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Abstract
Background The global incidence of gastric cancer (GC) ranks the fourth among cancers and its 5-year
survival is less than 25%. LncRNAs are vital regulators involved in pathological processes of cancer. It is
urgent to screen the prognostic lncRNA in GC. Method Expression �le and clinical data of GC were
downloaded from TCGA. Differentially expressed lncRNAs were calculated by edger R package, followed
by the prognosis analysis. COX analysis was conducted to compute the independent factor of GC.
Potential signaling pathways that the screened lncRNAs enriched in were evaluated by gene set
enrichment analysis (GSEA). At last, Pearson analysis was conducted to predict the possible mechanism
of lncRNA in GC process. Result ENSG00000224363 was an unfavorable prognostic factor to OS (overall
survival) and DFS (disease-free survival) of GC as COX regression analyzed. GSEA analysis indicated that
ENSG00000224363 may regulate cell cycle, apoptosis and autophagy of GC cells. Conclusion LncRNA
ENSG00000224363 is overexpressed in GC, serving as an independent unfavorable prognostic factor.

Background
Globally, the incidence of gastric cancer (GC) ranks the fourth among cancers. The number of Asian GC
patients accounts for 60% of the total. In particular, the number of Chinese GC patients is on the top place
of Asian cases, and its 5-year survival is less than 25.0%. Therefore, it is of great signi�cance to �nd
novel diagnostic and prognostic biomarkers of GC, aiming to effectively improve the survival rate (1, 2, 3).

Long non-coding RNA (lncRNA) is a non-coding RNA molecule with over 200 nucleotides in length (4).
LncRNA is widely expressed in various organisms, but it cannot be translated to proteins. However, it is
capable of transcriptionally, post-transcriptionally or translationally regulating gene expressions. Recent
studies have shown the multiple functions of lncRNAs (5) in epigenetic modi�cation (6, 7), transcriptional
regulation (8, 9), RNA editing (10), protein translation (11) and other important cellular processes. In
addition, lncRNAs are also crucial in tumor cell activities like cell maintenance and differentiation (12),
tumor proliferation (13), tumor metastasis (14), drug resistance (15), etc.

SP1-induced LINC00673 is reported to be an oncogene in GC by interacting with LSD1 and EZH2 (16).
HOTAIR promotes GC metastasis through downregulating PCBP1 (17). Besides, TUG1, PVT1, HOXA11-AS
and GAPLINC have been reported to participate in GC development (18, 19, 20). The ENCODE project and
GENCODE annotation have revealed the prevalence of thousands of lncRNAs. However, only few of them
have been assigned with biological functions (21, 22). Therefore, screening prognostic lncRNAs in GC is
of signi�cance.

The Cancer Genome Atlas (TCGA) project is originally composed of the National Cancer Institute (NCI)
and the National Human Genome Research Institute (NHGRI), which is free to the public. Clinical data and
gene expression pro�le of 39 kinds of tumors involving 10,000 patients are collected in TCGA database.
Using GC pro�le downloaded from TCGA, we aim to screen functional lncRNAs that can be used as
prognostic factor of GC.
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Methods
Data collection

Using the R package (Bioconductor/TCGAbiolinks), RNA-Seq raw count, as well as clinical data of GC
patients (age, gender, tumor grade, TNM staging, OS and DFS) were downloaded from TCGA database
(https://tcga-data.nci.nih.gov/tcga/). A total of 407 expression �les containing 32 normal tissues and
375 tumor tissues were collected. Among them, OS was recorded from 373 patients and DFS was
recorded from 303 patients.

Downloaded datasets containing complete clinical data of GC patients were subjected to survival
analysis or correlation analysis. Based on the median level of ENSG00000224363 in GC samples, they
were classi�ed to high-expression group (> median of ENSG00000224363) and low-expression group (≤
median of ENSG00000224363).

