
Abstract. Altered expression of microRNAs (miRNAs) has
been detected in cancer, suggesting that these small non-coding
RNAs can act as oncogenes or tumor suppressor genes. In the
present study, we investigated the expression of miRNA-17-5p,
miRNA-18a, miRNA-20a, miRNA-92a, miRNA-146a,
miRNA-146b and miRNA-155 by real-time quantitative
RT-PCR in a panel of melanocyte cultures and melanoma
cell lines and explored the possible role of miRNA-155 in
melanoma cell proliferation and survival. The analyzed
miRNAs were selected on the basis of previous studies
strongly supporting their involvement in cancer development
and/or progression. We found that miRNA-17-5p, miRNA-
18a, miRNA-20a, and miRNA-92a were overexpressed,
whereas miRNA-146a, miRNA-146b and miRNA-155 were
down-regulated in the majority of melanoma cell lines with
respect to melanocytes. Ectopic expression of miRNA-155
significantly inhibited proliferation in 12 of 13 melanoma
cell lines with reduced levels of this miRNA and induced
apoptosis in 4 out of 4 cell lines analyzed. In conclusion, our
data further support the finding of altered miRNA expression in

melanoma cells and establish for the first time that miRNA-
155 is a negative regulator of melanoma cell proliferation and
survival.

Introduction

MicroRNAs (miRNAs) are a class of small (~22-nt) non-
coding RNAs, which play an important role in the negative
regulation of gene expression (reviewed in refs. 1-5). They
are present in plant and animal cells and are involved in
numerous cellular processes, including apoptosis, proliferation,
differentiation and metabolism (1-5).

Genes coding for miRNAs (microRNA genes, miRs) are
transcribed into primary transcripts, which are sequentially
processed by the RNase III endonucleases Drosha and Dicer
to release double-stranded, ~22-nt long fragments (reviewed
in ref. 6). One strand of the miRNA duplex is subsequently
incorporated into a ribonucleoprotein complex termed miRNA-
induced silencing complex. In animal cells, single-stranded
miRNAs bind to specific target mRNAs through partially
complementary sequences, usually in the 3' untranslated
region, and direct the miRNA-induced silencing complex to
down-regulate gene expression by mRNA translational
repression, which is frequently associated with mRNA decay
(6).

There is increasing evidence that miRs can be aberrantly
expressed in cancer, suggesting that they may play a role as a
novel class of oncogenes or tumor suppressor genes (reviewed
in refs. 7-10). However, only a limited number of investigations
have addressed the role of miRNA de-regulation in melanoma
onset and progression (11-22).

In the present study, we first used a sensitive real-time
quantitative reverse transcription-PCR (qRT-PCR) assay to
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evaluate, in a panel of melanoma cell lines and normal
melanocytes, the expression levels of seven miRNAs, namely
miRNA-17-5p, miRNA-18a, miRNA-20a, miRNA-92a,
miRNA-146a, miRNA-146b and miRNA-155. Actually,
previous studies indicated that alterations in the expression of
these miRNAs may have a role in cancer development and/or
progression (7-10). Thereafter we focused our attention on
miRNA-155, since it resulted markedly down-regulated in
the majority of melanoma cell lines. In order to establish the
possible biological significance of the low miRNA-155
expression in melanoma, we investigated the effects of the
ectopic expression of the miRNA on in vitro melanoma cell
proliferation and apoptosis. 

Materials and methods

Cell lines and normal melanocytes. Seventeen human
melanoma cell lines were used in this study and cultured as
previously described (23). GR-Mel and PNP-Mel were derived
from primary melanomas, whereas the other cell lines were
originated from metastatic lesions.

Human melanocytes were isolated from normal skin
biopsies of 10 different donors and cultured, as previously
described (24).

All biological material was obtained with the patient's
informed consent and the study was conducted according to
the Declaration of Helsinki Principles.

Low molecular weight (LMW) RNA isolation and qRT-PCR
analysis of miRNA expression. LMW RNA was isolated from
melanocytes and melanoma cell lines using the mirVana™
miRNA isolation kit (Ambion, Austin, TX) according to the
manufacturer's protocol. LMW RNA was quantified using
the NanoDrop ND-1000 spectrophotometer (Thermo Fisher
Scientific Inc, Waltham, MA).

