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Uveal melanoma (UM) is a deadly cancer that leads to metastatic disease in more than 50 % of the patients. Despite the improvement in the treatment
of primary disease, there is still no effective therapy to prevent the development of metastases. Therefore, the disease requires intensive research to

identify new treatment strategies.

In preclinical UM models, epigenetic drugs have been shown to increase the sensitivity of resistant tumour cells to treatment. The successful use of
histone deacetylase inhibitors, which induced cell cycle arrest, reprogramming consistent with melanocyte differentiation and inhibition of tumour
growth in preclinical models, demonstrates the role of epigenetic regulation in UM metastasis. Identification of epigenetic changes associated with
UM development an progression could contribute to the discovery of more effective drugs that, in combination with traditional approaches, may yield

better therapeutic results for high-risk patients.
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INTRODUCTION

Malignant uveal melanoma (UM) is the most commonly
occurring intraocular tumour in adults. Its incidence in Slo-
vakia is 5.1 per million of the population, which means 32 to
54 newly diagnosed patients per year [1]. Tumours most of-
ten originated from melanocytes localised in the uveal layer
of the eye, primarily in the choroidea (85 %), but may also
originate from the corpus ciliare (5-8 %) or iris (3—5 %) [2].

At present there is a turn away from radical procedures in
the treatment of primary UM. Treatment by ionising radia-
tion and combined approaches predominates, and treatment
by proton and photon therapy is possible. In our conditi-
ons brachytherapy using episcleral radiators is used, e.g.
Rul06, treatment by gamma knife or stereotactic radiosur-
gery on a linear accelerator [3—5]. The growth of a choroidal
melanoma into the eye socket leads to a radical procedure,
not only enucleation of the eyeball but also exenteration of
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the orbit [6]. No significant differences have been determi-
ned upon observation of patient survival following enuc-
leation and following treatment by ionising radiation [7,8].
Despite the low incidence of local recurrences, at present
no treatment is available that would increase the overall
survival of metastatic patients. There is also no explanation
relating to primary resistance of UM with regard to any
systemic therapy. Tyrosine kinase inhibitors or Met (hepa-
tocyte growth factor receptor protein), histone deacetylase
inhibitors (HDAC) or immune therapy (NCT02068586,
NCT02223819, NCT02068586, NCT01585194) are in the
stage of clinical trials [9].

UM metastasises in the liver in as many as 90 % of ca-
ses. The mechanism which is the basis of liver tropism is
not yet known. Metastatic disease, which occurs in almost
50 % of patients, is associated with a poor prognosis. A
recently published meta-analysis conducted on a cohort of
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912 patients with metastatic UM states the median of aver-
age survival without progression at 3.3 months and overall
survival at 10.2 months [10]. The risk of occurrence of me-
tastases is associated with tumour size, extraocular growth,
high mitotic activity and epitheloid type of tumour cells
(Table 1). The most significant molecular markers of me-
tastatic risk include monosomy of chromosome 3 and spe-
cific expression profile of mRNA in the tumour tissue. An
expression profile of a panel of 15 genes, which is commer-
cially available under the name DecisionDX-UM, enables
division of patients into 3 groups on the basis of metasta-
tic risk: Class 1A — very low risk with 2 % probability of
metastatic dissemination: Class 1B — low risk with 21 %
probability of occurrence of metastases: Class 2 — high risk
with 72 % probability of metastasis during the course of the
following five years [11]. A key role in metastasis is played
by somatic mutations of the gene BAP1 (BRCA1-Associa-
ted Protein 1), leading to a reduction or complete loss of
expression of the Bap1 protein [12]. BAP1, localised in the
region of 3p21, is a tumour-suppressor gene, which contri-
butes to the epigenetic regulation of genes that are signifi-
cant during development and differentiation. Its inactivity
leads to the formation of cells which have the properties of

tumour stem cells. This phenotype is associated with aggre-
ssive behaviour of tumours and a poor prognosis [13]. Ab-
normalities of chromosomes 1, 6, 8 and 9 are linked with
metastatic risk, together with specific mutations in other
genes such as SF3B1 (Splicing Factor 3B Subunit 1A) or
EIF1AX (eukaryotic translation initiation factor 1A, X-lin-
ked) [14]. Mutations of BRAF (B-Raf Proto-Oncogene, Se-
rine/Threonine Kinase) and NRAS (NRAS Proto-Oncoge-
ne, GTPase), which are typical of skin melanomas (40-50
% and 15-20 %) do not occur in UM [15, 16].

