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ABSTRACT

Until a few years ago, the importance of non-protein-coding genes in biology was mainly restricted to RNA (ribonucleic acid)s, however the
scientific research community have recently expanded the species of non-coding RNAs(ncRNAs) mainly micro RNAs(miRNAs). These are a
group of short (19-24 nucleotides) non coding RNAs which have emerged as key regulators of gene expression at the post transcription level. As a
result, miRNAs take part in regular biological processes within the cells and tissues, and are also involved in pathological processes including
inflammatory diseases and even cancer. Since periodontitis is an inflammatory disease, there is an anticipated role of miRNAs in the pathobiology
of periodontal disease, which could serve as a biomarker for the same. This review focuses on the proposed basic mechanisms of miRNA
regulations during inflammatory responses and their potential role as biomarkers for periodontal diseases and therapeutic targets.
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INTRODUCTION

Periodontitis is a chronic polymicrobial, multifactorial oral disease
presenting with dysregulated immune & inflammatory responses at the
level of connective tissue & bone support surrounding the teeth,
leading to tooth loss if left untreated.' Immune responses to bacterial
products, & the subsequent production of inflammatory cytokines, are
of particular importance in the destruction of periodontal tissue’. All
aspects of this process, are governed by a group of small RNAs called
microRNAs (miRNAs) that only recently have emerged as the most
important regulators of bone formation, resorption, remodeling, repair,
and disease. miRNAs are naturally occurring small, non-coding RNA
molecules, which regulate gene expression post-transcriptionally by
binding to the complementary sequences in the coding or 3'
untranslated region (UTR) of the target messenger RNAs (mRNAs)
and occasionally 5' UTR or coding sequences, thus the protein
expression is posttranscriptionally repressed either by blocking or
inhibiting translation or inducing target mRNA degradation’.

HISTORY

MiRNA /in-4, was first discovered in 1993 by the Ambros and Ruvkun
groups in Caenorhabditis elegans ** has revolutionized the field of
molecular biology, they also found that /in-14 was post-
transcriptionally downregulated through its 3’ untranslated region
(UTR) and that /in-4 had a complementary sequence to that of the 3’
UTR of /in-14". Consequently, they anticipated that /in-4 regulates /in-
14 at the post-transcriptional level’. Ever since, miRNAs have been
detected in all animal model systems and some species. New miRNAs
and their roles in gene regulation are still being discovered".

Process of MicroRNA formation

Biogenesis is the process of formation of miRNAS™. During this
process, miRNAs are first transcribed as primary transcripts (pri-
miRNA) with a 5'-cap and a 3’-polyA tail. Maturation of pri-miRNA
into short, 70-nucleotide RNA molecules with stem-loop structures
called, pre-miRNAs by Drosha ribonuclease which are then
transported from the nucleus into the cytoplasm by the Ran transport
receptor Exportin-5. Pre-miRNAs are further cleaved in the
cytoplasm by Dicer, an endoribonuclease to form a short, double-
stranded miRNA:miRNA duplex which further unwound into mature
miRNA and miRNA single strands by a helicase. The mature miRNAs
are then incorporated into the RNA-induced silencing complex
(RISC), which initiates RN Ai-based gene silencing."

7.8.9

Most miRNAs affect gene expression via gene silencing mechanisms,
including mRNA cleavage and translation repression through the
RISC'"". The type of silencing mechanism employed by an individual

miRNA appears to depend on the level of complementarity between
the miRNA and mRNA target’. However, these 2 mechanisms are
distinguished by the reversibility of their effect on messenger RNA
(mRNA): mRNA decay is an irreversible process, while translation
inhibition is reversible because stable mRNA can be translated
following elimination of translation repression™"*. While the majority
of miRNAs function via silencing mechanisms, a number of miRNAs
are also involved in the upregulation of gene expression. Moreover,
miRNAs can both regulate and be regulated by target interactions,
suggesting that miRNAs play multiple roles in complex physiological
interactions and disease processes .

Anticipated mechanisms for miRNA function

1. Deadenylation and destabilization : Removal of poly(A) tail by
deadenylases causes destabilization and degradation of mRNA """,

2. mRNA cleavage : Argonaute (Ago) - mediated endonucleotic
cleavage of target mRNA can occur when the miRNA sequence is
complementary to the target gene — binding site"”.

3. Inhibition of Translation initiation : Translation initiation
inhibited by miRISC interactions with eukaryotic translation
initiation factors (elFs)™ .

