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Abstract
The world of non-coding RNAs has only recently started being discovered. For the past 40 years,
coding genes, mRNA and proteins have been the center of cellular and molecular biology, and
pathologic alterations were attributed to either the aberration of gene sequence or altered promoter
activity. It was only after the completion of the human genome sequence that the scientific
community started seriously wondering why only a very small portion of the genome
corresponded to protein coding genes.

New technologies such as the whole-genome and -transcriptome sequencing demonstrated that at
least 90% of the genome is actively transcribed. The identification and cataloguing of multiple
kinds of non-coding RNA (ncRNA) has exponentially increased and it is now widely accepted that
ncRNAs play major biological roles in cellular physiology, development, metabolism, and are also
implicated in a variety of diseases.

The aim of this review is to describe the two major classes (long and short forms) of non-coding
RNAs and describe their subclasses in terms of function and their relevance and potential in oral
diseases.
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INTRODUCTION
Since the description of the central dogma of the molecular biology by Crick in 1970 (Crick,
1970), researchers focused on the understanding of the cellular behavior based purely on the
description and analysis of mRNA and protein levels. Consequently, observed pathologic
alterations were presumed to be based either on the aberration of gene sequence or promoter
activity. Recently, especially after the completion of the human genome sequence, the
scientific community was surprised by the fact that just a tiny portion of the genome
corresponded to protein coding sequences (< 2%) (International Human Genome
Sequencing Consortium, 2004, Hattori, 2005) and most of the genome was described as
filled with “junk” sequences. Therefore, focal efforts to understand the role of these
previously uninvestigated sequences are critical to comprehensive diagnosis, treatment, and
prevention of disease.
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Technical advances on whole-genome and -transcriptome sequencing demonstrated that at
least 90% of the genome is actively transcribed and therefore significantly more complex
than previously thought (Kapranov et al., 2005). The description of multiple kinds of non-
coding RNA (ncRNA) has exponentially increased and it is now widely accepted that
ncRNAs play major biological roles in cellular physiology, development, metabolism, and
are also implicated in a variety of diseases. NcRNAs are loosely classified as either small
ncRNAs, including small interfering RNAs (siRNAs) and microRNAs (miRNAs) or long
ncRNAs (lncRNAs). These ncRNAs have the capacity to modify protein levels by
mechanisms independent of transcription, supported by recent evidence that the expression
levels of mRNA account for only 37% of protein expression levels (Schwanhausser et al.,
2011). Perhaps equally compelling, the epigenetic modifications incurred by these ncRNAs
were also shown to be transmittable despite lack of modification to the original DNA
sequence. Recent work in mice, worms, pigs and even some pioneer analyses in humans
present evidence that trans-generational epigenetic inheritance may also take place, the
control of which appears to be based on the specific function of each class of ncRNAs.
Together, these recent discoveries indicate that organismal physiology is guided by a
number of complex and overlapping mechanisms, and a better understanding of these
processes necessitates more dimensional analyses than isolated measurements of DNA,
RNA, or protein levels.

In particular, the diagnosis, treatment, and prevention of some pathologic conditions have
been limited by our lack of understanding regarding the underlying molecular causes that
drive these diseases. Therefore, characterizing the ncRNA profiles of some oral illnesses
may be the key to identification of risk factors, diagnosis, and treatment of dental caries,
periodontal disease, oral cancer, Sjögren's Syndrome, HIV/AIDS-associated oral diseases
and chronic orofacial pain. In this review we will describe the characteristics of the bulk of
new ncRNA described (divided in two broader categories: long and short ncRNAs), their
function and their relevance for oral pathology.

Long noncoding RNA (lncRNA)
According with the HUGO Gene Nomenclature Committee (HGNC) [HUGO Gene
Nomenclature Committee at the European Bioinformatics Institute” http://
www.genenames.org], lncRNA correspond to non-protein coding genes that encode
transcripts at least 200nt in length. Subtypes of lncRNA are defined by genomic context in
relation to the nearest protein-coding gene and include include: antisense (NATs or aRNA),
intronic (lintRNA), intergenic (lincRNA) and overlapping (Figure 1 and Table 1). In this
review we will describe the first 3 classes of lncRNA.

