1diosnuely Joyiny 1duosnuely Joyiny 1diosnuely Joyiny

1duosnuely Joyiny

Author manuscript
Oral Oncol. Author manuscript; available in PMC 2017 December 14.

-~ HHS Public Access
«

Published in final edited form as:
Oral Oncol. 2016 August ; 59: 58—66. doi:10.1016/j.oraloncology.2016.05.014.

Unraveling the Oral Cancer IncRNAome: Identification of Novel
IncRNAs Associated with Malignant Progression and HPV
Infection

Nijiro Nohata?, Martin C. AbbaP, and J. Silvio Gutkind®.¢"
aMoores Cancer Center, University of California, San Diego, La Jolla, California

bCINIBA, CONICET, School of Medical Sciences, National University of La Plata, La Plata,
Argentina

¢Department of Pharmacology, University of California, San Diego, La Jolla, California

Abstract

Objectives—The role of long non-coding RNA (IncRNA) expression in human head and neck
squamous cell carcinoma (HNSCC) is still poorly understood. In this study, we aimed at
establishing the onco-IncRNAome profiling of HNSCC and to identify IncRNAs correlating with

prognosis and patient survival.

Materials and Methods—The Atlas of Noncoding RNAs in Cancer (TANRIC) database was
employed to retrieve the IncRNA expression information generated from The Cancer Genome
Atlas (TCGA) HNSCC RNA-sequencing data. RNA-sequencing data from HNSCC cell lines were
also considered for this study. Bioinformatics approaches, such as differential gene expression
analysis, survival analysis, principal component analysis, and Co-LncRNA enrichment analysis
were performed.

Results—Using TCGA HNSCC RNA-sequencing data from 426 HNSCC and 42 adjacent
normal tissues, we found 728 IncRNA transcripts significantly and differentially expressed in
HNSCC. Among the 728 IncRNAs, 55 IncRNAs were significantly associated with poor
prognosis, such as overall survival and/or disease-free survival. Next, we found 140 IncRNA
transcripts significantly and differentially expressed between Human Papilloma Virus (HPV)
positive tumors and HPV negative tumors. Thirty IncRNA transcripts were differentially expressed
between 7P53 mutated and 7P53 wild type tumors. Co-LncRNA analysis suggested that protein-
coding genes that are co-expressed with these deregulated IncRNAs might be involved in cancer
associated molecular events. With consideration of differential expression of IncRNAs in a
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HNSCC cell lines panel (n=22), we found several IncRNAs that may represent potential targets for
diagnosis, therapy and prevention of HNSCC.

Conclusion—LncRNAs profiling could provide novel insights into the potential mechanisms of
HNSCC oncogenesis.

Keywords

Long non-coding RNA; RNA-sequencing; head and neck squamous cell carcinoma (HNSCC);
human papilloma virus (HPV); TP53; TCGA

INTRODUCTION

More than 59,000 new cases of head and neck cancers are estimated for 2015 in the US
alone, including 45,000 cases arising in the oral cavity and pharynx and 13,000 in the
larynx, resulting each year in approximately 11,000 cancer-associated deaths (http://
seer.cancer.gov/). Most head and neck malignancies are squamous cell carcinoma (HNSCC),
which remain associated with a poor outcome [1], primarily due to local tumor recurrence
and regional lymph node and distant metastasis, despite of considerable advances in
multimodality therapy including surgery, radiation therapy and chemotherapy to control
local disease [2]. Therefore, understanding the molecular mechanisms underlying HNSCC
could help to improve diagnosis, and facilitate the development of new strategies to treat and
prevent this disease.

The non-coding regions of the human genome were previously considered as the “junk” or
“noise” [3]. However, along with the advance of comprehensive sequencing and high
resolution microarray technologies, it has been demonstrated that 98% of the human genome
is part of the non-coding region [4]. Approximately 70% of the genome is actively
transcribed according to the ENCODE project [5]. The proportion of non-coding sequences
that are actively transcribed increases with eukaryotes complexity [6]. Therefore,
understanding the non-coding RNAs (ncRNAs) world has become essential. NcRNAs are
classified broadly into two groups based on the size of the transcript: short ncRNAs (<200nt)
and long ncRNAs (IncRNAs) (>200nt). The group of short ncRNA including microRNA
(miRNA), piwi-interacting RNA (piRNA), and small interfering RNA (siRNA) has attracted
considerable attention in the last few years, as miRNAs, for example, play important
regulatory roles in cancer and other diseases [7-9].

