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A B S T R A C T   

Hypoxic exercise is an effective intervention for obesity, because it promotes weight loss by 
regulating fatty acid (FA) metabolism. The regulation of peroxisome proliferator-activated re-
ceptor β (PPARβ) by miR-122 may be involved in this process, but the detailed mechanisms are 
unknown. In order to address this issue, we probed how miR-122 affected the expression of 
factors associated with FA metabolism in skeletal muscle of obese rats undergoing hypoxic 
training. By injecting adeno-associated virus 9 containing miR-122 overexpression vector or miR- 
122 inhibitor into skeletal muscles of rats with a 4-week hypoxic exercise regimen, the miR-122 
expression level can be regulated. Body composition and blood lipid levels were analyzed, and 
PPARβ, carnitine palmitoyltransferase 1b (CPT1b), acetylCoA carboxylase 2 (ACC2), and FA 
synthase (FAS) mRNA and protein levels were evaluated using quantitative reverse transcription 
quantitative PCR(RT-qPCR) and Western blot analysis. We found that miR-122 overexpression 
increased low-density lipoprotein cholesterol (LDL-C) and triglyceride (TG) levels and decreased 
PPARβ, ACC2, and FAS expression. Conversely, miR-122 inhibition decreased TG level, increased 
high-density lipoprotein cholesterol (HDL-C) level, and upregulated PPARβ, ACC2, FAS, and 
CPT1b. These data indicated that the negative regulation of PPARβ by miR-122 promotes FA 
metabolism by altering the levels of the factors related to FA metabolism in skeletal muscle of 
obese rat under hypoxic training, thus providing molecular-level insight into the beneficial effects 
of this intervention.   

1. Introduction 

Obesity is a major global health issue, and interventions for obesity mainly focus on reducing energy intake and increasing physical 
activity. Compared with normal oxygen training, hypoxic exercise is a more effective weight loss intervention because it can suppress 
appetite and rapidly reduce body weight [1,2] via enhancement of lipid metabolism [3,4]; unfortunately, the detailed mechanisms are 
not yet fully understood. 

Overexpression of miR-122, a lipid metabolism-related micro RNA, leads to the upregulation of the FAS and ACC, whereas miR-122 
inhibition expression leads to a downregulation of FAS and ACC, reducing the rate of fatty acid synthesis [5]. This indicates that 
miR-122 may have an effect in regulating the expression of FAS and ACC. Additionally, when miR-122 is underexpressed, its target 
gene PPARβ is upregulated, activating the downstream fatty acid oxidation gene CPT1 [6]. Interestingly, the expression of miR-122 
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and PPARβ is influenced by hypoxia and exercise. Our previous study showed that after four weeks of hypoxic training, miR-122 
expression was downregulated, whereas PPARβ, CPT1, FAS, and ACC expressions were upregulated [7]. 

Most research on the lipid metabolism regulation in obesity has focused on the liver. However, obesity is also associated with 
dysregulation of FA metabolism in skeletal muscles [8]. Long term aerobic normoxia and hypoxic exercise can induce the FA oxidation 
factors expression and promote the utilization of FAs in skeletal muscle, and reports showed that the effectiveness of hypoxic training 
was greater compared with normoxic training [8,9]. As skeletal muscle is not a fat-storing tissue and FAs are mainly derived from the 
breakdown of adipose and other extramuscular tissues, an increase in FA utilization in skeletal muscle could influence lipid meta-
bolism [10]. As such, elucidating the regulatory mechanism of skeletal muscle FA metabolism in hypoxic exercise is of great signif-
icance in determining how this intervention benefits obesity. The present study offers the scientific basis for weight reduction, 
improvement of lipid metabolism, and prevention and treatment of obesity-related diseases through hypoxic training. 

The present study investigated the mechanism that miR-122/PPARβ regulates FA metabolism by miR-122 overexpressing or in-
hibition of the skeletal muscle in obese rats with hypoxic training. The expression of factors related to FA metabolism and physiological 
indices of obesity were then evaluated. 

