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Abstract: Skin cutaneous melanoma (SCM) is the most dangerous type of skin tumor with great potential to develop
metastases. Deregulation of microRNAs (miRNAs or miRs) is involved in SCM, which could function as new markers
for the diagnosis and prognosis of SCM patients. Therefore, we attempted to identify and develop specific miRNAs
as prognostic and predictive markers for SCM patient survival. Expression profiles of miRNA and genes and the
corresponding clinical information of 448 SCM samples were downloaded from The Cancer Genome Atlas TCGA
dataset, the dataset of gene expression. PCA (Principal Component Analysis) were performed on the differentially
expressed miRNAs. The impacts of miRNA expressions and miRNA-interactions on survival were evaluated by Cox
proportional hazard regression model. Biological processes and network of putative and validated targets of miR-
NAs were analyzed by bioinformatics. A total of 96 differentially expressed miRNA were obtained by the analysis of
normal samples and skin cancerous melanoma specimen, including 17 up-regulated miRNA and 79 down-regulated
miRNA, which accounting for 17.7% and 82.3% respectively. Five interested miRNA, were identified. The up-regulat-
ed hsa-mir-202, hsa-mir-206, hsa-mir-3681 hsa-mir-122 and down-regulated hsa-mir-1246 and hsa-mir-129-2 were
found to be significantly associated with survival time of SCM patients. Our results demonstrated that miR-202,
miR-206, miR-3681, miR-122, miR-1246 and the 5 miRNA-interactions could serve as prognostic and predictive
markers for survival of patients with skin cutaneous melanoma, suggesting a potential application in improvement
of prognostic tools and treatments.
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Introduction through inhibition of translation or degradation

of target mRNAs. MiRNAs could act as onco-

Skin tumor is one of the most malignant tumor
and has risen as a worldwide public health
problem with its increasing occurring rate and
risk [1, 2]. Early diagnosis and treatment of
SCM can decrease the death and malformation
rate in clinical trials [3]. However, the molecular
of the occurrence and development of skin
cancer hasn’t been made clear, which affected
the diagnosis and prognosis of the disease.
Therefore, we attempt to identify and develop
specific mMiRNAs as prognostic and predictive
markers for SCM patients’ survival, which will
be beneficial for improving the clinical manage-
ment of SCM.

MicroRNA (miRNA OR miRs), are non-coding
small RNAs that can regulate gene expression

genes or tumor suppressors in a variety of
tumor types. There have been reports of the
association between expression of miRNA with
the survival of patients [4, 5]. On one hand, we
conclude that miRNAs may be able to function
as prognostic and predictive indicator of tu-
mors. On the other hand, however, the precise
molecular mechanism of these miRNA remains
unclear.

The main purpose of this study is to identify
specific miRNAs that are closely associated
with tumor progression and survivals and can
function as prognostic and predictive marker
for SCM patients. Another goal is to in this
study, we found that hsa-mir-202, hsa-mir-206,
hsa-mir-3681 hsa-mir-122, hsa-mir-1246 and
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Figure 1. Principal component analysis (PCA) of miR-
NA expression values. The horizontal axis means the
first principal component counts for 50% while the
vertical axis stands for the send principal component
count for 11%. The green dots in the figure represent
cancer samples while the red ones stand for the nor-
mal samples. We can see it clearly from the figure
that the normal samples assemble in the left while
the cancer samples gather in the right, indicating the
significant difference of the two kinds of samples.

hsa-mir-129-2 and p53 signal pathway could
function as prognostic and predictive markers
for survivals of SCM patients. Furthermore, the
discovery of the important role of target genes
of miRNA in the process of protein phosphory-
lation could provide evidence for new treatment
of SCM.

Materials and methods
Source of miRNA data and data-preprocessing

A total of 448 expression data of miRNAs and
genes and the 447 clinical information of pa-
tients with skin cutaneous melanoma were
downloaded from The Cancer Genome Atlas [6]
data portal. The data were deep-sequenced
by illumine HiSeq. The normalized data was
extracted out and data with no expression
value was cut out. The level 3 data were already
normalized between each sample and then the
normalization in each samples were imple-
mented with the generalized linear model by
Limma package in R language, so as to exclude
the batch effect.

