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ABSTRACT 
 
Background: Diabetes and sarcopenia are verified as mutual relationships, which seriously affect the quality 
of life of the elderly. Endothelin-1 is well investigated, is elevated in patients with diabetes, and is related to 
muscle cellular senescence and fibrosis. However, the mechanism of ET-1 between diabetes and myopathy is 
still unclear. The aim of this study was to evaluate the prevalence of sarcopenia in the elderly with diabetes 
and to clarify its relationship with ET-1 molecular biological mechanism, progress as well as changes in 
muscle and fat. 
Methods: We recruited 157 type 2 diabetes patients over 55 years old and investigated the prevalence of 
sarcopenia in diabetes patients and examined the association of ET-1 alterations with HbA1c, creatinine, or 
AMS/ht2. Next, sought to determine how ET-1 regulates inflammation in muscle cells by western blot and qPCR 
assay. Using XF Seahorse Technology, we directly quantified mitochondrial bioenergetics in 3T3-L1 cells. 
Results: ET-1 was positively correlated with HbA1c, creatinine levels, and duration of disease, and negatively 
correlated with AMS/ht2. We found that ET-1 dose-dependently induces tumor necrosis factor-α (TNF-α) and 
interleukin (IL)-6β expression through the PI3K/AKT, and NF-κB signaling pathways in C2C12 cells. Also 
identified that TNF-α, IL-6β, and visfatin releases were found in co-cultured with conditioned medium of ET-
1/C2C12 in 3T3-L1 cells. ET-1 also reduces the energy metabolism of fat and induces micro-environment 
inflammation which causes myopathy. ET-1 also suppresses miR-let-7g-5p expression in myocytes and 
adipocytes. 
Conclusion: We describe a new mechanism of ET-1 triggering chronic inflammation in patients with 
hyperglycemia. 
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INTRODUCTION 
 
In an aging society, the prevalence of diabetes and 
musculoskeletal diseases is increasing annually [1, 2]. 
Body composition changes during aging, resulting in 
significant losses of skeletal muscle mass and increased 
body fat percentage [3]. Collectively and independently, 
low muscle mass and adiposity are associated with higher 
incidence of metabolic disorders, including T2DM [4]. 
“Sarcopenia” describes age-related declines in muscle 
mass and function and has been implicated as both a cause 
and consequence of T2DM [5]. When sarcopenia and 
obesity coexist, this condition is called sarcopenic obesity 
(SO). SO is a geriatric syndrome and a critical risk factor 
for death among elderly [6, 7]. T2DM is characterized by 
insulin resistance, increased advanced glycation end-
products (AGEs), a proinflammatory phenotype and 
oxidative stress, which can lead to micro- and macro-
vascular complications [8, 9]. 
 
The prevalence of sarcopenia in T2MD is reported to be 
high, especially in patients with poor glycemic control [4–
6]. Skeletal muscle inflammation is the key to muscle loss 
and an important step in sarcopenia. Generally, as age and 
function declines, lean body mass will decrease and on the 
contrary body fat will increase. Common indicators of 
sarcopenia include appendix skeletal muscle mass (ASM), 
total skeletal muscle mass (TSMM), lean body mass 
(LBM), and fat-free mass (FFM). As reference methods 
are not available for identifying low skeletal muscle mass 
in clinical practice, the European Group on Sarcopenia in 
Older People (EGSOP) the Asian Working Group for 
Sarcopenia (AWGS) and the International Consensus for 
Cancer Cachexia (ICCC) guidelines accept bioelectrical 
impedance analysis (BIA) as an option for sarcopenia and 
cachexia assessment [10]. According to the study of 
AWGS 2019 Consensus Update on Sarcopenia Diagnosis 
and Treatment, bioelectrical impedance analysis (BIA) and 
ASM divided by height squared (ASM/ht2) are the most 
commonly used measurement methods for sarcopenia 
[11]. AWGS 2019 retains the original cutoffs for height-
adjusted muscle mass: bioimpedance, <7.0 kg/m2 in men 
and <5.7 kg/m2 in women. 
 
Glycated hemoglobin (HbA1c) is a critical index of T2DM 
and is an invaluable item in general health examination or 
hospital routine. Its high value is associated with chronic 
diseases such as diabetes and cardiovascular disease. 
Previous research shows that there is a U-shaped 
relationship between the concentration of HbA1c and the 
decline of physiological function in advanced age [12], 
especially for a high concentration of soluble interleukin 6 
(IL-6) in the blood [13]. The rate of decline in body 
function, essential to assessing aging, is also related to the 
concentration of HbA1c and related [14–16]. Previously 
report also indicated that plasma endothelin-1(ET-1) levels 

increased in T2MD and predicts incident diabetic 
peripheral neuropathy [17]. ET-1 is an effective 
vasoconstrictor peptide. The plasma ET-1 concentration 
level in diabetic patients is positively correlated with 
microangiopathy. ET-1 is also significantly increased in 
obesity [18, 19]. Chronic inflammation causes obesity 
through several pathways, including releasing 
inflammatory cytokines to recruit adipose tissue 
macrophages (ATMs), stimulating lipogenesis, and 
changing metabolic capacity [20, 21]. Plasma creatinine is 
often used as a parameter of muscle damage in clinical 
practice. In recent years, many studies have pointed out 
that it can also be used as an indicator of sarcopenia and 
related diseases such as diabetes [22, 23]. 
 
MicroRNAs (miRNAs) have attracted attention as 
potential biomarkers and targets for specific therapies. 
MiRNAs are small non-coding RNAs (21–25 bases) that 
are not translated into proteins but inhibit the function of 
their target messenger RNAs (mRNAs) by destabilizing 
them and inhibiting their translation. Previous studies 
have shown that miRNAs play pivotal roles in the 
development of sarcopenia. Many miRNAs increase or 
decrease in muscles and blood of patients with sarcopenia 
and rodent models of sarcopenia. Additionally, several 
miRNAs have been demonstrated to affect sarcopenia in 
myocytes in vitro or rodent sarcopenia models in vivo 
[24]. A large number of studies reporting the 
dysregulation of miRNAs in the serum/plasma of patients 
with diabetes have emerged in the past decade. In a 
global profile study focusing on T2D circulating 
miRNAs, approximately 70 miRNAs showed elevated 
levels, and about 100 miRNAs showed reduced levels in 
blood samples of T2D patients [25]. A meta-analysis 
confirmed 40 significantly dysregulated miRNAs in T2D 
patients [26]. These results suggest that miRNAs are 
potential biomarkers and targets of gene therapy for 
sarcopenia and DM. 
 
There are many publications describing the involvement of 
low-grade inflammation in the aging process and age-related 
diseases [27, 28]. To explain its diverse implications, 
various terms and views have been proposed. Included are 
inflammaging, molecular inflammation, micro-
inflammation, pan-inflammation, and gero-inflammation, all 
of which describe the increased chronic inflammatory 
activity and proinflammatory mediators associated with 
aging, but at present, these age-related chronic inflammation 
phenomena still remain poorly defined and uncharacterized 
[29]. All metabolic diseases may originate from chronic 
inflammation, such as T2MD, obesity and sarcopenia, 
usually occur simultaneously, however, the mechanism 
between T2MD and OS is still unclear. Therefore, the aim 
of this study is to investigate the relationship between 
HbA1c, ET-1, Creatinine, and muscle mass in T2MD 
elderly patients; to further understand the underlying 
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molecular mechanism between myocyte and adipocyte, 
which will provide a supplementary reference for clinical 
diagnoses in the future. 
 
MATERIALS AND METHODS 
 
Materials 
 
Cell culture supplements were purchased from Invitrogen 
(Carlsbad, CA, USA). Antibodies against IL‐6 (SC-
28343), p‐p65 (Ser536; SC‐101752), p‐65 (SC‐8008), p‐85 
(SC‐1637), p‐AKT (Thr308; SC‐16646‐R), AKT 
(SC‐5298), p‐IKKα/β (Ser180/Ser181; SC‐23470‐R), 
IKKα/β(SC‐7607), p‐IκBα (Ser32; SC‐8404), IκBα 
(SC‐203), PCNA(SC‐36), and β‐actin (SC‐58673), and C6 
ceramide (an ERK activator), were all purchased from 
Santa Cruz (Santa Cruz, CA, USA). Anti‐TNF‐α (a11534) 
was obtained from Abclonal (Woburn, MA, USA). 
Antibody against p‐p85 (Tyr458/Tyr199; 4228S) was 
purchased from Cell Signaling (Danvers, MA, USA). 
AKT inhibitor were supplied by Calbiochem (San Diego, 
CA, USA). Ly294002, TPCK and PDTC were bought 
from Enzo Life Sciences International (Plymouth Meeting, 
PA, USA) and Cell culture supplements were purchased 
from Invitrogen (Carlsbad, CA, USA). Dual‐Luciferase® 
Reporter Assay System was bought from Promega 
(Madison, WI, USA). All other chemicals not described 
above were supplied by Sigma‐Aldrich (St Louis, MO, 
USA). 
 
Cell culture 
 
The murine myoblast cell lines C2C12, G7, and 3T3-L1 
were purchased from American Type Culture Collection 
(Manassas, VA, USA). C2C12 and G7 cells were 
cultured in Dulbecco’s Modified Eagle Medium 
(DMEM) supplemented with 10% fetal bovine serum, 
penicillin (50 units/mL), and streptomycin (50 μg/mL), 
as previously described [30–32]. ET-1–conditioned 
media (CM) were prepared from the supernatant of 
C2C12 or G7 treated with ET-1. 3T3-L1 preadipocytes 
(CL-173™; ATCC) were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM) (Invitrogen, 
Carlsbad, CA, USA) containing 10% fetal bovine serum 
(FBS) and 10 mg/ml penicillin/streptomycin in an 
atmosphere of 10% CO2 at 37°C. 3T3-L1 cells were 
then co-cultured with the CM for 24 h. Next, the 
cellular lipid content was assessed by Oil Red O 
staining (Sigma-Aldrich). 
 
