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INTRODUCTION 
 

Breast cancer (BC) is among the top three most 

prevalent cancers worldwide, especially in females [1]. 

It is estimated that there exist approximately 2,088,849 

new BC cases all over the world each year, occupying 

nearly a quarter of cancer cases in women [2]. As the 

relevant theories and technologies develop, a significant 

progress has been made in cancer therapy. However, the 

BC death rate still reaches about 30%. In 2018, the 

latest data from IARC showed that breast cancer affects 

24.2% of women globally, 52.9% of whom are in the 

developing country [3]. In some developing countries, 

such as South America, Africa and Asia, breast cancer 

has already been a leading cause of cancer death, partly 

due to a lack of access to advanced diagnoses and 

treatment [4]. 

 

The mammary gland is an accessory gland of the skin 

and is a double-tube alveolar gland. The breast is 

composed principally of connective tissue and adipose 

tissue (AT). AT consists of numerous clusters of fat 

cells that are divided into lobules via thin and loose 

connective tissue layers. Based on the structure and 

function of adipose cells, adipose tissue is classified 

into yellow (white) AT and brown At, the former of 

which is the main component of the breast. Fatty acid 

plays a pivotal part in all stages of cancer [5, 6]. 

Normally, large amounts of fatty acids are required for 

rapidly proliferating cells, so that membrane synthesis 
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ABSTRACT 
 

Breast cancer (BC) is among the top three most prevalent cancers across the world, especially in women, and its 
pathogenesis is still unknown. Fatty acid β-oxidation is highly associated with breast cancer. Serpin family E 
member 1 (SERPINE1)-induced down-regulation of fatty acid β-oxidation can facilitate BC cell proliferation, 
invasion, and metastasis. In this paper, the difference of miR-30d-5p expressions in both cancerous tissues and 
para-carcinoma tissues was first detected. Next, the expressions of SERPINE1, long-chain acyl-CoA dehydrogenase 
(LCAD) and medium-chain acyl-CoA dehydrogenase (MCAD) in the aforementioned tissues were analyzed. 
Finally, miR-30d-5p mimics were supplemented to breast cancer cells to observe the miR-30d-5p effect upon 
breast cancer cells. Via immunofluorescence assay and Western blotting, it was found that cancerous tissues had 
lower expressions of miR-30d-5p, MCAD and LCAD and a higher expression of SERPINE1 than para-carcinoma 
tissues. The miR-30d-5p mimic group had a decreased SERPINE1 expression and increased MCAD and LCAD 
expressions compared with the NC group, thus inhibiting BC cell proliferation, invasion, and metastasis. To sum 
up, miR-30d-5p blocks the cell proliferation, invasion and metastasis by targeting SERPINE1 and promoting fatty 
acid β-oxidation. Preclinical studies are further required to establish a fatty acid β-oxidation-targeting therapy 
for breast cancer. 
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can be facilitated and phospholipids are formed to 

support replication [7]. Targeting fatty acid metabolic 

reprogramming of tumor cells has gradually become the 

focus of research [8]. 

 

The serpin family E member 1 (SERPINE1) protein is a 

serine protease inhibitor E1. SERPINE1 becomes the 

dominating inhibitors of tissue plasminogen activator 

(tPA) and urokinase (uPA). Besides, it is the plasminogen 

activator and fibrinolysis activator [9]. It existed in 

platelets, plasma, endothelial, fibrosarcoma cells and 

hepatoma cells. Serine protease plays an indispensable 

part in signal transduction, cell adhesion, and cell 

metastasis [10–12]. By regulating tPA and uPA that 

convert proenzyme plasminogen to plasmin, SERPINE1 

also activates matrix metalloproteinases and extracellular 

matrix degradation, thus promoting cell invasion [11].  

It is verified that high SERPINE1 levels are linked to  

BC adverse outcomes [10]. 

 

MicroRNAs (miRNAs) function as negative gene 

expression regulators and get involved in the 

pathogenesis of multiple myeloma and other cancers, 

which may become a novel therapeutic approach.  

miR-30s has a lower expression in multiple myeloma 

samples than in normal plasma cells. miR-30d-5p serves 

as one kind of tumor suppressor and gets involved in 

tumor development [13–15]. Nevertheless, the miR-30d-

5p function in breast cancer has never been reported. 

