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1  | INTRODUC TION

Tendinopathy is a frequent, disabling musculoskeletal condition as a 
result of a chronic imbalance between degeneration and repair in the 
tendon. Diabetes mellitus (DM), as a systemic metabolic disorder, is 
an important risk factor for the development and poor prognosis 
of tendinopathy.1,2 Tendon-derived stem cells (TDSCs) are isolated 
from tendon tissues and possess the capacity of self-renewing and 
differentiating into tendon-like tissues.3 TDSCs can promote ten-
don repair and regeneration, and maintain tendon homeostasis.4 

Impaired function of TDSC may account for the structural alterna-
tions in DM tendons, which may exacerbate tendon matrix degrada-
tion and tendinopathy progression.5

Advanced glycation end products (AGEs), kinds of oxidative de-
rivatives resulting from diabetic hyperglycaemia, are known to con-
tribute to the complications of DM by raising intracellular oxidative 
stress.6 Extracellular AGEs induce cellular oxidative stress, inflamma-
tion and apoptosis in DM complications such as cardiovascular disease 
and chronic kidney disease.7,8 Meanwhile, studies showed that AGEs 
can accumulate in long-lived tissues like tendons and bridge between 
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Abstract
Diabetes mellitus (DM) is one of the prominent risk factors for pathological develop-
ment and progression of tendinopathy. One feature of DM-related changes in tendinop-
athy is accumulation of advanced glycation end products (AGEs) in affected tendons. 
Pioglitazone (Pio), a peroxisome proliferator-activated receptor γ agonist, performs a 
protective effect against AGEs. The present study aimed to investigate the pathoge-
netic role of AGEs on tendon-derived stem cells (TDSCs) and to determine the effect of 
Pio on AGEs-induced TDSC dysfunctions. Results indicated that AGEs induced TDSC 
apoptosis as well as compensatory activation of autophagy. Pharmacologic activation/
inhibition of autophagy leaded to alleviate/exacerbate apoptosis induced by AGEs. We 
further confirmed the effect of Pio on autophagy, which ameliorated apoptosis and 
abnormal calcification caused by AGEs both in vitro and in vivo. Thus, we suggest that 
Pio ameliorates the dysfunctions of TDSCs against AGEs by promoting autophagy, and 
we also reveal that Pio is a potential pharmacological choice for tendinopathy.
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the free amino groups of neighbouring proteins to form intermolecu-
lar crosslinks, which in turn increases tissue stiffness and brittleness.9

Pioglitazone (Pio), a peroxisome proliferator-activated receptor 
(PPAR) γ agonist, is widely used in clinical practice to treat type 2 
diabetes. Recent studies have showed that Pio can also perform an-
ti-inflammation and anti-apoptosis effects against AGEs in cardio-
vascular disease, kidney disease and others.10-12 There is growing 
evidence that Pio can enhance autophagy to ameliorate cell damage 
and tissue injury.13,14 Nevertheless, whether pioglitazone can be 
used to improve tendinopathy in DM is still unknown.

In the present study, we found that AGEs induced apoptosis of 
TDSC, while cellular autophagy could ameliorate it; Pio improved 
cellular autophagy and attenuated AGEs-induced apoptosis and ab-
normal calcification.

2  | MATERIAL S AND METHODS

2.1 | Preparation of AGEs-modified BSA

About 30 mg/mL BSA was incubated with 0.1 M glyceraldehyde in 
0.2 M NaPO4 buffer (PH7.4) at 37℃ for 7 days and then dialysed 
against phosphate-buffered saline for 2 days to remove the un-
bonded sugars. Control BSA was incubated in the same conditions 
without sugars.15 Estimation of glycation was assayed by measuring 
the fluorescence of AGE and non-glycated BSA solutions with exci-
tation wavelength of 370nm and emission wavelength of 440 nm,16 
and AGE solution showed 48-fold stronger fluorescence intensity 
than that of control BSA solution.

2.2 | Cell culture

This study was approved by the Institutional Animal Care and Use 
Committee of Zhejiang University (Hangzhou, China). Achilles tendons 
were obtained from 3-week-old Sprague Dawley (SD) rats (Zhejiang 
Academy of Medical Sciences Hangzhou, China). After cutting into 
1 mm3 particles, the tendons were incubated with 0.1% type I colla-
genase on a horizontal shaker at 37℃ for 3 h to isolate tenocytes. Single-
cell tendon-derived cells were cultured in 96-well plates for 7 days, and 
colonies were collected as passage 0 (P0) and passaged three times prior 
to use in all experiments. DMEM supplemented with 10% FBS and 100 
units/mL penicillin, and 100 μg/mL streptomycin was used to expand 
single-cell colonies. Cells were cultured at 37℃ with 5% CO2.