Gene set enrichment analysis (GSEA)

Datasets (c2.cp.kegg.v5.2.symbols.gmt and c5.bp.v5.2.symbols.gmt) were obtained from molecular
signatures database (MsigDB) on the GSEA website. Enrichment analysis was conducted by default-
weighted enrichment using the GSEA 2.2.3 software. The number of random combination was set at
1,000 times.

Statistical methods

Statistical Product and Service Solutions 22.0 (SPSS 22.0) was used for statistical analysis. Differentially
expressed genes in downloaded TCGA datasets were calculated using the Edger package. χ2 test and
Fisher's exact probability test were used for analyzing the correlation between ENSG00000224363 and
pathology of GC patients. Kaplan-Meier (K-M) and Log-rank tests were adopted for survival analysis.
Univariate and multivariate Cox proportional hazard models were introduced to analyze risk factors of GC
survival. Cor package was used to calculate Pearson correlation of all genes with ENSG00000224363.
p<0.05 indicated a statistically signi�cant difference. Signi�cantly enriched gene sets were judged as per
gene sets with p<0.05 and the false discovery rate (FDR) <0.25 in GSEA.

Results
2480 lncRNAs were up-regulated and 707 were down-regulated in GC

A total of 50455 genes were detected to be expressed in GC tissues from the downloaded TCGA
database, in which 14,464 were lncRNAs (fold change of cut-off value ≥2 and p <0.05). Particularly, 2480
up-regulated lncRNAs and 707 lncRNAs were obtained (Fig 1A).

48 prognostic lncRNAs in GC

https://tcga-data.nci.nih.gov/tcga/
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Survival R package was utilized for screening prognostic lncRNAs of DFS and OS of GC. Firstly, GC
patients were divided to two groups based on the median expression of alternative lncRNAs. Prognosis
curve was drawn using the K-M method. LncRNAs with log-rank p value <0.05 were output. Finally, there
were 234 lncRNAs screened out to be the prognostic factors for OS, of which 48 lncRNAs were prognostic
factors for DFS (data were not all showed, Fig 1B, 1C, 1D and 1E).

ENSG00000224363 was an independent unfavorable prognostic factor for DFS and OS of GC

The univariate Cox analyses of DFS and OS were conducted in the 48 screened lncRNAs, respectively.
Eleven lncRNAs were associated with OS and 16 were associated with DFS (Table 1). Only 4 lncRNAs
were both associated with DFS and OS of GC, which were subjected to the multivariate Cox analyses of
DFS, in which 2 were associated with DFS of GC (Table 2-5). At last, these 2 lncRNAs were enrolled in
multivariate Cox analyses of OS and only lncRNA ENSG00000224363 was obtained, which was an
independent prognostic risk factor for DFS and OS of GC (Table 6- 7). Chi-square test showed that
ENSG00000224363 was associated with lymph node metastasis of GC (Table 8). However,
ENSG00000224363 was not correlated to age, tumor grade, TNM staging and other indicators of GC
patients.

ENSG00000224363 could predict DFS and OS of GC

To analyze the prognostic potential of ENSG00000224363 in GC, we divided GC patients in the TCGA
database into 14 groups according to tumor stage, grade, tumor remnant, depth of tumor local in�ltration,
lymph node metastasis, gender and age. Correlation between ENSG00000224363 expression with DFS
and OS in each group was calculated, respectively. Among them, ENSG00000224363 was a risk factor for
DFS in the female group (Fig 2A), male group (Fig 2B), low-grade group (Fig 2C), high-grade group (Fig
2D), early-stage group (Fig 2E), advanced-stage group (Fig 2F), no distant metastasis group (Fig 2G), no
lymph node metastasis group (Fig 2H), lymph node metastasis group (Fig 2I), no tumor residual group
(Fig 2J), local tumor deep in�ltration group (Fig 2K) and older group (Fig 2L). In addition,
ENSG00000224363 expression was a risk factor for OS in the female group (Fig 3A), male group (Fig 3B),
older group (Fig 3C), no distant metastasis group (Fig 3D), high-grade group (Fig 3E), lymph node
metastasis group (Fig 3F), no tumor residual group (Fig 3G), local tumor deep in�ltration group (Fig 3H)
and advanced-stage group (Fig 3I).

