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Abstract
Diabetes microenvironment will accelerate the accumulation of Advanced glycation end products (AGEs),
therefore, AGEs are a signature product in the study of the diabetes microenvironment. Adipose-derived
stem cells (ASCs) have poor osteogenesis in the diabetes microenvironment, but the mechanism of the
altered osteogenic potential of ASCs has not been elucidated. Bone tissue engineering by ASCs is widely
used in the treatment of bone defects with diabetic osteoporosis. Therefore, this study investigated the
effects of AGEs on osteogenic differentiation potential of ASCs and the underlying mechanisms. In the
present study, we isolated and cultured ASCs in C57BL/6 mice, then treated ASCs with AGEs, the levels of
autophagy and osteogenesis-related factors were decreased in the AGE-treated group. In order to verify
autophagy and AGE-mediated changes in the osteogenic capacity of ASCs, we used 3-methyladenine,
and rapamycin. After cotreatment with 3-methyladenine and AGEs, the levels of osteogenesis and
autophagy were reduced more signi�cantly, whereas rapamycin ameliorated the autophagy level and
osteogenic differentiation potential of ASCs treated with AGEs. This study shows that AGEs can reduce
the osteogenic differentiation potential of ASCs through autophagy, which may provide a reference for
the treatment of bone defects with diabetes osteoporosis.

Introduction
Diabetes mellitus (DM) is a common chronic metabolic disease characterized by hyperglycemia resulting
from insu�cient insulin secretion or insulin resistance, and long-term hyperglycemia can increase the risk
of osteoporosis [1, 2]. Patients with diabetes have increased bone fragility, and the risk of osteoporosis
and bone fragility is several times that of normal individuals [3–6]. Therefore, bone reconstruction in
diabetic patients has become a social problem. Bone tissue engineering is of great signi�cance for
treating bone defects and fractures, which consists of cells, scaffolds, and induction factors [7–10].
Among them, adipose-derived stem cells (ASCs) are easy to obtain in large quantities and have a good
multidirectional differentiation potential, such as osteogenic, adipogenic, and angiogenic, and have
become a hotspot in bone regeneration research [11–14].

Advanced glycation end products (AGEs) are a class of compounds produced by the reaction of glucose,
proteins, lipids, and nucleic acids [15]. Increases in circulating glucose and oxidative stress in DM
patients accelerate the production and accumulation of AGEs in tissues, serum, and cells, which affect
the adaptability of tissues and functions. AGEs play a major role in diabetes complications such as
diabetic osteoporosis, diabetic cardiovascular disease, and diabetic nephropathy [16–18]. AGEs reduce
the proliferation and differentiation capacity of ASCs, thereby affecting their osteogenic capacity [19–21].
Additionally, AGEs accumulation directly affecting the bone microarchitecture, increasing bone fragility,
and reducing mechanical strength [22, 23]. Therefore, AGEs are considered to be representative
substances for the study of DM, but the molecular mechanism of their effect on the osteogenic potential
of ASCs in the diabetes microenvironment remains unclear.
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Autophagy is a process in which eukaryotic components and dysfunctional organelles are transported to
lysosomes for degradation and recycling, and plays an important role in maintaining cell metabolism,
internal environment stability, and genome integrity [24]. Autophagy dysfunction can lead to the
pathogenesis of many human diseases such as metabolic diseases, neurodegenerative diseases, cancer,
kidney diseases, and lung diseases [25]. In recent years, some studies have proposed that autophagy
plays an important role in the maintenance of bone homeostasis by regulating the homeostasis of
osteoblasts and osteoclasts, and participating in cell differentiation. Dysregulation of autophagy can
affect bone homeostasis and lead to osteoporosis [26]. Zhang Ping proposed that insulin reduces the
osteogenic ability of bone marrow stem cells (BMSCs) by inhibiting autophagy, thereby leading to bone
loss in T2DM patients [27]. Moreover, AGEs cause senile osteoporosis by affecting the aging of BMSCs
and inhibiting mitophagy in a concentration-dependent manner [28]. However, the role and mechanism of
autophagy in the osteogenic potential of ASCs treated with AGEs have not been elucidated.

