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Abstract: Background and purpose: MicroRNA-206 (miR-206) acts as a tumor suppressor in melanoma cell lines.
However, its clinical significance remains unclear. The aim of this study was to detect the serum level of miR-206
in patients with melanoma and to determine the feasibility of using it as a noninvasive prognostic biomarker. Meth-
ods: Expression levels of miR-206 in serum samples from 60 patients with melanoma and 30 healthy controls
were detected by real-time quantitative polymerase chain reaction (g-PCR). Results: Expression levels of miR-206
in serum samples from patients with melanoma were significantly lower than those in healthy controls (P < 0.001).
In addition, low serum miR-206 level was more frequently observed in patients with two or more metastatic sites
(P =0.02). Its serum level was also significantly associated with the response to treatment (P = 0.01). Moreover,
melanoma patients with low serum miR-206 levels had higher clinical stage than those with high serum miR-206
levels (P < 0.001). Furthermore, melanoma patients with low serum miR-206 level had a dramatically shorter 5-year
overall and disease-free survival than those with high serum miR-206 level (both P = 0.001). Multivariate analysis
also identified the serum miR-206 level as an independent marker for both 5-year overall and disease-free survivals
(both P = 0.01) in patients with melanoma. Conclusions: Our results offer the convincing evidence that miR-206
may be implicated in aggressive progression of melanoma. More importantly, the serum level of miR-206 may be a
noninvasive prognostic biomarker for the patients with melanoma.
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Introduction

Melanoma is the most aggressive skin cancer
with an increasing incidence worldwide and
poor prognosis in the metastatic stage despite
recent advances in targeted therapeutic strate-
gies [1]. There are several clinicopathological
parameters, such as clinical stage and tumor
thickness, used to stratify patients at the time
of primary diagnosis. However, clinical stage
alone cannot account for the heterogeneity in
patient outcomes [2]. Although tumor thick-
ness is the single most important predictor of
survival in localized melanoma, the morpholog-
ically based staging system only partly explains
the variability in the natural history of melano-
ma [3]. Thus, it is extremely necessary to iden-
tify new biomarkers that reflect the underlying
melanoma biology. With recent advances in our
understanding of melanoma tumorigenesis,

growing evidences highlight the interest in the
utility of molecular markers that are easily mea-
surable at the time of diagnosis.

MicroRNAs (miRNAs), originally reported in the
early 90s of the last century in experiments
with Caenorhabditis elegans, are endogenous
small non-coding RNAs with 18-23 nucleotides
in length [4]. MiRNAs can modulate gene
expression by repressing protein translation
and inducing messenger RNA (mMRNA) degrada-
tion via binding to the 3’-untranslated region
(3-UTR) of mRNA [5]. In humans, more than
1000 miRNAs have been identified to date, and
they regulate the expression of a third of the
human genome [6]. MIRNA alterations have
been found to result from genetic mutations,
chromosomal aberrations or epigenetic chang-
es, and have been reported to contribute to
various developmental defects and diseases.
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Table 1. Associations between serum miR-206 level and various

clinicopathological parameters

identified and overexpression
of these miRNAs was shown

No. of miR-206 expression

to be associated with impro-

Clinicopathological features -
cases  High (n, %)

Low (n, %)

P ved long-term survival of met-

astatic melanoma patients

Agi 60 24 12(50.00) 12(50.00) NS [11]. These findings suggest
that miRNA patterns might
260 36 17 (47.22) 19 (52.78) help to better understand the
Gender molecular mechanisms of
Male 38  19(50.00) 19 (50.00) NS melanoma development and
Female 22 10 (45.45) 12 (54.55) progression.
Thickness (mm) . .
<2.0 20 11(55.00) 9(45.00) NS Em;’\rli'”g e"'degce St‘;gget,sts
mi s may be attractive
Ulczefe;zon 40 18(45.00) 22(55.00 Candida'Fe bigmarkers for
tumor diagnosis and progno-
Negative 18 9(50.00)  9(50.00) NS sis for several reasons. First,
Positive 42 20 (47.62) 22(52.38) miRNAs have the ability to
Differentiation classify tumor types more
Well 32 19 (59.38) 13 (40.62) NS robustly than mRNAs, since
Moderate/poor 28 10 (35.71) 18 (64.29) they are upstream regulators
Number of metastatic sites simultaneously targeting a
None 10 9(90.00) 1(10.00)  0.02 large number of mRNAs and
One site 15 11(73.33) 4(26.67) multiple cancer pathways.
Two or more sites 35 9 (25.71) 26 (74.29) Second, r_nIRNA3 can modu-
late classical oncogenes and
Treatment response tumor suppressors, which
Complete response 5 5 (100.00) 0.01 turn them into candidate
Partial response 8 6 (75.00) 2 (25.00) tumor SUppPressors or onco-
Stable disease 20 12 (60.00) 8 (40.00) genes, respectively. Third, the
Progressive disease 27 6(22.22) 21 (77.78) involvement of miRNAs in
Clinical stage tumorigenesis is exquisitely
/1l 20 20 (100.00) <0.001 context dependent, as the
/v 40 9(22.50) 31 (77.50) same miRNA can be oncogen-

‘NS’ refers to the differences without statistical significance.