To evaluate the expression of U6 small nuclear RNA
(snRNA) and mature miRNAs, the TaqMan® MicroRNA
Reverse Transcription kit, the TaqMan Universal PCR Master
Mix No AmpErase® UNG and the TaqMan MicroRNA
Assay for U6 snRNA and the selected miRNAs, all purchased
from Applied Biosystems (Foster City, CA), were used. All
experimental procedures were performed according to the
manufacturer's protocols. One or 10 ng of LMW RNA were
reverse transcribed in a final volume of 15 μl and qRT-PCR
was done on an ABI PRISM 7000 Sequence Detection System
(Applied Biosystems) in a final volume of 20 μl. All qRT-PCR
reactions were run in duplicate. The expression of the miRNAs
under investigation relative to miRNA-16 was determined
using the formula 2-ΔCT, where ΔCT = (CTmiRNA - CTmiRNA-16) and
CT (i.e. threshold cycle) indicates the fractional cycle number
at which the amount of amplified target reaches a fixed
threshold (25).

Transfection. Pre-miR hsa-miR-155 miRNA Precursor (pre-
miRNA-155) and Pre-miR miRNA Precursor Negative Control
#1 (dsRNA-CTRL) were obtained from Ambion.

To evaluate the effect of miRNA-155 on cell growth,
melanoma cells were seeded into 24-well plates (Falcon,
Becton and Dickinson Labware, Franklin Lakes, NJ) and
allowed to adhere at 37˚C for 18 h. The cells were then

transfected with pre-miRNA-155 or dsRNA-CTRL. Trans-
fection was performed using Oligofectamine or Lipofectamine
2000 (Invitrogen Corporation, Carlsbad, CA) in serum-free
medium, according to the manufacturer's protocol. Additional
controls consisted in melanoma cells left untreated or exposed
to the transfection reagent only (mock-transfected cells). Three
replica wells were used for each group. After 72 h of culture,
the cells were subjected to a second transfection. Seventy-two
hours later, the cells were harvested by trypsinization and
cell growth was evaluated in terms of viable cell count.
Transfection efficiency was evaluated using a fluorescein-
labeled double-stranded RNA oligomer designated BLOCK-
iT™ fluorescent oligonucleotide (Invitrogen).

Evaluation of apoptosis. Melanoma cells were plated in
duplicate in 24-well plates and transfected with 100 nM pre-
miRNA-155 or dsRNA-CTRL, as described above. Forty-eight
hours after a single transfection procedure, apoptotic death
was evaluated using the Cell Death Detection ELISAPLUS kit
(Roche Diagnostics GmbH, Mannheim, Germany), according
to the manufacturer's protocols. This kit allows the quantitative
determination of mono- and oligonucleosomes that accumulate
in the cytoplasm of cells undergoing apoptosis before plasma
membrane breakdown. Signals were determined in a
Microplate Reader 3550-UV (Bio-Rad, Hercules, CA). Data
were expressed in terms of ‘Enrichment Factor’, calculated as
the ratio between the adsorbance values of pre-miRNA-155-
transfected cells and those of dsRNA-CTRL-transfected cells.

Statistical analysis of qRT-PCR data. We performed two
different statistical analyses to assess the significance of the
differences in miRNA expression within a class of samples
and between classes of samples.

The statistical differences within a class of samples were
determined using a customized script employing Bioconductor
packages (http://www.bioconductor.org) and based on the R
language (http://www.r-project.org). In particular, we used
‘Permtest’ and ‘BootPR’ R-packages to perform t-test in
conjunction with bootstrap analysis in order to determine
which gene between U6 snRNA and miRNA-16 had the lowest
variability among melanocytes. Fifty-thousand permutations
were applied to the test in order to define the confidence limits
and the corresponding significance thresholds. The statistical
significance of the differential expression of U6 snRNA or
miRNA-16 among the melanocytes was assessed by computing
a P-value for each 2-CT value. No specific parametric form was
assumed for the distribution of the test statistics. To determine
the P-value, we used a permutation procedure in which the
expression value of U6 snRNA or miRNA-16 was permuted
500,000 times, and for each permutation, two-sample t-
statistics were computed for each value. The permutation
P-value for a particular value is the proportion of the
permutations (out of 500,000) in which the permuted test
statistic exceeds the observed test statistic in absolute values.
The same statistical analysis was applied to assess variability
of miRNA-16 expression within the group of melanoma cell
lines.

