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INTRODUCTION 
 

Esophageal cancer (EC) is a malignant tumor that 

occurs in esophageal epithelial cells [1]. EC ranks sixth 

in global cancer mortality and the EC patients in China 

account for about 50% of the total number of cases 

worldwide [2]. There are two main types of EC: 

esophageal squamous cell carcinoma (ESCC) and 

esophageal adenocarcinoma (EA) [3]. The TNM stage 

of ESCC complied with the criteria of the TNM  

system developed by the American Joint Committee on 

Cancer (AJCC). The TNM staging system classifies 

ESCC by the size and extent of the primary tumor, 

involvement of regional lymph nodes, and the presence 

or absence of distant metastases. T describes the size of 

the primary tumor and whether it has invaded various 

nearby tissues, including lamina propria mucosa, 

muscularis mucosa, esophageal adventitia and adjacent 

tissues. N describes regional lymph nodes that are 

involved, and M describes distant metastasis. Due to the 

shortage of specific symptoms and effective early 

diagnosis, ESCC is often diagnosed in advanced stages 

[4, 5]. At present, surgery, chemotherapy and 

radiotherapy are the main treatments for ESCC [6, 7]. 

However, the five-year survival rate of the ESCC 

patients is only near 15%, and most patients are less 

than one year after diagnosis [8, 9]. On the other hand, 

the postoperative complications, surgical trauma, and 

high postoperative mortality still disturb the ESCC 

patients [10, 11]. Therefore, it is urgent to investigate 
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ABSTRACT 
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ESCC cell proliferation, migration and invasion, which correlated with the activated fatty acid metabolism in 
vitro. Moreover, the content of phospholipids, triglycerides, neutral lipids and the protein expression levels of 
fatty acid metabolism related FASN, ACC1 and SREBP1C proteins were significantly increased following down-
regulation of FBP1. Furthermore, FBP1 was found to be directly targeted by miR-18b-5p in ESCC cells. In 
addition, miR-18b-5p inhibitor treatment obviously reversed the increased fatty acid metabolism induced by 
loss of FBP1 in ESCC cells. These findings explored a detailed molecular mechanism of tumorigenesis and 
progression of ESCC and might provide a potential novel method to treat ESCC in clinic. 
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the detailed pathogenesis of ESCC and develop the 

novel treatments and methods.  

 

Obesity is demonstrated to increase the incidence of 

ESCC and EA, and previous studies have shown that 

high-fat diet induces obesity to promote the progression 

of tumors in EA mice [12, 13]. Moreover, adipose tissue 

around the tumor could increase risk of progression of 

EA [14]. Furthermore, obesity or adipose tissue affected 

tumorigenesis and progression, including paracrine 

methods, involved in the tumor microenvironment of 

ESCC [15, 16]. Excess energy is the main cause of 

obesity, which involves the cellular glucose and fatty 

acid metabolism. Recent studies have shown that fatty 

acid metabolism, which is closely related to cancer cell 

function, regulates the invasion and metastasis of a 

variety of cancer cells [17–19]. However, whether the 

fatty acid metabolism affects the tumorigenesis and 

progression of ESCC remains to solve. 

 

Fructose-1, 6-bisphosphatase 1 (FBP1), an enzyme in 

gluconeogenesis, is mainly involved in the catalysis 

reaction of fructose-1,6-diphosphate to produce fructose-

6-phosphate. Previous studies have found that FBP1 

abnormal expression or loss of function is observed in 

various malignant tumors such as breast cancer [20], 

hepatocellular cancer [21], pancreatic cancer [22], and 

lung cancer [23]. In addition, low expression of FBP1 

was closely related to the drug resistance and the 

postoperative recurrence of the cancer [24, 25]. 

Consistently, we also found the FBP1 expression was 

down-regulation in ESCC patients. However, the 

relationship between FBP1 and fatty acid metabolism in 

the tumorigenesis and progression of ESCC, and the 

potential detailed molecular mechanisms remain 

unknown. In this study, we found loss of FBP1 promoted 

ESCC cell proliferation, migration, and invasion in vitro, 

which was involved in the regulation of miR-18b-5p. 

