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Abstract
● AIM: To present the multi-omics landscape of cutaneous 
melanoma (CM) and uveal melanoma (UM) from The Cancer 
Genome Atlas (TCGA). 
● METHODS: The differentially expressed genes (DEGs) 
between CM and UM were found and integrated into a gene 
ontology enrichment analysis. Besides, the differentially 
expressed miRNAs were also identified. We also compared 
the methylation level of CM with UM and identified the 
differentially methylated regions to integrate with the DEGs 
to display the relationship between the gene expression and 
DNA methylation. The differentially expressed transcription 
factors (TFs) were identified.
● RESULTS: Though CM had more mutational burden 
than UM, they shared several similarities such as the same 
rankings in diverse variant types. Except GNAQ and GNA11, 
the other top 18 mutated genes of the combined group were 
mostly detected in CM instead of UM. On the transcriptomic 
level, 4610 DEGs were found and integrated into a gene 
ontology enrichment analysis. We also identified 485 
differentially expressed miRNAs. The methylation analysis 
showed that UM had a significantly higher methylation 
level than CM. The integration of differentially methylated 
regions and DEGs demonstrated that most DEGs were 
downregulated in UM and the hypo- and hypermethylation 
presented no obvious difference within these DEGs. Finally, 
116 hypermethylated TFs and 114 hypomethylated TFs 

were identified as differentially expressed TFs in CM when 
compared with UM. 
● CONCLUSION: This multi-omics study on comparing CM 
with UM confirms that they differ in all analyzed levels. Of 
notice, the results also offer new insights with implications 
for elucidating certain unclear problems such as the distinct 
role of epithelial mesenchymal transition in two melanomas, 
the different metastatic routes of CM and UM and the liver 
tropism of metastatic UM.
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INTRODUCTION

C utaneous melanoma (CM) and uveal melanoma (UM) 
are two fatal malignancies. They account for more 

than 90% and 5% of all melanomas respectively. UM is 
the most common eye tumor and constitutes about 85% of 
the intraocular malignancies. The incidences of CM and 
UM were reported to be 100-300 per 1 million and 7 per 1 
million per year, respectively[1]. Though CM and UM arise 
in different tissues, both of them derive from melanocytes. 
Despite the common origin, the etiopathogenesis, biological 
processes, metastatic routes and clinical prognosis of these two 
melanomas differ greatly from each other[2]. Furthermore, some 
effective therapeutic methods applied in the treatment of CM 
have little effects on the UM patients. Thus, it’s meaningful to 
elucidate the detailed distinctive mechanisms underlying these 
different behaviors of the two tumors[3]. However, cross-cancer 
studies are rarely performed because of many objective factors 
such as the limitation of collecting enough samples of varied 
cancers in a single institution and the huge expenses of large-
scale cancer researches. 
The Cancer Genome Atlas (TCGA) is a dataset that provides 
comprehensive, multi-level (gene mutation, methylation, 
mRNA, miRNA, proteins, clinical data) data of 43 selected 
cancer projects (until Oct. 2018). Because much data on it is 
publicly available, a lot of TCGA-based studies were already 
conducted to compare different tumors at a pan-cancer level[4-5]. 
To the best of our knowledge, this is the first TCGA-based 

Cutaneous and uveal melanoma



33

Int J Ophthalmol,    Vol. 14,    No. 1,  Jan.18,  2021         www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

