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Background: The aim of this study was to investigate the feasibility of using serum miR-221 as a noninvasive prognostic
biomarker for cutaneous malignant melanoma (CMM).

Material/Methods: We measured the expression levels of miR-221 in serum samples from 72 CMM patients and 54 healthy con-
trols by real-time quantitative polymerase chain reaction (RT-PCR). The overall survival (OS) and disease-free
survival (DFS) were calculated using the Kaplan-Meier method. The differences between the survival curves
were tested by using the log-rank test. The COX proportional hazards regression model was used to determine
the joint effects of several variables on survival.

Results: The serum miR-221 levels were significantly higher in patients with CMM than in healthy controls (p<0.0001).
Patients with high serum miR-221 levels had a significantly lower 5-year OS rate (22.1% vs. 54.6%; P=0.018)
and RFS rate (12.5% vs. 45.2%; P=0.008) than those with low serum miR-221 level. In a multivariate Cox model,
we found that miR-221 expression was an independent predictor of poor 5-year OS (hazards ratio [HR]=3.189,
95% confidence interval [Cl]=1.782-6.777, P=0.007) and 5-year DFS (HR=2.119, CI=1.962-8.552, P=0.01) in
CMM patients.

Conclusions: Our data indicate that serum miR-221expression level has prognostic value in patients with CMM.
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Background

Cutaneous malignant melanoma (CMM) originates from me-
lanocytes and is a highly aggressive disease, accounting for
80% of deaths arising from skin cancer worldwide [1]. CMM
is highly characteristic of aggressive invasion, early metasta-
sis, and resistance to chemotherapy or radiotherapy, which
results in increased incidence and mortality worldwide [2,3].
Despite improvements in early CMM diagnosis, the 5-year sur-
vival rate for patients with advanced disease is still very low
[4]. Therefore, better understanding of the molecular mecha-
nisms of CMM tumorigenesis and progression will help to ex-
plore novel therapeutic agents and prognostic markers in the
treatment of patients with CMM.

MiRNAs are small noncoding RNAs, usually 20-23 nucleotide
long, which regulate the expression of protein-coding genes
at the post-transcriptional level. Previous studies have also
shown that aberrant miRNA expression is involved in the devel-
opment and progression of cancer [5-10]; thus, miRNAs could
be used as biomarkers for diagnosis and prognosis of cancer,
and as targets for molecular cancer therapy [11-14]. miR-221
has been reported to be overexpressed in human tumor tis-
sues such as breast cancer, colorectal cancer, and glioblastoma
[15-19]. Previous in vitro and in vivo functional studies have
confirmed the key role of miR-221 in regulating the progres-
sion of human melanoma [20,21]. Kanemaru et al. found that
serum levels of miR-221 were significantly increased in pa-
tients with malignant melanoma and that they may be useful
for the diagnosis of malignant melanoma [22]. However, they
did not investigate the relationship between serum miR-221
expression level and the prognosis of malignant melanoma.
The present study investigated the feasibility of using serum
miR-221 as a noninvasive prognostic biomarker for CMM.

Material and Methods

Patients and serum samples

Serum samples were obtained from 72 patients with CMM
from the Department of Cosmetic Surgery, the Third Xiangya
Hospital, from May 2004 to June 2013. The histological diag-
nosis, Breslow thickness, and Clark level were re-examined in
1-5 original sections of the primary tumor by the same pa-
thologist, who was unaware of the clinical data. Details of
clinical and pathological characteristics of the patients are
summarized in Table 1. Control serum samples were collect-
ed from 54 healthy volunteers. Blood samples were drawn
from all patients and healthy control subjects at the begin-
ning of treatment. A 5-mL sample of peripheral venous blood
was drawn from all study participants after an overnight fast
and placed at room temperature for 60 min. Then the blood

CLINICAL RESEARCH

samples were centrifuged at 1000 g for 10 min at 4°C to spin
down the blood cells. All serum samples were stored at —-80°C
prior to use. Informed consent was obtained from all partic-
ipants for the use of their blood samples. Informed consent
was obtained from all participants for the use of their blood
samples. This project was approved by the Clinical Research
Ethics Committee of the Third Xiangya Hospital.

miRNA extraction and quantitative RT-PCR analysis

The isolation of miRNA from serum samples was performed
using the miRNeasy™ RNA isolation kit (Qiagen, Valencia, CA,
USA) according to the manufacturer’s instructions, with mi-
nor modifications [23]. Briefly, 200 mL of serum was supple-
mented with 10 mL of 0.05 pf 0.0 synthetic nonhuman miR-
NA (Caenorhabditis elegans miR-54, Takara Bio, Shiga, Japan)
as controls, providing an internal reference for normalization
of technical variations between samples. After 1 mL of QIAzol®
Lysis Reagent (Qiagen) was added and well mixed (by gentle
vortexing), the samples were incubated at room temperature
for 5 min. Aqueous and organic phase separation was achieved
by the addition of chloroform. The aqueous phase was done
in an RNeasy™ spin column and RNeasy™ MinElute™ spin col-
umn (Takara Bio). The microRNA was eluted from the column
with nuclease-free water.