In this study, we isolated and cultured ASCs from C57BL/6 mice and explored the effects of AGEs on
autophagy and osteogenesis of ASCs and the underlying molecular mechanism by analyzing changes in
autophagy and osteogenesis-related molecules.

Materials Methods

Experimental animals
Four-week-old C57BL/6 mice were purchased from Chongqing Tengxin Biotechnology Co., Ltd
(Chongqing, China). All animal procedures were reviewed and approved by the Ethics Committee of
Southwest Medical University (20180391222). The weight of each mouse at the time of purchase was
approximately 18 g. Mice have free access to drinking water and food. They were acclimatized for 1
month at a suitable temperature and humidity, and used in experiments when their weight was
approximately 25–28 g.

Experimental Methods

Isolation and culture of mouse ASCs
Subcutaneous fat was harvested from the inguinal region in mice and sequentially treated with PBS
containing 10% penicillin-streptomycin (Hyclone, Pittsburgh, USA), 5% penicillin-streptomycin in PBS, and
PBS without penicillin-streptomycin to remove blood and hair from the tissue mass. The adipose tissue
was cut into approximately 1 mm3 fragments and evenly inoculated into USA25-cm2 culture �asks, each
containing 4 mL modi�ed Eagle’ s medium (Hyclone, Pittsburgh, USA) with 10% fetal bovine serum
(Schaumburg, Pittsburgh, USA) to completely submerge the tissue blocks, followed by incubation at 37°C
with 5% CO2 for 7 days. The medium was changed every 2 days. At 80% con�uence, the cells were sub-
cultured, and third passage cells were used in experiments.
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Characterization Of Ascs By Flow Cytometry
Passage 3 mouse ASCs were digested with 0.25% trypsin-EDTA (Gibco, New York, USA) washed three
times with PBS (1000 r, 5 min), resuspended in pre-cooled PBS, and then stained with the �uorescent dye-
conjugated antibodies against CD29, CD44, CD90, CD31, CD34 and CD45. An unstained sample was
used as the blank control. Cells were analyzed by a �ow cytometer (MoFloAstrios EQs, BECKMAN, Bria,
CA, USA).

Cell Viability And Proliferation Assay
The effects of AGEs (BIOVISION, San Francisco, CA, USA), 3-methyladenine (3-MA; autophagy inhibitor,
MCE), rapamycin (Rapa; autophagy agonist, MCE) on ASCs viability and proliferation were assessed and
the optimal concentration was selected. Passage 3 ASCs were seeded in 96-well plates (4×103 cells per
well), cultured for 24 hours, then treated with various concentrations of AGEs (20, 40, 60, 80, and 100
µg/mL) for 1, 4, and 7 days, 3-MA (1, 2, 3, 4, 5, 6, 7 mmol/L) for 1–3 days, or Rapa (2, 4, 6, 8, 10, 12, and 1
4 nmol/L) for 1, 2, and 3 days. Cell viability was assessed by CCK-8 assays. After treatment, the cells
were carefully rinsed with PBS and 100 µL medium containing 10 µL CCK-8 solution was applied at 37°C
for 2 hours. Optical density was measured at 450 nm using a Spectra Max M3 microplate
spectrophotometer (Spectra Thermo, Switzerland). Optical density values are expressed as the average of
three wells for each group. The percentage of treated cells relative to control cells was calculated as cell
viability. Each experiment was repeated three times.

