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Abstract

Introduction. Induced pluripotent stem cells (iPSCs) hold promises for disease
modelling and regenerative medicine, but reprogramming efficiency and safety depend on the
method used to deliver Yamanaka factors (OCT4, SOX2, KLF4, c-MYC). Lentiviral vectors
offer high efficiency yet risk insertional mutagenesis, while non-integrating Sendai virus
systems provide transient transgene expression.

Aim. This study aimed to compare these two commonly used delivery strategies by
reprogramming primary human lung fibroblasts using both doxycycline-inducible lentiviral
vectors and a non-integrating Sendai virus system.

Materials and Methods. Primary human fetal lung fibroblasts (20-21 weeks of
gestation) were isolated via explant culture and reprogrammed using either doxycycline-
inducible lentiviral vectors encoding OKSM factors or a Sendai virus-based kit (CytoTune 2.0).
Emerging iPSC colonies were expanded and characterized by immunofluorescence for
pluripotency markers (SSEA4, OCT4, TRA-1-60) and alkaline phosphatase (ALP) activity.

Results. Both methods generated iPSC colonies with typical morphology (compact
structure, high nucleus-to-cytoplasm ratio). Colony emergence occurred on days 15-20 in both
lentiviral and Sendai virus reprogramming systems. Immunofluorescence confirmed expression
of SSEA4, OCT4, and TRA-1-60 in colonies from both approaches, and ALP staining was
positive.

Conclusion. Primary human fetal lung fibroblasts can be reprogrammed into iPSCs using
both integrating lentiviral and non-integrating Sendai virus systems. Both methods yield stable
1PSC lines with proper characteristics. The choice of method depends on the required balance
between efficiency and genomic safety.

Key words: lung fibroblasts, induced pluripotent stem cells, lentivirus, Sendai virus,
reprogramming.

Introduction. The generation of Induced Pluripotent Stem Cells (iPSCs) represents a
major advancement in regenerative medicine, providing a powerful approach to reprogram
somatic cells into a pluripotent state with the capacity for self-renewal and dedifferentiation [1].
This technology enables not only the study of human development and disease modelling but
also offers opportunities for patient-specific cell therapies and cellular rejuvenation. The
concept of induced pluripotency was first established by Shinya Yamanaka in 2006 through the
introduction of defined transcription factors (OCT4, SOX2, KLF4, and c-MYC), commonly
referred to as Yamanaka factors, into somatic cells [2]. Since this discovery, numerous studies
have explored alternative strategies to improve reprogramming efficiency, safety, and
reproducibility.

Despite these advances, iPSC reprogramming remains a complex and highly variable
process, influenced by multiple factors including the method of factor delivery, cell type, and
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culture conditions [3-5]. Among these variables, the delivery system used to introduce
reprogramming factors is particularly critical, as it directly affects both reprogramming
efficiency and genomic integrity. Most studies have reported viral-based systems remain the
most widely utilized due to their high efficiency. Current approaches broadly fall into two
categories: integrating systems, such as lentiviral vectors, and non-integrating systems,
including Sendai virus-based methods. Each approach presents distinct advantages and
limitations, necessitating careful evaluation of how they affect the quality of iPSCs in terms of
transcriptional signatures, epigenetic status, genomic integrity, stability, differentiation and
tumorigenic potential [3,6-8].

Lentiviral vectors are integrating into genome and have been reported to have high
efficiency among all methods. Due to its integrating feature, it gives a stable expression of
Yamanaka factors. However, genomic integration is associated with several risks, including
insertional mutagenesis, disruption of endogenous gene function following vector integration,
clonal expansion resulting from proto-oncogene activation, and the potential reactivation of
viral transgenes [9]. Also, studies report that this method can generate heterogenous iPSC lines
which obscures the comparative analysis between lines [3,5,10,11].

Sendai virus systems are, on the contrary, non-integrating RNA virus, therefore the
expression of OSKM factors is transient [12]. Sendai virus is an RNA virus that replicates in
the cytoplasm and is eventually diluted out during cell division, making it particularly attractive
for applications requiring genomic safety [13-16].

