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Scientific literature about the use of MSC contains clinical and experimental data on the ef-
ficiency of cell technologies for restoration of the osteoarticular apparatus. The use of MSC
immobilized in the appropriate carriers and differentiation of these cells towards the bone
cells and chondrocytes are of crucial importance. However, the use of MSC, both individual
and in combination with other preparations and substances has a number of drawbacks and
advantages. The absence of published reports on contraindications and complications of cell
therapy is worthy of note, because the analysis of unsuccessful application of MSC will
help to determine the indication for this treatment, and hence, to improve the efficiency
of cell technologies in the future. Wider use of MSC in clinical practice and experimental
studies for acceleration of reparative processes in the bone and cartilage tissue seems to
be promising.
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Six and half million bone fractures are annually re-
corded in USA; in 15% cases, healing process is as-
sociated with complications, which cannot be effec-
tively corrected. Damage to articular cartilage is the
main orthopedic problem in USA; more than 500,000
cartilage repair procedures are annually performed;
their total costs are billions of dollars. At present,
there are no effective methods of cartilage tissue re-
generation [39].

Healing of bone fractures is a complex dynamic
process involving various cells and stimulating agents.
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The processes of bone tissue regeneration remain not
completely understood and are the object of numerous
researches [48].

Defects of the bone and cartilaginous tissues are
usual complications of fractures and joint diseases
(e.g. rheumatoid arthritis and osteoarthritis) produc-
ing a great social and economical influence on aging
population. Despite new achievements of traumato-
logy and orthopedics, restoration of the bone and car-
tilaginous tissues is associated with serious problems,
because extensive defects cannot heal spontaneously.
SC can be applied in regenerative biology and regen-
erative medicine, rapidly developing field of research
opening new horizons in the treatment of wounds and
traumas that cannot be effectively healed by available
methods [8].
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Characteristics and sources of MSC

Mesenchymal stromal (stem) cells form the stroma
of BM, while hemopoietic SC participate in the rege-
neration of red BM; that is why transplantation of only
hemopoietic cells is not followed by BM formation.
However, recent studies demonstrated the possibility
of transdifferentiation of hemopoietic BM cells into
tissue-specific SC and vice versa [50].

Red BM contains progenitor cells, MSC capable of
differentiation into the bone, cartilage, tendon, and other
types of the connective tissue. This allows using these
cells for promoting regeneration of the bone tissue [8].

These properties are also typical of MSC isolated
from the adipose tissue [44], umbilical cord blood [53]
and Wharton’s jelly matrix [26], peripheral blood [47],
hair follicles [67], periosteum [22], various synovial
structures (their number increases at the early stages
of osteoarthritis) [65], subchondral bone [43], calvar-
ium bone [57], ligaments with tendons [10], nervous
tissue [12], anulus fibrosus and nucleus pulposus of
the intervertebral disk [51], and oral mucosa [63] and
embryonic SC [28], including amniotic [60] and tooth
germ cells [68].

Morphologically, MSC are large fibroblast-like
D7FIB* cells They are positive by CD10, CD13,
CD29, CD44, CD59, CD73, CD90, CD105, CD147,
CD166, LNGFR, HLA-DR, and STRO-1 and negative
by CDla, CDl11a, CD14, CD19, CD25, CD28, CD33,
CD34, CD38, CD40, CD40L, CD45, CD117, CD133,
CD144, HLA-DR, B7-1 (CD80), and B7-2 (CD86).
During culturing, these cells form a monolayer and are
capable of chondrogenic, osteogenic, and adipogenic
differentiation [13].

MSC were isolated from periodontal ligament (ec-
tomesenchymal origin); they were characterized by
fibroblast-like morphology and a typical antigen rep-
ertoire. Moreover, periodontal MSC exhibit positive
reaction to type 1 collagen and bone sialoprotein [42].