 

It was discovered in this research that highly-expressed 

miR-30d-5p was capable of decreasing the SERPINE1 

gene expression, promoting fatty acid β-oxidation,  

and increasing LCAD and MCAD expressions, thus 

suppressing BC cell proliferation, invasion and metastasis. 

 

MATERIALS AND METHODS 
 

Gene expression and clinical data in The Cancer 

Genome Atlas (TCGA) database 

 

In terms of BC, miRNA data and mRNA data  

(RNA-Seq v2) were obtained from TCGA. Besides, 

clinical data were supplied by cBioPortal database used 

for clinical analyses of the malignant phenotype. The 

differential expression between cancerous tissues and 

para-carcinoma tissues was analyzed using DESeq2. 

With a false discovery rate (FDR) <0.05 and a fold 

change >2, the genes were considered to be differential 

expression. 

 

Gene set enrichment analysis (GSEA) 

 

Apart from fat metabolism, the correlation between miR-

30d-5p/SERPINE1 expression and cell proliferation, 

invasion, metastasis was analyzed using GSEA v2.2 

software. The Molecular Signatures Database offered the 

total gene sets. Significance thresholds were measured 

using permutation analytics (1,000 permutations). While 

the FDR score was <0.25, a gene set was prominently 

enriched. 

 

Cell culture and transfection 

 

BC MCF7 cells were fostered in high-glucose DMEM 

(Abcam, Shanghai, China) added with 100 U/mL 

penicillin, 100 mg/L streptomycin, and 10% FBS 

(Abcam, Shanghai, China) under 5% CO2, floating  

in serum-free DMEM/F12 culture medium (Abcam) 

with 20 ng/mL EGF, 20 ng/mL b-FGF, and 2% B27 

(Abcam). Then, we spent 10 days in culturing them 

within ultra-low attachment plates. miR-30d-5p mimics 

were synthesized within the GenePharma company 

(Shanghai, China). Additionally, they were transfected 

into cells using Lipofectamine 2000 reagent in Invitrogen 

(USA) in light of the methods of Liu, et al. [16]. 

 

Nude mouse tumor-bearing model 

 

In total, 16 BALB/c-nu nude mice aged 6 weeks were 

supplied by Henan SCBS Biotechnology Co., Ltd. 

(China). The needles were inserted into the upper part 

of the waist of the nude mice, without piercing the skin 

or the muscle layer, and MCF7 cells pre-stored in an ice 

box were inoculated at a dose of 1×107/200 μL per 

mouse within 1 h. The distance from the inoculation  

site was smaller than the length of the needle. For this 

research, we conducted the experiments on animals. 

After successful tumorigenesis, the tumor volume  

was detected via hematoxylin-eosin (HE) staining. 

Besides, cancerous tissues and para-carcinoma tissues 

were harvested for later assays. 

 
HE staining 

 

The tumor tissue sections were deparaffinized, soaked 

in distilled water and stained with hematoxylin for 

several minutes, followed by color separation in acid 

and ammonia each for a few seconds. After rinsing with 

running water for 1 h, we added distilled water to those 

sections, spent 10 minutes in dehydrating them with 

alcohol and spent 3 minutes in staining them with eosin. 

Then, we dehydrated those section with pure alcohol 

and transparentizing them with xylene. Ultimately, they 

were added with neutral gum, and investigated using an 

optical microscope. 

 
Dual-luciferase reporter assay 

 

GenScript (Nanjing, China) constructed dual-luciferase 

reporter (DLR) plasmids (miR-30d-5p-wt and miR-30d-

5p-mut). SERPINE1-wt was transfected into BC cells 
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with miR-30d-5p NC. Simultaneously, SERPINE1- 

mut was transfected into BC cells with miR-30d- 

5p mimic. After 48 hours, we detected the luciferase 

activity according to manufacturer’s protocol. 