The statistical significance of the differences in miRNA
expression between melanoma cell lines and melanocytes was
assessed by Student's t-test analysis performed on 2-ΔCT values.
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Results

Selection of the internal control gene for the evaluation of
miRNA expression by qRT-PCR. Previous studies showed that
melanin inhibits RT-PCR (26). Therefore, to reduce melanin
contamination and to enrich the miRNA content, we used
column purified LMW RNA for qRT-PCR. U6 snRNA and
miRNA-16 have been previously used as internal control
genes to determine the relative expression of a large number
of miRNAs in cell lines by qRT-PCR performed on total RNA
(11,27). Therefore, preliminary experiments were carried out
to select, between the two genes, the best internal control to
be adopted for the present study.

The first set of experiments showed that the 2-CT value of
miRNA-16 was significantly higher (P<0.01 according to
Student's t-test) than that of U6 snRNA in melanocytes isolated
from normal skin biopsies of 10 different donors (data not
shown). Moreover, t-test in conjunction with bootstrap
analysis showed that variability of U6 snRNA expression
among the different melanocyte samples was higher than that
of miRNA-16 (i.e. P<0.01 or P<0.05 in 8 out of 10 samples in
the case of U6 snRNA vs. no statistically significant variation
in the case of miRNA-16, data not shown).

In a subsequent set of experiments, the expression level of
miRNA-16, in terms of 2-CT value, was determined in parallel
in the 10 melanocyte samples and in 17 melanoma cell lines.
The results of t-test in conjunction with bootstrap analysis
confirmed that no significant differences existed in the
expression of miRNA-16 within the group of melanocytes
(Fig. 1). The same statistical analysis applied to melanoma
cell lines identified three outliers (Fig. 1), indicating that de-
regulation of miRNA-16 can occur in some melanomas.
These 3 cell lines were then excluded from further analysis.
Student's t-test analysis performed on miRNA-16 2-CT values
relative to the remaining 14 melanoma cell lines and to the
melanocytes showed no significant difference (Fig. 1). On
these bases we selected miRNA-16 as the internal control gene
for qRT-PCR assays.

Expression of mature miRNAs in normal cultured melanocytes
and melanoma cell lines. All qRT-PCR assays were performed
using 1.33 μl of cDNA reverse transcribed from 1 ng of
LMW RNA. However, the levels of miRNA-155 were found
to be extremely low in melanoma cells. Therefore, the
expression of this miRNA was evaluated using 1.33 μl of
cDNA reverse transcribed from 10 ng of LMW RNA.

As illustrated in Table I, all melanocyte samples expressed
the miRNAs under investigation, being miRNA-146a the most
expressed and miRNA-18a the less expressed miRNA in all
samples.

To identify miRNAs dysregulated in melanoma cell lines
with respect to melanocytes, we performed Student's t-test
analysis between the two groups (i.e. all melanoma cell lines
vs. all melanocytes) and between each melanoma cell line
and the group of melanocytes. When melanoma cell lines and
melanocytes were compared as two groups, miRNA-17-5p,
miRNA-18a, and miRNA-20a, which are encoded by the
miR-17-92 cluster, resulted overexpressed in the melanoma
group (Table I). miRNA-92a, which is generated from the
transcription of two different miRs (i.e. miR-92a-1 in the
miR-17-92 cluster and miR-92a-2, in the miR-106a-363 cluster)
(reviewed in ref. 28) was also up-regulated in the melanoma
group (Table I). In contrast, the expression of miRNA-146a,
miRNA-146b and miRNA-155, was significantly reduced
in the melanoma group with respect to that of melanocytes
(Table I).

