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Abstract

Epigenetic mechanisms work in an orchestrated fashion to control gene expression in both
homeostasis and diseases. Among small noncoding RNAs, piRNAs seem to meet the necessary
requirements to be included in this epigenetic network due to their role in both transcriptional and
post-transcriptional regulation. piRNAs and PIWI proteins might play important roles in cancer
occurrence, prognosis and treatment as reported previously. Nevertheless, the potential clinical
relevance of these molecules has yet been elucidated. A brief overview of piRNA biogenesis and
their potential roles as part of an epigenetic network that is possibly involved in cancer is
provided. Moreover, potential strategies based on the use of piRNAs and PIWI proteins as
diagnostic and prognostic biomarkers as well as for cancer therapeutics are discussed.
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Epigenetics as reversible controllers of gene expression patterns

In oncology, epigenetic alterations can serve as prognostic or diagnostic biomarkers and
may play a role in therapy in the future [1-3].
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In contrast to genetics, epigenetics does not involve modifications of the genomic code but
rather influence whether a specific gene is expressed. Every normal human cell contains the
complete genomic information available for transcription, but instead of being expressed
and resulting in proteins, the majority of genes in each cell are ‘turned off.” Only a small set
of genes is ‘turned on,” which determines the specificity of differentiated tissues [4-61.

Even when every gene is present, somatic cells express only a restricted, specific set of
genes. In other words, a neuronal cell specifically expresses the transcripts necessary and
sufficient to allow it to appear and function as a neuron, whereas a hepatocyte expresses a
different set of genes that causes it to differentiate as a liver cell.

Importantly, the epigenetic marks, or codes, of each gene can be mitotically transmitted
through generations, maintaining its expression profile, and these epigenetic marks are
generationally transmitted, making these marks hereditable in a highly precise

manner [47-9],

An important feature of epigenetic status is its reversibility. For most cells, epigenetics can
be modified, and consequently, expressed genes can be silenced and vice versa [10.11],
Despite the complexity of the mechanisms involved in these fine regulations, under some
circumstances, this process is reversible with various biological potential and clinical
implications [2],

Complex machinery is involved in epigenetic control, defining the accessibility to the
transcription of each gene. Chemical modifications in DNA and histones together with
noncoding RNAs establish a complex regulatory network that controls genome function.
These epigenetic mechanisms modulate gene expression at both transcriptional and
posttranscriptional levels [12-16] DNA methylation patterns, chromatin modifications and
noncoding RNAs seem to work together in a redundant fashion of epigenetic regulation to
create a complex regulatory network, including bidirectional or even multidirectional
interactions among them [13.17],

Epigenetic dysregulation has important consequences for cell homeostasis and can
contribute to the development of diseases. However, considering the reversibility of most
epigenetic events, in the setting of diseases including cancer, each of these epigenetic
regulators could be considered to be therapeutic targets that can alter pathological gene
regulation and re-establish health status.

Cancer & epigenetics

In oncology, epigenetics have been shown to be involved in the development of cancer; they
influence prognoses and therapeutic outcomes and represent a potential therapeutic option
for many cancer types [18-20],

Considering the classical concepts of genetic cancer mechanisms, such as increased
oncogene activity and decreased tumor suppressor gene function, both could result from
epigenetic abnormalities rather than ‘genetic alterations.’
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Even with more recent identification of cancer cell hallmarks and capabilities [21], it is
currently recognized that each of these cancer features can also be achieved via epigenetic
pathways. Thus, cancer epigenetics might lead to a myriad of possible clinical applications.

Nevertheless, these great ‘windows of opportunities’ remain almost unexplored. Except for
DNA methylation, which usually represents an epigenetic silencer mark that has recently
been added to the collection of medical information, including its recognition as a cause of
some subtypes of cancers and a prognostic biomarker, little is known and much less is
clinically implemented in the epigenetic field of cancer [22],

Despite the current scenario of rare clinical applications of epigenetics in the cancer field,
knowledge is increasing exponentially, although not in an integrative manner; that is, much
scientific advancement is achieved as isolated views of the entire complex process.
Although it is welcome because many patients will benefit, an integrative interpretation of
the epigenetic network players seems to be much more promising.