Moreover, the interaction of miR-18b-5p and FBP1 could 

regulate cell function through inhibiting fatty acid 

metabolism in ESCC cells. These findings explored a 

detailed molecular mechanism of tumorigenesis and 

progression of ESCC and might provide a potential novel 

method to treat ESCC in clinic. 

 

RESULTS 
 

Expression of FBP1 in ESCC tumor tissues 

 

To investigate the expression of FBP1 in ESCC tumor 

tissues, the FBP1 mRNA and protein levels were 

detected in ESCC tissues and adjacent non-ESCC 

tissues. As shown in Figure 1A, lower FBP1 mRNA 

levels were observed in 21 ESCC tissues compared with 

the FBP1 expression in 21 adjacent non-ESCC tissues 

(P<0.01). Next, we determined the protein expression of 

FBP1 between four ESCC tissues and the relevant 

adjacent non-ESCC tissues. The results demonstrated 

that FBP1 protein expression level was obviously 

decreased in ESCC tissues (Figure 1B, 1D). To further 

investigate the exact expression state of FBP1 in 

different TNM stage of ESCC, FBP1 expression was 

determined by immunohistochemistry. FBP1 expression 

was gradually decreased with the high stage of ESCC 

(Figure 1C, 1E). The expression levels of FBP1 in 

tissues of ESCC stage III was barely observed, which 

suggested that low expression of FBP1 was correlated 

with the ESCC aggressiveness. 

 

Loss of FBP1 promoted ESCC cell proliferation, 

migration and invasion 

 

FBP1 was previously found to affect cell proliferation, 

migration and invasion in various cancer cells [26, 27]. To 

investigate the effect of FBP1 expression on ESCC cells 

function, Eca109 and ec9706 cells were treated with 

shFBP1 for 0, 24, 48, 72 h. The results showed that Loss 

of FBP1 significantly enhanced ESCC cell proliferation 

compared with the control (Figure 2A and 1B). We also 

showed the validation of knockdown of FBP1 in Eca109 

cells following shFBP1 transfection for 48 h (Figure 2C). 

Moreover, to explore the effect of FBP1 expression on 

ESCC cell migration and invasion, Eca109 and ec9706 

cells were treated with shFBP1 for 48 h. The cell 

migration (Figure 2D, 2E, 2H, 2I) and invasion (Figure 

2F, 2G, 2J, 2K) were significantly increased by the 

treatment of shFBP1 compared with the control.  

 

Loss of FBP1 enhanced fatty acid metabolism in 

ESCC cells 

 

Fatty acid metabolism was involved in cancer cell 

invasion and metastasis [28, 29]. To explore the 

relationship between FBP1 expression and fatty acid 

metabolism in ESCC cells, the cells were treated with 

shFBP1 for 48 h. The results showed that the content of 

phospholipids in ESCC cells was significantly increased 

following treatment with shFBP1 (Figure 3A). 

Furthermore, loss of FBP1 lead to an increase of the 

content of triglycerides in ESCC cells when compared 

with the control (Figure 3B). To further explore the 

alteration of fatty acid metabolism in ESCC cells, we 

determined the neutral lipids content using staining with 

BODIPY 493/503 dye. The results demonstrated that 

loss of FBP1 obviously enhanced the content of neutral 

lipids detected by flow cytometry (Figure 3C). On the 

other hand, the expression levels of fatty acid 

metabolism related FASN, ACC1 and SREBP1C 

protein were obviously increased following down-
regulation of FBP1 compared with the control (Figure 

3D, 3F). In addition, following staining with BODIPY 

493/503 dye and DAPI, we found loss of FBP1 
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significantly increased the immunoreaction of BODIPY 

493/503 dye compared with the control, which 

suggested that loss of FBP1 could enhanced the content 

of neutral lipids (Figure 3E). 

