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Enhancer RNAs (eRNAs) have emerged as key players in the pathology of several tumors, including uveal melanoma. Here, we
aimed to explore the prognostic values of eRNAs in uveal melanoma (UVM) patients. The expressing data and survival data of
UVM patients were downloaded from TCGA and GSE22138 datasets. The Kaplan-Meier methods with the log-rank test were
applied to screen survival-related eRNAs in UVM. GEPIA was applied to analyze the associations between expressions of
eRNA and disease-free survival. KEGG assays were applied to explore the potential signaling pathways of the key eRNA. The
prognostic values of eRNAs were further explored by multivariate assays by the R package survival. The eRNAs were validated
in pan-cancer. In this study, we identified 89 survival-related eRNAs in UVM based on TCGA datasets. Based on GSE22138
datasets, we found 27 survival-related eRNAs in UVM. Only two eRNAs (LINC00689 and ELFN1-AS1) were overlapped in
both two datasets. The results of multivariate analysis revealed that both LINC00689 and ELFNI1-AS1 were independent
prognostic factors in UVM patients. The pan-cancer validation results further confirmed the prognostic values of LINC00689
and ELFN1-AS1 in eight tumors. Overall, we identified two novel UVM-related eRNAs, LINC00689 and ELFN1-AS1 which

may serve as prognostic and diagnostic biomarkers of UVM patients for clinical decision-making.

1. Introduction

Uveal melanoma (UVM) is a malignant tumor that origi-
nates in melanocytes of the choroid plexus, ciliary body,
and iris of the eye [1]. In recent years, its incidence displays
an increasing trend with the dramatic shift of dietary struc-
ture and life style throughout the world [2]. To date, no effec-
tive treatments are available for metastatic cases due to the
limited knowledge of the mechanisms involved in UVM
metastasis and progression [3, 4]. Although more and more
advancements in the managements of UVM patients have
also occurred, the long-term survivals remain poor [5, 6].
Therefore, it is an urgent necessity to identify sensitive diag-
nostic and prognostic biomarkers to determine optimal treat-
ment modalities for CRC patients.

In recent years, many nonprotein-coding genes, account-
ing for about 75% of the genome, have been identified due to
the tremendous progress of genome and transcriptome
sequencing [7, 8]. Long noncoding RNAs (IncRNAs) are
RNAs>200 nucleotides which are transcribed from
nonprotein-coding genes [9]. Enhancer RNAs (eRNAs) are
a subclass of IncRNAs transcribed within gene enhancers
[10, 11]. Although the deficiency of the protein-coding ability
of eRNAs limits their biological function in cellular progres-
sion, more and more evidences suggest that many eRNAs
display a potential effect in genetic and epigenetic regulation
[12, 13]. Recent reports indicated that several eRNAs are
dysregulated in multiple tumors and may play oncogenic or
antioncogenic roles in the oncogenesis and progression of
various neoplasms via participating in a series of cellular
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progression, like tumor growth and distant metastasis [14,
15]. In addition, more and more researches have proved the
value of eRNAs used as new biomarkers for diagnosis and
outcome of tumor patients [16, 17]. However, a large number
of eRNAs remained to be clinically identified.

Recently, many researches have reported the functions of
eRNAs in several tumors. For instance, the Enhancer RNA-
SMAD?7e was highly expressed in bladder tumor, and its
silence inhibited the proliferation, migration, and invasion
of cancer cells [18]. Li et al. reported that low enhancer
RNA SLIT2 expression predicted a poor outcome of breast
cancer patients, and its overexpression suppressed bone
metastasis of breast cancer via modulating MAPK/c-Fos
pathway [19]. However, the expression and function of
eRNAs in UVM were rarely reported. In this research, our
group aimed to identify survival-related eRNAs in UVM
based on TCGA and GEO datasets.