In this study, we aimed to compare these two commonly used delivery strategies by
reprogramming primary human lung fibroblasts using both doxycycline-inducible lentiviral
vectors and a non-integrating Sendai virus system. We further characterized the resulting iPSC
line to assess their morphological and molecular properties, providing insight into the
applicability of these methods for generating pluripotent cells from this specific primary cell
type.

Materials and Methods

Ethical Issues

The protocol of the experimental study was approved by the Institutional Research Ethics
Committee of the Medical School of Nazarbayev University (approval No. 74 — January 25,
2019; IREC No. 100/19112018).

Primary Human Fetal Lung Fibroblast Isolation and Culture

Human fetal lung tissue (male fetus, 20-21 weeks of gestation) was handled under sterile
conditions in a tissue culture hood. Lung tissue was dissected using sterile scalpels and forceps
and transferred to a sterile 10 cm Petri dish. The tissue was washed three times with Ham’s F10
medium supplemented with 100 U/mL penicillin and 100 pg/mL streptomycin. The lung tissue
was cut into approximately 1 cm3 (~1 g) explants and transferred to a fresh sterile Petri dish,
followed by three additional washes with the same antibiotic-containing medium. The tissue
was then finely minced into >20 small fragments using sterile scalpel blades. Tissue fragments
were evenly distributed into 25 cm? tissue culture flasks using a sterile Pasteur pipette. Excess
medium was carefully removed to allow the explants to adhere to the culture surface. Flasks
were then inverted, and a growth medium consisting of Ham’s F10 supplemented with 15%
fetal bovine serum (FBS), 100 U/mL penicillin, and 100 pg/mL streptomycin was added. Flasks
were maintained in an inverted position for at least 1 hour at room temperature (~20°C) to
facilitate tissue attachment, ensuring that sufficient medium was present to prevent desiccation
of the explants. Following attachment, flasks were carefully returned to an upright position,
allowing the medium to cover the tissue fragments, and incubated at 37°C in a humidified
atmosphere containing 5% CO.. Cells migrating from the explants were cultured under these
conditions, and primary cultures were designated as passage 0. Upon reaching ~80%
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confluence, cells were passaged at a 1:4 ratio using 0.25% trypsin (without EDTA) with
minimal mechanical disruption. Culture medium (Ham’s F10 supplemented with 15% FBS and
antibiotics) was freshly prepared prior to use [17, 18].

Induced Pluripotent Stem Cell generation via lentiviral reprogramming and
characterization

Primary human lung fibroblasts were expanded up to passage 4 prior to reprogramming.
Cells were plated onto gelatin-coated culture vessels with a density of 0.5mlin cells per 1 well
of 6-well-plate and transduced with doxycycline-inducible lentiviral vectors encoding OKSM
factors along with the TetR transactivator. The MOI was 3 and the virus titer was 50 CIU/ul.
Vector constructs were obtained from Addgene as described by Gill.et.al [19]. A doxycycline-
inducible reprogramming vector was created by inserting a GFP-IRES sequence into the FUW-
tetO-hOKMS backbone (Addgene 51543) downstream of the tetracycline response element.
This vector was used alongside FUW-M2rtTA (Addgene 20342). To produce viral particles,
HEK293T cells were transfected with two packaging plasmids — pMD2.G (Addgene 12259)
and psPAX2 (Addgene 12260), together with either FUW-tetO-GFP-hOKMS or FUW-
M2rtTA. Integration of the virus cassette was assessed by expression of GFP upon Tet-
activation by doxycycline. After 24 h, 2ug/ml doxycycline was added to the culture medium to
induce transgene expression and initiate reprogramming. Cells were maintained in DMEM/F12
supplemented with 10% fetal bovine serum (FBS), 1% penicillin—streptomycin, non-essential
amino acids (NEAA), GlutaMAX, 20 ng/mL basic fibroblast growth factor (bFGF), and 50 uM
B-mercaptoethanol. On day 7 of reprogramming, cells were dissociated with Accutase and
replated onto Matrigel-coated 6-well plates. After 24 h, the medium was replaced with
mTeSR1, and cells were subsequently maintained in mTeSR1 with daily medium changes. By
day 15-19, around 10 induced pluripotent stem cell (iPSC) colonies were observed. Individual
colonies were manually picked and transferred to Matrigel-coated 24-well plates in mTeSR1
supplemented with 10 phM ROCK inhibitor. Total duration of doxycycline induction was 29
days. Assessment of silencing of exogenous transgenes was done by evaluation of GFP
expression. A colony that has lost the exogenous expression of lentiviral GFP was counted as
a successfully reprogrammed IPS. This one colony was further selected and expanded until
stable iPSC line was established. Pluripotency of established iPSC line was validated by
immunofluorescence staining and alkaline phosphatase activity assays. Primary antibodies used
for immunofluorescence included SSEA4-eFluor 660 (1:250, Invitrogen), OCT4 (1:250, Santa
Cruz Biotechnology), and TRA-1-60 (1:200, Abcam). Alkaline phosphatase activity was
assessed using the Vector Red Substrate Kit (SK-5100) according to the manufacturer’s
instructions. Stability of the expanded colony was checked by stable long-term passaging up
to 12 times with consistent IPS morphology.

