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ARTICLE INFO ABSTRACT

Keywords: Objective: In this study, we aimed to investigate the effects of varying glucose concentrations on the proliferation
Glucose ) and senescence of stem cells from human exfoliated deciduous teeth (SHED) compared to human bone marrow-
Human bonie marrow-derived mesenchymal derived mesenchymal stem cells (hBMSC), and preliminarily clarify the difference of glucose metabolism be-
stem cells

Human exfoliated deciduous teeth stem cells tween SHED and hBMSC.

Autophagy Design: We cultured SHED and hBMSC in the presence of increasing glucose concentrations to study the role of

glucose in cell viability, proliferation, and senescence. Gene expression related to the stemness of mesenchymal
stem cells was evaluated using real-time quantitative reverse transcription-polymerase chain reaction. In addi-
tion, glucose consumption, lactic acid production, oxidative phosphorylation, and glycolysis were measured to
analyze glucose metabolism and expression of autophagy-related markers, including microtubule-associated
proteins 1 A/1B light chain 3 B and p62.

Results: While a high glucose level (4.5 g/L) promoted the proliferation of both SHED and hBMSC, it delayed
senescence in SHED via autophagy inhibition but accelerated hBMSC senescence. In contrast to that in hBMSC,
glycolysis in SHED was enhanced under the high-glucose culture condition.

Conclusions: The glycometabolism of SHED and hBMSC differed, and a high glucose culture medium was more

favorable for SHED.

1. Introduction

Stem cells from human exfoliated deciduous teeth (SHED) offer
strong potential for tissue engineering. This is due to their remarkable
proliferative capacity, cell stemness, multilineage differentiation ca-
pacity, and ease of acquisition with few ethical concerns (Kunimatsu
et al., 2018; Miura et al., 2003; Zhang et al., 2016). Different in vivo
mesenchymal stem cell (MSC) niches and in vitro microenvironments
guide MSC dynamics (Sakaguchi, Sekiya, Yagishita, & Muneta, 2005;
Yoshimura et al., 2007).

Glucose metabolism is the primary driver of microenvironmental
changes affecting cell growth, proliferation, and bioprocess product
quality. The influence of glucose on the behavior of different types of
mesenchymal stem cells (MSC) appears to vary. In the case of human
bone marrow-derived mesenchymal stem cells (hBMSC) for example, a

high glucose level (4.5 g/L) both promotes cell proliferation by acti-
vating the MAPK and PI3K/Akt signaling pathways (Ryu, Lee, Yun, &
Han, 2010) and increases cell senescence by promoting autophagy
(Chang, Hsu, & Wu, 2015). However, high glucose levels do not affect
the proliferation of human dental pulp stem cells (Kichenbrand, Grossin,
Menu, & Moby, 2020) but instead promote their aging through the
Wnt/p-catenin signaling pathway (Asghari, Nasoohi, & Hodjat, 2021).
The influence of glucose on SHED growth, apoptosis, and senescence
remains to be elucidated.

Therefore, we investigated the effects of varying glucose concen-
trations on the proliferation and senescence of SHED compared with
hBMSC. In addition, we explored the intrinsic mechanism by which
glucose alters the cell dynamics of SHED from a glycometabolic
perspective.

Abbreviations: SHED, stem cells from human exfoliated deciduous teeth; MSC, mesenchymal stem cells; hBMSC, human bone marrow-derived mesenchymal stem
cells; LC3B, microtubule-associated proteins 1 A/1B light chain 3 B; DMEM, Dulbecco’s modified Eagle’s medium; PBS, phosphate-buffered saline; RT-qPCR, reverse
transcription quantitative polymerase chain reaction; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; AMPK, adenosine 5-monophosphate protein kinase alpha

1; OXPHOS, oxidative phosphorylation; Rot/AA, rotenone and antimycin.
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2. Materials and methods
2.1. Cell culture

