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Abstract

Introduction. Aging is characterized by cellular decline driven by hallmark processes
such as loss of proteostasis and mitochondrial dysfunction. These impairments contribute to
toxic protein accumulation, oxidative stress, and tissue degeneration. While transient
expression of reprogramming factors (Oct4, Sox2, K1f4, and c-Myc; OSKM) has been proposed
to reverse age-associated dysfunction, the precise temporal dynamics of rejuvenation remain
unclear.

Aim. The study aims to determine the temporal windows of proteostasis and
mitochondrial function restoration in senescent human fibroblasts during partial OSKM
reprogramming.

Materials and Methods. Senescent human lung fibroblasts were engineered to express
OSKM under doxycycline control. Restoration of proteostasis was assessed using the
Proteasome-Glo™ Cell-Based assay to measure chymotrypsin-like, trypsin-like, and caspase-
like proteasomal activities. Mitochondrial activity was evaluated through measurement of
reactive oxygen species using MitoSOX Red dye and flow cytometry. Data were analyzed by
comparing induced and senescent control cells, with statistical testing to establish significance.

Results. OSKM induction led to a time-dependent restoration of proteostasis. By day 5,
proteasomal activities were significantly elevated in OSKM-induced cells compared to
senescent controls (chymotrypsin-like activity increased from 48,976 to 128,078 RLU; trypsin-
like activity from 12,222 to 42,333 RLU; caspase-like activity from 32,614 to 126,628 RLU).
Mitochondrial rejuvenation occurred later, with ROS levels significantly reduced by day 10,
reaching values comparable to young fibroblasts (p < 0.001). These results highlight distinct
temporal windows for the recovery of proteostasis and mitochondrial function.

Conclusion. Partial reprogramming via transient OSKM expression can effectively
reverse key hallmarks of aging in senescent fibroblasts. Proteostasis is restored within 5 days,
followed by mitochondrial functional recovery at 10 days, suggesting a sequential rejuvenation
process. These findings provide critical temporal insights for optimizing reprogramming-based
interventions and support the development of clinically translatable rejuvenation strategies.

Keywords: proteostasis, mitochondrial dysfunction, aging, reprogramming factors.

Introduction. Aging is a complex, multifactorial biological process characterized by the
gradual decline in cellular and tissue homeostasis, increased vulnerability to stressors, and a
higher incidence of chronic diseases such as neurodegeneration, cardiovascular dysfunction,
metabolic syndromes, and cancer [1, 2]. At the cellular level, aging manifests through a series
of well-established hallmarks, including genomic instability, telomere attrition, epigenetic
alterations, loss of proteostasis, deregulated nutrient sensing, mitochondrial dysfunction,
cellular senescence, and stem cell exhaustion [3]. Among these, loss of proteostasis and
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mitochondrial dysfunction are two interlinked features that critically impair cellular function
and contribute to the decline in tissue resilience observed with age.

Proteostasis, short for protein homeostasis, is the intricate cellular network responsible
for ensuring proper protein folding, trafficking, and degradation [4]. Aging disrupts this
network through a combination of factors: reduced activity of proteasomes and autophagy
pathways, accumulation of misfolded or damaged proteins, and chronic activation of stress
response pathways. These disturbances can lead to the buildup of toxic protein aggregates, such
as amyloid fibrils and lipofuscin, which are common features of aged and diseased tissues.

Mitochondria, the cellular powerhouses, are equally susceptible to age-related
dysfunction. Mitochondrial DNA damage, impaired oxidative phosphorylation, increased
production of reactive oxygen species (ROS), and defective mitophagy all contribute to cellular
energy deficits and redox imbalance [5]. Importantly, mitochondria and proteostasis are
functionally intertwined; misfolded proteins can impair mitochondrial function, while
mitochondrial ROS exacerbate protein damage, creating a vicious cycle of cellular decline.