4. Inhibition of translation postinitiation : miRNAs can inhibit
translation after initiation during elongation of the nascent peptide ™"

5. Sequestration of mRNA in P- bodies: miRNA bound mRNA can
be sequestered from the translational machinery in P—bodies and
react with enzymes for 5'- cap removal which further prevents the
translation ** .

6. miRNA- mediated translational activation : miRNAs are also able
to function as translational activators for some of the genes **.

Control of mechanisms of miRNAs

Regulatory mechanisms of miRNAs are controlled under

physiological conditions like regulating protein — encoding genes,

which can occur at the level of post transcriptional miRNA expression.

Dysfunction of these mechanisms associated with the diseases can

result in various genetic and epigenetic alterations that may lead to

aberrant expression of miRNAs.

a.  Amplification of miRNA-encoding regions™

b. Deletion of miRNA-encoding regions™

¢.  Mutations in miRNA sequence (Single nucleotide polymorphisms)”’

d. Translocation occurring between miRNA-encoding regions and
gene promoter regions™

e. Epigenetic regulation/ mechanisms such as DNA methylation”
and Histone modification of promoter regions of miRNAs that can

. - . 30,31
silence miRNA expression
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In periodontal diseases, anabolic and catabolic processes balance is
distressed, affecting the osteoblasts and periodontal progenitors which
leads to increased activity of osteoclasts, resulting in increased bone
resorption and decreased new bone formation”. Osteoclast activations
are triggered by lipopolysaccharides (LPS) from bacterial cell walls.
This will affect the proinflammatory cytokines such as interleukin IL-
6, (IL)-1pB, tumor necrosis factor(TNF)-o, stimulating the receptor
activator of nuclear factor kappa B - ligand (RANKL) on the osteoclast
cell surface and its nuclear target NF-kB, for the differentiation of
osteoclast precursors into multinucleated osteoclasts. The expression
of these miRNAs was upregulated. A number of miRNAs expressed in
periodontal tissues, including miR-34a”, miR-125a", miR-146a",
miR-223%, and miR503”, inhibit osteoclast differentiation. during
osteoclastogenesis to provide negative feedback loops related to
osteoclast differentiation.

miRNAs as potential clinically useful molecules

Although there is vast evidence that miRNAs play a fundamental role
in the pathogenesis of many diseases, the answer for the question, “Can
miRNAs be used as novel biomarkers?” remains obscure.

Apoptosis and necrotic cell death results in release of nucleic acids
including miRNAs into the blood circulation in a highly stable form
and are protected from RNase digestion. This particular characteristic
of miRNAs has made interest in the use of miRNAs as non invasive
biomarkers of diseases. miRNAs also can be detected in many other
biological fluids like, serum, plasma, urine, tears, cerebrospinal fluids,
breast milk and saliva. Detection of these non- invasive circulating
miRNAs has shown advantage over the gold standard invasive biopsy
procedures which are proved to be risky especially in case of cancer
patients.™

Several miRNA studies related to periodontal diseases have been
conducted to compare miRNA expression profiles between healthy
and diseased gingival tissues. These observations show that chronic
periodontitis is able to modulate the expression of miRNAs in the
periodontal tissue.”

An experimental periodontal disease study done in ApoE™ mice
explored the expression of miRNAs (miR-146a, miR-132, and miR-
155) in maxillas (periodontium) and spleens of ApoE™ mice infected
with P. gingivalis, T. denticola, and T. forsythia as a polymicrobial
infection followed by mRNA expression levels of the inflammatory
cytokines tumor necrosis factor alpha (TNF-a) and interleukin-1f (IL-
1B). However miR-146a had a negative correlation with TNF-a
secretion in vitro, reducing levels of the adaptor kinases IL-1 receptor
associated kinase 1 (IRAK-1) and TNF receptor-associated factor 6
(TRAF6). The study concluded that miR-146a is upregulated in
localized as well as systemic manners during periodontal pathogen
infections, where miR-146a may contribute to the control of the
resulting periodontal inflammation®.

The first study report of periodontitis-related miRNA" in humans,
using miRNA microarray and real-time PCR, reveals that miR-181b,
miR-19b, miR-23a, miR-30a, miR-let7a and miR-301a were up-
regulated in the inflamed periodontal tissue of moderate-to-advanced
chronic periodontitis patients. This study indicated that six miRNAs
up-regulated in periodontitis gingiva may play a key role in chronic
periodontitis. At the same time, another study” investigated the
properties of miRNAs in periodontal inflamed and healthy gingival
tissues. Twelve selected inflammatory-related miRNAs, miR-126,
miR-20a, miR-142-3p, miR-19a, let-7f, miR-203, miR-17, miR-223,
miR-146b, miR-146a, miR-155, and miR-205 showed comparable
expression levels by microarray and real-time quantitative RT-PCR
analyses. Further the target gene scan, predicted the targets of three
miRNAs (miR-146a, miR-146b, and miR-155), which showed that
these miRNAs have a functional role in TLR- related regulation in
inflammatory diseases.