 

Immunofluorescence assay 

 

Frozen tissues in OCT chemical compound were  

sliced into sections (30 μm) on one CM3000 cryostat, 

permeabilized into 0.3% Triton X-100/PBS solution and 

hatched using primary antibodies against miR-30d-5p, 

Ki-67 (1:200, Osaka, Japan), SERPINE1 (1:200, Santa 

Cruz, USA), LCAD (1:500, Shanghai, China), and 

LCAD (1:500, Shanghai, China) diluted within 0.03% 

Triton X-100/PBS using 10% normal goat serum during 

the night at the temperature of 4 degrees. The following 

day, those sections were hatched using Alexa-Fluor  

488 and Alexa-Fluor 568 secondary antibodies (1:250-

1:500), and the nuclei were stained using Hoechst 

33258 (Nacalai Tesque, Kyoto, Japan). Photographs 

were taken using a microscopic system connected with 

one digital camera. Besides, they were processed by 

means of Image and Photoshop. 

 
Cell counting kit-8 (CCK-8) assay 

 

MCF-7 cells with or without miR-30d-5p mimics were 

fostered within a 96-well plate at 2×103 cells per well. 

As per production specification, the value of optical 

density (OD) was measured at 570 nm and tested using 

CCK-8 assay (Dojindo, Tokyo, Japan). 

 
Reverse transcription-polymerase chain reaction 

(RT-PCR) and Western blotting 

 

We lysed MCF-7 cells using TRIzol reagent (Sigma, 

USA), with the aim of extracting all RNAs. Reverse 

transcription easily impacted them via PrimeScript  

RT Reagent Kit (Takara, Japan). Additionally, they 

were quantified via SYBR Green Labeling (Takara). 

The relative miR-30d-5p and mRNAs expressions were 

normalized to U6 and GAPDH, separately, and figured 

out by means of a 2-∆∆Ct method [17]. The following  

are the primers used: miR-30d-5p F: 5’-CCTGTTGGT 

GCACTTCCTAC-3’, R: 5’-TGCAGTAGTTCTCCAG 

CTGC-3’; GAPDH F: 5’-GGTCTCCTCTGACTTCAA 

CA-3’, R: 5′-GCCAAATTCGTTGTCATAC-3′. 

 

We extracted the total protein from the cells via  

RIPA lysis buffer. Besides, the protein was quantified  

via the BCA Protein Quantification Kit. Next, the  

protein was electrophoresed within SDS-PAGE, and 

delivered onto a PVDF membrane. That membrane was 

impeded using 5% skim milk powder for 2 h, and 

hatched using primary antibodies during the night and 

using secondary antibodies the next day. Finally, the 

electrochemiluminescence (ECL) reagent was used for 

visualization. We independently repeated the assay 3 

times. 

 

Transwell assay 

 

The cells were prepared by single-cell suspensions  

and cultivated into the upper chamber (Corning,  

USA) covered with Matrigel (0.1%, Millipore, USA). 

After 48 h, those cells were immobilized with 4% 

paraformaldehyde for 10 min and stained with trypan 

blue. Using an optical microscope, we observed, counted 

and imaged those cells on the lower membrane surface. 

 

Statistical analysis 

 

Pearson correlation analysis was implemented between 

miR-30d-5p and SERPINE1. Images were drawn by 

means of GraphPad Prism 6. The total data was 

expressed as mean ± standard deviation. Differences 

were contrasted between two groups via independent-

samples t-tests. P-value was less than 0.01, which 

indicated the difference was statistically significant. 

 

RESULTS 
 

Expressions of miR-30d-5p in breast cancer tissues 

and para-carcinoma tissues 

 

SERPINE1 up-regulation in BC tissues was more 

significant than that in para-carcinoma tissues (Figure 

1A). It was showed in GSEA results that the gene  

sets associated with cell proliferation, invasion and 

metastasis were prominently enriched in high miR- 

30d-5p expression group (Figure 1B). SERPINE1 was 

correlated positively with lymph node metastasis (Figure 

1C). It was found by immunofluorescence assay on  

miR-30d-5p (green) and Ki67 (red) that the miR-30d- 

5p expression in BC tissues was lower than that in para-

carcinoma tissues (Figure 1D). 