Differentially expressed miRNA screening
Differentially expressed miRNA between nor-

mal tissues and skin cancer tissue samples
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were identified by SAMR package [7]. logFC >1
and FDR <0.05 were used as the cut-off crite-
ria. PCA (Principal Component Analysis) were
used to ensure the accuracy of the screened
miRNA, which can clearly differentiate the nor-
mal tissues from the SCM samples.

Survival analysis

Clinical information of all patients was summa-
rized to obtain the censoring rate. The survival
status of patients was determined using the
Kaplan-Meier survival analysis and statistical
significances of overall survival and progres-
sion-free survival were determined using the
Logp-Rank test. Single component Cox model
was used to analyze the relation between the
differentially expressed miRNA and the survival
time of patients. Raw data was ranked by the
survival days and then the survival status (1 is
death and 2 stands for survival), cumulative
survival, standard error, cumulative event and
number remaining successively. Afterwards, we
calculated the survival rate by these results.

miRNA biomarker screening and Cox regres-
sion model confirmation

Data were divided into two groups, the training
and the testing. The Cox proportional hazard
regression model was used to analyze the
expression profile of miRNA to obtain the miR-
NAs closely associated with the survival [8].
P<0.01 was used as the cut-off criterion. 5
miRNA was screened out (P<0.05). The survival
ability of each patient can be predicted by
Cox regression model constructed by the five
miRNA. Besides, each miRNA has Cox regres-
sion correlation coefficient. Each miRNA has a
regression relating coefficient and thus a cor-
responding risk coefficient. Patients with high
risk score represented a low survival ability
compared with low level risk score. Then, calcu-
late the median of all patients and use the
median as the criterion, which means patients
with higher score were defined as high risk and
vice versa. The distribution of survival time was
analyzed by Kaplan-Meier model and the sig-
nificance of different classification with the
same variable was judged by log-rank testing.

Target genes analysis of miRNA
Target genes of differentially expressed miRNA

was extracted from miTarBase [9] and then
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Table 1. 6 significantly differentially expressed miRNA

Type miRNA ID logFC P value FDR
hsa-mir-202 2.801956 2.09E-50 1.10E-47

up regulated miRNA hsa-mir-206 2.375182 1.38E-47 4.80E-45
hsa-mir-3681 1.551125 4.45E-17 1.16E-14
hsa-mir-122 -3.92206 9.36E-64 9.79E-61

Down regulated miRNA hsa-mir-1246 -1.49909 7.30E-11 1.09E-08
hsa-mir-129-2 -1.15581 1.02E-10 1.34E-08

The first column is the type of regulation and the second column is the name of
miRNA and the third column is the differentially expressed logFC value of normal
samples and cancer samples. The forth column is the significant degree of P value
and the fifth column is the FDR of adjusted P value.
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Figure 2. A. Differentially expressed miRNA distribution figure. The horizontal
axis is the expression value of every miRNA and the vertical axis represents
the fold change of expression value. B. The overall survival (OS) of patients.
The survival curve is painted according to the survival time of patients. The
horizontal axis is survival time and the vertical axis is survival rate. The red-
cross in the curve is censoring rate. As can be seen from the figure, the
survival ability of patients decrease as time grows.

Interactions network analy-
sis of miRNA and target
genes

Topology property of protein-
protein interaction network
was analyzed by Network
Analyzer plug of Cytoscape
[13] software. The top 5 mod-
ules with P-value less than
1.0e-05 were selected out
for the function analysis.

Results

Different expression levels of
miRNA

There were total 1046 miRNA
expression values in the 448
samples dataset, including
307 SCM samples and 162
normal samples. Through the
PCA and clustering analysis,
we found that normal sam-
ples can be well separated
from those cancer speci-
mens by the altered expres-
sion levels of miRNA (Figure
1).

Screening of the most al-
tered miRNA expressed in
SCM samples

There were 96 most alter-
ed miRNAs between normal
samples and SCM samples
by the SAMR analysis in R
package. Expressed levels
of 17 miRNA, including hsa-
mir-202, has-mir-206 and
has-mir-3681, were found to
be increased while 79 whi-
ch includedhsa-mir-122, hsa-
mir-1246 and hsa-mir-129-2
were found to be decreas-
ed, accounting for 17.7% and
82.3% respectively (Table 1,
Figure 2).

