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Background Although p53 is inactivated by point mutations in many tumors, melanomas infrequently harbor mutations in
the p53 gene. Here we investigate the biological role of microRNA-18b (miR-18b) in melanoma by targeting the

MDM2-p53 pathway.

Methods Expression of miR-18b was examined in nevi (n = 48) and melanoma (n = 92) samples and in melanoma cell lines
and normal melanocytes. Immunoblotting was performed to determine the expression of various proteins regu-
lated by miR-18b. The effects of miR-18b overexpression in melanoma cell lines were investigated using assays
of colony formation, cell viability, migration, invasion, and cell cycle and in a xenograft model (n = 10 mice per
group). Chromatin immunoprecipitation and methylation assays were performed to determine the mechanism of

microRNA silencing.

Results Expression of miR-18b was substantially reduced in melanoma specimens and cell lines by virtue of hypermeth-
ylation and was reinduced (by 1.5- to 5.3-fold) in melanoma cell lines after 5-AZA-deoxycytidine treatment. MDM2
was identified as a target of miR-18b action, and overexpression of miR-18b in melanoma cells was accompanied
by 75% reduced MDM2 expression and 2.5-fold upregulation of p53, resulting in 70% suppression of melanoma
cell colony formation. The effects of miR-18b overexpression on the p53 pathway and on melanoma cell growth
were reversed by MDM2 overexpression. Stable overexpression of miR-18b produced potent tumor suppressor
activity, as evidenced by suppressed melanoma cell viability, induction of apoptosis, and reduced tumor growth
in vivo. miR-18b overexpression suppressed melanoma cell migration and invasiveness and reversed epithelial-
to-mesenchymal transition.

Conclusions Our results demonstrate a novel role for miR-18b as a tumor suppressor in melanoma, identify the MDM2-p53
pathway as a target of miR-18b action, and suggest miR-18b overexpression as a novel strategy to reactivate the

p53 pathway in human tumors.
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Melanoma, a life-threatening malignancy with a poor prognosis in its
advanced stages, accounts for 80% of skin cancer deaths. The molecu-
lar mechanisms leading to melanoma development and progression
are being elucidated. Gene expression profiling analyses have led to the
discovery of important melanoma-regulating genes (1,2) and disease
progression markers (3). Recently, BRAF mutations have emerged as
an important target for the therapy of metastatic melanoma (4).
MicroRNAs (miRNAs) are a novel class of potential biomarkers
or therapeutic targets. miRNAs are non-protein-coding sequences
thought to regulate more than 70% of human genes (5). Deregulation
of miRNA expression has been demonstrated in many cancers (6,7),
and miRNAs can function as oncogenes or tumor-suppressor genes,
with important roles in cell proliferation and differentiation (8,9).
Inactivation of oncogenic miRNAs (10,11) or restoration of tumor-
suppressor miRNAs (12-14) has great potential for cancer treatment.
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To date, few miRINA expression profiling analyses have been per-
formed in melanoma (15), and candidate miRNAs have emerged
with putative roles in melanoma progression (16-20).

In this study, we examine the role of microRNA 18b (miR-18b)
in melanoma. Although miR-18b can be differentially expressed in
certain cancers (21), a functional role in tumorigenesis is lacking, and
its targets of action are yet to be determined. This report describes,
for the first time, a functional role for miR-18b in melanoma and
the molecular mechanism regulating its expression and identifies
the proto-oncogene MDM?2 as a target of miR-18b action.

Methods

Additional methods are provided in the Supplementary Methods
(available online).
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Cell Culture, Plasmids, and Transfection

1205-Lu melanoma cells were purchased from Coriell Institute
of Medical Research (Camden, NJ). LOX cells were a kind gift
from O. Fodstad, University of Oslo, Norway. C8161.9 cells were
purchased from D. Welch, University of Alabama. The DO4,
WM3211, and WM278 melanoma cell lines and normal human
melanocytes were obtained and propagated as described (18).

