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Background: Long noncoding RNA (lncRNA) in non-homologous end joining pathway 1 (LINP1) 
contributes to tumorigenesis in various cancers. However, little has been known about the role of LINP1 in 
esophageal squamous cell carcinoma (ESCC).
Methods: LINP1 was selected as the target lncRNA by bioinformatics analysis. The relationship between 
LINP1 expression and prognosis was analyzed in 122 ESCC patients. LINP1 status was evaluated by 
fluorescence in situ hybridization (FISH) and quantitative real-time PCR (qRT-PCR) in normal esophageal 
tissues, ESCC tissues and EC9706 cells. Short hairpin RNA transfection was used to silence LINP1 
in EC9706 cells. Clone formation assay, transwell migration assay, flow cytometry, and tumorigenesis 
experiment were performed to evaluate the malignant phenotype of EC9706 cells. 
Results: Bioinformatics analysis showed that LINP1 was the most significantly differentially expressed 
lncRNA. Upregulation of LINP1 was observed in ESCC tissues and EC9706 cells. High LINP1 expression 
had close correlation with larger tumor size (P=0.009), tumor invasion (P=0.015), lymph nodes metastasis 
(P=0.044), and advanced TNM stage (P=0.010). LINP1 overexpression was an independent prognostic 
factor of ESCC patients (P=0.034). LINP1 knockdown decreased the proliferative and migratory abilities of 
EC9706 cells, and promoted apoptosis and cell cycle arrest at the G2/GM phase. Epithelial-mesenchymal 
transition (EMT) related proteins such as N-cadherin, vimentin, snail and slug were downregulated while 
E-cadherin was up-regulated significantly in shRNA-LINP1 cells. In the xenograft model, knockdown of 
LINP1 suppressed ESCC tumorigenesis in vivo. 
Conclusions: LINP1 was prognostic indicator of ESCC and silencing of LINP1 could inhibit the 
malignant behavior of ESCC cells.
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Introduction

Esophageal cancer (EC) has a high mortality rate (more 
than 300,000 deaths per year) globally and is a very popular 
malignant tumor worldwide (1). Esophageal squamous 
cell carcinoma (ESCC) accounts for the majority of ECs 

in China (2,3). Although the use of chemotherapeutic 
drugs and targeted drugs has improved the prognosis 
of patients diagnosed at early stages, EC patients at the 
progressive stage or those experiencing relapse have a poor 
prognosis (4,5). The key molecular and genetic mechanisms 
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underlying esophageal carcinogenesis remain unclear. 
Therefore, improving our knowledge of the molecular 
mechanisms of ESCC and identifying novel treatment 
strategies remain urgent needs

Long noncoding RNAs (lncRNAs), which are defined 
as a group of nonprotein-coding transcripts that are longer 
than 200 nucleotides (6), are involved in the gene regulation 
in multiple biological processes (BPs), especially in tumor 
initiation and progression (7). Increasing evidence supports 
that lncRNAs have important functions of tumor suppressor 
and oncogenic pathways at epigenetic, transcriptional, and 
posttranscriptional levels in many cancers (8-10).

LncRNA in non-homologous end joining pathway 1 
(LINP1), located on chromosome 10, is an intergenic 
lncRNA. LINP1 involves in the progression of various 
cancers (11-16). However, the role of LINP1 in ESCC is 
unclear. In the current research, bioinformatics analysis 
revealed that LINP1 is aberrantly expressed in EC tissues. 
Analysis of patient tissue samples showed that high LINP1 
expression is related with bad prognosis. In vitro functional 
experiments and in vivo animal experiments demonstrated 
that LINP1 induces epithelial-mesenchymal transition 
(EMT) and inhibits apoptosis, thereby promoting the 
proliferation and metastasis of ESCC cells. These results 
demonstrate the oncogenic role of LINP1 in ESCC for 
the first time, and indicate that LINP1 is a candidate 
therapeutic target for the treatment of ESCC.

Methods 

Bioinformatics analysis

The lncRNA ch ip  was  se lec ted  based  on  whole 
transcriptome (WT) expression profiling detection 
technology produced by Affymetrix (OE WT lncRNA 
array). The samples of lncRNA array were ten paired 
of ESCC tissues and normal epithelial tissues collected 
from ten patients with ESCC. Those ESCC tissues 
and their corresponding noncancerous mucosal tissues 
were pathologically verified by immunohistochemistry  
(Figure S1). The raw data were normalized using the robust 
multi-array average (RMA) algorithm. Principal component 
analysis (PCA) was used to analyze the sample data. One-
way between-subject ANOVA and fold change were applied 
to detect differential expression genes between ESCC and 
normal epithelial tissues. The P value and fold change 
of all mRNAs and lncRNAs were calculated; the default 
gene screening criteria were P<0.05 and fold change >2 or 

<−2. The STRING database (STRING v10.0) was used 
to analyze differential expression genes in ESCC tissues, 
and to construct gene network maps. The protein-protein 
interaction (PPI) network map was analyzed by Cytoscape 
software. Based on the connectivity of gene interactions in 
PPI networks, the molecular complex detection (MCODE) 
algorithm was used to further analyze the PPI network 
map and screen the optimal model of gene interactions. 
The gene ontology (GO) network database was used to 
analyze the differential expression genes in ESCC tissues. 
The ENRICHR (http://amp.pharm.mssm.edu/Enrichr/) 
database was used for Kyoto Encyclopedia of Genes and 
Genomes (KEGG) analysis to identify the biological 
pathways of enriched protein coding genes and their 
distribution.