 

SERPINE1 was more highly expressed in tumor 

tissues than in para-carcinoma tissues 

 

miRNAs able to bind to SERPINE1 were prognosticated 

with TargetScan, miRanda, PicTar and PITA databases 

(Figure 2A). The miR-30d-5p and SERPINE1 binding 

points are illustrated in Figure 2B. The four co-targeted 

miRNAs were analyzed. Additionally, it was discovered 

that only miR-30d-5p down-regulation in BC tissues 

was passively connected to SERPINE1 expression 

(Figure 2A, 2B). Next, GSEA results indicated that  

the low miR-30d-5p expression was associated with  

BC phenotype (Figure 2C). According to Western 

blotting, the protein SERPINE1 expression in cancerous 

tissues was high, in comparison with that in para-
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carcinoma tissues (Figure 2D), which was verified by 

immunofluorescence staining (Figure 2E-a/b/c). 

 

Fatty acid β-oxidation was regulated by SERPINE1 

and miR-30d-5p 

 

According to the gene set enrichment analysis, it has 

been found that several pathways, including those 

related to cell proliferation, migration, invasion, and fat 

metabolism, are enriched with genes associated with 

SERPINE1 and miR-30d-5p (as shown in Figure 3A). 

Furthermore, it has been observed that the decreased 

expression of SERPINE1 leads to the stimulation of 

fatty acid β-oxidation (as depicted in the left panel  

of Figure 3B). For another, it has been shown that  

the increased miR-30d-5p expression stimulates fatty  

acid β-oxidation (as depicted in the right panel of  

Figure 3B). 

 

 
 

Figure 1. miRNA target prediction software: miRanda, PicTar, PITA and TargetScan (A). Relative has-miR-30d-5p expression level in adjacent 
tissue and tumor (B). miR-30d-5p information, including binding site, gene sequence and miRNA sequence (C). miR-30d-5p, Ki-67, DAPI 
Immunofluorescence staining in pericancerous tissue and breast cancer (D). Scale bar=20 μm. **, P<0.01. 
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Expressions of MCAD and LCAD in breast cancer 

tissues and para-carcinoma tissues 

 

Using immunofluorescence staining, it was observed 

that the LCAD expression in para-carcinoma tissues 

was more elevated than that in BC tissues (Figure 4A). 

The Western blotting results uncovered that the MCAD 

and LCAD expressions in para-carcinoma tissues were 

prominently high, by comparison with those in BC 

tissues (Figure 4B). 

miR-30d-5p mimics could reduce tumor volume by 

specifically targeting SERPINE1 

 

The related immunofluorescence information was 

exhibited in DLP assay. Of the transfected cells using 

SERPINE1-wt in the miR-30d-5p mimic group, the 

immunofluorescence intensity declined more significantly 

than that in the miR-30d-5p NC group. However, there 

was no dissimilarity in the immunofluorescence intensity 

of cells transfected with SERPINE1-mut between those 

 

 
 

Figure 2. SERPINE1 expression level is higher in tumor than in adjacent tissue (A). Statistics showed proliferation, invasion and migration of 

breast cancer cell increase as the SERPINE1 expression increasing (B). PCR data demonstrate SERPINE1 level is significantly different between 
N0 and N1 (C). Western blot shows that SERPINE1 expressed higher level in tumor than in adjacent tissue (D). Ki-67 and SERPINE1 
immunofluorescence staining in adjacent tissue and breast cancer (a, b); fluorescence intensity of SERPINE1 is expressed higher in breast 
cancer (c) (E). Scale bar=50 μm. **, P<0.01. 
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two group (Figure 5A). In the nude mouse tumor-bearing 

experiment, it was discovered that the tumor volume in 

the mimic group decreased significantly by comparison 

with that in the NC group (Figure 5B). 

