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Stemness and cellular senescence (CS) are fundamental and apparently opposite manifestations of cell plas-
ticity. In the last years, evidence has been obtained indicating that pluripotency induced by Yamanaka’s
factors (OSKM) could promote CS, and vice versa. Whether the induction of cell reprogramming by defined
small molecules (SMs) is also accompanied by acceleration of CS has not as yet been addressed. Side pop-
ulation (SP) stem cells have been found in all cell cultures and tissues examined thus far. The very existence
of SP provides a natural model for investigating the links between CS and stem cells. However, the relation-
ships between SP and CS, in particular the changes in SP abundance during the course of CS, have not yet
been established. Here, we used primary cultures of human pulmonary fibroblasts (HPFs) to explore these
relationships. Themajorfindingsof this studyare: (a) biphasic changes inSPabundanceduring thecourseof
CS, with a prominent increase in SP in pre-senescent HPF cultures followed by a dramatic decrease in the
senescent stage; (b) SMs for cell reprogramming induce the accumulationof both SP stemcells and senescent
cells, thus reminding the effects of Yamanaka’s factors; (c) modifying CS bymesenchymal stem cell-derived
extracellular vesicles coincided well with the dynamics of SP during the course of CS in HPF cultures and
further strengthened the quantitative relationships between senescent and stem cells.

Introduction

Stemness and cellular senescence (CS) are fundamental and
apparently opposite manifestations of cell plasticity. Recently,
the evidence for the links between induced pluripotency and
CS has been demonstrated (reviewed by ref.1). An unexpected
finding was that the induction of pluripotency by defined
Yamanaka’s factors (OSKM: Oct4, Sox2, Klf4, and c-Myc) was
accompanied by a massive accumulation of senescent cells, both
in vitro and in vivo2,3. In turn, senescent cells supported induction
of pluripotency and increased its efficacy4. In other words, cell
reprogramming by defined factors could promote CS and vice
versa. Moreover, CS was suggested to be an important or even
obligatory component of cell reprogramming2,3,5,6. Yet, whether
these relationships represent a “laboratory phenomenon” or reflect
the fundamental physiological links are poorly investigated.

Side population (SP) cells were initially discovered by Goodell
et al. (1996) as a distinct pool of cells with stem cell markers and
an increased drug resistance7. Afterward, it has been proven that
SP cells are stem cells which were found in each cell culture or tis-
sue examined thus far8–10. The stem cell properties of SP have

widely been recognized by their ability to differentiate into various
cell types and express stem cell markers9,11,12. SP stem cells
represent a very small but functionally meaningful cell pool, being
involved in various physiological and pathological processes
requiring tissue repair and regeneration9,13. Moreover, SP stem
cells were recently included in clinical trials14. In a sense, SP could
be considered a natural model allowing us to explore the interplay
between stemness and CS. However, despite a broad scientific
interest, this model has not yet been applied for studying the puta-
tive links between stem and senescent cells. Fibroblasts are a
classical model for studying CS15. Also, fibroblasts (or, at least,
their distinct subpopulation) are very similar or even indistinguish-
able from mesenchymal stem cells (MSCs) (reviewed by ref.16),
which are considered as the main source of SP cells17. With this
in mind, we used the primary cultures of human fibroblasts to
explore the putative links between stem and senescent cells.

Materials and Methods
Cell culturing and counting

Primary cultures of human pulmonary fibroblasts (HPFs)
(obtained from ScienCell Cat.#3300; Carlsbad, CA, USA) and
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MCF-7 carcinoma (obtained from ATCC Cat.#HTB-22;
Manassas, VA, USA) were grown under standard conditions
(37 °C, 5% CO2) in Dulbecco’s modified Eagles medium
(DMEM) (Cat.#01-055-1A), supplemented with 10% fetal
bovine serum (Cat.#04-121-1A), 1% L-glutamine (Cat.#03-
020-1B), and 1% penicillin/streptomycin (Cat.#03-031-5B).
All products for cell cultures were from Biological Industries,
Beit Haemek, Israel. The cultures were inspected daily under
an inverted phase-contrast microscope (Primo Vert, Zeiss,
Oberkochen, Germany), and cells were passaged 1:2 upon reach-
ing 75%–80% confluence. The number and concentration of via-
ble cells were calculated using the Trypan blue exclusion assay.