Natural antisense transcripts (NATs) or lncRNA antisence (aRNAs)—One of the
major groups of lcnRNAs is the natural antisense transcripts (NATs). NATs are transcripts
that are complementary to other endogenous RNA transcripts. These NATs can be
transcribed either in cis in the same loci but from opposite DNA strands, or in trans at
different loci than their target's location. NATs can function at transcriptional and post-
transcriptional mechanisms to regulate gene expression. Increasing evidence shows diverse
regulatory roles of NATs such as RNA interference (RNAi), alternative splicing, trafficking,
genomic imprinting and X-chromosome inactivation (Zhang et al., 2006).

While trans-NATs can usually target multiple transcripts with few mismatches, cis-NATs
regulate its target through the formation of double-stranded RNA, resulting in either
competitive transcriptional interference (Zhang et al., 2006), RNA masking or gene
silencing of RNAi (Tam et al., 2008, Watanabe et al., 2008), or through collisions of RNA
polymerase complexes moving in opposite directions within the same locus, leading to
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premature stopping of the RNA polymerase and degradation of incomplete transcripts
(Lapidot & Pilpel, 2006, Osato et al., 2007) (Figure 2). Although about 40 cis-NATs have
been experimentally identified, based on the annotated cDNA clones to genome sequences
and using the Basic Local Alignment Search Tool from NCBI (BLAST) between complete
mRNA and Expressed Sequence Tags (EST) databases, it has been estimated that more than
2000 human, 2400 mouse, and 1000 Drosophila cis-NATs exist in each respective genome
(Osato et al., 2007). In general, cis-NATs function as negative regulators with various
mechanisms in repression of gene expression. It has been shown that during the
development both the Xist and Tisx pair of NATs cause hypermethylation of chromosome
and lead to X-chromosome inactivation in females (Li et al., 2006).

The expression of human cis-NATs transcribed by RNA Pol II is epigenetically regulated
(Conley & Jordan, 2012), and aberrant production of these transcripts has been linked with
human disease. Prader-Willi and Angelman syndromes, due to UBE3A expression, are
affected due to the presence of a 20 kb NAT which shares complementary sequences of
UBE3A (Runte et al., 2001). Mihalich et al, reported patients with endometriosis show low
expression of 1B FGF-antisense transcripts, which correlates with endometrial cell
proliferation (Mihalich et al., 2003). β-thalassemia is an inherited autosomal recessive
anemia, in which the normal a-globin gene (HBA2) is affected due the nearby LUC7L gene.
LUC7L is expressed in the opposite direction from the aberrant expression of an antisense
HBA2 transcript, which methylates the CpG island of HBA2 and results in silencing gene
(Tufarelli et al., 2003) (Figure 2, action in cis). NATs can also positively gene (Tufarelli et
al., 2003) (Figure 2, action in cis). NATs can also positively regulate mRNA expression in
disease. Modarresi et al., demonstrated that inhibition of brain-derived neurotrophic factor
antisense transcript (BDNF-AS) leads to upregulation of BDNF expression and induces
neuronal outgrowth and differentiation both in vitro, and in vivo, which is essential for their
function and survival (Modarresi et al., 2012). While no direct link between NATs and oral
disease has been reported, a number of proposed studies investigating the potential role of
NATs in the aberrant regulation of driver mRNAs are being investigated.

Long Intronic RNA (lintRNA[note, this is not official acronym])—Initially
described by the group of Verjovski-Almeida (Nakaya et al., 2007, Louro et al., 2008),
lintRNAs were identified using a dual approach pairing in silico analysis of the EST
sequence in Genbank and a custom made oligoarray platform containing sense and antisense
probes for randomly selected totally intronic noncoding transcripts plus the corresponding
protein-coding genes. LintRNAs have the characteristic of being totally contained within an
intron (Figure 1). In general, lintRNA sequences are poorly conserved and consequently
their functional relevance was debated (Pang et al., 2006). However, studies of cross-species
microarray hybridization showed tissue-specific conservation of expression of ncRNAs in
equivalent genomic loci, but no conservation of the nucleotide sequences (Louro et al.,
2008, Khaitovich et al., 2006). This shows that the evolutionary constraints that apply to
lintRNA are different from mRNA, siRNA, snoRNA, etc. Expression of lintRNAs seems to
be predominantly nuclear; however, some subsets were primarily detected in the cytoplasm,
and only a few seem to be equally expressed in both compartments (Clark et al., 2012).