Accumulating studies on individual miRNAs or
mMiRNA patterns have provided strong evidence
that miRNAs might play an important role in the
development of the malignant phenotype and
have supported the role of dysregulated miR-
NAs as oncogenes or tumor suppressors [7, 8].
Particularly, there have been a number of mela-
noma-associated miRNAs identified by recent
studies. For example, let-7 a and b, miR-148,
miR-155, miR-182, miR-200c, miR-211, miR-
214, miR-221, miR-222, miR-23 a and b, have
been reported as differentially expressed miR-
NAs in melanoma cell lines and clinical tissues
compared to benign melanocytes and benign
melanocytic lesions, respectively [9, 10]; A
prognostic signature of six miRNAs consisting
of miRNAs miR-150, miR-342-3p, miR-455-3p,
miR-145, miR-155, and miR-497 has been
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ic or tumor suppressive in dif-
ferent tumor types. And final-
ly, miRNAs can be extracted
both from the initial biopsy specimen and body
fluids, and quantified by standardized methods
at any point during the patient’s clinical course
because of their stability in archival formalin-
fixed paraffin-embedded tissues and body
fluids.

MiR-206 has been reported to act as a tumor
suppressor and play an important role in mela-
noma tumorigenesis by regulating cell cycle in
vitro [12]. However, its clinical implications in
human melanoma have not been well defined.
Since serum-based biomarkers are attractive
because of the ease and minimal invasiveness
of collecting multiple serum samples compared
with repeat tissue sampling [13], we here
focused on the prognostic value of serum miR-
206 level in patients with melanoma.
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Figure 1. Relative serum miR-206 levels in patients
with melanoma and healthy controls. Statistical anal-
ysis showed that serum miR-206 levels in patients
with melanoma were significantly lower than those in
healthy controls (melanoma vs. healthy: 2.05 + 0.40
vs. 4.02 + 0.63, P < 0.001).

Materials and methods
Patients and tissue samples

The current retrospective study was approved
by the Research Ethics Committee of General
Hospital of the Air Force & Tangdu Hospital of
the Fourth Military Medical University, P. R.
China. Written informed consent was obtained
from all of the patients enrolled in the current
study. All serum samples were handled and
made anonymous according to the ethical and
legal standards.

A total of 60 patients with melanoma were
enrolled from the Department of Dermatology
of General Hospital of the Air Force & Tangdu
Hospital of the Fourth Military Medical
University from 2006 to 2012. The clinicopath-
ological parameters were assessed by two dif-
ferent pathologists who were both unaware of
the clinical data, and were summarized in Table
1. All 60 patients were followed clinically for a
median of 22 months (range, 1-70 months). In
addition, 30 healthy volunteers were enrolled
from the Medical center of General Hospital of
the Air Force & Tangdu Hospital of the Fourth
Military Medical University as a control group.
Serum samples were collected from 60 patients
with melanoma and 30 healthy controls at the
time of primary diagnosis and before starting
the chemoimmunotherapy. All serum samples
were immediately processed and separated,
then aliquoted and stored at -80°C prior to use.

3099

Real-time quantitative polymerase chain reac-
tion (g-PCR)

MiRNAs were isolated from serum samples
using miRNeasy™ RNA isolation kit (Qiagen,
Valencia, CA, USA) according to the manufac-
turer’s instructions. RNA quality and quantity
were assessed using a Bioanalyzer 2100 sys-
tem (Agilent Technologies, Santa Clara, CA,
USA). Synthesis of cDNA with reverse transcrip-
tase was performed by NCode™ miRNA quanti-
tative RT-PCR Kits (Applied Biosystems, Foster
City, CA, USA). For analysis of miRNA expres-
sion, real-time g-PCR analyses were carried out
using SYBR Green Reagents (Applied
Biosystems, Foster City, CA, USA) according to
the manufacturer’s instructions. All real-time
g-RT-PCR were performed on a 7500 Real-Time
PCR System (Applied Biosystems, Foster City,
CA, USA). RNA U6 was used as an internal con-
trol. The primer sequences used in this study
were as follows: miR-206, reverse-transcribed
primer 5-GTCAGAAGGAATGATGCACAGCCAAC-
AACA-3’, forward: 5-CGTCAGAAGGAATGATGCA-
CAG-3’, reverse: 5-ACCTGCGTAGGTAGTTTCAT-
GT-3’; UG, reverse transcribed primer: 5’-AACG-
CTTCACGAATTTGCGT-3’, forward: 5’-CTCGCTTC-
GGCAGCACA-3’, reverse: 5-AACGCTTCACGAA-
TTTGCGT-3'. Relative expression of miR-206 to
U6 was calculated using the 2-22¢t method [14].