SHED from children (aged 5-7 years) were provided by the Oral
Stem Cell Bank (Beijing Tason Biotech Co., Ltd., Beijing, China), and
three SHED samples were included. hBMSC were purchased from Procell
Life Science & Technology Co., Ltd. (Wuhan, China). Both cell types
were cultured in a proliferation medium containing Dulbecco’s Modified
Eagle’s Medium (DMEM; Procell) with 1 g/L glucose and 10% fetal
bovine serum (Procell) at 37 °C in 5% COy and 95% humidity. After
reaching 80-90% confluence, cells in passages 3-5 were harvested using
0.05% trypsin-ethylenediaminetetraacetic acid (EDTA) (Solarbio, Bei-
jing, China) and subcultured for further experiments. Based on previous
studies (Asghari et al., 2021; Chang et al., 2015; Kichenbrand et al.,
2020; Kim et al., 2012), we chose glucose concentrations of either 1, 4.5,
or 0.4, 0.6, and 0.8 g/L, allowing us to mimic physiological, hypergly-
cemic, and hypoglycemic conditions, respectively. Glucose concentra-
tions in DMEM were either 0, 1 (normal), or 4.5 g/L (high). Low glucose
media (0.4, 0.6, or 0.8 g/L) were prepared by mixing O and 1.0 g/L
DMEM at the appropriate ratio.

2.2. Proliferation assay

Cell counting kit-8 (Yeasen, Shanghai, China) assays were used to
detect the effect of glucose concentration on cell proliferation. Cell ali-
quots (200 pL; 1 x10* cells/mL) were added to a 96-well plate, followed
by the addition of glucose to final concentrations of 0.4, 0.6, 0.8, 1.0, or
4.5 g/L. Cells were incubated for 3, 7, or 14 d at 37 °C in a humidified 5%
CO4 atmosphere. The medium was replaced with 180 pL of phosphate-
buffered saline (PBS) (Gibco/Thermo Fisher, Waltham, MA, USA) and
20 pL of cell counting kit-8 solution. Following this, cells were incubated
for another 1 h. Absorbance was measured at 450 nm using a microplate
reader (ELx808, BioTek/Agilent, Santa Clara, CA, USA). The normal
glucose group (1 g/L) was used as a control to ascertain relative cell
proliferation.

2.3. Apoptosis assay

Apoptosis was measured using an annexin V-FITC/PI kit (Solarbio).
Specifically, SHED were seeded in six-well plates (3 x10° cells/well); 1
x 10° cells were collected from the glucose groups 24 and 48 h later,
washed twice with PBS, and resuspended in 100 pL of binding buffer.
Annexin V-APC (5 pL) and propidium iodide solution (5 pL) were added
and the cells were incubated for 15 min at room temperature (25 °C).
Within 1 h of this, followed by flow cytometry (NovoCyte, Agilent
Technologies, Santa Clara, CA, USA).

2.4. p-galactosidase activity staining

Cells were seeded in six-well plates at 3 x 10 cells/well and cultured
in a medium containing a specific glucose concentration at 37 °C and 5%
CO5 throughout their proliferative life span (14 d). Senescence-
associated p-galactosidase (SA-B-Gal) activity staining was performed
using the fixation buffer and staining solution provided in the kit
(Solarbio), as per the manufacturer’s instructions. The culture medium
was then aspirated, and the cells were washed twice with PBS (Gibco/
Thermo Fisher). Following this, cells were treated with fixation buffer
(1 mL/well) for 15 min and washed three times with PBS (1 mL/well).
Cells were then treated with staining solution (1 mL/well) and incubated
overnight at 37 °C (without CO,). Digital images of SA-p-Gal staining
were captured using a light microscope (IX73 Olympus, Tokyo, Japan),
after which cells were counted and the percentage of p-galactosidase-
positive cells calculated.
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2.5. RNA isolation and reverse transcription quantitative polymerase
chain reaction

Collected cell samples were washed twice with PBS on ice. Total RNA
was extracted using TRIzol reagent (Sigma-Aldrich, St. Louis, MO, USA),
as per the manufacturer’s protocol. DNase I-treated RNA (1 pg) was used
for reverse transcription with a Hieff First Strand cDNA Synthesis Super
Mix for reverse transcription quantitative polymerase chain reaction
(RT-qPCR) kit (Yeasen). RT-qPCR was then performed using a Hieff
qPCR SYBR Green Master Mix kit (Yeasen). The expression of each target
gene was normalized to that of the housekeeping gene glyceraldehyde 3-
phosphate dehydrogenase (GAPDH), and fold differences were calcu-
lated using the 2722CT method. The DNA primers for markers related to
stem cell characteristics CD73, CD146, and CD90 were synthesized by
Sangon Biotech (Shanghai, China). The following primer sequences
were used: GAPDH (forward: 5 GTCTCCTCTGACTTCAACAGCG 3,
reverse: 5 ACCACCCTGTTGCTGTAGCCAA3); CD73 (forward: 5
AGTCCACTGGAGAGTTCCTGCA 3, reverse: 5 TGAGAGGGTCA-
TAACTGGGCAC 3'); CD90 (forward: GAAGGTCCTCTACTTATCCGCC;.

reverse: TGATGCCCTCACACTTGACCAG) CD146 (forward: 5
ATCGCTGCTGAGTGAACCACAG 3’; reverse: 5 CTACTCTCTGCCTC
ACAGGTCA3).