Sendai Virus—Mediated Reprogramming of Lung Fibroblasts

Primary human lung fibroblasts were expanded to approximately 50-60% confluence
before reprogramming. Cells were seeded onto gelatin-coated culture vessels one day prior to
transduction to ensure optimal cell density at the time of infection which was 0.5min cells per
one well of a 6-well-plate. Reprogramming was performed using the CytoTune™-iPS 2.0
Sendai Reprogramming Kit (catalog number: A16517) according to the manufacturer’s
recommendations. Briefly, fibroblasts were transduced with Sendai viral vectors encoding
OCT4, SOX2, KLF4, and c-MYC at the recommended multiplicity of infection (MOI) for each
vector component which was 5:5:3 (KOS: cMyc:KLF4). Viral particles were added directly to
the culture medium, and cells were incubated overnight under standard culture conditions.
Following transduction, the medium was replaced with fresh fibroblast growth medium, and
cells were maintained for 5-7 days with regular medium changes every other day. During this
period, cells were monitored for morphological changes associated with early reprogramming.
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On day 7 post-transduction, cells were dissociated and replated onto Matrigel-coated plates at
an appropriate density. After 24 h, the medium was transitioned to mTeSR1 medium, which
was subsequently refreshed daily. 30 emerging iPSC colonies with human embryonic stem cell—
like morphology were observed between days 14-21 post-transduction. 14 individual colonies
were manually picked and transferred to Matrigel-coated plates in mTeSR1 supplemented with
10 uM ROCK inhibitor to promote survival. 1 colony was expanded under standard pluripotent
stem cell culture conditions until stable iPSC lines were established. Pluripotency of established
IPSC lines was validated by immunofluorescence staining and alkaline phosphatase activity
assays. Primary antibodies used for immunofluorescence included SSEA4-eFluor 660 (1:250,
Invitrogen), OCT4 (1:250, Santa Cruz Biotechnology), and TRA-1-60 (1:200, Abcam).
Alkaline phosphatase activity was assessed using the Vector Red Substrate Kit (SK-5100)
according to the manufacturer’s instructions. Sendai virus clearance was confirmed by
performing thermal inactivation at 38C for one week as described by the manual.

Statistical Analysis

Reprogramming efficiency was determined by the following formula:

) o # Emerging colonies
Reprogramming E f ficiency = - x 100
# somatic cell seeded

1)

For lentiviral reprogramming system, 10 emerged colony from 0.5mln cells accounted
for 0.002% reprogramming efficiency of lentiviral system. For Sendai Virus-Mediated
reprogramming, reprogramming efficiency was 0.06%. The experiments were repeated two
times independent from each other, and there was to variability between the repeats.

Results. Primary lung fibroblasts were successfully isolated using an explant-based
method and expanded to passage 5. Cells exhibited typical fibroblast morphology and were
used for subsequent reprogramming (Figure 1).
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Figure 1. Expar{ded primary Lng Fibroblast cells icuItre, assage 5.

