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Introduction

MicroRNAs (miRNAs) are small, non-coding, single-
stranded RNAs produced by eukaryotic cells that play a 
key role in regulating the expression of hundreds of tar-
get genes.1,2 MiRNAs are involved in numerous pro-
cesses including proliferation, differentiation, and 
apoptosis, and their altered expression and function have 
been linked to the development and progression of vari-
ous types of cancers.3–9 In particular, miRNAs may act as 
oncomirs or tumor suppressor molecules since their 
expression in tumor cells can be up- or down-regulated, 
compared with normal tissues.10 MiRNAs can be released 
into circulation as a consequence of tumor cell death or, 
in some cases, actively secreted by viable tumor cells. 
Moreover, miRNAs might also derive from blood and/or 

endothelial cells.11 MiRNAs display several properties 
that make them potentially valuable biomarkers includ-
ing stability in body fluids, resistance to endogenous 
RNase activity, prolonged life at room temperature, and 
resistance to multiple freeze–thaw cycles.12 A growing 
body of evidence shows a different pattern of expression 
of circulating miRNAs between cancer patients and 
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healthy donors11,13–19; however, only a limited number of 
studies have been focused on melanoma.

Melanoma is the fourth and sixth most common malig-
nancy in men and women, respectively. Disease incidence 
is increasing by 3% every year, and melanoma accounts 
for 75% of skin cancer deaths. The 5-year survival rate 
critically depends on disease stage, and it has been esti-
mated to be around 95% for stage I and 15%–20% for 
stage IV.20 Although several circulating diagnostic and 
prognostic biomarkers have been investigated in mela-
noma patients, the only one routinely used in clinical set-
ting is lactate dehydrogenase (LDH).21 Serum LDH has a 
significant prognostic value only in the advanced disease 
(stage IV).21 At present, no circulating marker is available 
to help clinicians in detecting melanoma in early stage 
when survival is at the highest rate.

Many recent papers reported circulating miRNAs as 
being dysregulated in melanoma cancer patients with 
respect to healthy subjects (Carpi et al., 2016).22 
Nevertheless, further studies are urgently needed to better 
define a clearer role of specific miRNAs in melanoma 
diagnosis and prognosis.

In this pilot study, the expression profiles of 21 miRNAs 
selected from the literature for their role in melanoma pro-
gression were analyzed in plasma samples collected from 
both melanoma patients, at different disease stages, and 
healthy controls. The data obtained allowed the identification 
of some plasma miRNAs with high sensitivity and specificity 
as potential diagnostic biomarkers in melanoma patients wor-
thy of being validated in a large prospective clinical trial.

Materials and methods

Study participants

Control blood samples from 32 healthy volunteers with 
similar age and sex distribution were obtained from the 
Blood Donor Centre of the University Hospital of Pisa. 
Healthy subjects who had taken systemic drugs in the 
week prior to enrollment and those affected by other medi-
cal conditions were excluded by sample collection.

Patient recruitment was carried out at the Department 
of Oncology of the University Hospital of Pisa (Pisa, 
Italy). Ten American Joint Committee on Cancer (AJCC) 
stage I–II, 10 stage III, and 10 stage IV (https://cancerstag-
ing.org/) subsequent patients were included this study. 
Blood of 2.5 mL was drawn from each patient, collected in 
BD Vacutest Kima tubes (VACUTEST KIMA S.r.l., 
Arzergrande, Padua, Italy) containing ethylenediaminetet-
raacetic acid (EDTA), and centrifuged at 4°C for 10 min at 
1900g for 1 h. Plasma supernatant was then aliquoted into 
1.5 mL DNA LoBind tubes (Eppendorf AG, Amburgo, 
Germany) and stored at −80°C until analysis.

The timing of blood collection in patients was (1) within 
a month following the surgical removal of the lesion and the 

availability of the pathology report for patients with stage 
I–II melanoma, (2) within a month following the surgical 
removal of the sentinel lymph node and the availability of 
the pathology report for patients with stage III melanoma, 
and (3) within a month following histologically proven mel-
anoma metastasis for patients with stage IV disease.

The study protocol was approved by the local ethics 
committee and conducted in accordance to the principles of 
the Declaration of Helsinki. Informed consent was obtained 
from all individual participants included in the study.

Selection criteria for miRNAs panel

For the purpose of this analysis, 21 miRNAs were selected 
from the literature according to at least two of the follow-
ing properties: dysregulation in the presence of BRAF 
mutations, negative correlation with metastatic melanoma 
patient survival, and potential involvement in drug resist-
ance phenotype (please refer to supplementary material). 
Among all miRNAs selected, 11 have already been indi-
viduated as circulating in plasma melanoma patients and 
the others had only been identified as dysregulated in mel-
anoma cells or tissue samples but they were not yet 
detected in plasma.

