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Meta Analysis

IntroductIon

Melanoma is the neoplasm of the cells that develops from 
melanocyte.[1] It could develop in skin or in mouth, eye, 
and intestine.[2] It has long been considered as resulting 
from environmental factors such as ultraviolet light 
exposure.[3] Every year, more than 200,000 people were 
diagnosed with melanoma and it results in more than 
50,000 deaths worldwide.[4] The incidence of melanoma 
has been increasing at a high speed in recent years. Until 
now, surgical resection and chemotherapy are still the best 
curative options for the treatment of melanoma. However, 
the postoperative 5‑year survival rate is only 5–10% due 
to the high rate of metastasis in patients who have had 
resection.[5] This study aimed to identify novel biomarkers 
and to elucidate the molecular mechanisms underlying 
melanoma metastasis.

In recent years, extensive studies have indicated that 
microRNAs (miRNAs) are widely involved in the prognosis, 
metastasis, and overall patient survival of melanoma.[6] 
miRNA is a kind of small noncoding RNA that regulates gene 
expression at post‑transcriptional level.[7] The major function 
of miRNA is to regulate the gene expression by binding to 
the 3’‑untranslated region of target mRNAs.[8] Until now, 
more than 2000 miRNA genes have been identified in the 
human genome (miRBase release 21).[9] These miRNAs 
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participate in many key cellular processes including 
proliferation, apoptosis, and metastasis.[10] De‑regulation of 
miRNA expression has been identified in many cancer types, 
including melanoma. Their functions as etiologic factors 
in melanoma have been widely revealed. However, these 
studies are very limited, and the results were inconclusive. 
The underlying pathogenesis of melanoma, especially for 
their metastasis, remains far from understood. To derive a 
more precise estimation of the association between these 
miRNAs and melanoma, a meta‑analysis is needed to help 
us to better understand the possible risk factor for melanoma 
metastasis.

In this study, we collected several miRNA expression 
profiling datasets for melanoma, and then a meta‑analysis 
was performed to identify the differentially expressed 
miRNAs between metastatic and nonmetastatic samples. 
We identified the predicted targets of these differentially 
expressed miRNAs. Functional annotation of the miRNA 
target genes was further performed to explore the putative 
links between these miRNAs and melanoma metastasis. 
We demonstrated that signaling pathways involved in 
many fundamental biological processes are linked to the 
metastasis of melanoma, such as focal adhesion pathway 
and mitogen‑activated protein kinase (MAPK) signaling. 
Our results provide clues for the mechanism of melanoma 
metastasis and could be used for miRNA‑based drug 
development for preventing this disease.

Methods

Data collection
We first searched the PubMed and Gene Expression Omnibus 
database to collect miRNA expression profiling datasets 
about melanoma. Key words including “melanoma”, 
“miRNA”, “microarray”, and “gene expression profiling” 
were used for data searching. Only the original experimental 
works published before June 2016 for analyzing the 
metastasis of melanoma were retained, other nonhuman 
studies, reviews, and meta‑analysis were removed. In 
addition, we screened that those expression profiles have 
more than six arrays. Finally, a total of seven expression 
profiles which included 82 metastatic and 87 nonmetastatic 
samples were collected [Table 1].

Data preprocessing
For each dataset, the missing values in the original expression 
values were imputed by using the R package of impute,[18] 
and then the expression values were logarithmically 
transformed (base 2) and quantile normalized for each 
dataset. The average expression value was used if there were 
multiple probes for a given miRNA in each sample.  To make 
the expression profiles from different comparable studies, 
the Z‑score transformation approach was used to calculate 
the expression intensities for each gene expression profile to 
remove the inconsistency and heterogeneity.[19] Z‑score was 
defined as the difference of raw intensity data for each gene 
and the average gene intensity within a single experiment 

divided by the standard deviation of all of the measured 
intensities. Then, all the samples were combined for the 
subsequent analysis.