As the focus of ncRNA discovery has overlooked the intronic regions, the biogenesis and
function of lintRNAs is poorly understood at this time. Nevertheless, because their
expression tends to correlate with the expression of their corresponding protein genes, it is
thought that lintRNA are transcribed by RNA polymerase II. However, when a specific
inhibitor of this RNA polymerase is used, more than 10% of the lintRNA are upregulated,
suggesting that a proportion of this ncRNA could be transcribed by other RNA polymerases.
Currently, there are only two specific lintRNA validated in HGNC; KCNIP4-IT1 and
SPRY4-IT1 (Michel et al., 2002). KCNIP4-IT is specifically expressed in adult cerebellum,
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but no further studies have been performed (Michel et al., 2002). SPRY4-IT1 is derived
from an intron within the SPRY4 gene, a member of the Sprouty (SPRY) family of genes,
which encode Ras/Erk inhibitor proteins. SPRY4-IT1 is upregulated in melanoma cells, and
its knockdown resulted in defects in cell growth, invasion, and elevated rates of apoptosis in
melanoma cells (Khaitan et al., 2011). While these represent the only lintRNAs that are
currently validated, a set of lintRNAs have been identified whose expression correlates with
Pancreatic ductal adenocarcinoma and metastasis in pancreatic cells, pointing to the
potential relevance of this class of transcripts in biological processes related to malignant
transformation and metastasis (Tahira et al., 2011). Also, at least a fraction of lintRNA may
be regulated by common physiological signals such as hormones (Louro et al., 2007). In
mouse models of inflammation, thousands of lintRNAs change in overall abundance (St
Laurent et al., 2012). These data argue in favor of the cellular relevance and the function of
this RNAs and further corroborate the notion that the intronic sequence play functional roles
in the human gene-expression program in yet unknown mechanisms. So far, the focus of
non-coding RNA discovery has avoided intronic regions as those were believed to simply
encode parts of pre-mRNAs. The evidences collected here suggest a very different situation,
where the sequences encoded in the introns appear to be a yet unexplored reservoir of novel,
functional RNAs. As such, they should not be ignored in surveys of functional transcripts or
other genomic studies.

While the general information about lintRNA is scant, in the oral biology field our
understanding is far more limited. Serial analysis of gene expression studies performed
using both exfoliated cells and biopsies of the oral cavity from normal oral mucosa and oral
premalignant lesions showed the presence of 325 lncRNAs in normal mucosa. Additionally,
approximately 60% of lncRNA expressed in oral mucosa had an aberrant expression in
premalignant lesions. This suggests that lncRNA expression contributes significantly to the
oral transcriptome and maybe also to the progression of the lesion (Gibb et al., 2011). A
more detailed analysis is necessary to establish how many of the 325 lncRNAs described
correspond to lintRNA. Oral squamous cell carcinoma (OSCC) represents ~3% of all
malignancies and accounts for >274,000 newly diagnosed cancer cases every year
worldwide (de Camargo Cancela et al., 2010). There is just one study in OSCC analyzing
lncRNA, however in this study the analysis was performed by PCR looking for specific
lncRNA all of them were NATs (Tang et al., 2012). The identity of the lintRNAs is
recognized by HGNC and evidence suggests they may be important contributors in the
control of the protein expression in development and pathology. Investigation of these
signatures in future studies may give a new insight on normal oral physiology and oral
pathology.

Long intergenic non-coding RNAs (lincRNAs)—LincRNAs are long non-coding
RNAs sequences between protein-coding genes transcribed from DNA interspersed outside
known protein-coding genome areas as independent transcriptional units (Sun et al., 2013).
LincRNA are longer than 200 nucleotides and presently over 8,000 human lincRNA have
been identified and catalogued (Sun et al., 2013). Most of lincRNA discovery is attributed to
the exponential growth of deep sequencing experiments. LincRNAs are not only
evolutionarily conserved but they seem to have specific spatial and temporal expression,
similar to the expression of microRNAs and lintRNAs. A recent study of experimentally
validated lincRNAs showed that there is a very high orthology between human and mouse,
with 60-70% shared between those 2 species (Managadze et al., 2013). The large number of
lincRNAs possibly suggests that they might be involved in several cellular functions and
mechanisms. Also, in contrast to some of the classes of the short ncRNAs, lincRNAs have
highly variable length and the structure their sequences form is more complex and variable.
Some of the functions in which lincRNAs have been implicated include genomic
programming (Amaral & Mattick, 2008), maintenance of pluripotency and lineage

Perez et al. Page 4

Oral Dis. Author manuscript; available in PMC 2015 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



commitment control (Guttman et al., 2011) and control of epigenetic changes (Koziol &
Rinn, 2010).