LncRNAs are generally defined as endogenous non-coding RNA molecules longer than
200nt in length. To date 14,880 IncRNAs from 9,277 loci have been annotated by the
GENCODE project [10]. Most of IncRNAs are transcribed by RNA polymerase II, then
polyadenylated and pre-RNA spliced. The majority of IncRNAs are located in cell nucleus,
but some of IncRNAs are in both nucleus and cytoplasm, and some IncRNAs locate to the
cytoplasm specifically. Their expression patterns are highly tissue-specific [11], with
IncRNA expression generally lower than that for mRNA [12].

LncRNAs are classified based on their genomic position related with neighboring genes (e.g.
intergenic, exonic, intronic or overlapping genes) and also based on their structural or
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functional features (e.g., circular RNAs, antisense RNAs, transcribed ultraconserved
noncoding RNAs (T-UCRs), long enhancer ncRNAs, long intergenic ncRNAs (lincRNAs)
and pseudogenes) [10,13]. LncRNAs are involved in diverse biological processes [14]. They
can negatively or positively affect expression of protein-coding gene by transcriptional
interference or by chromatin modification. For example, antisense transcripts can hybridize
to their specific pre-mRNAs resulting in alternatively spliced mRNAs or generating
endogenous siRNAs through Dicer [15]. LncRNAs can silence miRNA expression as
“miRNA sponges” [16]. They can also modulate protein activity and cellular localization
[14]. Moreover, IncRNAs can be processed to small ncRNAs that may act as endo-siRNAs
or miRNAs [17]. Ultimately, IncRNAs are involved in multiple structural and/or
organizational roles in the cell, and emerging reports indicate that IncRNAs are dysregulated
in various diseases [18,19]. Although the complexity of the biological functions of IncRNAs
are still mostly unknown, accumulating studies suggest that IncRNAs contribute to the
initiation and development of various cancer types by acting as oncogenic or tumor
suppressive RNAs [20-24].

While in the past genetic analyses in HNSCC had been often performed in small cohorts of
patients in single platforms, the recent availability of large publically available cancer data
sets enabled by the TCGA (The Cancer Genome Atlas), has revolutionized cancer biology as
we know it [25]. TCGA was launched in 2006, as part of a coordinated effort of the National
Cancer Institute (NCI) and the National Human Genome Research Institute (NHGRI), both
part of the National Institutes of Health (NIH) in the United States (http://
cancergenome.nih.gov/abouttcga). TCGA is a comprehensive project aimed at increasing the
understanding of the molecular mechanism of cancer through the use of multiple platform
technologies, including large-scale genome sequencing, in clinically annotated cancer
specimens. This integrated genomic analysis has accelerated the discovery and validation of
novel molecular mechanisms driving cancer progression in multiple cancer types. In this
context, the TCGA project team has recently published the comprehensive genomic analysis
of HNSCC from 279 patients [26].

In this study, we investigated deregulated expression of IncRNAs during HNSCC
progression by analyzing the emerging sequence information from normal and HNSCC
cancer lesions in the TCGA databases. This HNSCC IncRNAome profiling revealed
remarkable tissue specificity of IncRNA expression in both normal and malignant tissues,
and that HPV status and genomic alterations affect the IncRNA expression patterns. These
results might provide a new avenue for diagnosis and therapeutic intervention in HNSCC.

MATERIALS AND METHODS

Data retrieval of IncRNA profiles from HNSCC cancer cell lines and clinical samples

We used The Atlas of Noncoding RNAs in Cancer (TANRIC) [27] to retrieve the IncRNA
expression information from the TCGA HNSCC RNA-sequencing database. After retrieving
the data, we annotated each of the samples according to their barcode ID based on the
available clinical information, including overall survival (OS), disease-free survival (DFS)
status, clinical stage, the HPV infection status, and the presence of gene mutations in
HNSCC-relevant genes, such as 7P53, and PIK3CA from cBioPortal [28]. Patient and tissue
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sample characteristics are described in Supplementary Table 1. The procedure of RNA-
sequencing profiling from a large panel of HNSCC-derived cells from different anatomical
locations and human papillomavirus (HPV) infection status (herein referred as oral and
pharyngeal cancer; OPC-22 panel) was previously described [29].