2. Materials and methods 

2.1. Establishment of the obese rat model 

3-week-old male Sprague–Dawley rats (N = 120) were bought (Beijing Vital River Laboratory Animal Technology Co., Ltd) and 
placed in cages with a light/dark cycle of 12/12 h at 22 ◦C–23 ◦C and 40%–60% humidity. These rats were fed weekly common chow 
diet and then divided into two groups. One group (N = 20) was fed common chow diet, and the other group (N = 100) was fed high-fat 
diet of 45% energy (D12451; Research Diets, New Brunswick, NJ, USA). Both groups obtained free access to the food and water for 10 
weeks. HFD rats with body weight more than 20 % of the average body weight of the control group were obese [2,7]. Rats that were 
overweight compared with their average body weight were excluded. Afterward, 50 obese rats were selected for horizontal running 
training. During two weeks of adaptive training, by recording the performance of the obese rats including whether rats can finish the 
scheduled training plan, 40 obese rats were picked and randomly divided into 4 groups: hypoxic sedentary (H, n = 10), placebo control 
(CE, n = 10), miR-122 inhibition (IE, n = 10), and miR-122 overexpression (OE, n = 10) (Fig. 1). 

2.2. Cloning and production of AAV 

The miR-122 overexpression vector (adeno-associated virus 9 [AAV9]-ZsGreen-rno-miR-122) and miR-122 inhibition vector 
(AAV9-ZsGreen-rno-miR-122-5p inhibitor) were constructed and packaged by Beijing Xibei Hongcheng Biotechnology (Beijing, China) 
(Tables 1 and 2). The miR-122 cDNA and miR-122-5p sequence UGGAGUGUGUGACAAUGGUGUUUG was used for designing the miR- 
122-5p inhibitor sequence. The control virus (empty vector) AAV9-ZsGreen expressed only ZsGreen green fluorescent protein. AAV 
particles were prepared by transfecting 293 AAV cells with the plasmid. Cells were collected after three days and repeatedly freeze- 
thawed at − 80 ◦C and 37 ◦C to obtain recombinant rAAV9. ViraBind AAV9 Purification Mega Kit was used to purify the recombinant 
rAAV9 (VPK-141; CellBiolabs, San Diego, CA, USA) [11]. Viral titer was determined using quantitative PCR and adjusted to 1 × 1012 

vg/ml. 

2.3. Intramuscular injection of overexpression/inhibitor constructs into obese rats 

Before initiating hypoxic exercise, AAV9-ZsGreen, AAV9-ZsGreen-rno-miR-122-5p, or AAV9-ZsGreen-rno-122 was injected using a 
sterilized microinjector at five sites of the right gastrocnemius muscle in the CE, IE, and OE rats, respectively [12]. The rAAV9 volume 
was 10 μl of virus per site (1 × 1012 vg/mL). Rats in H group did not receive any injection and was used as a control of the spread of the 
virus. 

Fig. 1. Representative fluorescence images of the gastrocnemius muscle of rats injected with AAV9-ZsGreen-miR-122 (group OE), AAV9-ZsGreen- 
miR-122-5p inhibitor (group IE), or AAV9-ZsGreen (group CE), and not injected with AAV9 (group H). The gastrocnemius muscle of rats in groups 
OE, IE, and CE show ZsGreen fluorescence. Scale bar, 500 μm. 
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2.4. Hypoxic exercise program 

Following virus injection, the 40 rats were placed in a hypoxic environment (13.6% O2). Group H received no exercise training and 
groups CE, IE, and OE were trained to run on a treadmill for 4 weeks (20 m/min,1 h/d, 5 d/wk). After the last exercise bout, the rats 
belonging to training groups recovered for 24 h. Next, all of the rats were fasted for 12 h and measured the body weight and length. 
Lee’s index was calculated according to body weight (g)1/3/body length (cm) × 1000. Then, the rats were anesthetized by intra-
peritoneal injection of trichloroacetaldehyde hydrate (10%, 0.3 ml/100 g) and blood was extracted from the abdominal aorta. Serum 
was gained by centrifuging at 3000 rpm/10 min, and frozen at − 20 ◦C. The right gastrocnemius muscle was frozen in liquid nitrogen 
and stored at − 80 ◦C. 

2.5. Blood lipid level measurement 

The levels of serum total cholesterol (TC), TG, LDL-C, HDL-C, and free FA (FFA) were measured after thawing the frozen serum 
samples using commercial kits (Prodia Diagnostics, Germany; Nanjing Jiancheng Bioengineering Institute, China) [13]. 

2.6. RT-qPCR 

RT-qPCR was to measure miR-122 expression level and the FA metabolism related genes mRNA level. Firstly, Trizol reagent lysed 
skeletal muscle to extract total RNA (Invitrogen, USA). Afterward, the isolated RNA was transcribed using a reverse transcription kit 
(dNTPs and M-MLV reverse transcriptase, Takara, Dalian, China; RNase Inhibitor, Fermentas, Canada) to obtain cDNA. 