MSC isolated from musculus orbicularis oris were
positive by CD29*, CD90*, CD105*, SH3*, SH4" and
negative by antigens of hemopoietic CD14-, CD34",
CD45-, CD117 and endothelial CD31~ cells and were
capable of osteogenic differentiation. These cells are
easily isolated (compared to isolation from BM) and
they can be used for reconstruction of the alveolar
bone and correction of cleft palate in children [5].

There are data on the existence of dental MSC
and dental pulp MSC. These cells can differenti-
ate into osteogenic lineage cells and into specific
tooth cells [42,68]. Dental pulp MSC (obtained from
healthy 6-10-year-old children) produced mineralized
matrix under certain conditions in vitro and differ-
entiated into osteocytes and formed compact bone
in vivo [68].
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According to published data, MSC of the bone
marrow (BM MSC) and periosteum by their osteo-
genic activity are superior to cells from the adipose
tissue [22,44] and peripheral blood, because BM and
periosteum contain greater number of CD105%, CD34*,
and CD14" cells [56].

BM MSC obtained from young and old humans
and experimental animals do not differ by their proper-
ties and characteristics, but the number of these cells
decreases with age [7]. However, other authors re-
ported that proliferative activity of MSC decreases
with age, which can be related to microenvironment,
genome abnormalities, oxidative stress, and initiation
of mechanisms of growth factor suppression (preven-
tion of tumor development) [49].

In elderly individuals, reparative potential of MSC
can vary depending on the source. BM MSC from
elderly patients (mean age 64.4 years) demonstrated
higher differentiation potential in the chondogenous
lineage in comparison with MSC isolated from a tra-
becular bone [13].

Estrogens dose-dependently modulate osteogenic
and adipogenic differentiation of human MSC. Thus,
the results of MSC transplantation to male and female
patients and the efficiency of cells isolated from male
and female donors can be different [58].

Some peculiarities of MSC application

Some papers set the use of MSC for regenerative
medicine in opposition to their application in tissue
engineering not only restoring the tissue, but also re-
constructing a 3D structure of lost or damaged tissues
(e.g. articular cartilage and subchondral bone) or even
organs [66].

Various carriers can be used for MSC introduc-
tion into the organism; 3D carriers provide better cell
interaction and communication [61].

The matrix or substrate for tissue engineering, cell
growth, or their introduction into the body is a critical
determinant for clinical improvement of regeneration
and reparation of body tissues. For bone tissue recove-
ry, biocompatible materials mechanically comparable
with the bone are required, they can be integrated into
the skeleton, vascularized, and promote osteoinduction of
implanted MSC. The carriers for MSC delivery into the
bone tissue should meet the following requirements [21]:

* biocompatibility;

» stimulation of bone growth;

* spacious porous structure resembling the

structure of the bone tissue to be replaced;

* mechanical durability;

* Dbiodegradability.

Calcium triphosphate, a promoter of osteogenic
differentiation of MSC [54,75], hydroxyapatite [16],
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and type 1 collagen are proposed for these purposes.
According to published data, MSC culturing with col-
lagen promote their osteogenic differentiation [53].

Xeno- and autologous bone and cartilage tissues,
acellular, or demineralized bone matrix can be used as
the carriers for MSC [20,34].

Transplantation of BM MSC suspension and de-
mineralized bone matrix to rodents with experimental
articular cartilage damage led to the formation of a
complex osteochondral structure including the articu-
lar cartilage and subchondral bone, their introduction
into empty medullary cavity of the long bone resulted
into the formation of trabeculae and stroma support-
ing hemopoiesis, while their use for the correction
of a flat bone defect stimulated the growth of the
bone [20].

Under conditions of co-culturing of rat MSC with
intervertebral disk tissues, MSC differentiated into
cells of the disk (nucleus pulposus-like cells) [34].

There are data on the growth of human BM MSC
on a titanium plate. Titanium constructions are used
as dental implants, for replacement of lost flat bone
fragments, and for fabrication of joins for arthroplasty.
The formation of bone tissue islets and activation of
alkaline phosphatase were attained [15].