To carry out quantitative real-time reverse transcription poly-
merase chain reaction (RT-PCR) of serum miR-221 levels, cDNA
was synthesized from miRNA with a MirX™ miRNA First Strand
Synthesis and SYBR® green quantitative RT-PCR kit (Takara Bio)
according to the manufacturer’s instructions. Quantitative RT-PCR
was carried out using the Thermal Cycler Dice TP800 (Takara Bio)
with primers and cDNA templates mixed with the SYBR® pre-
mix. DNA was amplified for 50 cycles of denaturation for 5 s at
95°C and annealing for 20 s at 60°C. Analysis of relative miRNA
and mRNA expression was performed using the AAC, method,
with miR-16 as endogenous controls, following the manufactur-
er’s guidelines. Data analysis was performed using ABI Prism®
7300 SDS software (Applied Biosystems, Foster City, CA, USA).

Statistical analysis

Statistical analysis was performed using SPSS 17.0 (SPSS, IBM,
Chicago, IL, USA). For continuous variables, the data were ex-
pressed as means +SD. The Mann-Whitney U test was used
to analyze the relationship between miR-221 expression and
clinicopathological variables. The overall survival (OS) and
disease-free survival (DFS) were calculated using the Kaplan-
Meier method. The differences between the survival curves
were tested by using the log-rank test. The COX proportional
hazards regression model was used to determine the joint ef-
fects of several variables on survival. P values <0.05 were con-
sidered to be significant.
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Table 1. Patient characteristics and clinicopathologic correlation of serum miR-221 expression levels.

Serum miR-221

Clinical variable All cases P value
High expression Low expression

Age (years)

>55 39 19 20 0.54
"""" sssmo w1
CSex
"""" Male 3%
"""" Female 3% 19 1w on

<2.0 27 3 24
"""" 20 431w o3
CUleration
ombsent 2 3 T
"""" Prsent 4 23 1 oo
CHistologictype
"""" smo 25 131
"""" WMo 29w s
"""" ohe 1.8 9 9 o;
Csite
"""" Sunexposed 4 23 1 o015
"""" sunprotected 31 o131
CDifferentiation
"""" wel 31826
"""" Moderate/poor 28 1.8 10 ool

NO 47 19 28
"""" NeNS 2 a7 & o009
CMetastasis
"""" Moo 23 e
"""" mo so 33 17 o1
Cstage
"""" w2
"""" wyv o a3 10 o1

LMM - lentigo maligna melanoma; SSM — superficial spreading melanoma.
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Figure 1. Serum levels of miR-221 in healthy normal subjects
(n=54) and CMM patients (n=72). Upper line, highest
expression; intermediate line, mean expression;
bottom line, lowest expression. Statistically significant
differences were determined using the t-test.

Results

Increased miR-221 expression level in CMM patients and
its relationship with clinicopathological variables

Expression levels of miR-221 were detectable in circulation
in our study population. Using miR-16 to normalize sam-
ples, we observed that the serum miR-221 levels were signif-
icantly higher in patients with CMM than in healthy controls
(p<0.0001, Figure 1). In this study, patients with values less
than the median expression level of 2.95 were assigned to the
Low Expression Group (n=36), whereas those with values >2.95
were assigned to the High Expression Group (n=36). As shown
in Table 1, high miR-221 expression was correlated with tumor
thickness (p=0.03), poor differentiation (p=0.01), higher T clas-
sification (p=0.04), higher N classification (p=0.009), metasta-
sis (p<0.001), and advanced clinical stage (p<0.001). However,
high miR-221 expression was not associated with other clin-
icopathological factors of patients, including age, sex, ulcer-
ation, histologic type, or tumor site (all P>0.05).

Expression of miR-221 in serum samples in relation to
prognosis of CMM patients

As shown in Figure 2, patients with high serum miR-221 lev-
el had a significantly lower 5-year OS rate (22.1% vs. 54.6%;
P=0.018; Figure 2A) and RFS rate (12.5% vs. 45.2%; P=0.008;
Figure 2B) than those with low serum miR-221 level. Table 2
shows multivariate analyses of clinical variables and serum miR-
221 levels for their prognostic influence on OS and RFS. In a mul-
tivariate Cox model, we found that miR-221 expression was an
independent poor prognostic factor for both 5-year OS (hazards
ratio [HR]=3.189, 95% confidence interval [Cl]=1.782-6.777,
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Figure 2. MiR-221 expression in serum in relation to the survival
of CMM patients. High miR-221 expression correlates
with poorer (A) 5-year overall survival (P=0.018) and
(B) 5-year disease-free survival (P=0.008).