Short noncoding RNA
According to the HGNC nomenclature, short ncRNAs classes include: small cytoplasmic
RNA (scRNA), small nuclear RNA (snRNA), small nucleolar RNA (snoRNA), microRNA
(miRNA), PIWI interacting RNA (piRNA). In addition, 4 more classes (transfer RNA, Ro
ribonucleo-particle RNA, ribosomal RNA, vault RNA) have been recognized, but will not
discussed in this review as their functions are either well characterized or they only include a
very small set of genes.

It is likely that as deep sequencing studies increase, the official classes of short ncRNA will
increase. In this review we will also discuss 3 types on short ncRNA that are not yet
included in the standard nomenclature system: the MicroRNA offset RNA (moRNA), the
small interfering RNA (siRNA) and the Promoter-associated small RNAs (PASRS) (Table 1).

Small cytoplasmic RNA (scRNA)—Small cytoplasmic RNA (scRNA) is a small (7S;
129 nucleotides) RNA found in the cytosol and rough endoplasmic reticulum (ER)
interacted with ribonucleoproteins (scRNP) that are involved in the specific selection and
transport of other proteins. High abundance and evolutionarily conserved RNA sequences
within these small RNP suggest some important but still relatively unclear biological roles
(Selvakumar et al., 2012). The presence of Ro and La autoantibodies against scRNPs led to
the discovery of scRNA termed Y RNAs in patients with Systemic Lupus Erythematosus
(SLE) and with Sjögren's syndrome (Fabini et al., 2000). The Y RNAs are non-coding RNA
components of either 60-kDa or 50-kDa of Ro or La RNPs, respectively (Verhagen &
Pruijn, 2011).

Currently four different Y RNAs (69-112 nucleotides) have been identified in humans. The
secondary structure of scRNAs molecules shows a long base-paired stem loop with
pyrimidine-rich sequence (Perreault et al., 2007). Within this stem region, a conserved
sequence contains a bulged cytosine that was suggested to be the site that interacted with Ro
protein. The La protein was proposed to bind to 3′ oligo-uridylate sequences (Stein et al.,
2005, Teunissen et al., 2000, Green et al., 1998). Several lines of evidence suggest that Y
RNA either plays a role as a repressor of Ro (Reinisch & Wolin, 2007) or is functionally
required for DNA replication (Christov et al., 2006). Indeed, a recent study has indicated
that small RNAs derived from Y RNAs may be broadly involved in autoimmune diseases
(Verhagen & Pruijn, 2011). Another type of scRNAs is reported found in rodent and primate
cells. The Alu-related scRNAs are less abundant but accumulate steadily in cytoplasm.
These scRNAs show Alu-like sequences at both 5′ and 3′ ends and bind to another type of
scRNPs called signal recognition particles such as the SRP14/19 heterodimer. Although the
function of these scRNP complexes is unclear, it might play a role in protein translation
(Bovia & Strub, 1996). Besides the Sjogen's syndrome, where the scRNAs play a critical
role in Ro and La autoantibody recognition, no other oral disease has been reported related
to the effects of scRNAs.

Small nuclear RNA (snRNA)—Small nuclear RNAs (snRNAs) are a group of non-
coding RNA, also known as U-RNA, due to their uridylate-rich sequence. SnRNAs are
highly abundant, non-polyadenylated, and found within the nucleoplasm of eukaryotic cells
(Busch et al., 1982). The size of snRNAs is about 150 nucleotides and they can be
transcribed either by RNA polymerase II (for Sm-class RNAs, U1, U2, U4, U4atac, U5, U7,
U11, U12) or by RNA polymerase III (Lsm-class RNAs, U6 and U6atac). snRNAs are
associated with a group of small nuclear proteins (snRNPs), which play important roles in
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RNA biogenesis and processing. The Sm-class RNAs contain a 5′ trimethylguanosine cap
and bind several Sm proteins. The Lsm-RNAs have a monomethylphosphate 5′ cap and an
uridine rich 3′ end, and both are important for the binding of Lsm proteins. While Lsm-class
snRNAs function within the nucleus, the Sm-class snRNAs are exported from the nucleus to
the cytoplasm for maturation. The most common components of these snRNA complexed
with snRNPs are U1, U2, U4, U5 and U6 snRNAs (Guo et al., 2009).

