

PLOS ONE LINC00857/miR-340-5p/TGFA function on PAAD

PLOS ONE | https://doi.org/10.1371/journal.pone.0247817 March 4, 2021 6 / 14

https://doi.org/10.1371/journal.pone.0247817


LINC00857 reduced PANC-1 cells viability, �P<0.05, ��P<0.01 vs. si-con. H. LINC00857 overexpression caused an increase in SW 1990 activity, �P<0.05,
��P<0.01 vs. vector. I. LINC00857 depletion induced a decrease in PANC-1 cells colony formation ability, ��P<0.01 vs. si-con. J. LINC00857 upregulation

promoted SW 1990 cells colony formation ability, ��P<0.01 vs. vector.

https://doi.org/10.1371/journal.pone.0247817.g001

Table 1. Relationship between LINC00857 expression and clinicopathological properties of patients with pancre-

atic adenocarcinoma.

Characteristics Expression of LINC00857 P value

Low High

Age 0.231

<60 21 28

�60 60 53

Gender 0.344

female 34 40

male 47 41

Grade 0.392

G1+G2 59 54

G3+G4 22 27

Stage 0.699

I+II 78 77

III+IV 3 4

T-Stage 0.277

T1+T2 15 10

T3+T4 66 71

N 0.861

N0 22 23

N1 59 58

M 1.000

M0 79 79

M1 2 2

Death 0.002�

No 47 27

Yes 34 54

�P<0.05, T: tumor, N: lymph nodes, M: metastasis.

https://doi.org/10.1371/journal.pone.0247817.t001

Table 2. Cox univariate and multivariate analysis of LINC00857 in pancreatic adenocarcinoma patients.

Variables Univariate analysis Multivariate analysis

Pvalue HR 95%CI Pvalue HR 95%CI

LINC00857 expression(high/low) 0.013� 1.720 1.119–2.643 0.020� 1.665 1.083–2.561

Stage (I+II/III+IV) 0.724 0.812 0.256–2.578

T-stage (T1+T2/T3+T4) 0.076 1.819 0.938–3.528

M (M0/M1) 0.992 1.007 0.247–4.114

N (N0/N1) 0.005� 2.158 1.269–3.670 0.006� 2.096 1.231–3.568

Age(<60/�60) 0.244 1.329 0.824–2.144

Gender (female/male) 0.208 0.763 0.501–1.163

Grade(G1+G2/G3+G4) 0.097 1.451 0.935–2.249

�P<0.05, T: tumor, N: lymph nodes, M: metastasis.

https://doi.org/10.1371/journal.pone.0247817.t002
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(n = 171, Fig 2A–2C, P<0.05). And a positive relationship between LINC00857 and TGFA

expression was identified by Pearson’s correlation analysis (Fig 2D, P<0.0001). Moreover,

with the increase of TGFA expression, the overall survival and disease-free survival of patients

with high expression were lower than those with TGFA low expression, indicating that TGFA

was an adverse prognostic factor in PADD patients (Fig 2E and 2F, P<0.05).

Fig 2. The potential ceRNA mechanism was constructed. A, B. KEGG pathway analysis and GO enrichment analysis were applied to detect the signaling pathway

related to the 257 differentially expressed genes, TGFA was related to PI3K-AKT pathway, Hepatocellular carcinoma, and Pancreatic cancer. C. TGFA expression was

significantly increased in PAAD patients, P<0.0001. D. A positive association was existed between LINC00857 and TGFA expression, P<0.0001. High expression of

TGFA led to poor overall survival (E, P = 0.031) and disease free survival (F, P = 0.0023). G. miR-340-5p was picked up by intersection of four datasets. H. Lower

expression of miR-340-5p was occurred in 179 PAAD patients from TCGA database, P = 0.0472. I. Data from GEO including 36 cases of PAAD patients and 16

normal samples revealed that miR-340-5p was lower expressed in PAAD, P<0.0001. J. Lower expression of miR-340-5p contributed to bad overall survival of PAAD

patients, P<0.05.

https://doi.org/10.1371/journal.pone.0247817.g002
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Thereafter, the miRNA related to LINC00857 and TGFA was explored. The target miRNA

of LINC00857 (lnc Base, purple), the upstream miRNA regulator of TGFA (Targetscan, yel-

low), the down-regulated miRNA in PAAD obtained from the OncomiR website (OncomiR-

