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General PaPers

Influence of sistemic osteoporosis on periodontal 
health: epigenetic micro-RNA resemblances

ABSTRACT
Osteoporosis and periodontal disease are two diseases that affect millions of people worldwide. The common 
element is represented by bone loss. Periodontal disease consists of a set of inflammatory and/or degenerative 
changes concerning the periodontium, that evolve in the first phase with the loss of the connection between the 
superficial periodontium and the tooth, and subsequently with the damage of the profound periodontium. Recent 
studies in the literature show that osteoporosis, by lowering systemic bone mineral density and alveolar bone, 
can create a favorable framework for the progression of the periodontal impairment. This paper aims to present 
the main epigenetic changes related to micro-RNA from the two pathologies, focusing on the common elements 
that they share.
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INTRODUCTION
The genetic factor is essential in determining the 

maximum bone mineral density (BMD) possible, 
but also the bone structure. The genotype may pre-
dispose to damage, frailty and fractures. However, 
the genetic factor can not, by itself, be responsible 
for the occurrence of osteoporosis or periodontal 
disease. long-term interactions between genetic fac-
tors and environmental factors are required so that 
the anatomical changes happen (1).

The synergistic action of environmental factors 
with genetic factors may be a triggering factor in os-
teoporotic pathology. Understanding epigenetic 
mechanisms is essential in order to improve under-
standing of the etiopathogenicity of the disease. The 
complete understanding of the pathogenesis of a dis-
ease is an ideal that once achieved, helps to develop 
clinical strategies to prevent disease, complications, 
and also new therapeutic methods (1).

In a normal adult, the bone remodeling process 
consists of a balanced association of two processes 
called resorption and bone apposition. The balance 
between these processes requires strict control of os-
teoblastic (apposition) and osteoclastic (resorption) 

activity. Osteoblasts and osteoclasts are under ge-
netic control, which determines bone phenotype and 
mineral density. It is important to note that the poly-
morphism of the genes involved in this control is re-
sponsible for approximately 10% of the phenotypic 
variation in bone density (1,2).

epigenetic mechanisms consist of changes in the 
expression of proteins and genes, independently of 
the inherited Dna nucleotide sequence. These 
mechanisms include histone changes, methylation of 
deoxyribonucleic acid, and negative modulation of 
messenger rna mediated by post-transcriptional 
micro-rna chains. 

Noncoding RNA in the pathogenesis of 
osteoporosis 

noncoding rna (ncrna) represents approxi-
mately 98% of the total rna that is formed from 
Dna transcription. Only 2% of rna is used for pro-
tein synthesis, the remaining 98% is not used for this 
purpose and constitutes the non-coding rna. It par-
ticipates in regulating gene expression by control-
ling transcription and post-transcription processes 
(3-6).
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Non-coding RNA is classified in infrastructural 
RNA and regulatory RNA. Non-coding RNA with 
epigenetic role is the regulatory RNA (3).

Another classification of non-coding RNA and 
the roles of each type is: (a) micro-RNA (Fig. 1), 
consists of a single RNA strand and plays a role in 
gene inhibition; (b) pi-RNA, has a role in inhibiting 
transposable elements; (c) si-RNA, consists of two 
RNA strands and plays a role in post-transcriptional 
inhibition and antiviral protection; (d) pa-RNA, con-
sists of a single RNA strand with reduced half-life 
and plays a role in post-transcriptional modulation; 
(e) eRNA, consists of a single RNA chain with re-
duced half-life and plays a role in transcriptional 
gene activation; (f) lnc-RNA: represents the noncod-
ing RNA with long molecule and plays a role in tran-
scriptional, post-transcriptional modulation, and si-
RNA precursors modulation (3).

Lnc-RNA is recently considered antagonist dif-
ferentiating noncoding RNA and has been shown to 
have the following roles (3,7,8):

–  mediation of osteoblastic differentiation;
–  its individual overexpression inhibits osteo-

blastic differentiation;
–  association with si-RNA favors osteoblastic 

differentiation;
–  stimulates the formation of IL-6, TNF-α;
–  its expression is directly proportional with the 

serum concentration of IL-6 in women post-
menopause. 

Of all the noncoding RNA subtypes, the most 
studied in relation to bone resorption-apposition bal-
ance is mi-RNA. Changes in mi-RNA expression 
may cause disorders in bone metabolism. From this 
point of view, mi-RNA is divided into two categories 
according to Ghayor C and Weber F: 

– osteoblastic differentiation modulators: stimu-
lating (miR-15b, miR-21, miR-27, miR-29a, miR-96, 
miR-128, miR-142-3, pmiR-194, miR-216-a, miR-
335-5p, miR-2861, miR-3960), inhibitori (Lnc-ARN, 
miR-23-a, miR-124, miR-133, miR-135, miR-153, 
miR-204, miR-223, miR-375);

– osteoclastic differentiation modulators: stimu-
lating (Lnc-ARN, miR-21, miR-34-a, miR-183, miR-
214, miR-223, miR-9718), inhibitori (miR-7-b, miR-
17/20a, miR-26-a, miR-126, miR-155).