MicroRNA target prediction and functional annotation
The predicted targets of miRNAs were obtained from 
TargetScan,[20] miRanda,[21] and PITA databases.[22] The 
predicted targets obtained from at least two programs 
were regarded as the reliable target genes. Based on the 
interactions of miRNAs and target genes, the miRNA 
function network was built. The gene ontology (GO) 
enrichment analysis was performed to investigate the main 
function of target genes by using the web‑based software 
Gorilla. Hypergeometric test was used to classify the GO 
category. Adjusted P values were computed for the GO terms 
by multiple test adjustment of Benjamini‑Hochberg (BH). 
GO terms with an adjusted P < 0.05 were selected. In 
addition, for identifying the biological pathways associated 
with the metastasis of melanoma, we also performed the 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
enrichment analysis of target genes.

Statistical analysis
To get the overview of the global shifts of gene expression in 
metastasis samples, the limma algorithm was used to identify 
the differentially expressed miRNAs between metastasis and 
control samples.[23] The BH method was used for multiple test 
correction.  False discovery rate (FDR) <0.01 was selected as 
the criteria for calculating significant differences. Then, the 
unsupervised hierarchical clustering analysis of differentially 
expressed genes was performed.

results

MicroRNA expression profiles
In recent years, many studies have indicated that miRNAs 
are involved in the development of melanoma.[24] High 
throughput methods such as microarray have been widely 
used to get miRNA expression profiling for many cancer 
types including the melanoma.[25] However, due to the 
different platforms used for these researches, only few 
of the identified miRNAs can be mutually identified. To 
overcome this problem, we collected seven expression 
profiles for metastatic samples of melanoma to perform the 
meta‑analysis [Figure 1]. The number of the samples for 
these studies ranged from 12 to 37, with the total number of 
169 samples for all the studies. We collected these expression 
profiles and performed the quantile normalization for each 
datum. Then, the Z‑score transformation method was used 
to make the global normalization.

Identification of differentially expressed microRNAs
We used the limma package to identify the differentially 
expressed miRNAs between metastatic and control samples. 
With the threshold of FDR <0.05, a total of 63 miRNAs were 
identified as differentially expressed. Among these genes, 
35 were upregulated and 28 were downregulated. The top ten 
upregulated and downregulated miRNAs are listed in Table 2, 
which include the hsa‑mir‑205, hsa‑mir‑203, hsa‑mir‑508, 
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hsa‑mir‑514‑1, hsa‑mir‑509‑1, and hsa‑mir‑506. The full 
miRNA list is provided as Supplementary Table 1. miRNA 
with the most high upregulation was hsa‑mir‑508, with a 
15‑fold higher expression in metastatic samples. We also 
performed an unsupervised hierarchical clustering analysis 
of these differentially expressed miRNAs and revealed 
distinct expression patterns in metastatic and control 
samples [Figure 2], suggesting the potential of expression 
profiles of these top differentially expressed genes to 
distinguish sample status for melanoma.

miRNA regulatory network
To get a more comprehensive understanding of the biological 
roles of the differentially expressed miRNAs in melanoma 
metastasis, the targets of these differentially expressed 

miRNAs were predicted by using TargetScan, PITA, and 
miRanda. A total of 816 protein‑coding genes were predicted 
to be regulated by the miRNAs identified above. Then, we 
constructed the miRNA regulatory by using the differentially 
expressed miRNAs and the predicted targets. This network 
consisted of 880 nodes and 1576 edges [Figure 3]. Within 
this network, 9 miRNAs were associated with only one kind 
of downstream gene, while 18 miRNAs were associated with 
more than 30 target genes. The top‑ranked miRNA included 
hsa‑mir‑548b, hsa‑mir‑181b‑2, hsa‑mir‑141, hsa‑miR‑766, 
and hsa‑miR‑203. For miRNA targets, KSR2, SUDS3, 
SH3TC2, MVB12B, and LONRF2 were all critical genes that 
demonstrated to have the highest connectivity in the miRNA 
regulatory network, suggesting that these genes could be of 
functional importance for the metastatic processes.