MiRNA extraction and real-time polymerase 
chain reaction analyses

All 21 selected miRNAs were isolated from plasma samples 
(200 µL) using the miRNeasy Serum/Plasma Kit (Qiagen, 
Valencia, CA, USA) following the manufacturer’s instruc-
tions and eluted with 14 µL RNase-free water. Sample con-
centration was measured by Qubit® microRNA HS Assay 
(Thermo Fisher Scientific, MA, USA). Reverse transcrip-
tion was carried out using miRCURY LNA™ Universal RT 
microRNA PCR System (Exiqon, Vedbaek, Denmark) 
according to the manufacturer’s instructions. Complementary 
DNA (cDNA) synthesis was conducted by incubation at 
42°C for 60 min and 95°C for 5 min. Prior to real-time 
quantitative polymerase chain reaction (RT-qPCR) analysis, 
cDNA was diluted 1:40. RT-qPCRs were run on a 7900HT 
thermocycler (Applied Biosystems, Waltham, MA, USA) 
using the miRCURY LNA Universal RT microRNA PCR 
assays with the thermal-cycling parameters recommended 
by Exiqon. Raw Cq values were calculated, as recom-
mended by Exiqon, using the RQ manager software version 
1.2.1 (Applied Biosystem Instruments, Waltham, MA, 
USA) with manual settings for threshold and baseline.

Data analysis and statistics

Data analysis was carried out by GenEx software (MultiD 
Analyses). Since there is no validated reference miRNA for 
miRNA analysis in serum/plasma, we used two different 
methods for data normalization: global mean normalization 
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(GMN) and NormFinder model. The first method was based 
on the normalization of each single miRNA expression value 
over the mean expression of all analyzed miRNAs (i.e. differ-
ence between single Cq and global mean Cq values), assum-
ing that the latter was constant when the same amount of total 
RNA from patients and healthy controls was analyzed. Such 
a strategy has been reported to reduce technical variations 
providing a more accurate assessment of biological changes 
than using endogenous small nuclear RNAs such as U6.23 
The second method data were normalized according to 
miRNA expression stability using the algorithm NormFinder.

Statistical analysis was carried out using the Wilcoxon 
test (non-parametric) followed by Bonferroni correction 
for multiple comparisons. Linear regression followed by 
receiver operating characteristic (ROC) analyses was car-
ried out to evaluate whether selected miRNAs were able to 
discriminate between cases and controls. To this aim, the 
optimal cut-off value for sensitivity and specificity was 
determined based on the highest Youden’s Index in ROC 
curve analysis. ROC curves were drawn using GraphPad 
Prism 6, and the area under the ROC curve (AUC) was 
calculated to evaluate the specificity and sensitivity of 
selected miRNAs.

Results

Characteristics of study population

From January 2015 to February 2016, blood samples were 
collected from 30 consecutive melanoma patients in dif-
ferent disease stages. Patients’ characteristics, including 
sex, age, and other clinical information, are reported in 
Table 1. The median age of the melanoma patient and 
healthy volunteers was 63 and 57 years, respectively.

Expression levels of miRNAs in patients and 
healthy controls

Data normalization by GMN method provided 13 out of 
the 21 miRNAs significantly dysregulated (p < 0.05, anal-
ysis of variance (ANOVA); Table 2). The NormFinder 
algorithm identified eight out of 21 miRNAs as normaliz-
ers, and the subsequent comparison provided seven sig-
nificantly dysregulated miRNAs (p < 0.05; Table 2). Only 
five miRNAs resulted significantly dysregulated (p < 0.01) 
with both methods of data analysis after the Bonferroni 
correction for multiple tests (Figure 1). Specifically, circu-
lating miR-15b-5p, miR-149-3p, and miR-150-5p were 
significantly up-regulated, and miR-193a-3p and miR-
524-5p were significantly down-regulated in plasma of 
melanoma patients compared with healthy controls. No 
significant difference in miRNA expression was observed 
among different disease stages. These miRNAs were 
selected for a further statistical analysis to evaluate their 
diagnostic power.

