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Abstract. Introduction. Alzheimer’s disease is a severe neurodegenerative disorder characterized by neuronal
loss and brain atrophy. Cell therapy utilizing neural stem/progenitor cells represents a promising approach
for its treatment, as these cells may facilitate the regeneration of neural tissue by replacing damaged neurons
and glial cells in vivo. This study aimed to evaluate the survival, migration, and differentiation of neural
stem/progenitor cells derived from the olfactory mucosa in an experimental model.

Materials and methods. Alzheimer’s disease was modeled in female rats via stereotaxic injection of f-amy-
loid 1-42 into the hippocampus. The model was validated using the Morris water maze test. Rat olfactory
mucosa neural stem/progenitor cells, labeled with PKH26, were transplanted bilaterally into the CA1 region
of the hippocampus.

Results. The cells were shown to survive for up to 4 weeks post-transplantation within the hippocampal region
and migrate into the corpus callosum and cerebral cortex. Moreover, the grafted cells exhibited the capacity
for glial and neuronal differentiation, as evidenced by the expression of GFAP and B-11I-tubulin, respectively.
Conclusion. The survival, migration, and in vivo differentiation potential of olfactory mucosa-derived neural
stem/progenitor cells support further investigation as a promising tool for personalized cell-based therapies
in patients with Alzheimer’s disease.
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BrokuBaeMocTh, Murpanusa u gudpepeHmpoBka
HellpalbHBIX CTBONOBBIX/IIPOr€eHUTOPHBIX KIETOK
IIPU SKCIIEPUMEHTA/IbHOI 00/1e3HN AnbIreiiMepa

E.K. Kapcynuyesa', A.JI. Boponosa', B.IO. Iloxkuowvko'?, A.H. Myxuna'?, B.C. Illuwxuna’,
A.B. Yaoun', I'A. @ypca’’, A.B. @edopos’, O.B. Cmenanosa’, B.Il. Yexonun'’

! ®I'BY HauuoHanbHbIi MEAUIMHCKUI UCCIIEN0BATELCKUN LIEHTP IICHXUaTpuK 1 Hapkosioruu umenu B.I1. Cepbekoro
Mumnsapasa Poccun, Mocksa, Poccus

2 ®I'BOY BO MocKoBCKHi TOCYIapCTBeHHbIN yHIBepcuTeT MeHn M.B. Jlomonocoa, Mocksa, Poccust

3 ®TAOY BO Poccuiickuii HalMOHAIBHBIH HCCIIEA0BATEIbCKUIT MeAMIUHCKUI yHUBepcuTeT nmeHn H.W. TTuporosa Mun3apasa Poccun,
MockBa, Poccus

Pe3rome. Beeoenue. bone3np Anplreiimepa — kpaifHe TsDKenoe HeliponereHepaTuBHOE 3a00eBaHue, Xa-
paxTepusylolieecs: rubenbo HelpoHOB U arpodueil rooBHOro Mo3ra. [lepcrneKTHBHBIM MOJX0A0M IIPU
I[aHHOﬁ MaTOJIOTHH MOYKET OBITh KJIETOYHAS TEpanursg Ha OCHOBE TPAHCIIAHTAlN HeﬁpanLme CTBOJ'[OBI)IX/
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MIPOT€HUTOPHBIX KJIeTOK. OHM CTIOCOOHBI CTUMYJIMPOBATh PETeHEPALNI0 HEPBHOW TKaHH TOJIOBHOTO MO3Ta,
B YaCTHOCTH 3aMEIIaTh HOTHOIINE HEHPOHBI M KIIETKH IVINH in vivo. Llenb nccnenoBanns — n3y4nTh BbDKHBA-
€MOCTb, MUTPaLIo 1 TU((epeHINPOBKY HEHpaTbHBIX CTBOJIIOBBIX/TIPOT€HUTOPHBIX KIETOK 00OHATEILHOM
BBICTHJIKH ITPY SKCIIEPUMEHTAIBHON 001e3HN AJbLreimepa.