2.6. Glucose and lactic acid measurement

Changes in glucose consumption and lactic acid production in
normal and high-glucose media were determined using spectropho-
tometry after 6, 12, 24 and 48 h of cultivation, using commercial glucose
(Jiancheng Bioengineering Institute, Jiangsu, China) and lactic acid
(Jiancheng) assay kits. Measurements were performed according to the
manufacturer’s instructions and the results were standardized according
to the number of cells in each experiment.

2.7. Western blotting

Cell samples were harvested, washed twice with PBS on ice, then
lysed in lysis buffer containing a protease inhibitor cocktail (Solarbio).
The proteins were separated on 10% sodium dodecyl sulfate-
polyacrylamide gels (Bioss, Beijing, China) and transferred to poly-
vinylidene difluoride membranes (Thermo Fisher). Membranes were
blocked with 5% bovine serum albumin for 2 h and then incubated
overnight with primary antibodies against microtubule-associated pro-
teins 1 A/1B light chain 3 B (LC3B; Proteintech, Wuhan, China), p62
(Proteintech), p21 (Proteintech), adenosine 5-monophosphate protein
kinase alpha 1 (AMPK; Zenbio, Chengdu China), and phospho-AMPK
alpha 1 (p-AMPK; Zenbio) at dilutions of 1:1000, and GAPDH (Pro-
teintech) at a dilution of 1:3000. Subsequently, the membranes were
incubated with secondary antibodies (Proteintech) at a dilution of
1:3000 for 1 h and the blotted bands were visualized using enhanced
chemiluminescence (Yeasen).

2.8. Metabolic flux

The rate of oxidative phosphorylation (OXPHOS) and glycolysis in
hBMSC and SHED were monitored using a seahorse metabolic flux
analyzer (Agilent), XF cell mito stress test kit (OXPHOS: Agilent), and XF
glycolytic rate assay kit (Glycolysis: Agilent). SHED and hBMSC were
incubated on XF24 culture microplates with normal or high glucose
concentrations for 24 h. Sensor cartridges were hydrated in XF calibrant
at 37 °C overnight. One hour prior to conducting the bioenergetic assays,
the culture medium was replaced with unbuffered DMEM (pH 7.4)
supplemented with 4 mM L-glutamine. The OXPHOS rate was measured
In accordance with the Mito Stress Test, including oligomycin (1.5 pM),
carbonyl cyanide-4-(trifluoromethoxy) phenylhydrazone (FCCP; 1.5
pM), rotenone and antimycin (Rot/AA; 0.5 pM each). The glycolytic rate
was measured using a glycolytic rate assay kit; specifically Rot/AA (0.5
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pM each); 2-deoxy-D-glucose (2-DG; 50 mM).
2.9. Statistical analysis

Data are presented as the means + standard deviations. Student’s t
test was used to analyze the significance of differences between two
groups. For comparisons among more than two groups, one-way ANOVA
was used if the data passed the normality tests and was followed by
Tukey’s multiple comparison test for all pairs of groups. GraphPad Prism
software version 9.4.1 (GraphPad Software Inc., La Jolla, CA, USA). was
used for data management and statistical analyses. Values of p < 0.05 *,
p < 0.01 * *, p < 0.001 * ** were considered significant.

3. Results

3.1. High glucose concentration promotes proliferation and inhibits
apoptosis of SHED and hBMSC

Glucose concentration affected proliferation and apoptosis of SHED
(Fig. 1A and C) and hBMSC (Fig. 1B and D). A high glucose concentra-
tion (4.5 g/L) significantly increased proliferation of SHED and hBMSC
after 14 d of culture. With increasing culture time (7 d and 14 d),
compared with normal glucose concentration respectively, low glucose
concentrations (0.4 and 0.6 g/L) inhibited both SHED and hBMSC pro-
liferation (Fig. 1A and B). However, a high glucose concentration
significantly inhibited SHED apoptosis (p = 0.0051) after 24 h of culture
and hBMSC apoptosis (p = 0.0405) after 48 h compared with the normal
glucose concentration, respectively.
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3.2. High glucose concentration inhibits senescence in SHED but promotes
it in hBMSC