DEGs, green), and the miRNAs that were meaningful for survival (OncomiR-survival) were

intersected to obtain a common miRNA (orange). Finally, miR-340-5p is screened out (Fig

2G). The data from TCGA presented that lower miR-340-5p expression, which led to bad sur-

vival of PAAD patients, was observed in PAAD patients (Fig 2G and 2H, P<0.05). The binding

sequences between LINC00857 and miR-340-5p, as well as miR-340-5p and TGFA were pre-

sented in Fig 3A and 3B. Moreover, the data from dual luciferase assay indicated that the lucif-

erase activity in WT-LINC00857 group was reduced or increased after miR-340-5p mimic or

inhibitor treatment. Similarly, in WT-TGFA group, the luciferase activity was declined or ele-

vated with miR-340-5p mimic or inhibitor stimulation. However, in MUT-LINC00857 or

MUT-TGFA group, the luciferase activity has no change (Fig 3C and 3D, P<0.01). Further-

more, the data from qPCR and western blot suggested that TGFA expression was positively

correlated with LINC00857 and negatively related to miR-340-5p. These discoveries insinu-

ated that LINC00857, miR-340-5p and TGFA may construct a ceRNA network to regulate

PAAD cells behaviors.

LINC00857, miR-340-5p, and TGFA co-regulate PAAD cells growth and

aggressiveness

Next, CCK-8 and transwell assays were implemented to explore the function of LINC00857,

miR-340-5p, and TGFA on the proliferation and aggressiveness of PANC-1 and SW 1990 cells.

The data suggested that depletion of miR-340-5p or overexpression of TGFA elevated the

PANC-1 cells growth and aggressiveness abilities. However, these positive effects on PANC-1

cells caused by miR-340 inhibitor or TGFA-OE can be eliminated by LINC00857 depletion

(Fig 4A and 4C, P<0.01). Whilst, the growth and aggressiveness abilities of SW 1990 cells were

decreased after miR-340-5p overexpression or TGFA depletion. However, the decreasing

trends of SW 1990 cells growth and aggressiveness induced by miR-340 mimic or si-TGFA

can be alleviated by LINC00857 upregulation (Fig 4B and 4D, P<0.01). These phenomena

illustrated that the function of miR-340-5p or TGFA on PAAD cells can be regulated by

LINC00857, indicating that LINC00857, miR-340-5p, and TGFA formed a ceRNA network to

regulate the biological behaviors of PAAD cells.

Discussion

Currently, the expression levels and function of lncRNAs in PAAD were detected widely [22,

23]. Increasing lncRNAs have been observed to be aberrantly expressed in PAAD, which

played crucial roles in the initiation and progression of PAAD [24, 25]. So, illuminating func-

tion of cancer-related lncRNAs in PAAD pathogenesis may promote the identification of

promising targets for the treatment of PAAD patients. This research revealed that LINC00857

was highly expressed in PAAD patients and positively correlated with short-term survival of

PAAD patients. Additionally, the function of LINC00857 on the malignant behaviors of

PAAD cells and potential molecular mechanism was uncovered.

Anteriorly, LINC00857 was considered as one of the most upregulated lncRNAs in lung

cancer. LINC00857 depletion has been discovered to block cell proliferation and metastasis by

modulating a series of genes implicated in cell cycle progression. Significantly, similarly to

what we have discovered in PAAD, LINC00857 upregulation was connected with shorter sur-

vival time of patients with lung cancer, indicating its oncogenic role in cancer [26]. Besides

that, LINC00857 expression in the primary tumor was presented to predict muscle-invasive
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Fig 3. Associations among LINC00857, miR-340-5p, and TGFA were identified. A. The binding sites between LINC00857 and miR-340-5p were presented. B. The

binding sequences between miR-340-5p and TGFA were exhibited. C. The luciferase activity in WT-LINC00857 group was reduced by miR-340-5p mimic treatment,

but miR-340-5p inhibitor increased the luciferase activity in WT-LINC00857 group, ��P<0.01 vs. control. D. miR-340-5p mimic decreased the luciferase activity in