ENSG00000224363 mainly regulated cell cycle, apoptosis and autophagy of GC

Subsequently, potential biological signaling that ENSG00000224363 enriched in was analyzed by KEGG
and GO analyses using GSEA software. KEGG results showed that ENSG00000224363 mainly regulated
cell apoptosis (Fig 4A), cell cycle (Fig 4B), DNA replication (Fig 4C), and Wnt (Fig 4G), P53 (Fig 4F), mTOR
(Fig 4E) and ErbB pathways (Fig 4D). GO analysis results showed that ENSG00000224363 mainly
regulated cell apoptosis pathway (Fig 4H-J), cell cycle (Fig 4K) and autophagy (Fig 4L) in GC.

Correlation between ENSG00000224363 and genes involved in GC progression
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Correlation between the whole genome and ENSG00000224363 was analyzed using Cor R package. It is
found that cyclin dependent kinase 3 (CDK3) (Fig 5A), CDK15 (Fig 5B), cyclin dependent kinase-like 3
(CDKL3) (Fig 5C) and CDKL4 (Fig 5D) were positively correlated with ENSG00000224363 expression.
However, cyclin dependent kinase inhibitor 1A (CDKN1A) (Fig 5E) and CDKN3 (Fig 5F) were negatively
correlated with ENSG00000224363 expression. In addition, ENSG00000224363 was positively correlated
with cell apoptosis inhibitor molecules [Caspase12 (Fig 5G) and Caspase14 (Fig 5H)], invasiveness and
metastasis molecules [matrix metalloproteinase-21 (MMP-21) (Fig 5L) and MMP26 (Fig 5M)], and key
factors of ErbB (Fig 5I), mitogen-activated protein kinase (MAPK) (Fig 5J and 5K) and Wnt (Fig 5N-P).
pathways.

Discussion
LncRNA is generally transcribed in eukaryotic cells with barely or no protein-encoding ability (23, 24). It
regulates gene expressions in the form of RNA through pre-transcriptional, transcriptional, and post-
transcriptional level (4, 25). Recent studies have shown that lncRNA is involved in many important
processes, such as X chromosome silencing, genomic imprinting, chromatin modi�cation, transcriptional
activation, transcriptional interference and intracranial transport. LncRNA is also closely related to tumors
and non-neoplastic diseases (26, 27, 28, 29). The present study showed that differentially expressed
lncRNA was related to the occurrence, development, invasiveness, metastasis and prognosis of GC, which
may be used as a diagnostic marker and therapeutic target (30, 31, 32).

Dysregulated lncRNAs were �rstly analyzed in the present study between normal gastric tissues and GC
tissues in TCGA. There were 3187 lncRNAs to be analyzed. To identify the relationship between
dysregulated lncRNAs and prognosis of GC, K-M analysis of DFS and OS was introduced. There were 48
lncRNAs identi�ed to be associated with both OS and DFS of GC. Among them, 47 were unfavorable
factors and the remaining were protective ones.

Cox hazard rate model was widely used to assess the clinical outcome of patients since 1972. It has the
advantage to analyze the prognostic values of multiple factors (33).

After the prognostic lncRNAs were obtained, they were enrolled in the univariate Cox analysis of OS and
DFS. Analysis data showed that lncRNA ENSG00000224363 was an independent prognostic risk factor
for DFS and OS of GC. Its high level predicted an earlier recurrence and worse outcome of GC patients.
Later, chi-square test revealed that ENSG00000224363 was positively associated with lymph node
metastasis.