Epigenetic alterations in cancer seem to be more accessible for medical intervention in many
cancer scenarios than genetic alterations. In the last decade, drugs that modify chromatin or
DNA methylation status have been used alone or in combination to affect cancer therapeutic
outcomes [23-26],

Recently, some strategies based on noncoding RNAs as cancer biomarkers and new creative
therapeutic interventions have entered the clinical field and appear to have great potential for
becoming part of routine clinical practice in the near future.

In this field, an almost unimaginable strategy for treating a cancer-related infection, hepatitis
C, is most likely going to be utilized in clinical practice in the next few years. It was
discovered that a synthetic small noncoding RNA seems to be highly efficient at treating
hepatitis C, a leading cause of liver cancer [27]. This opens new avenues of future
investigations of many other cancer-related infections that are responsible for a broad
spectrum of highly common human cancers.

Noncoding RNAs

Instead of coding for protein synthesis, noncoding RNAs exert the opposite function, either
in the cytoplasm by regulating mRNAs usually in a negative manner that blocks protein
synthesis or in the nucleus by binding to DNA, which can also result in gene silencing
through a fascinating new mechanism. According to their size, these regulatory ncRNAs can
be further classified as long ncRNAs (IncRNASs) (>200 bp) and small noncoding RNAs
(sncRNAS) (<200 bp; miRNAs, siRNAs, piRNAs, scnRNAs, PASRs, TASRs, tiRNAs and
diRNAs) [17.28-37],

Previously, IncRNAs have emerged as important players in biological regulation. These
ncRNAs orchestrate the regulation of genetic information from DNA to RNA to protein by
different mechanisms [171. More than 100,000 human IncRNA transcripts have been
identified, but the majority of them remain almost unknown, and scientific information
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regarding their functions and roles in human diseases and biological phenomena is
lacking [381.

miRNAs are the most well-studied ncRNAs. Their mechanism of action is post-
transcriptional; they interact with Argonaut proteins to form an RNA-induced silencing
complex (RISC) and bind to complementary sequences of mMRNAs, causing their inability to
translate the protein or, less frequently, resulting in mRNA degradation [39:40],

Moreover, in vitro synthesis of miRNAs (interfering RNAs) allows for their utilization as
therapeutic bullets to shut down target mRNAS, thus blocking the synthesis of specific
proteins involved in disease. Similarly, if a specific required protein is scarce, in vitro
sequences can block miRNAs that silence the scarce protein, thus allowing its translation
resulting in the production of the desired protein by the target cell. Due to these and many
other direct clinical applications, miRNAs are rapidly becoming familiar to both researchers
and physicians [41.42],

Notably, there is a class of ncRNAs that direct de novo cytosine DNA methylation at the loci
from which they are produced, in a process known as RNA-directed DNA methylation. In
the RNA-directed DNA methylation pathway, transcripts from transposons and other
repetitive elements are produced, presumably by Pol IV. These transcripts serve as templates
for an RNA-dependent RNA polymerase to generate double-stranded RNAs that are
processed into 24 nt siRNAs. The siRNAs are then associated with AGO4 to guide DNA
methylation, resulting in transcriptional silencing of transposons as well as some genes that
are adjacent to repeats [43-46],

Another recently described ncRNA, piRNA, is a single-stranded (23-36 nt) sncRNA with a
proposed specific function of interacting with PIWI proteins in early embryogenesis in germ
cells and stem cells to silence transposable elements in the genome at the transcriptional
level [46:47] Nevertheless, the name “PIWI-interacting RNAs” does not define the complete
set of activities of these small RNAs because piRNAs have recently been reported to play an
important role in the control of genomic expression through different mechanisms [471.

In this paper, a brief overview of piRNAs biogenesis and their potential roles as part of an
epigenetic network that is possibly involved in cancer is provided. Moreover, potential
strategies using piRNAs and PIWI proteins as diagnostic and prognostic biomarkers as well
as for cancer therapeutics are discussed.