Patient consent and clinical samples 
 
Blood samples were obtained from patients aged over 55 
years with diabetes mellitus at T2DM and were defined as 
having fasting capillary blood glucose level (>6.1 mmol/L) 
or plasma glucose measurement (FPG > 7.0 mol/L) in 

accordance with World Health Organization (WHO) 2006 
criteria. Exclusion criteria included who had a history of 
cerebral stroke, heart stents, artificial pacemakers or other 
metal implants implanted in the body, or had malignant 
tumors, hepatopathy, end-stage renal disease, thyroid gland 
dysfunction, arthrophlogosis, carpal tunnel syndrome, or 
had taken special nutritional supplements such as protein 
powder in recent three months. HbA1c was measured by 
high-performance liquid chromatography using DCCT-
aligned methods. For each patient, intrapersonal mean and 
SDs of all recorded HbA1c measurements were calculated. 
This sample comes from Taichung Veterans General 
Hospital, Cheng Ching Hospital, Singin Hospital, and 
Changhua Christian Hospital, Taiwan. The study protocol 
was approved by the Institutional Review Board (IRB: 
CE17234A) of Taichung Veterans General Hospital, and 
all procedures were performed in accordance with the 
IRB’s guidelines. Informed written consent was obtained 
from all patients. Clinical parameters and disease 
characteristics for each subject were collected according to 
a standardized protocol. Recorded clinical parameters 
included age, gender, body mass index (BMI), systolic 
blood pressure (SBP) and diastolic blood pressure (DBP), 
endothelin-1(ET-1), creatinine, and Hemoglobin A1c 
(HbA1c). Disease characteristics included self-reported 
duration of diabetes mellitus and family history. 
 
RT-qPCR of mRNA and miRNA 
 
Total RNA was extracted from C2C12 and G7 cells 
using the TRIzol reagent (MDBio, Taipei, Taiwan), 
according to the manufacturer’s instructions. The RNA 
concentration was determined using a Nanovue™ 
spectrophotometer (GE Healthcare). RNA was 
converted into complementary DNA (cDNA) by M-
MLV reverse transcription (Invitrogen, Thermo Fisher 
Scientific), following the manufacturer’s instructions. 
The qPCR analysis was performed as per the 
manufacturer’s protocols. cDNA was amplified with the 
forward (F) and reverse (R) primers by PCR. IL-6 was 
5′-GACAACTTTGGCATTGTGG-3′ (F) and 5′-
ATGCAGGGATGATGTTCTG-3′ (R), ET-1 were 5′-
GTGGAAGGAAGGAAACTAC-3′ (F) and 5′-
CAAGAAGAGGCAGAAAGGCA-3′ (R). TNF-α 
Sense 5′-CCGATGGGTTGTACCTTGTC-3′ (F) and 
5′-CAAGAAGAGGCAGAAAGGCA-3′ (R). [33–35]. 
miRNA mmu-let-7g-5p UGAGGUAGUAGUUUGUA 
CAGUU. 
 
Western blot analysis 
 
The cell lysate was separated by SDS-PAGE 
electrophoresis, and proteins were then transferred to 
polyvinylidene difluoride membranes, following the method 
described in our previous work [36, 37]. After blocking, the 
membranes were incubated with primary antibody and then 
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secondary antibody. For enhanced chemiluminescent 
imaging, the blots were visualized with the UVP 
Biospectrum system (UVP, Upland, CA, USA) [38–40]. 
 
ELISA assay 
 
C2C12 and 3T3-L1 cells were cultured and stimulated 
with ET-1 for 24 h with or without the transfection of 
siRNAs or inhibitors. Serum and the CM were 
collected, and ET-1 levels were quantified using an ET-
1 ELISA kit (Peprotech, Rocky Hill, NJ, USA). 
 
XF24 oxygen consumption analysis 
 
3T3-L1 fibroblasts were seeded in Seahorse (Seahorse 
Bioscience Inc., Billerica, MA, USA) plates at a density 
of 50,000 cells per well before being differentiated to 
adipocytes as outlined above. Prior to all assays, cell 
media were changed to unbuffered DMEM (DMEM 
base medium supplemented with 25 mM glucose, 1 mM 
sodium pyruvate, and 1 mM GlutaMax; pH 7.4) and 
incubated at 37°C in a non-CO2 incubator for 60 min. 
Cellular bioenergetics, mitochondrial function assays, 
and parameter calculations were performed as 
previously described using the Seahorse XF24 analyzer. 
For assessing oxygen consumption responses to 
norepinephrine, four basal measurement periods were 
performed prior to the injection of norepinephrine (1 
μM final) or vehicle (H2O), and seven subsequent 
measurements were taken as previously described [41]. 
 
Plasmid construction and luciferase assays 
 
C2C12 and G7 cells were transfected with a reporter 
plasmid using Lipofectamine 2000 (Invitrogen) according 
to the manufacturer’s recommendations. At 24 h after 
transfection, the cells were pretreated with inhibitors for 30 
min, and then, ET-1 or vehicle was added for 24 h. Cell 
extracts were then prepared, and luciferase and β-
galactosidase activities were measured. Wild-type (wt) 
Twist-3ʹ-UTR was constructed into the pGL2-Control 
vector. The predicted Ikbkb binding site for miRNA was 
identified by the Targetscan (http://www.targetscan.org/). 
Mutant plasmids that attenuate the interaction between 
Ikbkb 3′UTR and miRNA were generated using a 
QuikChange Site‐Directed Mutagenesis kit (Stratagene, 
Cedar Creek, TX, USA). These plasmids were transfected 
into cells using Lipofectamine 2000. 
 
Statistics 
 
All values are given as mean ± standard error of the mean 
(SEM). The relationship between annual HbA1c values 
and time was determined by estimating Spearman’s 
correlation for patients subgrouped by HbA1c level. 
Statistical analysis was performed using SPSS version 22.0 

(IBM Corp., Armonk, NY, USA). Student’s t-test was 
used to assess between-group differences. In order to 
investigate the differences between HbA1c, BIA levels, a 
one-way analysis of variance (ANOVA) was applied in 
these groups. Bonferroni correction was used to account 
for multiple pairwise comparisons. A p value of <0.05 was 
considered statistically significant. 
 
RESULTS 
 
Characteristics of enrolled patients categorized 
based on Hba1c 
 
A total of 157 patients aged >55 years with obesity and 
diabetes diagnosed by a specialist in metabolism or family 
medicine were enrolled into this study and completed BIA 
and blood parameter assessments. The mean age of the 
patients was 66.82 ± 8.83 years; 40.63% were men and 
59.38% women; weight was 69 ± 10 kg and height 160 ± 10 
cm. The patients were assigned to four groups based on the 
plasma HbA1c range: HbA1c < 6.5%, HbA1c = 6.5%–
7.5%, HbA1c = 7.5%–8.5%, and HbA1c > 8.5%. Table 1 
presents the characteristics of the participants, including 
body composition and serum parameters. Disease duration 
in years, plasma creatinine, and ET-1 were positively 
correlated (p < 0.05) with HbA1c levels. Disease duration 
and HbA1c were negative related with ASM/ht2 (BIA) and 
muscle mass. We further to analyzed the Pearson correlation 
between ET-1 and other parameters and found that ET-1 
levels have a positively correlated with diabetes duration, 
plasma creatinine HbA1c and body fat percentage but 
negative with ASM/ht2. Furthermore, compared with the 
ET-1, creatinine, and HbA1c there are correlated in different 
levels. As shown in Figure 1, the duration of disease is 
clearly an essential issue in metabolic syndrome (Figure 
1D–1F), and the hyperglycemia environment is associated 
with high ET-1 and creatinine levels (Figure 1A–1C). 
 
ET-1 expression is positively correlated with age, 
HbA1c, creatinine, and myopathy in diabetes 
 
In order to clarify the relationship between muscle mass 
and biomarkers we further regroup different muscle 
mass levels and compare all the parameters. According 
to EWGSOP and AWGS that muscle mass loss is a 
threat to elders, the subjects were randomly divided into 
5 groups according to ASM/ht2 levels (10>, 10–9, 9–8, 
8–7, 7<, which of appendicular skeletal muscle mass/ 
squared height). We analyzed the correlations with 
serum concentration of ET-1, HbA1c, creatinine, and 
disease duration. A positive correlation was found 
between the four main factors of disease duration, and 
ET-1, HbA1c, and creatinine concentration (R = 0.74). 
Next, we examined the relationship between HbA1c, 
ET-1, Creatinine, and ASM/ht2. Here, we followed the 
recommendations of IWGS and used ASM/ht2.

http://www.targetscan.org/
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Table 1. Physiological parameters of DM patients by HbA1c group classification. 

  HbA1c (<6.5) HbA1c (6.5–7.5) HbA1c (7.5–8.5) HbA1c (>8.5) F p 

Anthropometry N = 40 N = 36 N = 40 N = 41   

Male 26 28 17 17   

Female 30 35 24 24   

Age (yr) 64.76 ± 11.68 65.35 ± 10.94 63.65 ± 11.05 63.38 ± 9.87 1.178 0.24 

Weight (kg) 69.49 ± 12.92 68.6 ± 11.61 66.02 ± 13.44 74.72 ± 18.23 1.335 0.114 

Height (cm) 163 ± 8 161 ± 8 159 ± 9 164 ± 7 0.229 1.000 

BMI (kg/m2) 26.6 ± 4.17 24.14 ± 1.05 25.78 ± 3.74 26.12 ± 5.69 0.320 1.000 

Muscle(kg) 26.03 ± 3.87 26.13 ± 3.61 26.35 ± 7.07 22.93 ± 7.26 1.620 0.019 

Fat% 30.69 ± 6.99 30.89 ± 6.6 33.13 ± 5.6 32.48 ± 6.3 1.419 0.067 

ASM/ht2 10.64 ± 1.64 9.39 ± 1.54 9.31 ± 1.47 8.51 ± 1.00 1.76 0.007 

Duration of disease (y) 4.8 ± 3.73 7.59 ± 5.59 8.58 ± 4.22 9.13 ± 5.6 2.059 0.001 

Creatinine (mg/dl) 0.75 ± 0.24 0.83 ± 0.19 0.83 ± 0.22 0.96 ± 0.38 1.932 0.002 

Endothelin-1 (pg/ml) 0.69 ± 0.12 0.81 ± 0.12 0.83 ± 0.15 0.91 ± 0.12 2.352 0.000 

Demographic and clinical characteristics by HbA1c concentration. The mean age of the patients was 66.82 ± 8.83 years; 
40.63% were men. The mean course of diabetes was 7.35 ± 5.95 years. Results of the univariate analysis indicated muscle 
(kg), fat (%), BIA, duration of disease (y), creatinine (mg/dL), and endothelin-1 (pg/mL) were significantly correlated with 
HbA1c. *p < 0.001. 
 