Osteoclasts are bone marrow cells that come from 
macrophages. The most important step in osteoclastic 
differentiation is the fusion of mononuclear precur-
sors to form multinuclear cells. An important factor 
that promotes macrophage fusion and differentiation 
is DCSTAMP (specific transmembrane protein of the 
dendritic cells). miR-7b inhibits DCSTAMP and thus 
inhibits cell fusion and osteoclastogenesis. miR-26a 
inhibits CTGF (connective tissue growth factor), 
which plays a role in stimulating DCSTAMP. Overex-
pression of miR-26a inhibitors favors osteoclast for-
mation via dependent RANK-L pathway (3,9-11).

Micro-RNA may influence osteogenic differen-
tiation. In osteoporotic patients it has been observed 
that there is an overexpression of some types of mi-
RNA. Resveratrol, a polyphenolic phytoestrogen, 
proves to have the ability to inhibit miR-338-3p. By 
inhibiting miR-338-3p, resveratrol stimulates osteo-
genic differentiation and has osteoinductive capa-
bilities. Inhibition of miR-338-3p is associated with 
RUNX2 stimulation. Also, Khazaei et al., Ribeiro et 
al. and Zupancic et al. mention the role of resvera-
trol in limiting alveolar bone loss, improving clinical 
indices for periodontal evaluation, and improving 
periodontal bone osteoimmunoinflammatory mark-
ers (3,12-16).

FIGURE 1. Inhibition of gene translation by micro-RNA. 
The micro-RNA strand partially couples to messenger RNA nucleotides 
and inhibits the translation, synthesis of polypeptide chains and proteins. 
Ribosomes are depicted moving from left to right, reading the nucleotide 
sequence of the messenger RNA chain up to the micro-RNA level.
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Fig. 2 presents the micro-RNA subtypes that have 
a role in the osteoporotic etiopathogenesis. 

Noncoding RNA in the pathogenesis of 
periodontal disease 

Regarding the role of non-coding RNA in the 
pathogenesis of periodontal disease, it has been shown 
that mi-RNA exhibits higher concentrations in pa-
tients with periodontal disease (PD) compared to the 
healthy population. The most overexpressed mi-RNA 
subtypes are miR-150, miR-223, and miR-200b and 
the most under-expressed are miR-379, miR-199a-5p, 
miR-214. Overexpression of mi-RNA is generally as-
sociated with inflammatory diseases, cancer, urologi-
cal disorders, and osteoporosis (18-22).

Na et al. and Lee et al., analyzing micro-RNAs in 
periodontally healthy patients and in patients with 
PD, mention the increase in miR-19b, miR-30a, 
miR-23a, miR-181b, miR-7a, miR-128, miR-34a, 
miR-301a and miR-381 in the inflamed gum. They 
also report lower concentrations of miR-211, miR-
372, miR-656 (23,24).

Ogata et al. report higher concentrations of miR-
200b, miR-223, miR-150 and lower concentrations 
of miR-199a, miR-214 (25).

Xie et al. mention higher concentrations of miR-
146a si -146b, miR-223, miR-17, miR-203, miR-
19a, miR-142, miR-126, miR-20a in the inflamed 
marginal periodontium and lower concentrations of 
miR-205, miR-155 (26).

Stoeckin-Wasmer et al. report higher concentra-
tions of miR-3917, 486, 223, 451 and lower concen-
trations of miR-205, 210, 203, 141, 1260, 1246 (27).

Lee et al. and Sugatani et al. mention the role of 
miR-223 in osteoclastic differentiation. Lowering 
the miR-223 concentration reduces the osteoclastic 
differentiation, while increasing the miR-223 con-
centration associates with osteoclastic formation. 
miR-223 associates directly with the inflammatory 
syndrome in the marginal periodontium in PD, par-
ticipates in the alveolar bone loss and is presently 
studied as a possible epigenetic marker for PD 
(24,28).

Fig. 3 presents the micro-RNA subtypes that have 
a role in the etiopathogenesis of PD. 

miR-223 is a subtype of micro-RNA with a role 
in the differentiation of adipocytes and osteoclasts 
from HSC (hematopoietic stem cell). miR-223 de-
creases the expression of NFIA, an inhibitor of os-
teoclastic differentiation. Decreasing NFIA results 