Patient survival

This research was approved by the Research Ethics 
Committee of Zhongshan Hospital, Fudan University 
(2018-127) and the informed consent form was obtained 
from each patient. All cases and tissue specimens were 
collected from Department of  Thoracic Surgery, 
Zhongshan Hospital, Fudan University. The mRNA were 
extracted from paired of ESCC tissues and normal epithelial 
tissues of 122 ESCC patients. The mRNA were reverse 
transcribed into cDNA, and evaluated by quantitative 
real-time PCR (qRT-PCR). The results were analyzed by 
receiver operating characteristic (ROC) curve. A cut-off 
value was established to distinguish high from low LINP1 
expression. Patients with ESCC were divided into LINP1-
positive and -negative patients according to the cut-off 
value. Gender, age, tumor location, tumor size, degree of 
differentiation, stage, prognosis, survival time, and other 
characteristics were analyzed. 

Fluorescence in situ hybridization assay

LINP1 expression was detected by FISH using the 
RiboTM Fluorescent In Situ Hybridization Kit (RiboBio, 
Guangzhou, China),  which was patented by State 
Intellectual Property Office of China in 2016 (Patent 
No. 201611041669.0). Briefly, 6-μm-thick sections were 
incubated with FISH Probe Mix for 12 hours at 37 ℃. 
Then the sections were stained with DAPI after washing 
and observed by confocal microscopy. The lncRNA probe 
was labeled by Cy3; the emission wavelength was 570 nm 
and the excitation wavelength was 550 nm. DAPI-labeled 
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nuclei were detected at an excitation wavelength of 364 nm 
and an emission wavelength of 454 nm.

Cell culture

The EC cell line EC9706 was acquired from American Type 
Cell Culture (Manassas, VA, USA) and was identified by 
STR profiling by Hanyin Biotechnology Limited Company 
(Shanghai). The cells were cultured in Dulbecco’s Modified 
Eagle Medium (DMEM) containing 10% fetal bovine serum 
(FBS) and 1% penicillin-streptomycin solution at 37 ℃  
and 5% CO2.

Plasmid construction, cell transfection, and viral infection

The DNA oligonucleotides designed to generate 
short hairpin (sh)RNAs against the open reading 
f r a m e  o f  L I N P 1  m R N A  w e r e  a s  f o l l o w s : 
5'-TCTTGATTCAGCTGCATAAAT-3' (LINP1 sh1), 
5'-ATGTAACTGATCCTTAGATAT-3' (LINP1 sh2), 
5'-GGGATCGGGTTGTTGTTAATT-3' (LINP1 sh3), 
and 5'-GATAGGAACCCCAGGGAATAA-3' (LINP1 sh4). 
PHY-310/LINP1 shRNA EC9706 cells were established. 
The control vector was similarly constructed by directly 
inserting a scrambled shRNA (Scr sh) into PHY-310. 
Puromycin was used to select the infected cells. 

Reverse transcription PCR and quantitative real-time PCR

Total RNA extraction of EC9706 cells and esophageal 
carcinoma tissues by using Trizol was performed, and 
then reverse transcribed to prepare cDNA by Superscript 
II reverse transcriptase. The target gene was amplified 
using the FastStart universal SYBR Green Master 
(ROX) kit by the mothed of qRT-PCR. The primers 
used for qRT-PCR were as follows: LINP1-forward (F): 
5'-CTTGACTCTGGGTGGGCTGTGT-3'; LINP1-
reverse (R): 5'-AGGTGGCTCTGTTCTGGGTGAC-3'; 
E-cadherin-F: 5'-CGAGAGCTACACGTTCACGG-3'; 
E-cadherin-R: 5'-GGGTGTCGAGGGAAAAATAGG-3'; 
N-cadherin-F: 5'-AGCCAACCTTAACTGAGGAGT-3'; 
N-cadherin-R: 5'-GGCAAGTTGATTGGAGGGATG-3'; 
Vimentin-F: 5'-GACGCCATCAACACCGAGTT-3'; 
Vimentin-R: 5'-CTTTGTCGTTGGTTAGCTGGT-3'; 
Snail-F:  5'-TCGGAAGCCTAACTACAGCGA-3'; 
Snail-R: 5'-AGATGAGCATTGGCAGCGAG-3'; Bcl-
2-F: 5'-GGTGGGGTCATGTGTGTGG-3'; Bcl-2-R: 
5'-CGGTTCAGGTACTCAGTCATCC-3'; Bax-F: 

5'-CCCGAGAGGTCTTTTTCCGAG-3';  Bax-R: 
5'-CCAGCCCATGATGGTTCTGAT-3'; CDK1-F: 
5'-AAACTACAGGTCAAGTGGTAGCC-3'; CDK1-R: 
5'-TCCTGCATAAGCACATCCTGA-3'; β-actin-F: 
5 ' - C C T G G C A C C C A G C A C A AT- 3 ' ;  β - a c t i n - R : 
5'-GCTGATCCACATCTGCTGGAA-3'.

Cell proliferation assay

Cells were seeded at a density of 1.5×103 cells per well in 
96-well culture plates (Corning Inc., Corning, NY, USA) 
in 100 μL medium and cultured for 7 days. Cell growth was 
detected by adding 10 μL Alamar Blue (Yeasen Biotech Co. 
Ltd, CAT: 40202ES92) into each well. 

Colony formation assay 

A total of 1000 cells were mixed with 2 mL of medium and 
then placed onto a 6-well plate in triplicate. After 10 days 
of incubation, the cells were washed twice with phosphate 
buffer saline (PBS). Then the cells were fixed with methanol 
for 15 min and then stained with 0.1% crystal violet for  
20 min, and then photographed and counted. 

Wound healing assay

Cells (5×105) were grown overnight in a 6-well culture 
dish. The cell monolayer was scratched with a pipette tip 
and photographed at 0 and 48 h. The scratched area was 
measured in a 100× magnified visual field. The migration 
index was calculated to evaluate the cell migration capacity. 
Experiments were conducted in triplicate. 

Transwell migration assay

Cell migration capacity was analyzed using a Transwell 
chamber with an 8-μm (pore size) polycarbonate filter 
(BD Biosciences, USA). Briefly, 2.5×104 cells in 100 μL 
serum-free DMEM were placed onto the upper chambers. 
The lower chambers were loaded with 600 μL medium 
containing 10% FBS. After incubation for 48 h at 37 ℃, the 
invaded cells were fixed with methanol for 1 h, stained with 
0.1% crystal violet for 10 min, and photographed under a 
light microscope (×100). 