Western Blot Analysis
Western blotting was used to measure LC3-II/LC3-I, SQSTM1, RUNX2, and OPN levels. Treated cells were
washed with PBS, and total protein was isolated from the cells using a total protein extraction kit
(KEYGEN Biotech, Nanjing, China). Protein samples were mixed with loading buffer at 4:1, boiled for 10
minutes, separated by SDS-PAGE, transferred to a polyvinylidene �uoride membrane, blocked in 5% dry
skim milk in Tris buffered saline with 0.05% (V/V) Tween-20 (TBST) for 1 hours, and then incubated with
antibodies against GAPDH (cst5174S), LC3 (cst12741S), SQSTM1 (ab195352), RUNX2 (ab92336), or
OPN (ab63856) (Abcam, Cambridge, UK) overnight at 4°C. The membrane was washed with TBST three
times and then incubated with a secondary labeled anti-rabbit antibody (1:3000) for 1 h. The membrane
was then washed with TBST three times and protein levels were determined using an enhanced
chemiluminescence detection system (Bio-Rad, Hercules, CA, USA).

Quantitative Polymerase Chain Reaction
Quantitative polymerase chain reaction (qPCR) was used to measure mRNA expression of autophagy-
and osteogenesis-related genes Lc3, Sqstm1, Runx2, and Opn in mouse ASCs after osteogenic induction.
Total RNA was isolated using a total RNA extraction kit (Tiangen, Shanghai, China). A Revert Aid First
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Strand cDNA synthesis kit (Thermo, Waltham, MA, USA) was used for reverse transcription into cDNA. All
primers were synthesized by Sheng Gong Bioengineering Company. The speci�c primer sequences were
as follows. Lc3: TTATAGAGCGATACAAGGGGGA (forward) and CGCCGTCTGATTATCTTGATGAG
(reverse); Sqstm1: AGGAGGAGACGATGACTGGACA (forward) and TTGGTCTGTAGGAGCCTGGTGAG
(reverse); Runx2: TCCCGTCACCTCCATCCTCTTTC (forward) and GAATACGCATCACAACAGCCACA
(reverse); Opn: ATGGACGACGATGATGACGATGATG (forward) and CTTGTGTACTAGCAGTGACGGTC
(reverse). qPCR was performed using a Prime Script RT-PCR test kit (Takara Bio, Tokyo, Japan) in a 7900
System with SDS software. Ampli�cation and dissolution curves were determined and relative expression
of target genes was calculated and statistically analyzed.

Alkaline Phosphatase (Alp) Staining
Alkaline phosphatase activity in ASCs was analyzed by alkaline phosphatase staining after treatment of
ASCs with osteogenic induction medium (Cyagen, Guangzhou, China) containing AGEs, 3-MA, or Rapa.
ASCs were seeded in 12-well plates at approximately 5×104 cells per well, and the medium was changed
to osteogenic induction medium containing AGEs, 3-MA, or Rapa. The medium was changed after 3 days.
After 3 and 5 days of osteogenic induction, the osteogenic induction medium was removed, and the cells
were washed twice with PBS and then �xed with 4% paraformaldehyde for 30 min at 4°C. The cells were
stained using an alkaline phosphatase assay kit (Beyotime, Shanghai, China), in accordance with the
manufacturer’s instructions to detect alkaline phosphatase activity.

Alizarin Red Staining
After incubation in osteogenic induction medium containing AGEs, 3-MA, or Rapa for 21 days, ASCs were
washed twice with PBS and �xed at 4°C for 30 minutes. The cells were then stained with a 0.1% alizarin
red solution at 37°C for 30 minutes to assess calcium nodule formation. Images were acquired with a
camera (Canon, Tokyo, Japan).

Immuno�uorescence Staining
Immuno�uorescence was used to detect the expression of osteogenesis-related proteins RUNX2 and OPN
after treatment with osteogenic induction medium containing AGEs, 3-MA, or Rapa. ASCs were seeded in
a confocal culture dish at approximately 5×104 cells per dish. The cells were treated with osteogenic
induction medium containing AGEs, 3-MA, or Rapa for 3 days. The cells were then �xed with 4%
paraformaldehyde at 4°C for 30 minutes, treated with 0.5% Triton X-100 for 10 minutes to permeabilize
the cell membrane, incubated with 5% goat serum for 1.5 hours, and then incubated with a primary
antibody (1:100 dilution) against RUNX2 or OPN overnight at 4°C. The following day, the cells were
rewarmed at room temperature for 30 min and then incubated with a �uorochrome-conjugated anti-rabbit
secondary antibody (1:200, Invitrogen, CA, USA) for 1 h at 37°C. The cytoskeleton and nuclei of cells were
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stained by incubation with FITC for 30 min and DAPI for 15 min, respectively. Cells were washed three
times with PBS for 5 min between each step. Finally, images were obtained under a laser confocal
microscope (Leica, Wetzlar, Germany).