Epigenetic mechanisms

Epigenetic mechanisms such as DNA methylation, his-
tone modifications and non-coding RNAs are essential for
the normal development and homeostasis of the organism.
They mutually interreact and have a key role in the main-
tenance of tissue-specific gene expression and protection
against genetic instability. Their impairment may lead to
changes in the function of genes, malignant transformation,
and may have an effect on the individual signal pathways
subject to metastasis. The role of epigenetic deregulation in
the pathogenesis of UM has been confirmed by the resul-

Table 1. Clinical, histological and molecular markers for the prediction of risk of metastasis

Prognostic . . .
markers Risk factor Genes Incidence/Prognosis  Reference
Clinical Large diameter of tumour, [18]
thickness, affliction of corpus
ciliare, extraocular dissemina-
tion
Pathological = Cytomorphology of epitheli- [19]
um, extravascular matrix, high
mitotic activity
Cytogenetic Monosomy of chromosome 3 CTNNBT, SOX2 ~50 % [20]
Abnormalities of chromoso- LZTS1, BAP1 17-63 % / depending [21,22]
mes 1,6 and 8 on abnormality
Molecular High risk of expression profile  DDEF1, PTP4A3, TCEB1 40 % of class 2 patients [23,24]
class 2 metastasise
Aberrant gene expression 15 % of class 1 patients [25]
metastasise
Genetic Congenital/somatic mutations PRAME Congenital mutations [12,22,26]
1.6-3 %, somatic muta-
tions ~50 %
Oncogenic mutations in genes BAPT >80 % of primary UM [22,27]
association with G-protein (each 44 %)
subunits
Other “driver” mutations GNAQ, GNA11 EIF1AX (17 %) - good [27,28]
prognosis; SF3B1 (24
%) - younger age, good
prognosis
Other genetic  Variation of number of copies/ EIF1AX, SF3B1 [22]
change of expression of mMRNA
Epigenetic DNA methylation, miRNA, Specific profiles [22]

IncRNA

Modified according to [17]
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ts of several studies. One of the most significant of these
is an integrated multi-platform analysis of 80 UMs, which
demonstrated that in addition to known genetic changes,
changes in DNA methylation and the expression of mul-
tiple microRNAs (miRNA) and long non-coding RNAs
(IncRNA) are also associated with a poor prognosis for pa-
tients [22]. In tumours with a high risk of metastasis, the
expression of genes coding the actual epigenetic regulation
of enzymes is deregulated [29]. Epigenetic inactivity of ex-
pression may have a particularly significant role primarily
in genes localised in chromosomes with typical abnorma-
lities in the number of copies, such as the chromosomes 1,
3, 6 or 8. Chromosome 3, monosomy of which is present in
approximately 50 % of patients with UM, contains a num-
ber of tumour-suppressor genes, as well as genes which
have a key role in haematogenous dissemination. These
include for example the genes RASSF1A (RAS association
domain family 1), FHIT (Fragile Histidine Triad), BAP1
(BRCA1- Associated Protein 1), CTNNBI1 (Catenin Beta
1) or SOX2 (Sex-determining region Y (SRY)-Box2).

DNA methylation

DNA methylation ranks among the best studied epige-
netic mechanisms. It concerns covalent bonding of the
methyl group (-CH3) to DNA bases, primarily cytosine
residue in the dinucleotide sequence CpG. It is catalysed
by DNA methytransferase enzymes (DNMTs) with the pre-
sence of S-adenosylmethionine (SAM), which is applied as
a donor of the methyl group. Methylation / demethylation
is an important mechanism for maintaining the integrity of
the genome and safeguarding tissue-specific gene expressi-
on (Fig. 1). In comparison with normal cells, tumour cells
have an impaired DNA methylation formula either through
areduction (hypomethylation) or increase (hypermethylati-
on) of the number of methyl groups. Significant above all in
the initiation of oncological diseases are hypermethylation
of promoters of tumor suppressor genes, hypermethylation

of proto-oncogenes and global hypomethylation (influen-
cing extragenetic and intragenetic regions), which leads
to an increase of chromosome instability. In patients with
UM, DNA hypermethylation has been identified as a cause
of inactivation of a number of genes, of which the majority
contribute to the regulation of the cellular cycle. These in-
clude the genes APC, RASSF1A, RARB, LZTS1, CDHI,
RB1, CDKN2A, PRAME and others [17,30].