In recent years, the field of regenerative medicine and gero-science has turned to cellular
reprogramming as a potential intervention for reversing aging phenotypes. The transient
induction of Yamanaka factors (Oct4, Sox2, Klf4, and c-Myc (OSKM)) has shown promise in
restoring youthful cellular characteristics without inducing full pluripotency [6]. This process,
known as partial reprogramming, has been demonstrated to reset epigenetic markers, restore
mitochondrial integrity, reduce senescence-associated features, and improve overall cellular
function in both in vitro and in vivo models. However, despite these promising outcomes, the
precise dynamics and timing of functional recovery remain poorly defined, and concerns persist
regarding the risks of genomic instability and tumorigenicity associated with genetic
reprogramming.

To address these limitations, recent studies have explored chemical reprogramming
strategies using small molecules that modulate epigenetic regulators, metabolic pathways, and
signaling cascades involved in aging and cellular plasticity [7]. One such compound is valproic
acid (VPA), a well-known histone deacetylase (HDAC) inhibitor, which has demonstrated the
ability to enhance reprogramming efficiency, promote neuronal differentiation, and improve
stem cell engraftment [8]. VPA’s impact on gene expression through chromatin remodeling
positions it as a potential non-genetic tool for modulating aging hallmarks, including
proteostasis and mitochondrial health.

In this study, we set out to dissect the temporal progression of rejuvenation in two
interconnected aging hallmarks, proteostasis and mitochondrial function, following partial
reprogramming via OSKM induction in senescent human lung fibroblasts. By mapping out the
timeline of molecular recovery and identifying optimal windows for intervention, our work
contributes to a deeper understanding of how to harness reprogramming for therapeutic
purposes. These insights may serve as a foundation for the development of precise, time-
sensitive, and clinically translatable rejuvenation strategies that go beyond disease management
and aim to restore cellular vitality at its root.

Materials and Methods.

Timing of rejuvenation of proteostasis activity

We measured restoration of proteostasis in senescent human lung fibroblast cells after
induction of reprogramming factors using a commercial assay kit of proteasome activity
Proteasome-Glo™ Cell-Based from Promega (G1180). The kit measures chymotrypsin-like,
trypsin-like and caspase activity a protease associated with the proteasome complex in cultured
cells. The kit uses peptide substrates Suc-LLV Y-aminoluciferin, Z-LRR-aminoluciferin and Z-
LPnLD-aminoluciferin to measure proteasomal activity. The increase of luminescence intensity
indicates increased proteostasis activity. Two groups of cells were used for the experiment

59



BECTHUK KA3HMY Ne3 (74) — 2025

ISSN 2524 - 0684 e-ISSN 2524 - 0692

fibroblasts. First group, control cells of senescent fibroblasts. The second group, cells in which
reprogramming factors were induced for 5 days.

Timing of rejuvenation of mitochondrial activity

We have assayed mitochondrial function by measuring reactive oxygen species.
To measure reactive oxygen species (ROS), MitoSOX Red dye (cat number: M36008) was
used. MitoSOX Red accumulates predominantly in mitochondria where it is oxidized by
superoxide, a type of reactive oxygen species, and exhibits red fluorescence. Flow cytometry
Attune NxT was used to measure the fluorescence of MitoSOX Red in cells. MitoSOX Red
was excited with a laser of 488 nm wavelength, the degree of fluorescence could be measured
with an emission filter tuned to the 590/40 nm wavelength. After measuring the fluorescence
of samples, the raw data (FSC files) was extracted and the FlowJo program was used to analyse
the raw data. The median fluorescence intensity of cells from different stages of reprogramming
was compared and using a statistical test (two tailed t-test), the degree of significance of the
ROS difference in the cells was reported (Figure 1, 2).