Mamepuanst u memoOwi. bone3Hb AmblreiMmepa MOAEIUPOBAIIN HAa CAMKaX KPBIC ITyTEM CTEPEOTaKCHUECKOTO
BBezieHH B-amuonaa 1-42 B 30Hy runmokamMiia. Baminannio MeToa MpoBOAMIN € TOMOIIBIO TTOBEACHYE-
CKOTO TecTa «BOAHBII TaOMpHHT Mopprcay. 3aTeM MedeHHbIe BUTAILHBIM KpacutesneM PKH26 neiipanbabie
CTBOJIOBBIE/TIPOTEHUTOPHBIE KIETKH OOOHSATENFHON BBICTHIIKM KPBIC TPAHCIUIAHTHPOBAIN OMIIaTepabHO
B 30HY CAl runmoxamria.

Pezynbmamei. YCTaHOBICHO, YTO TPAHCIUIAHTHPOBAHHBIE KJICTKH COXPAHSAIOT )KU3HECIIOCOOHOCTH B TeUe-
HUE 4 HeseNb Mocie BBEICHHS B THUIIIOKAMII, @ TAK)KE€ MUTPUPYIOT B MO30JIHMCTOE TEJIO M KOPY OOJNBIINX
noxymapuii. Kpome Toro, BeIsiBIeHa MX clIOCOOHOCTB K qUddepeHIMpOBKe B INIHAJIHHOM U HEHpalbHOM
HaIpaBJICHUH, YTO MOATBEPKIACTCS TMOJIOKUTEIHHON HMMYHOTHCTOXUMHUYECKON peakiineil Ha MapKepsl
GFAP u B-III-TyOymuH.

3axniouenue. IlomyyeHHbIe TaHHBIE O BEDKMBAEMOCTH, MUTpalliK U AN GEepeHIINPOBKE HEHPAILHBIX CTBOJIO-
BBIX/TIPOr€HUTOPHBIX KIIETOK OOOHSATEIBHON BBICTUIIKH i1 VIVO OTKPBIBAIOT MIEPCIEKTHBBI MX HCIIOJB30BaHUS
B IIEPCOHAIM3UPOBAHHON TEpaNNH y NMAIlMEeHTOB ¢ 00Ie3HbI0 AJbLreiimepa.

KoaroueBble cjioBa: HelipaibHble CTBOJIOBBIE/IPOrCHUTOPHbIEC KIETKH, OOOHATENbHAS BBICTHIIKA, [3-aMU-
monn 1-42, 6one3Hs AnbIreiimepa, KJIeTOYHAS TEPATIHS

Jns xoppecnonnenunn: Exarepuna Koncranturosra Kapeysriesa. E-mail: katya.karsunceva@gmail.com

Hast umrupoBanus: Kapcynuesa E.K., Boponosa A.Jl., ITokuneko B.1O., Myxuna A.W., lllumkuna B.C.,
Yagun A.B., @ypca I'A., ®egopoB A.B., Crenanosa O.B., Uexonun B.I1. BepkuBaeMocTb, MUrpanus
n muddepeHrpoBKa HelpatbHBIX CTBOJIOBBIX/IPOr€HUTOPHBIX KIETOK ITPH SKCIIEPUMEHTAIBHON 00JIe3HH
Aumpureiimepa. Kmma. sxen. mopgomorus. 2026;15(3):48-57. DOI: 10.31088/CEM2026.15.3.48-57.

dunaHcupoBaHue. VccienoBanue BHINOIHEHO pu noaaepkke Poccuiickoro HayuHoro ¢onaa (rpant Ne 22-15-00141-1T).

Cratbst nocrynuia 24.03.2026. IToxydena nocie penensuposanust 31.03.2026. IIpunsra B neyarsb 14.05.2026.

Introduction

Alzheimer’s disease (AD) is a severe neurodegenera-
tive disorder that primarily affects individuals over the age
of 65 years and is characterized by progressive memory
impairment, cognitive decline, and behavioral disturbanc-
es [1]. The key distinction between AD and physiological
aging lies in the pathological accumulation of -amyloid
plaques in the brain along with the aggregation of hyper-
phosphorylated tau protein which forms neurofibrillary
tangles within neurons [2]. These pathological deposits are
considered principal drivers of neuronal loss and synaptic
dysfunction [2] and they also trigger neuroinflammatory
responses mediated by reactive astrocytes and microglial
cells [3]. Collectively, these neurodegenerative processes
ultimately result in severe cerebral atrophy.