Statistical analysis
Statistical analysis was conducted in SPSS 19.0 software. All experiments were repeated at least three
times. The reliability of the experimental data was assessed by the t-test or one-way analysis of variance.
Results are expressed as the mean ± standard deviation (SD).

Results

Characterization of ASCs and proliferation analysis
We isolated and cultured ASCs to the third passage. The cells were spindle-shaped, plump, and evenly
distributed (Fig. 1A). Flow cytometry was used to analyze cell surface antigens and the purity of ASCs.
Cell surface antigens CD29, CD44, and CD90 were positive, while CD34, CD45, and CD31 were negative
(Fig. 1B), which indicated high purity of the ASCs. CCK-8 assays were used to assess changes in cell
proliferation and viability after AGE treatment for various times. ASC viability decreased gradually with
the increase in AGE concentration and treatment time. Therefore, 80 µg/mL AGEs were selected for
subsequent experiments (Fig. 1C).

AGEs Inhibit The Osteogenic Differentiation Capacity Of ASCs
After treating ASCs in osteogenic induction medium containing AGEs for 3 days, mRNA expression levels
of Runx2 and Opn were measured by qPCR and protein expression levels of RUNX2 and OPN were
measured by western blotting. The results of qPCR, western blotting, and immuno�uorescence staining
showed that, after 3 days of osteogenic induction, mRNA and protein expression levels of bone-related
molecules after AGE exposure were signi�cantly lower than in CON-ASCs (Figs. 2A, 2B, and 2D). ALP
staining at 3 days showed that alkaline phosphatase in the AGE group was less than that in the CON-ASC
group (Fig. 2C). After 21 days of osteogenic induction, compared with the CON-ASC group, calcium
nodules formed in the AGE group were also signi�cantly fewer (Fig. 2F). The results of qPCR, western
blotting, and ALP staining after 5 days of osteogenic induction were consistent with the results at 3 days
(Figs. 2E, 3A, and 3B). These results suggested that AGE treatment of ASCs inhibited their osteogenic
differentiation capacity.

AGEs Inhibit Autophagy Of ASCs
After 3 days of osteogenic induction, the western blotting showed that the expression of autophagy-
related molecules LC3-II/LC3-I was decreased and SQSTM1 expression was increased in the AGE group
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compared with the CON group (Fig. 3A). The qPCR results were the same as the western blot results
(Fig. 3B). Therefore, AGEs inhibited the autophagy process in ASCs.

Autophagy Inhibitor 3-ma Inhibits The Osteogenic Differentiation
Potential Of Ascs Treated With Ages
3-MA is an inhibitor of autophagy by suppression of PI3K. We �rst screened the optimal concentration of
3-MA in ASCs. In accordance with the results of CCK-8 assays, we selected 5 mmol/L for experiments
(Fig. 4A). After ASCs were treated with 3-MA and underwent osteogenic induction, western blotting
showed that, RUNX2 and OPN expression was decreased compared with CON-ASCs, and the qPCR results
were the same as western blot results (Figs. 4B, 4C, 5A, and 5B). Immuno�uorescence showed that
RUNX2 and OPN expression was decreased in the 3-MA group (Fig. 4D). ALP staining at 3 and 5 days of
osteogenic induction showed less alkaline phosphatase in the 3-MA group than in the control group
(Fig. 4E and 4F). Alizarin red staining also showed that calcium nodules were signi�cantly reduced in the
3-MA group (Fig. 4G). More importantly, when 3-MA and AGEs acted together on ASCs, the expression of
osteogenesis-related molecules was signi�cantly lower than that after treatment with 3-MA or AGEs
alone.