To assess the prognostic potential of ENSG00000224363 in GC, patients were divided into 14 groups.
The results revealed that ENSG00000224363 predicted DFS in 12 groups and OS in 9 groups. GSEA
analysis indicated that the main function of ENSG00000224363 was enriched in cell cycle, apoptosis and
autophagy of GC (34, 35, 36).
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Correlation analysis showed that ENSG00000224363 was positively correlated with key tumor-driving
genes and negatively correlated with tumor-suppressor genes. For example, the CDK family, which are key
regulators in promoting cell cycle and modulating transcription (37, 38), were positively correlated with
ENSG00000224363 expression. Besides, CDKN1A (p21), an inhibitor of CDK family, can arrest cell cycle
arrest and eventually inhibit cell growth (39, 40). In addition, the caspase family members that are
capable of inhibiting cell apoptosis, were positively correlated with ENSG00000224363 (41, 42).
Invasiveness is a vital trigger for tumor progression (43, 44). Expression level of MMP family was in
accordance with ENSG00000224363. Meanwhile, expression levels of key regulators in the ErbB4, MAPK
family and Wnt family were also coordinated with ENSG00000224363 (45, 46, 47).

This study for the �rst time demonstrated that lncRNA ENSG00000224363 was up-regulated in GC and it
was an independent prognostic factor for DFS and OS of GC. It also revealed the possible mechanisms of
ENSG00000224363 in regulating GC process. However, in vitro experiments are lacked, and our �ndings
should be validated at the cytological level in the future.

Conclusion
LncRNA ENSG00000224363 is up-regulated in GC, serving as an independent unfavorable prognostic
factor.
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Tables
Table 1

The Univariate COX analysis of LncRNAs in DFS and OS.
Gene Univariate analysis of DFS   Univariate analysis of OS

HR P value   HR P value

RP11-289H16.1 1.492 0.001   1.346 0.001

RP11-59D5__B.2 1.153 0.020   1.161 0.004

ABCA9-AS1 1.170 0.016   1.112 0.044

POT1-AS1 1.209 0.048   1.112 0.044
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Table 2
Univariate and multivariate COX regression analyses ABCA9-AS1 for DFS of patients in study cohort.

Variables Univariate analysis   Multivariate analysis

P
value

HR 95% CI   P
value

HR 95% CI

Age(≤ 60 vs. >60) 0.525 0.993 0.972–
1.015

  0.380 0.990 0.967–
1.013

Gender(Female vs. Male) 0.001 2.441 1.418–
4.203

  0.011 2.048 1.179–
3.558

Location(Antrum vs. Cardia vs. Fundus
vs. Gastroesophageal Junction )

0.091 0.828 0.666–
1.031

  0.251 0.875 0.696–
1.099

Tumor Grade (G1 vs. G2 vs. G3) 0.319 1.265 0.797–
2.008

  0.695 1.100 0.683–
1.771

Residual tumor(R0 vs. R1 vs.R2) < 
0.000

4.063 2.019–
8.175

  0.003 2.858 1.421–
5.750

Stage(Stage I vs. Stage II vs. Stage III
vs. Stage IV)(Female)

0.029 2.224 1.087–
4.547

  0.689 1.091 0.711–
1.676

(Stage I vs. Stage II vs. Stage III vs.
Stage IV)(Male)

0.062 1.366 0.984–
1.897

       

Distant metastasis(No vs. Yes) 0.521 1.477 0.449–
4.858

  0.677 1.333 0.345–
5.145

Lymph node metastasis(N0 vs. N1 vs.
N2 vs. N3)

< 
0.000

1.480 1.200-
1.825

  0.004 1.378 1.107–
1.716

Depth of invasion(T1 vs. T2 vs. T3 vs.
T4)

0.503 1.105 0.826–
1.478

  0.554 0.981 0.609–
1.305

ABCA9-AS1(High vs. Low) 0.016 1.170 1.030–
1.328

  0.045 1.145 1.003–
1.308
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Table 3
Univariate and multivariate COX regression analyses POT1-AS1 for DFS of patients in study cohort.