study focusing on the comparison of CM with UM on multiple 
levels.
MATERIALS AND METHODS
In this study, we used R language (version 3.5.2) and its variety 
of packages (TCGAbiolinks, TCGAbiolinksGUI and ELMER 
etc.) to analyze the data from TCGA and illustrate figures[6-8]. 
In order to eliminate the effect of metastatic process, only the 
data of primary tumors were included in the study. 
Multiple Genomic Alteration Analysis  In order to ensure 
the data quality, mutation annotation format (MAF) files 
were downloaded from the TCGA data portal via R. First, 
the package “TCGAbiolinks” was used to analyze the MAF 
files of CM (104 files) and UM (80 files) separately. Second, 
we pooled the MAF files together to identify the top 20 most 
frequently mutated genes of the combined group which were 
presented with additional information such as “disease”, 
“gender” and “race”. All variant coordinates were transferred 
to genome reference hg38. 
Differentially Expressed Genes First, we downloaded the 
combined mRNA data which contained 103 CM samples 
and 80 UM samples. The combined data was then analyzed 
with an Array Array Intensity correlation which defined 
a square symmetric matrix of Pearson correlation among 
all 183 samples. Second, the combined mRNA data was 
processed with within-lane normalization and between-
lane normalization. Ultimately, with a threshold of 0.25, 
differentially expressed genes (DEGs) were identified through 
edgeR function of the package TCGAbiolinks. 
Gene Ontology Enrichment Analysis  With the identified 
DEGs, we performed the gene ontology (GO) enrichment 
analysis in three perspectives, biological process, cellular 
component and molecular function. Besides, 10 most 
significantly enriched pathways were also identified. The 
results were plotted by the -log(P-value corrected FDR).
DNA Methylation  DNA methylation analysis of both CM 
and UM were conducted on the platform “Illumina Human 
Methylation 450”. We searched for differentially methylated 
CpG sites, which were regarded as possible functional regions 
involving in gene transcriptional regulation. In order to find 
these regions, the beta-values of methylation were used for 
the comparison. First, the calculation of the mean methylation 
of each tumor was performed. Second, we calculated the 
P-value by using a Benjamini-Hochberg adjusted Wilcoxon 
test. Finally, a heatmap of the methylation of CM and UM was 
generated with R.
Integration of DNA Methylation and Gene Expression 
Data  We conducted the integration of DNA methylation and 
gene expression data with the results from step 2 and step 
4 by using the “TCGAvisualize_starburst” function in the 
“TCGAbiolinks” package. 

Differentially Expressed miRNAs  We downloaded the 
combined miRNA data which contained 103 CM samples and 
80 UM samples. By using the function “TCGAanalyze_DEA”, 
we identified the differentially expressed miRNAs between 
CM and UM patients. The “fdr.cut” and “logFC.cut” were set 
to be 0.01 and 1, respectively.
ELMER Analysis on Identifying the Differentially 
Expressed Master Transcription Factors  With the ELMER 
package, a Multi Assay Experiment (MAE) object including 
a DNA methylation matrix and a gene expression matrix was 
generated. For instance, in the hypomethylated direction, the 
samples of CM and UM were ranked by the beta values of 
the DNA methylation and 20% of the samples with the lowest 
methylation levels were processed with an unpaired one-
tailed t-test to find out the comparatively hypomethylated 
probes in CM. Afterwards, the methylation of the probes and 
the expression of their 10 nearest upstream and downstream 
genes were tested for an inverse correlation. The differentially 
methylated probes were identified via the Mann-Whitney 
U test and the non-parametric test. Then, we integrated the 
significant probe-gene pairs to perform the motif enrichment 
analysis which finally helped to identify the candidate 
differentially expressed master regulatory transcription factors 
(TFs). The same method was also applied in the analysis of the 
hypermethylated direction.
RESULTS
Multiple Genomic Alteration Analysis  In Figure 1A and 
2A, we noticed that single nucleotide polymorphism (SNP) 
was the most common variant type in both tumors when 
compared with insertion and deletion. Furthermore, in both 
tumors, “C>T” was the most frequent one in the six classes 
of single nucleotide variant (SNV) types. With regard to the 
variant classification, a same ranking order was observed in 
both groups, with missense mutation ranking first, followed 
by nonsense mutation, frameshift deletion and frameshift 
insertion. Besides, CM samples had a median variants’ 
number of 223.5, with the maximum reaching more than 5000, 
whereas the median variants’ number of UM was only 11 and 
the maximum was less than 400. This is concordant with a 
previous study which reported that CM had more mutational 
burden than UM[9]. 
Furthermore, the CM and UM samples were combined 
together into a pooled analysis (Figure 3). We identified the 20 
most frequently mutated genes in the combined group, with 
TTN (40%) ranking first, followed by MUC16 (37%), BRAF 
(29%), GNAQ (24%), PCLO (21%), DNAH5 (21%), GNA11 
(20%), DNAH7 (18%), ADGRV1 (18%), LRP1B (17%), FAT4 
(16%), XIRP2 (16%), CSMD1 (16%), DNAH9 (16%), HYDIN 
(16%), ANK3 (15%), MGAM (15%), THSD7B (15%), FLG 
(14%), ZFHX4 (14%). In the included 184 (104 CM and 80 
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UM) samples, 172 (93.48%) had at least one mutation in the 
abovementioned 20 genes. 
Interestingly, mutation on titin, or TTN, occurred in 71 (68%) 
of 104 CM samples, whereas only 2 (2.5%) of 80 UM samples 