3-ma Inhibits Autophagy Of Ascs Treated With Ages
Subsequently, we explored the relationship between autophagy and the osteogenic differentiation
potential of ASCs. After 3 days of osteogenic induction, expression of autophagy-related factors was
detected. Western blotting showed that LC3-II/LC3-I expression in the 3-MA group was decreased and
SQSTM1 expression was increased (Fig. 5A). The qPCR results were consistent with western blot results
(Fig. 5B). These results suggested that when 3-MA acted on ASCs alone, the expression of autophagy-
related molecules was consistent with the effect of AGEs. Moreover, the effect of combined treatment
with AGEs and 3-MA was more pronounced than that of AGEs or 3-MA alone. These results were
consistent with the changes in osteogenesis.

Rapa Rescues The Osteogenic Differentiation Potential Of Ascs
Treated With Ages
To verify autophagy and AGE-mediated changes in the osteogenic capacity of ASCs, we used Rapa, an
agonist of autophagy, The optimal concentration of Rapa in ASCs was 10 nmol/L (Fig. 6A). qPCR
showed that Runx2 and Opn expression were increased in the Rapa group, but decreased in the AGE
group. Runx2 and Opn expression in the AGE + Rapa group was lower than in the Rapa group, but higher
than in the AGE group (Fig. 6B). Western blot results were similar to the qPCR results (Figs. 6C, 7A, and
7B). Immuno�uorescence showed that RUNX2 and OPN expression was increased in the Rapa group but
decreased when AGEs were applied (Fig. 6D). ALP staining showed that the content of alkaline
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phosphatase was the highest in the Rapa group compared with the control group, and alkaline
phosphatase was increased in the AGE + Rapa group compared with the AGEs group (Fig. 6E and 6G).
Alizarin red staining at 21 days of osteogenesis revealed more calcium nodules in the Rapa group than in
the AGE + Rapa group (Fig. 6F). These results suggested that Rapa rescued the reduced osteogenic
capacity of ASCs caused by AGEs.

Rapa Also Rescues The Age-induced Autophagy Reduction In Ascs
We also examined the effect of Rapa on autophagy of ASCs. LC3-II/LC3-I expression was decreased and
SQSTM1 expression was increased after AGE treatment, which was consistent with the above results.
Conversely, Rapa treatment signi�cantly increased LC3-II/LC3-I expression and decreased SQSTM1
expression. Additionally, in the combined AGEs and Rapa treatment group, the expression levels of LC3-
II/LC3-I and SQSTM1 were between those in the AGE and Rapa groups (Fig. 7A). The qPCR results were
consistent with western blot results (Fig. 7B). These results suggested that Rapamycin alleviated the
effects of AGE treatment on of ASC autophagy.

Discussion
Diabetes has become a worldwide epidemic. Long-term systemic glucose metabolism disorder can lead
to serious complications such as bone fractures and defects [29]. However, the current treatment
methods for bone reconstruction in diabetic patients are suboptimal. Because of the reduced osteogenic
potential of ASCs in the diabetic environment, bone regeneration is di�cult in patients with diabetes and
bone damage [30]. However, the mechanism of the reduced osteogenic differentiation potential of ASCs
in the diabetic microenvironment is not fully clear. This study explored changes in osteogenesis and
autophagy of ASCs in the diabetic microenvironment and the possible molecular mechanisms.