Flow cytometry

Cell cycle was evaluated by the BD cycle detection kit. 
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Briefly, cells at the logarithmic growth phase were digested 
with pancreatic enzymes without EDTA. A total of 5×105 
cells were fixed with 2 mL 75% ethanol for 2 hour at 4 ℃ 
and then stained with 0.5 mL PI solution (BD Pharmingen, 
Cat: 550825), followed by incubation in the dark for 
half an hour. Flow cytometry was performed using the 
FACSCalibur flow cytometer (BD Pharmingen), and the 
results were analyzed using ModFit cell cycle software.

Apoptosis was evaluated using the Annexin V-PE/7-AAD 
double-stained cell apoptosis assay kit (C1065L Beyotime, 
China); 1×105 cells were resuspended with mixture 
consisting of 195 μL of binding buffer and 5 μL of Annexin 
V-PE and 7-AAD. The cell suspension was incubated for  
15 min at room temperature. Flow cytometry was performed, 
and the results were analyzed using FlowJo 7.6 software. 

Western blot assay

Antibodies against the following proteins were from 
Affinity, including E-cadherin (AF0131), N-cadherin 
(AF4039), vimentin (AF7013), SNAIL (AF6032), Bax 
(AF0120), Bcl-2 (AF6139), CDK1 (AF6024), and β-actin 
antibody from Abcam (ab8227). For western blot assays, the 
membrane was incubated with primary antibodies overnight 
at 4 ℃. The secondary antibodies were goat anti-mouse 
IgG (Beyotime, A0216) or goat anti-rabbit IgG (Beyotime, 
A0208). The ECL chemiluminescence method was used to 
quantify the gray values of bands using Image J software.

Xenograft tumor assay

All animals have received humane care in compliance 
with the 1996 “Guide for the Care and Use of Laboratory 
Animals” as recommended by the US National Institutes of 
Health (NIH). Animal experiments were approved by the 
Research Ethics Committee of Zhongshan Hospital, Fudan 
University and conducted in accordance with institutional 
guidelines and protocols. Seventy-five mice were divided 
into three groups randomly (n=25). EC9706 negative 
control (NC), shRNA-scr, and shRNA-LINP1 cells (5×106) 
were injected into the skin of 6-week-old female BALB/C  
nude mice. The subcutaneous tumor was assessed by a 
Vernier caliper every 3 days. The longest diameter “a” and 
the shortest diameter “b” of the tumor were measured, 
and the tumor volume was calculated using the following 
formula: v (unit: mm3) = a × b2 ×0.5. Mice were sacrificed by 
day 21, weighed, and tumors were measured.

Data analysis

Data were analyzed using the SPSS 24.0 software (SPSS 
Inc., USA). Differences between multiple sets of numerical 
variables were determined using analysis of variance 
(ANOVA), and differences between two sets of continuous 
variables were analyzed using the t-test. The chi-square 
test was used for categorical variables. The ROC curve 
was constructed using a nonparametric method, and the 
independent prognostic factors affecting prognosis were 
identified by Kaplan-Meier analyses and Cox regression 
multivariate analyses. Two-tailed P<0.05 was considered 
statistically significant.

Results

Bioinformatics analysis

The lncRNA chip scanning image showed high quality 
signals (Figure S2). After log conversion of the lncRNA chip 
CHP file, the chip data distribution of ESCC and normal 
epithelial tissue was consistent. 

The intensity of the probe unit was concentrated in the 
range of 5.79–8.97, and the signal data were concentrated to 
2.82–9.19, and no abnormally distributed data were detected 
(Figure S3A,B). Box plot analysis showed the relative signal 
data of lncRNA chips in all tissues were basically consistent, 
with no abnormal outliers (Figure S3C). The above results 
showed that the chip data had high stability.

Pearson correlation and Spearman correlation analyses 
showed a high correlation between normal tissues and 
normal tissues, as well as between ESCC tissues and ESCC 
tissues, and a low correlation between normal epithelial 
tissues and ESCC (Figure S3D,E). PCA results revealed that 
the distribution of lncRNA microarray data between normal 
epithelial tissue and ESCC tissue had obvious boundaries 
(Figure S3F).

A total of 90,675 genes were detected in the two 
groups, including 27,133 protein-coding genes and 63,542 
lncRNAs. There were 5,621 differentially expressed genes 
between ESCC and normal epithelial tissues, including 
3,185 protein-coding genes and 2,436 lncRNAs. Of these, 
3,248 genes were upregulated in ESCC, including 1,939 
protein-coding genes and 1,309 lncRNAs, whereas 2,373 
genes were downregulated in ESCC, including 1,246 
protein-coding genes and 1,127 lncRNAs (Figure 1A). 
According to the mRNA and lncRNA expression levels 
in different tissues, we performed hierarchical clustering 
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analysis of the chip data and generated a heatmap to 
directly visualize the differences in mRNA and lncRNA 
expression profiles between ESCC and normal esophageal 
tissues (Figure 1B). LINP1 (fold change =556.2, P<0.001) 
was selected for further analysis because it showed the most 
significant difference in expression among lncRNAs. We 
randomly selected 12 significant differentially expressed 
genes from the microarray, and their expression was 
validated by qRT-PCR (Figure 1C). The results revealed no 
significant difference, indicating a favorable consistency. 

GO includes three structural ontologies to analyze the 
functional properties of genes in a species-specific manner, 
namely, BP, cellular component (CC), and molecular 
function (MF). The top ten significantly enriched GO terms 
of BP, CC, and MF for all up- and down-regulated genes 
based on the P value are shown in Tables S1-S3. 