Table 1: Characteristics of datasets included in this analysis

GEO ID Number of 
controls

Number 
of cases

GEO platform ID Year Reference

GSE18509 8 8 GPL9081 Agilent‑016436 Human miRNA Microarray 1.0 G4472A 2010 Chen et al.[11]

GSE19387 21 16 GPL9081 Agilent‑016436 Human miRNA Microarray 1.0 G4472A 2010 Caramuta et al.[12]

GSE24996 15 8 GPL6955 Agilent‑016436 Human miRNA Microarray 1.0 2011 Chen et al.[13]

GSE34460 9 4 GPL15019 Agilent‑031181 Unrestricted_Human_miRNA_V16.0_
Microarray 030840

2013 Sand et al.[14]

GSE35579 20 21 GPL15183 CRUK/Melton lab‑Human melanoma‑71‑v2‑microRNA 
expression profiling

2012 Xu et al.[15]

GSE36236 6 6 GPL9052 Illumina Genome Analyzer (Homo sapiens) 2014 Babapoor et al.[16]

GSE54492 8 19 GPL10262 Renji Hospital ABI Human TaqMan® MicroRNA 
Assays V2.0

2015 Bhattacharya et al.[17]

GEO: Gene Expression Omnibus.

Table 2: The top ten upregulated and downregulated microRNAs

MicroRNAs logFC AveExpr t P Adjusted P
Upregulated 

microRNA
hsa‑mir‑205 3.84074 3.24142 11.11461 7.59E‑22 7.94E‑19
hsa‑mir‑203 3.27052 5.96689 9.06155 3.29E‑16 1.72E‑13
hsa‑mir‑508 1.55319 8.35084 4.53489 1.09E‑05 6.73E‑04
hsa‑mir‑514‑1 1.52272 5.78308 4.66379 6.32E‑06 4.72E‑04
hsa‑mir‑509‑1 1.44397 6.10834 4.43348 1.67E‑05 7.61E‑04
hsa‑mir‑506 1.35088 4.45629 4.49817 1.28E‑05 7.03E‑04
hsa‑mir‑211 1.33458 6.55326 3.79426 2.07E‑04 6.00E‑03
hsa‑mir‑200a 1.30001 2.29690 7.75183 8.35E‑13 2.91E‑10
hsa‑mir‑141 1.26950 2.03624 6.38541 1.62E‑09 2.82E‑07
hsa‑mir‑513c 1.127236 3.19562 4.50259 1.25E‑05 7.03E‑04

Downregulated 
microRNA
hsa‑mir‑326 −0.47963 2.38721 −3.51696 5.62E‑04 1.22E‑02
hsa‑mir‑766 −0.54186 3.06395 −4.45824 1.51E‑05 7.17E‑04
hsa‑mir‑153‑2 −0.57756 1.01633 −5.171814 6.56E‑07 6.86E‑05
hsa‑mir‑342 −0.58209 5.68141 −4.30546 2.83E‑05 1.10E‑03
hsa‑mir‑29c −0.62039 6.12865 −4.12543 5.82E‑05 2.10E‑03
hsa‑mir‑625 −0.62962 5.73921 −6.04559 9.40E‑09 1.40E‑06
hsa‑mir‑100 −0.66570 8.64832 −3.76338 2.32E‑04 6.38E‑03
hsa‑mir‑150 −0.69533 6.69923 −2.98097 3.30E‑03 4.65E‑02
hsa‑mir‑142 −0.73181 6.46511 −3.69067 3.02E‑04 7.75E‑03
hsa‑mir‑675 −1.01107 2.71285 −5.62435 7.66E‑08 1.00E‑05

E−n  = 10−n (n>0).
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Gene ontology and Kyoto Encyclopedia of Genes and 
Genomes pathway analyses of predicted microRNA 
targets
To get a more comprehensive understanding of the biological 
roles of these differentially expressed miRNAs in melanoma, 

we also performed the GO categories enrichment analysis 
for the miRNA target genes by using the Gorilla online 
software. GO category provides a descriptive framework 
of functional annotation for gene set analysis. With the 
FDR <0.05, we found GO terms for biological processes 
significantly enriched in nuclear division, cell division, 
mitotic cell cycle, etc. [Figure 4]. Whereas for molecular 
functions, the enriched GO terms mainly included hydrolase 
activity, transmembrane transporter activity, and protein 
kinase binding [Supplementary Figure 1]. In addition, we 
also performed the KEGG pathway enrichment analysis 
to further evaluate the biological significance for the 
differentially expressed genes. The top‑enriched biological 
pathways mainly included pathways in cancer, MAPK 
signaling pathway, cell junction, focal adhesion, and cell 
adhesion [Table 3].

dIscussIon

Metastasis is the major cause of the poor outcome of 
melanoma. To date, the cause of melanoma metastasis is 
still far from understood. A better understanding of the 
pathogenesis of metastasis could be of paramount importance 
for drug development and treatment of this disease. In recent 

Figure 2: Hierarchical clustering of the microRNAs whose expressions were significantly altered in metastatic samples.