2.3 | Identification of surface markers

Cells were incubated with fluorescent primary antibody on ice in 
PBS for 60 min, washed 3 times and detected using flow cytometry. 
The negative control had no fluorescent antibody. The following 
fluorescent primary antibodies were used: FITC antirat CD29, FITC 
anti-rat CD44, PE anti-rat CD45, PE anti-rat CD90 (Bioleague).

2.4 | Multipotency analysis

Cells were incubated in specific differentiation media: adipogen-
esis with adipogenic induction and maintenance medium (Cyagen 
Biosciences,) for 14 days, Oil Red staining was used to confirm the 
differentiation to adipocytes; osteogenesis with osteogenic induc-
tion medium (Cyagen Biosciences) for 14 days, Alizarin Red staining 
was used to confirm the differentiation to osteoblasts; chondrogen-
esis in pellet culture with chondrogenic induction medium (Cyagen 
Biosciences) for 21 days, Safranin O staining was used to confirm the 
differentiation to chondrocytes.

2.5 | Cell viability analysis

To analyse cytotoxicity of AGEs, Pio on TDSC, CCK-8 assay was 
conducted according to the manufacturer's instruction. A total of 
5 × 103 cells were seeded in 96-well plates and treated with different 
concentrations of AGEs, Pio or both for 24 h. Cells were incubated 
with 10μl CCK-8 reagent per well for 3 h and then read at a wave-
length of 450 nm with a microplate spectrophotometer.

2.6 | Apoptosis analysis

A total of 1 × 106 TDSCs (passage 3) were double-stained using the fluo-
rescent dye annexin V-FITC/Propidium Iodide (PI) Apoptosis Detection 
Kit (Keygen Biotech) according to the manufacturer's instructions. 
Apoptosis cells (annexin V+/PI-) were detected using flow cytometry.

2.7 | Western blot analysis

After treatment, TDSCs were washed three times with phosphate-
buffered saline (PBS) and lysed with RIPA for 60 min. Then, the 
samples were separated via 10% or 15% sodium dodecyl sulphate 
(SDS)-polyacrylamide gels and transferred into nitrocellulose mem-
branes. The membranes were blocked with 5% BSA for 1h and cut into 
sections based on different protein molecular weights. Membranes 
were incubated with primary antibodies at 4°C overnight. Then, the 
membranes were incubated with secondary antibodies for 1h and lu-
minesced using Pierce™ ECL Western blotting substrate. The relative 
amount of proteins was analysed with Quantity One software (Bio-
Rad) and normalized to β-actin. All assays were performed in triplicate.

2.8 | Immunofluorescence

TDSCs cultured on 24-well plates were pretreated with Pio (0, 
50 μM) for 1 h and then incubated with different concentration of 
AGEs for 6 h. After fixation with methanol for 30 min, the cells were 
permeabilized by PBS containing 0.5% v/v Triton X-100 for 15 min 
and blocked with 5% BSA for 1 h. The cells were incubated with 
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primary antibody against LC3B at 4°C overnight, followed by being 
incubated with fluorescein isothiocyanate-conjugated secondary 
antibodies for 1 h. Cell nucleuses were stained with DAPI for 5 min, 
and then, cells were analysed with a Leica fluorescence microscope.

2.9 | Senescence analysis

β-galactosidase Activity Assay (Beyotime Biotechnology, Shanghai, 
China) was performed to measure cellular senescence according to 
the manufacturer's instruction. Cells were cultured in β-galactosidase 
staining buffer for 24 h and visualized with microscope.

2.10 | ALP staining

Cells were cultured in 12-well plates with osteogenic induction 
medium for 5 days. Cells were fixed with 4% paraformaldehyde for 
30 min and subsequently stained by Alkaline Phosphatase Color 
Development Kit (Beyotime).