KEGG analysis showed that differential expression 

genes in ESCC tissues were mainly concentrated in 31 
biological pathways. The top five significantly enriched 
KEGG pathways were rheumatoid arthritis, staphylococcus 
aureus infection, phagosome, metabolic pathways and 
focal adhesion (Figure S4A,B,C). The top five KEGG 
pathways containing the largest quantity of enriched genes 
were metabolic pathways, pathways in cancer, cytokine-
cytokine receptor interaction, phagosome, and focal 
adhesion. The top ten significantly enriched up- and down-
regulated KEGG pathways are listed in Figure S4D,E,F and  
Figure S4G,H,I. 

The MCODE algorithm was applied to analyze the 
optimal PPI network map. The PPI network map showed 
the optimal interaction models (score =31, nodes =31, edges 
=465, Figure 1D) of differentially expressed genes. We 
also constructed a protein network interaction model of 
upregulated genes (score =14.952, nodes =85, edges =628, 

Figure 1 Gene microarray bioinformatics analysis. (A) In the volcano plot, red represents upregulated genes, green represents 
downregulated genes, and gray represents genes with no significant difference in expression level. LINP1 was the most significantly 
upregulated gene (fold change =556.2, P<0.001). (B) Hierarchical clustering analysis and heatmap showing the differences in mRNA and 
lncRNA expression between ESCC and normal esophageal tissues. Red indicates higher gene expression levels and green indicates lower 
gene expression levels. (C) Expression levels of 12 randomly selected genes verified by qRT-PCR. (D) Protein-protein interaction network 
map including all differentially expressed genes in squamous cell carcinoma showing the optimal interaction models (score =31, nodes =31, 
edges =465). (E,F) A protein network interaction model generated with upregulated and downregulated genes. 
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Figure 1E), and downregulated genes (score =5.2, nodes =6, 
edges =13, Figure 1F). The list of identified candidate genes 
were shown in Supplement I. 

High expression of LINP1 in ESCC tissues indicates poor 
prognosis

T h o s e  E S C C  t i s s u e s  a n d  t h e i r  c o r r e s p o n d i n g 
noncancerous mucosal tissues was pathologically verified 
by immunohistochemistry (Figure S1). LINP1 expression 
level was evaluated by qRT-PCR in 122 ESCC and equal 
numbers of normal esophageal tissues, showing that ESCC 
had higher LINP1 expression than normal esophageal 
tissues (17.656 vs. 2.53, P<0.001; Figure 2A). The ROC 
curve was constructed using a nonparametric method, and 
the area under the ROC curve was 0.819 [95% confidence 
interval (CI): 0.763–0.867]. The calculated cut-off value was 
9.135 (Figure 2B). The expression of LINP1 was analyzed 
in 122 ESCC tissues by qRT-PCR. ESCC patients were 
separated into a LINP1 high expression group (n=71) and a 
LINP1 low expression group (n=51) according to the cut-
off value. The LINP1 high expression group had a larger 
tumor size (P=0.009), more local invasion (P=0.015), higher 
lymph nodes (LN) stage (P=0.044), and more advanced 
TNM stage (P=0.010), whereas no significant differences in 
age, gender, tumor location, and tumor differentiation were 
observed (Table 1). 

Univariate and multivariate analyses identified tumor 
differentiation, local invasion, LN metastasis, TNM stage, 
and LINP1 expression as independent prognostic factors 
(Table 2). Patients with high LINP1 expression were 
associated with worse survival (hazard ratio =1.445, 95% 
CI: 1.094–2.310; Figure 2C).

LINP1 highly expressed in ESCC tissues and cells

FISH assay showed that LINP1 was expressed at low 
levels in normal esophageal tissues (Figure 2D), whereas 
it was highly expressed in ESCC and mainly expressed in 
the cytoplasm (Figure 2E). The results of FISH assays in 
EC9706 cell lines were consistent with those obtained in 
tissues, and LINP1 was mainly expressed in the cytoplasm 
(Figure 2F). 

LINP1 downregulation inhibits the proliferation and 
migration of EC9706 cells

To explore the role of LINP1 in human EC, LINP1 

sh1, sh2, sh3, and sh4 EC9706 cell lines were generated 
and compared with the corresponding control cell lines 
(shRNA-scr). qRT-PCR analysis showed that LINP1 
mRNA was significantly decreased in sh1 (40.26%), sh2 
(61.75%), sh3 (54.55%), and sh4 (60.20%) cells compared 
with control cells (all P<0.001; Figure 3A). The LINP1 
sh2 cell line was selected for further experiments because 
it showed the most significant knockdown effect. The 
proliferation rate of shRNA-LINP1 cells was significantly 
lower than that of the NC and shRNA-scr cells (P<0.001; 
Figure 3B). Consistent with the proliferation results, the 
colony formation assay revealed that shRNA-LINP1 cells 
formed significantly fewer colonies than NC and shRNA-
scr cells (P<0.001; Figure 3C,D). 

Scratch test indicated that the migration rate of shRNA-
LINP1 cells was slower than that of the control cell lines 
(migration index, 46.4% vs. 46.6% vs. 19.1%; P<0.001; 
Figure 3E,F). Transwell migration assays showed that 
knockdown of LINP1 significantly reduced EC9706 cell 
migration (P<0.001; Figure 3G,H). Western blot analysis 
of EMT markers showed that knockdown of LINP1 
significantly downregulated the expression of N-cadherin, 
vimentin, snail and slug, and upregulated the expression 
of E-cadherin in EC9706 cells compared with that in the 
two control cell lines (all P<0.001; Figure 3I,J). qRT-PCR 
analysis showed that the mRNA expression of N-cadherin, 
vimentin, and snail significantly reduced by 40.0%, 48.8%, 
and 39.4%, whereas the expression of E-cadherin increased 
by 63.6% compared with that in NC cells (all P<0.01;  
Figure 3K). Taken together, LINP1 knockdown inhibited 
the proliferation and migration of EC9706 cells by 
modulating the EMT process. 

