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In recent decades, a wide spectrum of fetal and embryonic stem and progenitor cells
were used for cell therapy of diseases of the central nervous system, but the olfactory
glial ensheathing cells exhibited certain advantages due to their biological properties and
capacity to stimulate regeneratory processes in spinal injury. The therapeutic effect of a
heterogeneous complex of olfactory epithelial cells is more pronounced; apart from glial
ensheathing cells, this complex includes fibroblasts, Schwann cells, stem and progenitor
cells of this structure. The use of minimally invasive methods for isolation of human
olfactory epithelial tissue is important for clinical practice, because they provide cells
for autologous transplantation and rule out graft rejection immune reaction and the risk
of transmission viral infection and transfer of genetic defects, which can be associated
with allotransplantation.
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Stem cells are undifferentiated multipotent cells
with high proliferative activity and unlimited capa-
city to autoreproduction in symmetrical mitosis. In
asymmetrical mitosis stem cells generate daughter
precursor cells (progenitor cells) giving rise to de-
finitive somatic cells. Adult mammalian brain (in-
cluding human brain) contains neural stem cells in
the subependymal zone of the lateral ventricles and
in the subgranular zone of the hippocampal fascia
dentata [17,32,33,38-40,63,67,95,102,120]. Due to
the capacity to differentiate into neurons and glia,
transplantation of neural stem and progenitor cells
opens new vistas for the treatment of many dis-
eases and injuries of human central nervous system
[1,2,4,6,24,26,31,82,84,98,103,105,107,109,117,
121]. However, the use of human fetal stem cells
for this purpose is associated with many ethical and
religious problems [49,85], while transplantation of

neural stem cells located in structures of mature
brain is in fact impossible, because these cells can
be obtained only by invasive neurosurgical me-
thods. Until now the use of the olfactory epithelial
(OE) glial and stem cells seems to be the only pos-
sible approach to the solution of this problem.

Transplantation of adult animal and human OE
cells, mainly the olfactory ensheathing cells (OEC),
is used for experimental and clinical correction of
spinal injuries [12,16,56-58,69-72,75-78,81,99,
108,115]. However, recent studies indicate that
transplantation of “pure” OEC population is insuf-
ficient for attaining the maximum positive effect
[43,50,97,122]. More complete recovery of the
structure, sensory and motor functions of injured
spinal cord can be attained using a complex of
cells, including, in apart from OEC, fibroblasts,
astrocytes, Schwann cells, and probably OE multi-
potent stem and progenitor cells [11,12]. This as-
sumption is based also on the results of transplan-
tation of OE tissue fragments in spinal injury [73]
or transplantation of complete suspension of dis-
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sociated cells of this structure, containing all above-
listed cells [51,70,75,76].

Hence, the problem of efficiency and possibi-
lity of using various OE cells and tissues for trans-
plantation therapy in cerebral and spinal injuries, no
doubt, requires further experimental studies.

The OE occupies limited areas of the nasal mu-
cosa and is located in the upper compartments of
the superior nasal passage and nasal septum. The
OE includes olfactory receptor neurons (ORN),
supporting and stem cells forming three OE com-
partments: surface, including the supporting cells
and ORN apical dendrites; median, containing ma-
ture and immature (transitional) ORN forms; and
basal compartment with layers of globose and flat
horizontal stem cells [21]. OE includes also the
Bowman gland ducts opening into the nasal cavity.
Lamina propria (connective tissue lining the OE)
contains ORN axons and ensheathing glial cells
forming their membranes, olfactory nerve fibro-
blasts, Bowman glands, Schwann cells of the sym-
pathetic and trigeminal nerve fiber membranes, and
blood vessels [10,16].

The OE, similar in some respects to the fetal
neuroepithelium [21], is the only structure in the
nervous system, where death and regeneration of
nerve cells (ORN) are permanent processes. ORN
lifespan is 4-6 weeks, after which they die via apo-
ptosis and are replaced by new cells of the same
type originating from basal stem cells [46-48]. OE
is a unique object for the study of neural stem cells;
in vivo and in vitro studies of these cells appreciably
extended our notions on the role of molecular bio-
logical and molecular genetic factors in ORN deve-
lopment and regeneration [14,19,21,23, 25,60,106].

