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Epigenomics — A Bird’s Eye Perspective on the
Genome

Abstract

The constant interplay between DNA methylation, histone modifica-
tions and small interfering RNAs — including micro-RNA — provides the
basis for establishing a cellular epigenomic network. Its occurrence depends
on various endogenic and exogenic factors and is specific to a given type of
cell and during a precise period of time. Thus, an epigenomic network is
where phenomena known for a long time as »tissue and time specific gene
expression« — both necessary for proper cell functioning — are manifested. A
cancer cell is an excellent example of disturbed epigenomic network. Be-
cause of the reversible nature of the epigenomic process, the network can be
partially or fully restored by the use of epigenomic drugs, to date, the inhibi-
tors of DNA methylation and histone deacetylases. The possible interven-
tion on the epigenome offers a very powerful tool in different fileds, includ-
ing understanding disease pathophysiology, its treatment and, very signifi-
cantly, its prevention.

INTRODUCTION

r some time now, most of us were convinced that susceptibility to
disease primarily depended on inherited information given through
a DNA genetic code. Accordingly, many efforts were made to establish
functional links between changes in the DNA linear sequence (i.e.,
mutations, gene fusions resulting in chimeric proteins, gene amplifica-
tions resulting in gene disregulated expression) and specific disease
phenotypes. This approach provided answers to a considerable number
of questions, including the discovery of genes which, if mutated, caused
a disease like cystic fibrosis. However, we were still left with many
unsanswered and persistent questions based on the lack of knowledge
because of complexity of DNA and protein interactions.

The term »Epigenetics« has been coined in order to cover different
phenomena included in controlling the functional state of DNA. It is
defined as heritable changes in gene expression which are independent
of the primary DNA sequence but also stable, long-term alterations in
the transcriptional potential of a cell which are not necessarily herita-
ble. So defined, epigentics includes all mechanisms needed for control-
ling gene activity at different levels: transcriptionally, post-transcriptio-
nally, at the level of protein translation and in post-translational protein
modifications. All these processes work in a well-orchestraded manner,
making a unique epigenome network that is specific for a given cell
during a given period of time. This network represents a specific
»mark« of the integrative signals arising from both endogenous and en-
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vironmental signals. This »mark« directs phenomena
known for some time as »tissue specific« and »time spe-
cific« expression.

By utilizing its epigenome, in order to adapt to these
signals, through turning genes on and off; a cell adapts to
such changes by removing and adding DNA methy-
lation marks or through altering the histone proteins.
These molecular processes are crucial for an epigenomic
response. Per contra, deregulation of the epigenetic me-
chanism of »markingx, is associated with a variety of hu-
man diseases.

Major epigenetic mechanisms

Major epigenetic mechanisms include DNA methy-
lation, covalent post-translational modifications of histo-
ne proteins (methylation, acetylation, phosphorylation,
sumoylation) and RNA-mediated gene silencing. These
three major epigenetic molecular mechanisms are clo-
sely linked because they create their own network of sig-
nals which re-amplify each other and lead to regulating
different cellular processes. They are also a very impor-
tant part of a specific response to environmental muta-
gens (or »epimutageness, in this context).

DNA methylation and gene transcription

Mammalian genomes are dominated by methylated
DNA and approximately 56% of human genes contain
CG-rich regions in their promoter regions (1). These se-
quences, known as CpG islands (defined as regions with
more than 500 base pairs and a GC content greater than
55%), which are non-randomly distributed in mammal
genomes, are present in 1-2% of the genome. Typically,
they are unmethylated in normal, healthy cells, except
those assocated with imprinted genes, X-chromosome
inactivation and transposable elements (2). DNA me-
thylation, as a phenomenon, has been studied primarily
in the context of gene transcription. Indeed, the very sen-
sitive and precise process of cytosine methylation, repre-
sents an essential mechanism for normal developmentin
all species, shedding some light on »time and organ spe-
cific expression.

