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Pe3iome. CoBpeMeHHBIIT YPOBEHb MEAWIIMHBI TTO3BOJISIET BCe OOJIbIIE U3ydaTh U pa3padaThiBaTh MaTepH-
aJTbl 1 METOAUKIN BOCCTAHOBUTEIILHOTO JICUCHMsI, KOTOPBIC OBl OIMMPaICh Ha UMMYHOJOTTYECKIE MEXaHN3-
MBI KOCTHO# penapanyu. OQHUM 13 TIEPCIIEKTUBHBIX HAIIpaBJIeHW B HAlIpaBJIEeHHO KOCTHOM pereHepalun
SIBJSIETCSI IPUMEHEHUE ME3eHXMMaJlbHbIX CTBOJIOBBIX KiIeToK. MHTepec B npumeHeHuu MCK cBsizaH ¢ ux
CTIOCOOHOCTBIO PETYJIMPOBATh BOCITAIMTEIbHBIN IMPOIIECC, M y4acTBOBAaTh B (DOPMUPOBAHUM HOBBIX KOCTHBIX
CTPYKTYp, TE€M CaMbIM 00eCIIeurBasi BOCITPOU3BEICHUE TTPOIIECCOB €CTECTBEHHOU penapaiuu. D¢ dekTopHoe
BausHrue MCK Ha BocnaluTeIbHBIN TIpoLiecC 0OYCIOBIIEH, IPEXKIe BCEro, NX CIOCOOHOCThIO (hOpMUpPOBaTH
cnenuduyeckoe MUKpookpyxkeHue. Huskas skcripeccust MHC-I1 u CD80/CD86 onpeneisieT ux HU3KYIO
UMMYHOKOH(MIUKTHOCTh, npoaykuusd PGE2 u NO oGecrieunBaeT UMMYHOCYIIPECCUIO B MECTE 3acesIeHUS
MCK, a mpomykist TGF- 1, IDO u 1L-10 oka3piBaeT UMMYHOMOIIEIMpYIOIliee neiicteue. boniee Toro, oco-
0oe BHMMaHUE K cebe IPUBJIEKAET CITOCOOHOCTDh 3TUX KJIETOK MM depeHIMPOoBaThCI B OCTEOTeHHBIN (e-
HOTUII. JIaHHBII CIOXHBIM MHOTOCTaIUMHBIN MPOLECC COIMMPOBOXAACTCS BbIICJICHUEM Psiia OMOIOTUUYECKU
aKTUBHBIX BEIIECTB, BIUSIOLINX HAa KOCTHYIO penapaiuio. Cunte3 ALP, BSP u B nocnenyomiem Gla-protein
1 OPN 00yciaBaInBaiOT CHHTE3 BHEKIIETOUHOTO MaTPUKCa M €T0 MOCISAYIONIYI0 MIUHepaan3anuio. Peryms-
LM JAaHHOTO Tpoliecca obdecrieyeHa aeiictBueM Runx2, KoTopsiii aktuBupyeT nuddepeHnnposky MCK 1o
octeoreHHoMY nyTu. JlaHHbie a3 exkThl MCK ObLIM B3THI 32 OCHOBY B IIpoliecce pa3paboTK1 HOBOI METO-
IWKW JICICHUST aTpodUii KOCTHOM TKaHU. JIs BBITTOJIHEHMS MOCTABJICHHBIX 3a/1ad ObllIa IIpOBeACHA pa3pa-
00TKa MoJie T aTporH KOCTHOM TKaH!, BEIMIOJTHEHA pa3paboTKa IIpernapara, CoIepsKalllero B CBOeM COCTaBe
MCK, a Takxke TIpOBeAeHO dKCIIEpPUMEHTATbHOE MCCIeIOBaHNE ST OLIeHKU (P (PEeKTUBHOCTU pa3padboTaH-
HOM MeTonuKu. B KauecTBe OCHOBHBIX KPUTEPUEB OLIEHKM KadyecTBa IMPOBEICHHOTO JIeUeHUs ObLIU B3SThI
JIaHHBIE KIIMHUYECKOTO 1 JIJADOPATOPHOTO NCCIEAOBAHUI. YIUTHIBATUCH BU3yaIbHbIE U3MEHEHUS NCCIIeIye-
MOT0 yJ9acTKa, 10 CPaBHECHUIO C aHAJIOTMYHBIM YIaCTKOM B pa3pabOTaHHOI MOIeI aTpo(hUH, OLICHUBAINCH
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napametpbl OAK, oTpaxaroliue MHTeHCUBHOCTb MPOTEeKaHUsl BOCHAJIUTENbHONU peakiivu. BbllmosHeHHOE
9KCIIEPUMEHTAIbHOE HCCIeA0BaHME TTO3BOJISIET ONpPeIeaIUuTh pa3paboTaHHYIO0 METOIMKY JIEUEHUsI KaK CIo-
COOHYI0 B MOJIHOI Mepe BOCCO31aTh YCAOBUS MPOLIECCOB KOCTHOI penapaluu, ¢ y4eTOM ONTUMU3ALUNA UM-
MYHHBIX peaklMii opraHu3Ma U IMpoLeccoB perapaluu, 6e3 J0MOJTHUTEIbLHOIO BIMSHUS U3BHE, MOJYYUTh
npeackasdyeMble 1 KOHTpOJIUpYeMble pe3yJibTaThl. MMeroluecs: JaHHbIe MCCIeIOBaHUs MO3BOJISIIOT OMNpe-
JeaUTh 3(PPEeKTUBHOCTL pa3paboTaHHON MOJEIU U METOAMKU JeUeHUsI, a TakKKe JaJlbHEUIINI BEKTOP Mpo-
BeIEeHUS UCCIIETOBaHUIMA.