RNA, DNA, and miRNA Extraction From Tissue Samples
and Cell Lines

Primary melanoma (n = 92) and benign nevus (n = 48) specimens
were obtained under a protocol approved by the University of
California San Francisco and California Pacific Medical Center
review boards and selected from a previously described tissue
microarray cohort (22). Informed consent was obtained from each
patient. The demographic information about the cohort is pre-
sented in Supplementary Table 1 (available online). DNA, RNA,
and miRINA were extracted as described (18).

Quantitative Real-Time Polymerase Chain Reaction

Mature miRNAs and mRNAs were assayed using the TagMan
MicroRNA and Gene Expression Assays (Applied Biosystems,
Foster City, CA), respectively, as described (18). Melanomas were
defined as low or high expressors of miR-18b based on expression
relative to mean expression values.

Sodium Bisulfite Modification and Sequencing
Methylation status was analyzed within the 2.5-kb region upstream
of the miR-18b gene. Bisulfite modification of DNA was per-
formed using the Epi-Tect Bisulfite kit (Qiagen, Valencia, CA) fol-
lowing the manufacturer’s protocol as described (23).

Cell Viability, Colony Formation, and Flow Cytometry
Cell viability, colony formation, and flow cytometry analysis were
performed as described (18,24).

Western Blot Analysis

Western blot analysis was performed as described (18) using the
following antibodies: MDM2, p53, p21, BCL-2, and GAPDH
(Santa Cruz Biotechnology, Santa Cruz, CA); and PUMA and
BCL-XL (Cell Signaling, Danvers, MA).

Luciferase Assays

The MDM2 3’-UTR region containing target sequences comple-
mentary to the miR-18b seed sequence was cloned downstream
of the luciferase gene in the pMIR-REPORT luciferase vec-
tor (Ambion, Cambridge MA), named MDM2-3’UTR. Mutated
MDM2 3’UTR sequences complementary to miR-18b were cloned
in the same vector (named MDM2-Mut 3’UTR). Luciferase assays
were performed as described (18).

Generation of Stable Transformants and In Vivo Study
1205-Lu cells were transfected with pEP Null or pEP miR-18b
vectors (Cell Biolabs, San Diego, CA), selected with puromycin
(1 pg/ml), and injected subcutaneously (n = 10 mice per group) as
described (24). All animal care was in accordance with institutional
guidelines.
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Immunofluorescence

Immunofluorescence assays were performed and quantitated as
described (25,26). Antibodies to N-cadherin, vimentin, slug, and
E-cadherin (Cell Signaling, Danvers, MA) were used to detect the
individual proteins.

Statistical Analysis

All quantified data represent an average of triplicate samples or
as indicated. Error bars represent standard error of the mean.
Statistical significance was determined by the Student # test, and
two-tailed P values less than .05 were considered statistically sig-
nificant. Kaplan—Meier analysis (log-rank test) was performed by
using Prism 5 software (Graphpad Software Inc, La Jolla, CA).

Results

miR-18b Expression in Melanoma Cell Lines and Tissues
miRNA microarray performed on a small number of nevi (n = 5)
and melanomas (n = 10) identified miR-18b as downregulated in
melanomas when compared with nevi (data not shown). We vali-
dated the microarray data by miRNA quantitative real-time PCR
(miR qRT-PCR) analysis on an independent cohort of nevus and
melanoma tissues. miR QRT-PCR of nevus (n = 48) and melanoma
(n = 92) samples indicated that miR-18b expression is statisti-
cally significantly downregulated in melanomas (Figure 1A). By
Kaplan—Meier analysis, low levels of miR-18b in primary cuta-
neous melanoma specimens were associated with reduced overall
survival (hazard ratio = 1.84, 95% confidence interval [CI] = 1.04
to 3.25; P =.04) (Figure 1B). In addition, miR-18b expression was
substantially downregulated in a panel of melanoma cell lines when
compared with normal melanocytes (Figure 1C). This analysis
demonstrated the downregulation of miR-18b in melanoma speci-
mens and cell lines and identified a possible prognostic role for
miR-18b expression in primary melanoma.