Statistical analysis

Data analyses in the current study were all car-
ried out using the software of SPSS version11.0
for Windows (SPSS Inc, IL, USA). For continuous
variables, the data were expressed as means *
standard deviation (S.D.). The Mann-Whitney U
test was used to evaluate the associations
between serum miR-206 level and clinicopath-
ological parameters. The overall survival (OS)
and disease-free survival (DFS) were calculated
using the Kaplan-Meier method. The differenc-
es between the survival curves were tested by
using the log-rank test. The Cox proportional
hazards regression model was used to deter-
mine the joint effects of several variables on
survival. Differences were considered statisti-
cally significant when P was less than 0.05.

Results

Decreased serum miR-206 levels in patients
with melanoma

Serum miR-206 levels in 60 patients with mela-
noma and 30 healthy controls were detected by
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Figure 2. Kaplan-Meier survival curves of melanoma patients. A. The 5-year overall survival of melanoma patients
with low serum miR-206 levels was significantly lower than that of melanoma patients with high serum miR-206
levels (P = 0.001). B. The 5-year disease-free survival of melanoma patients with low serum miR-206 levels was
significantly lower than that of melanoma patients with high serum miR-206 levels (P = 0.001).

g-PCR. Statistical analysis showed that serum
miR-206 levels in patients with melanoma were
significantly lower than those in healthy con-
trols (melanoma vs. healthy: 2.05 + 0.40 vs.
4.02 +0.63, P<0.001, Figure 1). In the current
study, melanoma patients with serum miR-206
levels less than the median value of 2.06 were
assigned to the low expression Group (n = 31),
whereas those with serum miR-206 levels more
than the median value of 2.95 were assigned
to the high expression group (n = 29).

Decreased serum miR-206 levels associate
with aggressive progression of patients with
melanoma

Table 1 summarized the associations between
serum miR-206 levels with clinicopathological
parameters of patients with melanoma. We
found that low serum miR-206 level was more
frequently observed in patients with two or
more metastatic sites (P = 0.02, Table 1). Its
serum level was also significantly associated
with the response to treatment (P = 0.01, Table
1). Moreover, melanoma patients with low
serum miR-206 levels had higher clinical stage
than those with high serum miR-206 levels (P <
0.001, Table 1). However, no statistically signifi-
cant associations of serum miR-206 level with
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age at diagnosis, gender, tumor thickness,
Ulceration status, and differentiation of pati-
ents with melanoma were found (all P > 0.05,
Table 1).

Decreased serum miR-206 levels predict poor
prognosis in patients with melanoma

The Kaplan-Meier plot showed that patients
with low serum miR-206 levels had a poorer
overall survival than patients with high serum
miR-206 levels (log rank, P = 0.001; Figure 2A).
On the other hand, the decreased serum miR-
206 level was significantly associated with dis-
ease-free survival (P = 0.001; Figure 2B).

In multivariate analysis, Cox proportional haz-
ards model showed that serum miR-206 level
(both P = 0.01), tumor thickness (both P =
0.02), number of metastatic sites (P = 0.008
and 0.01, respectively), response to the treat-
ment response (P = 0.01 and 0.02, respective-
ly) and clinical stage (both P = 0.001), were all
independent prognostic factors for both overall
survival and disease-free survival in melanoma
patients. Statistical values of serum miR-206
level and other clinicopathological parameters
derived from Cox stepwise proportional haz-
ards model were shown in Table 2.
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Table 2. Cox multivariate analysis

Overall survival Disease-free survival

Parameter Risk ratio 95%. confidence p Risk ratio 95%. confidence p
interval interval

Age 0.98 0.58-1.96 NS 0.72 0.36-1.62 NS
Gender 1.01 0.68-2.13 NS 0.92 0.62-1.88 NS
Thickness 3.88 1.96-8.16 0.02 3.26 1.61-7.01 0.02
Ulceration 1.69 0.82-3.59 NS 1.21 0.68-2.97 NS
Differentiation 1.92 0.97-4.13 NS 1.58 0.82-3.36 NS
Number of metastatic sites 5.37 2.02-12.24 0.008 4.66 1.92-10.21 0.01
Treatment response 4.23 2.01-9.06 0.01 3.93 1.81-8.02 0.02
Clinical stage 7.86 2.66-16.66 0.001 6.89 2.09-14.00 0.001
Serum miR-206 level 4.88 2.09-10.29 0.01 4.29 1.93-9.63 0.01

‘NS’ refers to the differences without statistical significance.