After designing and synthesizing primers for the RNA (miR-122 and U6) and cDNA (β-actin, PPARβ, CPT-1b, FAS, and ACC2) 
(Table 3 and Table 4), qPCR was carried out using SYBR Premium Ex Taq (Takara). One sample was amplified in triplicate. U6 and β - 
Actin are served as the internal control for miR-122 and other genes, respectively. The mRNA levels were calculated by using the ΔΔCT 
method [14]. 

2.7. Western blot 

The protein levels of PPARβ, CPT-1b, FAS, and ACC2 in gastrocnemius muscle were measured via Western blot. After extracting the 
total protein from the samples and determining the protein concentration by a bicinchoninic acid assay kit (Cwbiotech, China), 

Table 1 
Plasmid construction information of pAAV-ZsGreen-rno-miR-122.  

Gene name >rno-miR-122 MI0000891 

Cloning vector pAAV-ZsGreen-miR 
Cloning 

strategy 
BamHI + EcoRI 

Synthesized 
rno-miR- 
122 
(5′→3′) 

GGATCCCCTTAGCAGAGCTCTGGAGTGTGACAATGGTGTTTGTGTCCAAAACATCAAACGCCATCATCACACTAAACAGCTACTGCTAGGCGAATTC  

Table 2 
Plasmid construction information of pAAV-ZsGreen-rno-miR-122-5p inhibitor.  

Gene name >rno-miR-122-5p MIMAT0000827 

Cloning vector pAAV-ZsGreen-shRNA 
Cloning strategy BamHI + HindIII 
miR-122-5p-inhibitor-F (5’→3′) GATCCGCAAACACCATCAGACACTCCACGCGCAAACACCATCAGACACTCCATTTTTTA 
miR-122-5p-inhibitor-R (5’→3′) AGCTTAAAAAATGGAGTGTCTGATGGTGTTTGCGCGTGGAGTGTCTGATGGTGTTTGCG  

Table 3 
Primers used for quantitative reverse transcription PCR analysis of miR-122.  

Gene Primers (5′→3′) Length (nt) 

miR-122 RT: CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCAAACA 42 
F: GCCCTGGAGTGTGACAATGG 21 
R: CTCAACTGGTGTCGTGGAGTC 21 

U6 RT: CGCTTCACGAATTTGCGT 18 
F: CTCGCTTCGGCAGCACA 17 
R: CGCTTCACGAATTTGCGT 18 

F, forward primer; nt, nucleotide; R, reverse primer; RT, primer for reverse transcription. 
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proteins (30 μg/well) were separated via electrophoresis. The voltage of electrophoresis for concentration gel was 90 V, and the 
voltage of electrophoresis for separation gel was 150V. The protein samples were then transferred to a PVDF membrane (0.45-μm pore 
size) at a constant pressure of 100 V for 10 min, followed by blocked overnight in Tris-buffered saline with 0.1% Tween-20 (TBST), 
which contained 5% bovine serum albumin, and then probed overnight at 4 ◦C with primary antibodies against PPARβ (1:2000; 
GTX113250) and FAS (1:1000; GTX13550) (both from GeneTex, Irvine, CA, USA) and ACC2 (1:500; A03668-2) and CPT1b (1:500; 
PB9491) (both from Boster Bio, Pleasanton, CA, USA). After washing three times with TBST, the membrane was probed with the 
secondary antibody (1:10,000) for 1 h at room temperature, followed by another TBST wash for three times. Adding enhanced 
chemiluminescence substrate for 3 min detected the protein bands. Then, the membrane was fixed for 2 min and Image-Pro Plus 6.0 
software was used to analyze signal intensity. 

2.8. Histologic analysis 

To confirm whether rAAV9 successfully entered the skeletal muscle, we assessed whether ZsGreen in the CE, IE, and OE groups of 
rat skeletal muscle was expressed alone or co-expressed with miR-122 compared to the H group. Firstly, the frozen skeletal muscle was 
embedded with OCT (# 4583, Sakura), refrozen and solidified at - 70 ◦C. Thereafter, continuous slices were gained by the cryoslicer 
(Thermo, CRYOSTAR NX50). Lastly, the sections were observed and photographed using a fluorescence microscope (MS23). 