 

FBP1 was interacted with miR-18b-5p in Eca109 cells 

 

MiR-18b-5p was previously demonstrated to promote 

cell invasion and metastasis in MCF-7/PR cells [30]. To 

investigate the effect of miR-18b-5p on the progression 

of ESCC, cell lysates from Eca109 cells were acquired 

and incubated antibodies against glucose and lipid 

metabolism-related proteins. Antibody against IgG was 

used as control. We found that the anti-FBP1 antibody 

precipitated significantly higher levels of miR-18b-5p 

(Figure 4A). To explore the detailed mechanism of 

miR-18b-5p regulating fatty acid metabolism in ESCC 

cells, the tentative interaction was predicted by the 

target prediction program Targetscan. The result 

showed that FBP1 was predicted to interact with miR-

18b-5p from the target analysis (Figure 4B). To further 

testify the relationship between miR-18b-5p and FBP1 

in ESCC cells, Eca109 cells were co-transfected with 

reporter plasmid contained wild type (wt) or mutant 

 

 
 

Figure 1. Down-regulated expression of FBP1 was determined in ESCC tissues. (A) Changes in FBP1 expression between ESCC 

tissues and adjacent non-ESCC tissues. (B, D) FBP1 protein expression and quantification were determined between ESCC tissues (T) and 
adjacent non-ESCC tissues (N). (C, E) Immunohistochemical analysis and quantification of FBP1 staining (200×) were performed in adjacent 
non-ESCC tissues and different TNM stage of ESCC according to the latest American Journal of Critical Care (AJCC) guide. *p< 0.05, **p< 0.01, 
***p< 0.001. 
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type (mut) of 3’UTR of FBP1 and miR-18b-5p mimic. 

The dual luciferase reporter assay showed that miR-18b-

5p directly targeted the wt of FBP1 in Eca109 cells 

(Figure 4C). Moreover, to further explore the relationship 

between miR-18b-5p and FBP1 in ESCC cells, RNA pull-

down analysis was performed in Eca109 cells. The results 

revealed that the Bio-miR-18b-5p pulled down FBP1 in 

Eca109 cells (Figure 4D and 4E). Moreover, the relative 

expression of FBP1 was decreased after treatment  

with miR-18b-5p mimic, and miR-18b-5p inhibitor 

 

 
 

Figure 2. Loss of FBP1 promoted ESCC cell proliferation, migration and invasion. (A, B) The impact of FBP1 expression on ESCC cell 

proliferation as assessed using CCK-8 proliferation. (C) Validation of knockdown of FBP1 in Eca109 cells using shFBP1 transfection. (D, E) The 
impact of FBP1 expression on ESCC cell invasion was performed using shFBP1 transfection in Eca109 cells. (F, G) The impact of FBP1 
expression on ESCC cell migration was performed using shFBP1 transfection in Eca109 cells. (H, I) The impact of FBP1 expression on ESCC cell 
invasion was determined using shFBP1 transfection in ec9706 cells. (J, K) The impact of FBP1 expression on ESCC cell migration was 
determined using shFBP1 transfection in ec9706 cells. scale bar= 20μm. Mock, the blank control group. Vector, the blank vector group. 
shFBP1, FBP1 shRNA vector group. *p< 0.05, **p< 0.01 VS Mock. 
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Figure 3. Loss of FBP1 regulated fatty acid metabolism in ESCC cells. (A) The impact of FBP1 expression on the content of 

phospholipids in ESCC cells. (B) The impact of FBP1 expression on the content of triglycerides in ESCC cells. (C) The neutral lipids content was 
detected by flow cytometry in Eca109 cells, gray, control; black, shFBP1. (D, F) The impact of FBP1 expression on the expression of FASN, 
ACC1 and SREBP1C was determined in ESCC cells. (E) The neutral lipids content was detected by staining with BODIPY 493/503 dye (green) 
and DAPI (blue) in Eca109 cells, scale bar= 20μm. Mock, the blank control group. Vector, the blank vector group. shFBP1, FBP1 shRNA vector 
group. **p< 0.01, ***p< 0.001 VS Mock. 
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significantly increased FBP1 relative expression 

compared with the respectively control (Figure 4F). 