 
 
Figure 1. Endothelin-1(ET-1)/creatinine expression is positively correlated with HbA1c expression in elderly patients with 
diabetes mellitus (DM). (A–C) ELISA analysis indicates higher serum ET-1 and creatinine levels with higher HbA1c(R = 0.74). (D) 
Correlation between levels of HbA1c and diseases duration in elderly patients with DM (R = 0.58). (E) Serum ET-1 was higher with longer 
disease duration and lower bioelectrical impedance analysis values (R = 0.71). (F) Correlation between levels of serum creatinine and 
diseases duration with DM (R = 0.68). 
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ASM/ht2 are also associated with HbA1c (Figure 
2B), ET-1 (Figure 2D), Creatinine (Figure 2F) 
levels, and disease duration in Figure 2H. 
 
In order to further explore the possible association 
between HbA1c, ET-1, Creatinine, and the duration of 
disease were correlated with body composition we used 
a mesh graph to directly observe these parameters. We 
noticed that the key point is that the duration of more 
than 15 years; here, the content of adipose tissue and 
HbA1c is much higher than those in other subjects 
(Figure 2A). Comparison of the relationship between 
ET-1, Creatinine, Duration, and myopathy index 
creatinine revealed a positive correlation between them 
(Figure 2C, 2E and 2G). These results indicate that the 
metabolic factors might be triggered in an individual’s 
microenvironment. Over time, ET-1 and related factors 
become unbalanced. ET-1 especially affects the elderly 
population because it accumulates over time. These data 
provide strong evidence that ET-1 is a key factor in 
various conditions and may trigger abnormal 
physiology and pathophysiology. However, additional 
experimentation is required to define the connection. 
Next, we explored the role of ET-1 in muscle cells and 
adipocytes in vitro. 
 
ET-1 Increases IL-6 and TNF-α expression in 
myoblast cell lines C2C12 and G7 
 
Previous studies have revealed that ET-1 in the 
microenvironment leads to several types of 
inflammation-related conditions and diseases [42, 43]. 
Therefore, ET-1 may be involved in regulating the 
muscle inflammation response mechanism. We 
hypothesized IL-6 and TNF-α may be involved in ET-

1–induced inflammatory myopathy. Treatment of 
myoblast cell lines (C2C12 and G7) with ET-1 
increased transcriptional expression of IL-6 and TNF-
α, as measured by qPCR (Figure 3B and 3D). ET-1 
increased protein expression of IL-6 and TNF-α in 
C2C12 and G7 cells in a dose-dependent manner in 
Western blotting (Figure 3E). These cytokine levels in 
the supernatant from CM of ET-1 were also 
determined by an ELISA assay (Figure 3A and 3C). 
Data indicated that ET-1 increased IL-6 and TNF-α 
mRNA and protein levels. Previous studies have 
determined that ET-1 affects cells migration through 
the ETAR [44–48]. We hypothesize that the ETR-
signaling pathway may be involved in ET-1–
stimulated inflammatory myopathy. Furthermore, IL-6 
and TNF-α transcription activity was prevented by the 
ET receptor antagonists BQ123 and BQ788; 
pretreatment of C2C12 and G7 cells for 30 min with 
the ETR antagonist BQ123 (5 μM) or BQ788 (5 μM) 
markedly inhibited ET-1–induced IL-6 and TNF-α 
expression. (Figure 3F and 3H) mRNA levels were 
measured by qPCR and secreted protein concentration 
by ELISA assay (Figure 3C–3I). Together, the results 
confirmed that ET-1 induces IL-6 and TNF-α 
upregulation in C2C12 and G7 myoblast cells. 
 
ET-1 promotes IL-6 and TNF-α production through 
PI3K and Akt signaling pathways 
 
The PI3K signaling pathway modulates several cellular 
functions, including inflammation [49]. We explored the 
role of PI3K in ET-1–enhanced IL-6 and TNF-α 
expression by pretreating C2C12 and G7 cells with a PI3K 
inhibitor (Ly294002). When C2C12 and G7 cells were 

 

 
 
Figure 2. The levels of HbA1c, ET-1, creatinine expression, and diseases duration are correlated with ASM among elderly 
patients with diabetes mellitus (DM). Analysis the correlated the levels of HbA1c (A, B), ET-1 (C, D), creatinine (E, F), and diseases 
duration (G, H) with different body composition (ASM/ht2) by mesh graphs and different muscle mass in elderly DM patients. 
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treated with an Akt inhibitor prior to ET-1 administration, 
we observed marked reductions in ET-1–induced 
increases in IL-6 and TNF-α expression (Figure 4A–4D). 
Western blot analysis determined that ET-1 time-

dependently promoted p85 and Akt phosphorylation 
(Figure 4E). These findings suggest that ET-1 facilitates 
IL-6 and TNF-α production in myocyte cell lines C2C12 
and G7 through PI3K and Akt signaling pathways. 

 

 
 
Figure 3. ET-1 induces IL-6 and TNF-α mRNA and protein levels through ET receptor pathways in myocyte cells (C2C12 and G7 
cell lines). (A–E) Cells were incubated with ET-1 (10–50 nM) and the levels of IL-6 and TNF-α mRNA and protein expression were examined by 
EILSA, qPCR, and Western blot assays. (F–I) Cells were pretreated with ETRs inhibitors BQ123 (5 μM) and BQ788 (5 μM) then stimulated with 
ET-1. The IL-6 and TNF-α mRNA and protein expression levels were examined by EILSA and qPCR assays. Results are expressed of four 
independent experiments performed in triplicate. *p < 0.05 compared with control; #p < 0.05 compared with the ET-1–treated group. 
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PI3K/Akt/NFκB signaling pathway is involved in 
ET-1-regulated IL-6 and TNF-α 
 
As mentioned, IL-6 and TNF-α cytokines are released 
in adipocytes and myocytes through the inflammatory 
pathway mediated by NFκB activation [50–52]. 
Treatment of myocyte C2C12 cells with ET-1 also 
caused. p65 Ser536 phosphorylation has previously 

been demonstrated to increase NFκB transactivation. 
Using the same antibody, we determined that treatment 
of C2C12 cells with ET-1 at various time intervals 
resulted in IKKα/β phosphorylation (Figure 5E). We 
further examined the upstream molecules involved in 
ET-1–induced NFκB activation. Because 
PI3K/Akt/NFκB was involved in ET-1-induced IL-6 
and TNF-α expression, we pretreated the cell lines 

 

 
 
Figure 4. The PI3K pathway is involved in Endothelin-1 or ET-1–induced IL-6 and TNF-α synthesis. (A–D) C2C12 and G7 cells 
were pretreated with a PI3K inhibitor (Ly294002) and an Akt inhibitor then incubated with ET-1 for 24 h. IL-6 and TNF-α levels were 
examined by RT-qPCR and ELISA (E). C2C12 and G7 were incubated with ET-1 for the indicated time intervals, and p85 and Akt 
phosphorylation were examined using Western blotting. Results are expressed of four independent experiments performed in triplicate. *p 
< 0.05 compared with control; #p < 0.05 compared with the ET-1–treated group. 
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with the NFκB inhibitor PDTC (10 μM) and IκB protease 
inhibitor TPCK (3 μM) before treatment with ET-1. They 
reduced mRNA and protein expression significantly 
(Figure 5A–5D). Furthermore, pretreatment with 
upstream pathway inhibitors such as Ly294002 and Akt 
inhibitor reduced ET-1–activated NFκB pathways 
(Figure 5F and 5G). These data suggest that NFκB 
activation is involved in ET-1–induced inflammation in 
myocyte cells. To directly determine the level of NFκB 
activation after ET-1 treatment, C2C12 and G7 cells were 
transiently transfected with κB-luciferase as an indicator 
of NFκB activation. As depicted in Figure 6F, ET-1 (10–
50 nM) treatment of C2C12 and G7 cells for 24 h caused 
an increase in NFκB-luciferase activity. These results 
indicate that NFκB activation is essential to ET-1–
induced myopathy. To further investigate whether ET-1–
induced NFκB activation occurs through the ETRs and 
PI3K/Akt pathways, C2C12 and G7 cells were pretreated 
with BQ123, BQ788, Ly294002, and Akt inhibitor, all of 
which inhibited the ET-1–induced increase in NFκB-
luciferase activity (Figure 6G). Stimulation of cells with 
ET-1 increased p65 translocation into the nucleus, as 
measured by immunofluorescence staining. The ETRs 
inhibitor Ly294002 and an Akt inhibitor reduced the ET-

1–mediated translocation of p65 (Figure 6A–6E). Taken 
together, these data suggest that activation of the 
PI3K/Akt pathway was stimulated by ET-1–induced p65 
Ser536 phosphorylation and NFκB activation through 
ETRs/PI3K/Akt in C2C12 and G7 cells. 
 
ET-1 induces adipose tissue inflammation and 
impairment of mitochondria, causing obesity 
 
Adipose tissue (AT) inflammation resulting in 
metabolism system impairment is the major reason for 
obesity. To explore the influence of ET-1 on AT, we 
directly treated 3T3-L1 adipocyte cells with ET-1. 
Notably, the expression of cytokines IL-6 and TNF-α 
and the adipokine visfatin increased in a dose-
dependent manner. Furthermore, to modify the 
condition in human physiology between muscle and 
AT, we collected CM from ET-1 treated with C2C12 
and co-cultured with 3T3-L1 adipocyte cells (Figure 7A 
and 7B). The data provide strong evidence that ET-1 (or 
myopathy) mediates cytokine expression, which can 
promote the release of more inflammatory factors, 
causing chronic inflammation, and driving fat droplet 
genesis and storage. 

