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MicroRNA dysregulation in uveal melanoma: a new player
enters the game
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ABSTRACT

Uveal melanoma is the second most common form of melanoma and a predominant
intraocular malignant tumor in adults. The development of uveal melanoma is a multistep
process involving genetic and epigenetic alteration of proto-oncogenes and tumor-
suppressor genes. Recent discoveries have shed a new light on the involvement of a class
of noncoding RNA known as microRNAs (miRNAs) in uveal melanoma. A lot of miRNAs
show differential expressions in uveal melanoma tissues and cell lines. Genes coding
for these miRNAs have been characterized as novel oncogene and tumor-suppressor
genes based on findings that these miRNAs control malignant phenotypes of uveal
melanoma cells. Several studies have confirmed that dysregulation of miRNAs promotes
cell-cycle progression, confers resistance to apoptosis, and enhances invasiveness and
metastasis. Moreover, several miRNAs have also been shown to correlate with uveal
melanoma initiation and progression, and thus may be used as biomarkers for early
diagnosis and prognosis. Elucidating the biological aspects of miRNA dysregulation
may help us better understand the pathogenesis of uveal melanoma and promote the

development of miRNA directed-therapeutics against this disease.

INTRODUCTION

Uveal melanoma is the second most common form
of melanoma and the most common primary intraocular
malignant tumor in adults, with an incidence of about
1200-1500 new cases per year in the United States,
accounting for 5%—6% of all cases of primary systemic
melanoma [1-4]. Uveal melanoma is one of the most
highly aggressive cancer and leada to metastatic death
in up to half of patients despite successful local therapy
[5, 6]. Early metastasis accounts for the high death rate of
uveal melanoma [7]. Unfortunately, many patients have
subclinical metastasis at the time of diagnosis [8]. Despite
the advances in surgery, chemotherapy and radiotherapy,
the 5-year relative survival rate has not improved from
1973 to 2008 [9-11]. Metastasis of uveal melanoma is
a complex and multistep process, involving increased
proliferative, migratory and invasive potential of tumor
cells [12]. Currently, the molecular mechanisms of its

aggressiveness are still not elucidated [13, 14]. Therefore,
identifying the crucial signals that promote invasive and
metastatic potential of uveal melanoma will contribute
to identify biomarkers for early diagnosis and targets for
treatment.

MicroRNAs (miRNAs) are a recently discovered
class of short (17—22 nucleotides in length), endogenous,
and noncoding RNAs that regulate gene expression and
thereby play significant roles in human development
and various pathological conditions [15-18]. By base-
pairing with the complementary sites in the 3 ’untranslated
region (3’UTR) of the mRNA, miRNAs regulate
target genes by increasing mRNA decay or repressing
translation [19-21]. Growing evidences indicate that
miRNAs control many cellular processes, including
cell development, differentiation, proliferation and
apoptosis [22-27]. Abnormal miRNA expression has
been found in many human tumors, including colorectal,
bladder cancer, hepatocellular carcinoma, gastric and
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breast cancers [28—32]. This review will focus on recent
discoveries related to the miRNAs involved in the
development of uveal melanoma and discuss the potential
use of miRNAs as diagnostic and prognostic biomarkers
and treatment strategies for uveal melanoma.

Function and biogenesis of miRNA

MiRNAs were initially discovered in Caenorhabditis
elegans in 1993, but were not found their existence in
mammals until 2000 [33, 34]. To date, more than 1500
miRNAs have been identified in humans [35]. A single
miRNA can downregulate multiple targets, which often
belong to the same metabolic or signaling pathway
[36, 37]. 1t is estimated that miRNAs could regulate the
expression of at least 20%—-30% of all human genes [38].

The primary miRNA transcript is also called pri-
miRNA, which is transcribed by RNA polymerase II or
III [39]. The pri-miRNA is then cleaved by the Drosha-
DGCRS microprocessor complex to produce the precursor
hairpin molecule (pre-miRNA) which is then transferred
from the nucleus to the cytoplasm by exportin25/Ran-
GTP [40]. With the assistance of a complex that contains
the RNase Dicer and the double-stranded RNA-binding
protein, TRBP, the 70-nucleotide pre-miRNA is refined
into mature miRNA [41]. The functional strand of the
mature miRNA is located on the RNA-induced silencing
complex (RISC), which contains the proteins, argonaute
(Ago) and Tnrc6, while the other strand is usually
degraded [42]. The mature miRNA guides the RISC to
the imperfect complementary sequences in target mRNAs
to promote transcript decay, repress the cognate mRNA
translation, or both [43].

