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Neural crest-related stem cells (NCSC) have great promise in the field of regenerative medicine due to their diffe-
rentiation potential into several lineages. Besides the periodontium, and root surfaces of extracted teeth, NCSC can
be obtained from the palate, which represents a large stem cell reservoir in the mucosa. Osteoporotic Sheep provide
an appropriate large animal model for preclinical studies. In this initial study, we focused on approving the Osteoporot-
ic Sheep Model, the isolation and characterization of NCSC from osteoporotic sheep palate as an alternative to other
stem cell sources and on appropriate X-ray and histological methods for evaluation of the alveolar bone regeneration
process. Primary ovine neural crest-related stem cells were obtained from the palate for comparison with human
derived NCSC. The cultured ovine NCSC, which were sorted by different methods of characterization were examined
for morphology, proliferation and bone-regenerative activity in our osteoporotic sheep model. Density expression of
alveolar bone was measured by using CT images. Osteogenic potentials of ovine NCSCs were evaluated by different
histological measurements on non-demineralized and demineralized alveolar bone tissues. The in vitro cell assays
demonstrated the osteoinductive potential of ovine NCSC as typical sphere-forming pure stem cell culture and its
proliferation, and differentiation as well as initial bone formation in a large-animal model. The different histological
measurements on non-demineralized and demineralized alveolar bone tissues used in our proof of principle study
have showed a high potential for evaluating the regenerative bone processes taking place in our Osteoporotic Sheep
Model. Based on these findings, ovine NCSC might serve as an appropriate alternative cell source in pre-clinical re-
search using a large animal model for evaluating the regenerative bone processes taking place in the Osteoporotic
Sheep Model developed by our interdisciplinary and international research group.

Key words: NCSC, osteoporotic sheep model, CT, 3D-reconstruction, density measurements, histological
analysis, stem cell

OKTOMe3eHxmMMasnbHble CTBOOBbIE KneTkn (AMCK) nmetoT Bbicokmii noteHuman anddepeHumposkn. Knaccnye-
ckum nctoyHmkoM NCSC ocTatoTcst nepuofoHT 1 nynbna 3yba. YunTbiBas 3HAYNTENbHYIO KIIMHUYECKYIO 3HA4YMMOCTb
B MPUMEHEHUN NPUHLNNOB pereHepaTuBHON MeauLUMHbI MPY OCTEONMOPO3€E YENOCTHbLIX KOCTEN, MPeaCcTaBnsNoCh NH-
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TepeCHbIM 000CHOBAaTb UCMOJIb30BaHVE albTEPHATUBHOIO MCTOYHMKA CTBOJIOBbIX KNETOK, NMNOJIy4EeHHbIX N3 CNn3ncTon
0605104kM HEGA Ha Moenn octeonoposa y 6apaHoB. [poBeaeHbl KybTypasbHble METOAbl NOSyYeHUs, BblAeNeHNs,
xapakTepuctmkum, mopdonorum SMCK. AHanm3 nporeHeTopHoro noteHumana AMCK Ha mogenu octeonoposa ye-
JIIOCTHBIX KOCTel y 6apaHoB KOMMbIOTEPHbLIMW, FTMCTOIOMMYECKUMU U MOP(POMETPUYECKUMIN MEeTOAAMM Nokasas cy-
LLI,eCTBEHHbIVI OCTeOI/IH,EI,yKTI/IBHbII7I noTeHunan ndy4aeMbix KJ1eTok. I'Ipose,u,eHHoe ncecnepgoBaHue nokasaso, 4TO M4Ar-
KOe HEGO MOXET CNYXUTb anbTepHaTUBHbIM NCTOYHUKOM SMCK ans npoBeneHus AOKINHUYECKMX UCCEeA0BaHNN C

NPUMEHEeHNEM MOLENIM OCTEONOPO3a Y KPYMHBIX XXMBOTHbIX.