 

 
 
Figure 5. NFκB is involved in the potentiation of IL-6 and TNF-α production by endothelin-1 (ET-1). (A–D) C2C12 and G7 cells 
were pretreated with NFκB inhibitor PDTC (10 µM) and TPCK (3 µM) then incubated with ET-1 (50 nM) for 24 h. IL-6 and TNF-α levels were 
examined by RT-qPCR and ELISA. (E–G) C2C12 were incubated with ET-1 for the indicated time intervals, p65, and IKK phosphorylation were 
examined using Western blotting. Pretreated with NFκB inhibitor PDTC (10 µM), TPCK (3 µM), and Ly294002 then incubated with ET-1 (50 
nM) and p65 phosphorylation and IL-6 and TNF-α were examined using Western blotting. Results are expressed of four independent 
experiments performed in triplicate. *p < 0.05 compared with control; #p < 0.05 compared with the ET-1–treated group. 
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Figure 6. The PI3K/Akt signaling pathway is involved in endothelin-1 or ET-1–mediated NFκB activity IL-6 and TNF-α 
expression. (A–E) C2C12 and G7 cells were pretreated with BQ123, BQ788, Ly294002, or Akt inhibitor followed, by stimulation with ET-1, 
and were analyzed using immunofluorescence assay. (F) C2C12 and G7cells were incubated for 24 h with various concentrations of ET-1, 
and in vitro NFκB-luciferase activity was measured. (G) C2C12 and G7cells were pretreated with BQ123, BQ788, Ly294002, or Akt inhibitor 
for 30 min stimulated for 24 h with ET-1 (50 nM), and in vitro NFκB–luciferase activity was measured. Results are expressed of four 
independent experiments performed in triplicate. *p < 0.05 compared with control; #p < 0.05 compared with the ET-1–treated group. 
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To observe the effect of ET-1 stimulation on the energy 
metabolism of adipocytes, the promotion of the 
differentiation of fat cells, or the change in energy 
metabolism that causes obesity, we analyzed 
mitochondrial maximum operating capacity (XF Cell 
Mito Stress Test). To first detect the initial oxygen 
consumption status, an ATP synthase inhibitor is added 
to inhibit the mitochondrial production of ATP; the 
suppressed oxygen consumption indicates how much 
oxygen is involved in the synthesis of ATP. FCCP is 
then added. This drug is uncoupled at the appropriate 
concentration without damaging the electron transport 
chain, allowing the mitochondria to idle in the limited 
condition and enabling an evaluation of the maximum 
oxygen consumption capacity of the mitochondria. 
Finally, the complex I inhibitor rotenone and complex 
III inhibitor antimycin A are added to the electron 
transport chain. Oxygen supply is completely stopped, 
and the value of its background detection is determined 
(Figure 7C). Using XF Seahorse Technology, we 

created a method to directly quantify mitochondrial 
bioenergetics in 3T3-L1 cells. Our results indicate that 
decreases in basal oxygen consumption following 
pretreatment with ET-1 in C2C12/CM are mostly due to 
proton leakage. In addition, presents lower maximal 
oxygen consumption than AT (Figure 7D). ET-1 
promotes fat metabolism from the original aerobic 
metabolism to anaerobic metabolism. The results of 
these experiments suggest that ET-1 promotes the 
differentiation of AT and energy into storage type, 
which eventually leads to the obese metabolic pathway. 
In line with the hypothesis of this study, ET-1 may be 
responsible for sarcopenia. When adipocytes are 
stimulated with ET-1, they release related cytokines, 
such as IL-6, visfatin, and TNF-α. Therefore, we 
confirmed that ET-1 is a critical mediator of 
inflammation in myopathy. Normally, it would have a 
minor and nonsignificant influence; however, a chronic 
condition could result in amplification in the 
microenvironment and result in pathology. 

 

 
 
Figure 7. Endothelin-1 (ET-1) enhances IL-6, TNF-α, and visfatin synthesis and reduces mitochondria oxygen consumption in 
AT. (A) Bright-field image (100×) of 3T3-L1 preadipocytes cells were incubated with supernatant from C2C12 and observes for 3days with 
oil-drop. (B) Supernatant from C2C12 and G7 treated with ET-1 were incubated with 3T3-L1 cells. in vitro IL-6, TNF-α, and visfatin activity 
were measured through Western blotting. (C) 3T3L-1 cell mitochondrial energy measured by Seahorse. Representative OCR plot with the 
injection of oligomycin, FCCP, and rotenone. (D) Quantization data of the different areas of ORC. All the control groups in Figure 7 are from 
the control CM of C2C12 without treat with ET-1. Results are expressed of four independent experiments performed in triplicate. *p < 0.05 
compared with control; #p < 0.05 compared with the ET-1–treated group. 
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ET-1 enhances NFkB, IL-6, TNF-α expression by 
inhibiting miR-let-7g-5p synthesis 
 
The intricate networks of miRNAs in myocyte-induced 
micro-inflammation are little understood. Our results 
indicate that ET-1 promotes cell migration by 
upregulating TWIST expression. We therefore 
undertook a bioinformatics analysis using open-source 
database software (TargetScan: http://www.targets 
can.org/vert_72/, miRWalk: http://zmf.umm.uni-
heidelberg.de/apps/zmf/mirwalk2/, and miRBase: 
https://www.mirbase.org/) to screen for miRNAs that 
regulate NFkB, IL-6, TNF-α expression and the 2D 
statures (Figure 8A). NFkB is the upstream transcription 
of IL6 and TNF, so we initially searched for miRNAs 
that would bind at the 3′UTR binding site of NFkB 
(Ikbkb), and we found that the miRNA of choice was 
miR-let-7g-5p. Fortunately, after database comparison, 
we found that this miRNA regulates both IL-6 and TNF 
and was most substantially inhibited by ET-1 
stimulation. To validate these findings, we compared 
the expression levels of miR-let-7g-5p in C2C12 and 
3T3-L1 under graded ET-1 stimulation. We found that 
ET-1 (1–50 nM) suppressed the extent of miR-let-7g-5p 
expression in a concentration-dependent manner 
(Figure 8B). In addition, the ET-1 receptor, PI3K, and 
Akt inhibitors reversed ET-1-inhibited miR-let-7g-5p 
expression. miR-let-7g-5p appears to disturb NFkB 
transcription via binding to the 3′UTR region of NFkB 
mRNA, and miR-let-7g-5p expression is suppressed by 
ET-1 receptor/PI3K/Akt phosphorylation induced by 
upstream ET-1 stimulation (Figure 8C). To define 
whether ET-1 enhances NFkB, IL-6, TNF-α expression 
by suppressing miR-let-7g-5p synthesis, we transfected 
the C2C12 and 3T3-L1 with miR-let-7g-5p, which 
reversed ET-1-enhanced TNF-α and IL-6 (Figure 8D 
and 8E). We also used the luciferase reporter vector, 
including the wild-type 3′UTR of Ikbkb mRNA (wt-
Ikbkb-3′UTR) and the vector containing mismatches in 
the miR-let-7g-5p binding site (mutant-Ikbkb-3′UTR), 
to define whether miR-let-7g-5p disrupts Ikbkb 
transcription. We found that miR-let-7g-5p mimic 
mitigated ET-1-induced luciferase activity in the wt-
Ikbkb-3′UTR plasmid, but not in the mt-Ikbkb-3′UTR 
plasmid (Figure 8F). Also that ET-1 (1–50 nM) 
suppressed the extent of miR-let-7g-5p expression in a 
concentration-dependent manner in the wt-Ikbkb-3′UTR 
plasmid, but not in the mt-Ikbkb-3′UTR plasmid 
(Figure 8G). 
 
DISCUSSION 
 
Aging causes chronic inflammation and results in 
several diseases challenges, such as SO and DM. 
Andersen et al. (2004) surveyed 36 diabetic patients and 
determined that the muscle strength of their ankles and 

knees had degenerated by 17% compared with people 
without diabetes [53]. Tanaka et al. (2016) uncovered 
that serum creatinine, HbA1c, and leg muscle mass 
were negatively correlated [54]. Previous studies have 
also documented how HbA1c levels are affected in 
different diseases [55, 56]. The findings of these studies 
are consistent with the conclusions of this article. We 
found that in elderly diabetic patients, with longer onset 
time or higher HbA1c concentration, muscle mass 
ASM/ht2 decreased and blood levels of muscle damage 
indicators Creatinine and ET-1 increased. The muscle 
mass and strength of individuals with diabetes are 
weaker than those in individuals without the disease and 
are related to the degree of HbA1c and the quality of 
muscle fibers, both of which are worse than those of 
ordinary healthy people. The plasma concentration of 
ET-1 in individuals with diabetes is higher than that in 
people without it [57]. These pieces of evidence 
indicate that there is a direct relationship between 
diabetes and skeletal muscle loss in the elderly 
population, and this study further hopes to find out the 
possible key factors affecting the two diseases. 
Therefore, after constructing an algorithm model 
through the mesh, it was found that ET-1, Creatinine 
has a very significant expression in the late stage of the 
disease in the elderly, which implies that ET-1 may be 
overexpressed by the influence of diabetes in the 
elderly, and may therefore dominate the inflammatory 
response of skeletal muscles. 
 
Since it is difficult for patients with chronic diseases to 
collect additional samples in addition to serum data, the 
follow-up research on the mechanism of ET-1 on 
skeletal muscle inflammation is carried out by in vitro 
methods. The previous study showed that endothelial 
dysfunction, with increased endothelin-1 (ET-1) 
synthesis, and sarcopenia, characterized by the loss of 
muscle mass and strength, are two aging-related 
conditions. They demonstrated that ET-1-induced 
senescence and fibrosis in cultured mouse myoblast 
cells depends on the increase of extracellular FN, that 
interacting with integrin receptor, induces ILK 
expression, ROS production, and activation of PI3K-
AKT-GSK pathway in old mice and cultured myoblasts 
[58]. Moreover, obesity (and hyperglycemia) has been 
also shown to result in increased ET-1 peptide and pre-
pro ET-1 gene expression [59]. Thus, it is likely that 
obesity is both driving the trend for higher ET-1 
expression in the obese and obese T2D compared with 
Lean [60]. These studies suggest that skeletal muscle 
aging, obesity, and diabetes may all contribute to 
abnormally elevated ET-1 levels, which is also 
consistent with our findings and provides a good 
explanation for the source of excess ET-1. In the past, 
most of the studies were to study the relationship 
between ET-1 and ROS. Our study focuses on the

http://www.targetscan.org/vert_72/
http://www.targetscan.org/vert_72/
http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/
http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/
https://www.mirbase.org/
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Figure 8. ET-1 suppresses production of NFkB, TNF‐α and IL‐6 by increasing miR‐let‐7g-5p expression. (A) Open-source 
software (TargetScan, miRDB, and miRWalk) sought to identify miRNAs that could possibly interfere with NFkB, IL-6 and TNF- α 
transcription. (B) Cells were incubated with melatonin (0-50 nM) for 24 h and miR-let-7g-5p expression was examined by qPCR. (C) Cells 
were pretreated with BQ123+BQ788, Ly294002, Akt inhibitor for 30 min, then stimulated with ET-1 for 24 h. miR-let-7g-5p expression was 
examined by qPCR. (D, E) Cells were transfected with the miR-let-7g-5p mimic and then treated with ET-1 (50 nM). TNF-α and IL-6 
expression was evaluated by qPCR. The wild-type and mutant Ikbkb 3′-UTRs contained the miR-let-7g-5p binding site. (F) Cells were 
transfected with the miR-let-7g-5p mimic and then treated with ET-1 (50 nM). (G) Cells were transfected with 3′-UTR plasmids as indicated 
then stimulated with ET-1 dose concentration. Then, cells were transfected with indicated luciferase plasmids for 24 h then stimulated with 
ET-1 for 24 h. Relative luciferase activity was measured. Results are expressed as the mean ± SEM. *P < 0.05 compared with controls; #P < 
0.05 compared with the melatonin-treated group. 
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release of inflammatory factors induced by ET-1, which 
causes inflammation in the microenvironment and 
causes damage to skeletal muscles and fat cells. 
 