Gene Ontology (GO) [10] and KEGG [11] analy- Correlations between miRNA expression and
sis were performed by DAVID [12] Bioinforma- survival of SCM patients

tics Resources. The enriched P valued was

calculated out and corrected by multi-test Next, we performed survival analysis between
Benjamini. miRNA expression profiles and patient (Table 2)
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Table 2. Clinical information summary of SCM
patients

Covariates Category Total
Age, years, no (%) <60 245
>60 224

Gender, no (%) Male 289
Female 180

Vital status Alive 149
Dead 162

Lymph node involvement, no (%) NO 232
N1 73

N2 48

N3 59

NX 36

M stage, no (%) MO 417
M1 24

T stage, no (%) TO 23
T1 42

T2 78

T3 88

T4 155

Tumor_stage Stage | 76
Stage Il 138

Stage Il 173

Stage IV 23

lorlINOS 14

The first column is the information of patients; the
second column is different types and the third line is the
number of patients.

survival using Kaplan-Meier and log-rank sur-
vival methods. Different variants as age, gen-
der, T stage, M stage, N stage and tumor stage
were validated in this study (Figure 3). Our anal-
ysis showed that there was strong correlation
between different tumor stages and overall sur-
vival (OS) of patients. By Cox proportional haz-
ard regression model, expression levels of
miRNA in different tumor stages of patients
and survival time were identified. The result
was illustrated in the form of heatmap (Figure
4). Then, biomarkers of miRNA were screened
out according to the significance of P value
(P<0.1) and significant result in at least two
batches.

Establishment of predictive model of SCM

A univariate Cox proportional hazard regression
model was carried out to construct the model
of miRNA and OS. The formula is Prognostic
score = (-7.922 x expression level of hsa-
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mir-122) + (-10.499 x expression level of hsa-
mir-1246) + (+1.745 x expression level of hsa-
mir-1295) + (2.766 x expression level of hsa-
mir-200b) + (3.602 x expression level of hsa-
mir-3156-3). 2 miRNA was found to be risky in
the progression of tumor while 3 miRNA were
protective. Patients were divided into two
groups: patients with high risk and those with
low risk. Log-rank test was used to verify the
differences (Figure 5). There were significant
difference between high-risk patients and low-
risk ones in both training and testing groups,
indicating its feasibility in clinical prognosis.
Furthermore, we performed the analysis of pre-
dicted role of miRNA in SCM patients and the
results were listed in Figure 6. Different ex-
pression levels of miRNA in high and low risk
patients were listed in the heatmap. The result
showed that the lower the risk coefficient was,
the longer survival time was.

Functional analysis of the 5 interested miRNA
in SCM

There were 2147 target genes of the 5 inter-
ested miRNA using the Targetscan software.
The enriched GO terms were ion binding and
metal ion bind. What’s more, analysis of KEGG
pathway showed the interested miRNA were
mainly involved in neurotrophin signal pathway
and insulin signal pathway (Figure 7).

Discussion

In this study, we identified 96 differentially
expressed miRNAs from the most significantly
altered miRNAs using data from TCGA dataset.
Kaplan-Meier survival and Cox multivariate pro-
portional hazard model confirmed that expres-
sion of hsa-mir-516a-1, hsa-mir-519a-1, hsa-
mir-675, hsa-mir-323b, hsa-mir-935 were sig-
nificantly correlated with OS of patients. The
target genes of the interested miRNA were
identified by Targets can software. The func-
tional enrichment analysis of the target genes
revealed that the genes were mostly involved
in the pathway of protein phosphorylation. Our
results suggest a potential application of
miRNA profiles and their enriched pathways in
development and improvement of prognostic
tools and treatments.

Presently, the early diagnosis of tumor, espe-
cially the type of non-invasive tumor has drawn
much attention. Nuclear acid or protein detec-
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Figure 3. Changes of patients in different states of survival. A-F. Stands for the relationship of age, gender, T stage, M stage, N stage and tumor stage with survival
time. P value of Log rank test is on the bottom left of each figure.
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Figure 4. Predictive power of miRNA in different states of tumor. The horizontal axis stands for different stages of
tumor while the vertical axis represents different types of miRNA. The heatmap reveals 140 tumor-oriented miRNA’'s
ability in affecting survival ability in different states of tumor. The deeper the red color is, the stronger of the positive
correlation of miRNA expression with the survival time of patients. The green color represents the negative correla-

tion.

tion in patients’ blood has become a new appli-
cation in clinical classification study of SCM
patients [8, 14]. Meanwhile, it's beneficial for
the classification of tumor and specific therapy,
as well as judgment of the prognostic effect
by the non-invasive method. Thus, the role of
miRNA in the process of anti-tumor has been
increasingly emphasized. No convincing prog-
nostic or predictive factors have been prevalent
in clinical management of SCM patients.