The first study to examine concurrently the expression of miRNAs and
mRNAs in healthy and diseased gingival tissues using a whole genome
microarrays in a large scale and provides the groundwork to analyze
the role of miRNAs in gingival tissue homeostasis and pathology. The
expression of 1,205 miRNAs were confirmed by quantitative RT-PCR.
One hundred fifty-nine miRNAs were significantly expressed between
healthy and diseased gingiva. Four miRNAs (miR-451, miR-223,
miR-486-5p, miR-3917) were significantly overexpressed, and 7
(miR-1246, miR-1260, miR-141, miR-1260b, miR-203, miR-210,
miR-205) were underexpressed by > 2-fold in diseased vs. healthy
gingiva. Sixty enriched miRNA gene sets with target genes involved
were identified by Gene Set Enrichment Analysis (GSEA)*.

In a similar study a total RNAs were isolated from inflamed and non
inflamed gingival tissues from Japanese patients to examine and
compare the miRNA expression profiles using microarray analysis.
miRNA targets were identified by Ingenuity Pathways Analysis (IPA)
and the TargetScan databases. In inflamed gingiva, 17 overexpressed
and 22 underexpressed miRNAs were identified. The three most
overexpressed miRNAs were miR-150, miR-223, and miR-200b, and
the three most underexpressed miRNAs were miR-379, miR-199a-5p,
and miR-214 in inflamed gingiva. The findings suggest a relationship
between miRNAs and periodontitis in periodontal tissue destruction™

The above discussed are the five classic and basic studies done to
demonstrate the role of miRNAs in periodontal pathology.

To explore possible ways of miR-146 contribution to the pathogenesis
of periodontitis, by using RT- PCR in Porphyromonas gingivalis (p.g)
lipopolysaccharide (LPS) - stimulated human gingival fibroblasts
(HGFs) were transfected with miR-146a &miR-146b-5p inhibitors.
Results showed an increase in pro-inflammatory cytokines such as IL-
B, IL-6 & TNF-o through interleukin — 1 receptor - associated kinase 1
(IRAK 1) activation®.

The expression levels of miR-146a and its targets, including TNF-a,
IL-1B, and IL-6, were evaluated in gingival tissue of human healthy
individulas and with chronic periodontitis (CP) patients. Higher levels
of miR-146a and lower levels of TNF-a and IL-6 were seen in CP
patients than healthy individuals. A positive correlation was found
with miR-146a levels, probing depth and clinical attachment loss
suggesting that miR-146a may influence the pathogenesis of
periodontitis*. One of the recent study” determined whether miRNA-
146a expression has any potential link in gingival tissues of
generalized aggressive periodontitis (GAgP) patients and its
association with disease severity. This assessment found a 17.8-fold
elevation in miR-146a expression in GAgP patients when compare to
healthy subjects.

Expression of miR-128, miR-34a, miR-381* and miR-144-5p" were
also found to be upregulated in gingival tissues from chronic
periodontitis patients. The first study performed on miRNA expression
profiles comparing CP and AgP in gingival tissue samples. When
miRNA microarrays compared the expression of 754 inflammatory-
related miRNAs, similar miRNA expression profiles from CP and AgP
groups were presented. The most overexpressed miRNAs in both
groups were miR-1274b, let-7b-5p, miR-24-3p, miR-19b-3p, miR-
720, miR-126-3p, miR-17-3p and miR-21-3p.

On the other hand, an increase in gingival crevicular fluid (GCF) flow
is observed during gingival and periodontal inflammation should be
considered. Accordingly, increased amount of miRNA might pass the
junctional epithelium, thus may arrive in GCF and saliva”. Very few
studies correlated the relative expression of miRNAs found in GCF
and saliva in chronic periodontitis patients. The first study’' to verify
the presence of miRNAs in GCF, discovered that GCF from
periodontitis patients has unique miRNA profiles. When compared the
differentially expressed 40 miRNAs in GCF to those previously
identified in blood and gingival tissue samples of periodontitis, Up
regulated miRNA and down-regulated miRNA sets determined in
different sample types, and it was noted that they are mostly
distinctive. High expression levels of miR-223-3p, miR-203a and
miR-205-5p in GCF samples of periodontitis patients were confirmed.
Ver;/ recently the expression of Salivary miR-381-3p™ and miR-143-
3p” was correlated with periodontitis condition in chronic
periodontitis patients.