As opposed to the others, miR-200c-3p was not dys-
regulated in plasma melanoma patients compared with 
healthy donors, but its expression was significantly down-
regulated in different stages of the disease. Particularly, 
while the expression of miR-200c-3p in plasma of stage 
I–II melanoma patients was not different from healthy 
donors, its expression in plasma of stage III–IV melanoma 
patients was significantly down-regulated compared with 
that of stage I–II melanoma patients (p = 0.001) and of 
healthy donors (p = 0.00004) (Figure 2). Diagnostic power 
of miR-200c-3p was not considerate since its value did not 
differ in plasma of melanoma patients compared with 
healthy donors.

Table 1.  Clinical characteristics of study subjects.

Variable n, %

Sex
  Male 56.6
  Female 43.3
Stage
  I–II 46.6
  III–IV 53.3
M staging
  1a 45.5
  1b 27.2
  1c 27.2
Breslow thickness
  Stage I–II
    <0.75 mm 50.0
    >0.75 mm 50.0
  Stage III–IV
    <0.75 mm 18.1
    >0.75 mm 82.8
Clark level
  Stage I–II
    I–II–III 49.4
    IV–V 50.6
  Stage III–IV
    I–II–III 90.2
    IV–V 9.8
Ulceration
  Present 36.7
  Absent 63.3
Growth phase
  Radial 81.5
  Vertical 19.5
LDH levels
  Normal 100.0
  Elevated 0.0
Patient condition
  Alive without disease 83.3
  Alive with disease 8.3
  Dead 8.3

LDH: lactate dehydrogenase.
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Table 2.  MiRNAs found differentially expressed in melanoma patients compared with healthy subjects.

GMN NormFinder

miRNA p value Gene regulation miRNA p value Gene regulation

miR-149-3p 1.3 × 10−8 ↑ miR-150-5p 2.8 × 10−12 ↑
miR-193a-3p 1.3 × 10−6 ↓ miR-149-3p 3.4 × 10−12 ↑
miR-150-5p 1 × 10−5 ↑ miR-193a-3p 1.3 × 10−6 ↓
miR-524-5p 1 × 10−5 ↓ miR-15b-5p 1.3 × 10−5 ↑
miR-200c-3p 1 × 10−4 ↓ miR-524-5p 2.4 × 10−5 ↓
miR-15b-5p 2.3 × 10−4 ↑ miR-200c-3p 9.5 × 10−3 ↓
miR-425 9.5 × 10−4 ↓ miR-145-5p 3.1 × 10−2 ↑
let-7-5p 2.2 × 10−3 ↓  
miR-1250-5p 6.1 × 10−3 ↓  
miR-4270 6.4 × 10−3 ↓  
miR-338-3p 1.2 × 10−2 ↓  
miR-9-5p 2.3 × 10−2 ↓  
miR-106-5p 4.4 × 10−2 ↓  

miRNA: microRNA; GMN: global mean normalization; ↑: up-regulated; ↓: down-regulated
Data were normalized to mean expression value of all expressed miRNAs and with NormFinder. Significant p values (<0.05) were obtained by 
Wilcoxon test.

Figure 1.  Expression levels of the five selected miRNAs in plasma samples from melanoma patients (MP) and healthy subjects (C). 
p value is reported in Table 2.
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No significant miRNA dysregulation due to gender, 
age, or any clinical-pathological factors was observed 
(data not shown).

Diagnostic value of plasma miR-150-5p,  
miR-149-3p, miR-193a-3p, miR-15b-5p,  
and miR-524-5p in melanoma patients

The AUC for each of these five miRNAs ranged from 0.80 to 
0.95 (Table 3). Although high AUC values were attributed to 
each miRNA, miR-150-5p, miR-149-3p, and miR-193a-3p 
present the best performance in terms of diagnostic power. 
Noteworthy, diagnostic power was further improved when 
considering miR-150-5p, miR-193a-3p, and miR-149-3p 
signature. The triple classifier has increased AUC, sensitiv-
ity, and specificity (Table 3) with an accuracy of 91%.

Discussion

The incidence of melanoma is increasing all over the 
world. This disease is curable when detected in early 
stages, and it might be deadly when diagnosed in advanced 

stages. Although lately new and very effective therapies 
came in clinical use, mortality rate of stage IV melanoma 
patients is still high.20 Since melanoma must be treated in 
early stages to maximize the chances of patient survival, 
the ability to identify early signs of melanoma progression 
would be very valuable in clinical setting. To date, no reli-
able biomarker has been identified as sensitive or specific 
enough to be beneficial for early detection of melanoma 
(all stages). Reliable circulating biomarker(s) to detect 
melanoma with distant or regional spread prior to clinical 
evidence of metastasis could improve treatment and out-
come for melanoma patients. Stability, sensitivity, and 
specificity together with resistance to degradation are the 
main characteristics to look for a potential circulating 
biomarker.

