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Abstract
Background/Aims: Accumulating evidence has shown that long non-coding RNAs (lncRNAs) 
in competing endogenous RNA (ceRNA) networks play crucial roles in tumor survival and 
patient prognosis; however, studies investigating ceRNA networks in pheochromocytoma 
(PCC) are lacking. In this study, we investigated the pathogenesis of PCC and whether lncRNAs 
acting through ceRNAs networks were associated with prognosis. Methods: A total of 183 PCC 
samples and 3 control samples from The Cancer Genome Atlas database were analyzed. The 
Empirical Analysis of Digital Gene Expression Data package in R (edgeR) was used to analyze 
differentially expressed RNAs. Biological processes and pathways functional enrichment 
analysis were performed based on the Database for Annotation, Visualization, and Integrated 
Discovery (DAVID) database. LncRNA/mRNA/miRNA ceRNA network was constructed by 
Cytoscape v3.0 software based on the differentially expressed RNAs Survival package in R 
was used to perform survival analysis. Results: In total, 554 differentially expressed lncRNAs, 
1775 mRNAs and 40 miRNAs were selected for further analysis. Subsequently, 23 lncRNAs, 
22 mRNAs, and 6 miRNAs were included in the constructed ceRNA network. Meanwhile, two 
of the 23 lncRNAs (C9orf147 and BSN-AS2) were identified as independent predictors of 
overall survival in PCC patients (P<0.05). Conclusion: This study improves the understanding 
of lncRNA-related ceRNA networks in PCC and suggests that the lncRNAs C9orf147 and BSN-
AS2 could be independent prognostic biomarkers and potential therapeutic targets for PCC.
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Introduction

Pheochromocytoma (PCC) is a neuroendocrine tumor that arises from adrenal medulla 
or extra-adrenal chromaffin tissues [1, 2]. The annual incidence of PCC is between 3–4 per 
million [3], and its etiology is not yet clear, but it may be related to genetics. Studies have 
shown that approximately 30% of PCC cases have a heredofamilial background [1, 4]. Due 
to excessive catecholamine secretion, PCC usually presents a series of symptoms such as 
hypertension, myocardial infarction, acute respiratory distress syndrome, acute renal failure 
and cerebrovascular incidents [1]. Due to these serious complications, diagnosing PCC in a 
timely and effective manner is imperative. Therefore, diagnosis and treatment need to be 
personalized. This study was designed to find PCC-specific RNAs that could be biomarkers 
for survival and prognosis.

Recent studies have indicated that >90% of the human genome can be transcribed, 
although only 1%–2% of these genes encode proteins [5, 6]. Long non-coding RNAs 
(lncRNAs) are a type of non-coding RNA that encompass a complex variety of biological 
species. LncRNAs were originally thought to be genomic transcriptional “junk” that were 
a by-product of RNA polymerase II and without biological function. Nevertheless, recent 
studies have demonstrated that lncRNAs are involved in genomic imprinting, transcriptional 
activation, X-inactivation, transcriptional interference, chromatin modification and nuclear 
transport. LncRNAs also participate in cell differentiation and ontogeny regulation at 
multiple levels and are closely related to disease states [7-10]. In recent years, research into 
lncRNAs has progressed rapidly, but the function of most lncRNAs remains unclear. It has 
been assumed that differentially regulated lncRNAs may be related to survival and prognosis 
in different cancers, but this has not been directly tested for PCC [11].

Since Salmena et al. put forward the hypothesis of competing endogenous RNAs 
(ceRNAs) in 2011, we have a deeper understanding of the relationship between RNA 
interactions. This hypothesis posited that lncRNAs were not a new RNA molecule, but rather 
a novel regulatory mechanism. Recent studies have shown that genes have multiple modes 
of action in transcriptional regulation. Some lncRNAs have binding sites with microRNAs 
and act as miRNA sponges, thus releasing miRNAs from target genes and increasing the 
expression level of target genes. This mechanism of action is called the ceRNA mechanism 
[12-15]. Studying the regulatory mechanism of ceRNAs has important clinical significance, 
such as the analysis of the molecular mechanisms of cancer, and such studies can be of great 
significance for diagnosis, treatment, and drug development.

