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Abstract

Pancreatic ductal adenocarcinoma (PDAC) has a poor prognosis, and the 5-year
survival rate was only 7.7%. To improve prognosis, a screening biomarker for early
diagnosis of pancreatic cancer is in urgent need. Long non-coding RNA (IncRNA)
expression profiles as potential cancer prognostic biomarkers play critical roles in
development of tumorigenesis and metastasis of cancer. However, IncRNA
signatures in predicting the survival of a patient with PDAC remain unknown. In
the current study, we try to identify potential IncRNA biomarkers and their prognostic
values in PDAC. LncRNAs expression profiles and corresponding clinical
information for 182 cases with PDAC were acquired from The Cancer Genome
Atlas (TCGA). A total of 14470 IncRNA were identified in the cohort, and 175
PDAC patients had clinical variables. We obtained 108 differential expressed
IncRNA via R packages. Univariate and multivariate Cox proportional hazards
regression, lasso regression was performed to screen the potential prognostic
IncRNA. Five IncRNAs have been recognized to significantly correlate with OS. We
established a linear prognostic model of five IncRNA (C9orf139, MIR600HG, RP5-
965G21.4, RP11-436K8.1, and CTC-327F10.4) and divided patients into high- and
low-risk group according to the prognostic index. The five IncRNAs played
independent prognostic biomarkers of OS of PDAC patients and the AUC of the ROC
curve for the five IncRNAs signatures prediction 5-year survival was 0.742. In
addition, targeted genes of MIR60OHG, C90rf139, and CTC-327F10.4 were explored
and functional enrichment was also conducted. These results suggested that this five-
IncRNAs signature could act as potential prognostic biomarkers in the prediction of
PDAC patient's survival.
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1 | INTRODUCTION

S-year survival rate of 7.7% and average survival time of

fewer than 6 months.' PDAC effects 56 670 new patients each
Pancreatic ductal adenocarcinoma (PDAC) remains the most year in the United States, and is the fourth leading cause of

common cause of cancer-related mortality worldwide, with a cancer death in the United States.>> The poor survival rates
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FIGURE 1 The heatmap of DEIncRNAs expression in PDCA. 108 DEIncRNAs were detected. Among these DEIncRNAs, 3 DEIncRNAs was up-
regulated genes and 105 DEIncRNAs were down-regulated genes. The color from blue to red shows a trend from low expression to high expression
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TABLE 1 Five IncRNA significantly correlated with overall survival

WiLE Y-

Gene name Ensembel ID Chromosome P-value Hazard ratio Coefficient
C9orf139 ENSG00000180539 Chromosome 9: 137,027,464-137,037,957 0.000113 0.628473 —0.4645
MIR600HG ENSG00000236901 Chromosome 9: 123,109,494-123,115,477 4.74E-06 0.492488 —0.7083
RP5-965G21.4 ENSG00000274414 Chromosome 20: 25,239,007-25,245,229 0.007241 1.253022 0.22556
RP11-436K8.1 ENSG00000231252 Chromosome 1: 60,659,631-60,867,998 0.738693 0.00566 —0.3029
CTC-327F10.4 ENSG00000251320 Chromosome 5: 147,887,112-147,887,704 0.00041 1.277125 0.24461

were due to inability to diagnosed PDAC at an early stage and
to the poorly effective therapeutic methods currently
available.* In addition, pancreatic cancer is largely resistant
to radiotherapy and chemotherapy, and little progress has
been made concerning its treatment in past decades.
Therefore, to decrease mortality and improve the manage-
ment of PDAC, detection and risk stratification of PDAC is
urgent to identify new early diagnostic biomarkers and
therapeutic targets.