To date, AD remains incurable. Conventional pharma-
cological approaches targeting only symptomatic mani-
festations, as well as recently developed next-generation
therapeutics, including anti-f-amyloid antibodies, have
failed to restore damaged neural tissue [1, 4]. In this con-
text, cell-based therapy has emerged as a promising ave-
nue for the development of effective AD treatments [5].
Transplanted cells may exert beneficial effects on the local
microenvironment through the secretion of neurotrophic
factors and anti-inflammatory cytokines in vivo, thereby
potentially initiating regenerative processes within neural
tissue [6].
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Neural stem/progenitor cells (NSPCs) are among the
most extensively studied cell types for the treatment of
neurodegenerative disorders. NSPCs represent multipo-
tent stem cells predominantly localized in the olfactory
mucosa, olfactory bulb, subventricular zone, and sub-
granular zone of the hippocampus [7]. NSPCs have been
demonstrated to differentiate into neurons and glial cells,
restore the balance of neurotrophic factors, promote neu-
ral tissue regeneration, and influence axonal growth and
remyelination both in vitro and in vivo. These cells can be
obtained from embryonic, fetal, and postnatal neural tis-
sue, as well as through cellular reprogramming techniques.
Numerous preclinical studies using animal models of AD
have demonstrated the therapeutic potential of NSPCs [8,
9]. Specifically, NSPC transplantation has been shown to
reduce B-amyloid deposition and hyperphosphorylated tau
protein levels, enhance synaptic plasticity, and significantly
improve cognitive functions in experimental animals [10].
Nevertheless, clinical data on the application of NSPCs in
patients with AD remain unavailable.

The olfactory epithelium of the olfactory mucosa (OM)
represents a particularly attractive source of NSPCs. OM-
derived NSPCs are responsible for the lifelong renewal
of olfactory neurons. The pronounced neuroregenerative
capacity of these cells provides a strong rationale for their
potential application in AD therapy. At the Department
of Fundamental and Applied Neurobiology, V.P. Serbsky
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National Medical Research Centre for Psychiatry and
Narcology, we have developed a protocol for obtaining
adhesive NSPC cultures from the OM, which enables the
isolation of highly enriched NSPC populations [11]. The
clinical application of NSPCs obtained from adult donors,
in contrast to those derived from embryonic or fetal tissues,
is not associated with bioethical concerns or legislative
restrictions [12, 13]. However, experimental and clinical
data regarding the application of OM-derived NSPCs in
AD remain scarce; particularly, the survival, migration,
and differentiation of these cells following intracerebral
transplantation have not yet been investigated.

Therefore, we aimed to evaluate the survival, migration,
and differentiation of OM-derived NSPCs in an experi-
mental AD model.

Materials and methods

The study employed analytical-grade plasticware and
reagents from Corning (USA), NEST Biotechnology
(China), PanEco (Russia), Thermo Fisher Scientific (USA),
HyClone (USA), Abcam (Great Britain), and Sigma (USA).
The overall experimental design is presented in Figure 1. All
procedures were approved by the Local Ethics Committee
of the V.P. Serbsky National Medical Research Centre for
Psychiatry and Narcology (protocol dated May 22, 2025)

and performed in accordance with the European Union
Directive 2010/63/EU on the protection of animals used
for scientific purposes.

NSPCs were isolated from the olfactory epithelium
of adult female Wistar rats (n=4). Animals were housed
under controlled environmental conditions (21-24°C,
50-70% humidity, a 12-hour light/dark cycle) with ad li-
bitum access to food and water. Adhesive NSPC cultures
were obtained according to the protocol developed at the
Department of Fundamental and Applied Neurobiology
of the V.P. Serbsky National Medical Research Centre for
Psychiatry and Narcology [11].