Methylation Status of miR-18b

To understand the mechanism of miR-18b downregulation in
melanoma, we performed methylation analysis of the 2.5-kb
sequence upstream of miR-18b. By employing the Meth Primer
software (27), a number of CpG-rich regions were observed
(Figure 2A). Treatment of five melanoma cell lines with the
demethylating agent 5-AZA-deoxycitidine (5 pM) resulted in
1.5- to 5.3-fold upregulation of miR-18b expression, suggesting
a possible role for methylation in its suppression (Figure 2B).
Primers were designed targeting methylated and unmethylated
miR-18b regions, and a distinct methylated band was observed in
five melanoma cell lines and 30 tumor samples (Figure 2C). By
contrast, the unmethylated band in melanoma cell lines and tumor
samples was either weak or absent.

Histones are subjected to a range of posttranslational enzymatic
modifications. The most widely-studied modification, the acetyla-
tion of selected lysines, is associated with regulation of transcription
and functional chromatin states. To determine whether covalent
chromatin modifications resulted from miR-18b overexpression,
chromatin immunoprecipitation analysis was performed and dem-
onstrated the enrichment of acetylated histones H3, H4, and H3
di-methylated lysine 4 (Figure 2D), indicative of gene activation.
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Figure 1. MicroRNA 18b (miR-18b) expression is suppressed in mela-
noma. A) MicroRNA quantitative real-time polymerase chain reaction
analysis showing statistically significant suppression in miR-18b expres-
sionin a cohort of melanomas when compared with nevi. B) Kaplan-Meier

Conversely, we observed suppression of repressive chromatin mod-
ifications 2H3K9 and 3H3K9) following miR-18b overexpression
(Figure 2D). These findings demonstrate that miR-18b is silenced
by hypermethylation in melanoma and that its overexpression is
associated with enrichment of active histone modifications.

MDM2 as aTarget of miR-18b

To identify potential effectors of miR-18b, we used algorithms that
predict mRNA targets and identified MDM?2 as a putative target, as
the seed sequence of miR-18b was complementary to the 3’UTR of
MDM2 (Figure 3A). To investigate the association between expres-
sion of miR-18b and of MDM2, we determined MDM?2 expression
at the mRINA and protein levels in the same panel of cell lines.
MDM?2 expression levels were higher in melanoma cells when
compared with the normal melanocyte line (Figure 3B), although
the absolute level of expression varied among different melanoma
cell lines. These data demonstrated an inverse association between
the expression of miR-18b and that of MDM?2, suggesting MDM?2
as a putative target of miR-18b.

Next, the 3’UTR of MDM2 harboring the complementary
sequence to the miR-18b seed sequence was cloned in a reporter
plasmid vector. Transient cotransfection of the MDM2-3’UTR
construct along with miR-18b into aggressive human 1205-Lu
and LOX melanoma cells, which harbor wild type p53, led to a
statistically significant decrease in reporter expression when
compared with the control vector (Figure 3, C and D). These
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analysis of overall survival by high or low miR-18b expression. C) miR-
18b expression is suppressed in melanoma cell lines when compared
with normal human melanocytes (HEM). *P <.05. P values were calcu-
lated by the two-sided Student t test and the log-rank (Mantel-Cox) test.

results indicate that the conserved nucleotides in the 3’UTR of
MDM2 were responsible for miR-18b targeting in vitro. Transient
miR-18b overexpression (Figure 3E) suppressed MDM2 at the
protein level (by 75%), with a concomitant upregulation of the
proapoptotic genes p53 (2.5-fold) and PUMA (1.5-fold) and
downregulation of the antiapoptotic genes BCL2 (by 54%) and
BCL-XL (by 67%) (Figure 3F). Conversely, overexpression of a
mutant miR-18b construct abrogated the suppression of MDM?2
or the induction of p53 expression (data not shown). miR-18b
overexpression had no effect on cell survival or on expression of
MDM2 and p53 in C8161.9 melanoma cells reported to harbor
mutant p53 (28) (Supplementary Figure 1, A and B, available
online). In addition, induction of p53 expression has been shown
to sensitize tumor cells to cisplatin (29). Treatment of 1205-
Lu cells with cisplatin induced the expression of miR-18b, and
overexpression of miR-18b sensitized melanoma cells to cisplatin
cytotoxicity (Supplementary Figure 2, A and B, available online).