Chronic inflammation of AT mediates metabolic 
syndrome and leads to obesity. ATMs maintain the 
steady-state of AT. Once cytokines are released by 
adipocytes, ATMs are induced to cause AT function 
impairment and increase the risk of diabetes [61]. In 
addition, obese AT is characterized by excessive 
production and disturbed capacity to store lipids, which 
accumulate ectopically in skeletal muscle. Lean or 
obese AT is affected by two types of phospholipid 
oxidation that polarize macrophages to antioxidant or 
pro-inflammatory states, respectively [62]. AT exposure 
to Th2 cytokines stimulates ATM proliferation. For 
example, in obesity, IL-6 acts as a Th2 cytokine by 
stimulating M2 polarization and local ATM 
proliferation, whereas Th1 cytokines such as TNF-α 
inhibit local ATM proliferation [63]. Moreover, 
increased production of visfatin and leptin serum levels 
may lead to the increased release of Th1 cytokines and 
result in obesity and its association with diabetes. In 
these studies, the expression levels of inflammatory 
factors will directly affect the aging and damage of 
skeletal muscles and will induce an immune response of 
adipocytes, promote the abnormal metabolism of 
adipocytes and lead to obesity. 
 
This study also provides strong evidence that CM of 
ET-1 incubated with myocytes promotes AT production 

of IL-1, IL-6, TNFα, and visfatin. These cytokines 
recruit ATMs and cause the co-occurrence of obesity 
and diabetes. Brown AT has the unique ability to 
dramatically increase mitochondrial uncoupled fuel 
oxidation for thermogenesis in response to adrenergic 
stimulation. A key parameter in assessing brown 
adipocyte thermogenic capacity is mitochondrial 
uncoupling, as determined by respiration [64]. Muscle 
inflammation is an inevitable process in SO [65, 66]. 
Our previous study revealed that visfatin is a 
proinflammatory adipokine that results in obesity and 
even promotes osteoarthritis [67, 68]. Our current 
results indicate that ET-1 enhances visfatin levels. 
These shreds of evidence suggest that ET-1 may be the 
source of visfatin and a series of inflammatory 
responses. Furthermore, the mitochondrial energy 
metabolism underlying maximal oxygen consumption. 
Prolonged exposure with ET-1 forms a 
microenvironment for promoting chronic disease. Our 
study indicated that ET-1 induces IL-6 and TNFα 
through regulated PI3K/Akt pathways and activity 
NFkB transcription factor, which provide strong shreds 
of evidence ET-1 could be a cross-bridge factor in SO 
and DM. 
 
More and more reports documented that miRNAs 
related to Sarcopenia or DM patients, especially in the 
elderly population. Muscle development and 
homeostasis require a fine gene expression modulation 
by mechanisms in which microRNAs (miRNAs) play a 
crucial role. miRNAs modulate key steps of skeletal

 

 
 
Figure 9. ET-1played a critical bridging between Sarcopenia and DM in elderly patients by triggering the myopathy 
through myocyte releases inflammation cytokines and affect the adipocyte metabolic meanwhile amplifying 
microenvironment injury. 
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myogenesis including satellite cells renewal, skeletal 
muscle plasticity, and regeneration [69]. C2C12 is a 
satellite myoblast cell line and it is suitable to be the 
material in vitro study in this research. The past study 
supports a possible connection, expression of several 
miRNAs, and age-related skeletal muscle declines, 
such as miR-133b and miR-206 [70]. Interestingly, a 
recent study shown that miRNA-146a and 
miRNA155 in saliva provide reliable, non-invasive, 
diagnostic, and prognostic biomarkers that can be 
used to monitor periodontal health status among 
diabetic and non-diabetic patients. Those experiences 
suggested that miRNA could be a diagnostic and 
prognostic biomarker. Moreover, this article first 
provides a miRNA candidate miR-let-7g-5p could be 
the critical regulator in NFkB, IL-6, and TNFα 
expression. It is the first article mentioned that miR-
let-7g-5p regulated SO and DM in elderly patients. 
Especially, miR-let-7g-5p comes from the screen 
open miRNA database website and it can be 
combined with NFkB related gene Ikbkb, IL-6 gene 
Il6, TNFα gene tnf the mRNA binding sites. In our 
research, miR-let-7g-5p specificity activated IL-6 and 
TNFα expression and only binding with wt-ikbkb 
mRNA sequences but no effect with mutant 
sequences by ET-1 stimulation. These data provide 
strong evidence indicating that PI3K/Akt/miR-let 
pathways might be the major signaling pathways to 
regulate inflammatory factors such as IL-6 and TNFα 
releases. 
 
CONCLUSIONS 
 
Our results indicate that ET-1 may play a critical role in 
mediating myopathy and adipose inflammation through 
the release of IL-6, TNF-α, or adipokines visfatin 
through PI3K/Akt/miR-let-7g-5p pathways in elderly 
individuals with diabetes (Figure 9). This study 
provides novel evidence of how ET-1 triggers a 
systemic inflammatory in hyperglycemic geriatric 
patients and influences muscle and AT and adds new 
insights to physiology and pathophysiology. We hope 
that these findings can promote new thinking and 
strategies for the treatment of related diseases. 
 
AUTHOR CONTRIBUTIONS 
 
M.H. Wu initiated the research project. C.H. Tsai, P.J. 
Huang, I.T. Lee performed the research. C.M. Chen I.T. 
Lee, C.H. Tsai, P.J. Huang provided the material. M.H. 
Wu wrote the paper. 
 
CONFLICTS OF INTEREST 
 
The authors declare no conflicts of interest related to 
this study. 

FUNDING 
 
This study was supported by grants from Taiwan’s 
Ministry of Science and Technology (MOST 105-2314-
B075A-003; 108-2221-E-029 -006; 106-2320-B-029-
002; 109-2314-B-468 -004; 109-2622-E-029 -005 -
CC3), Ministry of Health and Welfare (PG10603-0112, 
PG10925), Taichung Veterans General Hospital 
(TCVGH-1093503C, TCVGH-1073504C), and Cheng 
Ching Hospital (CH10500195B). This manuscript was 
edited by Wallace Academic Editing. 
 
REFERENCES 
 
1. Kirkman MS, Briscoe VJ, Clark N, Florez H, Haas LB, 

Halter JB, Huang ES, Korytkowski MT, Munshi MN, 
Odegard PS, Pratley RE, Swift CS. Diabetes in older 
adults. Diabetes Care. 2012; 35:2650–64. 
https://doi.org/10.2337/dc12-1801 
PMID:23100048 

2. Briggs AM, Woolf AD, Dreinhöfer K, Homb N, Hoy DG, 
Kopansky-Giles D, Åkesson K, March L. Reducing the 
global burden of musculoskeletal conditions. Bull 
World Health Organ. 2018; 96:366–8. 
PMID:29875522 

3. Westbury LD, Syddall HE, Fuggle NR, Dennison EM, 
Harvey NC, Cauley JA, Shiroma EJ, Fielding RA, 
Newman AB, Cooper C. Relationships Between Level 
and Change in Sarcopenia and Other Body 
Composition Components and Adverse Health 
Outcomes: Findings from the Health, Aging, and Body 
Composition Study. Calcif Tissue Int. 2021; 108:302–13. 
https://doi.org/10.1007/s00223-020-00775-3 
PMID:33191483 

4. Hong S, Chang Y, Jung HS, Yun KE, Shin H, Ryu S. 
Relative muscle mass and the risk of incident type 2 
diabetes: A cohort study. PLoS One. 2017; 
12:e0188650. 
https://doi.org/10.1371/journal.pone.0188650 
PMID:29190709 

5. Akpinar TS, Tayfur M, Tufan F, Sahinkaya T, Köse M, 
Özşenel EB, Bahat Öztürk G, Saka B, Erten N, Yildiz S, 
Karan MA. Uncomplicated diabetes does not accelerate 
age-related sarcopenia. Aging Male. 2014; 17:205–10. 
https://doi.org/10.3109/13685538.2014.963040 
PMID:25247628 

6. Yin T, Zhang JX, Wang FX, Zhao JH, Zhao Y, Liu L, Liu 
XY, Zhang YH, Zhao Y. The Association Between 
Sarcopenic Obesity and Hypertension, Diabetes, and 
Abnormal Lipid Metabolism in Chinese Adults. 
Diabetes Metab Syndr Obes. 2021; 14:1963–73. 
https://doi.org/10.2147/DMSO.S308387 
PMID:33958885 

https://doi.org/10.2337/dc12-1801
https://pubmed.ncbi.nlm.nih.gov/23100048
https://pubmed.ncbi.nlm.nih.gov/29875522
https://doi.org/10.1007/s00223-020-00775-3
https://pubmed.ncbi.nlm.nih.gov/33191483
https://doi.org/10.1371/journal.pone.0188650
https://pubmed.ncbi.nlm.nih.gov/29190709
https://doi.org/10.3109/13685538.2014.963040
https://pubmed.ncbi.nlm.nih.gov/25247628
https://doi.org/10.2147/DMSO.S308387
https://pubmed.ncbi.nlm.nih.gov/33958885


www.aging-us.com 3648 AGING 

7. Takahashi F, Hashimoto Y, Kaji A, Sakai R, Okamura T, 
Hamaguchi M, Fukui M. Sarcopenic obesity is 
associated with macroalbuminuria in patients with 
type 2 diabetes: a cross-sectional study. Endocr J. 
2021; 68:781–9. 
https://doi.org/10.1507/endocrj.EJ20-0655 
PMID:33731539 