Stem cells in developing and mature OE are in
a state of constant mitotic division. Daughter cells
forming as a result of asymmetrical division (pro-
genitor cells) pass through a succession of several
stages during migration and differentiation into
mature ORN. Due to this OE contains cytokeratin-
positive horizontal and cytokeratin-negative glo-
bose stem cells, primary progenitor cells expressing
proneuronal Mash 1 (mammalian achaete scute ho-
molog 1) gene, secondary progenitor cells (imme-
diate neuronal precursors — INP) expressing Neu-
rogenin (Ngn1) proneuronal gene. Daughter cells
forming as a result of INP progenitor division are
differentiated into ORN [14,19,21]. In vivo experi-
ments showed that globose stem cells serve as the
immediate precursors of ORN [79]; these cells also
form OE supporting cells [14]. The role of hori-
zontal stem cells in OE cytogenesis remained un-
clear for a long time. Cultures of these cells were
obtained and it was shown that horizontal stem cells

formed a heterogeneous population including two
subpopulations: globose stem cell precursors and
glial OEC precursors [23].

Stem cell division and successive stages of their
transformation into mature ORN are regulated by
signal molecules and transcription factors expres-
sed in fetal development of OE as a result of natu-
ral death of ORN or their induced destruction. This
was experimentally confirmed by studies of OE in
transgenic mice. ORN completely degenerate by
the apoptosis mechanisms in Mash 1—/— transgenic
mouse embryos, which is paralleled by activation
of proliferation of the retained OE stem cells [21].

Activation of OE stem cell proliferation and
subsequent regeneration of this structure are ob-
served after crossing of the olfactory nerve or re-
moval of olfactory bulbs. After unilateral excision
of the olfactory bulb mouse ORN die by the apo-
ptosis mechanisms within 2-3 days because of re-
trograde degeneration, the thickness of OE decrea-
sing and minimized on day 5 [29]. Stem cell pro-
liferation is paralleled by ORN neoformation and
OE regeneration. Globose and horizontal stem cells
generate about 8-10 million nerve cells over 2-3
weeks after bulbectomy and restoration of OE struc-
ture, after which the rate of stem cell proliferation
decreases to the initial level [18,22,28,55,111,118].
It was hypothesized that intact ORN suppress pro-
liferation of OE basal stem cells, while in apoptosis
ORN express factors initiating proliferation of these
cells [21]. Among these factors are proapoptotic
signals [29], leukemia inhibitory factor (LIF) [13],
bone morphogenetic proteins (BMP) [14,118], (trans-
forming growth factor-α [34], neuron growth fac-
tors FGF-2, TGF-β2, and PDGF (fibroblast growth
factor-2, transforming growth factor β2, and platelet
growth factor) [30,89].

Similar destruction and regeneration processes
in OE were described after toxic exposure to zinc
sulfate [119] and methylbromate vapor. Toxic ef-
fect of methylbromate leads to complete death of
ORN, supporting cells, and partial injury of Bow-
man gland and their duct cells, globose and hori-
zontal basal cells, which are retained only at the
interface with the lamina propria [59,61,112,114].
OE regenerate due to retained progenitor cells
generating ORN, horizontal and globose basal cells,
and multipotent cells of glandular ducts. These
latter, in turn, form Bowman glands and supporting
cells. The results of clonal analysis of OE cells
regenerating after toxic treatment with methylbro-
mate showed the presence of three cell clone cate-
gories in OE, which contain the precursors of basal
globose cells, Bowman gland duct cells, and sup-
porting cells of OE, respectively [60].
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Methods for isolation and culturing of experi-
mental animal and human OE cells were develo-
ped. Monolayer dissociated cultures were obtained,
containing stem and progenitor cells of mice [21,
23,25], rats [60,41], chicken embryos [27], and
humans [80,88,106,127-130]. Common methods
for enzymatic dissociation and culturing of the cere-
bral neural stem cells were used for culturing OE
stem and progenitor cells. Serum-containing and
serum-free media for culturing of these cells are
based on DMEM/F12 and can include various com-
binations of growth factors: epidermal growth fac-
tor, fibroblast growth factor-2, NT3, vitamins, hor-
mones, and antioxidants (components of commer-
cial N2 and B27 supplements). Primary dissociated
OE cultures are heterogeneous and contain various
types of cells of this structure. In order to isolate
“pure” populations of OE stem and progenitor cells,
methods of immunoadsorption with antibodies to
antigens specific for these cells are used (Trk-pan,
NCAM-1+ and ICAM-1/β1integrin+, GBC-2) [23,25,
27,93].