Studies on the biological function and possible clinical relevance of piRNAs are still in the
beginning stages. There are many gaps to be filled regarding the understanding of
biogenesis, and it is necessary to define the roles of piRNAs in epigenetic control.

Based on their origins, piRNAs can be divided into three groups: transposon-derived

piRNAs, which are typically transcribed from both genomic strands and produce both sense
and antisense piRNAs; mRNA-derived piRNAs, which are always sense to the mRNA from
which they are processed and often originate from 39 UTRs; and IncRNAs-derived piRNASs,

Epigenomics. Author manuscript; available in PMC 2016 February 11.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Assumpgao et al.

Page 5

which produce piRNAs from the entire transcript. piRNA function is only well understood
for transposon-derived piRNAs [4248],

After transcription, piRNA primary transcripts (pri-piRNAS) are processed to mature
piRNAs. It is not very clear how the putative precursors are processed into mature piRNAs,
but two main routes have been described: the primary synthesis mechanism and the “ping-
pong’ amplification mechanism [42],

The primary synthesis relies on the transcription of small nucleotide sequences from clusters
of piRNA genes by RNA polymerase 1. After export to the cytoplasm, these transcripts are
processed in smaller sequences and reach their main partner, the PIWI protein, to form a
piRNA+PIWI complex. This complex migrates back to the nucleus and through
complementary base pairing of piRNAs and DNA, it reaches its target gene and mobilizes
silencer machinery to block the transcription of that target gene. In this way, piRNAs are
transcriptional regulators that act mainly on transposable element sequences [49:50],

The second mechanism, known as ‘ping-pong,” allows the production of many piRNAs in
the cytoplasm. Instead of associating with PIWI proteins, piRNAs join with AGO3 or AUB
proteins. piRNAs+Ago3 and piRNAs+Aub contain sequences that are complementary to
each other. In this way, a piRNA+Ago complex targets and cuts a sequence of RNA that
will result in a new RNA sequence that will function as a substrate for the formation of a
new piRNA that is able to load an Aub protein. In the same way, the resulting piRNA+Aub
protein complex will cut a complementary RNA sequence, resulting in the production of
additional RNA substrates that form new piRNA+Ago3 complexes. Thus, the product of the
piRNA cytoplasmic function is the substrate for an additional functional piRNA molecule,
in a process based on an amplification mechanism [471.

Similar to the formation of the miRNA silencer complex (RISC), piRNA post-
transcriptional regulation (piRISC) occurs in the cytoplasm. The piRISC protects the
integrity of the genome from invasion by ‘genomic parasites’ — transposable elements — by
silencing them. Besides, transposons elements, mMRNA and IncRNA also are targets of these
piRNA complexes [51],

It has become evident that the interaction of piRNAs with PIWI proteins in germ cells and
stem cells during early development does not encompass the entire function of piRNAs. In
brief, PIWI proteins are known to be mainly expressed in early development and in germ
and stem cells, whereas piRNAs are expressed in many adult differentiated cells [49.52],

Currently, it is clear that piRNAs participate in post-transcriptional activities similar to
miRNAs by interacting with other Argonaut proteins and silencing mRNAs in the
cytoplasm [47:531. It could explain the expression of piRNA in the soma but also raises new
important issues about the possible interactions between these two classes of SncRNAs.

The new data being generated by many different approaches, including robust sequence
technology, are helping to answer many questions about piRNAs. However, the data should
be carefully analyzed to allow macro interpretation in addition to the specific goal of each
investigation.
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Profile of miRNAs & piRNAs as tissue signatures

The pattern of expression of miRNA and piRNAs seems to be part of an epigenetic network
for controlling diverse biologic phenomena, including cancer. In summary, differentiated
normal cells are characterized by global methylation, and specific areas are unmethylated,
resulting in a restricted set of transcripts [>46]. As a possible consequence, a small and
specific set of MiRNAs and piRNAs would be necessary to effect epigenetic regulation
(Figure 1).

According to this hypothesis, for a specific cell, only a restricted set of genes is active and is
post-transcriptionally regulated by a few miRNAs and piRNAs [54551. This allows a
definition of unique tissue signatures, based on the profile of mMiRNA and piRNAs expressed
in a given tissue.