Variables Univariate analysis   Multivariate analysis

P
value

HR 95% CI   P
value

HR 95% CI

Age(≤ 60 vs. >60) 0.525 0.993 0.972–
1.015

  0.764 0.996 0.973–
1.020

Gender(Female vs. Male) 0.001 2.441 1.418–
4.203

  0.010 2.072 1.191–
3.606

Location(Antrum vs. Cardia vs. Fundus
vs. Gastroesophageal Junction )

0.091 0.828 0.666–
1.031

  0.180 0.855 0.681–
1.075

Tumor Grade (G1 vs. G2 vs. G3) 0.319 1.265 0.797–
2.008

  0.474 1.195 0.734–
1.943

Residual tumor(R0 vs. R1 vs.R2) < 
0.000

4.063 2.019–
8.175

  0.003 2.817 1.407–
5.639

Stage(Stage I vs. Stage II vs. Stage III
vs. Stage IV)(Female)

0.029 2.224 1.087–
4.547

  0.431 1.211 0.752–
1.951

(Stage I vs. Stage II vs. Stage III vs.
Stage IV)(Male)

0.062 1.366 0.984–
1.897

       

Distant metastasis(No vs. Yes) 0.521 1.477 0.449–
4.858

  0.867 1.120 0.295–
4.248

Lymph node metastasis(N0 vs. N1 vs.
N2 vs. N3)

< 
0.000

1.480 1.200-
1.825

  0.002 1.400 1.132–
1.732

Depth of invasion(T1 vs. T2 vs. T3 vs.
T4)

0.503 1.105 0.826–
1.478

  0.594 0.916 0.665–
1.264

POT1-AS1(High vs. Low) 0.048 1.209 1.002–
1.459

  0.069 1.191 0.986–
1.439
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Table 4
Univariate and multivariate COX regression analyses RP11-59D5__B.2 for DFS of patients in study cohort.

Variables Univariate analysis   Multivariate analysis

P
value

HR 95% CI   P
value

HR 95% CI

Age(≤ 60 vs. >60) 0.525 0.993 0.972–
1.015

  0.519 0.992 0.970–
1.016

Gender(Female vs. Male) 0.001 2.441 1.418–
4.203

  0.006 2.140 1.239–
3.696

Location(Antrum vs. Cardia vs. Fundus
vs. Gastroesophageal Junction )

0.091 0.828 0.666–
1.031

  0.138 0.840 0.667–
1.058

Tumor Grade (G1 vs. G2 vs. G3) 0.319 1.265 0.797–
2.008

  0.341 1.270 0.776–
2.079

Residual tumor(R0 vs. R1 vs.R2) < 
0.000

4.063 2.019–
8.175

  0.006 2.688 1.335–
5.414

Stage(Stage I vs. Stage II vs. Stage III
vs. Stage IV)(Female)

0.029 2.224 1.087–
4.547

  0.456 1.199 0.744–
1.932

(Stage I vs. Stage II vs. Stage III vs.
Stage IV)(Male)

0.062 1.366 0.984–
1.897

       

Distant metastasis(No vs. Yes) 0.521 1.477 0.449–
4.858

  0.800 1.192 0.306–
4.648

Lymph node metastasis(N0 vs. N1 vs.
N2 vs. N3)

< 
0.000

1.480 1.200-
1.825

  0.004 1.377 1.107–
1.713

Depth of invasion(T1 vs. T2 vs. T3 vs.
T4)

0.503 1.105 0.826–
1.478

  0.417 0.876 0.637–
1.206

RP11-59D5__B.2(High vs. Low) 0.02 1.153 1.023-
1.300

  0.085 1.109 0.986–
1.248
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Table 5
Univariate and multivariate COX regression analyses ENSG00000224363 for DFS of patients in study

cohort
Variables Univariate analysis   Multivariate analysis

P
value

HR 95% CI   P
value

HR 95% CI

Age(≤ 60 vs. >60) 0.53 0.99 0.972–
1.015

  0.49 0.99 0.969–
1.015

Gender(Female vs. Male) 0.00 2.44 1.418–
4.203

  0.01 2.10 1.213–
3.627

Location(Antrum vs. Cardia vs. Fundus vs.
Gastroesophageal Junction )

