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Functional relevance of pyknons in tumor formation
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In a recent Genome Biology paper, Rigoutsos et al. describe
the functional characterization of a novel, pyknon-
containing RNA. Their highly cooperative and pioneering
work in pyknon and long non-coding RNA (IncRNA)
research (1) indicates the role of the novel pyk-reg-90-
containing IncRNA, novel pyk-reg-90-containing IncRNA
(N-BLR), in cellular and molecular physiology as well as in
the proliferation and metastasis-formation capabilities of
colorectal cancer (CRC) cells. Well-grounded iz silico, in vitro
and 7n situ results are supported by patient survival data.

Although the majority of the human genome is
transcribed into RINA, only approximately 2% of these
transcripts are translated into proteins. RNA molecules that
lack protein-coding potential are collectively referred to as
non-coding (nc) RNAs. Various experimental approaches
have identified several classes of ncRNAs, including
microRNAs, Piwi-interacting RNAs, sno-derived RNAs,
transfer RNA fragments, IncRNAs and others. LncRNAs
have been drawing increasing attention in recent years as
they have been found to be differently expressed in various
diseased conditions. However, whether all these long non-
coding transcripts are functional or just transcriptional
noise is still a controversial unknown (2): functional analysis
has been performed only on less than 1% of all described
IncRNAs.

By introducing a novel method for computational
identification of DNA sequence motifs a decade ago,
Rigoutsos er al. identified short (316 nucleotides) DNA
sequence motifs called pyknons, which are enriched in both
protein-coding and untranslated regions of genes (>30
intact copies) (3,4). Although interspecies conservation
of pyknon sequences has not been detected, copies are
enriched in groups of protein-coding genes involved in the
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same biological processes in two species, suggesting that
their functions might be conserved (4).

Repetitive DNA elements are estimated to comprise
66-69% of the human genome (5) and are thought to have
a role in evolution (6). Despite this abundant presence
in the genome, we still have little knowledge about their
physiological relevance and molecular regulation (7),
although some repeat sequences have been shown to
function as gene-regulatory elements and promoters (8).

The vast majority of pyknons were found to overlap
with classical repeat elements; although approximately
50,000 pyknons are found in repeat-free regions. Pyknons
are generally smaller than retroviral elements (e.g., Alu
elements), and there is a possibility that they originate from
transposable elements (3).

With the aim of elucidating the functional role(s) of
pyknons, which form one sixth of the human genome,
Rigoutsos et al. (1) describe the functional analysis of pyknons
in CRC cells (3). After an initial expression analysis of several
pyknons in CRC cell lines and CRC samples, they selected
one pyknon (pyk-reg-90) to study in more depth. The high
expression level of this pyknon was associated with poor
overall survival in CRC patients in independent cohorts.

They found a pyk-reg-90 instance in Chr. 3p21 to be
located in a novel IncRNNA, N-BLR. Initial characterization
of N-BLR revealed higher expression levels in both primary
colorectal tumor cells and metastases and localization in
both the nucleus and cytoplasm. To functionally analyze
N-BLR in cellular functions, N-BLR knock-down
experiments were carried out and resulted in a reduction in
cell number and upregulation of apoptosis. These events
were accompanied by an upregulation of apoptotic markers
(caspase-3/7, caspase-8 and caspase-9 and cleaved PARP-1),
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Figure 1 The reciprocally controlled expression of N-BLR and miR-200 family members regulates apoptotic and epidermal-mesenchymal
transition (EMT) capabilities of colorectal carcinoma cells. (A) High miR141-3p and miR-200c-3p levels lead to decreased N-BLR levels. In

contrast, these levels suppress ZEB-1 expression, leading to higher E-cadherin expression, which maintains an epithelial phenotype. Higher

miR141-3p and miR-200c-3p levels also suppress XIAP-1 expression, allowing apoptosis; (B) high N-BLR levels suppress miR-141-3p and

miR-200c-3p levels, leading to increased ZEB-1 and XIAP-1 expression, which promote EM'T and apoptosis inhibition. N-BLR, novel
pyk-reg-90-containing IncRNA; ZEB-1, zinc finger E-box binding homeobox 1; XIAP, X-linked inhibitor of apoptosis; EMT, epithelial-

mesenchymal transition.

whereas X-liked inhibitor of apoptosis (XIAP) was
downregulated.

Since N-BLR is also highly expressed in metastasizing
tumor cells, its contribution to migration and invasion
was studied. N-BLR knock-down cells showed decreased
invasion and migratory capability with a decrease in
vimentin levels and upregulated E-cadherin. Moreover,
opposite effects were seen in cells overexpressing N-BLR.
A transcription factor known to facilitate cell migration and
invasion, zinc finger E-box binding homeobox 1 (ZEB-1),
is involved in the epidermal-mesenchymal transition (EMT)
of tumor cells. ZEB-1 is a negative regulator of E-cadherin
expression and a positive regulator of vimentin expression
and is regulated by the miR-200 family through a negative
feedback loop (9). Since ZEB-1 expression decreased in
N-BLR knock down cells, Rigoutsos et /. supposed an
interaction between N-BLR and members of the miR-200
family. They predicted and confirmed N-BLR interaction
with two miR-200 family members: miR-141-3p and
miR-200c-3p. Expression levels of these two miRNAs
increased in N-BLR knock down cells and decreased in
N-BLR overexpressing cells, whereas transfection with
miR-141-3p and miR-200c-3p mimics decreased N-BLR
levels. Similarly, when analyzing expression levels in tumor
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samples, an inverse correlation between levels of miR-
141-3p/miR-200c-3p and N-BLR was found, suggesting
a negative feedback loop between the miRNAs and the
IncRNA (Figure I). In an analysis of the interaction
sequences of N-BLR and miR-200c-3p, the 20 nt pyknon
motif was found to be part of the interaction site. The
importance of the miR-200c-3p—-N-BLR axis in tumor
cell formation was moreover demonstrated by the ability
of these molecules to regulate 5-fluoro-uracil sensitivity/
resistance in CRC cells.

Although pyknon-like DNA motifs have been described
in several genomes (3,4,10), their roles have not been
researched as well as for the human genome. In this set of
impressive experiments, Rigoutsos e 2/. demonstrated that
N-BLR is a marker for poor disease prognosis in colorectal
carcinoma as well as a regulator of tumor progression and
EMT through a direct interaction with miR-141-3p and
miR-200c-3p. Their results provided the first evidence
for the functionality of pyknons and pyknon-containing
sequences. To determine whether other pyknons are also
functional, the pyknon database (http://cm.jefferson.edu/
pyknons.html) could be used to analyze recently described
sequence-specific IncRNA interactions with mRNAs (11,12),
miRNAs (13-16) or genomic DNA sequences (17) to
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determine whether the IncRNAs include pyknon sequences.

Perhaps the most significant aspect of the Rigoutsos et
al. paper is that it opens the possibility that pyknons could
be used to locate functional IncRNAs, as was the case for
N-BLR. Such a method might address one of the biggest
challenges in IncRNA biology: to distinguish between
functional and “junk” transcripts (2).
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