The potential diagnostic role of plasma miRNAs in 
melanoma has been investigated in a few studies23,24 with 
different results due mainly to differences in analytical 
methods that lead to the identification of different miRNA 
panels with diagnostic value. A major source of difference 
in analytic methods is the normalization in RT-qPCR. Up 
to now, there are no validated normalizers for the analysis 
of circulating miRNA expression levels. Therefore, we 
used different methods for data normalization (GMN and 
NormFinder) not involving the use of a single molecule as 
a control, given the great biological variability in expres-
sion of circulating miRNAs. Indeed, we did not use miR-
16, as in many studies conducted by others, since this 
miRNA is particularly susceptible to hemolysis.25

In this pilot study, we identified five miRNAs with 
promising diagnostic power in plasma of melanoma 
patients at different stages of disease. Three of them, that 
is, miR-149-3p, miR-150-5p, and miR-15b-5p, were sig-
nificantly up-regulated, while two, that is, miR-193a-3p 
and miR-524-5p, were significantly down-regulated in 
plasma of patients compared with healthy controls. To the 
best of our knowledge, this study is the first to report on 
dysregulation of miR-149-3p, miR-524-5p, and miR-
193a-3p in plasma samples of melanoma patients. 
Moreover, the expression of miR-200c-3p in plasma of 
stage I–II melanoma patients is not different from healthy 
donors, while its expression in plasma of stage III–IV 

Figure 2.  Expression levels of miR-200c-3p in plasma samples 
from melanoma patients at different stages and healthy subjects (C).
**p < 0.01.

Table 3.  The AUC for single miRNAs and for triple classifier with corresponding sensitivity and sensibility.

miRNA AUC 95% CI Sensitivity (%) Sensibility (%)

miR-149-3p 0.95 0.86–0.98 93.3 87.5
miR-150-5p 0.94 0.86–0.97 96.7 70.0
miR-193a-3p 0.84 0.69–0.91 76.7 62.5
miR-15b-5p 0.80 0.68–0.92 90.0 77.4
miR-524-5p 0.80 0.68–0.92 90.0 68.8
Triple classifier 0.97 0.91–0.981 94.8 83.9

AUC: area under the ROC curve; miRNA: microRNA; CI: confidence interval; ROC: receiver operating characteristic.
Triple classifier: miR-149-3p + miR-150-5p + miR-193a-3p.
Level of significance: p < 0.0001.
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melanoma patients was significantly down-regulated, 
compared with both stage I–II melanoma patients (p = 
0.001) and healthy donors (p = 0.00004). Therefore, miR-
200c-3p is not suitable as diagnostic biomarker, but 
instead, it could be studied as a prognostic biomarker.

While we found significant levels of circulating miR-
149-3p from plasma samples of melanoma patients com-
pared with healthy controls, Pfeffer et al.26 found higher 
miR-149-5p levels in peripheral exosomes extracted from 
plasma samples of metastatic melanoma patients com-
pared with healthy controls. This suggests that miR-149-3p 
and miR-149-5p species may have a similar functional role 
as oncomirs in human melanoma. Mature miRNA-3p and 
miRNA-5p are generated from the same pre-miRNA pre-
cursor, but more often, one of them is degraded, although 
co-existence of these two species has also been reported.27 
The reason of this apparent discrepancy is currently 
unclear. It has been hypothesized that the main (-3p) and 
the passenger (-5p) strands might influence the expression 
of different targets and, in some cases, they can regulate 
invasiveness of cancer cells.28

Concerning miR-149-5p, several lines of evidence sug-
gest that in some cancer types other than melanoma, it may 
function as a tumor suppressor. For example, miR-149-5p 
expression was decreased in gastric cancer cell lines and in 
clinical specimens compared with normal counterparts.29 
Furthermore, low miR-149-5p expression levels were cor-
related with lymph node or distant metastasis and advanced 
disease stages in colorectal30 and breast cancers.31 In this 
work, high levels of miR-149-3p have been detected in 
plasma of melanoma patients according to the work of Jin 
et al, which described miR-149-3p in melanoma cells and 
found that it induced a p53-dependent survival by increas-
ing the expression of the anti-apoptotic Mcl-1 protein. The 
same authors described elevated expression of miR-149-3p 
in fresh human metastatic melanoma isolates.32