Cells were cultured in Neurobasal medium supplement-
ed with 2.5% fetal bovine serum, 2% B-27 supplement, 1%
penicillin-streptomycin, 1% L-glutamine, 0.1% epidermal
growth factor (EGF), and 0.1% fibroblast growth factor
(FGF). Phenotypic characterization of cell population was
performed by immunocytochemical detection of the prin-
cipal NSPC markers Sox-2 (a nuclear transcription factor
associated with stemness) and nestin (a marker of early
neural differentiation), with representative data not shown.
NSPCs from passages 1-2 were used for subsequent trans-
plantation into the brains of animals with experimental AD.

Experimental AD was induced in rats (n=6) by ste-
reotaxic bilateral injection of synthetic B-amyloid pep-
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Fig. 1. Experimental design.
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1 — obtaining adhesive culture of neural stem progenitor cells (NSPCs). 2 — stereotactic AD modeling with bilateral AB1-42
injection into the hippocampus and validation with Morris water maze test. 3 — transplantation of NSPCs staining with PKH26
(NSPCs-PKH26) into the hippocampus and evaluation of their survival, migration, and differentiation in vivo

CxeMa JKCIIepHMEHTA.

1 — monmy4eHue aAre3MBHON KyIbTYphl HEUPAJIbHBIX CTBOJIOBBIX/IporeHUTopHbIX KineTok — HCIIK. 2 — crepeorakcuueckoe
MozenpoBanue 6oie3nu Anpireiivepa (bA) myrem Ounarepansaoro Beenenust Af1-42 B runmokamin ¥ BaJTuAALHs MOJCITN

C TTOMOIIBIO MOBEJICHYECKOr0 TECTa «BOMHBIH TabuprHT Moppucay. 3 — tpancmnanTanust HCIIK, meyennsix PKH26
(HCIIK-PKH26), B runmokamII 1 OIjeHKa NX BEDKMBAEMOCTH, MUTPAMU 1 TU(GHEPEHIIMPOBKY in Vivo
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tide 1-42 (AB1-42; Elabscience Biotechnology, China)
into the CA1 region of the hippocampus using the fol-
lowing coordinates: —3, +2.2, —3.2 [14]. Control animals
(n=6) received phosphate-buffered saline (PBS; PanEco,
Russia). Animals were randomly assigned to experimental
groups.

Prior to surgery, animals were anesthetized by intraper-
itoneal injection of a mixture of vesitil (40 mg/kg; Vetstem,
Russia) and xylazine (5 mg/kg; Alfasan International B.V.,
Netherlands). After skull exposure and craniotomy at the
specified coordinates, AB1-42 peptide (1 mg/mL) was in-
jected at a volume of 5 puL. with an infusion rate of 1 pL/min.
Postoperatively, rats received cefazolin (375 mg/kg) as an
antibiotic and ketoprofen (5 mg/kg) as an analgesic.

To validate the experimental AD model, we assessed
cognitive functions of subjects using the Morris water maze
test 8 weeks after AB1—42 administration. This behavioral
paradigm evaluates spatial learning and memory by mea-
suring the ability of animals to locate a submerged platform
following a training course [15]. Testing was conducted
48 hours after the final training session. Each rat was al-
lowed 60 seconds to locate the platform.

To evaluate NSPC survival, migration, and differenti-
ation following transplantation into the brains of rats with
experimental AD, cells were labeled with the fluorescent
membrane dye PKH26 (Invitrogen, USA). PKH26-labeled
NSPCs were prepared according to the manufacturer’s in-
structions.

Cells were bilaterally transplanted into the CA1 region
of the hippocampus using the same stereotaxic coordinates
as those used for AB1-42 injection during AD modeling
(-3, £2.2, -3.2). A total of 100,000 cells in 5 pL were
injected at a rate of 1 uL/min.

We assessed NSPCs survival by immunofluorescence
analysis 4 weeks after transplantation. For brain tissue
collection, animals were deeply anesthetized by intra-
peritoneal anesthetic injection, followed by decapitation.
The brains were then extracted, fixed in 10% formalin for
24 hours, and subsequently rinsed in PBS. Tissue samples
were sectioned using a vibrating microtome (HM650V,
Thermo Fisher Scientific, USA) to obtain 30-um-thick
sections, which were then washed in PBS supplemented
with Tween-20 (1 pL/mL).

