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Abstract

Objective: To elucidate the expression of long non-coding RNAs (IncRNAs) and their roles as competing
endogenous RNAs (ceRNAs) in uveal melanoma (UM) metastasis. Methods: RNA sequencing data and
clinical information of 80 patients with UM were obtained from The Cancer Genome Atlas (TCGA) database.
Differentially expressed (DE) mRNAs, microRNAs (miR), and IncRNAs between metastatic and non-metastatic
individuals with UM were screened using the edgeR algorithm. Gene enrichment analysis was conducted for
the DE mRNAs. LncRNA-miR-mRNA regulatory triples and a ceRNA network were constructed. Betweenness
centrality was used to screen hub genes and IncRNAs for subnetwork analysis. Kaplan-Meier survival analysis was
conducted to explore correlations between the expression of hub RNAs and overall survival in the TCGA UM
cohort. Results: A total of 346 upregulated mRNAs, 118 downregulated miRs, and 45 upregulated IncRNAs were
identified in samples with systemic metastasis. Among them, 67 mRNAs, 7 miRs, and 30 IncRNAs mapped to
616 ceRNA triples, thus forming an interconnected ceRNA network with 181 edges. Gene enrichment analysis
revealed that mRNAs in the network were enriched in multiple gene ontology terms and pathways associated
with carcinogenesis and metastasis. Topological analysis identified 6 hub IncRNAs (LINC00861, LINC02421,
BHLHE40-AS1, LINCO01252, LINC00513, and LINC02389) and 3 hub mRNAs (UNCSD, BCL11B, and
MTDH). The expression levels of all hub genes and S DEmiRs (miR-221, miR-222, miR-506, miR-507, miR-876)
were significantly associated with the overall survival probability. Conclusion: This bioinformatic study revealed
the functions of several IncRNAs and their associated ceRNA network in UM metastasis. It provides a novel in
silicon evidence for future experimental study on the pathogenesis of systemic metastasis in uveal melanoma,

especially from the perspective of non-coding RNA.
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Figure 1 Volcano plots and heatmap showing the differentially expressed RNAs
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(A) Differentially expressed mRNAs; (B) Differentially expressed microRNAs; (C) Differentially expressed IncRNAs; (D) Heatmap of
all significantly upregulated mRNAs, upregulated IncRNAs, and downregulated miRs in samples with systemic metastasis. The expression
values were normalized by the z-score by each row. High and low expression levels are represented in red and blue, respectively. D3, disomy

chromosome 3; M3, monosomy chromosome 3; MO, subjects without metastasis; M1, subjects with metastasis.
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Figure 2 Heatmap of differentially expressed RNAs in the ceRNA triples and the global view of the entire ceRNA network
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(A) Heatmap of DEmRNAs, DEIncRNAs, and DEmiRs in the ceRNA network associated with uveal melanoma metastasis; (B) The global
view of the entire ceRNA network in UM metastasis. mRNAs, IncRNAs, and miRs are represented by orange diamonds, yellow rectangles,
and red ellipses, respectively. There are 67 mRNAs, 6 miRs, 30 IncRNAs, and 183 edges in the entire network. Note that miR-221 and miR-

222 are combined as a single node because of their identical targets.
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Figure 3 Gene enrichment analysis of all upregulated mRNAs in the ceRNA network
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GO analysis revealed the top 20 significantly changed biological process (A), cellular component (B), and molecular function (C) terms
associated with UM metastasis. The KEGG analysis revealed the top 10 pathways enriched in UM metastasis. Note that several KEGG terms
might be related to carcinogenesis and metastasis, including ECM-receptor interaction, PI3K-Akt signaling pathway and Rap] signaling
pathway. The x-axis indicates the number of mRNAs that are involved each GO term or KEGG pathway.
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Figure 4 Top 15 nodes with the highest betweenness centrality (BC) and the subnetwork analysis of hub IncRNAs

(A) HF A U P FR R 1 1A R 45715 540, 2 6 M IncRNA(LINC00861 . LINC02421, BHLHE40-AS1, LINCO01252, LINCO00513
FMILINC02389). 3 PmRNA(UNCSD, BCL11BHIMTDH)., ¥ /%4743 % LALINC00861 (B). LINC00513 (C).
LINC02389(D). BHLHE40-AS1(E). LINC02421(F)FILINC01252(G) N .0y, FFLL—Z i 4B miRFI Z T 48 mRNA N 7 S Hy
ML,

(A) The BC value of each node in the ceRNA network. Six IncRNAs (LINC00861, LINC02421, BHLHE40-AS1, LINC01252, LINC00513,
and LINC02389) and three mRNAs (UNCSD, BCL11B, and MTDH) were identified as hub IncRNAs and hub mRNAs, respectively.
Subnetworks centered on LINC00861 (B), LINC00513 (C), LINC02389 (D), BHLHE40-AS1 (E), LINC02421 (F), and LINC01252 (G)

were reconstructed using their first-neighbor miRs and their second-neighbor mRNAs.
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Figure S Kaplan-Meier plot of the relationship between seven differently expressed microRNAs and the survival time of patients
PLceRNARIZE AW A B 7 miRoN XS R, F 42 BB A (8 vh RO IR K, 70 D v 3 () AR R IA 41 (A1) o BRmiR-
182 (P=0.23, A)FImiR-1834MNP=0.53, B), H S miRim ik 5 BH TS RAFAHEmiR-221 (P=0.0067, C), miR-222
(P=0.0097, D), miR-506 (P<0.0001, E), miR-507 (P<0.0001, F)HImiR-876 (P=0.0021, G).

Samples with higher and lower than the median expression level of each microRNA are denoted in blue and red, respectively. The expression

levels of miR-182 (P=0.23, A) and miR-183 (P=0.53, B) were not associated with overall survival. Patients had a significantly higher survival

probability when their samples had high expression of miR-221 (P=0.0067, C), miR-222 (P=0.0097, D), miR-506 (P<0.0001, E), miR-507
(P<0.0001, F), and miR-876 (P=0.0021, G). Survival time is shown as days on the x-axis.
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Figure 6 Kaplan-Meier plot of the relationship between six hub IncRNAs, three hub mRNAs and the survival time of patients

JIFA 6 1% O Inc RNAFI3/ %0 mRNA R 26 ik 1 5 H 5 A= 1725 1B & AH 55 (#4P<0.05) . (A) LINC00861; (B) LINC02421; (C)
BHLHE40-AS1; (D) LINCO01252; (E)LINC00513; (F)LINC02389; (G) UNCSD; (H)BCL11B; (J) MTDH,

Patients who had high expression levels of hub IncRNAs (A-F) and hub mRNAs (G,H,J) had significantly greater survival probabilities

(all P<0.05). Survival time is shown as days on the x-axis. (A) LINC00861; (B) LINC02421; (C) BHLHE40-AS1; (D) LINC01252; (E)
LINCO00513; (F) LINC02389; (G) UNCSD; (H) BCL11B; (J) MTDH.
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