When each melanoma cell line was compared with the
melanocyte group, the four miRNAs encoded by the miR-17-92
cluster were up-regulated simultaneously in 9 cell lines. In
contrast, miRNA-146a and miRNA-146b, were found to be
concomitantly down-regulated in 10 melanomas and
miRNA-155 resulted to be significantly reduced in 13 cell
lines (Table I).

Transfection of pre-miRNA-155 into melanoma cell lines
inhibits proliferation. To investigate the biological significance
of miRNA-155 down-regulation in melanoma cells, we decided
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Figure 1. Expression levels of miRNA-16 in normal melanocytes and melanoma cell lines. Equal amounts (1.33 μl) of cDNA reverse transcribed from 1 ng of
LMW RNA were used to determined by qRT-PCR the expression of miRNA-16 in normal skin melanocytes obtained from 10 different donors and in 17 melanoma
cell lines. Data are expressed in terms of 2-CTx109. Each value represents the mean of six independent experiments, in which qRT-PCRs were run in duplicate.
Bars, standard error of the mean. Among the melanoma group, three cell lines were found to be outliers (**P<0.01, according to t-test in conjunction with
bootstrap analysis). The mean expression value for the melanocyte group was 155±8.13 and the mean expression value for the melanoma cell line group, not
including CG-Mel, CR-Mel and MR-Mel, was 155±8.25.
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to assess the effect of ectopic expression of the miRNA on cell
proliferation. To this end, all the melanoma cell lines were
left untreated, mock-transfected or subjected to two sequential
transfection procedures with 100 nM of a double-stranded
RNA mimicking the endogenous precursor of miRNA-155
(pre-miRNA-155) or with a double-stranded control RNA
(dsRNA-CTRL). Cell growth was evaluated in terms of viable
cell count 72 h after the second transfection.

In preliminary experiments, the cell lines were transfected
with either Oligofectamine or Lipofectamine 2000 and the
BLOCK-iT™ fluorescent oligonucleotide (100 nM) and
assayed for transfection efficiency after 24 h. The cell lines
were also subjected to two sequential transfections with the
transfection reagents alone and assayed for proliferation 72 h
after the second transfection. Based on the results of this set
of experiments (data not shown), in 13 out of 14 cell lines we
were able to select for the transfection reagent providing an
acceptable transfection efficiency and minimal effects on
proliferation (Table II and Fig. 2). In the remaining cell line
(i.e. CT-Mel), we used Lipofectamine 2000 despite its marked
inhibitory effect on cell growth because transfection efficiency
with Oligofectamine was only 10%.

The effects of pre-miRNA-155 transfection on melanoma
cell growth are illustrated in Fig. 2. In 12 melanoma cell lines,
growth inhibition induced by transfection of pre-miRNA-155
was significantly higher than that observed in dsRNA-CTRL-
transfected cells, with percentages of cell growth inhibition
ranging between 30 and 98%. In the remaining cell lines
(i.e. GR-Mel and PNM-Mel), no increase of cell growth
inhibition was induced by pre-miRNA-155 transfection with
respect to dsRNA-CTRL. Notably, GR-Mel, was the only
cell line showing miRNA-155 levels comparable to those of
melanocytes.

To further assess the inhibitory activity of miRNA-155 on
melanoma cell growth, a concentration-response curve was set
up with CH-Mel, DR-Mel, GL-Mel and SK-Mel-28 cell lines.

The results illustrated in Fig. 3 show that pre-miRNA-155,
but not dsRNA-CTRL induced a concentration-dependent
inhibition of cell growth.
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Table I. Expression of miRNAs in human normal melanocytes and melanoma cell lines.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Melanoma cell lines showing Melanoma cell lines showing 
miRNA Relative expression level (2-ΔCT)a up-regulation of the miRNA down-regulation of the miRNA
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Melanocytes Melanoma Pb No.c MC:NM Ratiod No.c MC:NM Ratiod