8. Zhao WY, Zhang Y, Hou LS, Xia X, Ge ML, Liu XL, Yue 
JR, Dong BR. The association between systemic 
inflammatory markers and sarcopenia: Results from 
the West China Health and Aging Trend Study 
(WCHAT). Arch Gerontol Geriatr. 2021; 92:104262. 
https://doi.org/10.1016/j.archger.2020.104262 
PMID:33032183 

9. Ligibel JA, Schmitz KH, Berger NA. Sarcopenia in 
aging, obesity, and cancer. Transl Cancer Res. 2020; 
9:5760–71. 
https://doi.org/10.21037/tcr-2019-eaoc-05 
PMID:33163373 

10. Gonzalez MC, Heymsfield SB. Bioelectrical impedance 
analysis for diagnosing sarcopenia and cachexia: what 
are we really estimating? J Cachexia Sarcopenia 
Muscle. 2017; 8:187–9. 
https://doi.org/10.1002/jcsm.12159 
PMID:28145079 

11. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou 
MY, Iijima K, Jang HC, Kang L, Kim M, Kim S, Kojima T, 
Kuzuya M, Lee JSW, et al. Asian Working Group for 
Sarcopenia: 2019 Consensus Update on Sarcopenia 
Diagnosis and Treatment. J Am Med Dir Assoc. 2020; 
21:300–307.e2. 
https://doi.org/10.1016/j.jamda.2019.12.012 
PMID:32033882 

12. Dubowitz N, Xue W, Long Q, Ownby JG, Olson DE, 
Barb D, Rhee MK, Mohan AV, Watson-Williams PI, 
Jackson SL, Tomolo AM, Johnson TM 2nd, Phillips LS. 
Aging is associated with increased HbA1c levels, 
independently of glucose levels and insulin 
resistance, and also with decreased HbA1c diagnostic 
specificity. Diabet Med. 2014; 31:927–35. 
https://doi.org/10.1111/dme.12459 
PMID:24698119 

13. Zhu HC, Tao Y, Li YM. Correlations of insulin 
resistance and HbA1c with cytokines IGF-1, bFGF 
and IL-6 in the aqueous humor of patients with 
diabetic cataract. Eur Rev Med Pharmacol Sci. 
2019; 23:16–22. 
https://doi.org/10.26355/eurrev_201901_16742 
PMID:30657541 

14. Han TS, Al-Gindan YY, Govan L, Hankey CR, Lean MEJ. 
Associations of body fat and skeletal muscle with 
hypertension. J Clin Hypertens (Greenwich). 2019; 
21:230–8. 

https://doi.org/10.1111/jch.13456 
PMID:30525280 

15. Bender W, McCarthy C, Elovitz M, Parry S, Durnwald 
C. Universal HbA1c screening and gestational 
diabetes: a comparison with clinical risk factors. J 
Matern Fetal Neonatal Med. 2021; 1–7. 
https://doi.org/10.1080/14767058.2021.1914578 
PMID:34044736 

16. Rong YD, Bian AL, Hu HY, Ma Y, Zhou XZ. Study on 
relationship between elderly sarcopenia and 
inflammatory cytokine IL-6, anti-inflammatory 
cytokine IL-10. BMC Geriatr. 2018; 18:308. 
https://doi.org/10.1186/s12877-018-1007-9 
PMID:30541467 

17. Pek SLT, Lim SC, Ang K, Kwan PY, Tang WE, Sum CF, 
Tavintharan S. Endothelin-1 predicts incident diabetic 
peripheral neuropathy in Type 2 Diabetes: a cohort 
study. Eur J Endocrinol. 2020; 182:429–38. 
https://doi.org/10.1530/EJE-19-0523 
PMID:32061157 

18. Del Ry S, Cabiati M, Salvadori C, Guiducci L, Caselli C, 
Prescimone T, Facioni MS, Azzarà A, Chiaramonte A, 
Mazzoni S, Bruschi F, Giannessi D, Scarpato R. 
Transcriptional alterations of ET-1 axis and DNA 
damage in lung tissue of a rat obesity model. DNA 
Cell Biol. 2015; 34:170–7. 
https://doi.org/10.1089/dna.2014.2705 
PMID:25517973 

19. Nacci C, Leo V, De Benedictis L, Carratù MR, 
Bartolomeo N, Altomare M, Giordano P, Faienza 
MF, Montagnani M. Elevated endothelin-1 (ET-1) 
levels may contribute to hypoadiponectinemia in 
childhood obesity. J Clin Endocrinol Metab. 2013; 
98:E683–93. 
https://doi.org/10.1210/jc.2012-4119 
PMID:23457411 

20. Yu F, Yu N, Peng J, Zhao Y, Zhang L, Wang X, Xu X, 
Zhou J, Wang F. Emodin inhibits lipid accumulation 
and inflammation in adipose tissue of high-fat diet-
fed mice by inducing M2 polarization of adipose 
tissue macrophages. FASEB J. 2021; 35:e21730. 
https://doi.org/10.1096/fj.202100157RR 
PMID:34110631 

21. Zhang Y, Yang P, Cui R, Zhang M, Li H, Qian C, Sheng 
C, Qu S, Bu L. Eosinophils Reduce Chronic 
Inflammation in Adipose Tissue by Secreting Th2 
Cytokines and Promoting M2 Macrophages 
Polarization. Int J Endocrinol. 2015; 2015:565760. 
https://doi.org/10.1155/2015/565760 
PMID:26688684 

22. Hirai K, Tanaka A, Homma T, Goto Y, Akimoto K, Uno 
T, Yoshitaka U, Miyata Y, Inoue H, Ohta S, Suzuki S, 

https://doi.org/10.1507/endocrj.EJ20-0655
https://pubmed.ncbi.nlm.nih.gov/33731539
https://doi.org/10.1016/j.archger.2020.104262
https://pubmed.ncbi.nlm.nih.gov/33032183
https://doi.org/10.21037/tcr-2019-eaoc-05
https://pubmed.ncbi.nlm.nih.gov/33163373
https://doi.org/10.1002/jcsm.12159
https://pubmed.ncbi.nlm.nih.gov/28145079
https://doi.org/10.1016/j.jamda.2019.12.012
https://pubmed.ncbi.nlm.nih.gov/32033882
https://doi.org/10.1111/dme.12459
https://pubmed.ncbi.nlm.nih.gov/24698119
https://doi.org/10.26355/eurrev_201901_16742
https://pubmed.ncbi.nlm.nih.gov/30657541
https://doi.org/10.1111/jch.13456
https://pubmed.ncbi.nlm.nih.gov/30525280
https://doi.org/10.1080/14767058.2021.1914578
https://pubmed.ncbi.nlm.nih.gov/34044736
https://doi.org/10.1186/s12877-018-1007-9
https://pubmed.ncbi.nlm.nih.gov/30541467
https://doi.org/10.1530/EJE-19-0523
https://pubmed.ncbi.nlm.nih.gov/32061157
https://doi.org/10.1089/dna.2014.2705
https://pubmed.ncbi.nlm.nih.gov/25517973
https://doi.org/10.1210/jc.2012-4119
https://pubmed.ncbi.nlm.nih.gov/23457411
https://doi.org/10.1096/fj.202100157RR
https://pubmed.ncbi.nlm.nih.gov/34110631
https://doi.org/10.1155/2015/565760
https://pubmed.ncbi.nlm.nih.gov/26688684


www.aging-us.com 3649 AGING 

Sagara H. Serum creatinine/cystatin C ratio as a 
surrogate marker for sarcopenia in patients with 
chronic obstructive pulmonary disease. Clin Nutr. 
2021; 40:1274–80. 
https://doi.org/10.1016/j.clnu.2020.08.010 
PMID:32863062 

23. Wang H, Bao X, Ma Y, Shan X, Huang C. Urinary 
orosomucoid 1 protein to creatinine ratio as a 
potential biomarker for early screening of kidney 
impairment in type-2 diabetes patients. Nephrology 
(Carlton). 2020; 25:667–75. 
https://doi.org/10.1111/nep.13707 
PMID:32147922 

24. He N, Zhang YL, Zhang Y, Feng B, Zheng Z, Wang D, 
Zhang S, Guo Q, Ye H. Circulating MicroRNAs in 
Plasma Decrease in Response to Sarcopenia in the 
Elderly. Front Genet. 2020; 11:167. 
https://doi.org/10.3389/fgene.2020.00167 
PMID:32194634 

25. Dowling L, Duseja A, Vilaca T, Walsh JS, Goljanek-
Whysall K. MicroRNAs in obesity, sarcopenia, and 
commonalities for sarcopenic obesity: a systematic 
review. J Cachexia Sarcopenia Muscle. 2022; 13:68–
85. 
https://doi.org/10.1002/jcsm.12878 
PMID:34984856 

26. Yanai K, Kaneko S, Ishii H, Aomatsu A, Ito K, Hirai K, 
Ookawara S, Ishibashi K, Morishita Y. MicroRNAs in 
Sarcopenia: A Systematic Review. Front Med 
(Lausanne). 2020; 7:180. 
https://doi.org/10.3389/fmed.2020.00180 
PMID:32549041 

27. Tilstra JS, Robinson AR, Wang J, Gregg SQ, Clauson CL, 
Reay DP, Nasto LA, St Croix CM, Usas A, Vo N, Huard 
J, Clemens PR, Stolz DB, et al. NF-κB inhibition delays 
DNA damage-induced senescence and aging in mice. J 
Clin Invest. 2012; 122:2601–12. 
https://doi.org/10.1172/JCI45785 
PMID:22706308 

28. Ponnappan S, Ponnappan U. Aging and immune 
function: molecular mechanisms to interventions. 
Antioxid Redox Signal. 2011; 14:1551–85. 
https://doi.org/10.1089/ars.2010.3228 
PMID:20812785 