 

miR-30d-5p mimics inhibited migration, proliferation 

and invasion of breast cancer cells 

 

In Figure 6A, the miR-30d-5p level in that mimic  

group was high, by comparison with that in the NC 

group. Through Western blotting, it was shown that the 

SERPINE1 expression was higher in the NC group, 

whereas the MCAD and LCAD expressions were higher 

in the mimic group (Figure 6B). In the mimic group the 

quantity of metastasizing cells was smaller than that  

in the NC group (Figure 6C). Moreover, OD values at 

48 h and 72 h in the mimic group were prominently less 

than those in the NC group (Figure 6D). The number  

of invading cells in the mimic group was smaller than 

that in the NC group (Figure 6E). To sum up, BC cell 

proliferation, invasion and metastasis were blocked by 

miR-30d-5p with SERPINE1 targeted and fatty acid β-

oxidation promoted (Figure 7). 

 

DISCUSSION 
 

Breast cancer (BC) is a prevalent form of cancer in 

females. Besides, it becomes the second dominating 

 

 
 

Figure 3. Heatmap shows the enrichment score of cell proliferation, migration, invasion and fat metabolism related gene set (A). GSEA 
(Gene Set Enrichment Analysis) enrichment plot. The plot shows the enrichment scores for fatty acid beta oxidation gene set tested in the 
analysis. The x-axis represents the ranked list of genes, while the y-axis represents the enrichment score. Left panel shows the plot ranked by 
SERPINE1 (down-regulation) and right panel shows the enrichment plot ranked by miR-30d-5p (up-regulation) (B). 
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Figure 4. LCAD (long-chain Acyl-CoA dehydrogenase) (green) immunofluorescence staining in adjacent tissue and breast cancer (A). Western 
blotting demonstrates that MCAD (Medium-chain acyl-CoA dehydrogenase) and LCAD (long-chain Acyl-CoA dehydrogenase) expression level is 
significantly higher in adjacent tissue than in breast cancer (B). n = 32 (4 fields each from 8 mice). Scale bar=50 μm. **, P<0.01. 
 

 
 

Figure 5. Dual-luciferase assay results (A). HE staining results and area statistics of nude mouse tumor sections (B). **, P<0.01; ns, P>0.05. 
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Figure 6. miRNA-30d-5p expression is higher in mimic than NC (A). Western blot shows that the expression of SERPINE1 is higher in NC than 

mimic, but MCAD (Medium-chain acyl-CoA dehydrogenase) and LCAD (long-chain Acyl-CoA dehydrogenase) are the opposite (B). Tumor 
migration experiment shows the distance of mimic group is shorter than NC group (C). The expression is significantly different in mimic group 
at 24h, 48h and 72h, compared with in NC group (D). Cell counting shows invasion is decreased in mimic than NC through trypan blue staining 
(E). **, P<0.01; *, P<0.05. 
 

 
 

Figure 7. The mechanisms of miR-30d-5p in the modulation of axis of SERPINE1/MCAD/LCAD in breast cancer. 
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reason for cancer deaths. The BC pathogenesis is 

intricate and involves numerous factors [17, 18]. 

miRNAs play an irreplaceable part in BC development 

and prognosis. Since a single miRNA controls the 

regulation of multiple target genes, miRNAs possess 

multi-target and efficient regulatory effects. Therefore, 

to target miRNAs may be a novel therapeutic strategy 

for cancer [18]. 

 

Energy metabolic reprogramming is thought to be one of 

the hallmarks of cancer, and an increasing number of 

studies have considered fatty acid oxidation as an 

essential process that contributes to transformation and 

tumorigenesis [19]. HIF-1 inhibits MCAD and LCAD, 

resulting in decreased levels of reactive oxygen species 

and enhanced proliferation. At the same time, a decreased 

LCAD expression can predict mortality [20]. According 

to many researches, it has been shown that miR-30d- 

5p gets involved in tumor development as a tumor 

suppressor in gallbladder cancer, prostate cancer, renal 

cell carcinoma, etc. In accordance with this research, 

miR-30d-5p expression in BC tissues was lower than that 

in para-carcinoma tissues. Likewise, MCAD and LCAD 

proteins, which are important intermediates in the  

fatty acid β-oxidation, were also lowly expressed in BC 

tissues by comparison to para-carcinoma tissues, while 

SERPINE1, an important regulatory protein involved in 

extracellular matrix reorganization and cell adhesion, was 

highly expressed in BC tissues. Furthermore, miR-30d-

5p mimics were transfected into BC cells, for the purpose 

of inducing the its expression. The outcomes manifested 

that miR-30d-5p could increase MCAD and LCAD 

expressions by inhibiting SERPINE1. 