Primary human lung fibroblasts were reprogrammed into induced pluripotent stem cells
using both doxycycline-inducible lentiviral delivery of OKSM factors and a Sendai virus-based
approach. In both systems, morphological changes characteristic of early reprogramming were
observed within the first week, including a transition from elongated fibroblast-like cells to
compact epithelial-like clusters. In lentiviral reprogramming conditions, colonies with human
embryonic stem cell-like morphology emerged between days 16-19 post-induction (Figure 2-
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A), whereas in Sendai virus—mediated reprogramming, colony formation was observed slightly
earlier, between days 15-18 (Figure 3-A). This time difference was regarded as negligible since
it does not show significant difference between the methods. In both cases, colonies displayed
well-defined borders and a high nucleus-to-cytoplasm ratio (Figure 2-B, Figure 3-B). Individual
colonies derived from both reprogramming approaches were manually picked and expanded
under feeder-free conditions, resulting in stable iPSC lines. Immunofluorescence analysis
confirmed robust expression of key pluripotency markers, including OCT4, SSEA4, and TRA-
1-60, in iPSC colonies generated by both methods (Figure 2-D, Figure 3-D). Consistent with
these findings, alkaline phosphatase staining demonstrated enzymatic activity in reprogrammed
colonies, while no staining was detected in parental fibroblasts (Figure 2-C, Figure 3-C).
Collectively, these results demonstrate the possibility of generation of pluripotent stem cells
from primary human lung fibroblasts using both integrating lentiviral and non-integrating
Sendai virus reprogramming approaches, with similar morphological and molecular
characteristics.

LFKZ-lentiOKMS-hIPS

day 19 of reprogramming Phase+(Contrast

TRA-1-60

2

Figure 2. IPS cells derived from lung fibroblasts via lentiviral reprogramming. A) day 19 of
reprogramming, B) morphology of expanded iPSC on passage 12, C) ALP staining, D)
Immunofluorescence staining for pluripotency markers: SSEA4 expression, OCT4
expression, TRA-1-60 expression.
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Figure 3. IPS cells derived from lung fibroblasts via Sendai Viral reprogramming. A) day 16
of reprogramming, B) morphology of expanded iPSC on passage 12, C) ALP staining, D)
Immunofluorescence staining for pluripotency markers: SSEA4 expression, OCT4
expression, TRA-1-60 expression.

Discussion. The generation of iPSC by the introduction of Yamanaka factors has
developed many methods for their delivery. Lentiviral vectors are regarded as the gold standard
in laboratory settings [9, 20]. In our experiments, the lentiviral reprogramming system has
raised iPSC colonies on day 19. This timeframe is consistent with previously reported
reprogramming kinetics for integrating viral systems, where colony formation typically occurs
between days 15 and 25 post-transduction [21]. The observed timing suggests efficient delivery
and sustained expression of reprogramming factors, which are critical for the successful
induction of pluripotency. Furthermore, the ability to generate colonies within this timeframe
indicates that primary human lung fibroblasts are amenable to lentiviral-mediated
reprogramming, despite known variability associated with primary cell sources. Pluripotency
of the obtained iPSC lines were also validated with the expression of SSEA4, OCT4, and TRA-
1-60 markers and positive Alkaline Phosphatase activity [22].

The Sendai virus-based system resulted in the emergence of iPSC-like colonies
approximately on day 16 post-transduction. This onset of colony formation in the Sendai system
may be attributed to its non-integrating nature and efficient cytoplasmic replication, which
enables rapid expression of reprogramming factors without the need for genomic integration.
In contrast, lentiviral systems rely on integration into the host genome, which may introduce a
delay in the establishment of stable transgene expression. These findings are consistent with
previous reports indicating that non-integrating viral systems can facilitate more rapid induction
of pluripotency while avoiding risks associated with genomic integration [23]. However, further
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quantitative analysis would be required to determine whether these differences in kinetics also
translate into variations in overall reprogramming efficiency.