2. Materials and Methods

2.1. Data Collection. The microarray dataset GSE22138
and the clinical information were downloaded from the
GEO databases (https://www.ncbi.nlm.nih.gov/). GSE22138
including 63 tumor samples was performed on the GPL570
platform. Clinical data, sequencing data of RNAs, and survival
data for 33 tumor types were collected from TCGA datasets.
All expressing data of RNAs were translated into log2
(FPKM+1). GTF annotation files were applied to change
Ensemble transcript IDs. The list of eRNA information was
obtained online tools. The expressing data of the eRNAs were
extracted from TCGA-UVM.

2.2. The Identification of Survival-Related eRNAs. Kaplan-
Meier assays were applied to analyze the associations
between the expressions of eRNAs and survivals by the use
of R package. The log-rank tests were applied to examine dis-
tinct differences of survival curves stratified by eRNAs. The
P < 0.05 was considered as indicating a statistically significant
difference. The prognostic values of eRNAs were further
explored by multivariate assays through the R package sur-
vival. Gene Expression Profiling Interactive Analysis (GEPI
A) database is an online tool which can be used to analyze
expressing and clinical data of tumor patients from TCGA
and the GTEx projects [20]. “Survival” modules of GEPIA
were applied to examine the associations between expres-
sions of eRNAs and outcome of UVM patients.

2.3. Enrichment Analysis of Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) Pathway. clus-
terProfiler package was applied for GO enrichment assays
and KEGG pathway assays for the dysregulated genes [21].
GO enrichment assays mainly described the molecular func-
tions (MFs), cellular components (CCs), and biological pro-
cesses (BPs), related to the dysregulated genes. KEGG
pathway assays indicated tumor-associated pathways related
to dysregulated genes. Adjusted p value < 0.05 was used as
the cutoff standard.

2.4. Verification in Pan-Cancer. Survival analysis was
conducted to estimate the prognostic values of eRNA
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expressions on overall survival in pan-cancer. p < 0.05 was
considered statistically significant. A survival curve was plot-
ted for eRNAs in tumors that met the criteria.

2.5. Statistical Analysis. All statistical analyses are based on R
language 3.6.1 version (Boston, Massachusetts, USA) and
attached packages.

3. Results

3.1. The Identification of Survival-Related eRNAs in UVM.
To identify survival-related eRNAs, we analyzed TCGA
datasets and found 89 survival-related eRNAs in UVM (Sup-
plementary Table S1). Based on GSE22138 datasets, we
found 27 survival-related eRNAs in UVM (Supplementary
Table S2). The results of Venn diagram revealed that only
two eRNAs (LINC00689 and ELEN1-AS1) were overlapped
in both two datasets (Figure 1(a)). Survival assays revealed
that patients with low LINC00689 expression showed a
shorter OS than those with high LINC00689 expression in
both TCGA (p=0.003, Figure 1(b)) and GSE22138
(p=0.007, Figure 1(c)) datasets. Furthermore, we found
that high ELFN1-AS1 expression was associated with a
shorter OS of UVM patients from TCGA datasets
(p <0.001, Figure 1(d)). However, in GSE22138 datasets, a
contrary result was observed (Figure 1(e)).

3.2. The Potential of LINC00689 and ELFNI-ASI Used as
Novel Prognostic Biomarkers. Then, we explored GEPIA
and found that high ELFN1-AS1 expression predicted a
shorter OS (Figure 2(a)), and high LINC00689 expression
predicted a longer OS (Figure 2(b)). To further delve into
the prognostic values of LINC00689 and ELFN1-ASI
expressions in UVM, we performed multivariate analysis
based on TCGA datasets and found that both LINC00689
(HR=1.68, p<0.001, Figure 3(a)) and ELFNI1-AS1
(HR=0.26, p=0.03, Figure 3(b)) were independent prog-
nostic factors in UVM.