were identified to have TTN mutations. In our study, 68 (65 CM 
and 3 UM) samples were identified to have MUC16 mutations. 
We also noticed an obvious absence of BRAF mutation in the 
UM group. In contrast to these top three mutated genes, 40 

Figure 1 Multiple genomic alteration analysis of CM A: The counts of 3 variant types; B: The counts of 5 gene variant classifications; C: 
The variants’ counts of 6 SNP classes; D: The variants’ counts per CM sample; E: The summary of 5 gene variant classification: box plots show 
median counts and the interquartile range; F: Top 10 most frequently mutated genes in the CM group.

Figure 2 Multiple genomic alteration analysis of uveal melanoma A: The counts of 3 variant types; B: The counts of 9 gene variant 
classifications; C: The variants’ counts of 6 SNP classes; D: The variants’ counts per UM sample; E: The summary of 9 gene variant 
classification: box plots show median counts and the interquartile range; F: Top 10 most frequently mutated genes in the UM group.
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of the 44 GNAQ-mutated samples originated from UM, with 
the left four deriving from CM. Thirty-nine samples with 
mutated PCLO were detected in our study. Among them, 38 
were CM samples and only one UM sample. Within the 38 
mutated CM samples, the number of male samples (n=26) 
was more than twice as large as the number of female samples 
(n=12). Three cytoskeletal dynein genes DNAH5, DNAH7 and 
DNAH9 were also presented in the top 20 mutated genes. We 
noticed that only one UM sample was detected with DNAH7 

mutation while the others were all CM samples. Similarly, few 
UM samples were found in the XIRP2-, ADGRV1-, LRP1B-, 
CSMD1-, HYDIN-, MGAM-, FLG-, ZFHX4-, ANK3- and 
FAT4-mutated groups.
Transcriptomic Analysis  Totally 80 UM and 103 CM mRNA 
samples were included in the transcriptomic analysis. Finally, 
4610 differentially expressed genes were identified. The top 
20 differentially expressed genes (Table 1) were selected and 
ordered by the Delta value (the difference of gene expression 

Figure 3 Top 20 most frequently mutated genes in the combined group of CM and UM The upper histogram shows the variants’ counts per 
sample. The percentiles at the left border of the main heatmap mean the occurrence ratio of each gene mutation. The right horizontal histogram 
presents the variant classifications of each gene. The covariate tracks show clusters for disease, gender, race and variant classification type.