For immunofluorescence staining, we used primary an-
tibodies against the neuronal marker B-III-tubulin (1:100;
Abcam, UK) and the astrocytic marker GFAP (1:100;
Abcam, UK), followed by Alexa Fluor 488- and Alexa
Fluor 633-conjugated secondary antibodies (1:500; Thermo
Fisher Scientific, USA). Nuclei was counterstained with
DAPI (Invitrogen, USA). Samples were examined using
a Nikon A1R MP+ laser scanning confocal microscope
equipped with a multiphoton module (Nikon, Japan).

Statistical analysis was performed using GraphPad
Prism 10 (GraphPad Software, Dotmatics, USA). Data nor-
mality was assessed using the Shapiro—Wilk test, whereas
between-group differences were evaluated using Student’s
t-test for independent samples. The data are presented as
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median and interquartile range (IQR). Differences were
considered statistically significant at p<0.05.

Results

The experimental AD model was validated 8 weeks
after AB1-42 administration into the CA1 region of the
hippocampus using the Morris water maze test.

Animals that received AP1-42 injections exhibited a
significantly longer latency to locate the submerged plat-
form (mean: 35 s; Fig. 2) compared to control animals
injected with PBS (mean: 8 s). Statistical analysis re-
vealed a highly significant difference between the groups
(p<0.0001). Thus, these findings confirm that the developed
AD model reproduces cognitive impairments characteristic
of AD in human patients [3, 14, 16].

The validated model was subsequently used for NSPC
transplantation to investigate cell survival, migration, and
differentiation in vivo, which represent key parameters for
evaluating therapeutic efficacy in AD-associated neuro-
pathology.

To the best of our knowledge, this is the first study when
OM-derived NSPCs were transplanted into the hippocam-
pus of control animals and those with experimental AD.
Four weeks after transplantation, we detected pronounced
accumulations of PKH26-labeled cells in the brains of AD
animals (Fig. 3). Moreover, we observed migration of trans-
planted cells to adjacent brain regions, including the corpus
callosum and cerebral cortex. Thus, transplanted NSPCs
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Fig. 2. Validation of the experimental AD model in the Morris
water maze test. Control — PBS-injected animals,
AB1-42 — animals with experimental AD.

The data are presented as median and interquartile range
(IQR)

*HEE _ p<0.0001, t-test (parametric one-way ANOVA),
normality — Shapiro—Wilk test

Puc. 2. Banunanus skcriepuMeHTanbsHON Moaenu BA B Tecte
«BOIHBIN 1abupuHT Moppucay. Kontpomns — rpynna
KHUBOTHBIX ¢ BBeieHneM PBS, AB1-42 — xxuBoTHbIe
¢ aKcriepuMenTaibHoi BA. JlanHble npescTaBieHbl
B BUJIC MEIMaHbl 1 HHTEPKBAPTUIIEHOTO pa3Maxa
**E% _ p<0,0001, t-rect (mapamerpuyecKuii oqHOMAKTOPHBIH
JIUCTIEPCHOHHBIN aHalN3), HOpMaIbHOCTD — TecT lllarmpo—Yunka
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demonstrated survival and migration across three distinct
brain regions at 4 weeks post-transplantation. NSPC sur-
vival within the hippocampus and migration to the cere-
bral cortex and corpus callosum represents a particularly
significant finding, as damage to these brain regions sub-
stantially contributes to cognitive deficits in AD [17, 18].
Viable transplanted cells identified within these regions
may subsequently exert neuroprotective effects, promote
neuroregeneration, and ultimately contribute to the resto-
ration of cognitive functions [19].

We also investigated the ability of transplanted OM-
derived NSPCs to differentiate toward neuronal and glial
lineages in vivo. A subset of PKH26-labeled transplanted
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Fig. 3. Survival and migration of PKH26-labeled NSPCs in the
brains of rats with experimental AD (A — hippocampal
CAl, B — corpus callosum, C — cerebral cortex). Blue
channel — DAPI staining, green channel — B-I1I-tubulin
staining, red channel — PKH26-labeled NSPCs. Arrows
indicate transplanted cells. Confocal microscopy, %20
(B —x1.8; C—x1.9). Scale: A, B—20u; C—100pn