3.3. Functional Enrichment Analysis. To explore the possible
functions of LINCO00689 and ELFN1-AS1 in UVM, we
divided all UVM patients into two groups (high and low)
based on the mean expression of LINC00689 and ELFN1-
AS1. Then, we screened the dysregulated genes between
two groups. Subsequently, we completed GO analysis using
the “clusterProfiler” R package for ELFN1-AS1 and found
that in the BP group, the dysregulated genes were mainly
involved in negative regulation of G protein-coupled recep-
tor signaling pathway. In the CC, the dysregulated genes
were mainly involved in collagen-containing extracellular
matrix. In the MF group, the dysregulated genes primarily
existed in RNA polymerase II activating transcription factor
binding (Figure 4(a)). KEGG assays displayed that the
dysregulated genes are mainly enriched in melanogenesis
(Figure 4(b)). On the other hand, for LINC00689, we
observed that in the BP group, the dysregulated genes were
mainly involved in antigen processing and presentation of
endogenous peptide antigen, antigen processing and presen-
tation of endogenous antigen, and antigen processing and
presentation of peptide antigen. In the CC, the dysregulated
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FiGure 1: Continued.
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FIGURE 1: Identification of survival-related eRNAs in UVM. (a) Venn diagram of survival-related eRNAs in TCGA-UVM and GSE22138
datasets. (b, ¢) Survival curves of OS between LINC00689-high and LINC00689-low patients with UVM based on TCGA and GSE22138.
(d, e) Survival curves of OS between ELFN1-AS1-high and ELFN1-AS1-low patients with UVM based on TCGA and GSE22138.
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FIGURE 2: GEPIA was used to study the association between the expressions of (a) ELFN1-AS1 and (b) LINC00689 and disease-free survival

of UVM patients based on TCGA datasets.

genes were mainly involved in lumenal side of endoplasmic
reticulum membrane, integral component of lumenal side
of endoplasmic reticulum membrane, and MHC protein
complex. In the MF group, the dysregulated genes primarily
existed in peptide antigen binding, antigen binding, and
MHC class II receptor activity (Figure 4(c)). KEGG assays
displayed that the dysregulated genes are mainly enriched

in Epstein-Barr virus infection, phagosome, herpes simplex
virus 1 infection, antigen processing and presentation, and
cell adhesion molecules (Figure 4(d)).

3.4. Pan-Cancer Verification. To examine the prognostic
roles of LINC00689 and ELFN1-AS1 in pan-cancer, our
group carried out survival assays. We observed that
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LINCO00689 was related to survival in eight tumors, namely,
MESO, UVM, THYM, HNSC, BRCA, LGG, KICH, and
UCS. The survival curves for LINC00689 in eight tumors
are exhibited in Figures 5(a) and 5(b). We found that high
LINC00689 expression predicted a longer overall survival
in MESO, UVM, THYM, HNSC, BRCA, and LGG
(Figure 5(a)), while predicted a shorter overall survival in
KICH and UCS (Figure 5(b)). Besides, we observed that
ELFN1-AS1 was also associated with survival in eight
tumors, namely, PAAD, LAML, KIRP, COAD, ACC,
UVM, KIRC, and UCEC (Figure 6).

4. Discussion

The progression of metastasis is the main reason for death
from UVM [22]. Early diagnosis and an optimized therapeu-
tic schedule based on the prediction of possible prognosis of
UVM patients are very important for the reduction of

metastatic cases [23, 24]. In recent years, more and more
studies reported that eRNAs play a critical role in tumor
progression, and their frequent upregulation and stable exis-
tence in tumor tissues and blood of patients suggest the
potential of eRNAs used as novel biomarkers [23, 25].
Several eRNAs have been confirmed to be positively associ-
ated with long-term survival of various tumor patients and
have a diagnostic value in distinguishing tumor tissues
from normal specimens with high sensitivity and specific-
ity, such as FAM120AO0S, LINC00513, and EMX20S which
may be even better than the previously reported biomarkers
[26-28]. However, the prognostic values of eRNAs in UVM
were rarely reported.