Histone modifications

Chemical modifications of histone proteins, which to-
gether with tightly coiled DNA fibre form a complex re-
ferred to as a nucleosome, also have a large influence on
gene activity. This is the basic unit of chromatin, a fibrous
structure which, depending on the degree of condensation,
plays a key role in controlling gene expression (Fig. 2). The
formation of an inactive, condensed heterochromatin is lin-
ked with a low degree of acetylation and a high degree of
methylation of histone molecules. Less condensed euchro-
matin is transcriptionally active [31]. In order to understand
the role of histone modifications in the progression of UM,
a groundbreaking discovery was that of the role of the Bap1
protein in the regulation of differentiation of embryonic
cells. Loss of expression of Bapl prevents acetylation of
histone H3K27 in the promoters of key genes, regulating
the differentiation of the ectoderm, mesoderm and neural
crest, which leads to a reduction of their expression [13].
The balance between acetylation and deacetylation of a
gene is determined by the relative activities of histones of
acetyltransferase and HDAC. HDAC inhibitors enable re-
-expression of epigenetically inactivated genes.

Non-coding RNAs

The best studied non-coding RNAs include small, 19-25
nucleotide RNA molecules, known as microRNA (miR-
NA). The primary mechanism of their functioning is bin-
ding to complementary mRNA, by which they inhibit its
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Fig. 1. Schematic illustration of differences in DNA methylation in gene promoters,
in extragenetic and intragenetic regions in a normal and tumour cell. Methylati-
on in extragenetic regions protects the cell against chromosome instability, the
tumour cell has a reduced number of methyl groups in this region. Active genes
do not have methylated promoters, unprescribed genes have them hypermethy-
lated. Methylated CpG inucleotides are indicated by a black dot, non-methylated

CpG dinucleotides by a white dot.
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Fig. 2. Schematic illustration of the influence of histone modifications and DNA methy-
lation on the condensation of chromatin. The loose structure of chromatin, referred

to as euchromatin, with acetylation and methylation of histone molecules — without
DNA methylation - is transcriptionally active. Condensed heterochromatin with DNA
methylation is transcriptionally inactive. Methylated CpG dinucleotides are indicated
by a black dot, non-methylated CpG dinucleotides by a white dot. Ac — acetylation,
Met -histone methylation. Adjusted according to [19].

translation or degrade mRNA (Fig. 3) [32]. In cell lines, in
tumour tissues and peripheral blood of patients with UM,
changes of the expression of several miRNAs have been
described, including increased expression of let-7b, miR-
-20a, miR-125b, miR-143, miR-146a, miR-155, miR-181,
miR-193b, miR-199a, miR-223, miR-367, miR-454, miR-
652, or reduced expression of miR-9, miR-34b/c, miR-
-124a, miR-137, miR4-144, miR-145, miR-182, miR-204
and others (see summary article [17]). Aberrantly exprima-
ted miRNAs play an important role in the deregulation of
oncological pathways in UM, and may support metastatic
dissemination [33]. In addition to the fact that they may
provide an interesting diagnostic and prognostic biomarker,
they also offer us a promising therapeutic target. It has been
demonstrated that it is possible to inhibit the function of
specific miRNAs by means of complementary, chemically
modified oligonucleotides, which are referred to as anti-
-miRs or antagomiRs. These have shown promising results
in pre-clinical development [34], and could compensate for
increased expression of genes of oncogenic pathways and
thereby assist in the management and treatment of UM.
The expression of miRNAs can be regulated by means of
methylation of their promoters. For example, Chen et al. sta-
ted that the hypomethylating agent 5-aza-2’-deoxycytidine
(decitabine) enabled increased expression of miR-137 [35].
Similarly, the expression of miR-124a in UM cells was
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restored after the use of decitabine and the histone deace-
tylase inhibitor trichostatin A [36]. These findings provide
evidence that individual epigenetic mechanisms, in additi-
on to fulfilling their individual role, mutually act upon one
another on several levels and mutually interreact.