 
The influence of fatty acid β-oxidation on tumor growth, 

proliferation, migration and invasion was explored in 

this study, but there are several other forms of fatty acid 

oxidation, such as fatty acid α-oxidation. SERPINE1 can 

regulate endothelial cell senescence and dysfunction 

induced by tumor necrosis factor [21, 22]. It was found 

by Western blotting that the relative protein expressions 

of MCAD and LCAD increased significantly with  

the decrease in SERPINE1. In addition, the wound 

healing assay indicated that the SERPINE1 decrease 

restrained cancer cell metastasis capacity, and the CCK-

8 assay and monoclonal proliferation assay uncovered 

that cancer cell proliferation capacity was weakened as 

SERPINE1 decreased. Moreover, a DLR assay was 

designed, with a view to verifying that miR-30d-5p was 

capable of specifically targeting SERPINE1. 

 
This study only explored the effect of fatty acid β-

oxidation on the tumor at the cellular level. However, 

animal experiments were not performed, and the effect 

of antioxidant drugs upon cancer growth was not 

investigated. In future, we will focus on the influences 

of other forms of fatty acid oxidation on tumor growth 

and the influences of antioxidant drugs on tumor 

growth. 

 

AUTHOR CONTRIBUTIONS 
 

Conceptual design: LZ, YL. Conducted experiments: 

LZ, YL, RS, YS, CW. Data analysis: LZ, RS, YH, XW. 

Funding: LZ, YL. Manuscript writing: LZ, YL. All 

authors approved the manuscript. 

 

CONFLICTS OF INTEREST 
 

The authors declare that they have no conflicts of 

interest. 

 

ETHICAL STATEMENT 
 

The Laboratory Animal Ethics Committee of the Fourth 

Hospital of Hebei Medical University was accountable 

for reviewing the experimental results pursuant to the 

related principles of experimental animal welfare and 

related provisions of national laboratory animal ethics. 

The number is Approval No. IACUC-4th Hos Hebmu-

2022011. 

 

FUNDING 
 

No funding was provided for this study. 

 

REFERENCES 
 
1. Zhu L, Cui K, Weng L, Yu P, Du Y, Zhang T, Liu H, Li B, 

Ma W. A panel of 8-lncRNA predicts prognosis of 
breast cancer patients and migration of breast cancer 
cells. PLoS One. 2021; 16:e0249174. 

 https://doi.org/10.1371/journal.pone.0249174 
PMID:34086679 

2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, 
Jemal A. Global cancer statistics 2018: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. 2018; 
68:394–424. 

 https://doi.org/10.3322/caac.21492  
PMID:30207593 

3. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, 
Jemal A. Global cancer statistics, 2012. CA Cancer J 
Clin. 2015; 65:87–108. 

 https://doi.org/10.3322/caac.21262 PMID:25651787 

4. Demchig D, Mello-Thoms C, Brennan PC. Breast cancer 
in Mongolia: an increasingly important health policy 
issue. Breast Cancer (Dove Med Press). 2017; 9:29–38. 

 https://doi.org/10.2147/BCTT.S125584 
PMID:28176935 

5864

https://doi.org/10.1371/journal.pone.0249174
https://pubmed.ncbi.nlm.nih.gov/34086679
https://doi.org/10.3322/caac.21492
https://pubmed.ncbi.nlm.nih.gov/30207593
https://doi.org/10.3322/caac.21262
https://pubmed.ncbi.nlm.nih.gov/25651787
https://doi.org/10.2147/BCTT.S125584
https://pubmed.ncbi.nlm.nih.gov/28176935


www.aging-us.com 10 AGING 

5. Nagarajan SR, Butler LM, Hoy AJ. The diversity and 
breadth of cancer cell fatty acid metabolism. Cancer 
Metab. 2021; 9:2. 