2.11 | Alizarin Red staining

Mineral deposition was assessed by Alizarin Red staining (ARS) 
(Cyagen Biosciences) after the induction of osteogenic differen-
tiation for 2 weeks. Cells were fixed with 4% paraformaldehyde for 

30 min and then incubated with 0.1% solution of Alizarin Red for 
10 min at room temperature.

2.12 | Animal model

Twenty-four male Sprague Dawley rats (200-250 g; 6 weeks old) were 
used and randomly divided into four groups (six rats in each group): TP, 
TP + AGE, TP + Pio and TP + AGE+Pio. All rats underwent Achilles ten-
otomy.17 Rats in TP + AGE and TP + AGE+Pio groups were injected with 
0.1 mL of 40 μg AGE once a week in the region surrounding Achilles 
tendon, and other two groups were injected with 0.1 mL of 40 μg BSA 
as control; rats in TP + Pio and TP + AGE+Pio groups were injected with 
0.1 mL of 5 nmol Pio twice a week in the region surrounding Achilles 
tendon, and other two groups were injected with 0.1 mL PBS as control. 
Six weeks after Achilles tenotomy, rats were euthanized and their limbs 
were harvested for further study. The study was conducted in accord-
ance with NIH guidelines (NIH Pub No 85-23, revised 1996), and the 
protocol was approved by the Ethics Committee of the Second Affiliated 
Hospital, School of Medicine, Zhejiang University, Hangzhou, China.

2.13 | Histological analysis

The knee samples were cut into 5 μm sections. These sections were 
stained with HE staining, modified Masson staining and TUNEL 
staining, according to the manufacturer's instructions.

F I G U R E  1   Identification of TDSCs. The surface marker analysis and multipotency analysis were performed to identify the stem status 
of TDSCs. (A) Representative flow cytometric profiles of TDSCs stained for CD29, CD44, CD45, CD90 (red: control; blue: fluorescent 
antibody). (B-D) Differentiation of TDSCs. B (Bar = 50 μm) showed adipogenesis (Oil Red); C (Bar = 500μm) shows osteogenesis (Alizarin 
Red); D (Bar = 500 μm) showed chondrogenesis (Safranin O)
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2.14 | Statistical analysis

All data are presented as means ± SDs. One-way ANOVA with a 
subsequent post hoc Tukey's test was used for multiple compari-
sons. The value of P < .05 was considered to indicate significant 
differences.

3  | RESULTS

3.1 | Identification of TDSCs

To identify the stem status of the clonogenic cells, a cell sur-
face marker analysis was performed. Results showed that the 

F I G U R E  2   AGEs induce apoptosis of TDSCs. TDSCs were treated with 100, 200 or 400 μg/mL AGEs for 24 h. Cells incubated with 
400 μg/mL BSA were used as controls. (A) Cell Counting Kit-8 results of treated TDSCs. (B, C) Apoptosis was detected using the annexin 
V-FITC/PI kit. Data were measured by the FlowJo software. (D-F) Western blot analysis of the protein expression levels of cleaved caspase-3 
and cleaved caspase-9 in treated TDSCs. *P < .05
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clonogenic cells expressed high levels of CD29, CD44, CD90 (stem 
cell markers), and undetectable level of CD45 (leucocyte marker) 
(Figure 1A).18 Multipotency of the clonogenic cells was also ana-
lysed to further elucidate the stem cell properties. Oil Red staining 
of adipogenic cultures showed significant amounts of newly differ-
entiated adipocytes (Figure 1B). Alizarin Red staining of osteogenic 
cultures showed calcium deposits within the cell layer (Figure 1C). 
Safranin O staining of chondrogenic pellet cultures showed posi-
tive potential towards chondro-lineage phenotype (Figure 1D).

3.2 | AGEs induce apoptosis of TDSCs

The cell viability of TDSCs decreased with AGEs treatment in a dose-
dependent manner, and significant decreases in cell viability were 
observed at a concentration of 200μg/ml and 400μg/ml compared to 
the control group (Figure 2A). The flow cytometry showed that AGEs 
induced a great degree of apoptosis, and a 15% apoptosis rate was ob-
served at a concentration of 400μg/ml (Figure 2B,C). Western blot-
ting results showed that AGEs significantly increased the expression of 