Effects of miR-18b Overexpression on Melanoma

Cell Growth

Transfection of 1205-Lu cells with miR-18b resulted in statisti-
cally significantly suppressed cell proliferation (Figure 4A) when
compared with cells expressing a control miRNA (mean absorb-
ance optical density of control miRNA = 0.86, 95% CI = 0.46 to
1.29 vs mean absorbance optical density of miR-18b = 0.57, 95%
CI = 0.38 to 0.90; P =.002). The miR-18b-transfected 1205-Lu
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Figure 2. MicroRNA 18b (miR-18b) expression is suppressed by hyper-
methylation. A) Schematic representation of the upstream region
(2500 base pair [bp]) of miR-18b analyzed for methylation, with CpG
sites represented by vertical lines. B) miR-18b expression, as deter-
mined by miRNA quantitative real-time polymerase chain reaction,
was upregulated in five melanoma cell lines (C8161.9, LOX, 1205-Lu,
DO4, and WM278) following 5-AZA-deoxycitidine treatment. C) miR-
18b promoter methylation status in melanoma cell lines and 30 tumor

cells showed lower colony formation ability, as both the size and
number of foci was suppressed (by approximately 70%) when com-
pared with control miRNA-expressing cells (Figure 4B). Cell cycle
analysis revealed a statistically significant decrease in the S-phase of
1205-Lu cells overexpressing miR-18b when compared with con-
trol miRNA (mean of miR-18b group = 15.5%, 95% CI = 14.45%
to 16.58% vs mean of control miRNA group = 8.05%, 95%
CI = 7.05% to 10.01%; P =.002) (Figure 4C). miR-18b over-
expression induced apoptosis in 1205-Lu cells when compared
with control miRNA (mean of mirR-18b group = 2.87%, 95%
CI=2.11% to 3.89% vs mean of control miRNA group = 11.30%,
95% CI = 9.64% to 13.01%; P =.001) (Figure 4D). To confirm
the effects of miR-18b overexpression, miR-18b was transfected
into LOX human melanoma cells. As shown in Supplementary
Figure 3, A and D (available online), similar decreases in cell pro-
liferation, colony formation, and S-phase, along with an increase in
apoptosis, were observed in LOX cells transfected with miR-18b.
These results confirm the phenotypic effects of miR-18b overex-
pression in human melanoma cells.

The Role of MDM2 in Mediating the Effects of miR-18b

To further explore the role of MDM2 as a target of miR-18b, we
cotransfected 1205-Lu cells with miR-18b as well as MDM?2 and
examined effects on gene expression and melanoma cell survival.
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samples. M = amplified product with primers recognizing methylated
sequence; U = amplified product with primers recognizing unmethyl-
ated sequence. D) Chromatin immunoprecipitation assay performed on
melanoma cells after miR-18b overexpression. miR-18b overexpression
resulted in the enrichment of active chromatin modifications (acetyl
histone H3, H4, and methyl-2H3K4) and the suppression of repressive
modifications (2H3K9 and 3H3K9). *P <.05 All P values were calculated
using the two-sided Student t test. Cont. miR = control microRNA.

Cotransfection of miR-18b and an empty vector control resulted
in suppression of MDM2, activation of the p53 pathway, and sup-
pressed melanoma cell survival (Figure 4, E and F). These effects
were largely reversed following cotransfection of the miR-18b- and
MDM2-expressing vectors (Figure 4, E and F). These results indi-
cate that the effects of miR-18b on downstream gene expression
and melanoma cell proliferation are mediated largely by its inhibi-
tion of MDM2 expression.