DNA methylation itself represents the covalent addi-
tion of a methyl group to the five-carbon position of the
cytosine base in CpG nucleotides. This biological pro-
cess is not only extremely important in development, but
also in disease pathophysiology — of which cancer repre-
sents a very important part. Its importance has been
proved in experimental models which showed that dif-
ferently active transgenes (active and silent, depending
on their methylation status), keep the pattern of their ac-
tivity (consequential to the pattern of their methylation
status) during as many as 100 divisions (3). The network
responsible for exact »copying of methylation patternc,
from generation to generation, depends on two types of
DNA methyltransferases (DNMTs).

DNA methyltransferases DNMT3A and DNMT3B
have de novo methylation activity and, as such, they es-
tablish DNA methylation patterns during early develop-
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ment (4). These patterns are then propagated through
the activity of DNMT1 — the enzyme maintaining me-
thylation with extreme fidelity (5). Without any of these
three enzymes, life would not be possible as their tar-
geted disruption results in lethality (during or after em-
bryonic development) accompanied by global DNA de-
methylation, as shown in mice models (6).

As already noted, DNA methylation represses inap-
propriate expression of endogenous transposons which
are involved in parental-specific silencing of one allele of
imprinted genes. However, during the process of malig-
nant transformation, the CpG islands, positioned in pro-
moter regions of genes crucial for transformation, be-
come hypermethylated. The consequence of this molec-
ular event is the abnormal silencing of tumor suppressor
genes (T'SG) and other cancer-associated genes. This
phenomenon is frequently related to increased level of
DNMT1, as shown in different malignant tumors (co-
lon, lung, breast, liver, stomach, acute and chronic mye-
logenous leukemia) (7-12).

Very recent findings show the important role of the
transcription factor Spl overexpression and/or p53 gene
alteration in inducing DNMT1 protein expression in
lung cancer. As shown in the clinical model, patients
with altered p53 and overexpressed Spl, followed by
overexpressed DNMT1, have an increased risk of hyper-
methylation of multiple TSG promoters (13). This find-
ing is the first mechanicistic proof of functional link be-
tween p53 alterations and methylation status in the
cancer cell.

However, it is still not clear whether DNA hyper-
methylation represses gene transcription directly or indi-
rectly. There are two major proposed models of gene si-
lencing related to promoter methylation (14). The first
model proposes that the methyl group of the *meC »ex-
tends« into the major groove of DNA, inducing confor-
mational change. As a consequence, transcription factors
cannot bind to their CpG-recognition sites. The second
model is based on MeCPs (methyl cytosine binding pro-
teins) function. As indicated by their name, these pro-
teins bind to methylated CpG islands through their me-
thyl-CpG-binding domains (MBD), creating a steric
barrier to access by transcription factors. Additional pro-
posed mechanisms by which CpG methylation represses
gene transcription are related to RNA polymerase elon-
gation, impairment of RNA-polymerase loading and in-
terferrance with RNA polymerase initiation that involves
localized histone acetylation.

Although these explanations seem to be relatively eas-
ily understood, actually, the process is very complex and
dependent on many molecular players. DNA methy-
lation occurs in a complex chromatin structure and is in-
fluenced by many factors, among which the modified
histone tails represent a very important contributing
facor.
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Histones and histone modifications

Linear DNA, consisting of 147 base pairs, is wrapped
by one octameric complex composed of two molecules of
each of the four histones (H2A, H2B, H3, H4) and form-
ing an array of nucleosomes. The amino termini of his-
tones, histone tails, contain different post-translational
modifications (lysine and arginine methylation, lysine
acetylation, serine and threonine phosphorylation and
lysine sumoylation, ubiquitinylation and ADP ribosy-
lation) (Figure 1). Diversity of these modifications gave
rise to the »histone code« hypothesis, proposed in 2000
(15). The code itself has been linked to chromatine struc-
ture and gene function, mediating the transcriptional
state of a cell (16).