F I G U R E  3   Autophagy protects cells against apoptosis induced by AGEs. TDSCs were treated with 100, 200 or 400 μg/mL AGEs for 
6h. Cells incubated with 400 μg/mL BSA were used as controls. (A-C) Western blot analysis of the protein expression levels of LC3A/B and 
P62 in treated TDSCs. TDSCs were pretreated with rapamycin or 3-MA for 2 h and then incubated with AGEs or BSA. (D-F) Western blot 
analysis of the protein expression levels of LC3A/B and P62 in TDSCs incubated with AGEs for 6 h. (G-I) Western blot analysis of the protein 
expression levels of cleaved caspase-3 and cleaved caspase-9 in TDSCs incubated with AGEs for 24 h. *P < .05
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cleaved caspase-3 (C-Cas3) and cleaved caspase-9 (C-Cas9) (Figure 2D-
F). These results suggest that AGEs induce apoptosis of TDSCs.

3.3 | Autophagy protects cells against apoptosis 
induced by AGEs

Microtubule-associated protein light chain 3 (LC3) is a biomarker to 
monitor autophagy, and the ratio of LC3B/LC3A correlates with the 
number of autophagosomes.19 P62/SQSTM1 acts as a link between 
the ubiquitination and autophagy machineries, and the accumula-
tion of P62 suggests repressed autophagic degradation.20 In this 
study, Western blotting was performed and showed an increase in 
the ratio of LC3B/LC3A and a decrease in P62 following AGEs treat-
ment, suggesting an increase in cellular autophagy (Figure 3A-C). To 
ascertain the impact of autophagy on cellular apoptosis, TDSCs were 
pretreated with rapamycin (autophagy agonist) or 3-MA (autophagy 
antagonist) for 2 h to activate or inhibit cellular autophagy, and then 
incubated with AGEs. Results showed that the ratio of LC3B/LC3A 
was up-regulated with rapamycin pretreated and down-regulated 

with 3-MA pretreated, while P62 was down-regulated with rapa-
mycin pretreated and up-regulated with 3-MA pretreated, suggest-
ing that autophagy level was elevated by rapamycin and repressed 
by 3-MA (Figure 3D-F). C-Cas3 and C-Cas9 were showed a decrease 
with rapamycin pretreated and an increase with 3-MA pretreated, 
suggesting that autophagy promotes cell survival against apoptosis 
(Figure 3G-I).

3.4 | Pioglitazone induces autophagy in TDSCs

Recent study showed that Pio can reduce tissue injury via modula-
tion of autophagy.13 To determine whether Pio performed the simi-
lar effect on TDSCs, alterations in autophagy were assessed. The 
CCK8 assay showed that Pio exhibited no significant cytotoxicity 
to the cultured TDSCs at concentrations of ≤ 100 μM (Figure S1). 
Western blotting showed that the ratio of LC3B/LC3A was up-regu-
lated and P62 was down-regulated with Pio pretreated (Figure 4A-C). 
Immunofluorescence results also showed that LC3B fluorescence in-
tensity increased in TDSCs with Pio pretreated (Figure 4D), suggesting 

F I G U R E  4   Pioglitazone induces 
autophagy in TDSCs. TDSCs were 
pretreated with pioglitazone for 2 h and 
then incubated with AGEs or BSA for 6 h. 
(A-C) Western blot analysis of the protein 
expression levels of LC3A/B and P62 in 
treated TDSCs. (D) Immunofluorescence 
of LC3B in treated TDSCs (red: LC3B; 
blue: DAPI), Bar = 50μm. *P < .05
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that Pio promoted autophagy in TDSCs. We further explored whether 
the AMPK/mTOR pathway is involved in Pio-induced autophagy flux. 
Western blotting was performed and showed that Pio treatment 
significantly increased p-AMPK and decreased p-mTOR, suggesting 
that Pio activated the AMPK/mTOR pathway to promote autophagy 
(Figure S2A-C).

3.5 | Pioglitazone decreases AGEs-induced 
apoptosis in TDSCs

To verify whether Pio can protect TDSCs, the CCK8 assay was 
performed and showed that Pio had a protective effect against 
AGEs (Figure 5A). The flow cytometry showed that pretreatment 

F I G U R E  5   Pioglitazone decreases AGEs-induced apoptosis in TDSCs. TDSCs were pretreated with pioglitazone for 2 h and then 
incubated with AGEs or BSA for 24 h. (A) Cell Counting Kit-8 results of treated TDSCs. (B, C) Apoptosis was detected using the annexin 
V-FITC/PI kit. Data was measured by the FlowJo software. (D-F) Western blot analysis of the protein expression levels of cleaved caspase-3 
and cleaved caspase-9 in treated TDSCs. *P < .05
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with Pio significantly decreased AGEs-induced apoptosis in TDSCs 
(Figure 5B,C). Western blotting also showed that pretreatment with 
Pio significantly attenuated elevated expression of C-Cas3 and 
C-Cas9 induced by AGEs (Figure 5D-F). These results suggest that 
Pio decreases AGEs-induced apoptosis in TDSCs.