0.09 0.83 0.666–
1.031

  0.66 0.95 0.744–
1.207

Tumor Grade (G1 vs. G2 vs. G3) 0.32 1.27 0.797–
2.008

  0.60 1.14 0.706–
1.833

Residual tumor(R0 vs. R1 vs.R2) < 
0.000

4.06 2.019–
8.175

  0.01 2.46 1.220–
4.970

Stage(Stage I vs. Stage II vs. Stage III vs.
Stage IV)(Female)

0.03 2.22 1.087–
4.547

  0.53 1.14 0.754–
1.733

(Stage I vs. Stage II vs. Stage III vs. Stage
IV)(Male)

0.06 1.37 0.984–
1.897

       

Distant metastasis(No vs. Yes) 0.52 1.48 0.449–
4.858

  0.62 1.40 0.378–
5.167

Lymph node metastasis(N0 vs. N1 vs. N2
vs. N3)

< 
0.000

1.48 1.200-
1.825

  0.00 1.38 1.112–
1.703

Depth of invasion(T1 vs. T2 vs. T3 vs. T4) 0.50 1.11 0.826–
1.478

  0.31 0.83 0.569–
1.195

ENSG00000224363(High vs. Low) 0.00 1.49 1.184–
1.879

  0.01 1.41 1.105–
1.802



Page 16/25

Table 6
Univariate and multivariate COX regression analyses ABCA9-AS1 for OS of patients in study cohort

Variables Univariate analysis   Multivariate analysis

P
value

HR 95% CI   P
value

HR 95% CI

Age(≤ 60 vs. >60) 0.044 1.02 1.001–
1.040

  0.017 1.025 1.004–
1.046

Gender(age ≤ 60 ) 0.637 1.207 0.553–
2.637

  0.496 1.071 0.879–
1.304

(age > 60) 0.042 1.687 1.018–
2.793

       

Location(Antrum vs. Cardia vs.
Fundus vs. Gastroesophageal
Junction )

0.638 0.957 0.795–
1.151

  0.045 1.538 1.009–
2.344

Tumor Grade (G1 vs. G2 vs. G3) 0.053 1.453 0.996–
2.121

  0.232 1.259 0.863–
1.836

Residual tumor(R0 vs. R1 vs.R2) < 
0.000

3.293 1.969–
5.507

  0.007 2.200 1.238–
3.911

Stage(Stage I vs. Stage II vs. Stage III
vs. Stage IV)

< 
0.000

1.780 1.377–
2.301

  0.226 1.258 0.868–
1.824

Distant metastasis(No vs. Yes)(age ≤ 
60 )(Female)

0.017 11.161 1.527–
81.571

  0.073 2.017 0.937–
4.343

(age ≤ 60 )(Male) 0.082 3.880 0.842–
17.876

       

(age > 60)(Female) 0.004 7.200 1.906–
27.192

       

(age > 60) (Male) 0.558 1.534 0.366–
6.435

       

Lymph node metastasis(N0 vs. N1 vs.
N2 vs. N3)(age ≤ 60 )(Female)

0.124 1.622 0.876–
3.003

  0.001 1.358 1.135–
1.626

(N0 vs. N1 vs. N2 vs. N3)(age ≤ 60 )
(Male)

0.045 1.621 1.010–
2.603

       

(N0 vs. N1 vs. N2 vs. N3)(age > 60)
(Female)

0.004 1.809 1.204–
2.718

       

(N0 vs. N1 vs. N2 vs. N3)(age > 60)
(Male)