Long non-coding RNA (IncRNA) is defined as RNA
transcript of >200bp with little or no protein-coding
capacity.”™® At present, more and more evidence demon-
strated that IncRNA played an important molecular role in
apoptosis, proliferation, progression, metastasis, invasion,
and relapse of the various tumor.'®'* Recent studies
indicated that the dysregulated IncRNA expression profiles
were associated with the development and survival in
patients with various cancers, including PDCA, which
uncovers the potential of IncRNA as prognostic cancer
biomarker.'>~%°

In an attempt to improve prognosis, a molecular
screening biomarker at an early stage of pancreatic cancer
is in urgent need. In this study, we aimed to explore the
difference of IncRNA expression profiles between PDAC
and adjacent pancreas aiming at identifying some potential
IncRNA biomarkers using The Cancer Genome Atlas data
(TCGA), which could help us to predict the prognosis of
patients with PDAC. Moreover, these results could provide
new insight into the molecular mechanism based on
IncRNA for PDAC.

2 | MATERIALS AND METHODS

2.1 | Patient datasets

The mRNA expression and corresponding clinical informa-
tion of PDAC patients were obtained from TCGA data portal
(https://tcga-data.nci.nih.gov/tcga/), which was imputed on
[MluminaHiSeq RNA-Seq platform, containing 178 PDAC
tissues and four adjacent non-tumor pancreatic tissues. Both
mRNA profiles data and clinical characteristics of PDAC are
publicly available and open-access. Therefore, approval by a
local ethics committee was not needed.

2.2 | IncRNA differential expression profiles

Firstly, the raw counts of PDAC mRNA expression profiles
(level 3 data) were downloaded from the TCGA databases,
and we acquired the IncRNA expression data by repurposing
the probes in the mRNA expression profiles to IncRNA based
on the annotation from the GENCODE project (http://www.
gencodegenes.org).”’ The transformed data (antisense,
lincRNA, and sense_intronic) was considered as IncRNA.
The RNA-Seq data of PDCA covered 14,470 IncRNA
expression profiles. Next, the differentially expressed
IncRNA profiles were imputed using R/Bioconductor
package of edgeR.*? The differentially expressed genes
(DEGs) of data set with [log2 fold changel > 1 and P-value
less than 0.05 was considered selection criteria for subsequent
analysis.
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FIGURE 2 The plot of Regression coefficient diagram using the
Lasso regression method
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2.3 | Survival analysis and lasso regression,
ROC curve

A univariate Cox model was used to calculate the association
between the expression level of each IncRNA and patient's
overall survival (OS). When the P-values were less than 0.05,
those IncRNAs were considered to be statistically significant
in univariate Cox analysis. Next, multivariate Cox analysis
was employed to evaluate the contribution of IncRNA as
independent prognosis factors of patient survival. The
backward stepwise method was conducted to further select
the best model. Then, the selected IncRNAs were screened
and confirmed by the Lasso regression. The IncRNA based
prognosis risk score was established based on a linear
combination of the expression level multiplied regression
model (B) with the following formula. The Prognosis
Index = (p* expression level of C9orf139) + (B* expression
level of MIR600HG) + (f* expression level of RP5-
965G21.4) + (p* expression level of RP11-436KS8.1) + (p*
expression level of CTC-327F10.4).

Based on the cut-off of the median PI, PDAC patients
were divided into high- and low-risk groups. The Kaplan-
Meier survival curves for the cases predicted to have low or
high risk were produced. To further validate whether the
prediction of the five-IncRNA biomarkers was independent of
other clinical variables, univariate and multivariate Cox
regression, stratified analyses were conducted. The prognos-
tic performance was evaluated using time-dependent receive
operating characteristic (ROC) curves within 5 years by
comparing the sensitivity and specificity of the survival
prediction based on the risk score. All reported P values were
two-sided. All analyses were performed using R/BioCon-
ductor (version 3.3.2).