Round titanium implants 2x7.3 mm were passi-
vely populated with MSC and implanted to sheep
into osteochondral defects of the medial condyle of
the femur. Untreated defects of implants without cells
served as the control. Complete regeneration of the
subchondral bone plate was observed in 50% animals
receiving the implants with MSC. Under these condi-
tions, only type 1 collagen was revealed, when high
expression of mRNA was detected, and regeneration
of hyaline-like cartilage was noted. Osseointegration
and formation of the fibrocartilaginous tissue were
detected in 50% animals receiving implants with MSC
and in all animals reveiving MSC-free titanium im-
plants. Histological examination demonstrated better
results in case of MSC-populated implants (the area
of osseointegration and implants 8.8+6.4 mm?), than
in case of implants without cells (5.5+£3.9 mm?) or
spontaneous reparation of the defect (area of newly
formed bone 2.8+2.5 mm?) [15].

Hydrogels can also be used for MSC injection into
the damaged area [37] or for supplying transplanted
MSC with oxygen [33] and growth factors [14].

Good results were obtained in experiments with
combined application of MSC and platelet-rich plasma
for improving regeneration of the bone tissue and os-
teointegration of implants. This plasma promotes the
growth of the bone tissue and serves as the scaffold
for bone growth from MSC [44,68,72]. This can be
explained by the fact that cytokines released by mega-
karyocytes stimulate MSC differentiation, while inter-
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action of thrombopoietic structures and MSC promote
endochondral ossification [59]. MSC with plasma or
platelets can be injected to regenerating bone and car-
tilage [72]. Fibrin gels, glue, or sponges, modifications
of platelet-rich plasma, are successfully used as BM
MSC carriers [38].

A promising approach is the use of matrices
with substances modulating the direction and rate
of MSC differentiation. It was demonstrated that os-
teogenic and chondrogenic differentiation of MSC
can be modulated by dexamethasone, ascorbic acid,
B-glycerophosphate [34,65], FGF [29], transforming
growth factor [14,34], platelet-derived growth factor
[40], basic FGF [18], vascular endothelial growth fac-
tor (VEGF) promoting the formation of blood vessels
and thereby additionally accelerating tissue regenera-
tion [73], TNF [41], and fibronectin [54].

MSC and osteoprogenitor cells not only partici-
pate in bone formation, but also express various fac-
tors modulating this process, e.g. chemotactic factors
for endothelial cells promoting induction of angioge-
nesis at the site of MSC transplantation [38].

Combined use of MSC and endothelial cell pre-
cursors is a very promising approach for tissue en-
gineering and bone formation. It ensures rapid neo-
vascularization of growing tissues; endothelial cell
precursors thus stimulate osteogenic differentiation
of MSC. On week 12 after combined subcutaneous
transplantation of these cells from dogs in a collagen
capsule to nude mice we observed a significant in-
crease in the number of capillaries and volume of the
bone tissue (its thickness increased by 1.6 times) in
comparison with transplantation of MSC alone [54].

It is now possible to introduce certain genes into
MSC and thereby stimulate their directed maturation
via production of required factors by these cells. Co-
expression of VEGF and BMP (bone morphogenetic
protein) genes in BM MSC, e.g. using an adenovirus-
associated vector. This accelerates the formation of
the vascular network and promotes osteogenesis in the
ischemic extremity [73].

Angiogenesis plays a central role in regeneration
of the bone tissue due to not only nutrient supply,
but also direct effects of precursor cells. After ectopic
transplantation of ceramic containers with GFP-labeled
mouse MSC, two waves of cell migration to the con-
tainer from the host organism were observed. The first
migration wave was noted on day 7 after implantation
and was presented primarily by CD31"-cells (endo-
theliocyte precursors) and the second wave started on
day 11 and consisted predominantly of CD146"-cells
(pericytes). Both cell populations did not arise from
implanted elements (minor admixtures of non-stem
and non-mesenchymal cells among MSC can never
excluded). Migration of pericyte-like cells always de-
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pended on preceding migration of endothelial cells. It
should be noted that pericyte precursors retain some
properties of MSC, such as high proliferative activity
in vitro and osteogenic potential [61].