KnoueBbie c/i0Ba: 9KTOME3EeHX1MasIbHbIe CTBOJIOBLIE KJIETKU, MOAE/Ib OCTEornoposa y oseu, KT, 3D-aHanns, aeH-

cuTomMeTpus, rMCTO/IOrMYECKNI aHaIn3

cell populations able to perform self-renewal,

multi-lineage differentiation and to contribute
to dental regeneration. Among others, stem cells
have been described within the dental follicle (dental
follicle stem cells, DFC) [8], periodontal ligament
(periodontal ligament stem cells; PDLSC) [17] and in
exfoliated deciduous teeth (stem cells from human
exfoliated deciduous teeth; SHED) [13]. However,
the definition and classification of such dental stem
cells is a matter of ongoing scientific debate. While
some reports classify them as ectomesenchymal
stem cells, others define them as mesenchymal
or neural crest-derived. Notably, dental stem cell
populations and cranial NCSC show comparable
odontogenic differentiation potential [2]. Further,
the neural crest is embryonic origin of most dental
cell types and surrounding tissues including
odontoblasts, cementoblasts in addition to the
dental pulp, the periodontium and the alveolar bone
[14]. The developmental origin of the tooth has been
spectacularly demonstrated by Mitsiadis in 2003
[15].

Based on these developmental evidences has
been proposed a unifying classification of such dental
stem cells that is based on their clearly demonstrated
developmental origin and their broad multi-lineage
differentiation potential (ectoderm and mesenchyme).
Consequently, the term oral Neural Crest-Derived Stem
Cells (0NCSC) is a new category that would include most
adult dental stem cells described so far [3].

Bone grafting materials have extensively been used
in the field of dentistry to fill bone defects caused by
trauma, periodontal disease, infection, and a variety
of biochemical and skeletal disorders. Over the years,
the role of biomaterials has changed from a passive,
structural supporting network to one that may provide
and orchestrate the process of cell migration and/or
differentiation down to a bone-forming lineage.

To optimize the osteoinductive potential of bone
grafting materials, it was recently proposed that the
osteoinduction phenomenon is divided into three
principles. These include the ability for an osteoinductive
material: 1) to recruit mesenchymal osteoprogenitor
cells; 2) to induce an undifferentiated mesenchymal
cell into a mature bone-forming osteoblast; 3) to induce
ectopic bone formation when implanted in extraskeletal
locations.

A profound knowledge on the biological differences
and shared characteristics between the dental NCSC
populations introduced above are critical for design and
future application of regenerative alveolar bone therapies.

Previously conducted studies of our research group
[4, 9] revealed that oNCSC are of ecto-mesenchymal
origin and could be differentiated into the neural,
respectively chondrocytic, periodontal and osteogenic
lineage indicating multipotent stem cell characteristics.

oNCSC in combination with bone substitute materials
may accelerate the augmentation of alveolar bone and

The human oral cavity contains various adult stem

perhaps, stem cell-based therapies can become an
alternative to autologous, allogenic, or synthetic bone
transplants and substitutes.

The aim of this study was to determine the
osteoinductive potential of novel bone grafts using
osteoporosis sheep bone defect model comparing for
its ability to induce in vitro ovine NCSC recruitment,
proliferation, and differentiation as well as ectopic bone
formation in an large-animal model.

Material and Methods. Osteoporotic Sheep Model
Two young female sheep with an average body weight
of 30 kg has been used in this initial study (Fig. 1). Six
months prior to the studies start, animals had been
neutered by ovariectomy to induce osteoporosis.
Changes in the microarchitecture of alveolar bone has
been investigated through 3D tomography analysis
and bone density measurements. Animal handling and
surgical procedures has been conducted according to
the European Community Guidelines for the care and
use of laboratory animals (DE 86/609/CEE) and has
been approved by the local ethical committee at the
Stavropol State Medical University School (number
98/4, of 10/03/2011).

For our osteoporotic sheep model we have used
the Stavropol breed (ST). For the immunogenetic and
molecular genetic comparison of the Stavropol breed
(ST) with other Caucasian sheep breeds DNA have
taken [11]. Microsatellite analysis was performed on 11
loci identified in sheep (MsM42, OarFCB20, OarFCB11,
MAF65, MsM527, OarCP49, OarAE119, HSC, MAF214)
and cattle (TGLA53, INRA49).