The nomenclature of any histone modifications takes
the name of the histone, adds the single letter amino acid
abbreviations (e.g. K for lysine), the position of amino
acid in the protein, the specific type of modification and,
if appropriate, the number of modifications. For example
H3K27me3 denotes three methyl groups in H3, on the
27% lysine from the N-terminal end of the protein.

What seems to be clear is that histone acetylation is
able to prevent DNA methylation through inhibiting the
access of DNA methylases and facilitating the binding of
transcription factors. Generally, acetylation of lysine resi-
dues on histones H3 and H4, contributes to the forma-
tion of an open chromatin structure which indicates
transcriptional activity. In other words, global histone
acetylation correlates with general transcriptional activ-
ity (17). So, itis not surprising that administering histone
deacetylase (HDAC) inhibitor, supporting histones in
their acetylated form, also influences the methylation
status of the promoters. These were exhibited in prostate
cancer tissues where RASSF1 was a model gene, based
on previous data showing its inactivation in prostate can-
cer. The results obtained with 131 samples of prostate
cancer and 65 samples of benign prostate hipertrophy
(BPH) were: a) inactivation of RASSF1 transcription re-
lated to aberrant promoter methylation in 74% of cancers
and 18.5% of BPH; b) methylation frequency being hi-
gher in high stage/high Glisson sum samples; ¢) un-
methylated promoters were enriched in acetylated his-
tones and H3K4m?2 (dimethylation of lysine, the fourth
amino acid in the histone 3 (H3) structure); d) the rever-
sal of histone code on hypermethylated promoter after
administering DNA methylation inhibitor, but not TSA
(trichostatin, HDAC inhibtor). The final piece of the
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puzzle, surprisingly conclusive, showed that reduced
histone acetylation, or H3K4 dimethylation, joined with
increased H3K9m2 (dimethylation of lysine, the ninth
amino acid in H3 structure) plays a crucial role in
RASSF]1 silencing in this investigatory model (18). From
this and some other scientific reports, it is clear that the
subtile communication between histone acetylation and
DNA methylation is an enormously important interac-
tion, whose rules and basic principles have yet to be dis-

cerned (19).

In addition to histone modification zia acetylation,
another post-translational modification — methylation,
has also been extensively studied. Generally, high levels
of histone acetylation and H3K4 mono-, di- and tri-
methylation are present in promotores of active genes
(20, 21). On the other hand, trimethylation of H3K27
(H3K27m3) is related to gene silencing.

Many epigenetic questions have been answered through
research on embryonic stem cells.

Lessons from embryonic stem cells

It was proved that expression of Oct-4, transcription
factor essential for maintainance of pluripotency and
specific for these cells, depends on high levels of H3K9ac
and H3K4m3 and low level of H3K27m3. After only
cight days of differentiation, H3K27m3 increases while
and H3K4m3, and H3K9ac dramatically decreases (33-
-fold and 4.7-fold reduction). This picture seems to be
very clear, almost »black and white« in its occurance.
This process is mediated through a repressor complex
that contains histone methyltransferase G9 and enzymes
with histone deacetylase activity. As the next step,
DNMT3A and DNMT3B become recruited through the
ankyrin motif of G9, de novo DNA methylation occurs
and, as a consequence, promoter region becomes hyper-
metyhlated (22) and the whole region becomes »locked«
— no transcription. It has to be noted, however, that it is
still unclear which modification, histone acetylation or
CpG methylation, makes the primary signal by which
gene expression is determined.

It is very interesting that H3K4m3 and H3K27m3, as
two functionally opposite histone modifications, co-lo-
calize in so-called »bivalent domains« in the promoter
region of approximately 2000 developmentally regulated
»to be expressed« loci, in undifferentiated mouse and hu-
man embryonic stem cells (23, 24). These two opposing
modifications keep developmental regulators silenced,

Figure 1. Some histone tail post-translational modifications; Histones H3 and H4.
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while keeping them poised for alternate fates (25). The
differentiation is a trigger for these promoter marks to to
become »univalent«: induced genes become enriched in
H3K4me3 and lose H3K27me3 (as recently shown for
the human brachyury T locus during mesoderm induc-
tion). Non-induced genes keep their H3K27me3 mark
and lose H3K4me3 (26).