Previous studies have shown that ceRNAs play important roles in the occurrence and 
prognosis of different malignancies. In renal clear cell carcinoma, cell lines that highly 
express miR-21 are highly proliferative, while cells that are experimentally manipulated to 
overexpress PTENP1, which reduces miR-21 levels, show reduced proliferation and invasion 
[16]. Additionally, ceRNAs have been shown to play tumor suppressive or cancer-promoting 
role in different contexts. Theoretically, lncRNAs could also play a role in clinical treatment 
by changing the expression of their corresponding ceRNAs. For example, human epidermal 
growth factor receptor 2 (HER2) is an important breast cancer prognostic factor, for which 
Herceptin, a targeted therapeutic for HER2-positive (over-expressed or amplified) has been 
manufactured [17].

Studies have shown that lncRNAs mainly act as “signal” or “inducible” molecules that 
bind to proteins and DNA to alter biological function or control gene expression; however, 
the biological functions of lncRNA in ceRNA networks is varied. Furthermore, a genome-
wide analysis of ceRNA networks in PCC is lacking. Therefore, we used 183 PCC samples 
and 3 control samples to establish a ceRNA network based on correlation analysis, which 
included 23 lncRNAs, 22 mRNAs, and 6 miRNAs.
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Materials and Methods

Patient information from The Cancer Genome Atlas (TCGA) dataset
We included a total of 183 PCC samples and 3 control samples for further analysis. All data were derived 

from TCGA database, including clinical sample information, miRNAseq data, lncRNAseq data, and mRNASeq 
data. We used the Data Transfer Tool to download the data, which contained numerous independent data 
files, each of which was specific for one sample. Sequencing data was converted through Homo_sapiens.
GRCh38.87.chr.gtf.

Analysis of differentially expressed lncRNAs, mRNAs, and miRNAs
We used Empirical Analysis of Digital Gene Expression Data package in R (edgeR) to analyze differentially 

expressed RNAs (DERNAs) [18]; differentially expressed mRNAs (DEmRNAs), lncRNAs (DElncRNAs) and 
miRNAs (DEmiRNAs) were evaluated with the cut-off criteria of false discovery rate (FDR; adjusted p value) 
<0.01 and |log2 fold Change (FC)| >2.0 [19]. Then, we selected the intersection of differentially expressed 
PCC lncRNAs, mRNAs and miRNAs for subsequent analysis.

Biological processes and pathways functional enrichment analysis
We employed the Database for Annotation, Visualization, and Integrated Discovery (DAVID) to obtain 

information for Gene Ontology (GO) biological processes and the Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathways. The selection criteria were set as P<0.05 and an enrichment score >1.5.

Constructing the ceRNA network
According to previous studies, we know that lncRNAs can affect mRNAs through miRNAs. Based on 

this theory, we built a ceRNA network through three steps: 1) we used miRcode (http://www.mircode.
org/) to analyze interactions between lncRNAs and miRNAs based on the differential expression of PCC 
miRNA; 2) we used miRanda (http://www.microrna.org/microrna/home.do), miRDB (http://www.mirdb.
org/) and TargetScan (http://www.targetscan.org/) to predict miRNA‑targeted mRNA; and 3) we kept the 
intersection of the differentially expressed lncRNAs and mRNAs, and used Cytoscape v3.0 to establish the 
lncRNA/mRNA/miRNA ceRNA network.

Survival analysis
We used the “survival” package in R to determine survival curves, which were stratified by the patients’ 

prognostic value of DERNAs, including DEmRNAs, DEmiRNAs and DElncRNAs. The clinical data for these 
PCC patients came from TCGA. Kaplan–Meier curves were used to evaluate univariate survival analysis. 
P-values <0.05 were considered statistically significant.

Results

Identifying DERNAs in primary tumor and control samples
We compared the normal samples with PCC samples, and in total, 554 DElncRNAs, 

1775 DEmRNAs and 40 DEmiRNAs were selected by edgeR. Then heat maps on all linkage 
clustering of DElncRNA, DEmRNAs and DEmiRNAs were constructed by the “gplots” 
package in R (Supplementary Fig. S1 - for all supplementary material see www.karger-com/
doi/10.1159/000496043). Consequently, there were 327 (59.03%) downregulated and 227 
(40.97%) upregulated DElncRNAs, 21 (52.5%) downregulated and 19 (47.5%) upregulated 
DEmiRNAs and 779 (43.89%) downregulated and 996 (56.11%) upregulated DEmRNAs.