WT-TGFA group, while miR-340-5p inhibitor increased the luciferase activity in WT-TGFA group, ��P<0.01 vs. control. E-G. The mRNA and protein levels of TGFA

in PCNA-1 cells were reduced after si-LINC00857 treatment, miR-340-5p treatment increased TGFA expression, ��P<0.01 vs. control, ##P<0.01 vs. si-LINC00857,
&&P<0.01 vs. miR-340-5p inhibitor. H-J. In SW 1990 cells, TGFA mRNA and protein expression was increased when LINC00857 upregulation, but overexpression of

miR-340-5p suppressed TGFA expression, ��P<0.01 vs. control, ##P<0.01 vs. LINC00857-OE, &&P<0.01 vs. miR-340-5p mimic.

https://doi.org/10.1371/journal.pone.0247817.g003
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bladder cancer development and response to chemotherapy [27]. Furthermore, LINC00857

depletion blocked cell growth and promoted apoptosis in esophageal adenocarcinoma [11]. In

our study, LINC00857 was highly expressed in PAAD patients and cell lines, and LINC00857

upregulation significantly related to the death with the PAAD patients. Through clinical corre-

lation analysis, we observed that LINC00857 expression has no obvious relationship with the

patient’s pathological stage, metastasis and other characteristics. The possible reason is that

the sample size of patients from TCGA is small, which has some limitations. Moreover,

LINC00857 can be used as an independent prognostic factor for PAAD. More importantly,

overexpression of LINC00857 significantly elevated the viability and clone formation abilities

of PADD cells.

The lncRNA-mediated biological properties of cancer cells are based on the crosstalk

between lncRNAs and mRNAs, which compete for shared response elements in miRNAs [28].

Fig 4. Function of miR-340-5p and TGFA on PAAD cells was regulated by LINC00857. A. The increased OD values of PANC-1 cells caused by miR-340-5p

inhibitor or TGFA-OE was suppressed by LINC00857 depletion. B. LINC00857 upregulation inversed the decreased OD values of SW 1990 cells induced by miR-340-

5p mimic or si-TGFA on SW 1990 cells proliferation. C. miR-340-5p inhibitor or TGFA-OE treatment increased the invaded and migrated number of PANC-1 cells,

but depletion of LINC00857 reversed these phenomena. D. miR-340-5p mimic or si-TGFA treatment reduced the invaded and migrated number of SW 1990 cells,

but LINC00857 upregulation eliminated this trend. ��P<0.01 vs. control, ##P<0.01 vs. miR-340-5p inhibitor/mimic, &&P<0.01 vs. TGFA-OE/si-TGFA.

https://doi.org/10.1371/journal.pone.0247817.g004
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This ceRNA mechanism, which has been extensively discovered in tumors, has attracted wide-

spread interest [29, 30]. For example, LINC00857 modulated lung adenocarcinoma progres-

sion by targeting miR-1179/SPAG5 [10]. In this research, the mechanism related to the

oncogenic activity of LINC00857 in PAAD cells was explored. By informatics analysis, we dis-

covered that TGFA was widely existed in the KEGG enrichment pathway and has a strong co-

expression relation with LINC00857, indicating that TGFA was a potential downstream

mRNA of LINC00857. In addition, TGFA was also highly expressed in PAAD patients and

was significantly related to poor prognosis of PAAD patients. TGFA, which encodes a growth

factor that is a ligand for the epidermal growth factor receptor, was positively related to cell

growth, migration, and development [31]. In addition, TGFA has been illustrated to be posi-

tively related to several cancers, such as prostate cancer [32], colon cancer [33], and breast can-

cer [34]. Consistent with the reports in the above literatures, our study observed that TGFA

overexpression increased the PAAD cells growth and aggressiveness abilities. However,

LINC00857 depletion blocked the promoting effect of TGFA on PAAD cells malignant behav-

iors, insinuating a potential relationship between LINC00857 and TGFA.

To construct the ceRNA network between LINC00857 and TGFA in PAAD, miR-340-5p

was picked up as the most suitable miRNA. As a key molecule linking LINC00857 and TGFA,

miR-340-5p has attracted extensive attentive in human cancer. For example, miR-340-5p was

lower expressed in colorectal cancer and acted as a tumor suppressor in colorectal cancer by

binding ANXA3 [35]. While, in thyroid cancer, miR-340-5p was highly expressed and executed

an active role [36]. Consistent with the function in colorectal cancer, we discovered that miR-

340-5p was lower expressed in PAAD patients and lower expression of miR-340-5p had a

worse overall survival in patients with PAAD. Importantly, upregulation of miR-340-5p limited

the malignant behaviors of PAAD cells. However, this effect can be blocked by LINC00857

overexpression, indicating an underlying association between LINC00857 and miR-340-5p.