In this study, plasma miR-150-5p was up-regulated in 
plasma of patients compared with healthy controls. MiR-
150 was also found to be overexpressed in formalin-fixed 
paraffin-embedded melanoma metastases and in primary 
melanoma compared with nevi.24 In line with the hypoth-
esis of its oncogenic role, high levels of circulating miR-
150 were also detected in melanoma patients with high 
risk of recurrence.33 Preclinical evidence showed that 
tumor growth and metastasis were reduced in immunode-
ficient mice injected with miR-150−/− NK (natural killer) 
cells, compared with non-injected mice.34 Noteworthy, 
miR-150 has been reported to increase tumor immunore-
sistance by post-transcriptionally down-regulating per-
forin-1 in mouse NK cells.34 Although these findings 
suggest an oncogenic role for miR-150 in human mela-
noma, some evidence seems to go in the opposite direc-
tion. For instance, miR-150-5p up-regulation was found 
both in serum and tissues derived from melanoma patients 
with longer disease-free survival after resection of the 
metastatic lymph node disease.24,35 Recently published 

evidence on the ability of miR-150-5p to suppress glioma 
cell proliferation and migration by targeting membrane-
type-1 matrix metalloproteinase36 reinforces the tumor 
suppressor role of miR-150-5p. These apparent discrepan-
cies may be due to the complex functional role of miR-
150-5p in tumor biology. Indeed, this specific miRNA is 
expressed in the lymph nodes, spleen, and thymus, and it 
is highly up-regulated during lymphocyte maturation and 
down-regulated during the activation of mature B and T 
cells.37 Thus, elevated circulating expression of miR-150 
could also be the consequence of its role in the modula-
tion of T-cell response. In line with these findings, in vivo 
studies show that miR-150 is released in the external envi-
ronment after T cell activation, and this may cause an 
increase of its blood levels during immune system stimu-
lation.38 Further experiments aimed at clarifying the pre-
cise role of miR-150 in human melanoma immunity are 
warranted.

The third circulating miRNA found up-regulated in this 
study is miR-15b-5p, whose levels were significantly higher 
in plasma samples from melanoma patients than in healthy 
donors, with a trend for a more pronounced increase in 
advanced stage patients (data not shown). Our results are 
consistent with data of Fleming et al. showing that circulat-
ing miR-15b levels were increased compared with the levels 
found at diagnosis in melanoma patients whose disease 
recurred compared with disease-free patients.39 Finally, evi-
dence showing miR-15b-5p overexpression in melanoma 
tissues compared with melanocytic nevi suggests a potential 
oncogenic role for this specific miRNA.40 In line with this 
notion, the same authors clearly demonstrated that up-regu-
lation of miR-15b-5p is responsible for increasing cell pro-
liferation and decreasing apoptosis in melanoma cell lines.40

MiR-193a-3p is a member of the miR-193 family 
whose expression was linked to BRAF mutation status in 
melanoma tissues.41 MiR-193a-3p was found to be signifi-
cantly up-regulated in both tissue and blood samples of 
colorectal cancer patients, and there was an increasing 
trend of expression of circulating miR-193a-3p in advanced 
stages of colon cancer patients compared with healthy 
individuals.42 Up-regulation of miR-193 was also found in 
the high-grade prostate tumors (Gleason score ≥8)43 as 
well as in serum samples obtained from patients with 
esophageal squamous cell carcinoma.44 In apparent con-
trast with these findings but in agreement with those of this 
study, in lung and oral squamous cell carcinoma,45,46 acute 
myelogenous leukemia,47 breast cancer,48 and Wilms’ 
tumor,49 circulating miR-193a-3p levels were found to be 
reduced in plasma of patients compared with healthy con-
trols. The report that methylation is responsible for miR-
193a down-regulation46,47,50 reinforces the notion that 
miR-193a-3p might have a role as tumor suppressor in a 
variety of human cancers, including melanoma.

The functional role of miR-524-5p in cancer develop-
ment and progression is largely unknown. A possible 
tumor suppressor role for miR-524-5p may be in line with 
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findings of this study showing how circulating miR-524-5p 
levels were significantly lower in plasma of patients com-
pared with healthy controls. Preclinical data demonstrat-
ing that miR-524-5p overexpression inhibited melanoma 
cell proliferation and migration in human melanoma cell 
lines51 are likely to support this notion.