GO terms and KEGG pathways for differentially expressed mRNAs
To further study the function of these differentially expressed genes, we selected 1775 

differentially expressed mRNAs for further analysis and show the top 10 GO biological 
processes and 10 KEGG pathways. The biological function of these genes was mainly 
enriched in neurotransmitter secretion, and there was also an enrichment of intracellular 
signal transduction and nervous system development. Finally, KEGG pathway analyses 
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demonstrate that the most paramount pathways were circadian entrainment, aldosterone 
synthesis and secretion, and cholinergic synapse (Fig. 1).

CeRNA network construction in PCC
We employed miRcode to analyze interactions between lncRNAs and miRNAs and found 

that 6 of 40 PCC-specific miRNAs might target to the 23 of 554 PCC-restricted lncRNAs (Table 
1). Then we used miRanda, miRDB and TargetScan to predicted these 6 miRNA-targeted 
mRNAs to explore the relationship between miRNAs and mRNAs. The results indicated 
that only 5 PCC-specific miRNAs might target 22 of the 1775 PCC-specific mRNAs (Table 
2). MiRNA-targeted mRNAs were discarded if they were not included in DERNAs. Based on 
these data (Table 1 and 2), we used Cytoscape 3.0 to construct the lncRNA-miRNA-mRNA 
ceRNA network. Finally, 23 lncRNAs, 22 mRNAs, and 6 miRNAs were included in the ceRNA 
network (Fig. 2).

Fig. 1. Top 10 GO terms (A) and KEGG pathways (B) for differentially expressed mRNAs in primary tumor 
and control samples.

A 

 
B 

 

Figure 1 
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Survival analysis of key DERNAs in PCC
We next analyzed the correlation of overall survival (OS) with DERNAs in the ceRNA 

network, with OS for all DERNAs studied using the Kaplan–-Meier curve analysis to evaluate 
patient prognostic potential. We discovered that two of 23 DElncRNAs were considered key 
DERNAs that were related to the survival prognosis of PCC. Consequently, 2 DElncRNAs were 
significantly associated with OS, and the lncRNAs C9orf147 and BSN-AS2 were negatively 
associated with OS (log-rank P<0.05; Fig. 3). Similar to the DElncRNAs, we also used Kaplan–
Meier curve analysis to determine the OS for 22 DEmRNAs in PCC. Two of the 22 DEmRNAs 
were related to OS (log-rank P <0.05). mRNA PTPRJ was found to be associated with low 

Fig. 2. CeRNA network in pheochromocytoma. Red nodes represent a high level of expression, while blue 
nodes represent a low level of expression. Ellipses represent protein-coding genes; rectangles represent 
miRNAs; diamonds represent lncRNAs; gray edges indicate lncRNA-miRNA-mRNA interactions.

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2  

Table 1. The MiRcode database revealed interactions between 23 DElncRNAs and 6 DEmiRNAs
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levels of DEmRNAs and with good prognosis, while higher expression of mRNA TGFBR3 was 
associated with a better prognosis (Fig. 4).

Table 2. The MiRcode database revealed interactions between five DEmiRNAs and 22 DEmRNAs

 

Fig. 3. Kaplan–Meier survival curves for two lncRNAs associated with overall survival in pheochromocytoma. 
Two DElncRNAs are presented: C9orf147 and BSN-AS2 (P<0.05). 

Figure 3 
  

Fig. 4. Kaplan–Meier survival curves for two protein-coding genes associated with overall survival in 
pheochromocytoma. Two DEmRNAs are presented: PTPRJ and TGFBR3 (P<0.05).

 

Figure 4 
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Discussion

In recent years, accumulating evidence has show that the mode of mutual regulation 
between lncRNAs and miRNAs and their downstream target genes is closely related to the 
occurrence and development of tumors; thus, this has become a hot spot in the field of 
cancer research. miRNAs are an important factor for the post-transcriptional regulation of 
genes, and their activity can be controlled by lncRNAs, which are absorbed by “sponges”[12].

The more miRNA binding sites on a lncRNA, the stronger the competition [20]. When 
lncRNAs are expressed at low levels, they can only bind to a small fraction of the miRNAs. 
In this situation, a large number of remaining miRNAs can bind to the target mRNA and 
promote its degradation. This new regulatory model of lncRNA-miRNA-mRNA complements 
the previous traditional miRNA→mRNA gene regulation model [12].