The model of replicative CS
CS was achieved by serial passaging. The cells were defined as

pre-senescent or senescent, based on (a) a dramatic inhibition of
cell proliferation or cell growth arrest, respectively; (b) typical CS
morphology; and (c) expression of the CS markers, including sen-
escence-associated β-galactosidase (SA-β-gal), the inhibitors of
cell cycle P16INK4a, P21Cip1/Waf1, and senescence-associated
secretory phenotype (SASP)-related IL-6.

SA-β-gal assay
The SA-β-gal assay was conducted on a six-well plate (50,000

cells per well) according to the manufacturer’s protocol
(Senescence Cells Histochemical Staining Kit Cat.#CS0030;
Sigma-Aldrich, St. Louis, MO, USA). The cells were incubated
with Staining Mixture for four hours at 37 °C. SA-β-gal staining
was visualized using an inverted phase-contrast microscope
(Primo Vert, Zeiss, Oberkochen, Germany).

mRNA isolation and quantitative real-time
polymerase chain reaction (qRT-PCR)

RNA was extracted from cell pellets by the Blood/Cell Total
RNA Mini Kit (Geneaid Cat.#RB300; New Taipei City, Taiwan),
and 1 μg of total RNAwas transcribed into cDNA in 20 μl reactions
using the qScript cDNA Synthesis Kit (Agantek Cat.#95047;
Yakum, Israel). qRT-PCR was performed using the SYBR Green
Gene expression assays qPCRBIO SyGreen Blue Mix on the
MIC 2 channel qRT-PCR system (Bio Molecular Systems; Upper
Coomera, Australia), according to the manufacturer’s instruc-
tions. In order to detect the expression of senescence-associated
genes, multiple primer pairs were designed by the Primer-
BLAST online tool and analyzed while the GAPDH or PUM gene
was used as a normalization control (Table S1).

Fluorescence-activated cell sorting analysis and
cell sorting

Fluorescence-activated cell sorting (FACS) was used to deter-
mine the presence and quantification of stem-like cells (SP) in
the cultures of interest. The staining was carried out according
to the established protocol18,19, with minor modifications. For
each SP analysis, 106 cells were resuspended in 1ml of cell culture
media DMEM supplemented with 2% FBS and 10 mmol/L of
HEPES (pH 7.4; DMEM+). Cells were stained with 5 μg/ml
Hoechst 33342 (Thermo Fisher Scientific Cat.#H3570, Waltham,
MA) and incubated at 37 °C in a water bath for 90 min protected
from light and mixed by vortexing every 20 min. To confirm the
specificity of the SP signal, duplicate samples were incubated with
calcium channel blocker and ABC blocker verapamil (Holland
Moran Cat.#329330010, Yehud-Monosson, Israel) at a final

concentration of 100 μM20. To assess viability, 7AAD (Biolegend
Cat.#BLG-420403, San Diego, CA, USA) was added 30 min before
the end of the incubation. The FACS analysis was performed using
either Canto II or CytoFLEX systems, and the results were analyzed
by FlowJo software V10. The intensity of Hoechst 33342 staining
was measured in two channels—Ex. 405 nm, Em. 410–490 nm
(Hoechst-Blue) and Ex. 405 nm, Em. 590–630 nm (Hoechst-
Red). The cells were gated using the strategy illustrated in
Figure S1. The gate for SP evaluation was selected based on
verapamil treatment that served as a negative control (Fig. S2).
Specifically, the SP gate included the area of the lowest fluores-
cence intensity in both Hoechst-Blue and Hoechst-Red channels,
up to and excluding the dimmest verapamil-treated Hoechst-
stained cells. The debris field characterized by Hoechst-Red
high/Hoechst-Blue low fluorescence was also excluded. For cell
sorting, ~8× 106 cells were collected, stained as described above,
and sorted using an MA900 cell sorter (by Sony, Tokyo, Japan).
Cell sorting was performed with a 100-μm nozzle size, and cells
were sorted directly into 15 ml tubes containing 5 ml of DMEM
+media in order tominimize cellular stress. Cells fromSPandmain
population (MP)were sorted at a speed of 2500 cells/sec. Sorted SP
and non-SP fractions were immediately seeded on six-well plates
for further examination. For immunostainingwithMSC or hemato-
poietic stem cell (HSC)markers, the cells defined as SP (i.e., stained
with Hoechst 33242 as described above) were further incubated
with the appropriate fluorescent antibodies (Table S2) following
the manufacturers’ recommended protocol.