The dynamics of the development of animal
and human dissociated OE cell culture is similar.
The fundamental data obtained in animal studies
formed the basis for modern concepts on the mole-
cular biological mechanisms of development and
differentiation of OE stem cells. However, the great
basic and applied significance of the data obtained
in isolation and long culturing of human OE multi-
potent stem and hemopoietic cells, which can be
used as autologous neural stem cells in clinical
neurotransplantology, is obvious.

Human dissociated OE cells collected during
biopsy or post mortem form a confluent monolayer
over week 1 of culturing; this monolayer consists
of flat, spindle, stellate, and globose cells. This
heterogeneous cell population includes ORN, glial
and supporting cells, fibroblasts, and endothelio-
cytes, among which the stem and progenitor cells
constitute just a negligible portion. For this reason
these cells are preserved in just 5-10% OE cultures
[106]. Similar data were obtained in culturing of OE
fragments from 14-day-old mice in a medium with
FGF-2. The formation of ORN in these cultures
continued for 4 days in only 5-8% explants, this
indicating the presence of a negligible population
of proliferating stem cells (about 1 stem cell per
2500 cells of other types) [21].

Actively proliferating human OE cells obtained
by biopsy form small groups of about 50 cells in
the monolayer [88]. As the number of these cells
increases, mushroom-like growth appear, after which
spheroid aggregations (neurospheres) are detached
from the monolayer. One neurosphere consisting of

about 1000 cells forms per 1-4 mm2 culture flask
surface and one culture can contain 500-2000 neu-
rospheres after 7-10 days of culturing. The number
of cells in floating neurospheres can reach 40,000
during subsequent culturing. In some dissociated
OE cell cultures the formation of neurospheres con-
tinues during several months [88].

The cells obtained by dissociation of primary
neurospheres and reinoculated into new culture
flasks form a monolayer in which secondary neuro-
spheres form. Third- and next-generation neuro-
spheres can be thus obtained. Immunocytochemi-
cal studies showed that cells of primary neurosphe-
res express predominantly nestin (neurofilament
protein) characteristic of cerebral neural stem cells,
some neurospheres contain also cells expressing
acid glial fibrillary acidic protein (GFAP) and β-tu-
bulin III. Differentiating cells in dissociated cultu-
res of primary neurospheres are also heterogeneous
and express β-tubulin III, GFAP, and O4GalC (oli-
godendrocyte marker), this indicating the multi-
potency of these cells, most expressed after their
transplantation. Modification of culturing condi-
tions, such as the use of serum-supplemented or se-
rum-free DMEM containing insulin, transferrin, and
selenium, addition of nerve growth factor, ciliary
neurotrophic factor, or retinoic acid, did not change
the composition of cultured cells expressing the
antigens, but modified their percent ratio.

The dynamics of cell development and forma-
tion of neurospheres in a monolayer of human OE
cells obtained at autopsy 6-18 h post mortem was
described [106]. Ultrastructural studies of OE frag-
ments directly after isolation showed good preser-
vation of cells in this structure, including the ter-
minals of ORN apical dendrites with kinocilia. Pri-
mary monolayer of dissociated OE cells formed
during week 1 of culturing and contained a hetero-
geneous cell population, including the neural and
glial cells, which died by apoptosis mechanisms
during week 3 of culturing. As a result, the culture
retained mitotically active cells, and their number
doubled every 2-3 days. These cells denoted as
NSFC (neurosphere forming cells) [106] were char-
acterized by low adhesive activity and were easily
separated from the substrate. During the subse-
quent 2 weeks neurospheres consisting of about
20-80 cells formed in cultures; they were similar to
stem cell neurospheres isolated from other brain
structures. Total duration of culturing was more
than 8 months, during which 70 passages were
made. Immunocytochemical studies showed that
the majority of neurospheres contained neural stem
and progenitor cells expressing β-tubulin III, nestin,
MAP2ab, NCAM, peripherin (protein of cellular
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intermediate filaments neural crest derivatives, and
tyrosine kinase receptor markers for neurotrophins
(Trk A, B), though some neurospheres also con-
tained glial, GFAP- and A2b5-positive cells [106,
127,129, 130]. Clonal analysis of NSFC in mono-
layer cultures [94] showed that proliferating nestin-
positive cells formed primary neurospheres. Disso-
ciation of these neurospheres led to the formation
of secondary, tertiary, etc. neurospheres in all sub-
sequent subcultures (70 NSFC cultures were ob-
tained in the study [94]). Similarly to cerebral stem
cells, solitary isolated NSFC can form a cell clone
producing a new neurosphere during a week. This
NSFC capacity to unlimited self-reproduction was
explained after studies of telomerase activity and
apoptosis in these cells [80]. It was found that pro-
genitor NFSC, whose mitotic cycle took 18-20 h in
each of 200 passages, retained initial telomerase
activity. Evaluation of activities of nine different
caspases (cysteine proteases) revealed no increase
in activities of these enzymes in all studied NFSC
clones, which explains low level of apoptotic death
of these cells.