Figure 1: A schematic workflow of data analysis.



Chinese Medical Journal ¦ October 20, 2016 ¦ Volume 129 ¦ Issue 202488

Figure 3: MicroRNA regulatory network based on the differentially expressed microRNA and predicted targets. Red nodes represent the upregulated 
microRNAs and green nodes represent the downregulated microRNAs, whereas the blue nodes represent microRNA target genes.

Table 3: Enriched KEGG pathways of differentially expressed genes

Gene set name Number of genes 
in overlap (k)

P FDR Q‑value

Pathways in cancer 23
Endocytosis 14 1.48E‑08 2.75E‑06
MAPK signaling pathway 6 3.52E‑06 3.27E‑04
Tight junction 11 8.10E‑06 5.02E‑04
Gap junction 9 2.00E‑05 7.75E‑04
Melanoma 8 2.36E‑05 7.75E‑04
Glycosaminoglycan biosynthesis ‑ chondroitin sulfate 5 2.81E‑05 7.75E‑04
Nonsmall cell lung cancer 7 2.92E‑05 7.75E‑04
Focal adhesion 13 3.56E‑05 8.27E‑04
Glycosaminoglycan biosynthesis ‑ heparan sulfate 5 4.60E‑05 9.52E‑04
Acute myeloid leukemia 7 6.89E‑05 1.20E‑03
Regulation of actin cytoskeleton 13 7.10E‑05 1.20E‑03
Glioma 7 9.58E‑05 1.48E‑03
Cell adhesion 7 1.19E‑04 1.70E‑03
Endometrial cancer 6 2.48E‑04 3.00E‑03
Calcium signaling pathway 11 2.49E‑04 3.00E‑03
GnRH signaling pathway 8 2.58E‑04 3.00E‑03
Axon guidance 9 3.41E‑04 3.73E‑03
Small cell lung cancer 7 3.82E‑04 3.94E‑03
Insulin signaling pathway 9 5.86E‑04 5.51E‑03
E−n = 10−n (n>0). FDR: False discovery rate; KEGG: Kyoto Encyclopedia of Genes and Genomes; MAPK: Mitogen‑activated protein kinase.
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years, gene expression profiling analysis has been shown 
to be a useful tool to investigate the pathophysiology of 
complex genetic tracts, such as cancer. A large number 
of miRNAs involved in many critical cellular pathways 
of cancer progression have also been identified to have an 
aberrant expression in melanoma.

Until now, studies focusing on the miRNA expression 
profiling analysis on the metastasis of melanoma are of 
comparatively limited value. In this study, we collected 
those miRNA expression profiling datasets of melanoma 
and performed a systemic meta‑analysis to retrieve 
metastasis‑associated miRNAs. A total of 63 differentially 
expressed miRNAs could successfully classify the different 
types of samples. Many of these miRNAs identified 
are known to be involved in a variety of cancer types. 
Specifically, miR‑23 has been identified as upregulated in 
many cancer types that represent putative oncogene,[26,27] 
whereas miR‑625 could function as a tumor suppressor 
that cause downregulation in esophageal squamous cell 
carcinoma[28] and colorectal cancers.[29] In addition, many 
predicted targets of the differentially expressed miRNA 
have also been suggested to have an association with cancer 
development. For instance, KSR2 was essential to tumor 
cell energy homeostasis and was critical to the integration 
of mitogenic and metabolic signaling pathways.[30]

The followed functional implication analysis indicated 
several physiological impact pathways for the metastasis 

Figure 4: Enriched gene ontology terms (biological process) of 
predicted targets of differentially expressed microRNAs in metastatic 
samples.

of these diseases. We constructed the miRNA regulatory 
network based on the differentially expressed miRNA. 
Moreover, we utilized GO and KEGG pathway enrichment 
analyses to further interpret their biological functions. This 
systematic meta‑analysis of gene profiling took a step in 
investigating the mechanisms underlying the metastasis of 
melanoma. These findings have dramatically expanded our 
knowledge of pathophysiology of this disease.