Karouesnie cnosa: cmeonogoie kaemiu, ampogus, penapayus, KOCMHAs peeeHepayus, KOCMHbLi degexm
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Abstract. Modern medicine allows us to study and develop materials and methods of restorative treatment
that would be based on the immunological mechanisms of bone repair. One of the promising directions in
guided bone regeneration is the use of mesenchymal stem cells. Interest in MSCs is associated with their
ability to regulate the inflammatory process, and directly participate in the formation of new bone structures,
thereby providing a physiological repair process. The effector impact of MSCs on the inflammatory process
due to their ability to form a specific microenvironment. Low expression of MHC-II and CD80/CD86, the
production of PGE2 and NO determines their low immunoconflict, and the production of TGF-1, IDO and
IL-10 has an immunomodulating effect. The ability of MSCs to differentiate into an osteogenic phenotype is
accompanied with the synthesis of ALP, BSP and, subsequently, Gla-protein and OPN determine the synthesis
of the extracellular matrix and its subsequent mineralization. This process is provided by the action of Runx2,
which activates the differentiation of MSCs along the osteogenic pathway. These effects of MSCs were taken
as the basis for the development of a new method for the treatment of bone atrophy. To accomplish the task
set, a model of bone tissue atrophy and a drug containing MSCs was developed, and an experimental study was
conducted to evaluate the effectiveness of the developed methodology. As the main criteria, data from clinical
and laboratory studies were taken. Visual changes in the studied area were taken into account, compared with
a similar area in the developed model of atrophy, the parameters of the complete blood count (CBC) were
evaluated. The performed study allows us to determine the developed treatment method as capable of fully
recreating the conditions of bone repair processes, taking into account the optimization of the body’s immune
reactions and repair processes, without additional external influence, to obtain predictable and controllable
results.

Keywords: stem cells, atrophy, repair, bone regeneration, bone defect

development of bone loss, including a significant
difficulty in restorative orthopedic and implant
treatment, and the need for complex preparatory
operations with a greater progression of pathology.
The development of modern medicine and the
medical industry offers a variety of materials and
techniques for guided bone tissue regeneration.