In cancer tissues, the shift to global hypomethylation and focal hypermethylation could
imply different profiles of miRNA and piRNA expression, which also seem to potentially
constitute cancer-specific signatures.

Strengthening these assertions, repetitive regions of the genome, including transposable
elements that are usually methylated and therefore not transcribed in normal cells because
they represent threats to genome integrity, become unmethylated in cancer cells [1556] thus
permitting their transcription. Based on this finding, additional piRNAs might be needed to
exert epigenetic control to avoid dangerous expression of these repetitive elements.

Generally, the process of demethylation cited above occurs by inhibition of DNMTs or their
targets, leading to a gradual loss of methylation during successive cell divisions in passive
demethylation. Moreover, the active demethylation mechanisms include base excision repair
and other companion proteins [571.

As previously discussed, the miRNA and piRNA expression profiles appear to have organ
and even tissue signatures, which seem to be relevant to the epigenetic control of
differentiated cells [54.58]. Additionally, the profile of piRNAs in human saliva as well as
miRNA profile data demonstrated robust reproducibility across individuals 59 In this
scenario, bioinformatic analyses of piRNA profiles in diverse tissues could shed light on the
role of piRNA as post-transcriptional regulators.

Despite the gaps in knowledge about piRNAs, these molecules seem to meet the
requirements for being part of the epigenetic network, in addition to miRNAs, DNA
methylation, chromatin modifications, IncRNAs and possibly many others.

Preliminary data from our team demonstrate that the diversity of expressed piRNAs
increases from normal gastric mucosa to tumor samples, reaching an intermediate value in
samples that are adjacent to tumor tissue, which may be as a consequence of new transcripts
generated in the cancer process. Additionally, the highest expressed piRNAs in normal
gastric mucosa are downregulated in cancer and in samples that are adjacent to cancer tissue,
allowing the identification of cancer signatures based on piRNA profiles.
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piRNAs as cancer biomarkers

piRNAs have been cited as potential biomarkers in many cancer types [60-62]. Cheng et al.
[60] showed that the expression of piR-651 in gastric, colon, lung and breast cancer tissues
was higher than that in paired noncancerous tissues. The upregulated expression of piR-651
was confirmed in several cancer cell lines including gastric, lung, mesothelium, breast, liver
and cervical cancer cell lines. Moreover, the growth of gastric cancer cells was inhibited by
a piR-651 inhibitor and arrested at the G2/M phase. Therefore, their findings suggest that
piR-651 might be involved in the development of gastric cancer and other cancers and is a
potential marker for cancer diagnosis.

In the same year, Cui et al. [61] stated that piRNAs may be valuable biomarkers for detecting
circulating gastric cancer cells. In their study, they observed that the levels of piR-651 and
piR-823 in peripheral blood from patients with gastric cancer were significantly lower than
those in healthy controls. Moreover, they demonstrated that piR-823 levels were positively
associated with tumor-node-metastasis stage and distant metastasis.

Accordingly, Cheng et al. [62] found that the expression level of piR-823 in gastric cancer
tissues was significantly lower than that in noncancerous tissues. They also observed that
after increasing the level of piR-823 in gastric cancer cells, cell growth was inhibited,
suggesting that piR-823 is a putative biomarker for gastric cancer diagnosis.

Due to the possible role of piRNAS in various carcinogenesis steps, there are new promising
opportunities in this field. Among these, an exciting possibility consists in application of
piRNA investigations to provide early diagnosis, or even prevention of cancer development.
This hypothesis is supported by preliminary analyses of piRNA profiles in samples adjacent
to tumor tissue, showing a profile of expressed piRNAs that is more similar to cancer tissue
pattern of expression than normal mucosa. In this way, piRNAs might be considered
possible biomarkers of the cancer field effect.

According to the field effect theory, tissues near to a cancer already exhibit molecular
abnormalities compared with normal tissues, although these tissues are not cancer according
to classical pathological rules [63]. Mainly, these molecular abnormalities might develop
before the establishment of the complete set of cancer characteristics. The potential clinical
benefit of identifying cancer risk marks in tissues that are considered as normal by
conventional pathology seems to be very attractive.