Alteration of miRNASs in uveal melanoma

A number of expression profiling studies have
demonstrated miRNAs were dysregulated in uveal
melanoma. Worley et al. determined and compared the
expression of 470 microRNAs in 24 primary uveal
melanomas [44]. Tumors readily clustered based on
miRNA expression into two groups that corresponded
to the gene expression-based subtypes: class 1 (low
metastatic risk) and class 2 (high metastatic risk). The
most significant discriminators were let-7b and miR-199a,
and the expression of these miRNAs was further validated
by quantitative PCR. A classifier that included the top six
miRNA discriminators accurately distinguished class 1
from class 2 tumors with 100% sensitivity and specificity.
Yan et al. demonstrated that miR-34a was significantly
down-expressed in uveal melanomas cell lines and tissues
compared with the melanocytes using northern blot
analysis [45]. A study found that 19 miRNAs expressed in
non-metastasizing melanoma were absent in metastasizing
melanoma; 11 miRNAs were found to be expressed in
metastasizing melanoma and absent in non-metastasizing
melanoma, as listed in Table 1 [46]. In addition, it was
found that miR-137 expression was lower in uveal
melanoma cell lines than in uveal melanocytes using Real-
time RT-PCR analysis [47]. Using miRNA microarray
analysis, Yang et al. demonstrated that miRNA-20a,
miRNA-106a, miRNA-17, miRNA-21, and miRNA-34a
were up-regulated, while miRNA-145 and miRNA-204
expression were down-regulated in four uveal melanoma
tissues [48]. Dong et al. demonstrated that miR-34b/c
expression was dramatically decreased in uveal melanoma
cells and clinical samples [49]. MiR-9 was significantly

Table 1: MiRNA expression profiles in uveal melanoma (UM)

Num Method Sample Upregulated Downregulated Reference
let-7b, miR-199a, miR-199a*, miR-
1 Microarray |primary UM | 143, miR-193b, and miR-652 (high 44
metastatic risk)
miR-495, miR-18a, miR-586,
miR-549, miR-497, miR-885-5p, miR-493, miR-377, miR-376¢,
miR-585, miR-640, miR-512-5p, miR-269-3p, miR-34c-5p, miR-
2 Microarray |primary UM | miR-556-5p, miR-135b, miR-325, 26a-2, miR-218, miR-19b-1, 46
miR-99a, miR-33a, (high metastatic |[miR-181a, miR-154, miR-133a,
risk) miR-129, miR-10a, miR-1,
Let-7e
Microarra miRNA-20a, miRNA-106a,
3 Y primary UM [ miRNA-17, miRNA-21, miRNA-145, miRNA-204 48
RT-PCR .
miRNA-34a
UM cell lines
4 Microarray |epidermal 28 miRNAs 65 miRNAs 53
melanocytes
5 Microarray |Primary UM |47 miRNAs 61 miRNAs 54
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reduced in highly invasive uveal melanoma cell lines
[50]. Chen et al. determined that miR-124a expression
was down-regulated in both uveal melanoma cells and
clinical specimens [51]. Another study also found that
59 most varying miRNAs was detected in 26 uveal
melanomas [52]. However, no significant association of
miRNA clusters with TNM stages was observed. Venza
et al. determined the miRNA signatures in the cutaneous
melanoma cell line G361 and the uveal melanoma cell
line OCM-1 [53]. They identified 96 miRNAs that were
modified in both cell models. Among these commonly
modified miRNAs, 65 were down-regulated, 28 up-
regulated, and 3 exhibited a different expression trend.
Li et al. also found that 47 miRNAs were up-regulated
in uveal melanoma and 61 were down-regulated in their
study on miRNAs expression profile in uveal melanoma
sample [54]. Achberger et al. found that plasma levels
of miR-20a, 125b, 146a, 155, 181a, and 223 were higher
in the study patients at diagnosis as uveal melanoma
compared to controls. Plasma levels of miR-20a, 125b,
146a, 155, and 223 increased, and miR-181a decreased
when metastasis manifested [55].