- .@
:\@% ®
. G@Y)*

2. e

o

7 o =
N
\ J’ ‘.ig

.0

=

Introduction of OSKM factors
senescent cells \ J rejuvenated cells

Figure 1. Method for rejuvenation of proteostasis activity
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Figure 2. Method for rejuvenation of mitochondrial activity

Senescent Fibroblast Cultivation and OSKM expression

Primary human lung fibroblasts [9] were engineered to express OSKM after exposure to
doxycycline (dox) [10] were cultured in Dulbecco’s Modified Eagle Medium (DMEM; Gibco)
supplemented with 10% fetal bovine serum (FBS; Thermo Fisher Scientific), 1% penicillin-
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streptomycin (Gibco), and 1% GlutaMAX (Gibco), maintained at 37°C in a humidified
atmosphere with 5% COs.. To induce replicative senescence, fibroblasts were serially passaged
until they reached passage 25-26, at which point they exhibited classical senescence-associated
morphological changes (enlarged and flattened shape), reduced proliferation rate, and increased
senescence-associated B-galactosidase (SA-B-gal) staining. Cells from passage 15 were used as
«youngy controls.

Senescent phenotype was confirmed prior to reprogramming experiments by assessing
cell cycle arrest, SA-B-gal staining (using the Senescence B-Galactosidase Staining Kit, Cell
Signaling Technology), and increased expression of pl16™4 and p21CPVWAFL via Western
blotting. Cells were seeded at a density of 2x10° cells/well in 6-well plates for all downstream
assays, including OSKM induction, proteasome activity measurement, and ROS detection.

Results.

Rejuvenation of Proteostasis Function

We first evaluated the temporal dynamics of proteasomal activity recovery in senescent
fibroblasts following the induction of OSKM reprogramming factors. Using the Proteasome-
Glo™ Cell-Based assay, we measured chymotrypsin-like, trypsin-like, and caspase-like
proteasomal activities at 5 days post-induction. Senescent fibroblasts without OSKM
expression exhibited markedly reduced proteasomal activity compared to negative control
(young) cells. However, cells treated with OSKM showed a substantial and time-dependent
increase in proteasomal function.

By day 5, all three enzymatic activities showed significant elevation compared to
senescent controls: chymotrypsin-like activity increased from 48,976 RLU to 128,078 RLU;
trypsin-like activity rose from 12,222 RLU to 42,333 RLU; and caspase-like activity increased
from 32,614 RLU to 126,628 RLU (Table 1 and Figure 1). These findings indicate that OSKM-
mediated partial reprogramming results in a robust and progressive restoration of proteostasis
within senescent cells.

Table 1. Proteasomal activity in old cells and rejuvenated cells after OSKM expression
(graphical representation in Figure 1).

Samples Chymotrypsin-like | Trypsin-like activity Caspase-like
activity activity
Senescent cells 48,976 12,222 32,614
After 5 days 128,078 42,333 126,628

*Measurement units — Relative Luminescence Units or RLU.

Proteasomal activity, including chymotrypsin-like, trypsin-like, and caspase-like
functions, was evaluated in senescent and young fibroblasts. Proteolytic activity in senescent
fibroblasts was significantly reduced compared to young cells, as demonstrated by the decrease
in chymotrypsin-like protease activity. After the induction of reprogramming factors for 5 days,
senescent fibroblasts exhibited a marked increase in proteasomal activity relative to untreated
controls. The experiment was independently repeated twice, and all samples were measured in
triplicate (Figure 3).
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Figure 3. Rejuvenation of proteasomal activity production in senescent primary
lung fibroblasts after dox-induction

Rejuvenation of Mitochondrial Function

To assess mitochondrial function during the reprogramming time course, we quantified
reactive oxygen species (ROS) levels using MitoSOX Red dye and flow cytometry. In senescent
primary lung fibroblasts (passage 26), ROS production was significantly higher than in young
fibroblasts (passage 15), confirming age-associated mitochondrial dysfunction. Upon induction
of OSKM, ROS levels significantly decreased by day 10, suggesting mitochondrial
rejuvenation. In particular, the ROS levels decreased by 23.9 % compared to baseline senescent
cells, reaching levels statistically indistinguishable from young controls.