Table 1 Top 20 differentially expressed genes

mRNA logFC FDR
Expression level

Deltaa

CM gene UM gene
KRT14 -11.346077 1.38E-55 180056.165 65.2375 2042931.18
KRT6A -12.533693 1.66E-31 128946.2816 14.25 1616173.15
KRT16 -13.59958 2.57E-40 100335.6893 5.65 1364523.22
KRT6B -13.709598 2.20E-44 98880.99029 5.4375 1355618.67
KRT5 -12.528266 2.18E-47 94258.47573 11.0625 1180895.26
KRT17 -11.839915 2.14E-57 83843.80583 15.95 992703.557
KRT1 -15.248924 8.06E-38 56077.99029 1.1375 855129.009
KRT6C -13.776406 2.61E-38 55547.1068 2.775 765239.475
FN1 -4.6306564 8.58E-77 154051.5728 5163.1125 713359.903
APOD -5.0761006 5.21E-63 102886.9612 2448.025 522264.567
SERPINE2 -2.893698 2.24E-42 126185.0874 15050.6375 365141.539
KRT10 -6.3170001 6.68E-53 55498.26214 656.85 350582.525
COL1A1 -4.0338005 6.78E-64 85640.96117 4216.8875 345458.553
S100A9 -8.4467583 8.08E-66 33439.74757 79.5375 282457.466
SFN -11.525871 4.37E-63 24372.58252 6.5375 280915.246
TNC -7.1195055 1.12E-105 37638.42718 234.8875 267966.988
S100A7 -14.921512 2.10E-46 15983.15534 0.3125 238492.842
EEF2 1.41987278 2.07E-38 163253.2816 363191.325 231798.891
S100A8 -10.191145 8.08E-75 22144.60194 16.0625 225678.852
SPRR1B -13.252227 1.82E-35 13745.35922 0.8625 182156.624

FC: Fold change; FDR: False discovery rate. aDelta=|logFC×(CM gene expression level-UM gene expression level)|.
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between the two tumors multiplied logFC), i.e. KRT14, 
KRT6A, KRT16, KRT6B, KRT5, KRT17, KRT1, KRT6C, FN1, 
APOD, SERPINE2, KRT10, COL1A1, S100A9, SFN, TNC, 
S100A7, EEF2, S100A8, SPRR1B. Interestingly, 9 of the 20 
identified genes belonged to the Keratin family which were 
abundant in the keratinocytes and were regarded as epithelial 
markers. And three members of S100 protein family (S100A7, 
S100A8 and S100A9) were also shown in Table 1.
GO Enrichment Analysis  Basing on the results of DEGs, 
we performed a GO enrichment analysis to classify the DEGs. 
Three GO types (biological processes, cellular components, 
molecular functions) and pathways were investigated. The 
results were ordered by -log10(FDR). 
In the 10 identified biological processes, we observed three 
processes with epidermal characteristics, i.e. the epidermal 
cell differentiation, epidermis development and keratinocyte 
differentiation. The DEGs also influence the cell and biological 
adhesion process. Additionally, two sensory organ-associated 
process, i.e. sensory perception and cognition, were also 
identified in the top 10 most significant biological processes.
From the perspective of the cellular component, it’s noteworthy 
that eight of the 10 components were associated with cellular 
membrane, including plasma membrane, extracellular region 
part, extracellular region, intrinsic to plasma membrane, 
integral to plasma membrane, proteinaceous extracellular 
matrix, extracellular matrix and extracellular space. 
With regard to the molecular function, the DEGs were enriched 
majorly in the binding functions. Despite the eight identified 
binding functions, the structural molecule activity and chemokine 
activity were also presented in the top 10 functions. Finally, the 
DEGs were integrated to identify the most significantly enriched 
pathways. We noticed that four of the 10 identified pathways 
were associated with the immune system, including the 
granulocyte adhesion and diapedesis, agranulocyte adhesion and 
diapedesis, T helper cell differentiation and the role of nuclear 
factor of activated T cells (NFAT) in regulation of the immune 
response. Other presented pathways like hepatic fibrosis/
hepatic stellate cell activation and colorectal cancer metastasis 
signaling were also identified as DEGs-enriched pathways.
DNA Methylation  The methylation data of both tumors (104 CM 
and 80 UM samples) were acquired through the platform of 
Infinium Human Methylation 450. First, a comprehensive 
study was performed to check the mean DNA methylation 
level of the two tumors. A significant difference of DNA 
methylation level between the two tumors was confirmed by 
the t test with P<0.001. Second, a heatmap (Figure 4) was 
generated to visualize the DNA methylation level across all 
CM and UM samples. While notable methylation differences 
could be observed between CM and UM, no obvious 
disparities were detected in genders and races.