2.4 | Weighted co-expression network
construction with WGCNA and target
prediction

We analyzed the incorporated network using weighted gene
co-expression network analysis (WGCNA), which can enable
to describe the correlation patterns gene expression profiles.
The WGCNA R package was employed to evaluate the
significance of the five IncRNA and their module member-
ship. We assessed the weighted co-expression relation
between all data set subjects in an adjacency matrix using
the pairwise Pearson correlation. The appropriate soft
threshold power was automatically calculated and generated
as described for the standard scale-free network. In the study,
the soft threshold was set at =7 (scale free R*=0.85).
Following the identification of weighted correlation, charac-
teristics of the network were presented by Cytoscape 3.4.0.
We also predicted the target genes of five IncRNA by the
mRNA and IncRNA network.
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FIGURE 3 LncRNA risk score analysis of PDCA patients in
TCGA. A, LncRNA risk score distribution; B, The survival status and
duration of PDCA patients; C, Heatmap of the five LncRNA
expression profiles in PDCA patients.
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(A)

FIGURE 4 Different differential expression of the five key IncRNA between PDCA and adjunct noncancerous pancreas tissues based on
TCGA data. (A) C9orf139; (B) MIR600HG; (C) RP5-965G21.4; (D) RP11-436K8.1; and (E) CTC-327F10.4

2.5 | Functional enrichment analysis

The target genes of IncRNAs were selected from weighted co-
expression network. The enrichment analysis of those co-
expression protein-coding genes was conducted using Cyto-
scape plug-in ClueGO and DAVID Bioinformatics Tool
(version 6.7, https://david.nciferf.gov/).” Go enrichment
analysis was based on the threshold of P-value < 0.05 and
enrichment score >1.0. Significant enrichment results were
also visualized using Cytoscape software.

2.6 | Validation of the differentially expressed
IncRNA with GEO data

To verify the differentially expressed IncRNA from TCGA
database, we attempt to screen the mRNA-Sep datasets of
PDCA from GEO database. To identify eligible studies, we

ROC curve ( AUC = 0.742)
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FIGURE 5 Kaplan-Meier survival curves for overall survival
outcomes according to the risk cutoff point. The P-value of the log-
rank test was less than 0.01

employed the following search strategies: “pancreatic ductal
adenocarcinoma” or “PDCA” or “pancreatic cancers.” The
IncRNA expression level was also extracted for further
analysis. The differentially expressed genes were also
imputed using R package of Limma.

3 | RESULTS

3.1 | Differentially expression IncRNA profiles
in PDAC

The IncRNA expression profiles (level 3 data) in PDAC
patients tissues (n = 178) compared with adjacent non-tumor
tissues (n = 4) was obtained from the TCGA database. A total
of 109 differentially expression IncRNA was identified.
Among these differentially expressed IncRNA,
IncRNAs were over-expressed, and 106 IncRNAs were
down-expressed. Of this over-expressed IncRNAs, three
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survival curve (p=0.00053)
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FIGURE 6 Time-dependent ROC curves analysis for 5-year
survival prediction by the five key IncRNA
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IncRNAs yielded >3-fold increased expression including
RP5-965G21.4 and CTC-327F10.4, 17 IncRNAs exhibited
over >3-fold decreased expression (Figure 1). The clinical
data for those patients obtained from the TCGA were also
available.

3.2 | Prognostic assessment of differentially
expressed IncRNA profiles and clinical
characteristic

We conducted univariate Cox regression between differen-
tially expressed IncRNA profiles and PDAC patients, and the
results were shown that a total of 13 IncRNAs (MIR600HG;
CC9orf139; CTC-327F10.4; RP11-452H21.4; RP11-
489018.1; RP11-436K8.1; RP5-965G21.4; RP11-286H15.1;
RP11-118B22.4; CTD-2527121.15; CH507-513H4.5;
FAMS53B-AS1; and RP11-430C7.5) was significantly associ-
ated with OS when the P-value was less than 0.05. The
multivariate Cox proportional regression was applied to
confirm the results above, and we found that the five IncRNA
(C90rf139, MIR600HG, RP5-965G21.4, RP11-436K8.1, and
CTC-327F10.4) were proved to be an independent prognostic
indicator for PDAC (Table 1). Next, we employed the Lasso
regression to verify further variables, and the identical
variables were observed (Figure 2). The prognostic index
was imputed as follows: (—0.235 * expression level of
C9orf139) + (—0.403 * expression level of MIR600HG) +
(0.163 * expression level of RP5-965G21.4) + (—0.187 * ex-
pression level of RP11-436K8.1) + (0.185 * expression level
of CTC-327F10.4). We calculated the each prognostic index
for each patient, and divide the patients into high or low-risk
according to the median cutoff point (Figure 3). CTC-
327F10.4 and RP5-965G21.4 were high expressions in both
groups, while C9orf139 and MIR600HG, RP11-436KS8.1 were
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low expressions in PDAC group in both groups (Figure 4).
Kaplan-Meier curves for the high- and low-risk groups are
shown in Figure 5. Patients with high-risk score showed poorer
OS than patients with those who have low risk score (median
OS of 15.8 months vs 14.2 months). The HR of the risk score
produced by the univariate Cox proportional hazards regres-
sion method was 2.11 (95%CI, 1.37-3.24) and multivariate Cox
proportional hazards regression method also show the
consistent result (HR =1.91, 95%CI: 1.22-2.98) adjusted for
the clinical covariate. We employed time-dependent ROC
curves to evaluate the prognostic power of five-IncRNAs
biomarkers. The AUC for the six-IncRNA biomarkers
prognostic model was 0.727 at 5 years of OS (Figure 6).