MicroRNAs, are a family of small, sing-strand-
ed, non-coding RNAs that target the 3’-untrans-
lated region of about 30% of all human genes,
and they’re negatively involved in gene regula-
tion. They are recognized as important inter-
vention targets and predictive tools since it can
be easily detected in several diseases [15].
Over the past decades, the study of miRNA-
mediated regulation of cancers has grown more
important and meaningful [16, 17]. In Giles’
study [18], miR-7-5p was found to be a novel

34

tumor suppressor since it can inhibit melano-
ma cell migration and invasion. In another
study, miR-200c, miR-205 and miR-211 was
found to act as tumor suppressors of melano-
ma [19]. However, few markers have proven to
be of clinical significance in understanding the
genetic defects in melanoma and no single
molecular marker has been informative over a
wide range of lesion types.

In the present study, hsa-mir-516a-1, hsa-mir-
519a-1, hsa-mir-675, hsa-mir-323b, hsa-mir-
935 were found to be significantly down-regu-
lated in the SCM patients compared to normal
specimens. Early reports showed that miRNA
involved in the progression of melanoma were
of great significance in clinical management
[20, 21]. Thus, we believe that the miRNA tar-
geting important genes and signaling pathways
involved in the progression and development of
melanoma could contribute to the miRNA-ori-
ented therapy in the future.

Int J Clin Exp Med 2016;9(1):28-39
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Figure 5. Judgment of survival risk of patients with expression value of 5 miRNA by Kaplan Meier survival analysis. The horizontal axis is the survival time of patients
while the vertical axis is the survival rate. The red stands for patients with high risk while the blue one represents low-risk patients. The P value on the bottom left
indicates the differences of two degree of risk.
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Figure 6. Analysis of predicted risk coefficient of 5 miRNA. A is the risk coefficient analysis of data in the training group while B is the heatmap of the expression
value of 5 miRNA. C and D is the correlation of survival time and risk coefficient. E and F is the distribution of risk coefficient.
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A GO analysis of 5 miRNAs' target
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Figure 7. GO and KEGG analysis of target genes of differentially expressed miRNA. A is GO analysis of target genes
while B is the KEGG analysis. The horizontal axis stands for the different degree of significance while the vertical
axis stands for the functional annotation. The bigger the significance degree is, the stronger the correlation of target

genes with the annotation.

The KEGG analysis revealed that P53 signaling
pathway played an important role in the pro-
gression of cancer. It has been reported that
more than half of all cancers may involve
p53-inactivating mutations [22]. P53 gene can
encode tumor inhibition factors [23] and once
it's damaged, it could cause the cell division
and proliferation of cells out of control [24].
P53 gene (mtp53) were involved in the process
of cell cycle and can help to maintain the stabil-
ity of genome, avoiding the accumulating of the
damaged DNA by promoting cell apoptosis and
DNA repairing [25]. What's more, in a 10-year
follow-up period study including 31 patients,
down-regulation of p53 gene was recognized
as an appropriate marker for assessing the risk
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of melanoma progression and metastases,
suggesting that the detection of p53 could be
used as a prognostic indicator to predict the
progression of metastatic disease states and
poor outcome of melanoma patients [26].
Therefore, it’s promising to regulate p53 signal-
ing pathway by regulating the interested 5 miR-
NAs. Therefore, the regulation of p53 pathway
may provide new views on diagnosis and prog-
nosis of SCM patients.

In conclusion, in this study, hsa-mir-516a-1,
hsa-mir-519a-1, hsa-mir-675, hsa-mir-323b,
hsa-mir-935 marker related with survival of
SCM were identified out and the regulation of
signaling pathway p53, which were closely

Int J Clin Exp Med 2016;9(1):28-39
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related with tumor progression, could be regu-
lated by the 5 interested miRNAs, implying the
application for diagnosis and prognostic tools
and treatment of SCM.
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