Effects of Stable Overexpression of miR-18b

We then generated 1205-Lu cells stably expressing miR-18b.
Overexpression of miR-18b was confirmed by miRNA qRT-
PCR analysis (Figure 5A). 1205-Lu cells expressing miR-18b
exhibited statistically significant suppression of cell proliferation
when compared with control vector-expressing cells (Figure 5B).
A statistically significant decrease in colony formation (by 49%)
(Figure 5C)and in S-phase was observed in miR-18b-overexpressing
cells (mean of control miRNA group = 12.01%, 95% CI =10.93%
to 12.45% vs mean of miR-18b group = 4.05,95% CI =2.51% to
5.5%; P =.002) (Figure 5D). miR-18b overexpression resulted in
a substantially increased apoptotic index (Figure SE). In addition,
MDM?2 was downregulated in miR-18b-overexpressing cells
(by 55%), with a concomitant increase in expression of p53 and
PUMA (Figure 5F). Stable overexpression of miR-18b statistically
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Figure 3. MDM2 as a direct target of microRNA 18b (miR-18b) and the
inverse association between expression of miR-18b and MDM2 in mel-
anoma cells. A) The miR-18b seed sequence is complementary to the
3'UTR of MDM2. B) MDM2 expression at the mRNA and protein levels in
different human melanoma cell lines and normal melanocytes. C and D)
Luciferase assay showing decrease in reporter activity after cotransfec-
tion of MDM2-3'UTR with miR-18b in 1205-Lu and LOX cells, respectively.

significantly suppressed tumor growth in vivo upon subcutaneous
inoculation into nude mice (Figure 5G). MDM?2 expression was
suppressed (by 35% to 57%) in miR-18b-overexpressing tumors
(Figure SH). These results confirmed the tumor suppressor role of
miR-18b and its effects on the MDM2-p53 axis.

Effects of miR-18b Expression on Melanoma Cell

Migration and Invasiveness and Epithelial-to-

Mesenchymal Transition (EMT)

Finally, we examined the effects of miR-18b on migration and
invasion of the highly invasive 1205-Lu melanoma cell line.
miR-18b overexpression statistically significantly suppressed
the migratory and invasive capacity of 1205-Lu melanoma cells
(Figure 6, A and B). The suppression of invasion and migration
by miR-18b overexpression was confirmed in LOX cells
(Supplementary Figure 3, E and F available online). We then
analyzed the potential effects of miR-18b on EMT, given its
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The mutant 3’UTR had no effect on reporter activity. E) Relative miR-18b
expression levels in 1205-Lu cells following transfection with miR-18b
as determined by microRNA quantitative real-time polymerase chain
reaction. F) Western blot analysis showing suppression of MDM2 and
upregulation of the p53, p21, and PUMA protein levels in 1205-Lu cells
after miR-18b overexpression. ¥ P <.05 All Pvalues were calculated using
the two-sided Student t test. Cont. miR = control microRNA.

importance to the invasive and metastatic behavior of tumor cells
(30). miR-18b overexpression in 1205-Lu melanoma cells resulted
in statistically significant upregulation of the epithelial biomarker
E-cadherin (Figure 6E). By contrast, the levels of the mesenchymal
biomarkers vimentin, N-cadherin, and slug were reduced in miR-
18b overexpressing melanoma cells (Figure 6, C-E; quantification
of immunofluorescence staining is shown in Supplementary
Figure 4, A-C, available online). These findings suggest that loss of
miR-18b expression enhances the migratory and invasive behavior
of melanoma cells and promotes EMT.

Discussion

miRNAs have large-scale effects on mammalian development
through regulation of a variety of genes. Specifically, understanding
the function of individual miRNAs in tumorigenesis has generated
great interest. A handful of studies have assessed miRNA levels
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Figure 4. MicroRNA 18b (miR-18b) inhibits 1205-Lu melanoma cell
proliferation and colony formation and induces apoptosis. A) The pro-
liferative ability of 1205-Lu cells after miR-18b transfection is statis-
tically significantly reduced when compared with control microRNA
(Cont. miR). B) miR-18b overexpression statistically significantly
inhibits the colony formation ability of 1205-Lu melanoma cells. C)
Cell cycle analysis showing statistically significant decrease in the