Long non-coding RNAs are defined as transcripts of
RNA with a length of more than 200 nucleotides, without
the capacity to code proteins. They intervene in tumorige-
nesis, contribute in processes of angiogenesis, cell proli-
feration, migration and apotosis. In the case of UM, redu-
ced expression of PAUPAR and increased expression of
multiple IncRNAs has been described, for example ROR,
HOXAI11-AS, FTH1P3, PVTI1, CYTOR, BANCR, PVT1/
NEAT1 and MALAT1 (see summary article [17]).

Potential for epigenetic therapy

The loss of BAPI is linked with a loss of melanocyte
differentiation and an increase of metastatic potential.
HDAC inhibitors have succeeded in reversing the pheno-
type effects of inactivation of BAP1 through the induction
of morphological differentiation and change of high-risk
to low-risk profile of gene expression in UM cells [37].
Valproic acid, trichostatin A, tenovin-6, depsipeptide, pa-
nobinostat (LBH-589), vorinostat (suberoylanilide hyd-
roxamic acid), entinostat (MS-275), quisinostat, NaB,
JSL-1, MC1568 and MC1575 have demonstrated promi-
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Fig. 3. Mechanism of effect of miRNA. By binding to a complementary
sequence in 3 areas of the target mRNA it prevents their transcription.

sing anti-tumour effects also in other pre-clinical trials in
the case of UM [38]. They may block the proliferation of
tumour cells, induce halting of their growth, terminal diffe-
rentiation, cell death and inhibition of angiogenesis. It was
thereby demonstrated that HDAC and DNMT inhibitors
could represent an alternative adjuvant therapy for prolon-
ging tumour dormancy. At present clinical trials are under
way with valproic acid and vorinostat (NCT02068586,
NCTO01587352), entinostat (PEMDAC study with pemb-
rolizumab, entinostat, NCT02697630) and bromodomain
inhibitor BRD4 PLX2853 (NCT03297424) [39]. Inhibition
of bromodomain and extraterminal (BET) proteins offers
a new therapeutic approach for UM. This concerns third
generation epigenetic regulators, which influence DNA
replication, remodelling and transcription of chromatin.
Despite regulatory approval for the treatment of certain
haematological malignancies, the problem of epigenetic
therapy in solid tumours remains controversial. According
to certain authors, global hypomethylation of DNA as a
consequence of the use of the inhibitor DNMT1 5-aza-2’-
deoxycytidine in mice leads to chromosomal instability and
an increased incidence of secondary malignancies [40,41].
Although assertions concerning the risk in connection with
treatment by hypomethylating substances have been critici-
sed by other authors [42], the effectiveness of first genera-
tion epigenetic medications in patients with solid tumours

has been disappointing [43]. Thanks to the development
of new compounds and better understanding of the mole-
cular basis of tumorous pathologies, however, it appears
that epigenetic medicaments could play an important role
in synergy with classic therapeutic approaches [43]. The
use of nanotechnologies could contribute to increasing the
effectiveness and reducing the tissue toxicity of such com-
bined treatment.

CONCLUSION

Epigenetic changes play a significant role in the patho-
genesis of oncological diseases. They are of a reversible
nature and as a result represent a good therapeutic target.
In several pre-clinical trials it has been demonstrated that
epigenetic drugs enable the restoration of expression of
aberrantly inactivated tumour-suppressor genes, and incre-
ase the sensitivity of resistant tumour cells to treatment. In
order to discover more effective medicaments for adjuvant
therapy of UM and the treatment of metastatic diseases, it
is essential to accept the significance of epigenetic changes
and understand their role in the pathogenesis and progre-
ssion of this disease. In combination with traditional thera-
peutic approaches such as immune, chemo or radiotherapy,
epigenetic drugs could bring better results for hitherto unt-
reatable, advanced stages of UM.
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