However, only a small number of miRNA
expressions were shared among different studies and
several miRNAs even exhibit discordant expression
patterns among these studies. These discrepancies
are probably due to quality of clinical samples, the
indistinctive change and specificity of profiling platforms,
different protocols for sample collection and processing,
preceding cytotoxic treatments, tumor heterogeneity
and underestimated hypoxia and infection. Thus, it is
important to reevaluate current strategies in miRNA
profiling and be cautious about the interpretation of those
existing signatures.

Biological functions of deregulated miRNAs in
uveal melanoma

Since increasing deregulated miRNAs were
demonstrated, further functional characterization of these
miRNAs, especially their interaction with oncogenes,
tumor suppressor genes and other cancer-related
genes, is important for us to understand the molecular
tumorigenesis of uveal melanoma. For example,
functional analysis of miR-34a in uveal melanoma cell
lines indicated that miR-34a was inhibited the proliferative
ability and migration of uveal melanoma cells.
Moreover, bioinformatic prediction suggested that the
oncogene, c-Met, was a target gene of miR-34a in uveal
melanoma cells. Furthermore, miR-34a down-regulated
phosphorylated Akt and cell cycle-related proteins [45].
Another study showed that miR-34b/c expression was
dramatically decreased in uveal melanoma cells and
clinical samples, which can be upregulated by doxorubicin
and epigenetic drugs. The transfection of miR-34b/c into
uveal melanoma cells also leads to a significant reduction

in cell growth and migration. miR-34b/c caused cell
cycle G(1) arrest rather than the induction of apoptosis.
Met proto-oncogene (c-Met) was identified as a target of
miR-34b/c in uveal melanoma cells. Furthermore, miR-
34b/c was confirmed to downregulate the expression of
c-Met, p-Akt, and cell cycle-related proteins by western
blotting [49]. Genistein, an isoflavone isolated from
soybean, has been found to be a potent antitumor agent
[56]. Genistein markedly inhibited miR-27a expression
in a concentration-dependent manner and BTB domain
containing 10 (ZBTB10) was proved to the target of
miR-27a. It is biologically plausible that the decrease
of miR-27a expression resulting in post-transcriptional
gene regulation in uveal melanoma cells might partly
account for the inhibitive effect of genistein on human
uveal melanoma [56]. Chen et al. demonstrated that
miR-137 expression was lower in uveal melanoma cell
lines than in uveal melanocytes [47]. Functional analysis
of miR-137 in uveal melanoma cell lines indicated
that over-expression of miR-137 induced G1 cell cycle
arrest, leading to a significant decrease in cell growth
in uveal melanoma cells. Ectopic transfection of miR-
137 into uveal melanoma cells downregulated MITF, a
transcription factor with oncogenic activity. Moreover,
overexpression of miR-137 downregulated the oncogenic
tyrosine kinase protein receptor c-Met and cell cycle-
related proteins, including CDK6. Liu et al. reported
that the expression of miR-9 was significantly reduced
in highly invasive uveal melanoma cell lines, and miR-
9 overexpression suppressed migration and invasion of
highly invasive cells [50]. Furthermore, miR-9 negatively
modulated NF-kB1 expression by directly targeting its
3’-UTRs. Additionally, downstream targets of NF-kB1,
such as MMP-2, MMP-9 and VEGFA, were regulated by
miR-9 in the same pattern as NF-kB1. Therefore, miR-9
suppressed uveal melanoma cell migration and invasion
partly through downregulation of the NF-kB1 signaling
pathway. Yan et al. demonstrated that miR-182 expression
was dependent on p53 induction in uveal melanoma cells.
[57] Transient transfection of miR-182 into cultured
uveal melanoma cells led to a significant decrease in
cell growth, migration, and invasion. Cells transfected
with miR-182 demonstrated cell cycle G1 arrest and
increased apoptotic activity. MiR-182 was proved to
exert its role on mRNA expression by targeting the 3’
untranslated region of MITF, BCL2 and cyclin D2. The
expression of oncogene c-Met and its downstream Akt and
ERK1/2 pathways were also downregulated by miR-182.
Concordant with the findings that miR-182 was decreased
in uveal melanoma tissue samples, overexpression of
miR-182 suppressed the growth of uveal melanoma cells
in vivo. Previous study has demonstrated that miR-124a
expression was downregulated in both uveal melanoma
cells and clinical specimens [51]. Transient transfection of
miR-124a into uveal melanoma cells inhibited cell growth,
migration, and invasion. Moreover, Overexpression of
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miR-124a suppressed in vivo growth of tumor. Potential
targets of miR-124a included CDK4, CDK6, cyclin
D2, and EZH2. Recently study shwed that miR-145
expression was significantly lower in uveal melanoma
sample and cell lines were compared with normal uveal
sample. Overexpression of miR-145 suppressed cell
proliferation by blocking the G1 phase entering S phase
in uveal melanoma cells, and promoted uveal melanoma
cell apoptosis. IRS-1 was identified as a potential target of
miR-145 by dual luciferase reporter assay (Table 2) [54].