through microarray expression profiling (31,32) or have studied
the mechanisms of action of selected miRNAs in melanoma (19).
For example, aberrant expression of miR-182 promotes melanoma
metastasis by repressing FOXO3 and MITF (19). miR-532-3p
has been shown to regulate RUNX3 (33), miR-193 has been
shown to regulate Mcl-1 (34), and miRNA-137 has been shown
to target MITF (16) in melanoma. miR-125 was reported to
control melanoma progression by regulating c-Jun (35). miRNA-
182 (19) and miR-21 (36) can act as oncomiRs by virtue of their
overexpression. Finally, miR-205 (18) and miR-203 (37) suppress
melanoma proliferation and induce senescence by targeting E2F1
and E2F3, respectively.
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S-phase of 1205-Lu cells overexpressing miR-18b. D) miR-18b over-
expression statistically significantly increased the apoptotic index
of 1205-Lu cells when compared with control microRNA-expressing
cells. E and F) Cotransfection of MDM2, along with miR-18b, reversed
the suppression of cell proliferation and restored the expression lev-
els of p53, p21, and PUMA. *P <.05. All P values were calculated using
the two-sided Student t test.

Here we report the suppression of miR-18b, identify a mecha-
nism by which its expression is silenced, and demonstrate its func-
tional role as a tumor suppressor in melanoma. We found miR-18b
to be downregulated in melanomas when compared with nevi and
in melanoma cell lines when compared with normal melanocytes.
Our data showed an association between miR-18b expression and
survival, suggesting its potential utility as a biomarker.

Our studies identified DNA methylation as an important
molecular mechanism of suppression of miR-18b expression in
melanoma. This adds to the growing body of evidence demonstrat-
ing a role for DNA methylation—mediated downregulation of miR-
NAs by proximal CpG islands (12,38-40). Our results revealed that
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its 1205-Lu cell proliferation in vitro and in vivo. A) Relative miR-18b
expression levels in 1205-Lu cells stably expressing miR-18b as deter-
mined by microRNA quantitative real-time polymerase chain reaction.
B) Stable overexpression of miR-18b in 1205-Lu cells statistically sig-
nificantly suppressed cell proliferation. C) Colony formation ability is
statistically significantly reduced by miR-18b in 1205-Lu cells. D) Cell
cycle analysis showing a statistically significant decrease in the S-phase
of 1205-Lu cells stably overexpressing miR-18b. E) Stable miR-18b

miR-18b overexpression in melanoma cell lines resulted in enrich-
ment of acetyl H3, acetyl H4, and 2H3K4, which are indicative
of active gene expression, whereas repressive chromatin modifica-
tions (2H3K9 and 3H3K9) were suppressed. Hyperacetylation of
histone lysine residues facilitates transcriptional activation (41) and
induction of gene expression (42). Our study is the first to con-
firm the suppression of miR-18b and to identify methylation as a
mechanism for its silencing in melanoma. Recently, miR-18b was
reported to be highly expressed in gastric cancer (43), although
no functional studies were performed to demonstrate the conse-
quences of miR-18b expression.

An important obstacle to understanding miRINA function is the
relative paucity of experimentally validated targets. In silico algo-
rithms and functional analyses identified MDM?2 as a target, and
were supported by an inverse association between expression of

jnci.oxfordjournals.org

overexpression induces apoptosis in 1205-Lu cells. F) Western blot
analysis showing suppression of MDM2 and upregulation of p53, p21,
and PUMA following miR-18b overexpression. G) Tumor volume follow-
ing subcutaneous injection of 1205-Lu cells expressing miR-18b was
statistically significantly reduced when compared with control micro-
RNA-expressing cells (n = 10 mice per group). H) Western blots show-
ing expression of MDM2 from subcutaneous tumors expressing control
microRNA or miR-18b. *P <.05 All P values were calculated using the
two-sided Student t test.

miR-18b and MDM?2 in a panel of melanoma cell lines. We dem-
onstrated that miR-18b directly targets the 3’UTR of MDM2, as
its overexpression was associated with suppression of luciferase
activity. In addition, substantial downregulation of MDM?2 protein
levels was observed following miR-18b overexpression, indicat-
ing the posttranscriptional regulation of MDM2 by targeting its
3UTR.