In addition to being directly involved in the regulation of gene expression, lncRNAs 
can also interact with miRNAs as ceRNAs and participate in the regulation of target gene 
expression. Thus, this also plays an important role in tumor cell proliferation, apoptosis, 
angiogenesis, invasion and metastasis [21-23]. Some studies have shown that differentially 
expressed lncRNAs are significantly associated with the prognosis of tumors and can be used 
as tumor-related predictors [24, 25]. Yang et al. investigated the role of lncRNA MALAT-1 in 
PC-12 cells, and found that MALAT-1 can promote oxidative stress and apoptosis by activating 
the p38MAPK pathway in this cell line [26]. Zang et al. demonstrated that downregulation 
of lncRNA BC088414 leads to a significant inhibition of apoptosis in pheochromocytoma 
cells through Adrb2 and CASP6[27]. Tian et al. reported that downregulating lncRNA UCA1 
resulted in a significant inhibition of cell viability, invasion and a reduction in the migration 
of PC-12 cell by reducing, in combination with Mir-18a, the expression of SOX6 target genes 
[28].

In this study, we analyzed the differentially expressed lncRNAs, miRNAs and mRNAs 
in PCC compared with non-tumor and tumor tissues. We further analyzed the function and 
pathways of PCC-specific mRNAs using the GO and KEGG analysis programs. GO revealed 
that the functions of differentially regulated genes were mainly enriched in neurotransmitter 
secretion, intracellular signal transduction and nervous system development. The results of 
the KEGG pathway analysis revealed that most of the differentially expressed genes were 
associated with hormone secretion and regulation. Circadian entrainment signaling plays 
crucial roles in reducing cellular function, affecting cell cycle, apoptosis and the expression 
of genes involved in various other pathways, thereby potentially increasing the possibility 
of disease, including cancer [29, 30]. The aldosterone synthesis and secretion pathway 
substantially impacts myocardial hyperplasia and fibrosis, induces dysfunction of vascular 
endothelial cells and promotes vascular remodeling [31]. The gap junction pathway also 
plays crucial roles in coordinating intercellular homeostasis, stimulating differentiation and 
cell growth, and increasing the transmission of information through nerve impulses [32, 33]. 
These functions and pathways are closely related to the occurrence and development of PCC.

Using the ceRNA network in PCC, we further analyzed the potential mechanism of the 
intersections among lncRNAs, miRNAs and mRNAs in PCC. In our study, 23 DElncRNAs were 
identified in PCC compared with normal samples. The results showed that two DElncRNAs 
were significantly related to OS, lncRNA C9orf147 and BSN-AS2. However, there are no 
reports of these two lncRNAs in other diseases. Additionally, no study has investigated 
the function of C9orf147 or BSN-AS2. These lncRNAs may play important roles in PCC 
pathogenesis and act as prognostic markers. BSN-AS2 expression was upregulated in 183 PCC 
samples compared with the 3 control samples. We found that high BSN-AS2 expression was 
associated with poor prognosis in PCC. According to the ceRNA network we built, BSN-AS2 
may adjust PTPRJ mRNA expression through miR-195, and PTPRJ expression was negatively 
correlated with OS. Conversely, BSN-AS2 may also compete with miR-193b, miR-195 and/
or miR-497 to mediate TGFBR3 mRNA expression, which was positively associated with OS. 
However, TGFBR3 expression was downregulated in PCC, thus, there may be other factors 
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regulating its expression. Furthermore, we observed that low lncRNA C9orf147 expression 
was associated with a good prognosis in PCC.

Although this study might have significant clinical significance, we still need to consider 
several limitations. First, the sample number of the control group was very small, although 
it has existed in previous studies. Second, our data came from TCGA database, which may 
include selection bias. Information including benign and malignant, unilateral and bilateral, 
hereditary and sporadic diseases could not be distinguished based on data extracted from 
TCGA database. Thus, further study could not be made in terms of distinguish the differences 
of long non-coding RNA biomarkers and the gene expression heterogeneity between those 
details. Third, the function of C9orf147 and BSN-AS2 in PCC needs to be further studied in 
vivo and in vitro.

Conclusion

In conclusion, this study revealed PCC-specific lncRNAs that could be prognostic 
markers for PCC patients using bioinformatics analysis from TCGA database. Additionally, by 
building a ceRNA network with PCC‑specific lncRNAs, miRNAs and mRNAs, we clarified the 
mechanism of PCC at the genetic level better and elucidated the relationship between these 
three RNA species. Our research increases the understanding of the pathogenesis of PCC and 
offers novel lncRNAs as underlying therapeutic targets or prognostic biomarkers.
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