Small molecule cocktail
The HPF cultures were treated with a cocktail containing small

molecules (SMs) for cell reprogramming21: 0.5 mM valproic acid,
5 μMcaffeic acid, and 10 μMLiCl (Cat.##1069-66-5, C-0625, and
7447-41-8, respectively; Sigma-Aldrich, St. Louis, MO, USA),
2 μM RepSox (BDL Beit Dekel Cat.#R0224-25MG, Raanana,
Israel) (VCLR cocktail).

MSC-derived extracellular vesicles
Murine bone marrow-derived MSCs were isolated from ICR

mice and characterized, as we previously described22. All exper-
imental procedures were performed in accordance with National
Institutes of Health guidelines. Extracellular vesicles (EVs) were
isolated from conditioned media of MSC cultures at passages
13–15. Briefly, 70% confluent cultures were incubated with
DMEM (low glucose) supplemented with 2 mM L-glutamine
and 100 units/ml Penicillin and 100 mg/ml streptomycin for
48 hours. Conditioned media was centrifuged at 300g for
5 min to remove floating and dead cells, followed by additional
centrifugation at 3000g for 10 min to remove debris. The super-
natant was then ultracentrifuged at 100,000g for 70 min at 4 °C.
The EV pellet was then resuspended in PBS and passed a second
ultracentrifugation at 100,000g for 70 min at 4 °C. Isolated EVs
were stored at −80 °C in PBS till use. EVs were characterized and
quantified using Nanoparticle Tracking Analysis using
NanoSight NS300 (Malvern Panalytical, Malvern, UK). EV size
ranged mainly from 48 to 165 nm, and general morphology
was confirmed by scanning electron microscopy. HPF cultures
of pre-senescent (population doubling time [PDT] 6 days) or
senescent (PDT > 3 weeks) stage were seeded in six-well plates
and treated with 106 EVs per 1 ml of DMEM for 72 hours with
one-week follow-up.
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Statistical evaluation
The difference between experimental and control groups was

evaluated using a two-tailed Student’s t-test. P-values < 0.05were
considered statistically significant.

Results
Identification of SP cells in primary cultures of HPFs

To evaluate whether the primary cultures of HPFs contain stem
cells, FACS analysis with the Hoechst dyewas conducted. Because
tumor cell cultures are known for their relatively high SP, we used
MCF-7 human breast carcinoma cells as a positive control for the
detection of stem cells. FACS analysis revealed a small population
of verapamil-sensitive cells which excluded theHoechst dye and a
big population of the cells that did not exclude the Hoechst dye,
both in normal HPF and MCF-7 carcinoma cell cultures (Fig. S2).
According to Goodell et al.7, verapamil-sensitive and verapamil-
unsensitive cell pools represent SP of stem cells and MP of non-
stem cells, respectively. In exponentially growing HPF cultures,
the SP values vary from 0.03% to 0.15% (mean± SE: 0.07±
0.02%; see Fig. S2). Of note, these values were particularly close
to the percentage of SP cells reported for the total lung tissue
(0.03%–0.07%)23.

Cell sorting of HPF cultures for SP
Next, we examined the behavior of the SP andMP divided after

cell sorting. The cells were grown in the DMEM medium opti-
mized for fibroblast cultures. SP cells adhered rapidly to the flask

surface, morphologically resembling the fibroblasts of early pas-
sages (long, thin spindle-like shape). Following three weeks of
incubation, cell cultures derived from SP and MP were analyzed
for their ability to effluxHoechst dye (stemness phenotype). FACS
analysis showed that in both cultures, the ratio of SP/MP tends to
restore to the levels observed before cell sorting (Fig. 1). Thus,
these observations indicate (a) the ability of SP stem cells to dif-
ferentiate into mature fibroblasts, and (b) the ability of a small
fraction of differentiated fibroblasts to undergo spontaneous cell
reprogramming.

Sorted SP cells express mesenchymal but not HSC
markers

Lung SP cells could be subdivided into two major subgroups:
CD45-positive fraction with HSC potential and CD45-negative
fraction with MSC phenotype24. To further evaluate the type of
stem cells (hematopoietic or mesenchymal) present in HPF cul-
tures, we analyzed the expression of corresponding markers in
SP cells sorted by FACS. The FACS analysis with different markers
revealed that SP cultures were negative for the HSC markers such
as CD45, CD34, and CD133 (Fig. 2A). In contrast, the SP cells
were positive for MSC markers including CD90, CD105, and
CD44 (Fig. 2B). The results of FACS analysis were supported
by qRT-PCR data onHPF cultures, which show that the expression
of MSC markers is much higher in pre-senescent cell cultures
(with a significantly higher SP fraction; see the next section) as
compared to the young ones (Fig. 2C).