2.9. Statistical analysis 

Statistical analyses were conducted with SPSS v18.0 (IBM, Armonk, NY, USA). First, the data was tested for normal distribution. If 
not following a normal distribution, data were transformed using an exponential transformation to achieve normal distribution. 
Results were analyzed by one-way ANOVA. Significance was set at p < 0.05. 

Table 4 
Primers used for RT-qPCR analysis.  

Gene Primer (5′→3′) Amplicon size (bp) 

β-Actin F: GAAGTGTGACGTTGACATCCG 282  
R: GCCTAGAAGCATTTGCGGTG  

PPARβ F: TTCATTGCCGCCATCATTCTGTG 232  
R: AGGTCTCACTCTCCGTCTTCTTCA  

CPT1b F: GAGACTGTGCGTTCCTGTACTAGC 187  
R: TGGAGACGATGTAGAGGCAGAAGA  

FAS F: CGTGACTGCTACTGTGGAGAAGAC 212  
R: CGCTGAACGCTACTGGGTTTGT  

ACC2 F: AGGCACAGGTGAAGCAGGAGATT 194  
R: TCGGATAGTGGAACGCAGGTTGT  

F, forward primer; R, reverse primer. 

Fig. 2. Expression levels of miR-122 in obese rats from groups OE, IE, CE, and H measured using qRT-PCR. Data are presented as means ± SD. *p <
0.05, **p < 0.01; ##p < 0.01 vs group CE; &p < 0.05, &&p < 0.01 vs group OE (1-way analysis of variance). 
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3. Results 

3.1. AAV9 transfection efficiency and miR-122 level in the skeletal muscle of obese rats 

After hypoxic training for 4 weeks, the AAV9 transfection efficiency and miR-122 level in the skeletal muscle of rats were rated. 
Green fluorescence was detected in skeletal muscle tissue samples from the OE, IE, and CE groups but not in those from the H group 
(Fig. 1). OE group had the highest miR-122 level and IE group had the lowest as determined using RT-qPCR (Fig. 2). This indicates that 
AAV9 transduction was successful and miR-122 expression was continuously expressed during the 4-week exercise period. 

3.2. Effects of hypoxic training on physiologic indices of obese rats 

After hypoxic training for 4 weeks, body weight and Lee’s index of rats in the training groups (CE, OE, and IE) were significantly 
reduced compared with the H group (all p < 0.01); nevertheless, there were no obvious differences among the three training groups 
(Fig. 3). Moreover, miR-122 overexpression and inhibition had no significant effect on body weight and Lee’s index. Hence, 4-week 
hypoxic training can significantly decrease the body composition of obese rats independently of miR-122. 

Compared with the H group, the IE, OE, and CE groups had lower serum TG, LDL-C, and FFA levels (all p < 0.01; Fig. 4). 
Furthermore, compared with the CE group, the OE group had higher TG (p < 0.05) and LDL-C (p < 0.01) levels, whereas the IE group 
had lower TG (p < 0.05) and higher HDL-C (p < 0.01) levels. Compared with those in the OE group, TC, TG, LDL-C, and FFA levels were 
lower in the IE group (TC, TG, LDL-C: p < 0.01; FFA: p < 0.05) except for HDL-C level, which increased (p < 0.01) in the IE group 
(Fig. 4). Therefore, changes in miR-122 can significantly affect the blood lipid levels of obese rats undergoing hypoxic training. 

3.3. Hypoxic training and miR-122 regulate PPARβ and downstream FA metabolism genes 

Compared with the H group, the CE group had higher ACC2 mRNA expression (p < 0.05); however, ACC2 protein level was not 
obviously different between groups; in addition, PPARβ and FAS mRNA and ACC protein levels increased in the OE group (all p < 0.01), 
whereas PPARβ, FAS mRNA and protein (all p < 0.01), and CPT1b, ACC2 mRNA (both p < 0.01) and protein (p > 0.05 and p < 0.05) 
levels increased in the IE group (Figs. 5 and 6, Supplementary Figs. 1 and 2). Compared with the CE group, the OE group had the higher 
levels of PPARβ, FAS mRNA and ACC2 protein (p < 0.01), and IE group had the higher levels of PPARβ, FAS mRNA and protein (all p <
0.01), and CPT1b, ACC2 mRNA (p < 0.05 and p < 0.01) and protein (p > 0.05 and p < 0.05). Compared with the overexpressing miR- 
122 in the OE group, inhibition of miR-122 in IE group rats induced upregulation of PPARβ, CPT1b and ACC2 mRNA (all p < 0.01), 
PPARβ and FAS protein levels (both p < 0.01), and downregulation of ACC2 protein level (p < 0.01). Thus, the comparison between the 
overexpression and inhibition of miR-122 suggested a significant difference in the impact on the expression of PPARβ, CPT1b, FAS, and 
ACC2. 