Statistical and data mining analyses of IncRNA profiles among HNSCC

RESULTS

We utilized the SAM test to identify differentially expressed IncRNAs among normal and
HNSCC and additional factors such as: HPV infection and 7P53 mutation. Statistical
analysis and heatmap visualization of differentially expressed transcripts were done with the
MultiExperiment Viewer software (MeV 4.9) [30].

To further explore the prognostic value of the IncRNAs in HNSCC, a group of 418 patients
with HNSCC for OS or 301 out of 418 patients with HNSCC for DFS with follow-up data
were divided in two subgroups according to the median expressions of each IncRNA
analyzed. These groups were then analyzed by univariate (Kaplan—Meier survival curves and
log-rank statistics) and multivariate (Cox proportional hazards) methods using the Survival
R package. The multivariate Cox proportional-hazard model included: gender, anatomic
location, tumor pathological stage, 7P53 mutation status and gene expression of the IncRNA
under consideration. In this model, HPV infection was not included because of the limited
number of samples with HPV infection data. Overall survival and disease-free survival were
the end points.

The Co-LncRNA online resource was employed to identify bioprocess modulated by
IncRNAs. Briefly, Co-LncRNA is a web-based tool that performs Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses based on co-
expressed protein-coding genes (CEGs) of a single or multiple IncRNAs [31]. The REViGO
resource was employed to summarize and visualize the enriched GO terms in a scatterplot
graph based on the corrected p-values obtained by Co-LncRNA resource [32].

Differential expression and prognosis associated IncRNAs in Tumor vs. Normal analysis

First, we employed the data from 468 HNSCC samples in TCGA RNA-sequencing data
generated by Illumina HiSeq 2000. Statistical analysis of IncRNA profiles revealed 728
transcripts differentially expressed between normal and tumor samples (212 up-modulated
and 516 down-modulated IncRNAs). The most statistically significant transcripts
deregulated between normal and tumor samples are represented in Figure 1B, and all
relevant information can be found in Supplementary Table 2 (using a cutoff of absolute fold-
change > 1.5 and g-value < 0.001). Sub-organ specifically expressed IncRNAs are also
shown in Figure 1A and described in Supplementary table 2. GO enrichment analysis for
protein-coding genes that are co-expressed with the deregulated IncRNAs was performed by
the Co-LncRNA algorithm [31], which identifies CEGs that are significantly related to gene
expression, RNA splicing, protein metabolism, Tie/Notch/Wnt pathways, apoptosis, cell
cycle, endocytosis, and trafficking activities, which were summarized and visualized by
REViGO approach (Figure 1C and Supplementary table 2).
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We found 55 IncRNAs which have significant relationship with patient’s prognosis in OS or
DFS (log-rank test p-value < 0.05) among 728 deregulated IncRNAs (Supplementary Table
2). To further evaluate the independent prognostic value of these 55 IncRNAs, we next
performed a multivariate Cox proportional-hazard analysis that included the traditional
prognostic factors such as: tumor pathological stage, anatomic location, 7P53 mutation
status and gender. This analysis demonstrated that 23 out of 55 IncRNAs were independent
predictors of overall survival (Supplementary Table 2).

Representative genes are listed in Table 1. Kaplan-Meier plots of representative prognosis-
associated IncRNAs are shown in Figure 2A. KEGG pathway enrichment analysis based on
Co-LncRNA algorism for the protein-coding genes which are co-expressed with the
prognosis associated IncRNAs suggests that those CEGs are significantly linked to several
oncogenic events, such as cell cycle, spliceosome, endocytosis, regulation of actin
cytoskeleton, MAPK, Wnt, VEGF, Neutrophin, Insulin, ERBB, and Notch signaling (Figure
2B). Among these 728 IncRNAs, eight IncRNA genes (ADAMTS9-AS2, CBR3-AS1,
DLEUZ, FGF10-AS1, HCPS, LINC00271, PDZRN3-AS1, RMST, TUGI, TUSCS) were
matched with the list of LncRNADisease database [33], which are LncRNAs previously
reported in relationship with disease including several malignancies (Supplementary Table
3). We briefly summarize the current knowledge of these genes in the discussion section.