Introduction

One of the most difficult issues of restorative
dentistry we are facing these days is atrophy of the
alveolar processes of the jaws [4]. Particular attention
is drawn to the immunological mechanisms of
the development of this pathology, as well as the
possibility of optimizing the immunological aspects

of bone repair [6]. The significance of these issues
is due to complications that are associated with the

The use of autogenous and artificial materials has
good long-term results, but they are not able to fully
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compensate for the processes of natural bone tissue
regeneration [10]. This promotes the development of
new treatment methods that have an effect on all parts
of bone reparation.

One of such directions is cellular technologies. In
recent years, the possibility of using mesenchymal
stem cells (MSCs) has been actively studied. Interest
in these cells is due to their ability to differentiate
into cells of bone metabolism, as well as to produce
a number of biologically active substances, among
which growth factors, cytokines and various mediators
are determined, thereby creating a microenvironment
that determines the course of bone repair processes [8].
All this brings us as close as possible to the conditions
of physiological regeneration with the formation of
our own bone tissue.

Literature describes many examples of the
successful use of MSCs in the restorative treatment of
degenerative diseases of bone tissue [3, 9]. Methods
for the treatment of articular cartilage necrosis,
correction of post-traumatic facial deformities,
treatment of bisphosphonate-associated osteonecrosis
of the jaw bones is mentioned. In the treatment of
bisphosphonate-associated osteonecrosis of the jaw,
isolated and cultured culture of MSCs is preferred
[5]. The effectiveness of treatment with this method is
proved by a large number of publications in domestic
and foreign literature. Many authors report that
clinical success in the treatment of bisphosphonate-
associated osteonecrosis of the jaw with MSCs has
been observed even in patients receiving concomitant
immunosuppressive therapy.

However, there is little data in the literature on the
possibility of using MSCs for guided regeneration of
the alveolar processes of the jaws. The low development
of this topic dictates the need to pay more attention to
the issues of stimulating endogenous regeneration, as
well as the possibility of conducting direct regulation
of this process. Thus, the issues of prevention and
correction of bone tissue atrophy, in particular the
atrophy of the alveolar processes of the jaws, remain
promising areas and require the search for modern
methods for correcting these conditions.

Materials and methods

The study was conducted at the Federal State
Budget Institution of Science “Institute of Im-
munology and Physiology” of the Ural Branch of the
Russian Academy of Sciences, and included several
successive stages:

1. Development and implementation of a model
of bone tissue atrophy;

2.  Cultivation of MSCs (conducted at the State
Autonomous Healthcare Institution of the Sverdlovsk
Region “Institute of Medical Cellular Technologies”);

3. Conducting an experimental study.

Before developing the model, the main criteria
were formulated, the observance of which would make
it possible to assess its effectiveness:

— Maximum proximity to the real conditions
for the development of atrophy;

—  Formation of a sufficient amount of atrophy
for an adequate assessment of the expected and
obtained results;

— Non-development of adverse reactions,
prevention of distortion of long-term results;

— No need for external influence and ease of
implementation.

At its core, the model of bone tissue atrophy
is similar to traumatic tooth extraction (an extraction
of a tooth, in which an intentional and accidental
additional bone defect is formed, in the form of a break
of the interradicular septum / cortical plate in the area
of the socket of the extracted tooth), and does not
require additional manipulations in the postoperative
period. The process of reproducing the model consists
of the following steps:

1.  Under general anesthesia (Diethyl ether), an
incision is made in the mucous membrane, from the
lower incisor, along the most protruding part of the
alveolar ridge, approximately 0.7-1 cm long;

2. The mucoperiosteal flap is separated from the
bone;

3.  Using sharp wire cutters, a part of the incisor
and alveolar ridge is cut off, approximately 3-5 mm
deep;

4.  Afterthat, the edges of the wound are reduced
(additional suturing of the wound is not required) and
a dynamic observation of the individual is established.