Neuronal differentiation of stem cells was at-
tained in adult human OE dissociated cultures [3].
In addition to flat polygonal cells positively reac-
ting with antibodies to GFAP, nestin, and low-af-
fine receptors for nerve growth factor (p75, LNGF),
due to which they were identified as the olfactory
nerve glial ensheathing cells and fibroblasts [5,72,
100], these cultures contained colonies of oval
cells, forming neurospheres. Repeated reinocula-
tions in serum medium containing D-valin led to the
formation of multipolar astrocytes with long bran-
ched axons in these cultures; these cells were stai-
ned with antibodies to specific neuronal enolase.

Cultures of isolated globose [25] and horizon-
tal [23] basal stem cell of OE were obtained by
immunoadhesion using antigens specific for these
cells.

Cells expressing green fluorescent protein (GFP)
were isolated from OE of transgenic mice [25] and
treated with first GBC-2 antibodies specific for OE
globose basal stem cells [42] and with second anti-
bodies conjugated with fluorescein or R-phyco-
erythrin. Globose stem cells were isolated on a flow
fluorescent sorter. The resultant cells were trans-
planted into the nasal cavity of C57Bl/6 mice, in
which OE was pre-destroyed by methylbromate va-
por. Transverse sections of OE were examined in a
fluorescent microscope 2-4 months after transplan-
tation. The results indicated that GFP-positive glo-
bose stem cells incorporated in recipient mouse OE
and formed isolated colonies. The cells formed as
a result of proliferation and differentiation of trans-

planted globose stem cells were identified and loca-
ted by cytological and immunocytochemical me-
thods using specific immune markers: antineuro-
tubulin (Tuj-1), mature ORN labeling antiolfactory
protein [87], SUS-4 monoclonal antibodies specific
for supporting cells and Bowman glandular duct
cells. Transplanted globose cells exhibited proper-
ties of multipotent stem cells and generated secon-
dary progenitor globose cells, ORN, supporting cells,
Bowman gland cells, and even ciliary cells of the
respiratory epithelium. The regenerating axons of
new ORN incorporated in the olfactory nerve and
grew into the olfactory bulbs. Hence, transplanted
globose stem cells promoted the structural and func-
tional recovery of OE destroyed by methylbromate.

Another type of OE multipotent stem cells, ba-
sal horizontal cells, were studied in detail. Accor-
ding to immunocytochemical findings, these cells
express some antigens, the most specific of which
are keratins 5 and 14 homologues, not characte-
ristic of other OE cells [54]. In subsequent studies
solitary basal horizontal cells were isolated by im-
mune adhesion on magnetic microcarriers and by
fluorescent sorting using other antibodies specific
for them (NCAM-1 and ICAM-1/β1integrin) [23]. It
was shown in vitro that horizontal progenitor cells
with a high proliferative potential, cultured in me-
dia with growth factors (NGF, TGF-α, EGF), gene-
rated secondary horizontal NCAM-1+ progenitor,
globose stem and glial cells. The in vitro prolife-
ration and differentiation of horizontal stem cells is
determined by a complex of microenvironment fac-
tors (extracellular matrix): cell adhesion molecules
(NCAM-1), integrins (β1, β4, α1, α3, α6), and com-
ponents of the lamina propria (collagen, laminin,
and fibronectin).

Multipotency of OE stem and progenitor cells,
described for their culturing [14,20,21,23] and re-
generation [25,112], was also detected in a series
of original in vitro and in vivo experiments [88].