These five snRNAs together with more than 150 proteins form spliceosomes whose the
primary function is in the processing of pre-mRNA splicing (Faustino & Cooper, 2003). The
primary role of snRNAs (Busch et al., 1982) is to recognize the 5′ and 3′ intron/exon
junction and recruit (Matera et al., 2007) the RNPs to facilitate the splicing. The precise
removal of intron sequences is guided by the base-pairing interaction of the spliceosomal
snRNAs at the intron-exon junctions. Therefore, any error that occurs in either step will lead
to abnormal mRNA, and disrupt the open reading frame and result in human diseases, such
as atypical cystic fibrosis, Frasier syndrome, spinal muscular atrophy, etc. Faustino and
Cooper provided comprehensive documentation on abnormal splicing mechanisms that lead
to human disorders (Faustino & Cooper, 2003). So far none of these have been examined in
oral diseases. However, it is expected that alternatively spliced transcripts will be identified
in oral pathologies. For example, a recent publication of deep sequencing results of buccal
mucosa squamous cell carcinomas identified 11 novel splice junctions mainly originating
from alternate 5′ splice sites (Shah et al., 2013).

Small nucleolar RNA (snoRNA)—Small nucleolar RNAs (snoRNAs) are a class of non-
coding RNA whose primary functions are to guide chemical modification of pre-rRNA and
facilitate RNA processing (Lafontaine & Tollervey, 1998) (Terns & Terns, 2002). Based on
the sequence motifs and secondary structures, snoRNAs can be classified as the C/D box or
H/ACA box snoRNAs, which are involved in methylation and pseudouridylaton of pre-
rRNA molecules, respectively, to generate mature rRNA (Kiss, 2001, Lafontaine &
Tollervey, 1998, Terns & Terns, 2002). Most snoRNAs are encoded in the introns of
proteins that participate in ribosome synthesis or translation and are transcribed by RNA
polymerase II.

There are currently more than 200 snoRNAs described in mammals (Brown et al., 2003,
Lestrade & Weber, 2006) and they are among the most diverse trans-acting ncRNAs. To
guide the modification on pre-rRNA, each snoRNA associates with at least four proteins and
forms a snoRNP. These proteins include either methyltransferase (for methylation) or
pseudouridine synthase (for pseudouridylation) in the complex. The conserved box of C/D
and H/ACA motifs can serve as protein binding signals. The snoRNA contains a
complementary sequence (antisense, around 10-21 nucleotides) which target the
modification site of pre-rRNA. Human rRNA contains about 115 methyl group
modifications and about 95 pseudouridine modification sites (Maden & Hughes, 1997).
Besides modification of pre-rRNA, it has been reported that some snoRNAs are capable of
processing pre-rRNA cleavage. These include C/D snoRNAs (U3, U8, U22) and H/ACA
snoRNAs (snR10, snR30, E2 and E3) (Kressler et al., 1999, Venema & Tollervey, 1999). In
addition, snoRNA can also modify the small nuclear RNA (snRNA) which mediates the
splicing of mRNA.

SnoRNAs play an important role in imprinting several diseases in humans, especially in
neurodevelopmental disorders such as Prader-Willi syndrome and Angelman syndrome,
which are due to the loss of snoRNA expression. The Prader-Willi syndrome is linked to the
deletion of region on chromosome 15 which contains a brain-specific C/D RNA (HBII-52)
that processes serotonin-2c receptor (HTR2C) pre-mRNA. Absence of the C/D snoRNA and
the reduced level of functional serotonin-2C receptor mRNA are found in these patients
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(Nicholls & Knepper, 2001). So far, no snoRNA abnormality has been reported for any
related oral disease.

MicroRNA (miRNA)—MiRNA were first identified as regulators of larval development in
C. elegans (Wightman et al., 1993) and are currently are the most widely studied class of
ncRNA. MiRNAs are single-stranded RNAs of 17-25 nucleotides and function as guide
molecules in post-transcriptional gene silencing by partially complementing with their target
mRNAs, leading to translational repression or in some cases, transcript degradation. The
biogenesis of miRNAs starts in the nucleus, where RNA polymerase II transcribes primary
miRNAs (primiRNA). The primiRNA is edited and cleaved by the RNase Drosha and its co-
factor DGCR8, generating a hairpin precursor (pre-miRNA) that is exported to the
cytoplasm, where the RNase Dicer further processes the pre-miRNA to produce a miRNA
duplex. This duplex is incorporated into the RNA-induced silencing complex (RISC) where
it mediates gene repression. The RISC recognizes the duplex, unwinds it, selects the guide
miRNA strand (while degrading the passenger strand) and mediates recognition of target
RNAs. Human cells encode over 1,000 miRNA species, some of which regulate specific
targets, but in most cases miRNAs are capable of regulating the expression of hundreds of
genes at the same time, working as master regulators of the gene expression process (Kim et
al., 2009).