P=0.007) and 5-year DFS (HR=2.119, Cl=1.962-8.552, P=0.01)
in CMM.

Discussion

CMM is an aggressive and chemoresistant form of skin can-
cer characterized by malignant growth and poor patient prog-
nosis [1]. Although many novel strategies have been used re-
cently for the diagnosis and treatment of CMM, the prognosis
is still very poor. Improvement in CMM outcomes largely de-
pends on increasing our understanding of the molecular biolo-
gy and regulatory mechanisms underlying the growth of CMM.
Furthermore, there is still a need to improve early detection
screening methods and to identify new prognostic biomark-
ers. Ideal biomarkers should be easy to measure and have a
strong association with clinical outcome. miRNAs may match
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Table 2. Correlation of miR-221 expression with clinical variables of patients with CMM.

Overall survival

Features

miR-221 expression

1.782-6.777

Disease-free survival

0.007 1.962-8.552 0.01

HR - hazard ratio; 95% Cl — 95% confidence interval.

these proposed criteria and could be used as biomarkers for
diagnosis and prognosis of cancer [24].

Among all the cancer-related miRNAs, miR-221, which is con-
sidered a micro-oncogene, was reported to be increasingly ex-
pressed in various carcinomas, including liver cancer, breast
cancer, prostate cancer, colorectal carcinoma, melanoma,
and acute myeloid leukemia [15-19]. Furthermore, high lev-
el of miR-221 expression is correlated with metastasis, tu-
mor capsular infiltration, tumor stage, and poor prognosis.
MiR-221 plays an important role in epithelial-to-mesenchy-
mal transition (EMT). It has been identified as a basal-like
subtype-specific miRNA that downregulates the expression
of epithelial-specific genes and enhances the expression of
mesenchymal-specific genes. Furthermore, miR-221 increas-
es cell migration and invasion [25-27]. The basal-like tran-
scription factor, FOSL1, can directly stimulate the transcrip-
tion of miR-221 [26]. The abundance of miR-221 declines
with the suppression of mitogen-activated or extracellular
signal-regulated protein kinase (MEK) [26]. The miR-221-me-
diated reduction in E-cadherin is dependent on the target-
ing of the 3’-UTR of trichorhinophalangeal syndrome type 1
(TRPS1). TRPS1 inhibits EMT by directly repressing the ex-
pression of zinc finger E-box-binding homeobox 2 (ZEB2)[26].
Thus, miR-221 could contribute to the aggressive clinical be-
havior of various types of cancers. Kanemaru et al. found
that serum levels of miR-221 were significantly increased in
patients with malignant melanoma and that miR-221 levels
may be useful for the diagnosis of malignant melanoma [22].
However, they did not investigate the relationship between
serum miR-221 expression level and the prognosis of ma-
lignant melanoma. Our study aimed to investigate the fea-
sibility of using serum miR-221 as a noninvasive prognostic
biomarker for CMM.

In the present study, we showed that individuals with CMM
had significantly elevated levels of tissue miR-221 expression,
and that high level of miR-221 expression was significantly
correlated with tumor thickness, poor differentiation, T clas-
sification, N classification, metastasis, and advanced clinical
stage, suggesting that the overexpression of miR-221 might be
able to play a critical role in the development of CMM. In ad-
dition, we also found that the 5-year OS and DFS rates of pa-
tients with high miR-221 expression were significantly lower
than those of patients with low miR-221 expression, suggest-
ing that miR-221 has potential for use as a molecular marker
for predicting the prognosis of CMM patients. To further con-
firm this, multivariate regression analysis was performed by
using the COX proportional hazard model. Our data indicate
that miR-221 status might be an independent prognostic fac-
tor for CMM patients. To the best of our knowledge, we are the
first to report that patients with higher serum miR-221 levels
have a significantly lower survival rate than those with low-
er expression levels, revealing the usefulness of serum miR-
221 expression as an independent prognosis factor in CMM.

Conclusions

In summary, our analysis shows that level of miR-221 is ele-
vated in the circulation of CMM patients, and it is indepen-
dently associated with poor survival. Based on these results,
serum miR-221 may serve as a prognostic marker for CMM
patients. Larger series are needed to confirm the prognostic
value of miR-221 in CMM patients.
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