3.6 | Pioglitazone alleviates AGEs-induced 
senescence in TDSCs

As CCK-8 assays showed that treatment with high doses of AGEs re-
sulted in less proliferation than treatment with control and pretreat-
ment with Pio significantly attenuated it (Figures 2A and 5A), we next 
explored cellular senescence assays. Western blotting showed that 
expression of P53 and P21 was significantly higher in cells treated 
with AGEs, while Pio alleviated it (Figure 6A-C). Treating cells with 
AGEs resulted in a high percentage of SA-β-Gal-positive TDSCs than 
the cells treated with control and Pio alleviated it, too (Figure 6D). 
Pio therefore alleviated AGEs-induced senescence in TDSCs.

3.7 | Pioglitazone reverses ossification in TDSCs

Calcific tendinopathy is a common occurrence in patients with 
DM who may have a mild, chronic pain condition.21 It is widely ac-
cepted that abnormal osteogenic differentiation of TDSCs results 
in the heterotopic ossification.17,22 In this study, ALP staining and 
Alizarin Red staining were performed and showed that AGEs ex-
acerbated osteogenic differentiation of TDSCs, while Pio reversed 
it (Figure 7A,B).

3.8 | Pioglitazone inhibits calcification and 
apoptosis in vivo

To evaluate the effect of AGEs and Pio on rat tendon self-heal-
ing process, HE staining and modified Masson staining were 
performed. We could clearly observe that the arrangement of 
fibroblasts and collagen fibres was obviously disordered with 
treatment of AGEs, while Pio reversed it. Meanwhile, AGEs ad-
ministration led to more ectopic calcification in Achilles’ tendons 
and Pio reversed it, too (Figure 8A,B). TUNEL staining was used 
to evaluate the apoptosis of fibroblasts and showed that AGEs 
administration induced cell apoptosis, Pio protected cells against 
apoptosis (Figure 8C).

4  | DISCUSSION

AGEs-induced inflammation, oxidative stress and apoptosis are key 
contributors to diabetic complications, including diabetic tendinopa-
thy. However, the underlying mechanism is still unknown. Recent 
research demonstrated that autophagy reversed heterotopic bone 
formation in tendon tissues.17 In this study, we demonstrated that 
AGEs induced TDSCs apoptosis as well as compensatory activation 
of autophagy. Furthermore, we confirmed that Pio-induced activa-
tion of autophagy ameliorated the dysfunctions of TDSCs caused 
by AGEs.

Apoptosis, also known as programmed cell death, plays a 
key role in development and tissue homeostasis. However, in-
appropriate apoptosis is a factor in many human conditions 
such as neurodegenerative disease, autoimmune disorder and 

F I G U R E  6   Pioglitazone alleviates AGEs-induced senescence in TDSCs. TDSCs were pretreated with pioglitazone for 2 h and then 
incubated with AGEs or BSA for 24 h. (A-C) Western blot analysis of the protein expression levels of P53 and P21 in treated TDSCs. (D) 
β-galactosidase Activity Assay was performed in treated TDSCs. *P < .05
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skeletomuscular degeneration disease.23 Caspases, most closely as-
sociated with apoptosis, are all capable of activating other caspases 
to induce a caspase cascade to execute the apoptosis process.24 
Among all kinds of caspases, caspase-3 is a key factor in apopto-
sis execution. Accumulating evidence showed that the activation of 
caspase-3 was responsible for cell apoptosis in degeneration con-
ditions.25 In the present study, we found that AGEs decreased cell 
viability, increased apoptosis rate and C-Cas3, C-Cas9 expression, 
suggesting an increase in cell apoptosis induced by AGEs.