Specifically, median fluorescence intensity (MFI) values for MitoSOX Red declined in
OSKM-induced cells by day 10, reaching levels statistically indistinguishable from those in
young controls (p < 0.001, paired t-test; Figure 4). This temporal reduction in ROS indicates
that mitochondrial function begins to normalize approximately 10 days post-OSKM induction,
providing a defined window for further therapeutic interventions aimed at enhancing
mitochondrial recovery.

The y-axis for both graphs indicates the averaged value of median fluorescence intensity
(MFI) after background subtraction. (a) ROS production was significantly higher in old (P26)
primary lung fibroblasts compared to young (P15) cells (n=3). (b) Upon the induction of OSKM
factors the ROS production significantly decreased on the 10" day (n=3). Data are presented as
mean + SD; paired t-test. ***p <0.001.
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Figure 4. Amelioration of reactive oxygen species (ROS) production in senescent
primary lung fibroblasts after dox-induction.

Under our conditions, mitochondrial restoration occurs 10 days after OSKM expression,
establishing a critical temporal marker for reprogramming-induced rejuvenation. To enhance
this process, the selected compounds (listed below) will be administered on day 10 following
reprogramming initiation. This intervention aims to accelerate mitochondrial recovery, restore
cellular function, and ultimately promote longevity.

Discussion. Cellular reprogramming has emerged as a powerful tool for redefining cell
identity, enabling the generation of specific cell types for therapeutic applications [9].
Traditionally, this process has been driven by intrinsic mechanisms, such as exposure to oocyte
cytoplasm or the introduction of transcription factors, which can revert somatic cells to a
pluripotent state [10]. While effective, these approaches often involve genetic modifications,
raising safety, efficiency, and scalability concerns. Alternatively, chemical reprogramming
using small molecules offers a precise, highly controllable, and non-genetic strategy to
manipulate cell fate, presenting a more practical avenue for regenerative medicine [11].

This study demonstrates that partial cellular reprogramming through OSKM induction
can initiate measurable rejuvenation of two key aging hallmarks, proteostasis and mitochondrial
function, in senescent human lung fibroblasts. Importantly, we show that these improvements
follow a distinct temporal sequence: proteasomal activity begins to recover by day 5 post-
induction, while mitochondrial function, indicated by reduced ROS levels, improves by day 10.
These results reinforce the emerging concept that partial reprogramming does not reset cellular
identity indiscriminately but rather activates targeted, time-dependent repair mechanisms that
can be modulated for therapeutic benefit.

The recovery of proteostasis, as evidenced by enhanced proteasomal activity, suggests
reactivation of cellular systems responsible for degrading damaged or misfolded proteins. This
is critical, as the age-related decline in proteasome efficiency is known to promote the
accumulation of toxic aggregates that impair cellular function and increase vulnerability to
neurodegenerative diseases [12]. Our data indicate that partial reprogramming may restore the
balance between protein synthesis and degradation without driving cells into a dedifferentiated
or tumorigenic state. This aligns with previous studies showing that transient OSKM expression
can rejuvenate epigenetic markers and improve stress resistance in aged cells [13-15].

Mitochondrial rejuvenation, observed approximately 10 days post-OSKM induction,
further supports the role of reprogramming in reversing age-associated oxidative stress and
metabolic decline. A reduction in mitochondrial ROS implies not only improved mitochondrial
quality but also potential restoration of mitophagy and biogenesis pathways. Given the critical
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interplay between mitochondria and proteostasis, hereby dysfunctional mitochondria contribute
to protein oxidation, and impaired proteostasis disrupts mitochondrial homeostasis, our findings
highlight a mutually reinforcing loop of rejuvenation that could serve as a core therapeutic
target in age-related disease.

An important consideration is the translational applicability of our findings. While the
present study demonstrates clear rejuvenation of proteostasis and mitochondrial function in
vitro, the extent to which these effects can be reproduced in vivo remains uncertain. In animal
models, transient OSKM expression has been shown to enhance tissue regeneration and extend
lifespan; however, concerns about incomplete reprogramming, tumorigenic risk, and
heterogeneity of cellular responses remain barriers to clinical translation. Moreover, the
controlled induction of reprogramming factors in cultured fibroblasts does not fully recapitulate
the complexity of aged tissues, where multiple cell types interact within a pro-inflammatory
and metabolically stressed microenvironment. For clinical use, strategies that allow precise
temporal control of OSKM or chemical alternatives that mimic their effects will be necessary
to ensure both efficacy and safety. Thus, while our data provide proof-of-principle that
hallmarks of aging can be rejuvenated, considerable work is needed to adapt these interventions
into clinically viable therapies.