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
17-5p 0.045±0.002 0.132±0.020 <0.01 10 2.3-5.5 0 -
18a 0.016±0.001 0.049±0.008 <0.01 10 2.1-6.4 0 -
20a 0.247±0.010 0.449±0.054 <0.01 11 1.5-3.4 2 0.7-0.6
92a 0.227±0.018 0.367±0.041 <0.01 10 1.3-3.1 1 0.5
146a 2.057±0.142 1.189±0.169 <0.01 0 - 10 0.8-0.2
146b 1.770±0.144 0.861±0.140 <0.01 0 - 10 0.6-0.1
155 0.069±0.011 0.005±0.004 <0.01 0 - 13 0.2-0.0004
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aThe expression of miRNAs was determined by qRT-PCRs in melanocytes obtained from 10 different donors and in 14 melanoma cell lines.
Values represent the mean ± standard error of the mean of the melanocyte or the melanoma group. For each melanocyte sample and melanoma
cell line at least three independent experiments, in which qRT-PCRs were run in duplicate, were performed. bP, probability according to Student's
t-analysis comparing miRNA expression values of melanocytes with those of melanoma cell lines. cNumber of melanoma cell lines in which
miRNA expression value was significantly higher or lower (P<0.05 according to Student's t-test analysis) than the mean expression value of the
melanocyte group. dRange of the ratio between the mean expression value of each melanoma cell line (MC) and the mean expression value of
the melanocyte group (NM).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. Ectopic expression of miRNA-155 inhibits melanoma cell growth.
Melanoma cells were left untreated, mock-transfected or subjected to two
sequential transfections with 100 nM pre-miRNA-155 or dsRNA-CTRL, as
described under Materials and methods. Seventy-two hours after the second
transfection, the cells were harvested by trypsinization and cell growth was
evaluated in terms of viable cell count. Data are expressed in terms of
percentage of growth inhibition of target cells transfected with pre-miRNA-
155, or dsRNA-CTRL or mock-transfected with respect to the untreated
cells. Each value represents the mean of at least three independent
experiments performed with triplicate samples, with bars indicating standard
error of the mean. **P<0.01, according to Student's t-test, comparing the
percentages of cell growth inhibition of pre-miRNA-155-transfected cells
with those of dsRNA-CTRL-transfected cells. Percentages were subjected to
angular transformation in order to obtain normally distributed data.
Thereafter, conventional standard error calculation and Student's t-test
statistics were performed on converted data. However, the data are
expressed in non-transformed percentages, following conversion of
transformed data into the original values.
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Transfection of pre-miRNA-155 into melanoma cell lines
induces apoptosis. To investigate whether the growth inhibitory
effect of pre-miRNA-155 could be due, at least in part, to
the triggering of apoptosis, experiments were performed on
4 different cell lines, that were subjected to a single
transfection with 100 nM pre-miRNA-155 or dsRNA-CTRL
and assayed for apoptosis 48 h later. Ectopic expression of
miRNA-155 was able to induce apoptosis in all the 4 cell
lines tested (Fig. 4). Moreover, apoptosis was particularly
pronounced in the two cell lines in which transfection with
pre-miRNA-155 was followed by strong cell growth
suppression (i.e. CH-Mel and DR-Mel).

Discussion

Aberrant expression of the miR-17-92 cluster or single
components of the cluster, as well as of miR-146a, miR-146b
and miR-155 can have a role in tumorigenesis (7,8,10,28). To
investigate whether these miRs could be deregulated in
melanoma, we comparatively analyzed the expression levels
of the corresponding mature miRNAs in a panel of human
melanoma cell lines and cultured normal melanocytes. Notably,
the qRT-PCR assays were performed on RNA preparations
enriched for miRNAs, with conceivably reduced content of
melanin. Moreover, the internal control gene (i.e. miRNA-16)
was selected following an experimental survey of two
candidate small RNA molecules largely used as reference
gene transcripts. We found that miRNA-17-5p, miRNA-18a,
miRNA-20a, and miRNA-92a were up-regulated, whereas
miRNA-146a, miRNA-146b and miRNA-155 were down-
regulated in the majority of the melanoma cell lines
analyzed.

We focused our attention on the biological role of miRNA-
155, that was found, for the first time, to be a candidate gene
able to control melanoma cell growth and survival. Indeed, we
observed that enforced expression of miRNA-155 was able to
inhibit proliferation and induce apoptosis in melanoma cells
expressing low levels of this miRNA.