Puc. 3. Berxuaemocts u murpanust HCIIK B ronoBnoM mo3sre
KpBIC ¢ dKcriepuMeHTanbHOi BA (A — rummokamn CAl,
B — mo3omucroe Teno, C — kopa GONBUINX MOTYIIAPHIA).
CoBmenieHHOE (IIyopecleHTHOe H300paXKeHHe:
CUHHUI KaHal — okpamuBanue DAPI, 3enenslif kanan —
HEWPOHBI TOJIOBHOTO MO3Ta, OKPAIINBaHUEe
Ha B-III-TyOynuH, KpacHBI KaHAT — MEYCHHBIE
TIPIKH3HEHHBIM MeMOpaHHbIM Kpacutenem PKH26
HCIIK. Cmpenxamu yxa3aHsl TpaHCIUIAHTHPYEMBbIE
kietky. KongokanbHas Mukpockonusi, x20
(B —zoom 1,8; C — zoom 1,9). MacmtabHast TuHE#HKa:
A, B-20p; C—100pn

NSPCs was shown to express B-III-tubulin within the rat
hippocampus (Fig. 4), suggesting incipient differentiation
of transplanted NSPCs toward a hippocampal neuronal
phenotype. Notably, at 4 weeks post-transplantation, we
did not detect the expression of mature neuronal markers
(MAP2, NSE) by transplanted cells, which is likely to in-
dicate a longer time period required for complete neuronal
differentiation, which has been reported to range from 8 to
12 weeks [20]. Additionally, we observed expression of
the astrocytic marker GFAP in individual NSPCs located
within the corpus callosum (Fig. 5), which demonstrates
the ability of transplanted NSPCs to undergo glial differ-
entiation.
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Fig. 4. Differentiation of PKH26-labeled NSPCs (arrows) into immature neurons in the hippocampal region of rats with experimental AD.
A — merged image, B — DAPI nuclear staining, C — B-11I-tubulin staining, D — PKH26-labeled NSPCs. Confocal microscopy, x20.

Scale — 25p

Puc. 4. Qnddepenunposka HCIIK (cmpenku), MeueHHBIX IPHKU3HEHHBIM MeMOpaHHbIM Kpacuteniem PKH26, B rosioBHOM M0O3re KpbIC
¢ 3KcnepuMeHTanbHoil BA B He3penble HelipOHbI 30HbI THIIIIOKAMIIA.
A — coBMelieHHOE n300pakenue, B — okpammsanue sinep Ha DAPI, C — okpammBanue Ha b-111-ty0ymuH, D — MeueHHbIe
npwku3HeHHBIM MeMOpaHHbIM Kpacutenem PKH26 HCIIK. KondoxkansHas mukpockonus, X20. MacmrabHas JTnHelka — 251

Discussion

Our findings on NSPCs survival, migration, and dif-
ferentiation after intracerebral transplantation are consis-
tent with the existing results demonstrating differentiation
toward neuronal and glial lineages using lineage-specific
markers [21]. Specifically, mouse ESC-derived NSPCs
were demonstrated to survive for 8 weeks, migrate within
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the hippocampus, and differentiate into astrocytes (GFAP+)
and neuronal precursors (DCX+) after transplantation into
the brains of transgenic APdE9 mice with experimental
AD [22]. In another study employing the APP/PS1 mouse
model of AD, mouse ESC-derived NSCs exhibited mi-
gration to the cerebral cortex and differentiation into neu-
rons (Map2+), astrocytes (GFAP+), and oligodendrocytes
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Fig. 5. Differentiation of PKH26-labeled NSPCs (arrows) into the glial lineage in the corpus callosum of rats with experimental AD.
A — merged image, B — DAPI nuclear staining, C — PKH-labeled NSPCs, D — astrocyte staining for GFAP. Confocal microscopy,

x20. Scale — 40

Puc. 5. Tnbdepennuposka HCIIK (cmpenku), MEUeHHBIX MPMKU3HEHHBIM MeMOpaHHbIM Kpacutenem PKH26, B Mo3onucToM Teme
FOJIOBHOTO MO3T'a KPbIC C 3KCIIEPUMEHTaIbHOU BA B MnanbHyO JIMHUIO.
A — coBmenieHHOe M300paxenne, B — okpammBanue sinep #Ha DAPI, C — tpancmiantupyemsie HCIIK, meuennsie PKH26,
D — okpammBanue acrporuroB Ha GFAP. Kondokanpras mukpockonus, x20. MacmtaOHast auHeika — 40

(GalC+), with a predominant differentiation bias toward
glial lineages [23].