Numerous studies have shown that the formation and accumulation of AGEs are signi�cantly increased
in the diabetic microenvironment, especially in bone tissues [31–34]. Current research suggests that AGEs
have a serious in�uence on the skeletal system. Merlo et al. found that AGE accumulation increases the
brittleness of human bones and the possibility of cracks in human cortical bones by subjecting human
bones in vitro to a high glucose environment [35]. In the hyperglycemic microenvironment, AGEs
accumulate rapidly under the induction of glucose decomposition products, bind to their receptors, affect
the expression of in�ammatory factors, inhibit the proliferation of osteoblasts, increase the activity of
osteoblasts, and lead to the occurrence of osteoporosis and bone fractures [36, 37]. The mechanism of
the effect of AGEs on the osteogenic potential of ASCs in mice is not fully clear. In type 1 diabetes
mellitus (T1DM), AGEs affect M1 macrophage polarization, leading to bone marrow mesenchymal stem
cell (BMSC) dysfunction [38]. In this study, we veri�ed the effect of AGEs on the osteogenic potential of
mouse ASCs. The results showed that AGEs inhibited the proliferation of mouse ASCs in mice in a time
and concentration-dependent manner, and the expression of osteogenesis-related transcription factors,
such as RUNX2 and OPN, in the AGE-treated group was signi�cantly lower than that in the CON group.
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These results indicated that AGEs inhibit the osteogenic differentiation potential of ASCs in the diabetic
microenvironment.

Autophagy is a highly conserved intracellular metabolic catabolism that provides cells with nutrients and
energy, and controls the chemical balance of each cell [39]. It is also closely related to bone homeostasis
in the context of diabetes. A recent study by Jiang et al. showed that 1α,25-dihydroxyvitamin D3 reduces
the bone loss caused by diabetes by reducing Fox01-mediated autophagy [40]. Chen et al. found that
PPARβ/δ agonists promote the osteogenic differentiation of rBMSCs by mediating AMPK/mTOR-
regulated autophagy [41]. Our study showed that LC3 expression was decreased and SQSTM1 expression
was increased in the AGE-treated group. To further investigate the relationship between AGE-induced
autophagy and osteogenesis, we used 3-MA, a canonical autophagy inhibitor that acts on the canonical
PI3K/AKT autophagy inhibitory signaling pathway [42]. After treatment of ASCs with 3-MA, we found
decreases in autophagy and osteogenesis-related factors RUNX2 and OPN. Interestingly, when we
combined 3-MA and AGEs, the inhibitory effect on autophagy and osteogenesis was more pronounced.
Therefore, we speculated that the effect of AGEs on autophagy and the osteogenic potential of ASCs may
be the same effect as 3-MA, and autophagy was also involved in the change of the AGE-induced
osteogenic potential of ASCs. To verify the mechanism of AGEs, we used Rapa that activates autophagy
by inhibiting the mTOR receptor [43]. After applying Rapa, autophagy and the osteogenic ability of ASCs
were increased, but when combined with AGEs, the osteogenesis and autophagy were lower than those in
cells treated with Rapa alone. This indicated that the autophagy activator Rapa alleviated the inhibitory
effect of AGEs on autophagy and osteogenesis of ASCs. Thus, AGEs affected the osteogenic
differentiation ability of ASCs through autophagy in the diabetic microenvironment.

In conclusion, this study provides an explanation for the reduced osteogenic capacity of ASCs in the
diabetic microenvironment by demonstrating that AGEs reduce the osteogenic capacity of ASCs by
inhibiting autophagy. However, further studies are needed to determine the exact mechanism of AGE-
mediated autophagy and osteogenesis, which may provide a possible approach for bone tissue
regeneration in diabetic osteoporosis.
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Figures

Figure 1
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Isolation and culture of CON-ASCs and analysis of cell proliferation. A, Passage 0–2 cells under an
inverted microscope, showing a spindle shape. B, Flow cytometric analysis of passage 3 ASC surface
antigens. C, CCK-8 assays of the proliferative activity of ASCs treated with AGEs. The inhibitory effect on
mouse ASC proliferation was enhanced in an AGE concentration-dependent manner. Data are shown as
means ± SD (n = 3), *P < 0.05, **P < 0.01, ***P < 0.001.

Figure 2



Page 16/21

AGEs inhibit the osteogenic differentiation potential of ASCs. A Western blot analysis of RUNX2 and OPN
expression in CON and AGE groups. B qPCR analysis of RUNX2 and OPN expression in CON and AGE
groups. C E F, ALP and Alizarin Red staining showed decreases in alkaline phosphatase activity and
fewer calcium nodules after treatment with AGEs compared the controls, respectively. D
Immuno�uorescence staining of RUNX2 and OPN proteins after 3 days of osteogenic induction.