Our study discovered the pro-carcinogenic effect of LINC00857 in PAAD cancer cells, that

is, LINC00857 was implicated in the malignancy of PAAD via acting as a ceRNA competitively

targeting to miR-340-5p and thereby upregulating TGFA expression. The findings provided

potential molecules for targeted therapy of PAAD.

Supporting information

S1 File.

(XLSX)

S1 Raw images.

(DOC)

Author Contributions

Conceptualization: Tingfu Li.

Data curation: Hongbo Zhao.

Formal analysis: Tingfu Li, Hua Zhou, Tingting Geng.

Investigation: Tingfu Li, Hongbo Zhao, Hua Zhou.

Methodology: Hua Zhou.

Project administration: Hongbo Zhao, Tingting Geng.

Resources: Tingting Geng.

PLOS ONE LINC00857/miR-340-5p/TGFA function on PAAD

PLOS ONE | https://doi.org/10.1371/journal.pone.0247817 March 4, 2021 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0247817.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0247817.s002
https://doi.org/10.1371/journal.pone.0247817


Software: Tingfu Li, Hongbo Zhao, Tingting Geng.

Supervision: Hongbo Zhao, Tingting Geng.

Validation: Tingfu Li, Hua Zhou.

Writing – original draft: Tingfu Li, Hongbo Zhao.

Writing – review & editing: Tingting Geng.

References
1. Lou C, Zhang F, Yang M, Zhao J, Zeng W, Fang X, et al. Naringenin decreases invasiveness and

metastasis by inhibiting TGF-beta-induced epithelial to mesenchymal transition in pancreatic cancer

cells. PLoS One. 2012; 7:e50956. https://doi.org/10.1371/journal.pone.0050956 PMID: 23300530

2. Zhang QH and Ni QX. [Clinical analysis of 2340 cases of pancreatic cancer]. Zhonghua Yi Xue Za Zhi.

2004; 84:214–218. PMID: 15059537

3. Wang W, Xing H, Huang C, Pan H, Li D. Identification of pancreatic cancer type related factors by

Weighted Gene Co-Expression Network Analysis. Med Oncol. 2020; 37:33. https://doi.org/10.1007/

s12032-020-1339-0 PMID: 32200436

4. Rosenberg A and Mahalingam D. Immunotherapy in pancreatic adenocarcinoma-overcoming barriers

to response. J Gastrointest Oncol. 2018; 9:143–159. https://doi.org/10.21037/jgo.2018.01.13 PMID:

29564181

5. Sun M and Kraus WL. From discovery to function: the expanding roles of long noncoding RNAs in phys-

iology and disease. Endocr Rev. 2015; 36:25–64. https://doi.org/10.1210/er.2014-1034 PMID:

25426780

6. Cesana M, Cacchiarelli D, Legnini I, Santini T, Sthandier O, Chinappi M, et al. A long noncoding RNA

controls muscle differentiation by functioning as a competing endogenous RNA. Cell. 2011; 147:358–

369. https://doi.org/10.1016/j.cell.2011.09.028 PMID: 22000014

7. Sun J, Zhang P, Yin T, Zhang F, Wang W. Upregulation of LncRNA PVT1 Facilitates Pancreatic Ductal

Adenocarcinoma Cell Progression and Glycolysis by Regulating MiR-519d-3p and HIF-1A. J Cancer.

2020; 11:2572–2579. https://doi.org/10.7150/jca.37959 PMID: 32201527

8. Bi S, Wang Y, Feng H, Li Q. Long noncoding RNA LINC00657 enhances the malignancy of pancreatic

ductal adenocarcinoma by acting as a competing endogenous RNA on microRNA-433 to increase

PAK4 expression. Cell Cycle. 2020; 19:801–816. https://doi.org/10.1080/15384101.2020.1731645

PMID: 32116086

9. Yang M, Qin Q, Zhu J, Guo Y, Yin T, Wu H, et al. Long noncoding RNA ITGB2-AS1 promotes growth

and metastasis through miR-4319/RAF1 axis in pancreatic ductal adenocarcinoma. J Cell Physiol.