Subsequently, the univariate Cox regression between
clinical features and PDAC was performed to confirm the
prognostic significance of the clinical characteristics. After
analysis, clinical covariates of N stage and Person neoplasm
cancer status, Primary therapy outcome success were
significantly correlated with OS. However, clinical covariates
of gender, tumor grade, T stage, M stage, pathologic disease
stage, cancer status, new tumor event after initial treatment,
and primary therapy outcome success were not correlated
with OS (Table 2).

In the meantime, the prognostic value of different
clinicopathological characteristics was also examined. The
K-M curves revealed that tumor status and grade classifica-
tion, new tumor event after initial treatment, primary therapy
outcome success could manifest the outcome between high-
risk and low-risk groups (Figure 7). Since patients with the
early tumor stage may benefit significantly from a prognostic
biomarker signature, we also assess the prognostic power of
the five-IncRNAs in stage [ and II PDAC tumors (n = 160).
The prediction also demonstrated good performance on early
tumors (AUC = 0.700, Figure 8).

TABLE 2 Univariate and multivariate Cox regression analysis in PDAC cohort

Variables

Gender (male/female)

Age (>50/<50)

Tumor grade (I-I/III-1V)

T stage (T1-T2/T3-T4)

N stage (N1/NO)

M stage (M1/MO)

AJCC stage (I-1I/III-1V)

New tumor event after initial treatment (yes/no)
Person neoplasm cancer status (with tumor/tumor free)
Primary therapy outcome success (SD + PD/CR + PR)

Five IncRNA risk score

Univariate analysis

Multivariate analysis

HR (95%CI)

1.273 (0.837-1.935)
1.185 (0.612-2.294)
1.417 (0.915-2.194)
1.844 (0.951-3.573)
2.190 (1.288-3.722)
0.934 (0.755-1.155)
0.799 (0.252-2.536)
1.399 (0.889-2.202)
3.542 (1.886-6.652)
0.472 (0.272-0.818)
1.976 (1.275-3.064)

P-value HR (95%CI) P-value
0.260 1.143 (0.584-2.263) 0.697
0.614 1.327 (0.853-2.067) 0.673
0.118

0.070

0.004

0.529

0.703 0.736 (0.223-2.425) 0.614
0.147 1.072 (0.775-1.483) 0.673
0.000 1.139 (0.782-1.658) 0.498
0.008 0.484 (0.259-0.903) 0.025
0.002 2.031 (1.300-3.175) 0.002
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FIGURE 7 Kaplan-Meier survival curves in stratified analysis according to different clinical features. (A) New tumor event after initial

treatment, (B) Primary therapy outcome success, (C) Cancer status, (D) Grade, and (E) Age