0.036 1.282 1.016–
1.616

       

Depth of invasion(T1 vs. T2 vs. T3 vs.
T4)(age ≤ 60 )

0.849 1.049 0.644–
1.708

  0.650 1.080 0.776–
1.503
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Variables Univariate analysis   Multivariate analysis

P
value

HR 95% CI   P
value

HR 95% CI

(T1 vs. T2 vs. T3 vs. T4)(age > 60)
(Female)

0.185 1.495 0.825–
2.710

       

(T1 vs. T2 vs. T3 vs. T4)(age > 60)
(Male)

0.012 1.566 1.105–
2.218

       

ABCA9-AS1(High vs. Low) 0.044 1.112 1.003–
1.234

  0.480 1.041 0.932–
1.163
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Table 7
Univariate and multivariate COX regression analyses ENSG00000224363 for OS of patients in study

cohort.
Variables Univariate analysis   Multivariate analysis

P
value

HR 95% CI   P
value

HR 95% CI

Age(≤ 60 vs. >60) 0.044 1.02 1.001–
1.040

  0.029 1.023 1.002–
1.043

Gender(age ≤ 60 ) 0.637 1.207 0.553–
2.637

  0.126 1.392 0.911–
2.126

(age > 60) 0.042 1.687 1.018–
2.793

       

Location(Antrum vs. Cardia vs.
Fundus vs. Gastroesophageal
Junction )

0.638 0.957 0.795–
1.151

  0.392 1.090 0.895–
1.329

Tumor Grade (G1 vs. G2 vs. G3) 0.053 1.453 0.996–
2.121

  0.144 0.324 0.909–
1.929

Residual tumor(R0 vs. R1 vs.R2) < 
0.000

3.293 1.969–
5.507

  0.009 2.089 1.198–
3.643

Stage(Stage I vs. Stage II vs. Stage III
vs. Stage IV)

< 
0.000

1.780 1.377–
2.301

  0.001 1.587 1.211–
2.079

Distant metastasis(No vs. Yes)(age ≤ 
60 )(Female)

0.017 11.161 1.527–
81.571

  0.210 1.690 0.744–
3.839

(age ≤ 60 )(Male) 0.082 3.880 0.842–
17.876

       

(age > 60)(Female) 0.004 7.200 1.906–
27.192

       

(age > 60) (Male) 0.558 1.534 0.366–
6.435

       

Lymph node metastasis(N0 vs. N1 vs.
N2 vs. N3)(age ≤ 60 )(Female)

0.124 1.622 0.876–
3.003

  0.236 1.157 0.909–
1.474

(N0 vs. N1 vs. N2 vs. N3)(age ≤ 60 )
(Male)

0.045 1.621 1.010–
2.603

       

(N0 vs. N1 vs. N2 vs. N3)(age > 60)
(Female)

0.004 1.809 1.204–
2.718

       

(N0 vs. N1 vs. N2 vs. N3)(age > 60)
(Male)

0.036 1.282 1.016–
1.616

       

Depth of invasion(T1 vs. T2 vs. T3 vs.
T4)(age ≤ 60 )

0.849 1.049 0.644–
1.708

  0.682 1.073 0.767–
1.501
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Variables Univariate analysis   Multivariate analysis

P
value

HR 95% CI   P
value

HR 95% CI

(T1 vs. T2 vs. T3 vs. T4)(age > 60)
(Female)

0.185 1.495 0.825–
2.710

       

(T1 vs. T2 vs. T3 vs. T4)(age > 60)
(Male)

0.012 1.566 1.105–
2.218

       

ENSG00000224363(High vs. Low) 0.001 1.346 1.121–
1.617

  0.004 1.317 1.090–
1.592
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Table 8
The relation between ENSG00000224363 and clinical data.