Although not significantly down-regulated in plasma of 
all melanoma patients compared with healthy controls, miR-
200c-3p showed different levels of expression in plasma of 
patients with advanced melanoma stages compared with 
those detected in patients with early stages of the disease and 
healthy individuals. This suggests that miR-200c-3p can 
undergo a process of dynamic change at different tumor 
stages. In agreement with this hypothesis are findings by Xu 
et al.52 who observed that miR-200c-3p was down-regulated 
in metastatic melanoma compared with benign melanocytic 
nevi. Noteworthy, several lines of evidence support the 
hypothesis that miR-200c may play a role in epithelial–mes-
enchymal transition by modulating expression of 
E-cadherin.17 Therefore, up-regulation of circulating miR-
200c-3p in patients with early melanoma stages may corre-
late with the presence of an epithelial phenotype in the 
majority of melanoma cells, whereas down-regulation of 
circulating miR-200c-3p in patients with melanoma in 
advanced stages may indicate the predominance of the mes-
enchymal cell phenotype with increased capacity of tissue 
invasion and distant metastasis. Such a biological behavior 
suggests that miR-200c-3p could be an interesting biomarker 
of prognosis in melanoma patients. Finally, miR-200c have 
been reported to be under-expressed in melanoma tissues 
collected from patients considered non-responders to BRAF-
inhibitors compared with responders,17 suggesting a possible 
involvement of miR-200c in drug resistance phenotype.

Compared with Stark et al.,11 we were able to identify 
the signature of three different miRNAs with comparable 
diagnostic sensitivity and specificity to the MELmiR-7. 
Moreover, although limited by the small sample size, our 
findings are to be considered reliable since we utilized two 
different normalization methods compared with the one 
chosen by Stark et al.

In conclusion, our pilot study identified five circulating 
miRNAs, of which three detected for the first time in 
plasma of melanoma patients. MiR-149-3p, miR-150-5p, 
and miR-193a-3p, either alone or as a signature, are suita-
ble to be considered as potential diagnostic biomarkers in 
human melanoma and worthy to be validated in future pro-
spective clinical trials.

Acknowledgements

S.F., B.P., A.R., and P.N. contributed equally to this work.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: This 
work was partially supported by the Associazione Contro il 
Melanoma (ACM) Onlus (Italy). The funding source had no role in 
study design; collection, analysis, and interpretation of data; writing 
of the report; and the decision to submit the article for publication.

References

	 1.	 Friedman RC, Farh KK-H, Burge CB, et al. Most mamma-
lian mRNAs are conserved targets of microRNAs. Genome 
Res 2009; 19: 92–105.

	 2.	 John B, Enright AJ, Aravin A, et al. Human microRNA tar-
gets. PLoS Biol 2004; 2: e363.

	 3.	 Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, 
and function. Cell 2004; 116: 281–297.

	 4.	 Aqeilan RI, Calin GA and Croce CM. MiR-15a and miR-
16-1 in cancer: discovery, function and future perspectives. 
Cell Death Differ 2010; 17: 215–220.

	 5.	 Lynam-Lennon N, Maher SG and Reynolds JV. The roles of 
microRNA in cancer and apoptosis. Biol Rev Camb Philos 
Soc 2009; 84: 55–71.

	 6.	 Schmittgen TD. Regulation of microRNA processing in 
development, differentiation and cancer. J Cell Mol Med 
2008; 12: 1811–1819.

	 7.	 Baugh LR, Demodena J and Sternberg PW. RNA Pol II 
accumulates at promoters of growth genes during develop-
mental arrest. Science 2009; 324: 92–94.

	 8.	 Felicetti F, Errico MC, Bottero L, et al. The promyelocytic 
leukemia zinc finger-microRNA-221/-222 pathway con-
trols melanoma progression through multiple oncogenic 
mechanisms. Cancer Res 2008; 68: 2745–2754.

	 9.	 Schultz J, Lorenz P, Gross G, et al. MicroRNA let-7b targets 
important cell cycle molecules in malignant melanoma cells 
and interferes with anchorage-independent growth. Cell Res 
2008; 18: 549–557.

	10.	 Lu J, Getz G, Miska EA, et al. MicroRNA expression pro-
files classify human cancers. Nature 2005; 435: 834–838.

	11.	 Stark MS, Klein K, Weide B, et al. The prognostic and pre-
dictive value of melanoma-related microRNAs using tissue 
and serum: a microRNA expression analysis. EBioMedicine 
2015; 2: 671–680.

	12.	 Mitchell PS, Parkin RK, Kroh EM, et al. Circulating micro-
RNAs as stable blood-based markers for cancer detection. 
Proc Natl Acad Sci USA 2008; 105: 10513–10518.

	13.	 Shiiyama R, Fukushima S, Jinnin M, et al. Sensitive detec-
tion of melanoma metastasis using circulating microRNA 
expression profiles. Melanoma Res 2013; 23: 366–372.