4. Discussion 

Exercise interventions are an effective and economical approach to managing obesity. However, weight loss through exercise 
occurs slowly, and exercise can increase appetite. Hypoxia and hypoxic exercise can suppress appetite and reduce body weight and fat 
within a short time [9,15]. It was reported that miR-122 regulates lipid metabolism in obese rodents via PPARβ signaling [7]. This 
present research confirmed that miR-122 effected FA metabolism of skeletal muscle in obese rodent undergoing hypoxic training as 

Fig. 3. Effects of hypoxic training on body composition of obese rats. Data are presented as mean ± SD. *p < 0.05, **p < 0.01, *p < 0.05, **p <
0.01 vs group H; #p < 0.05, ##p < 0.01 vs group CE; &p < 0.05, &&p < 0.01 vs group OE (1-way analysis of variance). 
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evidenced via decreases in body weight and Lee’s index. These results may be connected to how hypoxic exercise suppresses appetite 
[16–19]. However, we found that the altering of miR-122 expression had no significant effect on the body composition of the obese rats 
under hypoxic training, suggesting that the modulation of FA metabolism in skeletal muscle does not directly lead to the control of 
obesity. 

Hypoxic exercise has been shown to inhibit the expression of miR-122 and improve blood lipid levels [7,20]. Consistent with these 
results, the present study showed that after 4 weeks of hypoxic exercise, miR-122 overexpression increased serum TG and LDL-C levels, 
whereas miR-122 inhibition decreased TG level and increased HDL-C level in the three intervention (CE, OE, and IE) groups. Circu-
lating miR-122 expression level was shown to be related with blood lipid levels and the occurrence of non-alcoholic fatty liver disease 
[21,22]. Moreover, patients with hyperlipidemia had higher plasma miR-122 level than that in healthy individuals and the miR-122 
level was positively correlated with blood lipid levels [23]. Thus, miR-122 overexpression of the skeletal muscle in obese rats under 
hypoxic training may be related to dyslipidemia, and inhibition of miR-122 expression may improve blood lipid levels and contribute 
to a decrease in body weight. 

PPARβ regulates FA catabolism and participates in the regulation of skeletal muscle motor adaptation [24–26]. Antisense 
oligonucleotide-mediated knockdown of miR-122 led to the upregulation of PPARβ through direct interaction of miR-122 with PPARβ 
transcript [27]. Another study found that a reduction in miR-122 level was related to the upregulation of PPARβ [6]. However, this 
study found that both the overexpression and inhibition of miR-122 increased the expression of PPARβ. This may be related to the 
complex regulatory mechanisms affecting the expression of PPARβ during exercise. For example, exercise may lead to an increase in 

Fig. 4. Serum lipid levels of obese rats. Data are presented as mean ± SD. *p < 0.05, **p < 0.01, *p < 0.05, **p < 0.01 vs group H; #p < 0.05, ##p 
< 0.01 vs group CE; &p < 0.05, &&p < 0.01 vs group OE (1-way analysis of variance). 
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the ligand content of PPARβ in the body tissues and thus promote the differentiation and combustion of fatty acids. The increased 
endogenous ligand content of PPARβ and its metabolites induced by exercise can activate PPARβ to a certain extent, because exercise 
induces the expression of the transcription coactivator of the PPARs family, PGC-1α, thereby activating PPARβ [28]. The present study 
showed that the miR-122 expression inhibition contributed to a higher PPARβ expression in the skeletal muscle of rats. Therefore, an 
miR-122/PPARβ signaling axis in skeletal muscle exist, and it is modulated by hypoxic exercise in the physiologic environment of 

Fig. 5. Expression of the lipid metabolism regulator PPARβ and downstream effectors (CPT1b, FAS, and ACC2). mRNA levels in obese rats under 
hypoxic conditions, with hypoxic training, and with regulated miR-122 expression were determined using qRT-PCR. OE, obese rats with miR-122 
overexpression and hypoxic training; IE, obese rats with miR-122 depletion and hypoxic training; CE, obese rats with hypoxic training only; H, obese 
sedentary rats without regulation of miR-122 expression. Data are presented as mean ± SD. *p < 0.05, **p < 0.01 vs rats in group H; #p < 0.05, ##p 
< 0.01 vs rats in group CE; &p < 0.05, &&p < 0.01 vs rats in group OE (1-way analysis of variance). 