According to the results of clinical and laboratory
studies, it was found that the developed model meets
all the above criteria and gives the expected results.

At the second stage, MSCs were cultivated. Cells
were extracted from a 4 x 3 x 3 mm gingival tissue
sample. The sample was crushed to fragments no lar-
ger than 1 mm?, the resulting tissue mass was incuba-
ted in 2 mL of collagenase I solution (1000 U/mL)
(Sigma-Aldrich, USA) at 37 °C for 2.5 hours with
continuous gentle stirring. At the end of the incu-
bation, 10 mL of Hank’s solution with 10% fetal
bovine serum (FBS) (Biosera) was added to the tissue
mass tube to neutralize the enzyme, after which the
tissue was dissociated by actively mixing the contents
of the tube.

The resulting cell suspension was transferred to
a new tube, the cells were pelleted by centrifugation
(1100 rpm, 10 min), resuspended in growth medium,
and transferred to a T25 culture flask (Nunc,
Denmark). Cells were grown in DMEM + F-12
growth medium (PanEco, Russia) supplemented
with 10% FBS, glutamine (0.03%), and gentamicin
(50 pg/mL medium). Cells were grown in a CO,
incubator at 37 °C in an atmosphere with 5% CO.,.
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On the 3" day after inoculation of the primary
culture, dividing cells were observed; on the 6™
day, sections of the monolayer began to form. Cell
reseeding was performed after the monolayer reached
80% confluence. Cells were removed from plastic
using 0.25% TrypLE solution (Gibco, Thermo Fisher
Scientific, USA).

Fibroblasts were used for administration to rats
after the 2™ reseeding. Cells were removed from
plastic, washed twice to remove TrypLE residues with
Hank’s solution (on the first wash with 10% FBS),
after that the cells were resuspended in saline at a
concentration of 1.65 million cells/mL.

The third stage included the direct conduct of an
experimental study. For this, the developed model of
atrophy was reproduced and the drug based on MSCs
was administered according to the following steps:

1. Interrupted sutures were applied to the wound
surface;

2. The introduction of the filler of the drug was
carried out through the reduced edges of the wound;

3. An insulin syringe was used to administer a
suspension containing MSCs in an amount of 200 pL.

Results and discussion

To evaluate the results of the experimental study and
the course of the inflammatory reaction in particular,
a complete blood count (CBC) was conducted. As the
main indicator for evaluation, the indicators of the
number of leukocytes (WBC) were taken, which were
compared with the average indicators of the level of
leukocytes in the intact group. Based on the results
obtained, a graph was compiled (Figure 1), which
shows that both in the atrophy model group and in the
experimental group, a significant increase in the level
of leukocytes is determined relatively to the average
norm on the first day of the experiment. This indicates
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the development of an active inflammatory reaction.
Normalization of the level of leukocytes occurs by the
end of the second week of observations.

An interesting fact is that the level of leukocytes
in the experimental group is higher than in the group
of the developed model. This can be determined by a
more intense inflammatory response mediated by the
effector influence of stem cells on innate and adaptive
immunity.

According to the objective examination data,
it was found that visible bone loss was determined
in the atrophy model group. At the same time, it
was determined that the developed model does not
cause the death of the neurovascular bundle of the
lower incisor and, accordingly, is not capable of
provoking the development of pathological processes
in the tissues of the tooth and in periodontal structures
(Figure 2).

By the end of 3 months, there is a significant
thickening of the alveolar process of the lower jaw in
the experimental group. Objectively, the thickening is
dense, without pathological noises during palpation
(Figure 3).

MSCs play an important role in the regeneration
of tissues and organs due to the ability to differentiate
and renew themselves. Due to these abilities, MSCs
are the main contenders for work in the field of tissue
engineering. Besides that, MSCs have a number of
other features that improve implant survival. This
is the ability to stimulate osteogenesis due to the
release of growth factors, the immunomodulatory
effect due to the production of inflammatory factors.
Particular attention should be paid specifically to the
immunomodulatory effect, since MSCs are able to
not only prevent the immunological rejection of the
graft, but also activate immune responses directly in
the bone.