In conclusion, by collecting the miRNA expression datasets 
from different platforms, multiple biological markers were 
identified for the metastasis of melanoma. This work was 
important to characterize the specific roles of those genes 
involved in the pathogenesis of melanoma. Functional 
analysis of these genes may provide additional insights 
into the complex process of these diseases. In addition, this 
analysis may help improve the diagnosis and treatment of 
this disease.

Supplementary information is linked to the online version of 
the paper on the Chinese Medical Journal website.
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Supplementary Table 1: Full lists of the differentially expressed miRNAs

MicroRNA logFC AveExpr t P Adjusted P
hsa‑mir‑205 3.84074 3.24142 11.11461 7.59E‑22 7.94E‑19
hsa‑mir‑203 3.27052 5.96689 9.06155 3.29E‑16 1.72E‑13
hsa‑mir‑508 1.55319 8.35084 4.53489 1.09E‑05 6.73E‑04
hsa‑mir‑514‑1 1.52272 5.78308 4.66379 6.32E‑06 4.72E‑04
hsa‑mir‑509‑1 1.44397 6.10834 4.43348 1.67E‑05 7.61E‑04
hsa‑mir‑506 1.35088 4.45629 4.49817 1.28E‑05 7.03E‑04
hsa‑mir‑211 1.33458 6.55326 3.79426 2.07E‑04 6.00E‑03
hsa‑mir‑200a 1.30001 2.29690 7.75183 8.35E‑13 2.91E‑10
hsa‑mir‑141 1.26950 2.03624 6.38541 1.62E‑09 2.82E‑07
hsa‑mir‑513c 1.12724 3.19562 4.50259 1.25E‑05 7.03E‑04
hsa‑mir‑891a 1.04187 2.75798 3.76366 2.31E‑04 6.38E‑03
hsa‑mir‑514b 0.93581 2.59849 3.98210 1.02E‑04 3.54E‑03
hsa‑mir‑513b 0.85382 1.94141 4.56446 9.66E‑06 6.31E‑04
hsa‑mir‑513a‑1 0.83010 1.90886 4.47301 1.42E‑05 7.17E‑04
hsa‑mir‑944 0.77757 1.04188 5.06242 1.08E‑06 1.03E‑04
hsa‑mir‑510 0.63425 1.55961 3.79819 2.04E‑04 6.00E‑03
hsa‑mir‑507 0.621863 1.70567 3.55528 4.91E‑04 1.14E‑02
hsa‑mir‑183 0.54496 5.95690 3.00999 3.02E‑03 4.41E‑02
hsa‑mir‑224 0.51577 2.71914 3.73860 2.54E‑04 6.80E‑03
hsa‑mir‑429 0.50968 0.56736 5.56833 1.01E‑07 1.17E‑05
hsa‑mir‑146a 0.50880 7.55563 3.19641 1.66E‑03 2.75E‑02
hsa‑mir‑27b 0.50810 6.70707 4.33356 2.52E‑05 1.02E‑03
hsa‑mir‑138‑1 0.46358 2.74963 3.47963 6.40E‑04 1.36E‑02
hsa‑mir‑412 0.45386 1.42936 3.01865 2.94E‑03 4.39E‑02
hsa‑mir‑452 0.42736 3.19012 3.33090 1.07E‑03 1.89E‑02
hsa‑mir‑138‑2 0.42166 2.22355 3.47189 6.58E‑04 1.36E‑02
hsa‑mir‑23b 0.41741 6.85683 4.46780 1.45E‑05 7.17E‑04