Knockdown of LINP1 affects the cell cycle and promotes 
apoptosis

Flow cytometric analysis showed a significant increase in 
the proportion of G2/M phase cells in the shRNA-LINP1 
group compared with that in NC and shRNA-scr cells 
(10.92% vs. 10.99% vs. 18.25%, P<0.001), concomitant 
with a significant decrease in the number of cells in S phase 
(28.78% vs. 28.58% vs. 21.35%, P<0.001). Therefore, 
LINP1 knockdown promoted cell cycle arrest in the G2/M  
phase (Figure 4A,B). The mean rate of apoptosis in NC 
and shRNA-scr cells was 4.40% and 4.24%, respectively, 
whereas that in shRNA-LINP1 cells was 13.68% (P<0.001), 
which suggested that LINP1 knockdown promoted EC9706 
cells apoptosis (Figure 4C,D).
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Figure 2 The expression of LINP1 in ESCC tissues and cells. (A) The relative expression of LINP1 was higher in ESCC than in normal 
esophageal tissues (P<0.001). (B) The ROC curve was used to determine the cut-off value of LINP1 expression. (C) Patients with lower 
LINP1 expression had more favorable survival than those with higher LINP1 expression (P=0.027). (D,E,F) FISH assays showing high 
LINP1 expression in the cytoplasm in ESCC tissues and EC9706 cells, and low expression in normal esophageal tissues (magnification 
100×). ***, P<0.001.
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To explore the possible mechanism of LINP1 on cell 
cycle and apoptosis in EC9706 cells, the expression of 
related markers was assessed by qRT-PCR and western 
blotting. LINP1 knockdown significantly downregulated 
the mRNA and protein expression of CDK1 (P<0.001). 
Assessment of apoptosis markers showed that Bcl-2 was 
decreased (P<0.001) whereas Bax was increased (P<0.001) 
(Figure 4E,F,G,H,I).

Knockdown of LINP1 suppresses EC tumorigenesis in vivo 

To determine whether LINP1 contributes to the 
development of EC in vivo ,  we performed animal 
experiments by generating xenograft tumors through 
injection of NC, shRNA-scr, and shRNA-LINP1 EC9706 
cells (Figure 5A). The tumor growth rate of the shRNA-
LINP1 cell injected group was significantly slower than that 
of the control groups (P<0.001; Figure 5B), and the tumors 
in shRNA-LINP1 group have lower weight than those in the 
control groups (1.04 vs. 3.39 vs. 3.06 g, P<0.001; Figure 5C).  
The tumor inhibitory rate was 69.3% after knockdown of 
LINP1 in EC9706 cells. These observations suggested that 
LINP1 knockdown exerted significant inhibitory effects in 
ESCC cells. 

Discussion

Many lncRNAs are associated with cancer prognosis (17-22).  
However, the diagnosis and treatment for ESCC requires 
effective predictive biomarkers. This study showed that 
the most significant differentially expressed lncRNA was 
LINP1. LINP1 was first identified as a novel lncRNA by 
Zhang et al. (11) in breast cancer. LINP1 participate in 
the development of breast cancer and associated with poor 
prognosis (11-13). The involvement of LINP1 in other 
cancers was also reported (14-16). However, no studies so 
far have been done in the role of LINP1 in ESCC. This 
research examined the biological function of LINP1 in 
ESCC in vitro and in vivo. 

We analyzed the correlation between LINP1 expression 
and the clinical characteristics in ESCC patients, and 
found that high expression of LINP1 was significantly 
correlated with advanced tumor stage, suggesting LINP1 
played a carcinogenic role in ESCC. We also revealed 
that patients with high LINP1 levels were associated with 
poorer prognoses compared with those with low LINP1 
levels (P=0.027). Liang et al. (12) also demonstrated that 
increased LINP1 expression levels were significantly 
correlated with distant metastasis and advanced clinical 
stage in breast cancer, and associated with an unfavorable 
outcome in breast cancer patients. Wu and associates (15) 
suggested that high LINP1 expression is related with 
higher tumor stage and worse prognosis. However, these 
studies did not provide a basis for determining the level of 
gene expression. In the present study, we used ROC curve 
analysis to determine a cut-off value of LINP1 expression, 
which helped avoid subjectivity and improved the accuracy 

Table 1 The comparison of characteristics between the patients 
with high LIINP1 expression and low LINP1 expression

Characteristics
Cases 
(n=122)

LINP1 expression
P value

Low (n=51) High (n=71)

Age (year) 0.468

≥60 55 25 30

<60 67 26 41

Gender 0.035

Male 80 39 41

Female 42 12 30

Tumor site 0.392

Upper 16 6 10

Middle 71 27 44

Lower 35 18 17

Tumor size 0.009

≥50 mm 38 9 29

<50 mm 84 42 42

Differentiation 0.058

G1 29 17 12

G2 59 19 40

G3 34 15 19

Local invasion 0.015

T1 + T2 72 37 35

T3 + T4 50 14 36

LN metastasis 0.044

Negative 68 34 34

Positive 54 17 37

TNM stage 0.010

I + II 69 36 33

III + IV 53 15 38
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Table 2 The univariate and multivariate analysis of the patients with ESCC

Variable
Univariate analysis Multivariate analysis

HR (95%) P HR (95%) P

Age: ≥60 vs. <60 years 1.146 (0.737–1.782) 0.546 –

Gender: male vs. female 1.344 (0.832–2.172) 0.228 –

Tumor location: upper + middle vs. lower 1.653 (0.894–2.637) 0.267 –

Tumor size: ≥50 vs. <50 mm 1.236 (0.782–1.953) 0.365 –

Differentiation: G1 + G2 vs. G3 1.759 (1.125–2.751) 0.013 1.553 (1.184–2.452) 0.028

Local invasion: T1 + T2 vs. T3 + T4 1.794 (1.087–2.960) 0.012 1.822 (1.102–3.011) 0.019