Another possible application of piRNAs as cancer biomarkers results from the previously
discussed potential tissue signatures based on the piRNA expression patterns. These tissue
signatures might define prognostic marks, risk factors for specific types of metastasis or
clinical features. Nevertheless, the promise of using piRNAs as biomarkers in clinical
practice related to cancer depends on the confirmation of this hypothetical potential in large
sample clinical investigations.
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PIWI proteins in cancer

Given that many researchers acknowledge that PIWI proteins are expressed mainly in cancer
tissues and stem cells and germ cells in adulthood [49], these proteins could constitute an
excellent target for cancer therapy compared with conventional treatments because most
noncancer cells would not be affected. Side effects for nonreproductive patients should be
minimal, considering that stem cells are not easily injured due to their numerous
mechanisms of self-preservation [29.64-661 Even possible undesirable effects regarding
reproductive capability and stem cell populations could be reduced by applying preservation
strategies for both cell types, such as freezing reproductive cells before treatment or
performing bone marrow transplantation.

In humans, there are four expressed PIWI proteins: PIWIL1/HIWI, PIWIL2/HILI, PIWIL3
and PIWIL4/HIWI2 [67]. Some of these proteins are related to specific types of cancer and
seem to influence tumor aggressiveness and long-term survival [68].

Several studies have demonstrated the potential of PIWIs as cancer diagnostic and
prognostic biomarkers. It was recently demonstrated that HIWI plays an oncogenic role in
hepatocellular carcinoma because the downregulation of this protein in hepatocellular
carcinoma cell lines reduced the proliferation and migration capacities of these cells [69],

In gastric cancer, the expression of PIWI increases progressively from preneoplastic lesions
to advanced cancer, and silencing these proteins reduces the proliferation of gastric cancer
cell lines [70]. Additionally, investigations into the expression patterns of these proteins in
gastric cancer tissues revealed an important prognostic factor because high expression levels
seem to be strongly related to poor 5-year survival of gastric cancer patients [68].

Recently, Yao et al. ["1] demonstrated that PIWIL2 facilitates the binding of NME2 to the
promoter region of the MYC gene. PIWIL2 silencing significantly reduced tumor cell
proliferation and colony formation in vitro and inhibited tumor growth in vivo [72]. These
observations could shed light on the mechanism of MYC overexpression, a common finding
in diverse human cancers that is known to lead to cell proliferation, invasion and

metastasis [73-75], This highlights the potential importance of PIWI proteins in
carcinogenesis.

piRNAs plus PIWI interactions in cancer & potential clinical implications

In cancer research, many papers report increased expression of PIWI proteins in the
cytoplasm of cancer cells compared with preneoplastic and normal cells [70.76-78] QOther
investigators mention the expression patterns of specific piRNAs as possible biomarkers in
some cancer types [79.80.81.82.83] Again, the fragmented data require integrative
interpretation.

Most researchers do not investigate the role of piRNAs in conjunction with PIWI protein
findings or with other noncoding RNA expression profiles. It is not clear whether PIWI
protein expression in the cytoplasm constitutes an independent mechanism of proliferation
and invasiveness that is not correlated with piRNA expression. Alternatively, PIWI proteins
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that remain in the cytoplasm should be taken to the nucleus by piRNAs to perform
epigenetic control of homeostasis, and in this case, the lack of guiding piRNAs could favor
PIWI accumulation in the cytoplasm of cancer cells. Despite the increasing knowledge
regarding the role of piRNA/PIWI in cancer, it remains unknown whether PIWI1 protein
expression drives tumorigenesis or constitute secondary events.

The role of piRNAs and PIWI proteins in cancer remits to the cancer stem cell hypothesis.
Currently, the theory of cancer stem cells is gaining increasing importance for many cancer
types [82]. Accordingly, instead of beginning in a differentiated cell exposed to genetic
and/or epigenetic alterations, the cancer origin relies on stem cell deregulation. Because
piRNAs were discovered to play a role in stem cell regulation and PIWI proteins are
expressed in normal stem cells and in cancer cells, a link between cancer stem cells, piRNA
and PIWI proteins became an immediate possibility.