Fetal fibroblasts are mitotically active, have longer telomeres, and carry fewer age-
associated epigenetic marks compared to adult or postnatal fibroblasts. This is relevant because
residual DNA methylation and histone modification patterns from donor cells can restrict full
reprogramming and impair lineage-specific differentiation, a burden that is substantially
reduced in fetal-origin cells [24].

Despite the generation of IPSCs from lentiviral and sendai-virus mediated systems and
validation of obtained colonies quality, the study has several limitations. The donor samples
which are primary fibroblasts were obtained from single fetal lung specimen, therefore the
results cannot be extrapolated to a broader population of fetal lung fibroblasts. Another
limitation and an important direction for future work is the differentiation potential of
established IPSCs. Within the scope of the present study, pluripotency and genomic stability
were assessed through morphological analysis, and immunostaining for standard pluripotency
markers, which collectively provided sufficient evidence for the pluripotent state of the
generated colonies. Nevertheless, definitive confirmation of iPSC quality requires
demonstration of trilineage differentiation potential — that is, the capacity to generate cells
representative of all three embryonic germ layers (endoderm, mesoderm, and ectoderm). This
constitutes a critical next step and will be the focus of subsequent investigations.

Conclusion. Our data provides several conclusions. First, primary lung fibroblasts can be
reprogrammed into iPSC lines using the OSKM transcription factors. These iPSCs expressed
pluripotency markers and ALP activity. Second, both approaches resulted in the formation of
colonies exhibiting characteristic iPSC-like morphology, confirming the effectiveness of these
methods in this cell type. These findings highlight the impact of delivery strategy on the

dynamics of reprogramming while supporting both integrating and non-integrating systems.
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AJIAM YPbIF'bIHbIH OKIIE ®PUBPOBJTACTTAPBIH IEHTUBUPY CTBIK
’KOHE CEHJIAYU BUPYC )KYUEJIEPI APKBL/IbI ILTIOPHIIOTEHIUSATA
JAEUIH KAUTA BAT JAPJTAMAJIAY

HI.H¥PXAH, I.9XIBEK
Hazap6aeB YHuBepcureri, Acrana, Kazakcran

Tyiiingeme

Kipicne. Muayknusuianran IDTIOpUNIOTEHTTI JiH kacymanapsl (iPSCs) aypymapnsr
MOJZICTIBJICY JKOHE pEreHepaTuBTI MEIWIIMHA VIIIH YJIKEH MYMKIHIIKTEp Oeperi, anaija
penporpammaliay THIMAUIIT MeH Kayirncizairi Simanaka ¢axropnapsin (OCT4, SOX2, KLF4,
c-MYC) >keTKi3y YIIiH KOJIIAaHBUIATBIH OJIICKEe OailIaHbICThl. JICHTUBUPYCTHIK BEKTOpPJIAP
JKOFapbl TUIMIUTIKTI KaMTaMachl3 eTefli, OipaKk MHCEePUMSIIBIK MyTareHe3 KayIliH TYIbIPYBI
MYMKIH, a1 uHTerpauusuiaHOaiTein CeHpail BUpYyChl KyHenepi TpaHCIeHJEp/iH YakbITIIA
AKCTIPECCHSICHIH KAMTaMachI3 eTe/Ii.

Makcarbl. byn 3eprreyniH Makcathl OacTankbl anaMm  ekme (ubOpobmactapbiH
JOKCUIMKJIMH-MHIYKIIUSJIaHATBIH JICHTUBUPYCTHIK BEKTOPJIAP JKOHE WHTETPAlUsUIIaHOAWTHIH
Cenpaii BUpyCHI Kyleci apKbUIbl pernporpammalay Heri3iHjae €Ki KeHIHEH KOJJAaHbLIaThIH
KETKi3y €Ki CTPaTerusiChlH CaJbICTHIPY.