Lymph node metastasis: positive vs. negative 2.096 (1.209–3.635) 0.008 1.845 (1.156–3.222) 0.021

TNM stage: I+II vs. III+IV 2.265 (1.306–3.929) 0.004 1.848 (1.155–3.237) 0.022

LINP1 expression: low vs. high 1.659 (1.148–2.625) 0.027 1.445 (1.094–2.310) 0.034

ESCC, esophageal squamous cell carcinoma.

of clinical judgement.
This study showed that LINP1 knockdown inhibited 

the proliferation and migration of ESCC cells possibly 
by causing cell cycle arrest at the G2/M phase. CDK1 
downregulation, which was confirmed by western blotting, 
indicated that LINP1 may regulate cell cycle progression 
by modulating CDK1 expression. This was not consistent 
with the results of Liang et al., who reported that LINP1 
knockdown inhibited cell proliferation by inducing G1-
phase cell cycle arrest (12). The different results may be 
due to the different genetic backgrounds of cancer cells. 
In addition, we demonstrated that LINP1 knockdown 
significantly increased the apoptotic rate, suggesting that 
knockdown of LINP1 promoted apoptosis of EC9706 
cells. Consistently, LINP1 knockdown significantly 
downregulated Bcl-2 and upregulated Bax, as shown by 
western blotting. Wang et al. (14) demonstrated that LINP1 
downregulation increases irradiation-induced cell apoptosis 
in cervical cancer. EMT is a crucial process for early 
metastasis from primary tumors. In this process, epithelial-
derived cancer cells lose the characteristics of epithelial 
cells and acquire mesenchymal properties, conferring 
cells migration, invasion, and stem cell capabilities (23). 
We found that downregulation of LINP1 suppressed 
the EMT procession by affecting key regulatory factors, 
including upregulation of E-cadherin and downregulation 
of N-cadherin, vimentin, snail and slug. Liang and  
coworkers (12) showed similar results in breast cancer. 
These findings suggest that LINP1 exerts a vital role in the 
ESCC development. 

We provide evidence that LINP1 has unrecognized roles 
in carcinogenesis and development of ESCC. However, 
this study had several limitations. Firstly, only a few pairs 
of microarray specimens were tested. Secondly, the number 
of ESCC specimens was small, which may lead to selection 
bias. Thirdly, a single cell line was used in which the 
target gene was downregulated for cell-based experiments. 
Multiple ESCC cell lines and stable cell line overexpressing 
LINP1 should be used to clarify the biological roles of 
LINP1 in malignant behavior of ESCC cells. More human 
esophageal squamous cell lines needed to verify the results. 
In addition, we did not construct ESCC cells with LINP1 
overexpression. We intend to overcome the flaws of this 
study and perform overexpression experiments and further 
verification in our future studies. Also, we will carry out the 
follow-up experiments to verify the results of pro-apoptotic 
factor, such as FasL, TNFa and TRAIL, and perform the 
immunohistochemical staining for the apoptosis-related 
protein expression in the xenotransplanted tumors of 
mice. Treatment modalities have significant prognostic 
value, such as radio- or chemo-therapy, neo-adjuvant or 
adjuvant treatment. But we did not discuss the efficacy of 
treatment modalities, because treatments were various and 
the chemotherapy regimens as well as radiotherapy doses 
were inconsistent. Further randomized clinical trial would 
clarify the benefit of ESCC treatment. Finally, research 
into the underlying molecular mechanism was insufficient, 
and the specific binding of miRNA or RNA and the sites 
in LINP1 were not identified. Further study is needed to 
explore the function of LINP1 in ESCC. Although our data 
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Figure 3 The inhibition mechanism of LINP1 to EC9706 cells. (A) Relative LINP1 expression in EC9706 sh1, sh2, sh3, and sh4 was verified 
by qRT-PCR. The LINP1 sh2 cell line had the most significant knockdown effect compared with the control cell line (61.75%, P<0.001). (B) 
The Alamar Blue proliferation assay indicated that the proliferation of shRNA-LINP1 cells was significantly inhibited compared with that of 
the corresponding control cells and shRNA-scr cells (P<0.001). (C,D) Colony formation assays showing that the number of colonies formed 
was significantly lower in shRNA-LINP1 cells than in NC and shRNA-scr cells in macroscopic view (71.7 vs. 73.3 vs. 24.7, P<0.001). (E,F) 
Wound healing assays showed that the migration rate was slower in shRNA-LINP1 cells than in NC and shRNA-scr cells after 48 h (19.1% 
vs. 46.4% vs. 46.6%; P<0.001) (magnification 100×). (G,H) Transwell migration assays demonstrated that the number of migratory cells was 
lower in shRNA-LINP1 than in the two control cells (60.3 vs. 236.3 vs. 238.7; P<0.001) (magnification 100×). (I,J,K) qRT-PCR and western 
blot analyses of the expression of EMT markers. E-cadherin was significantly upregulated, whereas N-cadherin, vimentin, snail and slug were 
significantly downregulated in shRNA-LINP1 cells compared with NC and shRNA-scr cells (all P<0.05). **, P<0.01; ***, P<0.001.
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Figure 4 LINP1 knockdown affects the cell cycle apoptosis. (A,B) Knockdown of LINP1 arrested the cell cycle at the G2/M phase 
compared with control cells (P<0.001). (C,D) shRNA-LINP1 cells showed a higher apoptotic rate than NC and shRNA-scr cells (13.68% vs. 
4.40% vs. 4.24%, P<0.001). (E,F,G,H,I) CDK1 expression was lower in shRNA-LINP1 than in NC and shRNA-scr cells. The expression of 
apoptosis-related markers including Bax and Bcl-2 was significantly changed. Bcl-2 was downregulated and Bax was upregulated in shRNA-
LINP1 cells, as determined by western blotting and qRT-PCR (all P<0.001). ***, P<0.001.
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Figure 5 The function of LINP1 in vivo. (A) Knockdown of LINP1 suppressed esophageal cancer tumorigenesis in vivo. (B) Knockdown of 
LINP1 for 21 days significantly decreased tumor growth (P<0.001). (C) After resection, tumor weight was significantly lower in the shRNA-
LINP1 cell injected group than in the control group (P<0.001). ***, P<0.001.