To acquire sheep alveolar bone CT images, the CT
conditions were the following: 293x293x100 um voxel
size (virtually degraded resolution), temporal bone
protocol, 120 kVp, 300 mAs, 150 mm field of view,
12 mm away from distal. Image segmentation has been
applied to the acquired sheep alveolar bone CT images
using Osiris XHD. Various regions window levels/widths
(contrast) were applied to establish a clear separation
between the cortical bone and the trabecular bone. The
set up image segmentation has been performed with a
contrast region on 300/2000 for visualization, which was
shown by coloring on the trabecular bone region for clear
separation during 3D reconstruction. Also, automatic
detection of each region has been performed, and then
manual segmentation were performed as needed. The
segmented images has been accumulated layer-by-layer
following the Z-plane and reconstructed as a 3D image.

Subjects and Cell Culture of NCSCs Two young
female osteoporotic sheep have served as the ovine
palatal-derived crest-related stem cells (ovine NCSC)
donors. Using minimal-invasive access to the palate
the subepithelial tissue has been extracted. Tissues
were digested to obtain single-cell suspensions of
ovine NCSC. Primary cultures have been maintained in
a-minimal essential medium in a humidified atmosphere
(87°C, 5% CO»).

Histological investigations The trephine burs with the
bone biopsies inside were fixed in four per cent formalin
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for 5-7 days, rinsed in water and dehydrated in serial
steps of ethanol (70 %, 80 %, 90 %, 100 %), remaining
for one day in each concentration.

Embedding in methylmethacrylate Technovit 9100
New is a polymethyl methacrylate (PMMA)-based
technical resin.

The embedding procedure consists of four major
steps: a general fixation and dehydration step; a pre
infiltration step; an infiltration step; a polymerization step.

The polymerization process takes place at 4°C in an
adjustable temperature refrigerator.

Preinfiltration After dehydration, the specimens
were incubated light-protected for 3 days at 4 C in the
destabilized preinfiltration solution.

Infiltration The preinfiltration solution has been
exchanged with the infiltration solution and then kept
therein protected from light for 7 days at 4 °C.

Polymerization After the infiltration procedure,
the specimens were transferred from the embedding
cassettes into special pre-cooled Teflon embedding
molds and quickly covered with the final polymerization
solution. The polymerization process takes place in a
refrigerator with a controlled temperature of 4 °C, the
bottom of which is filled with silica gel to ensure low
atmospheric humidity. After 3-5 days, the polymerization
process was completed and the hardened blocks have
been pressed out of the molds.

Sectioning and deacrylation The tissue blocks were
sectioned at 5um using a RM 2155 Microtome (Leica,
Bensheim, Germany) using special size D carbide knives
(Slee, Mainz, Germany).

Embedding in paraffin The isolated bone Dblocks
has been fixed with 10 % Neutral Buffered Formalin,
decalcified in EDTA disodium salt, buffered 10 % edetic
acid (pH 8.0) and subjected to standard histological
processing including paraffin-embedding technique.
Sections have been deparaffinized and stained.

Stains Haematoxylin and eosin stain were done
according to the standard procedure. For toluidine
blue stain, rehydrated sections were incubated in 0.1 %
toluidine blue O for 20s, washed in distilled water,
dehydrated in a graded series of ethanol and mounted in
Eukitt.

Results and Discussion. In the present study, we
have demonstrated that the ovine NCSCs are able to
spontaneously increase the expression of bone markers
suggesting that the auto-induction is likely governed
by a process receiving much of its cues from surface
topographical features and potential chemical signals
from the dissolution of the scaffold material.

Single-cell suspensions derived from freshly digested
subepithelial soft tissue have been incubated with

blocking buffer on ice. Cells (0.3 to 1.0 x 10%) ovine
NCSCs have been subsequently incubated with CD108
supernatant on ice. Cells were separated on a Magnetic
Particle Concentrator and used for establishing primary
cultures (Fig. 1).
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Fig. 1. Established primary cultures of ovine NCSC after 6 days
(confocal microscopy, live-staining, 10 fold)
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Typically classic stain (Fig. 2) in histological

demineralized gross specimens showed connective
tissue strands visible when detaching the periosteum.