2020; https://doi.org/10.1002/jcp.29471 PMID: 31957875

10. Wang L, Cao L, Wen C, Li J, Yu G, Liu C. LncRNA LINC00857 regulates lung adenocarcinoma progres-

sion, apoptosis and glycolysis by targeting miR-1179/SPAG5 axis. Hum Cell. 2020; 33:195–204.

https://doi.org/10.1007/s13577-019-00296-8 PMID: 31667785

11. Su W, Wang L, Niu F, Zou L, Guo C, Wang Z, et al. LINC00857 knockdown inhibits cell proliferation and

induces apoptosis via involving STAT3 and MET oncogenic proteins in esophageal adenocarcinoma.

Aging (Albany NY). 2019; 11:2812–2821. https://doi.org/10.18632/aging.101953 PMID: 31085800

12. Xia C, Zhang XY, Liu W, Ju M, Ju Y, Bu YZ, et al. LINC00857 contributes to hepatocellular carcinoma

malignancy via enhancing epithelial-mesenchymal transition. J Cell Biochem. 2018; https://doi.org/10.

1002/jcb.28074 PMID: 30506763

13. Jiao D, Li Z, Zhu M, Wang Y, Wu G, Han X. LncRNA MALAT1 promotes tumor growth and metastasis

by targeting miR-124/foxq1 in bladder transitional cell carcinoma (BTCC). Am J Cancer Res. 2018;

8:748–760. PMID: 29736319

14. Iorio MV and Croce CM. microRNA involvement in human cancer. Carcinogenesis. 2012; 33:1126–

1133. https://doi.org/10.1093/carcin/bgs140 PMID: 22491715

15. Griffiths-Jones S, Grocock RJ, van Dongen S, Bateman A, Enright AJ. miRBase: microRNA

sequences, targets and gene nomenclature. Nucleic Acids Res. 2006; 34:D140–144. https://doi.org/

10.1093/nar/gkj112 PMID: 16381832

16. Wang Y, Liang Y, Lu Q. MicroRNA epigenetic alterations: predicting biomarkers and therapeutic targets

in human diseases. Clin Genet. 2008; 74:307–315. https://doi.org/10.1111/j.1399-0004.2008.01075.x

PMID: 18713257

PLOS ONE LINC00857/miR-340-5p/TGFA function on PAAD

PLOS ONE | https://doi.org/10.1371/journal.pone.0247817 March 4, 2021 13 / 14

https://doi.org/10.1371/journal.pone.0050956
http://www.ncbi.nlm.nih.gov/pubmed/23300530
http://www.ncbi.nlm.nih.gov/pubmed/15059537
https://doi.org/10.1007/s12032-020-1339-0
https://doi.org/10.1007/s12032-020-1339-0
http://www.ncbi.nlm.nih.gov/pubmed/32200436
https://doi.org/10.21037/jgo.2018.01.13
http://www.ncbi.nlm.nih.gov/pubmed/29564181
https://doi.org/10.1210/er.2014-1034
http://www.ncbi.nlm.nih.gov/pubmed/25426780
https://doi.org/10.1016/j.cell.2011.09.028
http://www.ncbi.nlm.nih.gov/pubmed/22000014
https://doi.org/10.7150/jca.37959
http://www.ncbi.nlm.nih.gov/pubmed/32201527
https://doi.org/10.1080/15384101.2020.1731645
http://www.ncbi.nlm.nih.gov/pubmed/32116086
https://doi.org/10.1002/jcp.29471
http://www.ncbi.nlm.nih.gov/pubmed/31957875
https://doi.org/10.1007/s13577-019-00296-8
http://www.ncbi.nlm.nih.gov/pubmed/31667785
https://doi.org/10.18632/aging.101953
http://www.ncbi.nlm.nih.gov/pubmed/31085800
https://doi.org/10.1002/jcb.28074
https://doi.org/10.1002/jcb.28074
http://www.ncbi.nlm.nih.gov/pubmed/30506763
http://www.ncbi.nlm.nih.gov/pubmed/29736319
https://doi.org/10.1093/carcin/bgs140
http://www.ncbi.nlm.nih.gov/pubmed/22491715
https://doi.org/10.1093/nar/gkj112
https://doi.org/10.1093/nar/gkj112
http://www.ncbi.nlm.nih.gov/pubmed/16381832
https://doi.org/10.1111/j.1399-0004.2008.01075.x
http://www.ncbi.nlm.nih.gov/pubmed/18713257
https://doi.org/10.1371/journal.pone.0247817


17. Cong L, Zhao Y, Pogue AI, Lukiw WJ. Role of microRNA (miRNA) and Viroids in Lethal Diseases of

Plants and Animals. Potential Contribution to Human Neurodegenerative Disorders. Biochemistry

(Mosc). 2018; 83:1018–1029.