Variables Number of cases expression level P value

Low High

Age        

≤ 60 121 62 59 0.767

> 60 250 124 126

Location        

Antrum 138 69 69 0.970

Cardia 48 24 24

Fundus 130 64 66

Gastroesophageal Junction 41 22 19

Gender        

Femal 134 73 61 0.210

Male 241 115 126

Grade        

G1 + G2 147 79 68 0.241

G3 219 104 115

Residual tumor        

No 298 152 146 0.250

Yes 30 12 18

Stage        

I/II 164 89 75 0.135

III/IV 188 87 101

Distant metastasis        

No 330 162 168 0.151

Yes 25 16 9

Lymph node metastasis        

N0 + N1 208 114 94 0.037

N2 + N3 149 65 84
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Variables Number of cases expression level P value

Low High

Depth of invasion        

T1 + T2 99 57 42 0.083

T3 + T4 268 127 141

Figures

Figure 1

The dis-regulated expressed lncRNAs in gastric cancer. A. The heatmap of dis-regulated lncRNAs in
gastric cancer. B-E. The prognostic curve (up, DFS; down, OS) of POT1-AS1, ABCA9-AS1, RP11-59D5_B.2,
ENSG00000224363.



Page 22/25

Figure 2

ENSG00000224363 could predict DFS of gastric cancer. A. The DFS prognostic curve of male group. B.
The DFS prognostic curve of female group. C. The DFS prognostic curve of low grade (G1+G2) group. D.
The DFS prognostic curve of high grade (G3) group. E. The DFS prognostic curve of early stage (stage I+
stage II) group. F. The DFS prognostic curve of late stage (stage III+ stage IV) group. G. The DFS
prognostic curve of no distant metastasis group. H. The DFS prognostic curve of no lymphatic
metastasis group. I. The DFS prognostic curve of lymphatic metastasis group. J. The DFS prognostic
curve of no residual tumor group. K. The DFS prognostic curve of deep invasion group. L. The DFS
prognostic curve of old age group.
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Figure 3

ENSG00000224363 could predict OS of gastric cancer. A. The OS prognostic curve of female group. B.
The OS prognostic curve of male group. C. The OS prognostic curve of old age (age>60 years) group. D.
The OS prognostic curve of no distant metastasis group. E. The OS prognostic curve of high grade (G3)
group. F. The OS prognostic curve of lymphatic metastasis group. G. The OS prognostic curve of no
residual tumor group. H. The OS prognostic curve of deep invasion group. I. The OS prognostic curve of
late stage (stage III+ stage IV) group.
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Figure 4

ENSG00000224363 regulated cell cycle, apoptosis and autophagy. (A, H, I, J) KEGG and GO analysis
showed that ENSG00000224363 could regulate cell apoptosis. (B, C, K) KEGG and GO analysis showed
that ENSG00000224363 could regulate cell cycle. D. KEGG analysis showed that ENSG00000224363
could regulate ErbB signal pathway. E. KEGG analysis showed that ENSG00000224363 could regulate
mTOR signal pathway. F. KEGG analysis showed that ENSG00000224363 could regulate P53 signal
pathway. G. KEGG analysis showed that ENSG00000224363 could regulate WNT signal pathway. L. GO
analysis showed that ENSG00000224363 could regulate autophagy.
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Figure 5

The correlation between key factors and ENSG00000224363. (A, B, C and D) ENSG00000224363 was
positive correlated with CDK family (CDK3, CDK5, CDKL3, CDKL4). (E and F) ENSG00000224363 was
negative correlated with CKI family (CDKN1A, CDKN3). (G and H) ENSG00000224363 was positive
correlated with caspase family (CASP12, CASP14). I. ENSG00000224363 was positive correlated with
ERBB4. (J and K) ENSG00000224363 was positive correlated with MAPK family (MAP3K15, MAP3K19).
(L and M) ENSG00000224363 was positive correlated with MMP family (MMP21, MMP26). (N, O and P)
ENSG00000224363 was positive correlated with WNT family (WNT6, WNT8A, WNT9B)