showed the potency of LINP1 silencing in inhibition of 
cell proliferation and induction of apoptosis, more evidence 
are needed to clarify if LINP1 is a driver gene in ESCC. 
Lentiviral-based shRNA might be utilized as an effective 
cancer therapy based on previous study (24). Additionally, 
the blockage of tumorigenesis by lentiviral-mediated LINP1 
shRNA also supported the effectiveness of this strategy in 
ESCC. However, it is still premature to conclude LINP1 
is a targetable gene. It is necessary to justify if LINP1 is 
a therapeutic target in ESCC by animal experiments and 
clinical trials. 
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Supplementary

Figure S1 Those ESCC tissues and their corresponding noncancerous mucosal tissues were pathologically verified by 
immunohistochemistry (magnification 40×). ESCC, esophageal squamous cell carcinoma.

A B

Figure S2 The lncRNA chip scanning image showed high quality signals.



Figure S3 Bioinformatics analysis of the lncRNA chip. (A,B) The intensity of the probe unit. (C) Box plot analysis showed the relative 
signal data of lncRNA chips in all tissues. (D,E) Pearson correlation and Spearman correlation analyses. (F) PCA results. PCA, principal 
component analysis.
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Table S1 The top ten significant changed terms of BP, CC and MF by GO analyses

GO ID Term Gene Fold enrichment P value

BP

GO:0061436 Establishment of skin barrier 21 6.67 0.017

GO:0033561 Regulation of water loss via skin 24 6.29 0.012

GO:0018149 Peptide cross-linking 60 5.03 <0.001

GO:0030199 Collagen fibril organization 46 4.69 0.003

GO:0031424 Keratinization 225 4.31 <0.001

GO:0030216 Keratinocyte differentiation 268 4.26 <0.001

GO:0042590 Antigen processing and presentation of exogenous peptide 
antigen via MHC class I

79 4.23 <0.001

GO:0034340 Response to type I interferon 72 4.19 <0.001

GO:0060337 Type I interferon signaling pathway 67 4.18 <0.001

GO:0071357 Cellular response to type I interferon 67 4.18 <0.001

CC

GO:0001533 Cornified envelope 65 4.97 <0.001

GO:0045095 Keratin filament 103 4.6 <0.001

GO:0042470 Melanosome 106 3.36 <0.001

GO:0048770 Pigment granule 106 3.36 <0.001

GO:0005882 Intermediate filament 223 3.24 <0.001

GO:0042571 Immunoglobulin complex, circulating 94 3.21 0.001

GO:0019814 Immunoglobulin complex 99 3.05 0.003

GO:0101002 Ficolin-1-rich granule 124 3.04 <0.001

GO:1904813 Ficolin-1-rich granule lumen 124 3.04 <0.001

GO:0045111 Intermediate filament cytoskeleton 260 2.94 <0.001

MF

GO:0050840 Extracellular matrix binding 58 3.72 0.016

GO:0005518 Collagen binding 67 3.54 0.01

GO:0034987 Immunoglobulin receptor binding 98 3.19 0.002

GO:0003823 Antigen binding 226 3.1 <0.001

GO:0005200 Structural constituent of cytoskeleton 99 2.94 0.016

GO:0005201 Extracellular matrix structural constituent 159 2.51 0.010

GO:0004252 Serine-type endopeptidase activity 260 2.32 <0.001

GO:0008236 Serine-type peptidase activity 283 2.21 0.001

GO:0017171 Serine hydrolase activity 288 2.21 <0.001

GO:0016746 Transferase activity, transferring acyl groups 265 2.16 0.006

BP, biological process; CC, cellular component; MF, molecular function; GO, gene ontology.



Table S2 The top ten significant up-regulated terms of BP, CC and MF by GO analyses

GO ID Term Gene Fold enrichment P value

BP

GO:0010499 Proteasomal ubiquitin-independent protein 25 7.92 0.013

GO:0042590 Catabolic process 79 7.06 <0.001

GO:0002479 Antigen processing and presentation of exogenous 75 6.96 <0.001

Peptide antigen via MHC class I

GO:0060337 Antigen processing and presentation of exogenous 67 6.71 <0.001

Peptide antigen via MHC class I, TAP-dependent

GO:0071357 Type I interferon signaling pathway 67 6.71 <0.001

GO:0034340 Cellular response to type I interferon 72 6.5 <0.001

GO:0002474 Response to type I interferon 94 6.32 <0.001

GO:0030199 Antigen processing and presentation of peptide antigen via MHC 
class I collagen fibril organization

46 6.26 0.001

GO:0060333 Interferon-gamma-mediated signaling pathway 71 6.08 <0.001

GO:0006521 62 5.22 0.001

CC Proteasome core complex, beta-subunit complex

GO:0019774 Proteasome core complex 11 11.45 0.030

GO:0005839 Integral component of lumenal side of endoplasmic reticulum 
membrane

22 9 0.001

GO:0071556 Lumenal side of endoplasmic reticulum membrane 29 6.2 0.035

GO:0098553 Protein complex involved in cell adhesion 29 6.2 0.035

GO:0098636 Immunoglobulin complex, circulating 36 5.5 0.035

GO:0042571 Immunoglobulin complex 94 5.36 <0.001

GO:0019814 Extracellular matrix component 99 5.09 <0.001

GO:0044420 Proteasome complex 49 4.77 0.024

GO:0000502 67 4.3 0.008

GO:1905369 Threonine-type peptidase activity 68 4.23 0.010

MF Threonine-type endopeptidase activity 

GO:0070003 Proteoglycan binding 23 8.6 0.002

GO:0004298 Extracellular matrix binding 23 8.6 0.002

GO:0043394 Collagen binding 35 6.17 0.011

GO:0050840 Immunoglobulin receptor binding 58 5.58 <0.001

GO:0005518 Antigen binding 67 5.37 <0.001

GO:0034987 Virus receptor activity 98 5.32 <0.001

GO:0003823 Exogenous protein binding 226 5.09 <0.001

GO:0001618 Hijacked molecular function 75 4.56 0.001

GO:0140272 75 4.56 0.001

GO:0104005 75 4.56 0.001

BP, biological process; CC, cellular component; MF, molecular function; GO, gene ontology.