The effects of glucose concentrations on the senescence of SHED
(Fig. 2A) and hBMSC (Fig. 2B) were determined using SA-$-Gal staining.
Compared with the normal glucose group, the number of f-galactosi-
dase-positive SHED in the high-glucose group was significantly lower
(Fig. 1A: 0.0055); in contrast, the number of B-galactosidase-positive
hBMSC in the high-glucose group was higher (Fig. 2B: p = 0.0001).
Compared with the normal glucose group, no significant differences
were observed in SHED senescence at a glucose concentration of 0.8 g/L,
and low glucose concentrations (0.4 and 0.6 g/L) increased senescence
in SHED but did not affect hBMSC senescence.

The expression of CD73, CD90, and CD146 associated with MSC
biomarkers in SHED (Fig. 2C) and hBMSC (Fig. 2D) was evaluated using
RT-qPCR. This revealed that the high glucose concentration increased
the expression of all analyzed genes in SHED, when compared to normal
glucose group. Conversely, the high glucose concentration inhibited the
expression of these genes in hBMSC at 7 and 14 d, whereas low glucose
levels promoted their expression.

Western blot analysis was used to examine the expression of the
senescence-related protein p21 in SHED (Fig. 2E) and hBMSC (Fig. 2F).
After 14 d, the high-glucose group showed reduced p21 expression in
SHED (p=0.0018) but increased p21 expression in hBMSC
(p = 0.0001), when compared to the respective normal glucose group.

3.3. SHED are more dependent on glycolysis than hBMSC

To investigate the glucose metabolism of the two cell types, we
measured their glucose consumption (Fig. 3A) and lactic acid produc-
tion (Fig. 3B) in the supernatant of the culture medium at 0, 12, 24, and
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Fig. 1. Proliferation and apoptosis of stem cells from human exfoliated deciduous teeth (SHED) and human bone marrow-derived mesenchymal stem cells
(hBMSC) depends on the concentration of glucose. Proliferation of SHED (A) and hBMSC (B) following incubation with the indicated concentrations of glucose for
3, 7, or 14 d. Apoptosis of SHED (C) and hBMSC (D) following incubation with the indicated concentrations of glucose for 24 h and 48 h. The normal glucose group

served as the control. * p < 0.05, * * p < 0.01, and * ** p < 0.001.
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Fig. 2. Effects of varying glucose concentrations on senescence and stemness of stem cells from human exfoliated deciduous teeth (SHED) and human
bone marrow-derived mesenchymal stem cells (hBMSC). Senescence-associated f-galactosidase activity staining of SHED (A) and hBMSC (B) were measured after
14 d of culture at the indicated glucose concentration. Representative images are shown. mRNA levels of CD73, CD90, and CD146 in SHED (C) and hBMSC (D) were
measured after culture for 3, 7, or 14 d at the indicated glucose concentrations. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA expression served as a
loading control. Expression of the senescence-associated protein p21 in SHED (E) and hBMSC (F) following culture in the indicated concentrations of glucose for 14 d.
GAPDH protein served as a loading control. Representative western blot images and averaged changes shown. * p < 0.05, * * p < 0.01, and * ** p < 0.001 vs. normal
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cyanide-4-(trifluoromethoxy) phenylhydrazone (FCCP), or 2-deoxy-D-glucose (2-DG). (D) Basal respiration, ATP production (a)and spare respiration capacity (b) in
SHED and hBMSC in high or normal glucose concentrations. (E) extracellular acidification rate (ECAR) following addition of rotenone and 2-DG in SHED and hBMSC
cultured in high or low glucose concentrations. (F) Basal and compensatory glycolysis capacity in SHED and hBMSC cultured in normal or high glucose

concentrations.

48 h. Glucose consumption was higher in SHED than in hBMSC in both
glucose groups (Fig. 3A), with SHED consuming almost all (98.34%
+ 0.74%) glucose in the normal glucose medium by 48 h. With
increased culture time, lactic acid production increased in both cell
types, suggesting that a shared importance of glycolysis in energy
production.