Figure 1. Sorted side population (SP)/main population (MP) cells restore their heterogeneity. Flow cytometry analysis of cultured cells: (A) three
weeks after sorting human pulmonary fibroblast (HPF) cultures to SP cells; (B) three weeks after sorting HPF cultures to MP cells; and (C) control HPF
cultures. Cell cultures were stained with Hoechst 33342 alone (−) or in combination with 50 μg/ml calcium channel blocker verapamil (+), as described
in theMaterials andMethods section. The percentage of SP cells was calculated as a difference between (−) verapamil and (+) verapamil. The gate for SP
evaluation was selected based on verapamil treatment that served as a negative control (see also Fig. S2). (D) SP abundance in sorted and unsorted HPF
cultures. The data are presented as mean± SEM of at least three independent experiments.
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Dynamics of SP during the course of replicative CS
The patterns of cell growth of primary cultures of HPFs, their

morphology, and the expression of CS markers were similar to
those described elsewhere (e.g., ref.25). The pulmonary fibro-
blasts of early passages (P.12–18, “young”) displayed a typical
spindle-like shape and doubled their population once a day.
Approximately 20–25 passages later, the fibroblast cultures
acquired more heterogeneous morphology with a small fraction
of cells exhibiting SA-β-gal enzymatic activity and started to pro-
liferate slower, and around passage 45–50 dramatically slowed
down their growth (PDT 3–4 weeks) or ceased to divide
(Fig. 3A). The fibroblast cultures of late passages had hetero-
geneous morphotypes, with large cells of irregular shape, and
were stained with CS marker SA-β-gal (Fig. 3B). They expressed
high levels of other CS markers, including the cyclin-dependent
kinase inhibitors P16INK4a, P21Cip1/Waf1, and one of the main
SASP components, IL-6 (Fig. 3C).

We observed biphasic changes in SP during the course of rep-
licative CS of human HPFs. As shown in Figure 3D, these changes
in SP fraction occurred in a passage-dependent manner so that SP
gradually increased with increasing passages and reached its
maximum at the initial phase of CS (pre-senescent cultures).
After that, SP decreased drastically, and in senescent cultures, fell
down even below the level observed in “young” fibroblasts.

The effects of VCLR SM cocktail on SP and CS in
primary cultures of HPFs

As mentioned above (see the Introduction section), the cell
dedifferentiation induced by the defined transcription factors
was accompanied by accumulation of senescent cells2,3. If these
processes are also coupled after application of SMs for cell reprog-
ramming has not yet been established. To clarify this point,
we treated the HPF cultures with the SM cocktail (VCLR).

Figure 2. Expression of mesenchymal and hematopoietic markers in SP cells. Fibroblast cultures were analyzed by flow cytometry for SP cells with
cell-surface expression of (A) mesenchymal CD90, CD105, CD44, or (B) hematopoietic CD45, CD34, CD133 stem cell markers. (C) RNA was extracted
from HPF cultures; transcript levels of THY1 (CD90), ENG (CD105), and CD44 were determined by qRT-PCR and normalized to levels of the house-
keeping gene PUM; values are the means of three independent experiments made in duplicates. “Young”, HPF cultures of 17–20 passages; pre-senescent,
HPF cultures of 40–45 passages. The data are presented as mean ± SEM. *p< 0.05; **p< 0.01.
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The VCLR-treated cell cultures exhibited a significant increase in
SP abundance versus control (untreated) HPF cultures, which
peaked by six weeks of treatment (Fig. 4A).

As seen in Figure 3A, the primary cultures of the untreated
HPFs did not show any slowing down of cell growth up to passage
40–45 and doubled their population once a day or two on aver-
age. In contrast, the VCLR-treated HPF cultures slowed down
the cell growth (Fig. 4B) and began displaying alterations in cell
morphology much earlier, starting from passage 18 to 19. As seen
in Figure 4C, the HPF cultures of early passages (P.14), both the
control and VCLR-treated, did not display any SA-β-gal enzymatic
activity. The same picture is displayed in the control cultures till
late passages. Yet, the opposite trend was observed in the VCLR-

treated HPFs. After four weeks of incubation with the VCLR cock-
tail, many cells demonstrated positive staining for SA-β-gal,
which peakedmuch earlier (P.29) than in control cultures. To fur-
ther confirm accelerated CS in VCLR-treated HPFs, we examined
the expression of P21Cip1/Waf, P16INK4a, and IL-6 genes. As seen in
Figure 4D, supplementation of the VCLR cocktail to HPFs
resulted in an increased expression of all these CS markers. The
results clearly demonstrated that the VCLR cocktail induced a pre-
mature CS of HPF cultures.