Table S3 The top ten significant down-regulated terms of BP, CC and MF by GO analyses

GO ID Term Gene Fold enrichment P value

BP

GO:0061436 Establishment of skin barrier 21 11.51 0.006

GO:0033561 Regulation of water loss via skin 24 11.19 0.002

GO:0018149 Peptide cross-linking 60 9.84 <0.001

GO:0000038 Very long-chain fatty acid metabolic process 31 9.53 0.002

GO:0031424 Keratinization 225 9.31 <0.001

GO:0048730 Epidermis morphogenesis 29 9.26 0.007

GO:0030216 Keratinocyte differentiation 268 8.62 <0.001

GO:0009913 Epidermal cell differentiation 311 7.6 <0.001

GO:0043588 Skin development 377 7.19 <0.001

GO:0070268 Cornification 112 7.19 <0.001

CC

GO:0001533 Cornified envelope 65 11.15 <0.001

GO:0045095 Keratin filament 103 10.43 <0.001

GO:0005882 Intermediate filament 223 6.74 <0.001

GO:0045111 Intermediate filament cytoskeleton 260 5.89 <0.001

GO:0044439 Peroxisomal part 101 3.99 0.025

GO:0044438 Microbody part 101 3.99 0.025

GO:0099513 Polymeric cytoskeletal fiber 741 2.57 <0.001

GO:0099512 Supramolecular fiber 963 2.34 <0.001

GO:0099081 Supramolecular polymer 970 2.33 <0.001

GO:0099080 Supramolecular complex 971 2.32 <0.001

MF

GO:0030280 Structural constituent of epidermis 16 13.42 0.003

GO:0008374 O-acyltransferase activity 51 5.79 0.032

GO:0016746 Transferase activity, transferring acyl groups 265 3.85 <0.001

GO:0016747 Transferase activity, transferring acyl groups other than amino-
acyl groups 

231 3.72 <0.001

GO:0005198 Structural molecule activity 833 2.22 <0.001

GO:0016491 Oxidoreductase activity 763 2.11 0.001

GO:0003674 Molecular function 17706 1.07 0.007

GO:0003723 Rna binding 1659 0.47 0.009

BP, biological process; CC, cellular component; MF, molecular function; GO, gene ontology.



Figure S4 KEGG analysis.



Supplement I 

MCODE App Results for all differentially expressed genes 
Date: 2019-2-20 10:37:51
Parameters:

Network Scoring:
Include Loops: false; Degree Cutoff: 2 

Cluster Finding:
Node Score Cutoff: 0.2; Haircut: true; Fluff: false; K-Core: 2; Max. Depth from Seed: 100

Cluster Score 
(Density*#Nodes)

Nodes Edges Node IDs

2 31 31 465 C5, CCL19, PTGER3, PSAP, FPR3, GAL, NPY1R, GNB1, NMU, ANXA1, FPR1, 
CCR1, CXCL12, CCL4, CXCR4, C3AR1, CCL27, CXCL9, CXCL10, CXCL1, P2RY4, 
GPR18, CCR5, CCL4L1, CCL5, CXCL5, FPR2, ACKR3, GNB5, CXCL8, CXCR2

MCODE App Results for upregulated genes 
Date: 2019-2-21 10:46:19
Parameters:

Network Scoring:
Include Loops: false; Degree Cutoff: 2 

Cluster Finding:
Node Score Cutoff: 0.2; Haircut: true; Fluff: false; K-Core: 2; Max. Depth from Seed: 100

Cluster Score 
(Density*#Nodes)

Nodes Edges Node IDs

3 14.952 85 628 IRF6, IFI44L, CALU, TMEM132A, GOLM1, LYZ, PLSCR1, HLA-F, HLA-G, HEXB, 
HLA-DRB1, HLA-DRA, CMPK2, UBE2L6, ANXA2, FAM20C, FSTL3, PDIA6, 
FAM20A, CAP1, EIF2AK2, RTP4, LY86, IFIH1, GPR18, ANXA1, FPR1, FPR2, USP18, 
MT2A, TRIM5, CXCL5, GBP4, HLA-A, GLA, HLA-C, CTSC, MMP9, LAMC1, CDK4, 
LGALS1, SDCBP, PLAC8, FN1, UNC13D, TNC, UBD, GNB5, RNASE2, IFI30, 
CCL4L1, DHX58, PARP9, ACKR3, HLA-B, GBP3, TNFRSF12A, TNFSF13B, FPR3, 
GRN, GBP5, SAMD9L, IMPDH1, TXNDC5, BIRC3, CST3, GNB1, IFI27, CECR1, 
RCN1, FTL, PTAFR, SP100, FCGR1B, PRSS23, SERPINA1, TNFSF10, ADAM10, 
FABP5, SAMHD1, MX2, ADAR, PSAP, TUBB, PARP12

MCODE App Results for downregulated genes 
Date: 2019-2-25 18:31:12
Parameters:

Network Scoring:
Include Loops: false; Degree Cutoff: 2 

Cluster Finding:
Node Score Cutoff: 0.2; Haircut: true Fluff: false; K-Core: 2; Max. Depth from Seed: 100

Cluster Score (Density*# Nodes) Nodes Edges Node IDs

1 5.2 6 13 KRTAP4-3, KRTAP24-1, KRTAP2-2, KRTAP5-8, KRTAP4-8, KRTAP19-3
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