OXPHOS (Fig. 3C and D) and glycolysis (Fig. 3E and F) were detected
in both cells at 24 h. Basal respiration and ATP production in hBMSC
were significantly higher than those in SHED in the normal glucose and
high glucose groups (Fig. 3D). High glucose levels increased the spare
respiratory capacity of SHED (p = 0.0195) compared to the normal
glucose group but had no effect on those of hBMSC between the normal
glucose group and the high glucose group (Fig. 3D). Therefore,
compared with SHED, hBMSC have higher OXPHOS activity and
potentially produce more ATP either in the normal glucose group or the

high glucose group. Basal and compensatory glycolysis in SHED did not
differ between high and normal glucose levels (Fig. 3F). Compared with
hBMSC, the basic glycolytic flux of SHED was higher, but the compen-
satory glycolysis of SHED was weaker either in the normal glucose group
or the high glucose group. High glucose levels compromised the
compensatory glycolytic ability of hBMSC compared to the normal
glucose level, suggesting that glycolysis contributes more to energy
supply in SHED than in hBMSC.

3.4. High glucose concentration inhibits SHED senescence by inhibiting
autophagy

To explore the mechanistic differences in glucose metabolism be-
tween SHED and hBMSC, we studied metabolism-related autophagy
proteins LC3B and p62 and their upstream regulation by the AMPK
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signaling pathway (Fig. 4). Comparing to the normal glucose group,
SHED in the high glucose group showed significantly lower expression of
p21 (p=0.0001), the autophagy-related proteins LC3II/LC3I
(p = 0.0215), and p62 (p = 0.0003) than in the normal glucose group,
indicating that autophagy was reduced. Additionally, the expression of
p-AMPK/AMPK was lower in the high glucose group than in the normal
glucose group, suggesting activation of the AMPK signaling pathway.
Rapamycin was used as an activator of autophagy for comparison.
Compared to the untreated the high glucose groups, the levels of LC3Il/
LC3I (p = 0.0409) and p62 (p = 0.0046) was significantly higher in the
high-glucose group treated with rapamycin (Fig. 4), indicating that
autophagy was activated. In addition, the level of senescence-related
protein p21 was significantly higher in the high-glucose group treated
with rapamycin (p = 0.0053) than in the untreated high-glucose group
(Fig. 4). In contrast, there was no difference in p21 expression in the
normal glucose group with or without rapamycin.

4. Discussion

Several major drawbacks to using hBMSC in regenerative medicine
include the challenge to obtain sufficient nucleated cells and decreased
therapeutic potential with age (Salazar-Noratto et al., 2020; Stolzing,
Jones, McGonagle, & Scutt, 2008). Therefore, there is strong interest in
the identification of alternative stem cell sources for regenerative
medicine. One potential source is SHED; these possess the highest con-
centration of mesenchymal cells. Modulation of the SHED local micro-
environment, such as glucose concentration, could be used to regulate
cell behavior to better understand their function and improve their in
vivo therapeutic use (Kichenbrand et al., 2020). Therefore, we
compared SHED and hBMSC under different glucose concentrations and
assessed how glucose influenced cell proliferation, viability, and
senescence. Previous studies have recommended 1 g/L glucose to
cultivate hBMSC in vitro (Kemp, Hows, & Donaldson, 2005) and have
reported that 4.5 g/L glucose promotes hBMSC proliferation and
reproductive senescence (Chang et al., 2015; Ryu et al., 2010), which is
consistent with our results. High glucose levels enhanced SHED prolif-
eration but, in contrast to our expectations, inhibited their senescence.
Thus, we speculated that the distinct response of SHED and hBMSC
senescence to glucose changes might be attributed to glycometabolic
differences.

Glycolysis and OXPHOS are the two major cell energy-generating
pathways. Glycolysis is the preferred metabolic pathway for stem cell
self-renewal and proliferation, while the transition from glycolysis to

ANPK | o s e wses |

p-AMPK | |
P21 | w— -
P62 | oy — anm—
LC31I
LC3T | s e i,
GAPDH | allls esme aump 4>
Glucose (g/L) 1 4.5 1 4.5
Rapa (10pM) - - + +

Relative protein expression(GAPDH)