Prognostic use of miRNAs and other
clinical implications

Larsen et al. detected miRNAs expression in 36
patients with uveal melanoma. The miRNAs hierarchical
clustering divided the uveal melanoma into three groups
based on microRNA expression. The clusters showed no
association with clinical or histopathological features,
TNM staging, metastasis or survival in uveal melanoma
patients [52]. Differential expression analysis did not reveal
microRNAs related to metastasis or survival. To date,
despite overwhelming reports of dysregulated miRNAs in
uveal melanoma tissues, no circulating miRNA has been
identified for non-invasive diagnosis of uveal melanoma.

Mechanisms of miRNA deregulation in uveal
melanoma

The mechanisms of miRNA deregulation in cancer
are complex. The miRNA genes are regulated in similar
way with other coding genes. Recent works have provided
new insights to explain miRNA deregulation in uveal
melanoma, including epigenetic alteration and deregulated
transcription. Previous study showed that genistein
markedly inhibited miR-27a expression and enhanced
its target gene ZBTBI10 expression in uveal melanoma
[56]. miR-137 may be epigenetically silenced during

uveal melanoma tumorigenesis. Chen et al. reported that
a DNA hypomethylating agent, 5-aza-2’-deoxycytidine,
could increase the expression levels of miR-137 [47]. In
addition, miR-124a expression was found to be regulated
via epigenetic mechanisms, with its expression restored
when cells were treated with a DNA hypomethylating
agent, 5-aza-2’-deoxycytidine, and a histone deacetylase
inhibitor, trichostatin A [51].

Conclusions and future perspectives

Uveal melanoma is one of the most highly
aggressive cancer that leads to metastatic death in up
to half of patients despite successful local therapy
[58]. Early metastasis accounts for the high death rate
of uveal melanoma [59]. However, early diagnosis of
uveal melanoma is a major challenge because of the
lack of knowledge about the molecular mechanisms of
uveal melanoma [60]. Therefore, a more comprehensive
understanding of the pathogenic mechanism of uveal
melanoma is useful for formulating innovative therapeutic
strategies [61]. Dysregulation of miRNA occurs in uveal
melanoma as well as other malignant diseases [39].
The mechanisms of miRNA in tumor development and
progression are complex and numerous [62]. However,
most of them converge on common signaling mechanisms
that govern cell proliferation, apoptosis and invasiveness
[63]. Moreover, the significance of specific miRNAs in
uveal melanoma development should be interpreted in
appropriate biological contexts as miRNA interacts widely
with other signaling cascades and may behave differently
in different histological subtypes of uveal melanoma.
Population-based differences in miRNA dysregulation,
and thus the diagnostic or prognostic use of miRNAs
in different ethnic groups are also key considerations
[64]. Recent advances in the development of in vivo
RNA delivery system may open a new window for use
of miRNA as new cancer therapeutics [65]. In addition,

Table 2: Functional characterization of the deregulated miRNAs in uveal melanoma (UM)

Name Up or down regulation Target gene Role Reference
miR-34a Down c-Met Tumor suppressor 45
miR-137 Down MITF, c-Met, CDK6 Tumor suppressor 47
miR-34b/c Down c-Met Tumor suppressor 49
miR-9 Down NF-kB1 Tumor suppressor 50

. CDK4, CDKaeo,
miR-124a Down cyclinD2, EZH2 Tumor suppressor 51
miR-145 Down IRS-1 Tumor suppressor 54
miR-27a Up ZBTB10 oncogene 56

. MITF, BCL2, cyclin
miR-182 Down D2, c-Met Tumor suppressor 57
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miRNAs may be targeted by a novel class of chemically
engineered oligonucleotides known as antagomirs that
silence endogenous miRNAs [66]. It is anticipated that,
with a more comprehensive understanding of miRNA
dysregulation and the associated abnormalities in
cellular signaling in uveal melanoma, novel therapeutics
will emerge.
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