hsa‑mir‑181a‑2 0.37022 8.27776 3.00773 3.04E‑03 4.41E‑02
hsa‑mir‑181b‑2 0.36869 2.94543 2.97765 3.34E‑03 4.65E‑02
hsa‑mir‑24‑1 0.36819 2.55684 3.63169 3.74E‑04 8.89E‑03
hsa‑mir‑892a 0.34883 0.45104 2.96809 3.44E‑03 4.67E‑02
hsa‑mir‑892b 0.24103 0.18846 3.22879 1.50E‑03 2.57E‑02
hsa‑mir‑2115 0.21607 0.29474 3.91869 1.30E‑04 4.37E‑03
hsa‑mir‑573 0.19097 0.30461 3.11817 2.14E‑03 3.35E‑02
hsa‑mir‑23c 0.18185 0.33044 3.46777 6.67E‑04 1.36E‑02
hsa‑mir‑663b −0.03914 0.01899 −3.30731 1.15E‑03 2.01E‑02
hsa‑mir‑548e −0.18424 0.42785 −3.39538 8.56E‑04 1.69E‑02
hsa‑mir‑548b −0.18499 0.38084 −2.96899 3.43E‑03 4.67E‑02
hsa‑mir‑216a −0.21139 0.23894 −3.83200 0.000180 5.69E‑03
hsa‑mir‑1224 −0.21655 0.23499 −3.52879 0.000539 1.20E‑02
hsa‑mir‑148b −0.22071 5.67531 −3.02302 2.90E‑03 4.39E‑02
hsa‑mir‑218‑1 −0.24822 0.67965 −2.95054 3.63E‑03 4.86E‑02
hsa‑mir‑135a‑1 −0.28062 0.25828 −3.89722 1.41E‑04 4.59E‑03
hsa‑mir‑1229 −0.29592 0.90717 −3.22271 1.53E‑03 2.58E‑02
hsa‑mir‑331 −0.30701 3.22686 −3.18981 1.70E‑03 2.75E‑02
hsa‑mir‑301a −0.32842 2.17655 −2.98894 3.22E‑03 4.62E‑02
hsa‑mir‑505 −0.33969 4.04555 −3.35999 9.65E‑04 1.76E‑02
hsa‑mir‑215 −0.37497 1.44599 −3.35979 9.66E‑04 1.76E‑02
hsa‑mir‑504 −0.37641 0.94157 −3.36009 9.65E‑04 1.76E‑02
hsa‑mir‑146b −0.41183 6.82078 −3.68916 3.04E‑04 7.75E‑03
hsa‑mir‑642a −0.42094 1.53763 −3.16664 1.83E‑03 2.90E‑02
hsa‑mir‑218‑2 −0.45173 3.18601 −3.80808 1.96E‑04 6.00E‑03
hsa‑mir‑125b‑1 −0.45657 6.93287 −3.46334 6.77E‑04 1.36E‑02
hsa‑mir‑326 −0.47963 2.38721 −3.51696 5.62E‑04 1.22E‑02
hsa‑mir‑766 −0.54186 3.06395 −4.45824 1.51E‑05 7.17E‑04



Supplementary Figure 1: Enriched gene ontology terms (molecular 
functions) of differentially expressed microRNAs in metastatic samples.

Supplementary Table 1: Contd...

MicroRNA logFC AveExpr t P Adjusted P
hsa‑mir‑153‑2 −0.57756 1.01633 −5.17181 6.56E‑07 6.86E‑05
hsa‑mir‑342 −0.58209 5.68141 −4.30546 2.83E‑05 1.10E‑03
hsa‑mir‑29c −0.62039 6.12865 −4.12543 5.82E‑05 2.10E‑03
hsa‑mir‑625 −0.62962 5.73921 −6.04559 9.40E‑09 1.40E‑06
hsa‑mir‑100 −0.66570 8.64832 −3.76338 2.32E‑04 6.38E‑03
hsa‑mir‑150 −0.69533 6.69923 −2.98097 3.30E‑03 4.65E‑02
hsa‑mir‑142 −0.73181 6.46511 −3.69067 3.02E‑04 7.75E‑03
hsa‑mir‑675 −1.01107 2.712853 −5.62435 7.66E‑08 1.00E‑05
E−n   =   10−n (n>0). miRNAs: MicroRNAs.