In humans, miR-155 resides within the BIC gene on
chromosome 21 (7,8). High levels of miRNA-155 have
been found in B-CLL, B-cell lymphomas, papillary tyroid
carcinoma, breast cancer (7-10), pancreatic ductal adeno-
carcinoma (29) and other tumors (30). Moreover, enforced
expression of miRNA-155 is sufficient to trigger murine B
lymphoma (7). On the other hand, miRNA-155 was reported
to be expressed in healthy pancreas and essentially absent
in endocrine pancreatic tumors (10). Moreover, the levels of
this miRNA were found to be reduced in ovarian cancer (31).
These findings suggest that miR-155 can act either as
oncogene or as tumor suppressor gene, depending on the cell
background in which miRNA-155 is performing its specific
target gene controlling function.

Our results demonstrate that miRNA-155, which appears
to be the most altered miRNA among those analyzed, is a
negative regulator of melanoma cell growth. Actually, ectopic
expression of miRNA-155 significantly inhibited proliferation
in 12 out of 13 melanoma cell lines endowed with low
miRNA-155 levels. In contrast, enforced expression of this
miRNA did not affect the growth of GR-Mel cells, which
display miRNA-155 levels comparable to those of melano-
cytes. It must be noted that the transfection efficiency of
GR-Mel cells was ~70-80%, thus eliminating the possibility
that ineffective pre-miRNA-155 uptake might underlie the lack
of response. Moreover, a concentration-dependent inhibition
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Table II. Transfection efficiency and cell growth inhibition relative to the transfection reagent selected for melanoma cell lines.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Transfection efficiencya Cell growth inhibitionb

Transfection reagent Cell line Range (%) Range (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Oligofectamine CH-Mel 80-90 10-20

CN-Mel 80-90 5-10
DR-Mel 80-90 10-20
GL-Mel 60-70 <5

WM-266-4 70-80 <5

Lipofectamine 2000 CL-Mel 80-90 10-20
CT-Mel 90-100 60-70
GR-Mel 70-80 5-20

M14 70-80 15-25
PNM-Mel 90-100 15-20
PNP-Mel 80-90 5-15

SK-Mel-28 70-80 5-20
SN-Mel 80-90 15-25
397-Mel 80-90 15-25

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aMelanoma cells were seeded into 24-well plates, allowed to adhere at 37˚C for 18 h and then transfected with 100 nM BLOCK-iT™
fluorescent oligonucleotide using Oligofectamine or Lipofectamine 2000. Transfection efficiency was evaluated 24 h after transfection using
a fluorescence microscope (Axiovert 135, Zeiss, Oberkochen, Germany). bMelanoma cells were subjected to two sequential transfection
procedures with the transfection reagent alone, as described in Materials and methods. Cell proliferation was evaluated 72 h after the second
transfection.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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of cell growth was observed upon transfection of pre-miRNA-
155 but not of dsRNA-CTRL, thus further supporting the
specificity of the inhibitory effects of miRNA-155. Impairment
of melanoma cell proliferation appears to be dependent, at
least in part, on miRNA-155-mediated induction of apoptosis.
Indeed, in 4 out of 4 cell lines tested ectopic expression of
miRNA-155 caused significantly higher levels of apoptosis
than ectopic expression of dsRNA-CTRL.