Effects of MSC-derived EVs on CS and SP abundance
A growing body of evidence indicates that MSC-derived EVs

can affect CS26. Their effect on SP stem cells has not yet been

Figure 3. PrimaryHPF cultures in the course of cellular senescence (CS). (A)HPF growth curve; (B) senescence-associated β-galactosidase (SA-β-gal)
staining of “young” (P.15), pre-senescent (P.42), and senescent (P.51) HPF cultures, the scale bar is 200 μm; (C) expression of CS-associated P16INK4a and
P21Cip1/Waf1 genes, and senescence-associated secretory phenotype (SASP)-related IL-6 gene in “young” (p.15) and pre-senescent (p.42) HPF cultures.
The data are presented as mean± SEM. *p< 0.05; **p< 0.01. (D) Changes in SP abundance during the course of CS. In panels (A) and (D), the means
were calculated from several independent experiments (n≥ 3 for each point), and SEM is not presented for the sake of clarity.
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established. With this in mind, we applied MSC-derived EVs to
assess their impact on HPF cultures with regard to CS and SP.
As seen in Figure 5A, the EV-treated HPF cultures of early pre-
senescent stage (PDT 6 days) displayed a concomitant increase
in both SP abundance and SA-β-gal-positive cells. An apparently
inconsistent result was obtained in the EV-treated senescent HPF
cultures (PDT≥ 3 weeks). In this case, a clear trend (p< 0.06) for
an increase in the percentage of SP stem cells was observed
together with a significant decrease in the number of SA-β-gal-
positive cells, which corresponds to the level of the late pre-
senescent stage (Fig. 5B). On the whole, these findings coincide
well with the dynamics of SP during the course of CS in HPF
cultures (see Fig. 3D), pointing again to the quantitative relation-
ships between senescent and stem cells.

Discussion

The existence of SP, a small pool of stem cells in cell cultures,
provides a natural though still unexploredmodel for investigation
of the relationships between senescent and stem cells. We used
this model to shed light on the links between stemness and CS.
For this purpose, we monitored the changes in SP abundance
during the course of replicative CS and, on the other hand,
applied cell reprogramming and/or CS-modifying agents. The
major findings of this study include: (a) a prominent increase
in SP in pre-senescent HPF cultures followed by a dramatic
decrease in the senescent stage; (b) SMs for cell reprogramming
induce the accumulation of both SP stem cells and senescent
cells, thus reminding the effects of Yamanaka’s factors;

Figure 4. Effects of VCLR small molecule cocktail on primary cultures of HPFs. (A) The changes in SP cells in VCLR-treated cultures versus control;
(B) cell growth curves for untreated and VCLR-treated HPF cultures; (C) SA-β-gal staining of untreated and VCLR-treated HPF cultures (Scale bar:
200 μm); (D) expression of CS-associated P16INK4a and P21Cip1/Waf1 genes, and SASP-related IL-6 gene in untreated and VCLR-treated HPF cultures.
The data are presented asmean± SEM. *treatment versus control, p < 0.05; **treatment versus control, p< 0.01; ***treatment versus control, p< 0.001.
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(c) modifying CS by MSC-derived EVs coincided well with the
dynamics of SP during the course of CS in HPF cultures and fur-
ther strengthened the quantitative relationships between senes-
cent and stem cells.