Differential expression in HNSCC cell lines and HPV-specific IncRNAs

Recently, we have performed the full exome and transcriptome sequencing of OPC-22 panel
[29]. Principal component analysis (PCA) showed that the cluster of NOKSI (normal oral
keratinocyte spontaneously immortalized) as a control was clearly different from that of
HNSCC cell lines (Figure 3A). Aberrantly expressed 30 IncRNAs in both HNSCC cell lines
and tumor tissues in TCGA were shown as colored dots in volcano plots by p < 0.05 (Figure
3B and Supplementary Table 4). The role of HPV on IncRNA expression in HNSCC is
largely unknown. Hence, we used the opportunity to analyze the differential expression
profile between HPV positive (HPV+) and HPV negative (HPV-) HNSCC cells in the
OPC-22 panel, and HPV+ and HPV- HNSCC tumors in TCGA. In the OPC-22 panel, PCA
shows distinct position of component among control, HPV+, and HPV- cells (Figure 3A).
There were 27 upregulated IncRNAs in HPV+ cells by absolute fold-change > 1.5, and q <
0.001 (Figure 3C). Among them, LINC01305, LINC01089, and PTOV-AS1 were also
significantly up-modulated in HPV+ tumor samples in TCGA. Overall, there were 140 up-
modulated IncRNAs in HPV+ tumors in TCGA by absolute fold-change > 1.5, and q <
0.001 (Figure 3D, and supplementary table 5).

Differential IncRNA expression depending on TP53 gene mutation status in HNSCC

Alterations in 7P53 gene are particularly of relevance in HNSCC with regards to tobacco
carcinogens and HPV-infection [34]. Most HNSCC cases associated with tobacco use harbor
TP53 mutations, while most HPV+ HNSCC exhibit wild type 7P53. There were 30 down-
modulated IncRNAs in 7P53 mutated (non-silent mutation curated by Broad Institute)
tumors compared with 7P53 wild type tumors by absolute fold-change > 1.5, and q < 0.001
(Figure 4A, 4C and Supplementary table 6). Among the 30 IncRNAs, 19 transcripts are
associated with HPV+ tumors (Figure 4B). KEGG pathway enrichment analysis based on
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Co-LncRNA algorism for the protein-coding genes which are co-expressed with the 7P53
mutation-associated IncRNAs surprisingly indicated that these protein-coding genes were
significantly related to p53-regulated signaling pathways (Figure 4D).

DISCUSSION

Recently, a growing body of evidence indicates that IncRNAs are associated with diverse
and essential functions in cell biology [35]. Previous studies on IncRNAs in HNSCC have
been focused on known cancer-related transcripts. For example, HOTAIR was found to be
upregulated in laryngeal squamous cell carcinoma (SCC) when compared to adjacent normal
tissues. There was a significant association between high levels of HOTAIR and poor
prognosis in laryngeal SCC patients. Furthermore, HOTAIR regulates DNA methylation at
the PTEN promoter, which leads to decreased expression of the tumor suppressor, PTEN
[36]. Similarly, UCA-1, MALAT-1, NEAT-1, MEG3 [37-39], and GAS5 [40] were
previously reported as dysregulated in HNSCC. In this regard, to further clarify the global
expression of IncRNAs in this cancer type, we investigated the IncRNA expression
signatures in the emerging TCGA HNSCC RNA-sequencing information [27] and in a wide
variety of HNSCC cell lines [29]. Of interest, we failed to identify those previously
mentioned transcripts as differentially expressed across our large (more than 400 cases)
cohort, which was similar to the recent study in which a comprehensive analysis of IncRNAs
expression was conducted in multiple HNSCC cases [41]. Thus, some IncRNA subsets
previously identified in small sample collections are likely of direct relevance to the
particular local risk factors or genetic variations, but not to the general aspects of HNSCC
pathophysiology in the overall patient population. Here, we successfully found a number of
novel IncRNAs which were associated with HNSCC oncogenesis and progression.