The processes of autophagy and apoptosis modulate the balance 
between life and death in response to all kinds of cellular stress.26 
Autophagy plays a key role in cell survival as well as in the regulation 
of cell apoptosis; numerous studies have demonstrated that promot-
ing autophagy has protective effects against various musculoskele-
tal diseases such as osteoarthritis and osteoporosis.25,27 Huang et al 
reported that AGEs increased the ratio of LC3B/LC3A in chondro-
cytes.28 Yang et al also reported that AGEs increased LC3B, while 
decreased P62 in osteoblasts.29 In the present study, we found a 
similar result in TDSCs that AGEs increased the ratio of LC3B/LC3A 
and decreased P62 expression, suggesting that AGEs could simulta-
neously induce apoptosis and autophagy. Pharmacologic activation 
or inhibition of autophagy was performed and showed that auto-
phagy modulated cell apoptosis induced by AGEs, suggesting that 
autophagy plays a protective role in the AGEs-induced apoptosis.

To identify whether Pio protects TDSCs, alterations in auto-
phagy were assessed and showed that Pio increased the ratio of 
LC3B/LC3A and decreased P62 expression, performed as an auto-
phagy agonist. We also confirmed that Pio promotes autophagy via 

modulation of the AMPK/mTOR pathway, consistent with the recent 
study.13 Further, we investigated the apoptosis of TDSCs and found 
that pretreatment with Pio significantly promoted cell viability, de-
creased apoptosis rate both in vitro and in vivo, suggesting Pio de-
creased AGEs-induced apoptosis in TDSCs.

Besides, we identified that senescence of TDSCs was induced 
by AGEs. Senescence is defined as limiting the regenerative poten-
tial of stem cells and characterized by increased activity of SA-β-
gal, increased G1 cell cycle arrest and expression of P53 and P21.30 
Senescence of mesenchymal stem cells leads to a decline in their 
self-renewal capacity, as well as impairing normal differentiation ca-
pacity. We found that Pio could alleviate elevated expression of P53 
and P21, both of which can lead to either the exacerbate apoptosis 
or the induction of cell senescence.31 Pio could also decrease SA-β-
Gal-positive TDSCs, suggesting Pio alleviated AGEs-induced senes-
cence in TDSCs.

Interestingly, we found that AGEs enhanced ossification of 
TDSCs. Progression of heterotopic ossification in tendon results in 
restricted joint mobility and pain. The pathogenesis of heterotopic 
ossification is revealed to be related with osteoprogenitor stem cells 
in local tissue, which can be TDSCs in tendons. Abnormal ossifica-
tion of TDSCs initiates osteoid formation and leads to heterotopic 
ossification eventually.17 In this study, results showed that Pio re-
versed exacerbated osteogenic capacity induced by AGEs both in 
vitro and in vivo, which provides a potential therapeutic target for 
heterotopic ossification prevention.

The major limitation of this study is that the mechanism by which 
Pio improves cellular function is not clarified thoroughly; thus, 

F I G U R E  7   Pioglitazone reverses ossification in TDSCs. TDSCs were cultured in osteogenic induction medium along with either 
pioglitazone or AGEs or both. (A) ALP staining was performed in cells cultured for 5 days, Bar = 500μm. (B) Alizarin Red staining was 
performed in cells cultured for 14 days, Bar = 500μm
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further studies on the mechanism of autophagy regulation and other 
related mechanisms are needed. Besides, there has been no reliable 
method for identifying TDSCs in vivo so far, TUNEL staining of tissue 
section cannot fully represent the functional status of TDSCs.

In conclusion, this study demonstrated that AGEs appear to 
be the primary insult and may contribute to the development of 
the diabetic tendon phenotype, and pioglitazone treatment in-
duces autophagy flux in AGEs-treated TDSCs, which possesses 

F I G U R E  8   Pioglitazone inhibits calcification and apoptosis in vivo. Twenty-four rats underwent Achilles tenotomy and administrated with 
AGEs/BSA and Pio/PBS through local injection for 6 weeks. (A) HE staining of Achilles's tendon from 4 groups, Bar = 500 μm. (B) Modified 
Masson staining of Achilles's tendon from 4 groups, Bar = 500 μm. (C) TUNEL staining of Achilles's tendon from 4 groups, Bar = 200 μm
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anti-apoptosis, anti-senescence and anti-ossification effects. 
Thus, our study revealed the new insights to the pathophysiology 
of diabetic tendinitis and provided a new treatment strategy for 
tendinopathy.
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