NSPCs have low immunogenicity, which may contrib-
ute to improved survival after transplantation compared to
other cell types [24]. Additionally, NSPCs are capable of
regulating neuroinflammation by secreting anti-inflamma-
tory cytokines, thereby reducing microglial activation and
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inducing T-cell apoptosis [19, 25, 26]. This may attenuate
the immune response to NSPC transplantation and promote
neural tissue repair. Having been transplanted into the CNS,
NSPCs can positively influence the microenvironment and
secrete neurotrophic factors (BDNF, NGF, VEGF, IGF-1,
etc.), exerting paracrine and autocrine effects in vivo [19].
They also secrete exosomes containing various molecules
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(miR-146a, proteins, lipids, microRNAs), which help re-
duce oxidative stress [19, 26]. The described mechanisms
contribute to the survival of transplanted NSPCs and modu-
late their functional activity in the brain. NSPC migration to
sites of neurodegeneration is driven by chemotactic signals
secreted by resident CNS cells in the damaged area [8,
19, 26].

Notably, the PKH26 labeling has certain limitations,
including non-specific staining of cellular debris and po-
tential dye transfer [27]. However, in our previous research,
we demonstrated survival and migration of both PKH26-
labeled OECs [14] and OECs with expression of green
fluorescent protein (GFP) [28] in CNS. Both approaches
yielded comparable results in terms of transplanted cell
survival, migration, and localization of transplanted cells
in the brain and spinal cord at 4 weeks post-transplantation.

Conversely, certain studies have reported limited sur-
vival rates of transplanted NSPCs within the brain. For in-
stance, in a mouse model of hypoxic-ischemic brain injury,
up to 90% of transplanted NSPCs underwent caspase-3-de-
pendent apoptosis [29]. However, even dying NSPCs were
demonstrated to secrete factors that contribute to neuropro-
tective effects in vivo. Transplantation timing, cell dosage,
and the presence of neuroinflammation at the injection site
may influence the survival, integration, and microenviron-
mental effects of transplanted NSPCs [19]. Exogenous ad-
ministration of neurotrophic factors in conjunction with
transplantation of genetically modified cells may enhance
cell survival and therapeutic efficacy in AD [30].

Conclusion

The present study demonstrates the survival of olfac-
tory mucosa-derived neural stem/progenitor cells for up to
4 weeks, their directed migration to adjacent brain regions,
and their differentiation into neuronal and glial lineages
following transplantation into the hippocampus of rats with
experimental Alzheimer’s disease. These findings support
the therapeutic potential of these cells in Alzheimer’s
disease. The observed differentiation of olfactory muco-
sa-derived neural stem/progenitor cells into neurons and
glial cells after intracerebral transplantation may reflect
their intrinsic neuroregenerative capacity in the context
of Alzheimer’s disease. An additional advantage of em-
ploying these cells is the feasibility of obtaining olfactory
mucosa biopsies through minimally invasive procedures
that do not impair olfactory function. Collectively, these
results provide a rationale for further research of olfactory
mucosa-derived neural stem/progenitor cells as a basis for
personalized therapeutic strategies for Alzheimer’s disease.
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Mudopmanus 06 aBTopax

Exarepuna Koncrantunona KapcyHiieBa — Hay4HbIH COTPYIHHK JJaOOpaTOPUM KJICTOUHOM Teparuy U pereHepaTHBHON MEIUIIMHbI
oraena (pyHAAMEHTAIBHON U NpUKIagHOH Heiipoononorun HMULL necuxuarpuu u Hapkonoruu uM. B.I1. Cepockoro.