Fate of transplanted MSC

For detection of MSC after their transplantation,
GFP gene is usually introduced into cell DNA. This
gene persists in cells for a sufficiently long time and
allows detection of structures formed by labeled
MSC even after their long-term considerable dif-
ferentiation [61].

GFP-labeled BM MSC from transgenic rats with
fibrin glue were introduced into osteochondral defects
of wild-type rats. After 24 weeks all defects were filled
with hyaline chartilage and subchondral bone. GFP-
positive cells were found in reconstructed tissues, but
their number was considerably reduced [46].

Transplantation of MSC from GFP-transgenic
Sprague—Dawley rats into knee joint of normal rats
with injuries to the cruciate ligaments, medial me-
niscus, and articular cartilage was performed. After 4
weeks, mobilization of transplanted MSC was proven
by the presence of GFP. More intensive synthesis of
extracellular matrix around MSC also attests to tissue
regeneration [4].

The fate of transplanted MSC during reconstruc-
tion of the articular cartilage was studied using fluor-
escent dye PKH26. In experiments on rabbits, labeled
MSC on polyglycolic acid matrix were transplanted
into a full-thickness defect of the condyle of the fe-
mur. After 2 weeks, the formation of immature carti-
lage containing type 2 collagen was observed. After
8 weeks, the cartilage became thinner and partially
lost type 2 collagen in the basal region, where positive
reaction to type 1 collagen appeared. Most chondro-
cytes in the regenerating cartilage were PKH26-po-
sitive, osteoblasts in the regenerating bone had mixed
origin (from the donor and recipient). The thickness
of the cartilage decreased up to week 8 and then re-
mained stable to week 42 after surgery [62].

Rabbit MSC were incubated with supermagmetic
iron particles and 5-bromo-2-deoxyuridine for sub-
sequent detection by transmission electron micros-
copy after staining with Prussian blue. These MSC
were transplanted into knee joint cavity of rabbits
with modeled condyle lesion in the form of a gel with
chitosan and glycerophosphate. The presence of iron
nanoparticles in cell cytoplasm was detected by trans-
mission electron microscopy. Staining with safranin
O demonstrated accumulation of proteoglycans and
type 2 collagens outside the cells, which confirmed
chondrogenesis. Magnetic resonance imaging showed
persistence of transplanted MSC for at least 12 weeks.
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It was concluded that these methods can be used for
tracing the fate of transplanted MSC [30].

Immunomodulating properties of MSC

Nondifferentiated MSC do not express surface im-
munogenicity markers and do not induce immune
response after xeno- and allogeneic transplantation;
proliferation of allogeneic T cells and inflammatory
and immune processes are also suppressed [45,76].

Xenogeneic transplantation of human BM MSC
for regeneration of a 3-mm femoral bone defect in
sheep promoted healing of the damaged tissues. No
local or systemic reactions to long-term presence of
xenogeneic MSC were detected. The use of autologous
MSC led to even more rapid formation of the bone,
which was seen from accelerated collagen mineraliza-
tion [45].

For cartilage formation, allogeneic MSC were
transplanted on a porous ceramic container made of
B-tricalcium phosphate into the joint cavity without
immunosuppression. After 8 weeks, no histological
(lymphocyte infiltration) and biochemical (antibodies
to allogeneic MSC) signs of immunological conflict
were noted. No differences in cartilage formation from
allogeneic and autologous MSC were reveale. Implan-
tation of the container without MSC was not followed
by cartilage tissue formation [76].

Coral hydroxyapatite with poly(lactic-co-glycolic
acid) and absorbed human MSC were subcutaneously
implanted to immunodeficient CB17 mice. Ten weeks
after implantation, the formation of bone-like tissue
containing human cells was noted. In the control (scaf-
fold without MSC), only fibrous tissue was formed [16].

According to another report, the use of autolo-
gous BM MSC for reparation of the bone tissue is
accompanied by enhanced resorption of the damaged
bone and activation of inflammatory and some im-
mune reactions [1]. There are data that allogeneic un-
differentiated MSC are low effective stimulators of T
cell proliferation [74].