The temporal aspect of our findings is particularly relevant for developing clinically
viable rejuvenation strategies. While full reprogramming carries a risk of loss of cell identity
or teratoma formation, transient, time-bound interventions may allow us to selectively
rejuvenate cells without pushing them beyond the point of safety. Our results suggest that even
brief reprogramming pulses can produce sustained physiological benefits, provided they are
applied within an optimized time

Despite these promising outcomes, several limitations should be acknowledged. First, our
model is limited to fibroblasts, and it remains unclear whether the observed timeline of
rejuvenation would generalize across other cell types, particularly those with slower turnover
such as neurons or cardiomyocytes. Second, while we tracked two important hallmarks of
aging, a more comprehensive evaluation, encompassing telomere length, DNA damage,
senescence-associated [-galactosidase activity, and epigenetic age, would provide a fuller
picture of rejuvenation dynamics. Finally, the long-term effects of repeated or cyclic partial
reprogramming and chemical treatment on genomic stability and cancer risk warrant further
investigation.

In summary, our study provides mechanistic and temporal insights into how partial
reprogramming and epigenetic modulation can reverse specific aging hallmarks. The ability to
restore proteostasis and mitochondrial function in a coordinated, time-sensitive manner
suggests a path forward for targeted interventions that promote cellular resilience and delay
functional decline. These findings support the emerging paradigm of rejuvenation medicine,
where aging is no longer viewed as an unmodifiable fate, but rather as a dynamic process
amenable to intervention and control.

Limitations of the Study. Despite the promising findings, several limitations should be
considered when interpreting our results. First, the induction of OSKM factors, even when
transient, may trigger unintended side effects. Previous studies have reported that partial
reprogramming can alter cellular proliferation rates, induce aberrant gene expression, and in
some cases, predispose cells to epigenetic instability or loss of lineage identity. Although we
observed no overt signs of dedifferentiation under our experimental conditions, the possibility
of subtle genomic or epigenomic perturbations cannot be excluded. These risks underscore the
importance of optimizing induction protocols to strike a balance between rejuvenation benefits
and safety concerns.
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Second, the scope of measured endpoints in this study was restricted to proteasomal
activity and mitochondrial function as assessed by ROS production. While these markers are
representative of two key hallmarks of aging, they do not fully capture the complexity of the
rejuvenation process. Critical parameters such as telomere length, DNA damage, chromatin
accessibility, and global transcriptomic changes were not evaluated. Likewise, functional
endpoints, including long-term proliferative capacity or differentiation potential, remain
unexplored. Future studies will need to integrate these additional markers to provide a more
comprehensive understanding of rejuvenation dynamics and associated risks.

Finally, our experimental design was limited to human lung fibroblasts. The extent to
which the observed timeline of rejuvenation applies to other primary human cell types,
especially post-mitotic cells such as neurons or cardiomyocytes, remains uncertain.

Conclusion. Loss of proteostasis activity is a primary hallmark of aging [3]. Past research
has shown that OSKM-driven age reprogramming rejuvenates proteostasis loss in old/senescent
wild-type mouse and human fibroblasts [16, 17], but the exact time of rejuvenation has not been
measured. The loss of mitochondrial function is a secondary hallmark of aging [18, 19]. This
study provides compelling evidence that transient expression of reprogramming factors
(OSKM) can effectively reverse age-associated deterioration in proteostasis and mitochondrial
function. Notably, proteasomal activity is significantly restored within 5 days, and
mitochondrial rejuvenation occurs by day 10. These findings underscore the importance of
defining temporal parameters in reprogramming-based interventions. In addition, integration
of chemical approaches [15] with partial reprogramming protocols may offer a scalable, safer,
and more clinically viable path toward therapeutic rejuvenation.
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KAPTAIO BEJIT'IVIEPIH TIPOTEOCTA3 BEH MUTOXOHIPUAJIBIK
BEJICEHAIVIIKTI MOAYJALUAJIAY APKbBLJIbBI /KACAPTY