Figure 3

AGEs inhibit autophagy and osteogenesis of ASCs. A Western blot analysis showed that RUNX2, OPN,
and LC3-II/LC3-IAGE expression was decreased, and SQSTM1 expression was increased (5 days of
osteogenic induction). B qPCR analysis of Runx2, Opn, Lc3, and Sqstm1expression in CON and AGE
groups (5 days of osteogenic induction).
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Figure 4

Both AGEs and 3-MA inhibit the osteogenic differentiation potential of mouse ASCs. A The inhibitory
effect on mouse ASCs proliferation was enhanced in the 3-MA concentration-dependent manner. B after 3
days of osteogenic induction, western blot analysis showed that both AGEs and 3-MA reduced the levels
of osteogenesis-related molecules RUNX2 and OPN in ASCs. C After 3 days of osteogenic induction,
qPCR showed that both AGEs and 3-MA reduced the levels of osteogenesis-related molecules RUNX2 and
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OPN in ASCs. D Immuno�uorescence staining of RUNX2 and OPN proteins after treatment with AGEs and
3-MA compared with the control group. E F Osteogenesis was induced for 3 and 5 days, and ALP staining
showed that both AGEs and 3-MA reduced alkaline phosphatase activity in ASCs. G, after 21 days of
osteogenic induction, the calcium nodule content in AGE- and 3-MA-treated groups was signi�cantly
lower than that in the control group. Data are shown as means ± SD (n = 3), *P < 0.05, **P < 0.01, ***P <
0.001.

Figure 5

AGEs and 3-MA inhibit autophagy of ASCs. A B After AGE and 3-MA treatment of mouse ASCs, western
blotting was used to measure autophagy and osteogenesis-related proteins. The results showed that
autophagy and osteogenesis-related proteins LC3II/I, RUNX2, and OPN were decreased in AGE, 3-MA, and
AGE+3-MA groups, while SQSTM1 expression was increased, and combined treatment with AGEs and 3-
MA was signi�cantly stronger than AGEs or 3-MA alone.
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Figure 6

Rapamycin alleviates the decreased osteogenic potential of ASCs caused by AGEs. A Effects of
rapamycin treatment on the proliferative viability of ASCs. B C Western blotting and qPCR showed that
Rapa treatment of ASCs increased the expression of osteogenic factors RUNX2 and OPN, which
alleviated the inhibitory effect of AGE treatment on ASCs. D Immuno�uorescence staining of RUNX2 and
OPN proteins after AGE and Rapa treatment (3 days of osteogenic induction). E F After 3 and 5 days of
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osteogenic induction, ALP staining showed that AGEs decreased the alkaline phosphatase activity of
ASCs, whereas Rapa signi�cantly increased the alkaline phosphatase activity of ASCs. Compared with
the Rapa group, combined treatment with AGEs and Rapa reduced alkaline phosphatase activity. G,
Alizarin red staining after 21 days of osteogenic induction showed that calcium nodules were
signi�cantly reduced in the AGE group, and rapamycin rescued the reduced osteogenic differentiation
ability of ASCs caused by AGEs. Data are shown as means ± SD (n = 3), *P < 0.05, **P < 0.01, ***P <
0.001.

Figure 7

Rapamycin rescues the reduced osteogenic differentiation capacity of ASCs caused by AGEs by
activating autophagy. A B after mouse ASCs were treated with AGEs and rapamycin, western blotting was
used to measure autophagy and osteogenesis-related proteins. The results showed that autophagy and
osteogenesis-related LC3II/I proteins and mRNA expression was decreased in the AGE group, and
SQSTM1 expression was increased. Autophagy and osteogenesis-related protein and mRNA expression
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was increased in the rapamycin group, while SQSTM1 expression was decreased in the rapamycin group.
Autophagy and osteogenesis-related protein and mRNA expression in the AGE+Rapa group was relatively
restored compared with the AGE group.