Several lines of evidence indicated that CS can support the
induction of pluripotency and increase its efficacy both in vitro
and in vivo (reviewed by ref.27). It was suggested that this phe-
nomenon is primarily attributed to IL-6 released by senescent
cells28,29. Supplementation of IL-1β, IL-6, and/or TNFα to pancre-
atic β-cell or chondrocyte cultures further supported the role of
SASP components in the promotion of somatic cell dedifferentia-
tion30,31. At the same time, the CS-associated p53–p21 pathway is
considered a barrier in the generation of iPSCs32,33. The same is
true for Ink4/Arf locus containing p16Ink4a, p19Arf, and p15Ink4b

genes: transient inhibition of this locus may significantly improve
the generation of iPSCs34,35. The balance between IL-6 and
P21Cip1/Waf1/P16Ink4a in HPFs during the course of CS may, to
some extent, explain biphasic changes in SP abundance
observed in this study. Indeed, the prevalence of IL-6 in pre-sen-
escent cultures led to an increase in SP percentage, while higher
P21Cip1/Waf1/P16Ink4a expression in senescent cultures resulted
in a drop in SP (see Fig. 2). Interestingly, when an increase in
senescent cells was not accompanied by an elevation in IL-6

expression, this was also accompanied by suppression of satellite
cell expansion and muscle regeneration after injury36.
Alternatively, cell damage and genotoxic stress, in particular,
could promote both CS and an increase in SP. The concomitant
accumulation of these two pools could occur because both sen-
escent cells and stem cells are more resistant to apoptosis com-
pared to actively dividing differentiated cells.

The increase in SP in pre-senescent HPF cultures could be
attributed either to the proliferation of stem cells or to a dedif-
ferentiation of cells from MP, or both. Our experiments on sep-
arate incubation of SP cells and MP cells after cell sorting of HPF
cultures showed that the SP/MP ratio was restored in both sorted
cultures. Indeed, following 3 weeks of incubation, the percent-
age of SP in both cultures reached the levels observed before cell
sorting. Our results indicate the ability of SP cells to differentiate
into the mature fibroblasts as well as the ability of mature fibro-
blasts fromMP to dedifferentiate into SP, thus restoring the pool
of stem cells. Putting in other words, we could suggest that a spe-
cial regulatory loop keeps the balance between the mature and
SP cells at a relatively constant level so that a certain fraction of
mature cells permanently dedifferentiate into SP cells, and vice
versa. The ability to preserve this balance could be a fundamen-
tal feature of any cell population, ensuring the maintenance of
cell homeostasis.

Our in vitro observations appear to be functionally meaningful
in vivo as well. Experiments onmice showed a large increase (over
25-fold) in SP cell frequency in aged mice compared to young
ones. The authors also showed that SP cells in aged mice did
not lose their stemness, albeit they had a lower homing efficiency
than SP cells from younger mice37. Considering the age-related
accumulation of senescent cells38,39, it would be attractive to
speculate that the increase in SP stem cells is a response to this
accumulation, in order to maintain cellular homeostasis in tis-
sues. From this point of view, it would be worth mentioning that
the concentration of senescent cells in pre-senescent cultures is
quite close to that in tissues of old animals39.

As mentioned above, the induced pluripotency and cell reprog-
ramming in general, achieved by the defined transcription factors
(e.g., OSKM), are accompanied by the accumulation of senescent
cells (reviewed by ref.1). Here, we expanded this important
observation toward another inducer of cell dedifferentiation—
SMs for cell reprogramming. Indeed, the VCLR-treated HPF cul-
tures displayed the concomitant increase in the percentage of
both SP cells and SA-β-gal-positive cells (see Fig. 4). Together
with the data on Yamanaka’s factors, it means that the elevation
in the pools of dedifferentiated and senescent cells occurs inde-
pendently of the nature of cell reprogramming inducers.
Further supporting the relationships between senescent and stem
cells are our observations on the effects of MSC-derived EVs
(Fig. 5). These effects could differ between short- and long-lived
species40. The links between CS and cell reprogramming are even
more obvious when considering plant cells. Indeed, the dark-
exposed Nicotiana tabacum leaves that underwent CS displayed
characteristic features of dedifferentiating cells, including
chromatin decondensation, disruption of the nucleolus, and con-
densation of rRNA genes41,42. It was suggested that cell dediffer-
entiation could be one of the outcomes of extreme stress
conditions in mammals as well43. Altogether, these observations
point toward deep relationships between opposing cell differen-
tiation processes, cell reprogramming and CS, suggesting that
interplay between them could be a general biological
phenomenon.

Figure 5. Effects of extracellular vesicles (EVs) on SP abundance and
percentage of SA-β-gal-positive cells in HPF cultures. (A) Untreated
and EV-treated pre-senescent HPF cultures (P.39). (B) Untreated and
EV-treated senescent HPF cultures (P.51). The data are presented as mean
± SEM. *p< 0.05; **p< 0.01.
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