18. Kanwar JR, Mahidhara G, Kanwar RK. MicroRNA in human cancer and chronic inflammatory diseases.

Front Biosci (Schol Ed). 2010; 2:1113–1126.

19. Ta N, Huang X, Zheng K, Zhang Y, Gao Y, Deng L, et al. miRNA-1290 Promotes Aggressiveness in

Pancreatic Ductal Adenocarcinoma by Targeting IKK1. Cell Physiol Biochem. 2018; 51:711–728.

https://doi.org/10.1159/000495328 PMID: 30463064

20. Egeli U, Tezcan G, Cecener G, Tunca B, Demirdogen Sevinc E, Kaya E, et al. miR-216b Targets

FGFR1 and Confers Sensitivity to Radiotherapy in Pancreatic Ductal Adenocarcinoma Patients Without

EGFR or KRAS Mutation. Pancreas. 2016; 45:1294–1302. https://doi.org/10.1097/MPA.

0000000000000640 PMID: 27101576

21. Fan Y, Shi C, Li T, Kuang T. microRNA-454 shows anti-angiogenic and anti-metastatic activity in pan-

creatic ductal adenocarcinoma by targeting LRP6. Am J Cancer Res. 2017; 7:139–147. PMID:

28123855

22. Yuan Q, Zhang Y, Feng L, Jiang Y. Upregulated long noncoding RNA LINC01296 indicates a dismal

prognosis for pancreatic ductal adenocarcinoma and promotes cell metastatic properties by affecting

EMT. J Cell Biochem. 2019; 120:552–561. https://doi.org/10.1002/jcb.27411 PMID: 30203487

23. Zhang Y, Zhang R, Luo G, Ai K. Long noncoding RNA SNHG1 promotes cell proliferation through PI3K/

AKT signaling pathway in pancreatic ductal adenocarcinoma. J Cancer. 2018; 9:2713–2722. https://

doi.org/10.7150/jca.26207 PMID: 30087712

24. Lv Y and Huang S. Role of non-coding RNA in pancreatic cancer. Oncol Lett. 2019; 18:3963–3973.

https://doi.org/10.3892/ol.2019.10758 PMID: 31579086

25. Li Y, Yang X, Kang X, Liu S. The regulatory roles of long noncoding RNAs in the biological behavior of

pancreatic cancer. Saudi J Gastroenterol. 2019; 25:145–151. https://doi.org/10.4103/sjg.SJG_465_18

PMID: 30720003

26. Wang L, He Y, Liu W, Bai S, Xiao L, Zhang J, et al. Non-coding RNA LINC00857 is predictive of poor

patient survival and promotes tumor progression via cell cycle regulation in lung cancer. Oncotarget.

2016; 7:11487–11499. https://doi.org/10.18632/oncotarget.7203 PMID: 26862852

27. Dudek AM, van Kampen JGM, Witjes JA, Kiemeney L, Verhaegh GW. LINC00857 expression predicts

and mediates the response to platinum-based chemotherapy in muscle-invasive bladder cancer. Can-

cer Med. 2018; https://doi.org/10.1002/cam4.1570 PMID: 29856124

28. Hao NB, He YF, Li XQ, Wang K, Wang RL. The role of miRNA and lncRNA in gastric cancer. Oncotar-

get. 2017; 8:81572–81582. https://doi.org/10.18632/oncotarget.19197 PMID: 29113415

29. Shuwen H, Qing Z, Yan Z, Xi Y. Competitive endogenous RNA in colorectal cancer: A systematic

review. Gene. 2018; 645:157–162. https://doi.org/10.1016/j.gene.2017.12.036 PMID: 29273554

30. Abdollahzadeh R, Daraei A, Mansoori Y, Sepahvand M, Amoli MM, Tavakkoly-Bazzaz J. Competing

endogenous RNA (ceRNA) cross talk and language in ceRNA regulatory networks: A new look at hall-

marks of breast cancer. J Cell Physiol. 2019; 234:10080–10100. https://doi.org/10.1002/jcp.27941