In these experiments human OE neurospheres
were cultured simultaneously with somatic cells in
isolated compartments of culture dishes divided by
a semipermeable membrane (Transwell culture dishes,
Costar). Sections of rat liver, heart, and skeletal
muscles were placed into the upper compartment
and human OE neurospheres into the lower one.
The cultures were fixed after 4 days and stained
with antibodies specific for inductor tissue cells.
Due to humoral factors released by inductor tissues,
the neurosphere target stem cells acquired the capa-
city to express proteins characteristic of inductor
cells: hepatocytes (ferritin, albumin), cardiomyo-
cytes (sarcomer α-actin, cardiotroponin), and stria-
ted muscles (myosin, tropomyosin).
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It was also shown that intravenous injection of
rat OE cell suspension led to the formation of multi-
ple leukocyte types in the spleens of irradiated reci-
pient rats; these leukocytes were identified by im-
munochemical markers of these cells (RT7.2,
CD34, CD11b, CD3, CD45RA). In addition, poly-
merase chain reaction (PCR) detected the deter-
minant gene of the donor male (SRY) in the reci-
pient female lymphocytes.

In another series of experiments, stem cells
were transplanted into chicken embryos after 20-
24-h incubation [88]. Suspension of human disso-
ciated OE neurosphere cells (1000-2000 cell/µl,
2 µl) labeled with Dil (dioctadecyl-tetramethylindo-
carbocyanine perchlorate; nuclear marker) and CMFDA
(cytoplasmatic marker) or of Lac Z transgenic mouse
OE cells, containing β-galactosidase, was injected
into the primary stripe area.

Three days after transplantation of CMFDA-
labeled human OE stem cells the chicken embryos
were fixed, labeled with propidium iodide, and
dissociated cells were analyzed by flow cytophoto-
metry. Of the total number of embryonic cells (45
million), 446 000 cells (0.97%) were the transplan-
ted human OE cells, this indicating integration of
these cells with chicken embryo tissues. Subsequent
DNA analysis showed that transplanted human OE
cells formed numerous populations in chicken em-
bryonic tissues.

Immunocytochemical studies with antibodies
to β-galactosidase, carried out 4 days after trans-
plantation of Lac Z transgenic mouse OE cells in
chicken embryos, showed X-gal in the allantois,
amnion, notochord, somites, Rathke’s pouch, me-
senchyma of the head, limb and tail buds, trunk
muscles, mesonephros, liver, intestine, heart, aorta,
pharyngeal arch, acoustic and visual bubbles, spi-
nal tube and brain structures, and spinal ganglia.
Donor cells acquired the structure characteristic of
the adjacent tissue in all the studied recipient tissues
and expressed the phenotypical markers intrinsic of
recipient tissues. Hence, the results indicate that
after xenotransplantation the OE multipotent stem
and progenitor cells differentiate into the cells,
descending from all three embryonic leaflets (endo-
derm, mesoderm, and ectoderm) under the effect of
embryonic inductors. The significance of these re-
sults was confirmed by appropriate controls. The
probability of fusion [8,123] of transplanted OE
stem and progenitor cells with recipient lympho-
cytes and somatic cells was ruled out.

The possibility of directed differentiation of
cultured OE stem cells under the effect of trans-
cription factors, regulating the formation of moto-
neurons during the early period of chicken and

mouse embryo development (Olig2, Ngn2, HB9),
was shown [127]. Human OE progenitor cells ac-
quired the phenotypical signs of motoneurons and
expressed Isl1/2 marker specific of them in medium
containing, in addition to these transcription factors,
retinoic acid, forscolin, and Sonic Hedgehog mor-
phogenetic protein. During coculturing with chic-
ken embryo myocytes, axons of new motoneurons
formed neuromuscular synapses, the presence of
which was confirmed by immunocytochemical re-
actions to acetylcholintransferase and synapsin 1.

Numerous research reports and published re-
views during the latest decade indicate that trans-
plantation of multipotent stem and progenitor cells
isolated from human and animal fetal and adult
brain is intensely used in experiments and in some
cases clinically for cell therapy of brain diseases
and spinal injuries [1,2,6,7,26,33,65,82-84,91,92,
107,109,110]. It was shown on experimental mo-
dels of intracerebral allo- and xenotransplantation
that transplanted cells integrated in the recipient
tissues, migrated directly to the focus of brain
injury, and differentiated into nerve and glial cells.
Transplanted stem and progenitor cells produce a
complex of neurogrowth factors and cell adhesion
molecules, promoting the regeneration of damaged
neurons and growth of their axons, which leads to
partial restoration of impaired cerebral and spinal
functions. However, the therapeutic potential of OE
stem and progenitor cells attracted attention of sci-
entists just in recent years [37,81,106]. The pre-
sence of a population of constantly proliferating
neural stem and progenitor cells in the olfactory
epithelium, the possibility of their extracranial iso-
lation, long-term culturing, cloning, and cryopre-
servation indicate that these cells can be used as
autologous material for transplantation in traumatic
injuries and degenerative diseases of the central
nervous system.