Fig. 6. Expression of the lipid metabolism regulator PPARβ and downstream effectors (CPT1b, FAS, and ACC2). Protein levels in obese rats under 
hypoxic conditions, with hypoxic training, and with regulated miR-122 expression were determined using Western blot analysis. OE, obese rats with 
miR-122 overexpression and hypoxic training; IE, obese rats with miR-122 depletion and hypoxic training; CE, obese rats with hypoxic training only; 
H, obese sedentary rats without regulation of miR-122 expression. Data are presented as mean ± SD. *p < 0.05, **p < 0.01 vs rats in group H; #p <
0.05, ##p < 0.01 vs rats in group CE; &p < 0.05, &&p < 0.01 vs rats in group OE (1-way analysis of variance). 
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obesity and can modulate FA metabolism by controlling the expression of factors associated with the lipid metabolism. 
FAS is involved in cellular FA biosynthesis [29] and is downregulated upon inhibition of miR-122 expression [7,30,31]. However, 

the present study revealed that after hypoxic exercise, FAS level was increased in skeletal muscle of obese rats by both miR-122 
overexpression and inhibition. FAS does not contain the miR-122 Seed sequence; therefore, FAS is not the target gene of miR-122 
[5]. In this research, both miR-122 overexpression and inhibition in obese rats subjected to four weeks of hypoxic training were 
investigated, with the only difference being the different levels of miR-122 expression. Therefore, it is possible that exercise under 
hypoxic conditions may trigger different intermediate pathways in obese rats with miR-122 overexpression and inhibition. For 
example, the significant changes of miR-122 expression may affect the transcription factors of FAS or the activity of other miRNAs, 
leading to an increase in FAS expression [5]. 

ACC regulates FA metabolism; ACC2 is the main isoform in skeletal muscle [32]. In our study, after four weeks of hypoxic exercise, 
miR-122 overexpression upregulated the ACC2 protein expression of the skeletal muscle in obese rats, without affecting its mRNA 
expression. This suggests that the trend of ACC2 protein and mRNA expression is inconsistent when miR-122 is overexpressed, possibly 
due to other regulatory pathways leading to an extended half-life or reduced degradation of ACC2 protein [7]. Conversely, miR-122 
inhibition resulted in an upregulation of both ACC2 mRNA and protein level, which is similar with the data of Zhu Lei et al. and 
indicates that hypoxic training suppresses miR-122 expression and upregulates ACC expression [7]. Negative regulation of ACC 
expression by miR-122 was also observed in high-intensity interval exercise model [33]. However, like FAS, ACC2 transcript is not 
directly targeted by miR-122 [5]; therefore, the regulation of ACC2 expression may occur through an intermediate pathway [5]. 

CPT1 is required for FA β-oxidation in mitochondria; CPT1b is the isoform that is specifically expressed in the heart and skeletal 
muscle [34,35]. An inverse association has been reported between miR-122 and CPT1 expression [6,36,37]. CPT1 expression may be 
regulated by PPARβ, a target gene of miR-122. Treatment with PPARβ agonist was shown to increase CPT1 transcription in car-
diomyocytes [38], whereas CPT1 levels were downregulated in PPARβ knockout mice. However, CPT1 transcription was increased 
upon treatment with PPARβ ligand, which activated the CPT1 promoter [39]. This study revealed that miR-122 overexpression doesn’t 
influence CPT1b expression, whereas miR-122 inhibition significantly increased CPT1b expression, and the increase was more obvious 
than that in the miR-122 overexpression rats. This change trend is basically consistent with the effect of miR-122 on the PPARβ. Thus, 
the miR-122/PPARβ signaling axis directly regulates the expression of CPT1b to promote FA oxidation of skeletal muscle in obese rats 
under hypoxic exercise. 

In conclusion, the effect of exercise on body weight is independent of miR-122 during hypoxic training. miR-122 inhibition 
improved blood lipid levels and promoted FA metabolism by altering ACC, FAS, and CPT1b expression in skeletal muscle via negative 
regulation of PPARβ. Overexpression of miR-122 attenuates the reduction in TG and LDL-C and the increase in HDL-C during exercise. 
These results provide molecular-level insight into the benefits of hypoxic exercise as an intervention for obesity. 
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