Marepunangap MeH odaicrep. bactankbl agaMm ypbIFbIHBIH ©Kie (ubpolnacTTapsl
(kykrimikTig 20-21 anTachl) SKCINIAHTTHIK KYJIBTYypa 9JiCi apKbLIbl OOIIHIN aJBIHIBI KOHE
OKSM  ¢dakropnapblH  KOATAHTBIH  JAOKCHULMKINH-UHAYKLIUSUIAHATBIH  JICHTUBUPYCTBIK
BekTopiap Hemece Cenmaili BupychiHa HerizgenreH kmHaK (CytoTune 2.0) kemerimeH
penporpammananasl. Ilaiima Oomran iPSC  konoHusmapbl KEHEUTUTIN ecipiial  KoHE
TUTFOPUTTOTEHTTLTIK MapKepIepiHe (SSEAA4, OCT4, TRA-1-60) apHaJiFaH
UMMYHO(]IyopecueHIus )kaHe cuITuTiK pocdaraza (ALP) 6Gencennimniri GoHbIHIIA CUTTATTAIbI.

Horm:kenep. Exi omic Te tuntik Mopdonoruscel 06ap 1PSC  konoHusmapbiH
KaJIBIITACTBIP/BL: BIKIIAM KYPBUIBIM KOHE SIIPO-IIUTOIIIa3MaIIbIK KAThIHACTBIH KOFaphl OOTYHI.
KononusnapaeiH maiina Oonybl  JEHTUBHPYCTHIK JkoHe CeHmail BHPYCHl  apKbUIbI
penporpammanay okyienepinae 15-20-xkynuepi Oaiikangel. MmmyHodmyopeceHuus exi
TocuiMeH anblHFaH konoHusiapna SSEA4, OCT4 xxone TRA-1-60 skcnipeccusicblH pactajsl,
conpaii-ak ALP 0osybl OH HOTH)XKE KOPCETTI.

KopsIThiHAbL. bacTanker agaM ypeIFbIHBIH oKIie pruOpob1acTapblH HHTETpAUsUIaHATBIH
JICHTUBUPYCTHIK JKOHE MHTerpauusianoaiTeiH CeHaail BUPYCHI KYyHenepiH KolJlaHy apKbUIbI
1PSC-ke kaiiTa nmporpammanayra 6omaasl. Exi ofic Te TMicTi cunartamanapsl 6ap Typaktsl iPSC
JKENIJIEpIH anyFa MYMKIHAIK Oepemi. OIICTI TaHay THIMAUIK MEeH TeHOMIBIK KayilcCi3IiK
apachIH/Iarbl KAYKETT1 TEHrepiMre OailIaHbICThI.

Tyiiinai ce3aep: exme ¢uOpobIacTTapbl, WHAYKLIUSUIAHFAH IUTIOPUIOTEHTTI JIiH
xKacymanapsl, JeHTuBupyc, CeHniaili BUPyChl, KaiiTa porpamMmmaray.
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IHHEPEITPOT'PAMMHPOBAHUE ®UBPOBJIACTOB JIEI'KUX IIVIOJA
YEJOBEKA J1O ILTIOPHIIOTEHTHOCTH C IIOMOIIBIO
JJEHTUBUPYCHOHU U CEHIAUCKOU BUPYCHOU CUCTEM

. HYPXAH, JI. AJKIBEK
Hazap6aeB ynuBepcutet, Actana, Kazaxcran

AHHOTANUA

Benenne. HaypoBaHHbIe IUTIOPUTIOTEHTHBIE cTBOJIOBBIE KieTkH (MI[ICK) obnanatot
3HAQUUTENbHBIM IOTEHIMAJIOM [UIl MOJEIUPOBaHUS 3a00J€BaHUN U pereHepaTuBHOU
MEIUIUHBI, ONHAKO 3(P(PEKTUBHOCTh MW 0OE30MACHOCTh PEMPOTrPAMMHUPOBAHHS 3aBHCAT OT
METO/1a, UCIOJIb3yeMOoTo Juist jocTtaBku (akropoB Amanaku (OCT4, SOX2, KLF4, c-MYC).
JIeHTUBUPYCHBIE BEKTOpPHI OOECHEUMBAIOT BBICOKYIO A(PPEKTHBHOCTH, OIHAKO HECYT PHUCK
MHCEPIMOHHOIO MyTareHesa, TOrJa KaK HEMHTErpHUpYIOLIME CUCTEMbl Ha OCHOBE BHpYycCa
Cenpaii 00eCieYrBalOT TPAH3UTOPHYIO SKCIIPECCUIO TPAHCTEHOB.