FIGURE 2. Micro-RNA with role in osteoporosis etiopathogenesis. 
The horizontal arrow represents the progression of bone demineralization and osteoporotic trabecular microarhitectural 
alterations. The two top columns contain subtypes of bone micro-RNA associated with osteoporosis. The three columns 
below the horizontal arrow contain the subtypes of plasma circulating micro-RNA, associated with osteoporosis. 
miR-21-5p, miR-133a-3p, miR-422a correlates with BMD, miR-21-5p, miR-23a-3p, miR-24-3p, miR-93, miR- miR-124a, 
miR-125b, miR-148a correlate with recent fractures and miR-19a, miR-19b, miR-30e, miR-140, miR-382, miR-550a 
correlate with old fractures (17).
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in increased M-CSFR expression (M-CSF receptor) 
and implicitly increased M-CSF (macrophage colo-
ny-stimulating factor) activity, a stimulating factor 
for osteoclastogenesis. M‘Baya-Moutoula E et al. 
Mention that miR-223 acts on three important fac-
tors in the osteoclastogenesis process: OPG (osteo-
protegerin), TNF-α and NFκB. miR-223 decreases 
OPG expression and increases expression of TNF-α 
and NFkB. They mention that experimental therapy 
with miR-223 inhibitors results in increased expres-
sion of OPG, respectively decreased expression of 
TNF-α and NFkB, inhibiting osteoclastogenesis. In-
creased expression of miR-223 is strongly associat-
ed with increased bone loss. Xie et al. mention the 
inhibitory role of miR-223 in osteoblastogenesis. 
miR-223 reduces osteoblastic differentiation from 
MSC and inhibits FGFR2 (Fibroblast growth factor 
receptor 2), a modulator of osteoblastic differentia-
tion. Activation of FGFR2 is associated with osteo-
blastic differentiation by increasing RUNX2 expres-
sion. miR-223 indirectly decreases RUNX2 expres-
sion and osteoblastogenesis (32-34).

COMMON EPIGENETIC ELEMENTS 
miR-23a is a micro-RNA subtype associated with 

periodontal inflammatory syndrome. miR-23a in-

hibits osteoblastogenesis by inhibiting RUNX2 in 
the first MSC (mesenchymal stem cells) differentiat-
ing phase to preosteoblast. Also, Seelinger et al., 
quoted by Ostanek, mention the association between 
miR-23a and osteoporosis. They note its bone over-
expression in osteoporotic patients. It is a both tissue 
and plasma marker for osteoporosis and correlates 
directly with recent bone fractures (17,23,24,35).

miR-19b is a micro-RNA subtype associated with 
periodontal inflammatory syndrome. Kocijan et al., 
quoted by Ostanek, frames miR-19b as a post-frac-
ture circulatory marker in osteoporotic patients. Its 
plasma concentration is inversely proportional to 
BMD (17,23,24,36).

miR-34a is another micro-RNA subtype that as-
sociates with gingival inflammation. It promotes os-
teoclastogenesis and is a tissue marker associated 
with osteoporosis (17,23,24,37).

Du A et al., quoted by Irwandi, mention the in-
crease in miR-21-5p expression in the periodontal 
ligament treated with P. gingivalis lipopolysaccha-
ride. miR-21-5p is referred to by Seelinger as having 
increased bone expression in osteoporotic patients. 
It is a tissue and plasma marker associated with os-
teoporosis, which correlates with recent fractures 
and BMD (17,29,35,38-40).

FIGURE 3. Micro-RNA with a role in PD epigenetics. 
The two columns on the left side of the image show subtypes of micro-RNA that have been found inconstantly in the mar-
ginal periodontium in PD. The third column represents the representative micro-RNA subtypes for PD. Of these, miR-223 
is the most constant overexpressed subtype mentioned in the literature. OCGEN-osteoclastogenesis; OBGEN-osteoblas-
togenesis; (+) stimulates; (-) inhibits (23-31).
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In a recent meta-analysis, Kagiya T et al. mention 
higher concentrations of miR-21-5p, miR-124a and 
miR-148a in the marginal periodontium in PD. miR-
21-5p and miR-148a are known to be promoters of
osteoclastogenesis. At the same time, these three
types of micro-RNA are osteoporotic markers as fol-
lows: miR-21-5p is a tissue and plasma marker, is
well expressed in bone in osteoporosis and is direct-
ly associated with BMD; miR-124a is an osteoporo-
sis plasma marker and is associated with recent frac-
tures; miR-148a is a osteoporosis plasma marker and
is associated with recent fractures (35,39-41).

CONCLUSIONS
The role of micro-RNA in the pathogenesis of os-

teoporosis and periodontal disease is little known. 
Studies in the literature that research this subject are 
just beginning.

There is no clear consensus yet on epigenetic 
changes in micro-RNA in osteoporosis or in peri-
odontal disease. Studies analyzing mi-RNA changes 
report different and sometimes contradictory varia-
tions of different subtypes. This may be due, on the 

one hand, to age and gender variables in the groups 
analyzed and, on the other hand, to the lack of clear 
criteria for classifying gingival inflammation. Other 
causes may be the variability of exposure to environ-
mental factors, especially at the site of harvesting, 
differences in the systemic and gingival bone har-
vesting method, and the large variability of the cell 
types that have been analyzed, particularly in the 
periodontium. 

However, we have identified in the literature 6 
micro-RNA subtypes that are recognized as plasma 
or tissue markers in systemic osteoporosis that cor-
relate with systemic bone density, old or recent frac-
tures, and whose concentration is increased in the 
periodontium in periodontal disease.

Interaction between environmental factors and 
genetic factors leads to epigenetic changes. Over- or 
under-expression of certain micro-RNA subtypes 
causes changes in bone homeostasis with disruption 
of the balance between resorption and apposition. 
Systemic epigenetic bone changes appear to occur in 
the alveolar bone, influencing inflammatory gingi-
val response and progression of the infectious pro-
cess.
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