MSC from human umbilical cord blood immo-
bilized in tricalcium phosphate—collagen scaffold
were transplanted to rats into a 4 mm femoral bone
defect. Four weeks after xenotransplantation, pro-
liferation of MSC within the matrix was observed,
but later these MSC were eliminated by the host
organism. At the same time, considerably accelera-
tion of bone formation was observed in comparison
with the control [27].

Human MSC can be detected within 1-4 weeks
after their transplantation to rats with critical bone
defects of the skull. At that term, MSC formed ag-
gregates and looked like osteoblasts, and later infiltra-
tion by macrophages, CD3* and CD8" cells appeared.
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Administration of immunosuppressive drugs prolongs
lifetime of MSC and improves bone regeneration, but
it did not completely suppress the immune response
and hampered completion of reparative processes [11].

MSC application for reparation
of the bone tissue

In experiments on Wistar-Kyoto rats, demineralized
bone matrix without cells or with BM MSC was pla-
ced into a lateral skull bone defect. Transplantation
of MSC stimulated angiogenesis and osteogenesis in
the zone of lesion leading to complete restoration of
the bone. Moreover, the use of MSC suppressed the
inflammatory response [2].

Regeneration of the bone tissue after xenotrans-
plantation of suspension of human MSC or chondro-
blasts was studied on rats with traumas of both femoral
bones. No signs of immunological reactions or other
pathological changes were revealed, but acceleration
of bone regeneration on day 10 through 30 in compari-
son with the control group was noted. MSC implanta-
tion more markedly stimulated reparative osteogenesis
than implantation of chondroblasts, which was asso-
ciated with accelerated maturation of bone lamellae.
Moreover, injection of MSC suspension stimulated
tissue regeneration in the controlateral extremity. The
formed bone tissue was completely integrated into the
surrounding bone and underwent remodeling [3].

Eight weeks after MSC implantation for the treat-
ment of radial bone fracture in mice, the elasticity
of the new bone tissue corresponded to that of the
intact bone. Regenerating bone is characterized by
lower volume, but higher mineral density. Ten and 35
weeks after MSC implantation, the axial strength of
elements reconstructed with the use of MSC was by
1.5-2 times higher than that of contralateral undam-
aged bones [32].

Different scaffolds (cube 2 mm on edge) with hu-
man MSC were subcutaneously implanted to mice for
5 weeks. The results of histomorphometric analysis
attest to the absence of bone tissue formation in the
scaffolds made of coralline apatite and bovine bones.
Bone formation was observed in hydroxyapatite and
calcium triphosphate scaffold. Only mineral resorption
of the scaffold material was noted at this stage [21].

Transplantation of a hydroxyapatite—collagen gel
composite for replacement of the middle third of the
femur in rabbits was followed by the formation of new
bone tissue with gradual biodegradation of the arti-
ficial material. After transplantation of the construct
with MSC, the bone formed earlier and its density was
higher (0.99+0.11 without cells and 1.29+0.14 with
MSC); simultaneous development of the fibrovascular
network and osteoids was noted. Moreover, six months
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after transplantation of the composite with MSC, BM
structures were found [9].

After transplantation of fetal human MSC on a
macroporous scaffold made of poly(e-caprolactone)
tricalcium phosphate for the treatment of a 7-mm fem-
oral bone defect, the rate of bone formation increased
by more than 2-fold (43.3£10.5 mm?® vs. 21.0+7.4
mm? in cell-free scaffold, p<0.05) and density of the
bone tissue also increased (3.9+1.7 vs. 0.4+0.3 mNxm/
degree, p<0.05). Despite the fact that human MSC
persisted for less than 4 weeks, well-developed vas-
cular network in the damaged area was observed after
their disappearance (35.2+11.1 mm3 vs. 6.5+3.6 mm?>,
p<0.05). Complete union of bone fragments was ob-
served only after MSC transplantation [75].