Heasb. Llenpro naHHOrO HCCieAOBaHMS OBUIO CPaBHMUTH JIBE IIUPOKO HCIIOJIb3YyEeMble
CTpaTerH JOCTaBKM IyTEM pENpOrpaMMHUpPOBAHMS TEPBUYHBIX (GHOPOOIACTOB JIETKUX
4eJI0BEKa C MCIIOJIb30BAHUEM KaK JOKCHLMKINH-UHIYLUPYEMBIX JIEHTUBUPYCHBIX BEKTOPOB,
TaK ¥ HEMHTETPHUPYIOICH CUCTEMBI Ha OCHOBE Bupyca CeHpail.

Marepuanabl u Metoabl. [leppuunsie GuOpobdaacTel AErKUX TUIoAa yeiaoBeka (20-21
HeJeNs recTaluu) ObIIH BBIICTICHBI METOJIOM SKCIIAHTHOW KYJIBTYPBI U PEPOTPaMMUPOBAHBI
C HCIOJIb30BaHMEM JIMOO  JOKCULMKIMH-UHIYLUPYEMbIX JIEHTUBUPYCHBIX BEKTOPOB,
konupyrommx ¢akroper OKSM, nmu6o Habopa Ha ocHoBe Bupyca Cenpmaii (CytoTune 2.0).
®opmupytomuecs koaoHuu MIICK ObuM SKCHAHIUPOBAHBI M OXapaKTEPU30BaHbI METOIOM
uMMyHo(dTyopecueHun Ha Mapkepsl mmopunoreHTHOCTH (SSEA4, OCT4, TRA-1-60), a
TaKXe [0 aKTUBHOCTH I1esiouHo docdarassl (ALP).

Pesyabrarbl. O06a mertoma obecneumnu nonydeHue kojgoHuid ulICK ¢ Tunmunoi
Mopdosorueld (KOMHakTHas CTPYKTypa, BBICOKOE COOTHOILEHHE sapa K IUTOIUIa3Me).
[losiBnienne koyoHUM HaOmomamoch Ha 15-20-e CyTKM Kak B JICHTUBUPYCHOM CHCTEME
penporpaMMHpOBaHUs, TaK U B cUCTeMe Ha ocHOBe BUpyca CeHnail. UMmyHodmyopecieHuus
nonreBepamia skcrapeccuio SSEA4, OCT4 u TRA-1-60 B kKoJIOHUSX, TMOTYYEHHBIX O00OMMH
MOAX0/1aMHU, a oKpamirBaHue Ha ALP Ob10 MOIOKUTETbHBIM.

3akiouenne. [lepBuunbie QuOpoOOIACTHI JIETKUX IIJI0JIa YEJIOBEKA MOTYT OBITh
penporpammupoBanbl B UIICK ¢ ncnosiabp3oBaHueM Kak HHTETPUPYIOUINX JIGHTUBUPYCHBIX, TaK
Y HEMHTETPUPYIOLUX CUCTEM Ha ocHOBe Bupyca Cenpaail. Oba MeToa MO3BOJIAIOT MOTyYaTh
crabunbHble auHUU UIICK ¢ HagnexxamuMu Xxapakrepuctukamu. Beibop merona 3aBUCHUT OT
Heo0XouMoro 6anaHca Mex1y 3p(EeKTHBHOCTBIO U TEHOMHOM 0€30M1acHOCTHIO.

KaroueBbie ciaoBa: (uOpobracTel JErKUMX, HHIYLHUPOBAHHbIE IUIIOPUIIOTEHTHBIE
CTBOJIOBBIC KJIETKH, JICHTHBHUPYC, BUpyc CeHpail, penporpaMMHpoBaHHE.

@)sr o1
© The Author(s), 2026. Licensed under CC BY 4.0