H. BEPJIUTI'AJIMEB, I1.b. CUHI'X

Buonorusinbik FeIBIMAap Kadeapacel, Menuiaa mexrebi, HazapbaeB YHuBepcureri,
Actana, Kazakcran

Tyiiingeme

Kipicne. Kaprato mporeocta3iblH 0y3bUTyBI )KOHE MUTOXOHIPHUS TUCHYHKIHUSACH CUSKTHI
HEri3ri yAepicTepleH TYBIHOAWUTBIH JKAacylIajblK HamapjayMeH cunarranaabl. byn
Oy3bUIBICTAp YBITTHI AKYBI3NAPAbIH JKWHAIYbIHA, TOTBIFY CTpPECCIHE JKOHE TIHACPAIH
JereHepanusicbiHa bIKIai erel. PermporpamMManay ¢akTopiaapblHBIH yaKbITIIA SKCIIPECCUSICHI
(Oct4, Sox2, Klf4 xone c-Myc; OSKM) sxacka OaifaHbICTBl JUC(HYHKIUSHBI KOKO YIIiH
YCBHIHBUIFAHBIMEH, Kacapy YACPICiHIH HAKThl YaKbITTHIK TMHAMHUKACHI 9J11 aHBIK eMec.

Makcatbl. 3eprrey OSKM apkpuibl imriHapa penporpaMManay Ke3iHe aJaMHBIH
ceHecIeHTTI ¢pubpobIacTTapbIHAa MPOTEOCTa3 OCH MUTOXOHIPHUSIIBIK (DYHKITUSHBIH KaJIITbIHA
KeyiHIH YaKbITTHIK ICKTEPiH aHBIKTayFa OaFbITTAIFaH.

Marepuangap MeH Jaicrep. AaMHBIH KapTarojarbl eokmne (udpobaacTTapsl
JOKCULMKIMHHIH ~ OakputaypiMeH OSKM  oskcrnpeccuschl  YIIiH — MOJIU(UKAIUSIIAH/bL.
[Iporeocraznpiy KainmbeiHa KenyiH Proteasome-Glo™ sjkacymianblK TajaaayblH KOJIIAHBII,
XUMOTPHUIICHHTIPI3/l, TPUIICHHTOPI3A1 KOHE Kacmas3aTopi3/li MPOTEACOMIBIK OeICeHIUTIKTI
eyey apkpuibl Oaramanbl. Mutoxouapus Oencenainiri MitoSOX Red OOSFBINIBIH KoHE
arbIMJIBIK IIUTOMETPUSIHBI KOJIJIaHA OTBIPBIN OCNICeHAl OTTEri TYpJepiH OJIIey apKbUIbI
anbIkTanapl. Jlepektep OSKM uHAyKIMsIaHFaH J)KOHE KapTaroaarbl 0aKkpliay sKacyliaapbliH
CQJIBICTBIPY apKbLIbI, MAHBI3IBUIBIFBIH AHBIKTAY YVIIH CTATUCTUKAIBIK OHICYMEH TaJIaHIbl.
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Horuxenep. OSKM wHIYKIIHSCH TPOTEOCTA3/IbIH YaKbITKA TOYEIIl KAIMbIHA KEITylHe
okenmi. S-mi kyHre Kapaii OSKM-uHayKIusIanFaH jkacylianapa nporeacoma OenceHaiir
KapTatofarbl ~ Oakplgay — JKacyllalapblMEH  CallbICThIpFaHAa  alTapibIKTall  apTThl
(xumotpunicuHTapizai: 48 976-nan 128 078 RLU-ra geifin; TpuncuuTopizmi: 12 222-nen 42
333 RLU-ra neiiin; kacnazaropizmi: 32 614-ten 126 628 RLU-ra geitin). MUTOXOHIPHUSHBIH
xKacapysl KeiiHipek Oaiikan b1, OesiceH 11 OTTer1 TypiepiHiH AeHrei 10-11bl KyHi alTapibIKTail
TeMeH/Ien, xKac pudbpodmactrapaarsl MoHaepre coiikec 6omabl (p < 0,001). byn motmxkenep
npoTteocta3 OeH MHTOXOHIpHUS (DYHKIMACHIHBIH KalINblHA KETyIHJEri OopTYpJi YakbIT
apajbIKTapbIH alKbIHAANIbI.