This process is dependent on the presence of compo-
nents of Polycomb group proteins (PcG) forming large
complexes of which the two Polycomb Repressive Com-
plexes (PRC1 and PRC2) are best characterized (25).
The PRC2 core complex contains four proteins: the ca-
taytic subunit — Enhancer of Zeste (EZH2), Suppressor
of Zeste (SUZ12), Embryonic Ectoderm Development
(EED) and the histone binding proteins RbAp46/RbAP48.
So far, among these four members of the complex, EZH?2,
which is a methyltransferase, seems to get the highest
level of attentionin in the field of cancer research. This
interest is primarily related to specific silencing of TSGs
as a consequence of lysine (tri)methylation (H3K27me3),
which is directed by EZH2. However, PcG mediated
gene repression represents a very complicated cascade of
events triggered by the recruitment of PRC2 to target
promoters and with H3K27 trimethylation representing
the final consequenc of this process. Additionaly, PcG
targeting and silencing predispose target genes to DNA
methylation, as shown in different cancer types (27, 28).
This is in accord with previous observation on PRC2 in-
teractions with DNMT1 and DNMT3B. Although, as
recently shown, the PcG mediated suppression may oc-
cur independent of DNA methylation status (29).

One of the first published reports on EZH2 in cancer
clearly showed its significance in the progression of pros-
tate cancer. It was the most significantly upregulated
gene in metastatic prostate cancer as compared to local-
ized prostate cancer (30). Its overexpression led to silenc-
ing more than 100 genes. Five years later, in 2007, PRC2
repression signature, consisting of 14 repressed EZH2
genes, has been described as a tool for predicting prostate
cancer patient outcome (31). Even more important, ba-
sed on profiled 14 gene candidates (CTSG — cathepsin
G, CXCL12 — chemokine (C-X-C motif) ligand 12
(stromal cell-derived factor 1), DARC — Dufty blood
group, chemokine receptor, EPHB6 — EPH receptor B6,
FST — follistatin, ITGB2 — integrin, beta 2 (complement
component 3 receptor 3 and 4 subunit), KRT17 — keratin
17, NCKAPIL — NCK-associated protein 1-like, PRKG1
— protein kinase, cGMP-dependent, type I, PTGER3 —
prostaglandin E receptor 3 (subtype EP3), RLN1 — re-
laxin 1, SNCA — synuclein, alpha (non A4 component of
amyloid precursor), SOCS2 —suppressor of cytokine sig-
naling 2 and WN'T2 — wingless-type MMTV integration
site family member 2) the functional link related to PRC-
-repression signature surfaced: PRC2-related repressive
marks known to control stem cell pluripotency and dif-
ferentiation are also critical for cancer progression (31,
32). Some of these genes were found to be significantly
downregulated in metastases (when compared to the pri-
mary tumor) in some other tumor types such as breast —
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WNT?2 and DARC (33, 34), non-small cell lung cancer —
EPHB6 (35) and small cell lung cancer (36).

The most recent findings on EZH?2 indicate that in
myelodysplastic/myeloproliferative neoplasms and myelo-
fibrosis, it may act as a tumor suppressor gene (37, 38).

Epigenomic Drugs

Epigenomic changes in somatic cells, triggered by en-
vironmental factors, can be reversed by the use of epi-
genetic drugs. This therapy also can influence inherited
epigenetic marks. The basis for this approach is reversing
the epigenetic process, which is very different from con-
ventional chemotherapy which kills cancer cells as well
as all dividing cells. Reversing the epigenetic process ap-
pears to be very promising and the hope is that »reversion«
will be very significant in the diagnosis and treatment of
major human diseases (diabetes, cardiopulmonary dis-
cases, Rett syndrome and some other neurological disor-
ders, autoimmune diseases and cancer), as well as the
consequences of aging. Particularly in cancer, missteps in
epigenetic programming have been directly implicated
and reversibility of changes point to epigenetics as a key
discipline for developing targeted chemoprevention.