Since miRNAs can regulate a large number of target genes,
several algorithms have been developed to predict in silico
the targets of selected miRNAs. We adopted the TargetScan
(http://www.targetscan.org/) and PicTar (http://www.pictar.
org/) algorithms to identify putative miRNA-155 targets and
found that 160 targets are predicted by both algorithms.
Down-regulation of one or more of these target genes might
be involved in miRNA-155-induced impairment of melanoma
cell proliferation and survival. For instance, the MAP3K14
genes code for nuclear factor-inducing kinase (NIK), which
plays a central role in the activation of the non-canonical
NF-κB pathway in response to a subset of NF-κB-inducing
stimuli (reviewed in ref. 32). It has been shown that NIK
expression and/or activity is significantly higher in melanoma
cells than in normal melanocytes and that overexpression of a
kinase-deficient mutant of NIK strongly reduces basal NF-κB
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Figure 4. Ectopic expression of miRNA-155 induces apoptosis in melanoma
cells. CH-Mel, DR-Mel, SK-Mel-28 and 397-Mel cells were subjected to a
single transfection procedure with 100 nM pre-miRNA-155 or dsRNA-CTRL,
as described in Materials and methods. Forty-eight hours after transfection,
the cytoplasmic amount of mono- and oligonucleosomes originated from
apoptotic DNA degradation was quantified using an ELISA assay. Data are
expressed in terms of Enrichment Factor (EF), calculated as the ratio
between the adsorbance value of pre-miRNA-155-transfected cells and that
of dsRNA-CTRL-transfected cells, to which the arbitrary value of 1.0 was
assigned. Each value represents the mean of at least four independent
experiments. Bars, standard error of the mean. **P<0.01 and *P<0.05,
according to Student's t-test, comparing the adsorbance values of pre-
miRNA-155-transfected cells with those of dsRNA-CTRL-transfected cells.

Figure 3. Ectopic expression of miRNA-155 induces a concentration-dependent inhibition of melanoma cell growth. CH-Mel (a), DR-Mel (b), GL-Mel (c) and
SK-Mel-28 (d) cells were left untreated or subjected to two sequential transfections with the indicated concentrations of pre-miRNA-155 or dsRNA-CTRL, as
describe under Materials and methods. Seventy-two hours after the second transfection, the cells were harvested by trypsinization and cell growth was
evaluated in terms of viable cell count. Data are expressed in terms of percentage of growth inhibition of target cells transfected with pre-miRNA-155 or
dsRNA-CTRL with respect to untreated cells. Each value represents the mean of at least three independent experiments performed with triplicate samples,
with bars indicating standard error of the mean. Percentages were subjected to angular transformation in order to obtain normally distributed data. Thereafter,
conventional standard error calculation was performed on converted data. However, the data are expressed in non-transformed percentages, following conversion
of transformed data into the original values.
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activity in melanoma cells but not in melanocytes (33).
Inhibition of NF-κB activity in melanoma cells through
several strategies has been shown to exert antitumor effects
both in vitro and in vivo (33). On these bases, it is possible to
speculate that inhibition of NIK expression could be involved
in the antiproliferative effects of miRNA-155 in melanoma.

Another potential target gene that might be involved in the
growth inhibitory effects of miRNA-155 in melanoma cells is
SKI. This gene encodes a transcriptional co-regulator that
interacts with several proteins, including the retinoblastoma
protein, SMAD2, SMAD3, SMAD4, the SKI-interacting
protein SKIP, FHL2, mSin3 and N-coR (reviewed in ref. 34).
SKI transcripts are much more expressed in melanoma cell
lines than in normal melanocytes (34) and high expression of
the SKI protein has been reported in melanoma specimens
(34). Moreover, it was demonstrated that down-regulation of
SKI protein levels by antisense SKI vectors or small interfering
RNAs against SKI inhibits melanoma cell proliferation and
clonogenicity (34), while increased SKI dosage stimulates
melanoma cell proliferation (35).

In any case, a large amount of experimental study is still
ahead to definitively establish the main gene transcripts
actually targeted by miRNA-155 and involved in the
unexpectedly onco-suppressive effects of this miR gene in
melanoma.

The polycistronic miR-17-92 cluster resides in the C13orf25
gene locus on chromosome 13 and comprises six miRs, i.e.
miR-17 (which codes for miRNA-17-5p and miRNA-17-3p),
miR18a, miR-19a, miR20a, miR-19b-1 and miR-92a-1 (28).
The expression of the entire cluster, or of single components
of it, has been shown to be frequently altered in different types
of cancer and experimental evidence indicates that members
of the cluster can have both oncogenic and tumor suppressive
functions (28). For instance, the miR-17-92 polycistron is
up-regulated in 65% of B-cell lymphoma samples and
enforced expression of the cluster accelerates MYC-induced
lymphomagenesis (28). On the other hand, reduced expression
of miRNA-17-5p and miRNA-20a has been reported in breast
cancer cell lines and specimens (30,36,37). Consistently,
ectopic expression of miRNA-17-5p and miRNA-20a was
found to negatively regulate breast cancer cell proliferation
(36,37).