KopsiThinabl. OSKM-HiH yakbITIIIa 3KCIIPECCUSACH apKBLIBI 11IiHApa pernporpammanay
KapTraroaarel puOpoOIacTTapaa KapTaroablH HETI3T1 Oenruiepin THIMII TypAe Kepi KaWTapa
amanel. [Iporeocras 5 kyH imriHAe KaumbiHa Keneni, an 10 KyHHEH KeWiH MUTOXOHIPHS
(GyHKIMOHAABIFRI KaliTa KAJITIbIHA KeJe/1, Oy skacapy yAepiciHig Oipi3auiria kepcereni. by
HOTIDKETIEp perporpamMmaliayra HETi3IeNTeH apajiacyfiap/bl OHTAMIaHIBIPY YIIiH MaHBI3/IbI
YaKbITTBIK aKmapar Oepeial M oHe KIMHUKAJBIK KOJJAHBICTAFbl KacapTy CTpaTerusuiapbiH
93ipiieyre bIKMaI eTe/l.

Tyitinai ce3mep: mnpoTeocTa3, MUTOXOHIPHUSIIBIK IUCPYHKIMSA, KapTaro, KanTa
Oarmapnamanay (akTopiapsl.

OMOJIA’KUBAHUE ITPU3HAKOB CTAPEHMSI IYTEM MOAYJISIHAU
IMPOTEOCTA3A U MUTOXOHAPUAJIBHON AKTUBHOCTH

H. BEPJIUT'AJIMEB, I1.b. CUHI'X

Kadenpa 6monornueckux Hayk, [llkonma memunuubl, HazapbaeB YHuBepcuret, AcraHa,
Kazaxcran

AHHOTANUA

BBenenne. CtapeHue XxapakTepu3yeTcsl KIETOUHbIM yXyAIIEHHUEM, BRI3BAHHBIM TaKUMU
KJIIOYEBBIMH TPOLIECCAMHU, KaK HApYLICHHE MPOTEOCcTa3a U NUCHYHKUIUS MUTOXOHAPHU. DTH
HapyLIEeHUsI CIOCOOCTBYIOT HAKOIJICHHIO TOKCHUYHBIX OEJIKOB, OKHCIHUTEIBHOMY CTpeccy U
JereHepanyy TkaHeil. XoTa BpeMeHHas 3Kcrpeccust pakTopoB penporpammuponanus (Oct4,
Sox2, KlIf4 u ¢c- Myc; OSKM) Obuta npenioskeHa it yCTpaHEeHUs BO3PAaCTHOW AUCHYHKIINH,
TOYHAsl BpEMEHHAsI TUHAMUKA OMOJIOKEHUS OCTAETCS HESICHOM.

Heasn. MccnenoBanue HanpaBlieHO Ha OIpe/ieJIeHHEe BPEMEHHbBIX PAMOK BOCCTAHOBJICHHS
IPOTEOCTa3a U MUTOXOHIPHAIBLHON (DYHKIIMHM B CEHECLIEHTHBIX (uOpobIacTax yenoBeka npu
YaCTUYHOM pernporpammupoBanun OSKM.