Overall, we found 516 upregulated and 212 downregulated IncRNAs in HNSCC samples
based on 12,727 IncRNAs already registered in the TANRIC database [27]. Among the 728
IncRNAs, some IncRNAs have been documented to be associated with human diseases,
including malignancies (Supplementary table 3). For example, 7UG/ acts as an oncogene
through promoting cell proliferation of esophageal SCC [42], bladder cancer [43],
hepatocellular carcinoma (HCC) [44], and osteosarcoma [45]. TUG! expression has been
reported to be regulated by p53 in non-small cell lung carcinoma (NSCLC) [46] and SP1
transcription factor in HCC [44]. CBR3-AS 1 (also known as PlncRNA-1) expression was
significantly higher in prostate cancer cells relative to normal prostate epithelial cells, as
well as higher in human prostate cancer tissues compared with normal tissues and benign
prostatic hyperplasia [47]. The expression of CBR3-AS1 was also upregulated in human
esophageal SCC compared with the adjacent noncancerous tissues [48]. However, in our
current result, CBR3-AS1 was significantly downregulated in HNSCC tumor tissues.
Probably, those differences might be due to a cancer type specific expression. ADAMTS9-
AS2, which was down-modulated in HNSCC tumors, was reported as a new tumor
suppressive IncRNA regulated by DNA-Methyltransferase 1 (DNMT1) in glioma [49].
TUSCE (XLOC 010588) expression was significantly downregulated in cervical cancer
[50], and it was consistently down-modulated in HNSCC tumors.
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We identified 55 prognosis-associated IncRNAs in the HNSCC TCGA, and among them, the
expression of 23 transcripts were independently associated with overall risk of death in
HNSCC patients regardless of gender, organ site, tumor pathological stage, and 7P53 gene
mutation status. Our enrichment analysis indicates that those IncRNAs are co-expressed with
protein-coding genes involved in several oncogenic signaling pathways. This suggests that
these IncRNAs might play important and functional roles by regulating directly or indirectly
key protein-coding gene expression that in turn may contribute to HNSCC. For example,
CASC9Y9(ESCCAL-1), which we identified in our analysis of HNSCC, was also
overexpressed in esophageal SCC, where it functions as an onco-IncRNA through inhibition
of apoptosis and promoting invasion n vitro [51].

We also focused on the common deregulated IncRNAs in both HNSCC TCGA and OPC-22
panel. Among the thirty aberrantly expressed transcripts, FIRRE (Functional Intergenic
Repeating RNA Element) was found to be up-modulated in both tumor samples and HNSCC
cell lines. Recently, FIRRE was reported to interact with the nuclear matrix factor rnRNPU
[52]. FIRRE localizes across at least three distinct #rans-chromosomal loci. Both genomic
excision of FIRRE locus and knockdown of AinRNPU shows decreased co-localization of
these trans-chromosomal interacting loci [52]. Thus, aberrant epigenetic alterations caused
by deregulated F/RRE levels may represent a novel HNSCC oncogenic mechanism, which
should be clarified in future experimental studies.

The role of HPV infection on IncRNA expression in HNSCC remains unclear. To the best of
our knowledge, our analysis provides the first evidence of the existence of a differential
expression profile based on the HPV infection status using both HNSCC cell lines (OPC-22
panel) and clinical samples from the TCGA HNSCC. HPV+ tumors were predominantly
from pharyngeal site (80.8%) and did not exhibit mutated 7P353, whereas HPV- tumors were
mostly located in the oral and larynx (91.0%), and frequently harbor 7P53 mutations (95%),
as expected [53] (Figure 4A). Several IncRNAs are commonly deregulated in both cell lines
and clinical samples, such as LINC01305, LINC01089, and PTOV1-AS1. There have been
no detailed reports of those IncRNAs so far. The studies exploring the biological relevance
and interplay between HPV infection and IncRNAs are still quite few [54,55].