	14.	 Kanemaru H, Fukushima S, Yamashita J, et al. The circulat-
ing microRNA-221 level in patients with malignant mela-
noma as a new tumor marker. J Dermatol Sci 2011; 61: 
187–193.

	15.	 Ono S, Oyama T, Lam S, et al. A direct plasma assay of 
circulating microRNA-210 of hypoxia can identify early 
systemic metastasis recurrence in melanoma patients. 
Oncotarget 2015; 6: 7053–7064.

	16.	 Zhang Y, Zhang D, Wang F, et al. Serum miRNAs panel 
(miR-16-2*, miR-195, miR-2861, miR-497) as novel non-
invasive biomarkers for detection of cervical cancer. Sci 
Rep 2015; 5: 17942.



8	 Tumor Biology ﻿

	17.	 Liu S, Tetzlaff MT, Wang T, et al. MiR-200c/Bmi1 axis and 
epithelial-mesenchymal transition contribute to acquired 
resistance to BRAF inhibitor treatment. Pigment Cell 
Melanoma Res 2015; 28: 431–441.

	18.	 Yu X and Li Z. Serum microRNAs as potential noninvasive 
biomarkers for glioma. Tumour Biol 2016; 37: 1407–1410.

	19.	 Li H, Zhang K, Liu L-H, et al. MicroRNA screening iden-
tifies circulating microRNAs as potential biomarkers for 
osteosarcoma. Oncol Lett 2015; 10: 1662–1668.

	20.	 Garbe C, Peris K, Hauschild A, et al. Diagnosis and treatment 
of melanoma. European consensus-based interdisciplinary 
guideline—update 2016. Eur J Cancer 2016; 63: 201–217.

	21.	 Palmer SR, Erickson LA, Ichetovkin I, et al. Circulating 
serologic and molecular biomarkers in malignant mela-
noma. Mayo Clin Proc 2011; 86: 981–990.

	22.	 Carpi S, Polini B, Fogli S, et al. Circulating microR-
NAs in cutaneous melanoma. Diagnosis and Prognosis. 
Management of Malignant Melanoma 2016; 1: 12.

	23.	 Mestdagh P, Van Vlierberghe P, De Weer A, et al. A novel 
and universal method for microRNA RT-qPCR data nor-
malization. Genome Biol 2009; 10: R64.

	24.	 Segura MF, Belitskaya-Lévy I, Rose AE, et al. Melanoma 
microRNA signature predicts post-recurrence survival. Clin 
Cancer Res 2010; 16: 1577–1586.

	25.	 Marabita F, de Candia P, Torri A, et al. Normalization of cir-
culating microRNA expression data obtained by quantitative 
real-time RT-PCR. Brief Bioinform 2016; 17: 204–212.

	26.	 Pfeffer SR, Grossmann KF, Cassidy PB, et al. Detection 
of exosomal miRNAs in the plasma of melanoma patients.  
J Clin Med 2015; 4: 2012–2027.

	27.	 Jagadeeswaran G, Zheng Y, Sumathipala N, et al. Deep 
sequencing of small RNA libraries reveals dynamic regulation 
of conserved and novel microRNAs and microRNA-stars dur-
ing silkworm development. BMC Genomics 2010; 11: 52.

	28.	 Choo KB, Soon YL, Nguyen PNN, et al. MicroRNA-5p and 
-3p co-expression and cross-targeting in colon cancer cells. 
J Biomed Sci 2014; 21: 95.

	29.	 Wang Y, Zheng X, Zhang Z, et al. MicroRNA-149 inhibits 
proliferation and cell cycle progression through the target-
ing of ZBTB2 in human gastric cancer. PLoS One 2012; 7: 
e41693.

	30.	 Xu K, Liu X, Mao X, et al. MicroRNA-149 suppresses colo-
rectal cancer cell migration and invasion by directly target-
ing Forkhead Box transcription factor FOXM1. Cell Physiol 
Biochem 2015; 35: 499–515.

	31.	 Chan S-H, Huang W-C, Chang J-W, et al. MicroRNA-149 
targets GIT1 to suppress integrin signaling and breast can-
cer metastasis. Oncogene 2014; 33: 4496–4507.

	32.	 Jin L, Hu WL, Jiang CC, et al. MicroRNA-149*, a 
p53-responsive microRNA, functions as an oncogenic regu-
lator in human melanoma. Proc Natl Acad Sci USA 2011; 
108: 15840–15845.