MiRNAs represent the best studied of non-coding RNAs and there is a plethora of reviews
about their biogenesis and function. They have also been studied in the field of oral research.
More specifically, miRNA's role has been studied in Sjögren's syndrome (Alevizos et al.,
2011), in oral cancer (Gorenchtein et al., 2012), oral immunology (Nahid et al., 2011), and
salivary exosomes have been shown to contain miRNAs (Gallo et al., 2012, Michael et al.,
2010). Still, there is a large number of oral diseases for which any role of miRNAs has not
been examined. This is especially true in developmental abnormalities, as miRNAs are
considered instrumental in controlling development by their temporal and tissue specific
expression.

Micro-RNA offset RNAs (moRNA)—MoRNA were first discovered in Ciona
intestinalis (Shi et al., 2009) and identified as 20-nt-long RNAs derived from the ends of
pre-miRNAs. moRNAs can originate from either end of the pre-miRNA, but they are mainly
derived from the 5′ arm, regardless of the major miRNA position. This suggested that their
biogenesis is connected but, as in Ciona, the moRNa expression pattern is different than
their miRNA and their abundance can exceed that of the corresponding mature miRNA.
More recently, using short read sequencing from human prefrontal cortex, it was shown that
moRNAs are also produced from human miRNA precursors, albeit at quite low expression
levels. The expression levels of moRNAs suggest that despite this processing connection
with miRNA, additional mechanisms exist downstream (Langenberger et al., 2009). Using
deep sequencing analysis of miRNAs in 23 solid tumor specimens of breast, bladder, colon
and lung cancer, seven types of moRNA were identified. All moRNAs sequenced in the
human tumors were highly conserved, derived exclusively from the 5′ arm of the miRNA
precursor directly upstream to the 5′ miRNA, and expressed at lower levels relative to the
main miRNA product of the precursor (Meiri et al., 2010). More recently it was shown that
in a cellular model for myeloproliferative neoplasms, mutant SET2 cells express at least 58
moRNA at moderate to high level and 95% of these moRNAs correspond to the 5′ arm of its
miRNA (Bortoluzzi et al., 2012). The biological function of moRNAs is still not known,
however, the possibility that these ncRNAs are also functional regulators of protein
expression and cell function suggest they could have a role in human disease. In vivo
experiments with rhesus adinovirus moRNA suggest that moRNAs might guide RISC to
complementary target mRNAs, acting like a miRNA (Umbach et al., 2010). Nevertheless,
moRNA enrichment observed in the nucleus (Taft et al., 2010) suggests that some moRNAs
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play a different role specifically related to nuclear processes, like transcript initiation and
splice site regulation.

Both functional characterization of moRNAs and elucidation of their biogenesis are highly
relevant for future research. In this respect, deep sequencing data analysis is a powerful tool
that can increase our understanding of this process and will help to generate new hypotheses
about their role within the context of functional gene regulation.

PIWI-interacting RNAs (piRNA)—This type of small RNA was first described in
Drosophila (Sarot et al., 2004). They are between 25 to 33 nucleotides in length and bind the
Piwi-class Argonaute proteins. PiRNAs are located in clusters at transposon loci in the
genome (in association with Piwi family members). A cluster can encode between 10 to
1000 individual piRNAs. There is about 114 piRNA clusters in the human genome, and
about 23,000 individual human piRNA sequences has been identified by HGNC (Wright &
Bruford, 2011). piRNAs are produced independently of Dicer ribonuclease (Siomi et al.,
2011) and no significant secondary structures in the stem-loop of their precursors have been
detected in regions surrounding piRNAs (Mei et al., 2013). However, like miRNA,
precursors of piRNAs need further post transcriptional processing to become fully mature
(Siomi et al., 2011, Mei et al., 2013).