Amnacracus JlenncoBHa BopoHOBa — KaHAMAAT OMOIOTMYECKUX HAYK, CTapUINI HAay4YHbBIH COTPYIHHUK J1a00paTOPHH KIETOYHOI Tepanuu
Y pereHepaTHBHON MEIUIMHBI OT/eNa (PyHIaMEHTaIBHOM U NpUKIagHoi Helipoouonornn HMMULL ncuxuarpun 1 HapKoJIOTHA
um. B.I1. Cepbekoro.

Buxropus OpbseBna [Tokuabpko — 1abopaHT-HCClIeOBATENb JA00OPaTOPUM KIIETOUHOH Tepanuy U pereHepaTHBHON MEeIMIMHbBI
oraena (pyHAAMEHTAIBHON U NpUKIagHOi Heiipoononorun HMULL neuxuarpuu u Hapkonoruu uM. B.I1. Cepbckoro,
Maructp 1-ro roga oOyuenus kadeapbl KJICTOYHON OHMOIOTHH U THCTONIOrHU Ouonorunueckoro dakynsrera MI'Y um. M.B. JlomoHocoBa.

Amnna Mropesna MyxuHa — J:abOpaHT-HCCIe10BaTeNb J1Ja0OPaTOPUH KIETOYHON TEPAIMU U PEreHEPaTUBHON MEUIIHBI
otaena GpyHIaMeHTa bHOU 1 npukiaaHon Heipoouonornn HMUL] neuxuarpuu u Hapkoioruu um. B.I1. Cepbekoro,
MarucTp 2-ro roga o0y4eHus kaeapbl KI€TOYHOH OMOIOrHH U rUCToNoruu Ouonoruueckoro pakynsrera MI'Y um. M.B. JlomoHOCOBa.

Banentuna Cepreesna lllumkuna — kaHauaat 6MOJIOTMYECKUX HAyK, CTAPIIMI HAYYHBIH COTPYAHHK JIAOOPATOPUH KICTOYHOM Teparuu

u pereneparuBHoi Meauinael HMULL ncuxuarpuun u Hapkonoruu um. B.I1. Cep6ekoro.

Angpeif Bukroposud Yanus — Hay4HBIi COTPYIHHK JJaOOPATOPUK KIETOYHON TEpaluy M pereHePaTUBHOM METUIMHEI OTAeIa (pyHIaMeHTaIbHOH
U npukiaaHoit Heiipoouonsornu HMMULI neuxuarpun u Hapkonoruu umM. B.IT. CepOckoro.

I'puropuit Augpeesny @ypca — MiIaAMINKA HaydHbIH COTPYIHUK J1a00paTOpHU KIETOUHOM Teparuy U pereHepaTuBHON MEIULIUHEI
otzaena GpyHIaMeHTaIbHON 1 npuKiaaHoi Heipoouonornn HMUIL] ncuxuarpuun u Hapkosioruu um. B.I1. Cepbekoro,
acrupanT 4-ro rofa o0y4eHus kadeapsl MeanuuHCcKuX Hanoouorexnosoruit PHUMY um. H.U. Iuporosa.

Aprem BanepreBnu ®enopoB — HayqHbIH COTpYITHHK Kadeapbl KIETOYHOW OHOJIOTHH M TUCTOJIOTUH OUOJIOTHYECKOTOo (haKyibTeTa
MI'Y um. M.B. JlomoHOCOBa.

Omnbra BrnagncnaBoBHa CtenaHoBa — KaHIUIAT OMOIOTHYECKIX HAyK, PyKOBOIUTEINb JIAOOpaTOPHUH KJIETOYHON TEPANNH 1 PEreHepaTHBHON
MEIUIKHBI OTAea GyHIaMEeHTaIbHOH U npukiIaaHoi Heripoononorun HMULL ncuxuarpun u Hapkomoruu uM. B.I1. CepOcekoro.

Biiagumup IlaBnoBud YexoHHH — JOKTOP MEAUIIMHCKUX Hayk, npodeccop, akagemuk PAH, pykoBoxurens otnena GpyHaaMeHTaIbHOMH
U npukiaagHoit Heipoobuosornu HMUL ncuxuarpun u Hapkonoruu uM. B.I1. Cepockoro, 3aBeayromuii kadeapoit MeTUIIMHCKIX
HaHoOunotexHonoruit PHUMY um. H.U. [Tuporosa.
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