3.3 | Functional evaluation of the five-IncRNA
by WGCNA

The biological functions of IncRNAs were still largely
unknown. Therefore, to explore the target prediction of five
key IncRNAs, we employed the Weighted Co-expression
network construction to examine the functions. The relevant
genes of key IncRNA C9orfl39 are AIFIL, NLRCS,
FMNL3, P2RYS, SP140, LRRK1, FAM65B, SASH3,
KIF21B, IKZF3, TRAFI, WAS, BANKI, GLIPR2,
PLEKHO2, FGD2, CD69, PARVG, MS4A4A, PDE4B,
CD6, CIITA, TNFAIP8, FCRL2, PLEKHA2, and LRMP
(Figure 9A). The targeted genes of key IncRNA CTC-
327F10.4 are DCBLD1, DSE, PDGFRL, HMCNI,
NUAKI1, NID2, ISM1, EVC, SRPX2, ECM2, DACTI,
VGLL3, CSGALNACT2, BNC2, WNT2, TMEMI158,
SSPN, RUNX2, EPYC, FIBIN, PLPP4, WISP1, and
GLT8D2 (Figure 9B). The targeted genes of key IncRNA
MIR600HG are TMEFF2, MPPED1, RASGEFIB,
SLC8A1, NELL2, CASZI, TSPAN12, SOCS2, CDH22,
UNC80, ZDHHC14, FLVCR1, FAM19AS, FEV, LINGOI,
SMIM6, PRKCZ, COG1, ASB13, FGD5, RIMS2, ARH-
GEF3, PCNT, MAPK12, FGF1, TIAM1, EFR3B, DRAIC,
PALM, SHANK?2, BCOR, CHST1, GNG7, RASA3-IT1,
LHX5-AS1, SLC35E2B, THRA1/BTR, MON2, SYTI,
DNAJC6, EGFLAM, LDOC1, TMEMI91A, ULKS,
PCBP4, PPP2R2C, CACNAI1B, ELMOI, PRDMI6,
KIAAI211L, CCNBI1IP1, CHRNA3, TRIM46, KCNIS5,
RCAN3, SAMDS5, ELFNI1, SUSD4, IL17RB, UBACI,
CBX4, GABRG3, ALG2, Cl6orf45, ADH6, DENNDIA,
GAB2, SRD5A1, PAIP2B, TPH1, CBLN1, ABCA3, SV2B,
SNHG19, ANK2, SRGAP3, PRSS57, WDR7, NPW,
PHACTR1, CHDH, SLC2A13, DNASE2B, ADORAI,
STXBP5, RGS11, TOX, LHXS5, B3GATI1, CDHI2,
TBC1D22A, PRPH, RADIL, and MAPT (Figure 9C).

A total of 333 target genes were identified as potentially
regulated by the IncRNA MIR600HG, CTC-327F10.4, and
C90rf139 in the co-expression network. The enrichment
analysis was conducted to describe the biological function of

the target of IncRNA biomarkers. It revealed enrichment of
301 gene ontology categories. The enrichment biological
process was shown in Figure 10. A total of 21 KEGG
pathways were enriched by the target genes (Figure 11),
including Primary immunodeficiency, natural killer cell
mediated cytotoxicity, Rapl signaling pathway, and regula-
tion of actin cytoskeleton.

3.4 | Validation of the five IncRNA expression
with GEO database

Five studies were considered eligible from GEO, including
GSE15471, GSE28735, GSE32676, GSE41368, and
GSE71989. However, only two key IncRNA expression
(C90rf139 and MIR600HG) could find in two datasets
(GSE28735 and GSE41368).

ROC curve (AUC = 0.7)
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FIGURE 8 Prediction value of risk scores for early stage (I-IT)
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4 | DISCUSSION

Pancreatic ductal adenocarcinoma (PDAC) remains one of
the most aggressive and lethal commonly diagnosed
cancers worldwide by complex molecular and cellular
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Therefore, understanding of PDAC biology may provide
clinicians with new tools that can be used for the treatment
of this disease. Up to date, there is increasing evidence
that IncRNAs are a novel class of non-protein-coding
transcripts that have been reported in cancer biogenesis and
prognosis. Integrative genomic studies have demonstrated
that the roles of IncRNA have attracted considerable
attention. Many potential and valuable IncRNA are needed
to be identified to improve the clinical outcome of PDAC
patients. The dysfunction of IncRNA can exist in various
cancers and are significantly correlated with prognosis of
cancers, ' >16:317-33 However, none specific biomarkers have
been found to display the therapeutic efficiency, and
prognosis factor is of great importance for the treatment of
PDAC patients.