PiRNAs have been shown to act in the Piwi-dependent transposon silencing and
heterochromatin modification in germinal cells to maintain the genomic integrity of these
cells (Lin, 2007, Pillai & Chuma, 2012). However, only about 20% of known mammalian
piRNAs map to transposons and other repeat genomic regions (Kim, 2006). Also piRNAs
and piwi proteins have recently been identified outside of germinal cell lines, e.g., in human
cancer cells (Yu & Pestell, 2012, Cheng et al., 2011, Cheng et al., 2012, Law et al., 2013,
Huang et al., 2012), suggesting a role for this ncRNAs in the epigenetic regulation of
aberrant cancer “stem cell like” cells that are proposed to be critical for tumor initiation and
progression.

Small Interfering RNAs (siRNAs)—For this review, siRNAs will only refer to
endogenous small interfering RNA, also referred to as endo-siRNAs in literature. This class
of short ncRNAs has very recently been discovered in human cells (Xia et al., 2013),
although it has been shown to have functional roles in eukaryotic cells of C. elegans (Ruby
et al., 2006), D. melanogaster (Ghildiyal et al., 2008, Okamura et al., 2008, Kawamura et
al., 2008), mouse oocytes (Tam et al., 2008) and mouse testicular cells (Song et al., 2011).
Endo-siRNAs have been shown to arise from transposable elements (Okamura & Lai, 2008).
This biogenesis mechanism is Dicer-dependent but does not require the involvement of the
Drosha/Dgcr8 complex (Xia et al., 2013), i.e., different than the microRNA biogenesis.
Endo-siRNAs regulate the post-transcriptional expression of mRNAs and have also been
proposed to mediate and program chromatin modifications (Xia et al., 2013, Lejeune &
Allshire, 2011). Endo-siRNAs require a very high complementarity with mRNA function
and this high complementarity leads only to mRNA degradation, contrary to microRNAs
that can either cleave their mRNA target or block its translation without degrading the
transcript.

Promoter-associated small RNAs (PASRs)—PASRs represent one of the most
abundant individual class of small RNAs of the non-annotated fraction the genome. They
were initially defined as small RNAs mapped on a genome area found within 500
nucleotides of a transcription start site (TSS). Since then PASRs have also been mapped to
the first exons of genes (Kapranov et al., 2007, 2009). Two possibilities regarding the origin
of PASRs have been suggested. First, that they are either transcribed independently with a 5′
cap from promoters that also transcribe long RNAs or second, that they are the by-products
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of processed long RNAs. A large number of the PASRs possess a 5′ cap and this class of
PASRs is termed 5-capped promoter-associated small RNA (Affymetrix ENCODE
Transcriptome Project, 2009). Detailed bioinformatics analysis of the known PASRs
revealed that there is a statistically significant enrichment of those RNAs on both the sense
and antisense strands immediately next to the TSS, and that both of those strands had
mirror-image profiles (Affymetrix ENCODE Transcriptome Project, 2009). Equally
interesting was the finding that on the sense strand, PASRs were downstream of the TSS
while on the antisense strand they were mainly upstream of the TSS. As with most of the
non-coding RNA classes, their involvement in oral and maxillofacial diseases is totally
unexplored.

Conclusion—Characterizion of the ncRNAs involved in oral diseases may be a key to our
understanding of their pathogenesis, pathophysiology, and risk factors. As more and more
deep sequencing data are generated and released for oral pathologies, extensive
bioinformatics analysis can shed light on the genetic changes of the non-coding RNAs and
map those changes to specific phenotypes, or answer questions about the role in oral biology
and organ landscape of the very important class of ncRNAs.
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Figure 1.
Schematic of the genomic context of lncRNAs and a summary of their known functions.
LincRNA: epigenetic changes, maintenance of pluripotency and lineage commitment
control.
NATs: alternative splicing, translation control, RNA interference, X-chromosome
inactivation.
lintRNA: chromatin modification and organization, guidance of ribonucleoproteins and
creation of scaffolds for their assembly. Overlapping: Chromatin modification.
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Figure 2.
Mechanisms of action of the lncRNAs. Two possible mechanisms are depicted. First, the
lncRNAs act on the cis, affecting the same gene that encodes them. Second, lncRNAs act on
the trans, controlling the transciption of genes encoded in other genomic regions. In this
case, the lncRNAs can also act as a scaffold to link several transcriptionally involved
proteins or the lncRNAs can directly bind to the DNA to recruit transcriptional factors.
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