Discussion

Improvement in clinical outcomes of patients
with melanoma largely depends on increasing
the understanding of the molecular mecha-
nisms underlying the tumorigenesis of this
malignancy. It is generally recognized that there
are several limitations in the traditional staging
system, and the molecular biomarker-based
prognostic risk stratification will ultimately lead
to optimized, personalized cancer treatment.
Growing evidence suggest that ideal biomark-
ers should be easy to measure and strongly
correlated with patients’ prognosis [15, 16]. In
the current study, we confirmed the decreased
expression level of miR-206 in sera of patients
with melanoma; Then, our statistical analysis
found that low serum levels of miR-206 were
correlated with aggressive clinicopathological
parameters of patients with melanoma, includ-
ing more metastatic sites, poor response of the
treatment and advanced clinical stage; Fur-
thermore, we showed that the serum level of
miR-206 was an independent prognostic bio-
marker for both overall survival and disease-
free survival in patients with melanoma. These
findings offer a new insight into the relationship
between miR-206 and melanoma.

miR-206 belongs to the muscle-specific miR-1
family of muscle-specific miRNAs and plays a
role in muscle development [17]. Its activity
positively regulates myogenic differentiation
[18]. In recent years, accumulating studies
have reported that miR-206 may function as a
tumor-suppressive miRNA in several cancers.
MiR-206 was originally found to be downregu-
lated in ERalpha-positive human breast cancer
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tissues and introduction of miR-206 into estro-
gen-dependent MCF-7 breast cancer cells
could inhibit cell growth in a dose- and time-
dependent manner [19]. Beyond that, the aber-
rant expression of miR-206 was observed in
rhabdomyosarcoma [20], laryngeal cancer [21],
lung cancer [22], gastric cancer [23], pancre-
atic adenocarcinoma [24], hepatocellular carci-
noma [25], ovarian cancer [26] and endometri-
oid adenocarcinoma [27]. In line with these
previous reports, we here observed the
decreased expression of miR-206 in sera of
patients with melanoma. According to its pivot-
al role in the regulation of tumorigenesis, miR-
206 has been indicated to function as a pleio-
tropic modulator of cell proliferation, invasion
and lymphangiogenesis in pancreatic adeno-
carcinoma by targeting ANXA2 and KRAS genes
[24]; miR-206 may inhibit cell migration through
direct targeting of the actin-binding protein
Coronin 1C in triple-negative breast cancer
[28]; miR-206 is also a potential regulator of
apoptosis, cell cycle and migration in hepato-
cellular carcinoma cells [25]; More importantly,
miR-206 can induce G1 arrest in melanoma
cell lines by inhibition of CDK4 and Cyclin D,
supporting miR-206 as a tumor suppressor in
melanoma [12]. Consistent with these findings
in vitro, our clinical sample-based data in the
current study showed the significant associa-
tions between low serum miR-206 level and
aggressive phenotypes of patients with mela-
noma. We found that serum levels of miR-206
were predictive for the number of metastatic
sites, suggesting it might be a risk factor for
metastases. Patients’ response to the treat-
ment may be an important factor for evaluating
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the subsequent outcome. Our results showed
that the decreased expression of miR-206
might confer the poor response to the treat-
ment. Moreover, we also found that low level of
miR-206 expression was significantly correlat-
ed with advanced clinical stage, suggesting
that the loss of miR-206 might be able to play a
critical role in the development of melanoma.

The use of serum levels of miRNAs in the clini-
cal setting at the time of diagnosis may deter-
mine surveillance strategies by informing clini-
cians of the risk of disease recurrence. In the
current study, we found that the 5-year overall
survival and 5-year disease-free survival of
melanoma patients with low serum levels of
miR-206 were both significantly shorter than
those with high serum levels of miR-206, imply-
ing that miR-206 might be potential for use as
a molecular marker for predicting the prognosis
of melanoma patients. Furthermore, we con-
structed the multivariate regression model to
confirm the prognostic value of serum miR-206
level. As a result, miR-206 expression status
was identified as an independent prognostic
factor for melanoma patients, which was con-
sistent with the previous reports on gastric can-
cer and breast cancer. Yang et al. [29] found
that the gastric cancer patients with a low miR-
206 expression had shorter overall survival
than those with a high miR-206 expression,
and multivariate analysis showed that miR-206
expression was an independent prognostic fac-
tor for patients with gastric cancer. Li et al. [30]
revealed that a low miR-206 level was an unfa-
vorable prognostic factor for overall survival, in
patients with breast cancer.

In conclusion, our results offer the convincing
evidence that miR-206 may be implicated in
the malignant progression of melanoma. More
importantly, the serum level of miR-206 may be
a noninvasive prognostic biomarker for the
patients with melanoma.
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