In this study, we identified 87 survival-related eRNAs in
UVM by analyzing TCGA datasets and 25 survival-related
eRNAs in UVM by analyzing GSE22138. Only two genes
including LINC00689 and ELFN1-AS1 overlapped in both
two datasets. Previously, the effects of LINC00689 and
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FIGURE 4: (a) GO and (b) KEGG pathway analysis of differentially expressed genes between high-ELFN1-ASI-expression group and low-
ELFN1-AS1-expression group. (c) GO and (d) KEGG pathway analysis of differentially expressed genes between high-LINC00689-
expression group and low-ELFN1-ASI-expression group.
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FIGURE 5: (a, b) Kaplan-Meier assays for LINC00689 in pan-cancer (p < 0.05).

ELFNI1-ASI in tumor progression have been reported in  [29]. In colorectal cancer, a significant overexpression of
several tumors. For instance, Zhan and his group reported =~ LINC00689 was observed, and its dysregulation was
that LINC00689 expressions were distinctly increased in gli-  involved in tumor growth, drug resistance, and migration
oma, and its silence suppressed the proliferation and metas-  through miRNA-31-5p/YAP in colorectal cancer [30]. On
tasis of glioma cells via mediation of miR-526b/IGF2BP1 the other hand, ELFN1-AS1 was shown to exhibit an
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FIGURE 6: Kaplan-Meier assays for ELFN1-AS1 in pan-cancer (p < 0.05).

increased level in ovarian cancer, and its overexpression
accelerated cell proliferation and migration through the
modulation of miRNA-497-3p/CLDN4 [31]. Zhang et al.
reported that ELFN1-AS1 predicted a poor prognosis of
esophageal cancer patients and promoted the metastasis
abilities of tumor cells via increasing GFPT1 through mod-
ulating miRNA-183-3p [32]. These findings suggested the
above two eRNAs as oncogenes in tumor progression. How-
ever, the potential function of LINC00689 and ELFN1-AS1
has not been investigated in UVM.

In this study, we observed that patients with low
LINCO00689 expressions exhibited a shorter OS and DFS
than those with high LINC00689 expressions in both TCGA
and GSE22138 datasets. However, based on TCGA datasets,
we observed that high ELEN1-AS1 expressions predicted a
poor prognosis, while the results of GSE22138 exhibited a
contrary result. Thus, more samples are needed to further
confirm the possible function of ELFN1-AS1 on clinical out-
come of UVM patients. Importantly, multivariate analysis
results indicated that both LINC00689 and ELFN1-AS1 were
independent prognostic factors in UVM. To explore the

possible mechanisms involved in LINC00689 and ELEN1-
AS1 effects on UVM progression, we performed KEGG
assays and found that LINC00689 could influence the
survivals of UVM patients via herpes simplex virus 1 infec-
tion, Epstein-Barr virus infection, human T-cell leukemia
virus 1 infection, and human papillomavirus infection.
However, the results for ELFN1-AS1 are not significant.
Furthermore, pan-cancer assays demonstrated that ELFN1-
AS1 was related to survivals in eight types of tumors (PADD,
LAML, KIRP, COAD, ACC, UVM, KIRC, and UCEC), and
LINCO00689 was related to survivals in eight types of tumors
(MESO, UVM, THYM, HNSC, BRCA, LGG, KICH, and
UCS). Our findings suggested LINC00689 and ELFN1-AS1
as important regulators in UVM progression.

Several limitations should be noted in this research.
Firstly, the sample size was relatively small, and large clinical
trials were necessary to for confirm our findings. Secondly,
the expression level of LINC00689 and ELEN1-AS1 in this
study was arbitrary. The cutoff level of LINC00689 and
ELFN1-ASI in tumor tissue to predict prognosis remained
to be established. Thirdly, the functional mechanisms were
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not explored in vitro and in vivo in this article. In the future,
we will finish the mechanisms and associations with eRNAs
related to UVM progression.

5. Conclusion

We identified novel UVM-related eRNAs, ELFN1-AS1 and
LINCO00689 which could be used as a potential marker for
UVM patients. More in-depth studies are necessary to
further demonstrate the prognostic and diagnostic values
of ELFN1-AS1 and LINC00689 in UVM patients.
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