DEGs and DNA Methylation  DNA methylation locating at 
promoters has been confirmed to have a silencing effect on the 
respective genes[10]. To investigate the methylation differences 
between CM and UM, a starburst plot was produced based 
on the differentially methylated CpG sites and nearby genes 
(Figure 5). DNA methylation [log10(FDR-corrected P-value)] 
and DEGs’ expression [log10(FDR-corrected P-value)] were 
plotted on the x-axis and y-axis, respectively. Both of the 
horizontal and vertical black dashed lines presented an FDR-
adjusted P value of 10-5. We noticed that most DEGs were 
downregulated in UM. Within the downregulated DEGs, hypo- 
and hypermethylation presented no obvious difference.
miRNA  Totally 485 differentially expressed miRNAs were 
identified. The top 20 miRNAs were presented and ordered 
by the absolute value of logFC in Table 2. Despite miR-124-1, the 
other 19 miRNAs were all downregulated in UM. Recent 
investigations indicated that miR-205, miR‐206, miR-203a, 
miR-124, miR-105-1, miR-200c and miR-516b was significantly 
downregulated in several types of malignancies[11-16]. 
Differentially Expressed Master Transcription Factors  In 
the hypomethylated (comparative hypomethylated in CM than 
in UM) direction, 39 enrichment motifs were identified while 
66 were identified in the hypermethylated direction. Basing on 
the identified enriched motifs, we found 114 and 116 potential 
differentially expressed master TFs in hypomethylated and 
hypermethylated direction, respectively. Many of the identified 

Figure 4 DNA methylation landscape across all CM and UM 
samples The heatmap shows the DNA methylation levels across CM 
and UM samples. Covariate tracks show the subtypes of diseases, 
genders, vital statuses and races.
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master regulatory TFs were associated with the epithelial 
mesenchymal transition (EMT). Particularly, the acknowledged 
core EMT-TFs, i.e. SNAI1, SNAI2, TWIST1 and SIX1 were 
found to be relatively more hypomethylated in the CM than in 
the UM[17]. 

DISCUSSION
Progress in elucidating the cellular and molecular distinctions 
between CM and UM has been made majorly in form of 
directly comparing results from isolated studies of the two 
tumors which might be restricted by the former studies’ design 

Figure 5 Starburst plot based on the differentially methylated CpG sites and nearby genes DNA methylation [log10(FDR-corrected 
P-value)] and DEGs’ expression [log10(FDR-corrected P-value)] were plotted on the x-axis and y-axis, respectively. Both of the horizontal and 
vertical black dashed lines presented an FDR-adjusted P value of 10-5.

Table 2 Top 20 differentially expressed miRNAs

miRNAs logFC logCPM LR P value FDR ABS (logFC)

miR-205 -12.66967581 10.2741151 325.471682 9.31E-73 3.23E-70 12.6696758
miR-1269b -7.792267345 4.38439951 84.2362378 4.39E-20 5.21E-19 7.79226735