The MDM2 oncogene plays an important role in cancer pro-
gression. Suppression of MDM2 in tumor cells induces apoptosis,
inhibits cell proliferation, and sensitizes tumor cells to cancer chem-
otherapeutic agents (44). Recent studies have identified MDM?2
as an intriguing therapeutic target in melanoma (45,46). MDM?2
overexpression has been correlated with poor prognosis in vari-
ous human cancers (47,48), although its prognostic role in mela-
noma is controversial (49,50). Our results indicated that MDM?2
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Figure 6. MicroRNA 18b (miR-18b) suppresses melanoma cell migration
and invasiveness and reverses epithelial-to-mesenchymal-transition.
A and B) miR-18b overexpression substantially suppressed the migra-
tory ability and invasiveness of 1205-Lu melanoma cells when compared
with control microRNA (Cont. miR)-expressing cells. C-E) miR-18b

downregulation following miR-18b overexpression was accom-
panied by activation of p53 and induction of antiproliferative and
proapoptotic effects. In addition, cotransfection studies showed
that the tumor suppressor effects of miR-18b were mediated, in
large part, by inhibition of MDM?2 expression.

p53 has potent tumor suppressor activity and is inactivated in
many tumors through point mutations. Melanoma is relatively
unique among solid tumors in that p53 mutations have been infre-
quently described (51). p53 can also be inactivated through over-
expression of MDM2 or loss or inactivation of pI4ARF and p16™Ks
(52). Of note, p14ARF expression was unchanged following miR-18b
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overexpression in 1205-Lu melanoma cells substantially suppressed
expression of vimentin, N-cadherin, and slug, whereas E-cadherin was
upregulated. Magnification x40. Scale bar =20 um. *P < .05. All Pvalues
were calculated using the two-sided Student t test.

overexpression (data not shown), emphasizing the direct role
played by miR-18b in suppression of MDM?2 and activation of p53.
Our results identify, for the first time, loss of miR-18b (through
hypermethylation) as an important alternative mechanism to effect
suppression of the p53 pathway in melanoma cells. Intriguingly,
reactivation of p53 function has been actively pursued as a thera-
peutic approach in cancer (53). Our results suggest miR-18b over-
expression as a novel, alternative approach to restore the tumor
suppressive effects of p53.

miR-18b overexpression resulted in the upregulation of PUMA
as well as p21 and suppressed BCL-2 and BCL-XL expression.
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These changes in gene expression were accompanied by substantial
inhibition of cell proliferation and induction of apoptosis in mela-
noma cells and were confirmed following stable miR-18b overex-
pression in 1205-Lu cells. In addition, in vivo studies demonstrated
a statistically significant reduction in subcutaneous tumor cell
growth following miR-18b overexpression. The activation of p53
and the apoptotic cascade following miR-18b overexpression sug-
gests a potential role for miR-18b in melanoma therapy, either
alone or in combination with chemotherapeutic agents such as
cisplatin.

Finally, our results showed that miR-18b overexpression sup-
pressed the migratory and invasive ability of melanoma cells. EM'T
has been shown to play an important role in mediating the inva-
sion and metastasis of epithelial tumors as well as melanoma (30).
Intriguingly, MDM2 (54,55) and p53 (56), the targets of miR-18b
action, have each been shown to play a role in EM'T. We observed
the suppression of vimentin, slug, and N-cadherin, with the con-
comitant upregulation of E-cadherin levels, following miR-18b
overexpression in melanoma cells. This demonstrates that miR-18b
can mediate EMT, representing an additional mechanism through
which its downregulation affects melanoma progression.

Our study is not without limitations. The biomarker roles for
miR-18b in melanoma diagnosis and prognosis need to be con-
firmed in additional, larger patient cohorts. Also, it would be of
interest to examine the reciprocal expression of miR-18b and
MDM?2 in melanoma tissues, as was demonstrated in melanoma
cell lines. Finally, although we identified MDM?2 as a target of
miR-18b in melanoma, it is possible that miR-18b targets other
genes in distinct subsets of melanoma tumors.

In conclusion, this study identified novel roles for miR-18b in
melanoma progression. miR-18b expression is suppressed in mela-
noma through DNA methylation and is correlated with survival.
miR-18b overexpression results in downregulation of MDM?2,
upregulation of p53, suppression of the proliferative and invasive
ability of melanoma cells, induction of apoptosis, and reversal of
EMT. Finally, miR-18b overexpression may be pursued as a strat-
egy to reactivate p53 or sensitize melanoma cells to chemothera-
peutic agents.
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