PMID: 30537129

31. Bialek K, Czarny P, Watala C, Wigner P, Talarowska M, Galecki P, et al. Novel association between

TGFA, TGFB1, IRF1, PTGS2 and IKBKB single-nucleotide polymorphisms and occurrence, severity

and treatment response of major depressive disorder. PeerJ. 2020; 8:e8676. https://doi.org/10.7717/

peerj.8676 PMID: 32140313

32. Li L, Ameri AH, Wang S, Jansson KH, Casey OM, Yang Q, et al. EGR1 regulates angiogenic and osteo-

clastogenic factors in prostate cancer and promotes metastasis. Oncogene. 2019; 38:6241–6255.

https://doi.org/10.1038/s41388-019-0873-8 PMID: 31312026

33. Mishra S, Bernal C, Silvano M, Anand S, Ruiz IAA. The protein secretion modulator TMED9 drives

CNIH4/TGFα/GLI signaling opposing TMED3-WNT-TCF to promote colon cancer metastases. Onco-

gene. 2019; 38:5817–5837. https://doi.org/10.1038/s41388-019-0845-z PMID: 31253868

34. Jeong Y, Bae SY, You D, Jung SP, Choi HJ, Kim I, et al. EGFR is a Therapeutic Target in Hormone

Receptor-Positive Breast Cancer. Cell Physiol Biochem. 2019; 53:805–819. https://doi.org/10.33594/

000000174 PMID: 31670920

35. Yang L, Men WL, Yan KM, Tie J, Nie YZ, Xiao HJ. MiR-340-5p is a potential prognostic indicator of colo-

rectal cancer and modulates ANXA3. Eur Rev Med Pharmacol Sci. 2018; 22:4837–4845.

36. Zhao P, Ma W, Hu Z, Zhang Y, Zhang S, Wang Y. Up-regulation of miR-340-5p promotes progression

of thyroid cancer by inhibiting BMP4. J Endocrinol Invest. 2018; 41:1165–1172. https://doi.org/10.1007/

s40618-018-0848-6 PMID: 29441462

PLOS ONE LINC00857/miR-340-5p/TGFA function on PAAD

PLOS ONE | https://doi.org/10.1371/journal.pone.0247817 March 4, 2021 14 / 14

https://doi.org/10.1159/000495328
http://www.ncbi.nlm.nih.gov/pubmed/30463064
https://doi.org/10.1097/MPA.0000000000000640
https://doi.org/10.1097/MPA.0000000000000640
http://www.ncbi.nlm.nih.gov/pubmed/27101576
http://www.ncbi.nlm.nih.gov/pubmed/28123855
https://doi.org/10.1002/jcb.27411
http://www.ncbi.nlm.nih.gov/pubmed/30203487
https://doi.org/10.7150/jca.26207
https://doi.org/10.7150/jca.26207
http://www.ncbi.nlm.nih.gov/pubmed/30087712
https://doi.org/10.3892/ol.2019.10758
http://www.ncbi.nlm.nih.gov/pubmed/31579086
https://doi.org/10.4103/sjg.SJG_465_18
http://www.ncbi.nlm.nih.gov/pubmed/30720003
https://doi.org/10.18632/oncotarget.7203
http://www.ncbi.nlm.nih.gov/pubmed/26862852
https://doi.org/10.1002/cam4.1570
http://www.ncbi.nlm.nih.gov/pubmed/29856124
https://doi.org/10.18632/oncotarget.19197
http://www.ncbi.nlm.nih.gov/pubmed/29113415
https://doi.org/10.1016/j.gene.2017.12.036
http://www.ncbi.nlm.nih.gov/pubmed/29273554
https://doi.org/10.1002/jcp.27941
http://www.ncbi.nlm.nih.gov/pubmed/30537129
https://doi.org/10.7717/peerj.8676
https://doi.org/10.7717/peerj.8676
http://www.ncbi.nlm.nih.gov/pubmed/32140313
https://doi.org/10.1038/s41388-019-0873-8
http://www.ncbi.nlm.nih.gov/pubmed/31312026
https://doi.org/10.1038/s41388-019-0845-z
http://www.ncbi.nlm.nih.gov/pubmed/31253868
https://doi.org/10.33594/000000174
https://doi.org/10.33594/000000174
http://www.ncbi.nlm.nih.gov/pubmed/31670920
https://doi.org/10.1007/s40618-018-0848-6
https://doi.org/10.1007/s40618-018-0848-6
http://www.ncbi.nlm.nih.gov/pubmed/29441462
https://doi.org/10.1371/journal.pone.0247817