 https://doi.org/10.1186/s40170-020-00237-2 
PMID:33413672 

6. Cheng C, Geng F, Cheng X, Guo D. Lipid metabolism 
reprogramming and its potential targets in cancer. 
Cancer Commun (Lond). 2018; 38:27. 

 https://doi.org/10.1186/s40880-018-0301-4 
PMID:29784041 

7. Chen H, Yang Z, Sun Y, Yin S, Tang M, Zhang F. 
Targeting the Key Enzymes of Abnormal Fatty Acid β-
oxidation as a Potential Strategy for Tumor Therapy. 
Front Biosci (Landmark Ed). 2022; 27:95. 

 https://doi.org/10.31083/j.fbl2703095 
PMID:35345327 

8. Hanahan D, Weinberg RA. Hallmarks of cancer: the 
next generation. Cell. 2011; 144:646–74. 

 https://doi.org/10.1016/j.cell.2011.02.013 
PMID:21376230 

9. Blaha M, Nemcova L, Kepkova KV, Vodicka P, 
Prochazka R. Gene expression analysis of pig cumulus-
oocyte complexes stimulated in vitro with follicle 
stimulating hormone or epidermal growth factor-like 
peptides. Reprod Biol Endocrinol. 2015; 13:113. 

 https://doi.org/10.1186/s12958-015-0112-2 
PMID:26445099 

10. Azimi I, Petersen RM, Thompson EW, Roberts-
Thomson SJ, Monteith GR. Hypoxia-induced reactive 
oxygen species mediate N-cadherin and SERPINE1 
expression, EGFR signalling and motility in MDA-MB-
468 breast cancer cells. Sci Rep. 2017; 7:15140. 

 https://doi.org/10.1038/s41598-017-15474-7 
PMID:29123322 

11. Freeberg MAT, Farhat YM, Easa A, Kallenbach JG, 
Malcolm DW, Buckley MR, Benoit DSW, Awad HA. 
Serpine1 Knockdown Enhances MMP Activity after 
Flexor Tendon Injury in Mice: Implications for 
Adhesions Therapy. Sci Rep. 2018; 8:5810. 

 https://doi.org/10.1038/s41598-018-24144-1 
PMID:29643421 

12. Yang K, Zhang S, Zhang D, Tao Q, Zhang T, Liu G, Liu X, 
Zhao T. Identification of SERPINE1, PLAU and ACTA1 as 
biomarkers of head and neck squamous cell carcinoma 
based on integrated bioinformatics analysis. Int J Clin 
Oncol. 2019; 24:1030–41. 

 https://doi.org/10.1007/s10147-019-01435-9 
PMID:30937621 

13. Liang L, Yang Z, Deng Q, Jiang Y, Cheng Y, Sun Y, Li L. 
miR-30d-5p suppresses proliferation and autophagy by 
targeting ATG5 in renal cell carcinoma. FEBS Open Bio. 
2021; 11:529–40. 

 https://doi.org/10.1002/2211-5463.13025 
PMID:33145996 

14. Zhao F, Qu Y, Zhu J, Zhang L, Huang L, Liu H, Li S, Mu D. 
miR-30d-5p Plays an Important Role in Autophagy and 
Apoptosis in Developing Rat Brains After Hypoxic-
Ischemic Injury. J Neuropathol Exp Neurol. 2017; 
76:709–19. 

 https://doi.org/10.1093/jnen/nlx052 PMID:28789480 

15. Zhuang H, Wu F, Wei W, Dang Y, Yang B, Ma X, Han F, 
Li Y. Glycine decarboxylase induces autophagy and is 
downregulated by miRNA-30d-5p in hepatocellular 
carcinoma. Cell Death Dis. 2019; 10:192. 

 https://doi.org/10.1038/s41419-019-1446-z 
PMID:30804330 

16. Liu JH, Li WT, Yang Y, Qi YB, Cheng Y, Wu JH. MiR-526b-
3p Attenuates Breast Cancer Stem Cell Properties and 
Chemoresistance by Targeting HIF-2α/Notch Signaling. 
Front Oncol. 2021; 11:696269. 