29. Chung HY, Kim DH, Lee EK, Chung KW, Chung S, Lee B, 
Seo AY, Chung JH, Jung YS, Im E, Lee J, Kim ND, Choi 
YJ, et al. Redefining Chronic Inflammation in Aging 
and Age-Related Diseases: Proposal of the 
Senoinflammation Concept. Aging Dis. 2019; 10:367–
82. 
https://doi.org/10.14336/AD.2018.0324 
PMID:31011483 

30. Kuo SJ, Liu SC, Huang YL, Tsai CH, Fong YC, Hsu HC, 
Tang CH. TGF-β1 enhances FOXO3 expression in 
human synovial fibroblasts by inhibiting miR-92a 
through AMPK and p38 pathways. Aging (Albany NY). 
2019; 11:4075–89. 
https://doi.org/10.18632/aging.102038 
PMID:31232696 

31. Wu TJ, Lin CY, Tsai CH, Huang YL, Tang CH. Glucose 
suppresses IL-1β-induced MMP-1 expression through 
the FAK, MEK, ERK, and AP-1 signaling pathways. 
Environ Toxicol. 2018; 33:1061–8. 
https://doi.org/10.1002/tox.22618 
PMID:30098273 

32. Su CM, Wang IC, Liu SC, Sun Y, Jin L, Wang SW, Lee HP, 
Tseng WP, Tang CH. Hypoxia induced mitogenic factor 
(HIMF) triggers angiogenesis by increasing interleukin-
18 production in myoblasts. Sci Rep. 2017; 7:7393. 
https://doi.org/10.1038/s41598-017-07952-9 
PMID:28785068 

33. Wang M, Chao CC, Chen PC, Liu PI, Yang YC, Su CM, 
Huang WC, Tang CH. Thrombospondin enhances 
RANKL-dependent osteoclastogenesis and facilitates 
lung cancer bone metastasis. Biochem Pharmacol. 
2019; 166:23–32. 
https://doi.org/10.1016/j.bcp.2019.05.005 
PMID:31075265 

34. Liu JF, Lee CW, Tsai MH, Tang CH, Chen PC, Lin LW, 
Lin CY, Lu CH, Lin YF, Yang SH, Chao CC. 
Thrombospondin 2 promotes tumor metastasis by 
inducing matrix metalloproteinase-13 production in 
lung cancer cells. Biochem Pharmacol. 2018; 
155:537–46. 
https://doi.org/10.1016/j.bcp.2018.07.024 
PMID:30031810 

35. Niu J, Wu J, Li X, Zhang F. Association between 
endothelin-1/endothelin receptor A and inflammation 
in mouse kidneys following acute 
ischemia/reperfusion. Mol Med Rep. 2015; 11:3981–7. 
https://doi.org/10.3892/mmr.2014.3138 
PMID:25572710 

36. Lee HP, Chen PC, Wang SW, Fong YC, Tsai CH, Tsai FJ, 
Chung JG, Huang CY, Yang JS, Hsu YM, Li TM, Tang CH. 
Plumbagin suppresses endothelial progenitor cell-
related angiogenesis in vitro and in vivo. J Funct 
Foods. 2019; 52:537–44. 
https://doi.org/10.1016/j.jff.2018.11.040  

37. Lee HP, Wang SW, Wu YC, Lin LW, Tsai FJ, Yang JS, Li 
TM, Tang CH. Soya-cerebroside inhibits VEGF-
facilitated angiogenesis in endothelial progenitor 
cells. Food Agr Immunol. 2020; 31:193–204. 
https://doi.org/10.1080/09540105.2020.1713055  

38. Lee HP, Wang SW, Wu YC, Tsai CH, Tsai FJ, Chung JG, 
Huang CY, Yang JS, Hsu YM, Yin MC, Li TM, Tang CH. 

https://doi.org/10.1016/j.clnu.2020.08.010
https://pubmed.ncbi.nlm.nih.gov/32863062
https://doi.org/10.1111/nep.13707
https://pubmed.ncbi.nlm.nih.gov/32147922
https://doi.org/10.3389/fgene.2020.00167
https://pubmed.ncbi.nlm.nih.gov/32194634
https://doi.org/10.1002/jcsm.12878
https://pubmed.ncbi.nlm.nih.gov/34984856
https://doi.org/10.3389/fmed.2020.00180
https://pubmed.ncbi.nlm.nih.gov/32549041
https://doi.org/10.1172/JCI45785
https://pubmed.ncbi.nlm.nih.gov/22706308
https://doi.org/10.1089/ars.2010.3228
https://pubmed.ncbi.nlm.nih.gov/20812785
https://doi.org/10.14336/AD.2018.0324
https://pubmed.ncbi.nlm.nih.gov/31011483
https://doi.org/10.18632/aging.102038
https://pubmed.ncbi.nlm.nih.gov/31232696
https://doi.org/10.1002/tox.22618
https://pubmed.ncbi.nlm.nih.gov/30098273
https://doi.org/10.1038/s41598-017-07952-9
https://pubmed.ncbi.nlm.nih.gov/28785068
https://doi.org/10.1016/j.bcp.2019.05.005
https://pubmed.ncbi.nlm.nih.gov/31075265
https://doi.org/10.1016/j.bcp.2018.07.024
https://pubmed.ncbi.nlm.nih.gov/30031810
https://doi.org/10.3892/mmr.2014.3138
https://pubmed.ncbi.nlm.nih.gov/25572710
https://doi.org/10.1016/j.jff.2018.11.040
https://doi.org/10.1080/09540105.2020.1713055


www.aging-us.com 3650 AGING 

Glucocerebroside reduces endothelial progenitor cell-
induced angiogenesis. Food Agr Immunol. 2019; 
30:1033–45. 
https://doi.org/10.1080/09540105.2019.1660623  

39. Su CM, Tang CH, Chi MJ, Lin CY, Fong YC, Liu YC, Chen 
WC, Wang SW. Resistin facilitates VEGF-C-associated 
lymphangiogenesis by inhibiting miR-186 in human 
chondrosarcoma cells. Biochem Pharmacol. 2018; 
154:234–42. 
https://doi.org/10.1016/j.bcp.2018.05.001 
PMID:29730230 

40. Wu KM, Hsu YM, Ying MC, Tsai FJ, Tsai CH, Chung JG, 
Yang JS, Tang CH, Cheng LY, Su PH, Viswanadha VP, 
Kuo WW, Huang CY. High-density lipoprotein 
ameliorates palmitic acid-induced lipotoxicity and 
oxidative dysfunction in H9c2 cardiomyoblast cells via 
ROS suppression. Nutr Metab (Lond). 2019; 16:36. 
https://doi.org/10.1186/s12986-019-0356-5 
PMID:31149020 

41. Nyman E, Bartesaghi S, Melin Rydfalk R, Eng S, Pollard 
C, Gennemark P, Peng XR, Cedersund G. Systems 
biology reveals uncoupling beyond UCP1 in human 
white fat-derived beige adipocytes. NPJ Syst Biol 
Appl. 2017; 3:29. 
https://doi.org/10.1038/s41540-017-0027-y 
PMID:28983409 

42. Plusczyk T, Bersal B, Menger MD, Feifel G. Differential 
effects of ET-1, ET-2, and ET-3 on pancreatic 
microcirculation, tissue integrity, and inflammation. 
Dig Dis Sci. 2001; 46:1343–51. 
https://doi.org/10.1023/a:1010640002323 
PMID:11414314 

43. Saleh MA, Pollock JS, Savin VJ, Pollock DM. Endothelin 
(ET-1) Induces Glomerular Inflammation and Increases 
Glomerular Permeability to Albumin via the 
ET(A)Receptor in the Rat. Hypertension. 2009; 54:E86. 

44. Nelson JB, Hedican SP, George DJ, Reddi AH, 
Piantadosi S, Eisenberger MA, Simons JW. 
Identification of endothelin-1 in the pathophysiology 
of metastatic adenocarcinoma of the prostate. Nat 
Med. 1995; 1:944–9. 
https://doi.org/10.1038/nm0995-944 
PMID:7585222 

45. Yuyama H, Koakutsu A, Fujiyasu N, Fujimori A, Sato S, 
Shibasaki K, Tanaka S, Sudoh K, Sasamata M, Miyata 
K. Inhibitory effects of a selective endothelin-A 
receptor antagonist YM598 on endothelin-1-induced 
potentiation of nociception in formalin-induced and 
prostate cancer-induced pain models in mice. J 
Cardiovasc Pharmacol. 2004 (Suppl 1); 44:S479–82. 
https://doi.org/10.1097/01.fjc.0000166309.63808.5f 
PMID:15838353 

46. Yuyama H, Koakutsu A, Fujiyasu N, Tanahashi M, 
Fujimori A, Sato S, Shibasaki K, Tanaka S, Sudoh K, 
Sasamata M, Miyata K. Effects of selective endothelin 
ET(A) receptor antagonists on endothelin-1-induced 
potentiation of cancer pain. Eur J Pharmacol. 2004; 
492:177–82. 
https://doi.org/10.1016/j.ejphar.2004.04.016 
PMID:15178362 

47. Rosanò L, Salani D, Di Castro V, Spinella F, Natali PG, 
Bagnato A. Endothelin-1 promotes proteolytic activity 
of ovarian carcinoma. Clin Sci (Lond). 2002 (Suppl 48); 
103:306S–9S. 
https://doi.org/10.1042/CS103S306S 
PMID:12193110 

48. Rosanò L, Varmi M, Salani D, Di Castro V, Spinella F, 
Natali PG, Bagnato A. Endothelin-1 induces tumor 
proteinase activation and invasiveness of ovarian 
carcinoma cells. Cancer Res. 2001; 61:8340–6. 
PMID:11719468 

49. Liu P, Xue Y, Zheng B, Liang Y, Zhang J, Shi J, Chu X, 
Han X, Chu L. Crocetin attenuates the oxidative stress, 
inflammation and apoptosisin arsenic trioxide-
induced nephrotoxic rats: Implication of PI3K/AKT 
pathway. Int Immunopharmacol. 2020; 88:106959. 
https://doi.org/10.1016/j.intimp.2020.106959 
PMID:32919218 

50. Lu Y, Zhang J, Huang Z, Yao Z, Keller E. IkBa super-
repressor inhibits H2O2-induced interleukin-6 (IL-6) 
expression through inactivation of NFkB in myotubes. 
Gerontologist. 2002; 42:6. 