TP53 mutations are the most frequent mutations in HNSCC [26,53]. We also conducted
differential expression analysis between 7P53 non-silent mutated tumors and 7P53 wild
type tumors. There were 30 down-modulated IncRNAs in 7P53 mutated tumors. Among
those IncRNAs, 19 IncRNAs were specifically expressed in HPV+ and 7P53 wild type
tumors, suggesting that these IncRNAs are potential key molecules and that their study may
provide novel insights into the mechanism of HPV-associated HNSCC oncogenesis.
Recently, a growing number of studies have demonstrated that IncRNAs indeed act as
functional components of the p53 pathway [56]. For example, tumor suppressive IncRNA,
MEG3 directly interacts with p53, and activates several p53-dependent gene transcripts [57].
p53 enhances the expression of LINC-ROR through a direct transcriptional activation. In
turn, cytoplasmic-enriched Z/NC-ROR post-transcriptionally controls 7P53 levels by
sequestering hnRNP I protein and inhibiting p53 translation [58]. 7UG/ has been identified
as a p53 effector that is induced in response to DNA damage to mediate the inhibition of cell
cycle genes [46]. Of interest, LINC00925, and LINCO01315 are especially co-expressed with
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genes associated with p53 signaling pathways, suggesting these IncRNAs might be involved
in p53 post-translational alteration and/or p53 downstream pathways. PIK3CA is also
frequently mutated in HNSCC [26,53,59]. Although we performed differential gene
expression analysis based on PIK3CA mutation status, no differentially expressed IncRNAs
were identified in this study.

Recent studies suggest that IncRNAs are potential markers of cancer and might be helpful in
the evaluation of diagnosis, classification, prognosis and distinct therapeutic strategies. In
this analysis, we identified 317 IncRNAs that are expressed differentially between HNSCC
tumors and normal samples, and 140 IncRNAs that differed between HPV positive tumors
and HPV negative tumors. Further investigation may clarify the mechanisms underlying
these differences, as well as how the changes in the HNSCC onco-IncRNAome contributes
to the initiation and progression of this highly prevalent human malignancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
o The oral cancer onco-IncRNAome was established by bioinformatics analysis.
. 728 deregulated IncRNAs were identified between tumor and normal tissues.
. 55 IncRNAs were associated with poor prognosis.

U 140 transcripts were found as deregulated IncRNAs between HPV+ and HPV-
specimens.

. 30 IncRNAs were found deregulated between 7P353 mutated and 7P53 wild
type tumors.
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Figure 1.
Differential expression analysis between tumor and normal tissues in the HNSCC TCGA.

(A) Heatmap of 728 differentially expressed IncRNAs in comparison between tumor and
normal tissues. (B) Representative differentially expressed IncRNAs between tumor and
normal tissues. (C) Gene Ontology (GO) enrichment analysis for protein-coding genes co-
expressed with 728 IncRNAs with visualization by REViGO algorism.
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Figure 2.
Overall survival (OS) and disease-free survival (DFS) plots and functional annotation of co-

expressed protein-coding genes which are neighbor of 55 prognosis-associated IncRNAs.
(A) Representative Kaplan-Meier plots were shown in OS (upper row), and DFS (lower
row). (B) Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis
is shown in bar chart for protein-coding genes co-expressed with 55 prognosis-associated
IncRNAs.
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Figure 3.
Differential expression analysis between HPV status in the OPC-22 panel and the TCGA
HNSCC.

(A) Principal component analysis (PCA) among NOKSI as control cells (green), HPV+ cells
(blue) and HPV- cells (pink). (B) Volcano plots shows the means difference of expression in
HNSCC cells vs. control cells in X axis, and significance in HNSCC cells vs. control cells in
Y axis. Broken line indicates p-value < 0.05. (C) Heatmap of 27 differentially expressed
IncRNAs in comparison between HPV+ and HPV- cells. LncRNAs in bold are commonly
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up-modulated in HPV+ cells and tumors in TCGA HNSCC. (D) Heatmap of 140
differentially expressed IncRNAs in comparison between HPV+ and HPV- tumors in TCGA.
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Figure 4.

Differential expression analysis based on 753 mutation status in the HNSCC TCGA.

(A) Heatmap of 42 differentially expressed IncRNAs in comparison between 7P353 mutation
and 7P53 wild type. Sub organ site information (Pharynx: blue, Larynx: red, and Oral:
green) and HPV infection status information (HPV+: dark gray, and HPV-: light blue) are
included. (B) Venn diagram shows 19 overlapping up-modulated IncRNAs both in HPV+
and 7P53 wild type tumors. (C) Representative up-modulated IncRNAs in 7P53 wild type
tumors are shown in bar chart. LncRNAs whose bars are in blue are significantly enriched in
KEGG-P53 signaling pathway. (D) Co-expressed genes with LINCO1315 or LINC00925 in
KEGG-P53 signaling pathway (LINCO01315: pink, and LINC00925: blue).
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