Removal of some human OE cells does not
lead to lasting disorders of olfaction even after
repeated biopsy [68]. Fragments of human OE 1-2
mm2 in size were collected from patients aged 20-
78 years during turbinectomy, plastic repair of the
nasal septum [88], and sinus puncture [125,128].
The maximum intraoperative removal of OE in the
patients was 3×5 or 2×10 mm2 [35]. The location
and methods for endoscopic isolation of human OE
are amply described [15,37,125]. In addition to
intraoperative biopsy, human OE cells can be iso-
lated and cultured post mortem, due to which clo-
ned cultures of OE cells for allotransplantation can
be prepared [106,127-130].

Human OE progenitor cells were transplanted
to adult rats after unilateral crossing of the spinal
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cord at the level of cervical segments [126]. The
transplanted cells were labeled with GFP and sus-
pended in matrix (Matrigel®). The group of control
animals included rats with similar spinal injury with-
out subsequent transplantation of OE cells and rats
injected with just cell-free matrix to the site of
injury. Immunocytochemical studies carried out 2
weeks after transplantation showed GFP-positive
cells at the site of spinal injury, their number de-
creasing by week 12. The use of BDA (biotinylated
dextranamine) anterograde axonal tracer visualized
the growth of regenerating rubrospinal axons along
segments 5-6 below the site of spinal injury and
cell transplant location. The appurtenance of these
fibers to the rubrospinal tract was confirmed by a
retrograde tracer (fluorogold), which showed a grea-
ter number of red nucleus neurons in comparison
with the control. The rats transplantated OE proge-
nitor cells showed better performance in the beha-
vioral motor tests in comparison with the controls.
No signs of regeneration of the damaged spinal
cord and recovery of motor functions were detec-
ted after transplantation of the cell-free matrix.
Presumably, the positive effects of OE progenitor
cell transplantation were due to the release of brain
neurotrophic factor (BDNF) by these cells, because
in many experiments injection of this factor or trans-
plantation of BDNF-expressing OE fibroblasts and
glial cells prevented retrograde degeneration of the
red nucleus cells in rats with spinal injury [74,90].

Some data indicate the possibility of using OE
cells, including stem cells, for the diagnosis and
studies of the pathogenesis of mental and degene-
rative diseases of human central nervous system
[9,66,78,96]. Clinical studies showed that decrease
of olfaction is observed at the initial stages of Alz-
heimer’s disease and can precede mnestic disorders
characteristic of this disease [45,116]. These sym-
ptoms are associated with impairment of the ol-
factory bulb, preperiform cortex, and other cerebral
structures linked with the olfactory functions [62,
104,123]. Similar olfaction disorders were detected
at the initial stages of Parkinson’s disease, this
suggesting their use for the early diagnosis of this
disease [64], associated with a decrease in the con-
tent of neural stem cells in OE [53].

Schizophrenia and some other mental disorders
are also associated with olfactory disorders, mani-
festing by decreased capacity to differentiate the
smells, loss of olfactory memory, and organic chan-
ges in the olfactory neurons [13,44,52,86]. Com-
parative study of OE cultures derived from patients
with schizophrenia and patients without this disease
showed that OE from schizophrenics was charac-
terized by a lesser capacity to adhere to the sub-

strate (fibronectin), contained a greater number of
dividing cells and cells dying by the apoptosis me-
chanisms. Dopamine treatment reduced the number
of mitotic cells in both groups of cultures, reducing
apoptotic cell death in OE cultures from schizo-
phrenics and increasing this parameter in control
cultures [36,96]. The authors suppose that these
characteristics can be used for early and differential
diagnosis of schizophrenia.

Hence, in vivo and in vitro studies of OE open
new vistas for the analysis of cytological, biomole-
cular, and molecular genetic regularities of stem
cell development and differentiation. In addition,
OE can serve as a unique source of cells (including
the neural stem and progenitor cells) requiring no
invasive neurosurgical intervention for allo- and
autotransplantation in diseases and injuries of the
central and peripheral nervous system.

The study was supported by the Russian Foun-
dation for Basic Research (grant No. 04-04-49114)
and NSh-1799-2003.4.
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