Marepuansl u Metoabl. Crapetonie ¢(uOpoOmacTel JETKUX dYeIoBeKa ObUIH
MoaudupoBansl 1 skcnpeccun OSKM moa KOHTposieM TOKCHIMKINHA. BoccTaHOBICHME
IPOTEOCTa3a OIICHUBAIM C TIOMOIIBIO KJIeTOUHOro aHanu3a Proteasome-Glo™ mis uamepenus
XUMOTPHUIICHHOIIOJOOHON,  TPUIICHHONIOAOOHOM W Kacma3omoJ00HOW  MPOTEaCOMHOM
AKTUBHOCTH. AKTHBHOCTb MHUTOXOHJPHI OLEHHBAJIM MYTEM H3MEPEHUS AKTUBHBIX (Popm
KHcJopoac ucrnoib3oBanueM kpacutenss MitoSOX Red u mpotounoit muromerpuu. [{anHbie
AQHAIN3UPOBAIM IYTEM CPABHEHMSI MHIYLMPOBAHHBIX M CTapEIOLIMX KOHTPOJBHBIX KIIETOK C
UCIIOJIb30BaHUEM CTATUCTUYECKOM 00pabOTKU /Uil yCTAHOBJICHHS 3HAUUMOCTH.

Pesyabrarsl. Unnykuns OSKM npusena k 3aBUCSIIEMY OT BpEMEHH BOCCTaHOBIIEHUIO
nporeoctaza. K 5-My /JHIO aKTHBHOCTH MTPOTEAcOM ObLIAa 3HAYUTENIHHO MOBBIIICHA B KJIETKAX,
uHAynupoBaHHbix OSKM, 1o cpaBHEHMIO CO CTapelOIMMU KOHTPOJIBHBIMU KJIIETKAMU
(xumoTpuncuHonoio0HsIe: 0T 48 976 mo 128 078 RLU; Tpuncunonono6nsie: ot 12 222 no 42
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333 RLU; kacmazonono6nsie: ot 32 614 mo 126 628 RLU). OmomnoxeHre MUTOXOHIPHMA
MIPOUCXOIIIIO MO3XKE: YPOBHU aKTHBHBIX (DOPM KHCIOPOJa 3HAUUTEIHHO CHIKAIHUCH K 10-My
JTHIO, JIOCTUTasl 3HAYEHWU, COMOCTaBUMBIX C MoJoabIMu (Guopodmactamu (p<0,001). Otn
pe3yNbTaThl TOMYCPKUBAIOT pPA3IMYHBIE BPEMEHHBIE HMHTEPBAIbl ISl BOCCTAHOBJICHHUS
npoTeocTasza u GyHKIUU MUTOXOHIPUH.

3akaodenue. YacTHuHOE pENpPOrpaMMHUPOBAHUE TOCPEICTBOM  TPAH3UEHTHOMN
skcrpeccurn OSKM MoxeT 3¢ (heKTHBHO 00paTUTh BCIISITH KIIFOUEBBIE TPU3HAKK CTAPCHUS B
craperomux ¢pudpobnactax. [Iporeocras BoccTaHaBIUBaeTCs B TEUCHHE 5 THEH, a 3aTeM, yepes
10 mHel, BoccTaHaBiIMBaeTCAd (PYHKIIMOHATBHOCTH MHTOXOHAPWNA, YTO CBHJETEIHCTBYET O
MOCIIEOBATEIPHOM IPOILIECCE OMOJIOKEHHUS. OTH PE3yJbTaThl MPEIOCTABISIOT BAKHYIO
BpEeMEHHYI0 HH(pOpManuio Uil  ONTUMHU3AlMU  BMEIIATENbCTB, OCHOBAHHBIX  Ha
penporpaMMUpPOBAaHUN, M CIIOCOOCTBYIOT pa3paboTKe KIMHHUYECKH MPUMEHUMBIX CTpPaTerHid
OMOJIOKEHUSI.

KiroueBble ¢JIoBa: MPOTEOCTa3; MUTOXOHIPHANIbHAS TUCPYHKITUS; CTapeHue; HaKTOPhI
HepernporpaMMHUPOBAHHUSL.
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