Because cancer stem cells seem to be implicated in cancer recurrence and metastasis
potential, many attempts at treating cancer stem cells have been employed and have
failed [89]. Cancer stem cells remain a desired target for therapy; nevertheless, the current
approach is ineffective. This opens new possibilities for the exploration of the potential of
piRNA regulation of stem cells and the pattern of PIWI expression either in normal stem
cells or in cancer stem cells as future innovative approaches.

New therapeutic approaches using piRNAs & PIWI proteins

Using synthetic piRNAs as bullets to block the synthesis of cancer related proteins by
binding to mMRNAS, as have been attempted with miRNAs, is an appealing application and
might have the advantage of not requiring processing by enzymes such as Dicer, which is
required by miRNAs. Additional speculative advantages of piRNAs over miRNAs include
the possibility of targets with better specificity because each miRNA regulates several
mRNAs and there is the potential to access undesirable INcRNAs with possible implications
in the cancer process.

Even without a complete and clear understanding of the functions and interactions of
piRNAs and PIWI proteins, many speculative approaches have been proposed in this field.
Among these possibilities for intervention, blocking the proliferative effect of PIWI proteins
should be achieved, at least in theory, in transcriptional, post-transcriptional and post-
translational levels.

PIWI antibodies could have a clinical impact on cancer proliferation and could be involved
as a posttranslational approach in combinatory therapies for diverse cancers. As previously
discussed, the specificity of the target might increase the response without increasing
toxicity.

miRNA and piRNA sequences should be chosen for post-transcriptional silencing because,
at least for miRNAs, the putative regulators of mMRNA PIWI expression are already

known [84]. This approach is strengthened by the observation of reduced expression of one
of these mMiRNAs (hsa-miR-483) in gastric cancer compared with nontumor gastric
mucosa [8°],
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At a glance, blocking the production of a harmful component seems to be better than
antagonizing the undesired effects of an already functional molecule. In this way,
transcriptional silencing is appealing. Regarding miRNAs, the synthetic sequences of
piRNAs should be produced in vitro. Unlike miRNAs, and even unlike piRNA post-
transcriptional mRNA inhibition, specific synthetic piRNAs designed to couple to PIWI
proteins and exert genomic silencing on PIWI genes at a transcriptional level is a possible
strategy. PIWI proteins, which are piRNA partners, are problematic, and the solution lies in
their ‘interacting elements’ (Figure 2).

This strategy is similar to the ‘ping-pong’ mechanism of piRNA biogenesis [47:52]  although
in a reverse manner. Instead of providing additional piRNAs to result in self-enhancement, it
should result in blocking the production of the PIWI protein.

These therapeutic interventions could also be applied in combination, including with more
conventional treatments; for example, PIWI antibodies could be used to deliver drugs to
cancer cells, which is a delivery strategy that is already applied using other antibodies, thus
decreasing the side effects of conventional cytotoxic drugs and possibly improving the
response to therapy.

Conclusion & future perspectives

Due to both transcriptional and post-transcriptional regulatory functions, which are certainly
not restricted to silencing transposable elements, piRNAs seem to provide new insights into
cancer epigenetics and present great potential for future interventions in the course of
diseases, including cancer.

piRNAs appear to be potential players in an epigenetic network, involving other noncoding
RNAs, DNA methylation patterns and chromatin modifications that function together and in
a redundant manner to effect epigenetic control of gene expression. The understanding of
these complex interactions will provide many novel interventions either in biological and
medical discovery or in clinical practice, improving the understanding and management of
many diseases, including cancer.

Nevertheless, despite these preliminary ideas, integrative approaches for understanding and
exploiting piRNA capacities are urgently needed. Public data banks are an effective tool for
this task, but they are not sufficient. Scientists must share their data and collaborate with
each other to develop new and robust knowledge to allow clinical applications in the
medical and biological fields and, in particular, in cancer management.
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Executive summary
Epigenetics as reversible controllers of gene expression patterns

»  Epigenetics determine whether a specific gene is expressed without modifying
the genomic code.