miR-206 -7.443771468 5.27880962 101.090716 8.79E-24 1.27E-22 7.44377147

miR-4431 -7.339842966 3.98045621 182.799675 1.19E-41 6.59E-40 7.33984297

miR-615 -7.238077 3.1900144 593.84844 3.65E-131 5.06E-128 7.238077

miR-520c -6.93553871 1.33684989 50.5823292 1.14E-12 8.35E-12 6.93553871

miR-520b -6.566167424 3.31422137 52.0846379 5.32E-13 4.01E-12 6.56616742

miR-519a-1 -6.529184223 5.01683563 71.5554615 2.70E-17 2.69E-16 6.52918422

miR-203a -6.507885127 13.6642122 212.183766 4.59E-48 3.54E-46 6.50788513

miR-6510 -6.46737802 1.68143693 61.7217392 3.96E-15 3.50E-14 6.46737802

miR-767 -6.317311885 7.78594041 150.26145 1.52E-34 4.49E-33 6.31731189

miR-520f -6.24965796 2.21361008 42.5022762 7.06E-11 4.23E-10 6.24965796

miR-520g -6.176848445 2.10505402 42.8267251 5.98E-11 3.63E-10 6.17684845

miR-122 -6.050454709 3.21884414 45.4044877 1.60E-11 1.03E-10 6.05045471

miR-124-1 5.923243919 0.97794058 111.232904 5.26E-26 8.80E-25 5.92324392

miR-519a-2 -5.857701837 3.44673364 44.6804669 2.32E-11 1.46E-10 5.85770184

miR-526b -5.83801509 4.97960824 64.9939422 7.51E-16 7.06E-15 5.83801509

miR-105-1 -5.830972062 7.53994162 135.995571 2.00E-31 4.96E-30 5.83097206

miR-200c -5.820556883 9.58139161 293.602553 8.16E-66 1.89E-63 5.82055688
miR-516b-1 -5.782752272 2.0656276 34.4289993 4.42E-09 2.19E-08 5.78275227

FC: Fold change; CPM: Counts per million; LR: Likelihood ratio; FDR: False discovery rate; ABS: Absolute value. 
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and heterogeneity of the data. The publicly available data in the 
TCGA provide an optimal method to conduct a comprehensive 
study which can avoid the aforementioned problems. The 
findings of this multi-omics study enable us to elucidate the 
important problems concerning both malignancies like the role 
of EMT in CM and UM, the distinctive metastatic routes and 
organs’ tropism.
The Role of Epithelial Mesenchymal Transition  The top 20 
most frequently mutated genes supported the acknowledged 
key role of BRAF and GNAQ/11 in the etiopathogenesis of CM 
and UM, respectively[18-19]. While GNAQ/11 mutations were 
found almost uniquely in the UM, the majority of the other 
18 mutated genes (including BRAF) were presented by the 
CM samples. Within the 18 mutated genes, MUC16, PCLO, 
DNAH5, DNAH7, DNAH9, ADGRV1, ANK3, FAT4 and XIRP2 
encoded cytoskeleton- and extracellular matrix-related proteins 
(CECMPs) which were reported to provide the most common 
class of cancer mutants and estimated to play a role in the 
EMT[20-23]. 
On the transcriptomic level, it’s noteworthy that eight of top 
20-DEGs are keratin family members which were regarded as 
epithelial markers. And several previous studies implied that 
keratins may play a role in the progression of CM[24]. Besides, 
the DEGs-listed FN1, SERPINE 2, TNC, EEF2 and COL1A1 
were also regarded as EMT-associated genes which could 
contribute to the proliferation, differentiation and migration of 
tumors[25-29]. 
Additionally, 13 of the top 20 differentially expressed miRNAs 
were previously reported to participate in the EMT. And they 
were all less expressed in CM samples than in UM samples. 
Ten of the 13 miRNAs, i.e. miR-205, 520c, 520b, 203a, 520f, 
122, 124, 526b and 200c, were reported to negatively regulate 
the EMT through a variety of downstream genes like CDH1, 
ZEB1, ZEB2, ADAM9, TGFBR2, SNAI2, ERK, MYC, CCND1, 
JUN and SNAI1 etc[30-37]. Thus, we estimate that the relative 
low expression of these miRNAs in CM would promote the 
EMT. Nevertheless, the other three miRNAs, miR-520g, 
105 and 1269a were reported to positively regulate the EMT 
through cooperating with SMAD7, TNF, TGFB and SOX4[38-40]. 
Therefore, more in-depth studies are needed to help elucidate 
the role of miRNAs in CM and UM.
In addition, the role of the EMT in differentiating CM and UM 
was also confirmed by the analysis of differentially expressed 
master regulatory TFs. In the 114 identified hypomethylated 
master regulatory TFs (TFs hypomethylated in CM compared 
to UM), the first three TFs were LEF1, E2F2 and TRIM62. 
They were all suggested to positively regulate the EMT[41-43]. 
After a brief MeSH (Medical Subject Headings) search on 
“Google Scholar” (https://scholar.google.com/) until Nov. 01, 
2018, at least 65 TFs were previously reported to participate 