A previous study performed by Zhang et al (11) on 45
primary cultured melanoma cell lines reported a copy number
loss of the region containing the miR-17-92 cluster in ~20%
of the melanoma cell lines analyzed, suggesting that the cluster
may act as a tumor suppressor gene in melanoma. However,
a very recent investigation (22), in which miRNA expression
profiles were detemined in cultured melanocytes and several
melanoma cell lines using Agilent miRNA microarrays,
showed up-regulation of the miR-17-92 cluster in the
melanoma cell lines. This finding suggests an oncogenic role
of the cluster in melanoma.

Our data, obtained using qRT-PCR assays, which are
considered the gold standard for RNA quantification, confirm
the findings of Wilhelm Mueller et al (22) in a different panel
of melanoma cell lines and in a higher number of melanocytic
cultures. Indeed, the four components of the miR-17-92 cluster
that have been tested, resulted simultaneously overexpressed
in 9 out of 14 melanomas. It is possible to hypothesize that in

these melanomas, the entire miR-17-92 cluster is overexpressed
as a results of locus amplification or increased transcription of
the polycistron. Interestingly, the expression of the miR-17-92
cluster is activated by the transcription factor MYC (28)
and MYC has been shown frequently to be overexpressed or
amplified in melanoma (38).

Presently, several genes have been experimentally
identified as targets of members of the miR-17-92 cluster.
These genes include E2F1, E2F2, E2F3, coding for
transcription factors involved in cell cycle regulation,
BCL2L11, coding for the pro-apoptotic molecule Bim,
CDKN1A, coding for the cyclin-dependent kinase inhibitor
p21, as well as THBS1 and CTGF, coding for the anti-
angiogenic proteins thrombospondin-1 and connective tissue
growth factor, respectively (28). Down-regulation of these
target genes might contribute to melanoma development
and/or progression, thus supporting the hypothesis that
miR-17-92 cluster is endowed with oncogenic activity.

The human genome contains two miR-146 genes, i.e.
miR-146a on chromosome 5 and miR-146b on chromosome
10 (39). Previous studies suggest a possible role of miR-146a
and miR-146b as oncogenes or tumor suppressor genes,
depending on the cell lineage (8,10,11,30,40,41). In particular,
a copy number loss of the region containing miR-146b was
detected by Zhang et al (11) in 24% of melanoma cell lines.

Our data show a concomitant and statistically significant
down-regulation of miRNA-146a and miRNA-146b levels in
10 out of 14 melanoma cell lines. Moreover, in most melanoma
cell lines the levels of the two miRNAs were found to be
<50%, a threshold usually considered to be of biological
relevance. Based also on the study by Zhang et al (11) it is
therefore possible to speculate that in cells of the melanocytic
lineage down-regulation of miRNA-146a and miRNA-146b
could promote malignant transformation and/or tumor
progression. Noteworthy, the finding that miRNA-146a
and miRNA-146b are similarly deregulated in melanoma
cells suggests a coordinate functional role and possibly
responsiveness to a common upstream regulator. Interestingly,
it was recently shown that the expression of miR-146a is
directly repressed by MYC (42), opening up the possibility
that down-regulation of miRNA-146a and miRNA-146b in
melanoma cells could be, at least in part, associated with MYC
overexpression.

In conclusion, our study demonstrates that overexpression
of miRNAs encoded by the miR-17-92 cluster and down-
regulation of miRNA-146a, miRNA-146b and miRNA-155
are frequent events in melanoma cell lines, supporting the
involvement of these miRNAs in melanocyte malignant
transformation and/or in melanoma progression. Moreover,
our results show, for the first time, that miRNA-155 can be
classified as a negative regulator of melanoma cell proliferation
and survival. The experimental identification of miRNA-155
target genes might help, in the long-term, to set up novel
treatment strategies to cope with the still unresolved problem
of an effective control of advanced melanoma.
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