After transplantation of autologous BM MSC on
a ceramic container for regeneration of full-thickness
defect of the femoral diaphysis in sheep, the following
stages of the reparative processes were observed [6]:

1) bone formation on the external surface of the

container;

2) bone formation in the inner cylindrical canal;

3) formation of cracks and fissures in the implant;

4) bone formation in pores of the bioceramic im-

plant.

Autologous MSC isolated from BM and suspen-
ded in fibrin gel were applied onto the surface of
surgical implants and used in experiments on sheep.
Radiological method showed larger area of bone
growth after transplantation of MSC after 2, 3, and
6 months. However, no significant histological differ-
ences from the control were revealed (19.833+8.729
and 8.667+8.667% of the area of implant contact with
the bone, respectively) [31].

The density of the bone tissue under conditions
of distraction osteosynthesis under experimental
conditions was higher after transplantation of MSC:
the bone tissue formed earlier and more intensively,
whereas in the control only large cartilage tissue islets
were found [29].

Constructs with MSC were implanted at the lesion
sites (necrosis of the femur head) of three patients; ex-
ternal fixation was used. Patients have been followed
for more than three years and promising results were
obtained [6].

The use of MSC for joint regeneration

Routine histological procedure, special staining, ul-
trastructural studies, and morphometry showed that
culturing of human MSC in chondrogenic medium
leads to the formation of cartilage structures similar
(by chondrocyte phenotype, appearance of collagen
fibrils, and matrix distribution) to native cartilage. The
results of histomorphometric analysis suggest that the
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density of formed structures is higher than that of fetal
cartilage, but lower than that of adult cartilage tis-
sue. The proportion between the cells and matrix and
cellular density were closer to those of adult human
cartilage tissue [24].

After transplantation of luciferase-labeled MSC
for regeneration of the knee joint meniscus after its
removal in rats, direct differentiation of these cells into
meniscus cells without MSC mobilization from other
organs and tissues was observed [25].

Evaluation of possible effects of BM MSC and a
scaffold for these cells prepared from normal menis-
cus tissues (2x10°> MSC per meniscus) on regenera-
tion of the meniscus in rabbits showed the presence
of GFP-labeled MSC on the surface of the meniscus
after culturing for 1 week and in deep zones after 2
weeks. After 4 weeks, production of extracellular ma-
trix was detected histologically and by the analysis
of the expression of aggrecan and type 10 collagen
mRNA. The density of cultured tissues significantly
increased after 2 weeks and approached that of nor-
mal meniscus [69].

Allogeneic BM MSC were implanted on different
scaffolds into defects (4 mm diameter, 5 mm depth)
of the medial femoral condyle in rabbits. When cap-
rolactone was used as the scaffold, the formation of
mature trabecular bone was observed 3 months after
surgery. The results of computer tomography attest to
progressive mineralization from the recipient tissues
into the internal region of the implant; satisfactory
reparation of the cartilage was noted at the same term.
Moreover, viability of transplanted MSC over 5 weeks
was demonstrated using a fluorescent label [55].

After transplantation of synthetic extracellular
matrix in composition with hyaluronic acid and gelatin
(hydrogel for injection) as the carrier for autologous
BM MSC, complete healing of the damaged articular
cartilage of the knee joint (femur) in rabbits was at-
tained after 12 weeks. After transplantation of MSC
without the matrix, hyaline-like cartilage was formed
only at the periphery of the defect, while the central
zone was occupied by the fibrous tissue [37].

In 27 rabbits, artificial femoral cartilage defect was
filled by BM MSC alone or in a complex with colla-
gen membrane, or left untreated. Regeneration of the
cartilage and subchondral bone, restoration of articular
cartilage, and its integration with the bone were ob-
served only in the group with membrane transplantation
12 weeks after surgery. On other groups the damaged
structures were replaced by the fibrous tissue [36].

MSC in the treatment of spinal diseases

Degeneration of the intervertebral disk is the most
frequent cause of low back pains. These processes
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become more and more incident and not always can be
effectively corrected. Symptomatic treatment remains
most effective. The possibility of using MSC for the
treatment of various spinal diseases is now actively
studied [35,51,52].