Fig. 2. Histological demineralized gross specimens connective
tissue strands visible when detaching the periosteum (staining
AlcianBlue, 10-fold)

Classic stain and microscopical techniques of a Technovit
9100 - embedded tooth/bone biopsy from the osteoporotic
ovine lower jaw viewed with polarization optics are showing
all details of regenerating woven bone (Fig. 3). The different
layers of the biopsy can be clearly distinguished. Especially
for bone tissues, polarization optics is an important tool with
which to view the spatial organization of anisotropic structures
like the collagen fibres in regenerating woven bone. The
polarization optics is viewing the spatial organization of
anisotropic structures like the collagen fibres in regenerating
woven bone. Remarkably, in a higher resolution there was
expression of mononuclear cells along the cementum-
periodontium line suggesting an involvement in osteogenesis.

Fig. 3. (A) Ovine root tooth and ovine alveolar bone tissues
of a «Technovit 9100 New-embedded» ovine jaw stained with
toluidine blue, 5-fold. (B) In a higher resolution
(10-fold) there was expression of mononuclear cells along
the cementum-periodontiumline (marked by arrows)
suggesting an involvement in osteogenesis (using Axiovision)
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Our laboratory has previously demonstrated that
ONCSC are able to release a wide-array of growth
factors over time including bone morphogenetic
proteins, transforming growth factors, insulin-like
growth factors, and vascular endothelial growth factors
[3]. Furthermore, it was recently demonstrated that
the oNCSC are also able to release osteoblast-specific
growth factors, which may further contribute to cell
growth and bone regeneration [4]. We investigated the
in vivo regenerative capacity of human-derived oNCSC
in 10-week-old athymic nude rats as described early
[22]. In particular, our research group has investigated
whether human oNCSC could be differentiated into the
osteogenic lineage and, if so, whether these cells are
able to regenerate alveolar bone tissue in vivo in an
athymic rat model.

In sum, our data clearly demonstrated that human
oNCSC are capable to regenerate elements of bone
in vivo. Our initial «proof of principle» study [5, 6, 7]
supports the hypothesis that HBA substitute materials is
suitable for dental stem cell tissue engineering.

Human oNCSC can be transplanted in an autologous
manner using human allogenic bone substitutes as carrier
material, thus no immunosuppression is necessary and
no possible graft-vs.-host disease will occur in treated
patients [4]. Briefly, human oNCSC have been isolated
from human palate previously harvested during minimal
invasive periodontal surgery.

Furthermore, human oNCSCs can be cultured as
«dentospheres», which is a further hallmark of stem cells
[1, 21, 22].

Conclusions. Several recent studies showed that
NCSC can be isolated from mammalian cranio-facial
tissues such as periodontal ligament and from human
palate as shown by our research group [3, 21, 22], and
by dental pulp as shown by our international research
group [12].
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CBOUCTBA PA3PABOTAHHOU HUOCOMAABHOMN ®OPMbI
NMPOTUBOONYXOAEBOIO BELLECTBA N-HYDROXY-2-(2-(NAPHTHALEN-2-YL)-
1H-INDOL-3-YL)-2-PHENYLACETAMIDE

AN AEMEHUS TAMOBAACTOMBI
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1 CTaBpONOABCKHMIA rOCYAQPCTBEHHbIN MEAULIMHCKUIA YHUBEPCUTET, Poccuickas Peaepauus
2 CeBepo-Kaskasckuit peaepaAbHbIi yHUBepcuTeT, CTaBponoAb, Poccuiickas Peaepaums
3 Texacckuit rocyAQpCTBEHHbIN yHUBEepcuTeT, CaH-AHTOHKMO, CLUA

4 KapAaos yHuBepcuTeT, MNpara, Yewckas Pecny6amka

The physical properties of niosome form of anti-cancer substances Ax7 was studied. Samples of substances
scanned in atomic forced microscope. Analyzing the results showed the middle size of niosomes with incapsulated
antitumor substance is 100 nm. Microviscosity of niosomes is low and elasticity is high, what ensures the passage
of drug through the small capillaries and intercellular space. Silicone niosomes easily integrated into the plasma
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