WBC

60 day 90 day 120 day

= =N =——\Mode| === MSC

Figure 1. WBC level graph
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Figure 2. Alveolar bone atrophy

In recent years, many scientific papers have
appeared, the authors of which propose methods
for reconstructing bone defects by using grafts
populated with stem cells or impregnated growth
factors. Oftentimes, the variant of colonization by
mesenchymal multipotent stem cells is described,
since they have a low expression of MHC class II
and CD80/CD86 molecules, due to which they have
low immunoconflict and the possibility of using
both autologous and allogeneic cultures. MSCs
exhibit immunomodulatory effects by influencing
inflammatory responses and optimizing immune
cell responses. By inhibiting the proliferation and
production of cytokines by antigen-presenting cells
(APCs) and T lymphocytes, MSCs regulate the
immunological background of bone tissue remodeling.
Also, MSCs produce prostaglandin E2 (PGE2) and
nitric oxide (NQO), which has an immunosuppressive
effect and, as a result, reduces the risk of transplant
rejection. Stem cells, through a number of
mechanisms, affect T cells, reducing their viability and
ability to proliferate, and stimulate the proliferation
of T regulatory (Treg) cells. Predominantly, this effect
is mediated by CD274 molecules that are activated
by IFNy. In addition to that, MSCs suppress the
proliferation of B Ilymphocytes, maturation of
dendritic cells, and reduce the proliferation and
cytotoxicity of NK cells, which together have effects
on both innate and acquired (adaptive) immunity.
The mediators secreted by MSCs also affect the
immunomodulatory effect of these cells. These
are predominantly transforming growth factor (1
(TGF-B1), prostaglandin E2 (PGE2), indolamine-
pyrrole-2, 3-dioxegenase (IDO), nitric oxide (NO),
and interleukin-10 (IL-10). Their produce is regulated
by IFNy, IFNa, IL-1, IL-1B [7].

MSCs are of particular value due to their
antimicrobial effects. This is associated with direct
and indirect mechanisms. Direct effects are directly
related to the release of antimicrobial peptides

Figure 3. Newly-formed bone area

by MSCs, such as cathelicidins, lipocalin-2, and
B-defensins. Cathelicidins, similarly to other
peptides, are active against all types of bacteria, both
Gram® and Gram-, against some viruses, fungi, and
protozoa. To a large degree, these effects are due to
the incorporation of peptides into the structure of
the bacterial wall and the formation of a pore in it.
In addition, this peptide functions as a chemotactic
agent for neutrophils, monocytes, and T cells. With
the development of the infectious process, MSCs also
have an effector effect on the innate link of immunity,
particularly on neutrophils and monocytes, increasing
their migration to the infectious focus and enhancing
their antimicrobial activity [1].

The ability of MSCs to differentiate along the
osteogenic pathway has a beneficial effect on bone
repair processes. This process is regulated by a number
of signaling pathways, including Wnt, TGF-§,
PI3K/Akt. In addition, BMP-2, BMP-6, BMP-7,
and BMP-9 are important triggers for osteogenic
differentiation of MSCs [2].

All of the above effects of MSCs favourably affect
the regulation of the immunological mechanisms of
inflammatory and regenerative processes.

Conclusion

There are many more questions about the
use of MSCs as a material for guided bone tissue
regeneration that require detailed study. However, the
results obtained indicate the prospects for the use of
this technology. Influence on the links of innate and
adaptive immunity, processes of bone metabolism,
allows you to fully activate the natural processes of
bone repair by creating a specific microenvironment
and the ability of MSCs to transform into highly
differentiated cells. It is the increase in the volume
of bone tissue and not the accelerated healing of the
bone defect that makes it possible to conclude that
atrophy is prevented.
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