Autologous BM MSC were transplanted into lum-
bar intervertebral disks after induction of their de-
generation in rabbits. The height of the disk and its
density 24 weeks after transplantation attained 91 and
81% of the control values (magnetic resonance im-
aging data). In untreated animals, the corresponding
parameters were 67 and 60% of normal, respectively.
Macroscopic and histological examinations revealed
relatively preserved nucleus with circular annulus
structure in MSC-transplanted discs compared to in-
distinct structure seen in untreated controls. Restora-
tion of proteoglycan accumulation in MSC-transplant-
ed discs confirmed from immunohistochemistry and
gene expression analysis [52].

Numerous transplanted MSC were detected (by the
presence of GFP) in nucleus pulposus after 2 weeks.
These MSC express phenotypic markers typical of
cartilage tissue cells (type 2 collagen, keratan sulfate,
chondroitin sulfate, aggregan) and nucleus pulposus
cells (hypoxia-inducible factor 1a, glutamine-1 trans-
porter, and matrix metalloproteinase-2) [35].

Axial distraction in combination with implanta-
tion of BM MSC improved hydratation and nutrition
of the intervertebral disk in rabbits with its degenera-
tion. A synergistic effect of both therapies in reversing
degenerative disc disease was observed, which was
confirmed by measuring disk height, morphological
examination, and average dead cell count [23].

Adult rabbits (#=30) underwent posterolateral in-
tertransverse fusion at the L4-L5 level and received
transplantation of MSC on different matrices. The
animals were divided into four groups based on the
implant material: autologous bone (group 1), porous
hydroxyapatite and type 1 collagen (group 2), autolo-
gous BM MSC in a low concentration (10°) on hy-
droxyapatite (group 3), and autologous BM MSC in
a high concentration (10%) on hydroxyapatite (group
4). Osteogenic differentiation was induced with dexa-
methasone. After transplantation of autologous BM
MSC in a high concentration on hydroxyapatite, the
development of mature bone tissue was observed,
pores of the scaffold were filled with bone matrix.
When implants with low MSC concentration was used,
fibrous tissue predominated [17].

BM MSC arrested degeneration of the interverte-
bral disk in mice through chondrocytic differentiation
and stimulation of endogenous cells; BM MSC in-
duced an increase of endogenous notochordal cells in
the nucleus pulposus and expression of chondrocytic
markers [70].
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Protective properties of human BM MSC against
apoptosis induced by oxidative stress were demon-
strated in vitro on nucleus pulposus cells of the inter-
vertebral disk. The effect was shown to be mediated
by indirect cell interaction [64].

Similar results were obtained in clinical settings.
BM MSC were absorbed on porous tricalcium phos-
phate granules (short-term incubation under nega-
tive pressure) and transplanted into the area of spinal
damage. After 34.5 months, good spinal fusion results
were obtained in 95.1% cases (41 patients). Only four
patients had minor exudation or moderate swelling
not requiring additional treatment [19]. Injection of
autologous BM MSC almost completely attested de-
generation of the intervertebral disk in two elderly
patients (67 and 70 years) with lumbar protrusion,
unstable lumbago, leg pain, and numbness [71].

Conclusion

Scientific literature about the use of MSC contains
clinical and experimental data on the efficiency of cell
technologies for restoration of the osteoarticular appa-
ratus. The use of MSC immobilized in the appropriate
carriers and differentiation of these cells towards the
bone cells and chondrocytes are of crucial importance.
However, the use of MSC, both individual and in com-
bination with other preparations and substances, has
a number of drawbacks and advantages. The absence
of published reports on contraindications and com-
plications of cell therapy is worthy of note, because
the analysis of unsuccessful application of MSC will
help to determine the indication for this treatment, and
hence, to improve the efficiency of cell technologies
in the future. Wider use of MSC in clinical practice
and experimental studies for acceleration of reparative
processes in the bone and cartilage tissue seems to be
promising.
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