in the EMT, with 57 positively-regulating TFs (including three 
acknowledged key EMT-TFs, SNAI1, TWIST1 and SIX1) and 
8 negatively-regulating TFs. 
Among the 116 TFs, which were identified as relatively more 
hypermethylated in CM when compared with UM, we found 
at least 42 EMT-associated TFs after a brief MeSH search 
on “Google Scholar”. While 19 of them were reported to 
negatively regulate the EMT, 23 were found to promote the 
EMT. Theoretically, the hypermethylation of the 19 negatively-
regulating TFs would contribute to the EMT which would 
support our hypothesis that CM undergoes a more obvious 
EMT than UM. On the contrary, the hypermethylation of the 
23 positively-regulating TFs were supposed to suppress the 
EMT. Thus, more relevant studies are needed to present a more 
precise landscape of the TFs’ regulating network in these two 
tumors.
In summary, our multi-omics results indicate that many 
distinctions between CM and UM were associated with the 
EMT.
Metastatic Routes  While CM was estimated to spread through 
hematologic as well as lymphatic dissemination, UM was 
believed to only metastasize hematogenously[44]. The lymphatic 
endothelial cells were reported to secrete chemokines such as 
chemokine (C-C motif) ligand 21 (CCL21) and stroma cell 
derived factor-1 (SDF-1) which could stimulate the chemotaxis 
via the respective receptors C-C chemokine receptor 7 (CCR7) 
and leucine aminopeptidase 3 (LAP3) on tumor cells[45-46]. 
Besides, integrin α4β1 expressed on lymphatic vessels was 
also confirmed to play an essential role in the cancer-associated 
lymphangiogenesis through binding the corresponding 
ligands such as vascular cell adhesion molecule-1 (VCAM-1), 
fibronectin 1 (FN1)[47-48]. Because the lymphatic dissemination 
was not estimated to be involved in the metastasis of UM, 
we conject that the expression of CCR7, LAP3, VCAM-1 
and FN1 might be lower expressed in UM when compared 
with CM. Supporting this, the DEGs’ list showed that CCR7 
(logFC=-2.378070086), LAP3 (logFC=-1.11), VCAM-1 
(logFC=-1.63) and FN1 (logFC=-4.63) were all significantly 
lower expressed in UM. In addition, we also checked the 
expression of VEGFC and VEGFD in the DEGs’ list because 
of the established involvement of VEGFC/D induced 
lymphangiogenesis in tumor metastasis[49]. While VEGFC and 
VEGFD were not presented in the DEGs, we observed that 
VEGFA was lower expressed in UM with a logFC of -1.69 
(i.e. significantly higher expressed in CM). Basing on a study 
in mouse, Björndahl et al[50] and colleagues confirmed that the 
VEGFA induced lymphangiogenesis was independent from 
the VEGFC/D pathway. Thus, further studies are encouraged 
to examine the potential role of VEGFA in the lymph 
angiogenesis of CM. 
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Liver Tropism of the Metastatic UM  Though CM has no 
metastatic propensity for the liver, metastatic UM has an 
obvious unexplained liver tropism. Previous studies of UM 
have shown that the increased expression of Met gene in 
the primary tumors would promote the liver metastasis[51]. It 
was estimated that the liver propensity occurred because of 
the high HGF expression in the liver cell membrane surface. 
The activation of Met by binding hepatocyte growth factor 
(HGF) would lead to a series of downstream reactions which 
resulted in tumor cell proliferation and progression[52]. Our 
DEGs’ results confirmed the relatively higher expression of 
Met in UM than in CM (logFC=2.04). Besides, Krüger et 
al[53] reported that the inhibition of matrix metalloproteinases 
(MMPs) would increase the expression level of HGF in the 
liver, thus promote the metastasis formation. In agreement with 
this, 13 MMP mRNAs in the DEGs were lower expressed in 
UM than in CM. 
Moreover, basing on a study on UM, Laurent et al[54] have 
reported that the high expression of PTP4A3 could be seen 
as a predictor for liver tropism. Correspondingly, our study 
has proved that the PTP4A3 mRNA was significantly higher 
expressed in UM than in CM (logFC=1.91). 
In summary, the comparison between CM and UM from 
multiple perspectives presented a comprehensive illustration 
which provides us a better understanding of these two tumors 
and new insights for finding better treatment strategies.
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