51. Laumen H, Hauner H. Regulation of MCP-1 and IL-6 
expression by NFkB in human adipocytes. Int J 
Obesity. 2007; 31:S62. 

52. White KJ, Maffei VJ, Newton-West M, Swerlick RA. 
Irritant activation of epithelial cells is mediated via 
protease-dependent EGFR activation. J Invest 
Dermatol. 2011; 131:435–42. 
https://doi.org/10.1038/jid.2010.308 
PMID:20981109 

53. Andersen H, Nielsen S, Mogensen CE, Jakobsen J. 
Muscle strength in type 2 diabetes. Diabetes. 2004; 
53:1543–8. 
https://doi.org/10.2337/diabetes.53.6.1543 
PMID:15161759 

54. Tanaka K, Kanazawa I, Sugimoto T. Elevated Serum 
Pentosidine and Decreased Serum IGF-I Levels are 
Associated with Loss of Muscle Mass in 
Postmenopausal Women with Type 2 Diabetes 
Mellitus. Exp Clin Endocrinol Diabetes. 2016; 
124:163–6. 
https://doi.org/10.1055/s-0035-1565103 
PMID:26575120 

https://doi.org/10.1080/09540105.2019.1660623
https://doi.org/10.1016/j.bcp.2018.05.001
https://pubmed.ncbi.nlm.nih.gov/29730230
https://doi.org/10.1186/s12986-019-0356-5
https://pubmed.ncbi.nlm.nih.gov/31149020
https://doi.org/10.1038/s41540-017-0027-y
https://pubmed.ncbi.nlm.nih.gov/28983409
https://doi.org/10.1023/a:1010640002323
https://pubmed.ncbi.nlm.nih.gov/11414314
https://doi.org/10.1038/nm0995-944
https://pubmed.ncbi.nlm.nih.gov/7585222
https://doi.org/10.1097/01.fjc.0000166309.63808.5f
https://pubmed.ncbi.nlm.nih.gov/15838353
https://doi.org/10.1016/j.ejphar.2004.04.016
https://pubmed.ncbi.nlm.nih.gov/15178362
https://doi.org/10.1042/CS103S306S
https://pubmed.ncbi.nlm.nih.gov/12193110
https://pubmed.ncbi.nlm.nih.gov/11719468
https://doi.org/10.1016/j.intimp.2020.106959
https://pubmed.ncbi.nlm.nih.gov/32919218
https://doi.org/10.1038/jid.2010.308
https://pubmed.ncbi.nlm.nih.gov/20981109
https://doi.org/10.2337/diabetes.53.6.1543
https://pubmed.ncbi.nlm.nih.gov/15161759
https://doi.org/10.1055/s-0035-1565103
https://pubmed.ncbi.nlm.nih.gov/26575120


www.aging-us.com 3651 AGING 

55. Gómez-Hernández A, Beneit N, Díaz-Castroverde S, 
Escribano Ó. Differential Role of Adipose Tissues in 
Obesity and Related Metabolic and Vascular 
Complications. Int J Endocrinol. 2016; 
2016:1216783. 
https://doi.org/10.1155/2016/1216783 
PMID:27766104 

56. Longo M, Zatterale F, Naderi J, Parrillo L, Formisano P, 
Raciti GA, Beguinot F, Miele C. Adipose Tissue 
Dysfunction as Determinant of Obesity-Associated 
Metabolic Complications. Int J Mol Sci. 2019; 
20:E2358. 
https://doi.org/10.3390/ijms20092358 
PMID:31085992 

57. Rask-Madsen C, King GL. Mechanisms of Disease: 
endothelial dysfunction in insulin resistance and 
diabetes. Nat Clin Pract Endocrinol Metab. 2007; 
3:46–56. 
https://doi.org/10.1038/ncpendmet0366 
PMID:17179929 

58. Alcalde-Estévez E, Asenjo-Bueno A, Sosa P, Olmos G, 
Plaza P, Caballero-Mora MÁ, Rodríguez-Puyol D, Ruíz-
Torres MP, López-Ongil S. Endothelin-1 induces 
cellular senescence and fibrosis in cultured 
myoblasts. A potential mechanism of aging-related 
sarcopenia. Aging (Albany NY). 2020; 12:11200–23. 
https://doi.org/10.18632/aging.103450 
PMID:32572011 

59. Mundy AL, Haas E, Bhattacharya I, Widmer CC, Kretz 
M, Hofmann-Lehmann R, Minotti R, Barton M. Fat 
intake modifies vascular responsiveness and 
receptor expression of vasoconstrictors: 
implications for diet-induced obesity. Cardiovasc 
Res. 2007; 73:368–75. 
https://doi.org/10.1016/j.cardiores.2006.11.019 
PMID:17166491 

60. Reynolds LJ, Credeur DP, Manrique C, Padilla J, Fadel 
PJ, Thyfault JP. Obesity, type 2 diabetes, and impaired 
insulin-stimulated blood flow: role of skeletal muscle 
NO synthase and endothelin-1. J Appl Physiol (1985). 
2017; 122:38–47. 
https://doi.org/10.1152/japplphysiol.00286.2016 
PMID:27789766 

61. Zeyda M, Stulnig TM. Adipose tissue macrophages. 
Immunol Lett. 2007; 112:61–7. 
https://doi.org/10.1016/j.imlet.2007.07.003 
PMID:17719095 

62. Serbulea V, Upchurch CM, Schappe MS, Voigt P, 
DeWeese DE, Desai BN, Meher AK, Leitinger N. 
Macrophage phenotype and bioenergetics are 
controlled by oxidized phospholipids identified in lean 
and obese adipose tissue. Proc Natl Acad Sci U S A. 
2018; 115:E6254–63. 

https://doi.org/10.1073/pnas.1800544115 
PMID:29891687 

63. Harford KA, Reynolds CM, McGillicuddy FC, Roche 
HM. Fats, inflammation and insulin resistance: 
insights to the role of macrophage and T-cell 
accumulation in adipose tissue. Proc Nutr Soc. 2011; 
70:408–17. 
https://doi.org/10.1017/S0029665111000565 
PMID:21835098 

64. Vijgen GH, Bouvy ND, Teule GJ, Brans B, Schrauwen 
P, van Marken Lichtenbelt WD. Brown adipose 
tissue in morbidly obese subjects. PLoS One. 2011; 
6:e17247. 
https://doi.org/10.1371/journal.pone.0017247 
PMID:21390318 

65. Bano G, Trevisan C, Carraro S, Solmi M, Luchini C, 
Stubbs B, Manzato E, Sergi G, Veronese N. 
Inflammation and sarcopenia: A systematic review 
and meta-analysis. Maturitas. 2017; 96:10–5. 
https://doi.org/10.1016/j.maturitas.2016.11.006 
PMID:28041587 

66. Wu H, Ballantyne CM. Skeletal muscle inflammation 
and insulin resistance in obesity. J Clin Invest. 2017; 
127:43–54. 
https://doi.org/10.1172/JCI88880 
PMID:28045398 

67. Sethi JK, Vidal-Puig A. Visfatin: the missing link 
between intra-abdominal obesity and diabetes? 
Trends Mol Med. 2005; 11:344–7. 
https://doi.org/10.1016/j.molmed.2005.06.010 
PMID:16005682 

68. Wu MH, Tsai CH, Huang YL, Fong YC, Tang CH. Visfatin 
Promotes IL-6 and TNF-α Production in Human 
Synovial Fibroblasts by Repressing miR-199a-5p 
through ERK, p38 and JNK Signaling Pathways. Int J 
Mol Sci. 2018; 19:E190. 
https://doi.org/10.3390/ijms19010190 
PMID:29316707 

69. Fochi S, Giuriato G, De Simone T, Gomez-Lira M, 
Tamburin S, Del Piccolo L, Schena F, Venturelli M, 
Romanelli MG. Regulation of microRNAs in Satellite 
Cell Renewal, Muscle Function, Sarcopenia and the 
Role of Exercise. Int J Mol Sci. 2020; 21:E6732. 
https://doi.org/10.3390/ijms21186732 
PMID:32937893 

70. Iannone F, Montesanto A, Cione E, Crocco P, Caroleo 
MC, Dato S, Rose G, Passarino G. Expression Patterns 
of Muscle-Specific miR-133b and miR-206 Correlate 
with Nutritional Status and Sarcopenia. Nutrients. 
2020; 12:E297. 
https://doi.org/10.3390/nu12020297 
PMID:31979011 

https://doi.org/10.1155/2016/1216783
https://pubmed.ncbi.nlm.nih.gov/27766104
https://doi.org/10.3390/ijms20092358
https://pubmed.ncbi.nlm.nih.gov/31085992
https://doi.org/10.1038/ncpendmet0366
https://pubmed.ncbi.nlm.nih.gov/17179929
https://doi.org/10.18632/aging.103450
https://pubmed.ncbi.nlm.nih.gov/32572011
https://doi.org/10.1016/j.cardiores.2006.11.019
https://pubmed.ncbi.nlm.nih.gov/17166491
https://doi.org/10.1152/japplphysiol.00286.2016
https://pubmed.ncbi.nlm.nih.gov/27789766
https://doi.org/10.1016/j.imlet.2007.07.003
https://pubmed.ncbi.nlm.nih.gov/17719095
https://doi.org/10.1073/pnas.1800544115
https://pubmed.ncbi.nlm.nih.gov/29891687
https://doi.org/10.1017/S0029665111000565
https://pubmed.ncbi.nlm.nih.gov/21835098
https://doi.org/10.1371/journal.pone.0017247
https://pubmed.ncbi.nlm.nih.gov/21390318
https://doi.org/10.1016/j.maturitas.2016.11.006
https://pubmed.ncbi.nlm.nih.gov/28041587
https://doi.org/10.1172/JCI88880
https://pubmed.ncbi.nlm.nih.gov/28045398
https://doi.org/10.1016/j.molmed.2005.06.010
https://pubmed.ncbi.nlm.nih.gov/16005682
https://doi.org/10.3390/ijms19010190
https://pubmed.ncbi.nlm.nih.gov/29316707
https://doi.org/10.3390/ijms21186732
https://pubmed.ncbi.nlm.nih.gov/32937893
https://doi.org/10.3390/nu12020297
https://pubmed.ncbi.nlm.nih.gov/31979011