Recently several studies have reported that long non-
coding RNA as early prediction and diagnostic biomarkers of
PDAC had been identified. Experimental evidence revealed
that the upregulated MIR31HG acts as an oncogenic IncRNA
that promotes tumor progression.>* Based on the microarray
data, Li et al identified 5250 differentially expressed IncRNA
in PDAC, including 1881 upregulated IncRNAs and down-
regulated 3369 IncRNAs. The high expression level of
IncRNA BC008363 had significantly better survival rates.*
A more recent study reported that the IncRNA HOTTIP/
HOXA13 played a potential therapeutic target and molecular
biomarker for PDAC.3° Therefore, in an attempt to decrease
mortality and improve prognosis of PDCA, a molecular
screening biomarker at an early stage of pancreatic cancer is
in urgent need. In this study, we aimed to explore the
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difference of genes expression between PDAC patients and
adjacent non-tumor pancreatic tissues aiming at identifying
some potential IncRNA biomarkers using a database of The
Cancer Genome Atlas. The differentially expressed IncRNAs
were screened, and we conducted univariate and multivariate
Cox analysis to verify these IncRNAs for prediction of PDAC
prognosis further. Lastly, we have recognized five IncRNA
consisting of C9orf139, MIR600HG, RP5-965G21.4, RP11-
436K8.1, and CTC-327F10.4. It was then validated to be an
independent prognosis predictor for patients with PDAC. The
AUC of the ROC curve for the five IncRNA signature
predicting 3-year survival was 0.742. The five IncRNA
signatures have a good performance for survival prediction.
The result also demonstrated that the five IncRNA was
independent of other clinical factors in PDAC. Among these
IncRNAs, low expression (CTD-2527121.15 and CH507-
513H4.5) and overexpression of IncRNA (MIR600HG and
CC9orf139, RP11-489018.1) were associated with poor
prognosis in patients with PDAC. Although the target gene of
these IncRNAs has not been previously studied in cancers, we
figured out that these IncRNAs may be involved PDAC
tumorigenesis and many studies are needed to validate the
findings in the future. Through Weighted Co-expression
network using WGCNA, we found that IncRNA MIR600HG,
CTC-327F10.4, and C9orf139 are correlated with 333
protein-coding genes. Using the enrichment and functional
analysis of Cytoscape plug-in ClueGO and DAVID Bioin-
formatics Tool, we found that the Gene ontology of targeted
genes were involved in immunological synapse formation,
regulation of cell morphogenesis, and lymphocyte activation
involved in immune response. Aberrant activation of Primary
immunodeficiency, natural killer cell mediated cytotoxicity,
Rapl1 signaling pathway, and regulation of actin cytoskeleton
pathway may inhibit tumor cells growth and proliferation,
progression. To our knowledge, the five-IncRNA biomarkers
have not been previously studied, and further understanding
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the function of the five IncRNAs will help the clinician to
early diagnose the patients and bring some clinical indications
in the development of novel prognostic factors in PDAC.

Several limitations of the current study should be consid-
ered. First, the prognostic power of five IncRNAs signature was
only analyzed and validated in the TCGA data set, and no other
PDAC IncRNAs expression profile can be used for further
validation. Second, the TCGA data was from a single central
source and ethics of population in TCGA database was mainly
confined to white and black, the findings in the work cannot
extrapolated to other ethics. Third, no experimental data on the
potential mechanisms of the IncRNA have been reported, and
further experimental studies on these aspects can enhance our
understanding of the functional role in PDAC.

In this work, our findings demonstrated that the five
IncRNAs molecular biomarkers were identified to predict
5-year survival in patients with PDAC, which could become a
novel prognostic indicator for predicting the clinical outcome.
However, the biological function of these five IncRNAs needs
to be further validated with more experiment.
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