The effects of periodontitis on serum miRNAs profile in a rat model
was investigated under four groups. The control groups received no
treatment for 2 or 4 weeks. In the other two groups, periodontitis was
ligature induced for 2 or 4 weeks. Serum levels of miR-207, miR-376-
3p, and miR-495 were higher in the periodontitis group than in the
control group. These suggest that periodontitis could contribute to the
increased miRNAs expressions in serum”. Recently a case-control
study” was done to assess the association between human serum
miRNAs in periodontitis patients. miR-664a-3p, miR-501-5p, miR-
21-3p in serum were expressed at higher levels in the periodontitis
group compared to the control group, suggesting miRNAs in blood
may thus serve as biomarkers of periodontitis and may increase the
understanding of the periodontal systemic connection.

Several miRNA specific methods from identification of candidate
miRNAs up to influencing biological processes by their modulation
have been developed. Firstly, for high throughput screening of
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miRNAs and generation of differential microRNA profiles in a
particular experimental setting, miRNA array technologies are used. A
second confirming array technology helps to narrow down the number
of false positive candidate miRNAs. Further validation of miRNA
arrays is usually done by qRT-PCR of single miRNAs. MicroRNA
target genes may then be identified by using computational methods.

miRNA based therapeutic approaches

Itis assumed that miRNAs regulate >100 target genes at the same time,
whereas regulation of any given gene can be mediated by several
miRNAs. Therefore more than one miRNA is needed for any
successful therapeutic intervention. Thus the detailed functional
analysis of any given miRNA in its pathological setting is needed
before any intervention. In this context it is noted that certain miRNAs
appear to be relevant in several pathologies. It is likely that these small
powerful regulators hold great potential for the treatment of
periodontal diseases also.

There are 2 major strategies to therapeutically modulate dysregulated

miRNAs in disease™:

1. Using miRNA mimics to restore physiological levels of miRNAs
that are down regulated ( ex: tumor suppressor miRNAs, such as
let-7, miR-34)

2. The use of miR inhibitors targeted against overexpressed
miRNAs (ex: oncomirs, such as miR-21 ormiR-155).

For example, miRNA therapeutics may be applied to restore the
function of lost or downregulated miRNAs related to
osteoblastogenesis or to inhibit the function of upregulated miRNAs
related to osteoclast differentiation and function. In recent years,
several different miRNA delivery systems have been developed,
including viral and nonviral approaches'”

Viral miRNA delivery systems are based on retroviruses,
lentiviruses, and adenoviruses and are distinguished by a high
infection efficiency and high miRNA or antagomir expression levels,
while suffering from relatively higher toxicity and immunogenicity
levels.

Nonviral miRNA delivery approaches include lipid-based delivery
systems such as liposomes as well as polymer-based approaches
including polyethylenimine (PEI), poly(lactide-co-glycolide)
(PLGA), and poly(amidoamine) (PAMAM) dendrimers

Other recently developed miRNA carriers include chitosan,
protamine and collagen , as well as gold-, iron-, and silica-based
nanoparticles.

Novel aptamer-miRNA conjugates have been developed to deliver
miRNAs into specific cell types, resulting in a reduction of the dose
required for pharmacological effects, a reduction in OTEs (off-target
effects) and reduced toxicity.

Novel plasmid-based miRNA inhibitor system (PMIS) has been
developed that relies on specific binding of a PMIS molecule to target
miRNAs, resulting in the introduction of a new secondary structure
and the formation of a stable PMIS-miR complex.

Future directions:

Atpresent the couple of studies are at the preclinical stage. The major hurdle
to be overcome in order to translate these results into the clinic include the
effective targeting of therapy (ex. Tissue-specific delivery, dosage and
pharmacodynamics) and safety concerns (ex. Off-target effects (OTEs),
RNA mediated immunostimulation and the use of viral vectors).

This is an area very much still in infancy that is almost certain to
flourish in the near future as the field matures, and promises to add to
the current weapon of therapies available to the clinician in the
continual fight against disease.

In conclusion, miRNAs show their greatest, and certainly most
immediate potential, as novel biomarkers of diagnosis, prognosis and
as predictors of treatment response. Although it is clear that the
functional importance of miRNAs in medicine is gaining momentum
rapidly, it is equally obvious that we still have much to learn from these
tiny molecules.
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