 https://doi.org/10.3389/fonc.2021.696269 
PMID:35004266 

17. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. 
CA Cancer J Clin. 2020; 70:7–30. 

 https://doi.org/10.3322/caac.21590  
PMID:31912902 

18. Li X, Zeng Z, Wang J, Wu Y, Chen W, Zheng L, Xi T, 
Wang A, Lu Y. MicroRNA-9 and breast cancer. Biomed 
Pharmacother. 2020; 122:109687. 

 https://doi.org/10.1016/j.biopha.2019.109687 
PMID:31918267 

19. Hardy S, El-Assaad W, Przybytkowski E, Joly E, Prentki 
M, Langelier Y. Saturated fatty acid-induced apoptosis 
in MDA-MB-231 breast cancer cells. A role for 
cardiolipin. J Biol Chem. 2003; 278:31861–70. 

 https://doi.org/10.1074/jbc.M300190200 
PMID:12805375 

20. Huang D, Li T, Li X, Zhang L, Sun L, He X, Zhong X, Jia D, 
Song L, Semenza GL, Gao P, Zhang H. HIF-1-mediated 
suppression of acyl-CoA dehydrogenases and fatty acid 
oxidation is critical for cancer progression. Cell Rep. 
2014; 8:1930–42. 

 https://doi.org/10.1016/j.celrep.2014.08.028 
PMID:25242319 

21. Jansen GA, Wanders RJ. Alpha-oxidation. Biochim 
Biophys Acta. 2006; 1763:1403–12. 

 https://doi.org/10.1016/j.bbamcr.2006.07.012 
PMID:16934890 

22. Yamagata K, Suzuki S, Tagami M. Docosahexaenoic  
acid prevented tumor necrosis factor alpha-induced 
endothelial dysfunction and senescence. Prostaglandins 
Leukot Essent Fatty Acids. 2016; 104:11–8. 

 https://doi.org/10.1016/j.plefa.2015.10.006 
PMID:26802937 

5865

https://doi.org/10.1186/s40170-020-00237-2
https://pubmed.ncbi.nlm.nih.gov/33413672
https://doi.org/10.1186/s40880-018-0301-4
https://pubmed.ncbi.nlm.nih.gov/29784041
https://doi.org/10.31083/j.fbl2703095
https://pubmed.ncbi.nlm.nih.gov/35345327
https://doi.org/10.1016/j.cell.2011.02.013
https://pubmed.ncbi.nlm.nih.gov/21376230
https://doi.org/10.1186/s12958-015-0112-2
https://pubmed.ncbi.nlm.nih.gov/26445099
https://doi.org/10.1038/s41598-017-15474-7
https://pubmed.ncbi.nlm.nih.gov/29123322
https://doi.org/10.1038/s41598-018-24144-1
https://pubmed.ncbi.nlm.nih.gov/29643421
https://doi.org/10.1007/s10147-019-01435-9
https://pubmed.ncbi.nlm.nih.gov/30937621
https://doi.org/10.1002/2211-5463.13025
https://pubmed.ncbi.nlm.nih.gov/33145996
https://doi.org/10.1093/jnen/nlx052
https://pubmed.ncbi.nlm.nih.gov/28789480
https://doi.org/10.1038/s41419-019-1446-z
https://pubmed.ncbi.nlm.nih.gov/30804330
https://doi.org/10.3389/fonc.2021.696269
https://pubmed.ncbi.nlm.nih.gov/35004266
https://doi.org/10.3322/caac.21590
https://pubmed.ncbi.nlm.nih.gov/31912902
https://doi.org/10.1016/j.biopha.2019.109687
https://pubmed.ncbi.nlm.nih.gov/31918267
https://doi.org/10.1074/jbc.M300190200
https://pubmed.ncbi.nlm.nih.gov/12805375
https://doi.org/10.1016/j.celrep.2014.08.028
https://pubmed.ncbi.nlm.nih.gov/25242319
https://doi.org/10.1016/j.bbamcr.2006.07.012
https://pubmed.ncbi.nlm.nih.gov/16934890
https://doi.org/10.1016/j.plefa.2015.10.006
https://pubmed.ncbi.nlm.nih.gov/26802937