Archives of Oral Biology 157 (2024) 105851

mitochondrial OXPHOS is critical for stem cell differentiation (Folmes,
Dzeja, Nelson, & Terzic, 2012). When stem cells enter the proliferative
phase, glycolysis provides energy and macromolecules via the pentose
phosphate pathway (Lunt & Vander Heiden, 2011; Ly, Lynch, & Ryall,
2020). In our study, the cumulative increase in lactic acid production
over 48 h indicated that glycolysis was the major cell energy contributor
for both cell types. We used the seahorse extracellular flux analyzer to
measure the in vitro oxygen consumption rate and extracellular acidi-
fication rate, thereby determining both OXPHOS and glycolysis (van der
Windt, Chang, & Pearce, 2016); hBMSC exhibited high OXPHOS,
whereas SHED exhibited high glycolysis. One glucose molecule can
generate 30-32 molecules of ATP via OXPHOS, whereas glycolysis only
generates two. This difference in ATP generation explains why the ATP
yield of hBMSC was significantly higher than that of SHED. Spare res-
piratory capacity was also used to assess the ability of cells to respond to
energy metabolism challenges and, by extension, their adaptability in
response to environmental changes. High glucose levels improved spare
respiratory capacity of SHED, demonstrating that high glucose levels
improved the flexibility of SHED glucose metabolism. The mitochon-
drial inhibitors Rot/AA effectively inhibited OXPHOS, prompting
hBMSC to utilize glycolysis to satisfy their energy needs. This explains
why compensatory glycolysis was significantly higher in hBMSC than in
SHED. In addition, compared with normal glucose levels, high levels of
glucose impaired the compensatory glycolytic capacity of hBMSC. This
result indicates that SHED performed better in a high-glucose culture,
whereas hBMSC performed better in a normal glucose culture. An
increasing number of studies have shown that the proliferation ability of
SHED is significantly higher than that of hBMSC at 1 g/ L concentration
of glucose (Kunimatsu et al., 2018). Given the high glycolytic activity of
SHED, this suggests that SHED are more “naive” stem cells than hBMSC.

Autophagy has a strong influence on cell stemness and senescence
(Garcia-Prat, Martinez-Vicente, & Munoz-Canoves, 2016). Appropriate
autophagy can promote cell metabolism and maintain stemness, but
excessive autophagy can cause cell senescence or death (Garcia-Prat,
Martinez-Vicente & Perdiguero, Ortet et al., 2016), which is consistent
with our results. Since SHED adopted glycolysis to supply energy, they
required higher amounts of glucose than hBMSC. SHED cultured under
normal glucose conditions may be in a “glucose-deficient” state, while
high glucose levels appear to favor growth and maintain physiological
autophagy levels and a well-balanced metabolic state. This suggestion is
supported by the fact that normal glucose levels activated the SHED
AMPK signaling pathway, a key pathway for catabolism. After treatment
with the autophagy activator rapamycin, the normal metabolic state of

SHED 3d = Glucose(1.0g/L)
8 —_ = Glucose(4.5g/L)
74 = P = Glucose(1.0g/L)
6 E +Rapa(10 uM)
3 I = Glucose(4.5¢g/L
4 SgiL)
4+ +Rapa(10 pM)
3_

*k 4
2 I =y
kel ey

1+ I;I—*—i = = ek ﬁ? &
0 ﬁl Fﬁl 1

T T
LC3M/LC3 I p62 p21 p-AMPK/AMPK

Fig. 4. Glucose concentration alters autophagy and adenosine 5’-monophosphate protein kinase alpha 1 activation in stem cells from human exfoliated
deciduous teeth (SHED). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) protein expression served as a loading control. * p < 0.05, * * p < 0.01, and

*p < 0.001 vs. the normal glucose group.
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SHED was disrupted and autophagy increased, thus causing cell senes-
cence. SHED cultured under normal glucose concentrations exhibited
high autophagy levels because of “low glucose” starvation. We inferred
that treatment with autophagy activators resulted in a large, irreversible
increase in cell senescence in SHED, despite increased autophagy.

In conclusion, we demonstrated that hBMSC and SHED have
different glucose metabolism phenotypes. Specifically, SHED are more
suitable for culture in a high glucose condition, whereas a normal
glucose condition is preferable for hBMSC However, our work has not
established evidence of the expression levels of key enzymes and their
enzyme activities of glucose metabolism. Additionally, high glucose
concentration was defined as 4.5 g/L without further subdivision.
Hence, it will be necessary for future studies to further refine the levels
of a high glucose concentration. Lastly, we identified reduced autophagy
as the cellular mechanism whereby high glucose reduces SHED senes-
cence. If regulation and control of the stem cell behavior is to be real-
ized, the upstream and downstream signal pathways of autophagy will
need to be further explored. This finding highlights the benefit of
culturing SHED under high glucose concentrations.
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