There are two major types of epigenetic drugs: DNA
methylation inhibitors and histone deacetylation
(HDAC) inhibitors. The first group is also known as
»demethylators«, which act as substitutes for cytosine
residues during cell division. The consequences of their
incorporation into DNA, in lieu of cytosines, is the blo-
cking and binding of DNMTT5, causing depletion of overly
active methylator enzymes. There are two FDA-ap-
proved demethylating, cytidine derivative, drugs: Vida-
za™ (5-azacytidine), which was approved in May, 2004;
and Dacogen™ (5-aza-2’-deoxycytidine, decitabine),
which is a deoxyribose analog of 5-azacytidine, approved
in May, 2006. These two drugs are chemically related to
each other. However, while 5-azacytidine contains ribose
sugar ring, decytabine contains deoxyribose. Accordin-
gly, 5-azacytidine incorporates largely into RNA. The
first target for both drugs is Myelodysplastic Syndrome
(MDS). The antineoplastic effects caused by Vidaza™
and Dacogen™ are related to DNA hypomethylation
(restoration of gene activity necessary for differentiation)
and a direct cytotoxic effect on abnormal, rapidly divid-
ing hematopoietic cells in the bone marrow which be-
came unresponsive to normal growth control mecha-
nisms. Non-proliferating cells are relatively insensitive
to Vidaza™.

There are many scientific reports of abnormal histone
acetylation in tumor cells, in favor of deacetylation. Hen-
ce, the rationale for introducing HDAC inhibitors in the
clinic would be to inhibit histone deacetylase, prevent
histone deacetylation and consequential tight DNA
wrapping around histones. The HDAC inhibitors con-
tribute to the formation of open, euchromatin structure,
through indirectly »keeping« the acetyl group attached to
the lysine of the histone tail and decreasing its positive
charge. As a consequence, the interaction between lysine
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and DNA decreases (39). In cancer therapy, the applica-
tion of HDAC would results in recovering otherwise si-

lent TSGs.

However, the problem here is selectivity, as HDAC in-
hibitors would inevitably modulate other acetylation sig-
naling events and »hide« the mechanism of action (tar-
geted HDAC inhibition vs. incidental interference with
off-target pathways) needed for a targeted approach (pure
therapeutic effect). One should keep in mind that HDACs
are a family of at least 11 isozymes, organized in multi-
subunit complexes that are not yet well understood (40).
Accordingly, any kind of intervention with HDAC in-
hibitors may result in side effects that can be extremely
serious. These days, more than 80 clinical trials are un-
derway, testing more than ten different substances from
this group of inhibitors, in both solid and hematopoietic
malignancies (41).

Vorinostat (suberoylanilide hydroxamic acid; SAHA,;
Zolinza™), whose approval was granted by FDA in Oc-
tober, 2006 for the treatment of cutaneous manifestations
of cutaneous T-cell lymphoma (CTCL) in patients with
progressive, persistent, or recurrent disease, acts as pan-
inhibitor, without selectivity. It is not surprising that the
immediate goal must be selectivity achievement, in this
field. This approach has been pursued by some compa-

nies.

MethylGene’s CEO, Donald Corcoran, claims that
their HDAC inhibiting compound MGCDO0103 in clini-
cal trials all around the world, represents: »... a rationally
designed, potent and selective for specific HDAC iso-
forms« drug. Its novel isotype-selective histone deacety-
lase inhibition has been well documented through anti-
tumor activity iz vitro and in vivo (42) and it is the first
HDAC inhibitor with proved microtubule destabilizing
activity (43). Indeed, there are many exciting results ba-
sed on a very good therapeutic responses by cancer pa-
tients suffering from Hodgkin’s lymphoma, acute mye-
loid leukemia and MDS.