»  Epigenetic marks of each gene are mitotically transmitted through generations,
ensuring the expression profiles of each tissue to be maintained.

»  Epigenetics marks are transgenerationally transmitted, which allows these marks
to be hereditable in a highly precise manner.

Cancer & epigenetics

» Epigenetics influence prognosis and therapeutic outcomes and may represent a
therapeutic option for many cancer types.

»  Strategies using noncoding RNAs as cancer biomarkers have been applied in the
clinical field and appeared to have great potential for becoming part of routine
clinical practice.

Noncoding RNAs
» Regulatory ncRNAs can be further classified as long ncRNAs or small ncRNAs.

» Diverse miRNAs have been shown to play roles in tumor occurrence and
aggressiveness and to have potential for incorporation in clinical practice.

* Recently, piRNA was integrated into the complex epigenetic machinery with an
emphasis on cancer.

piRNAs

»  piRNAs interact with PIWI proteins during early embryogenesis in germ cells
and stem cells to silence transposable elements in the genome at the
transcriptional level.

»  piRNAs can share post-transcriptional activities by interacting with other
Argonaut proteins and silencing mRNAs at the cytoplasmic level.

»  piRNAs plus PIWI proteins exhibit transcriptional activity, blocking mRNA
synthesis.

Profile of mMiRNAs & piRNAs as tissue signatures

» piRNAs might also participate in the epigenetic network, and similar to
miRNAs, the piRNA profiles may also provide tissue signatures.

» Incancer, a shift to global hypomethylation and focal hypermethylation could
imply in a modification of the set of necessary piRNAs for employing an
epigenetic control.

e Preliminary data from our team demonstrated that the diversity of expressed
piRNAs increases from normal gastric mucosa to tumor samples.
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PiRNAs as biomarkers in cancer
» piRNAs have been cited as biomarkers in many cancer types.

» An exciting possibility consists in application of piRNAs investigations to
provide early diagnosis, or even prevention of cancer occurrence.

»  Another possible application of piRNAs as cancer biomarkers results from the
previously discussed capacity of providing tissues signatures by piRNA
expression patterns.

PIWI proteins in cancer

«  PIWI proteins are expressed mainly in cancer tissues, stem cells and germ cells
in adulthood.

»  Several studies showed the potential of PIWI as cancer diagnostic and
prognostic biomarkers.

piRNAs plus PIWI interactions in cancer & potential clinical implications

»  Most researchers do not investigate the role of piRNAs in conjunction with
PIWI protein findings or with other noncoding RNA expression profiles.

e Therole of piRNAs and PIWI proteins in cancer remits to the cancer stem cell
hypothesis.

»  piRNA regulation of stem cells and the pattern of PIWI expression either in
normal stem cells or in cancer stems cells represent future innovative
approaches.

New therapeutic approaches using piRNAs & PIWI proteins

e The understanding of piRNA interactions will provide several novel
interventions either in biological and medical discovery or in clinical practice,
thus improving the understanding and management of cancer.
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Figure 1. Small noncoding RNAs involved in epigenetic regulation
Small noncoding RNAs seem to work in epigenetic control by regulating mRNAs in a post-

transcriptional fashion. The profile of miRNAs and piRNAs depends on the specificity of
transcripts in each cell. In cancer cells, the shift to global hypomethylation modifies the
transcripts and as a consequence, the piRNAs and miRNAs profiles. This specificity allows
miRNA and piRNA tissue signatures to be identified, both in homeostasis and in diseases.
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Figure 2. Targeting piRNAs and PIWI proteins
Based on the roles of piRNAs and PIWI proteins, these molecules may be excellent targets

for cancer therapy. Antibodies against PIWI proteins could be useful at the post-translational
level, whereas synthetic piRNAs could be applied in transcriptional and posttranscriptional
approaches. When targeting DNA, the ‘piRNAI’ should contain the specific sequence to
allow them to associate with the PIWI proteins. Conversely, when targeting mRNA, the
‘PiRNAI’ should contain the specific sequence to allow them to associate with proteins of
the Argonaute family.

Epigenomics. Author manuscript; available in PMC 2016 February 11.