	33.	 Friedman EB, Shang S, de Miera EV-S, et al. Serum micro-
RNAs as biomarkers for recurrence in melanoma. J Transl 
Med 2012; 10: 155.

	34.	 Kim N, Kim M, Yun S, et al. MicroRNA-150 regulates 
the cytotoxicity of natural killers by targeting perforin-1.  
J Allergy Clin Immunol 2014; 134: 195–203.

	35.	 Tembe V, Schramm S-J, Stark MS, et al. MicroRNA and 
mRNA expression profiling in metastatic melanoma reveal 

associations with BRAF mutation and patient prognosis. 
Pigment Cell Melanoma Res 2015; 28: 254–266.

	36.	 Sakr M, Takino T, Sabit H, et al. MiR-150-5p and miR-133a 
suppress glioma cell proliferation and migration through 
targeting membrane-type-1 matrix metalloproteinase. Gene 
2016; 587: 155–162.

	37.	 Zhou B, Wang S, Mayr C, et al. MiR-150, a microRNA 
expressed in mature B and T cells, blocks early B cell devel-
opment when expressed prematurely. Proc Natl Acad Sci 
USA 2007; 104: 7080–7085.

	38.	 de Candia P, Torri A, Gorletta T, et al. Intracellular modula-
tion, extracellular disposal and serum increase of MiR-150 
mark lymphocyte activation. PLoS One 2013; 8: e75348.

	39.	 Fleming NH, Zhong J, da Silva IP, et al. Serum-based miR-
NAs in the prediction and detection of recurrence in mela-
noma patients. Cancer 2015; 121: 51–59.

	40.	 Satzger I, Mattern A, Kuettler U, et al. MicroRNA-15b 
represents an independent prognostic parameter and is cor-
related with tumor cell proliferation and apoptosis in malig-
nant melanoma. Int J Cancer 2010; 126: 2553–2562.

	41.	 Caramuta S, Egyházi S, Rodolfo M, et al. MicroRNA expres-
sion profiles associated with mutational status and survival in 
malignant melanoma. J Invest Dermatol 2010; 130: 2062–2070.

	42.	 Yong FL, Law CW and Wang CW. Potentiality of a tri-
ple microRNA classifier: miR-193a-3p, miR-23a and 
miR-338-5p for early detection of colorectal cancer. BMC 
Cancer 2013; 13: 280.

	43.	 Walter BA, Valera VA, Pinto PA, et al. Comprehensive 
microRNA profiling of prostate cancer. J Cancer 2013; 4: 
350–357.

	44.	 Chen Z, Li J, Tian L, et al. MiRNA expression profile 
reveals a prognostic signature for esophageal squamous cell 
carcinoma. Cancer Lett 2014; 350: 34–42.

	45.	 Yang Y, Li X, Yang Q, et al. The role of microRNA in 
human lung squamous cell carcinoma. Cancer Genet 
Cytogenet 2010; 200: 127–133.

	46.	 Kozaki K-I, Imoto I, Mogi S, et al. Exploration of tumor-
suppressive microRNAs silenced by DNA hypermethyla-
tion in oral cancer. Cancer Res 2008; 68: 2094–2105.

	47.	 Gao X-N, Lin J, Li Y-H, et al. MicroRNA-193a represses 
c-kit expression and functions as a methylation-silenced 
tumor suppressor in acute myeloid leukemia. Oncogene 
2011; 30: 3416–3428.

	48.	 Tahiri A, Leivonen S-K, Lüders T, et al. Deregulation of cancer-
related miRNAs is a common event in both benign and malig-
nant human breast tumors. Carcinogenesis 2014; 35: 76–85.

	49.	 Watson JA, Bryan K, Williams R, et al. MiRNA profiles as 
a predictor of chemoresponsiveness in Wilms’ tumor blas-
tema. PLoS One 2013; 8: e53417.

	50.	 Heller G, Weinzierl M, Noll C, et al. Genome-wide miRNA 
expression profiling identifies miR-9-3 and miR-193a as 
targets for DNA methylation in non-small cell lung cancers. 
Clin Cancer Res 2012; 18: 1619–1629.

	51.	 Liu S-M, Lu J, Lee H-C, et al. MiR-524-5p suppresses the 
growth of oncogenic BRAF melanoma by targeting BRAF 
and ERK2. Oncotarget 2014; 5: 9444–9459.

	52.	 Xu Y, Brenn T, Brown ERS, et al. Differential expression 
of microRNAs during melanoma progression: miR-200c, 
miR-205 and miR-211 are downregulated in melanoma and 
act as tumour suppressors. Br J Cancer 2012; 106: 553–561.