This has been also the case with Novartis’ pano-
binostat — LBH589, whose mechanism of molecular ac-
tion has been studied in great detail. This substance has
shown very good results in treating multiple myeloma in
combination with melfalan and doxorubicin, iz vitro and
in vivo (44). It was also shown that LBH589 induces ex-
pression of DNA damage response genes and apoptosis
in Ph™acute lymphoblastic leukemia cells. It also inhibits
the activity of aromatase gene in breast cancer cells,
which makes it a very promising candidate in treating
hormone dependent breast cancer (45, 46).

There are many different compounds inhibiting his-
tone deacetylase (phenylbutyrate, valproic acid, romi-
depsin, trichostatin A). However, currently, we are still
unclear which modification, histone acetylation or CpG
methylation, makes the primary signal by which gene ex-
pression is determined. In any event, hypermethylated
CpG islands of tumor suppressor genes are commonly
associated with hypoacetylated histone. One reason for
this phenomenon is ability of methylated promoters to

Period biol, Vol 112, No 4, 2010.

recruit, through a group of proteins with methyl DNA
binding domain, a protein complex containing histone
deacetylase and histone methyltransferase (47). Hence,
it is not surprising that a combination of agents from
these two groups (demethylators and HDAC inhibitors)
showed very promising results, in vizro. It was shown
that the sequential treatment of cancer cells with 5-aza-
cytosine analogs and, subsequently, an HDAC inhibitor
results in stronger re-expression of methylated TSGs
than either agent alone (48). These data prompted sev-
eral clinical trials with the combination approach. Some
of results are very promising (49, 50).

With the number of these optimistic reports dramati-
cally increasing, one could really hope that these epige-
nomic approaches represent a new era in cancer chemo-
prevention and treatment because of the reversibility of
epigenome changes.

Micro-RNA (mi-RNA; miR)

A very powerful epigenetic modulator of epigenome
is micro-RNA (mi-RNA). These short (~22 nt long),
non-coding, single stranded RNA molecules are found
both in plants and animals (51). As of August, 2010, there
are 940 confidently identified mi-RINA genes in humans
with this number constantly increasing (miRBase; Uni-
versity of Manchester, Manchester UK) (52, 53). These
molecules negatively regulate gene activity post-trans-
criptionally, depending on the complementarity level be-
tween the taget (mMRNA) and mi-RNA itself. Perfect or
near perfect binding of mi-RNA, depending on fully
complementary or nearly perfect complementary, respec-
tively, induces a RNA-mediated interferance (RNA1)
pathway, as commonly found in plants. More common
pathway in humans is based on mi-RNA binding to im-
perfectly complementary sites within the 3" untranslated
regions (3’'UTR) of their mRNA targets, through a RISC
(RNA Induced-Silencing) complex, which affects the
target gene activity at the level of translation. In this situ-
ation, target recognition depends mainly on »seed« se-
quence which is seven nucleotides long and corresponds
to mi-RNA nucleotides 2—-8. However, this is not the only
parameter affecting the binding and there are several ad-
ditional features of site context strongly influenzing the
binding (53). Mi-RNA can also affect mRNA stability. As
a consequence, mRNA levels are not commonly affected,
but protein levels are reduced. It has been estimated that
each mi-RNA is predicted to target hundreds of different
mRNAs, thus influencing key cellular regulatory mecha-
nisms.

mi-RNA transcription is directed by RNA Pol II,
through the process generating the molecule known as
pri-micro-RNA. This molecule, after being processed by
two enzymes, Drosha (ribonuclease type III) and Pasha
(DGCRS) into ~70 nucleotide long pre-micro-RNA must
be exported into cytoplasm by Exportin 5. Additional
processing is necessary for creating a mi-RNA: mi-RNA
duplex, which must be excised from the pre-mi-RNA
hairpain by the enzyme Dicer (ribonuclease type III).
Finally, the mi-RNA:mi-RNA incorporates into the
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miRISC complex which retains the mature, single-stran-
ded mi-RNA which binds to the complementary sites in
the mRNA target (Figure 2).

The most recent finding shows that Dicer does not
need to be always included in mi-RNA processing. In
mice, the presence of mature miR-451 does not depend
on Dicer, buton Ago2 (Argonaute Protein 2, Eif2cs) (54).

There is growing data on mi-RNA expression profiles
in cancer. Specific miRNA signatures were shown to be
informative for tumor classification and clinical outcome
in some tumor types (55). Although there are several
mi-RNAs that are upregulated in different malignancies
(like miR-21, miR-191, and miR-17-5p), the global pic-
ture of cancer shows global mi-RNA downregulation
(56). The reason, as shown in vitro and in vivo, in breast
cancer patients, may well be the increased expression of
mi-R-103/107 family which binds, as determined through
computational analysis, to eight sights in Dicer’s 3’UTR
mRNA. Based on what was previously said about mi-
-RNA processing, it is clear that miR-103/107 overex-
pression leads to inhibition of mi-RNA biogenesis,
through downregulation of Dicer. Specifically related to
the miR-103/107 family in breast cancer, if overexpres-
sed, they promote metastasis and epithelial-to mesen-
chymal transition (57). This is only one example show-
ing how an only 22 nucletides long molecule can reshape
and modify the epigenome.

Another example of strong epigenome reshaping in-
fluenced through only one micro-RNA comes from stud-
ies related to miR-101. This molecule, as shown in pros-
tate and some other carcinoma types, targets EZH?2,
previously mentioned histone methyltransferase that tri-
-methylates H3K27 and consequentially leads to gene si-
lencing. If abundantly present, miR-101 acts as a tumor
suppressor molecule, keeping the protein level of EZH2
low. The cells in which it is lost (mostly through deletion
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of the part of the chromosomes where it is located; 1p31.3,
9p24) show high level of both EZH2 and H3K27m3. As
a consequence, a decrease in the activity of various PRC2
target genes occurs, as shown for: ADRB2, DAB2IP,
CIITA, RUNX3, CDHI and WNTI (58).

Based on this limited set of data it becomes clear that
manipulating mi-RNA expression level may serve as a
good therapeutic goal. This possibility has just begun to
be explored in HCV infected monkeys. In addition to its
organotropism, the HCV also shows a certain »mi-RNA-
-tropism« directed to a liver-specific miR-122. So far, it
has been shown that miR-122 and HCV RNA form a
complex to maintain viral abundance (59). Intravenous
injection of HCV-infected chimpanzees with locked nu-
cleic acids (SPC3649, a 15 ntlong molecule complemen-
tary to the 5" of miR-122) sequestering and inactivating
miR-122, results in dramatic decrease of HCV yield (60).
The treatment in monkeys was not associated with toxic-
ities and there is no data on the safety of its usage in hu-
mans. One can also doubt not only the selectivity of the
treatment itself (as it surely affects more than one mi-
-RNA), but also selectivity related to a broad spectrum of
targets for a given mi-RNA (according to miRanda data-
base, miR-122 potentially targets 1,958 mRNAs).

The need for caution is of extreme importance in this
area because one should understand the role of any mi-
-RNA in the pathogenic process, which is and will be ex-
tremely difficult taks.

As a part of this complex picture are several studies
showing dietary modulation of mi-RNA expression. The
expectation is that some cancer-preventive effects, re-
lated to well known dietary compounds, may be ex-
plained through their influence on mi-RNA expression.
To date, the results from only a few studies were pub-
lished with the following compounds investigated: geni-
stein, folate, retinoic acid, curcumin and some others (61).
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Figure 2. Simplified scheme of mi-RNA processing.
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This mini-review can only provide some highlights of

epigenetics, with every molecule and process described
constituting its own mini-universe. Each of them, and
others which could not be included, may represent a
promising potential therapeutic target, not only in the
field of cancer treatment, but also in all areas of human
pathology.
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