 

miR-18b-5p regulated loss of FBP1 altered cell 

function and fatty acid metabolism in Eca109 cells 

 

To explore the effect of miR-18b-5p regulated FBP1 on 

ESCC cell function, Eca109 cells were treated with 

miR-18b-5p inhibitor and/or shFBP1. The results 

showed that miR-18b-5p inhibitor combined with 

shFBP1 treatment effectively reversed the enhanced 

proliferation induced by shFBP1 transfection (Figure 

5A). On the other hand, miR-18b-5p mimic combined 

with shFBP1 treatment did not significantly changed 

shFBP1 induced proliferation of Eca109 cells (Figure 

5B). Moreover, the cell migration and invasion were 

significantly decreased by the combination treatment of 

miR-18b-5p inhibitor and shFBP1 when compared with 

shFBP1 alone treatment (Figure 5C, 5D). To further 

explore the effect of miR-18b-5p on FBP1 regulated 

fatty acid metabolism in ESCC cells, the contents of 

phospholipids, triglycerides and neutral lipids were 

determined following combination treatment of miR-

18b-5p inhibitor and shFBP1. The results showed that 

miR-18b-5p inhibitor combined shFBP1 treatment lead 

to a significant decrease of the contents of 

phospholipids and triglycerides when compared with 

shFBP1 alone treatment (Figure 5E, 5F). Consistently, 

the content of neutral lipids was obviously decreased 

following combination treatment of miR-18b-5p 

inhibitor and shFBP1, which reverse the effect of 

shFBP1 on the content of neutral lipids (Figure 5G). In 

addition, miR-18b-5p inhibitor combined shFBP1 

treatment also reduced the protein expression of FASN, 

ACC1 and SREBP1C, which enhanced by the treatment 

of shFBP1 (Figure 5H, 5I). 

 

DISCUSSION 
 

Metabolic reprogramming has been defined as one of the 

hallmark tumor features [31, 32]. FBP1 plays an 

important role in the tumorigenesis and progression of 

several cancers [20, 23, 33]. FBP1 is also considered to 

be a potential marker of cancer and a prognostic marker 

[34, 35]. In addition, previous studies have shown that 

low levels of FBP1 are associated with low cancer 

survival rates and high relapse rates [36, 37]. However, 

the expression of FBP1 in ESCC and its tentative 

function are not clear. Here, in this study, we also found 

the decreased expression of FBP1 in ESCC patients. To 

further explore the mechanism of loss of FBP1 mediating 

ESCC cell function, FBP1 was down-regulated by 

transfection of shFBP1 in ESCC cells. We found loss of 

FBP1 promoted ESCC cell proliferation, migration and 

invasion in vitro. It is well known that FBP1 can reduce 

glucose uptake, increases oxygen consumption, and 

reduce lactic acid production. Silencing FBP1 can 

significantly promote the proliferation and metastasis of 

cancer cells [38, 39]. On the other hand, fatty acid 

metabolism also involves the cell proliferation and 

metastasis in various cancers [40, 41]. However, whether 

the decreased expression of FBP1 participated in the 

regulation of fatty acid metabolism remains unclear. 

Interestingly, we demonstrated that loss of FBP1 

enhanced fatty acid metabolism in ESCC cells. The 

content of phospholipids, triglycerides and neutral lipids 

were significantly increased following down-regulation 

of FBP1. In addition, loss of FBP1 also enhanced the 

protein expression levels of fatty acid metabolism related 

FASN, ACC1 and SREBP1C. These results suggested 

that loss of FBP1 might promote ESCC proliferation, 

migration, and invasion by regulating fatty acid 

metabolism.  

 

In recent years, there has been continuous evidence that 

miRNA is involved in the tumorigenesis and 

progression of ESCC [42, 43]. Previous study has 

shown that miR-373 promotes the development of 

ESCC by targeting LATS2 and OXR1 [44]. Harada K. 

et al. demonstrated that suppressor miR-145 expression 

was regulated by hypermethylation of the miR-145 

promoter region in ESCC [45]. Moreover, miR-17, 

miR-18a, and miR-19a were showed to serve as 

potential unfavorable prognostic biomarkers in ESCC 

[46]. In this study, we also found miR-18B-5P was 

involved in FBP1 mediated cell function. Interestingly, 

FBP1 was directly targeted by miR-18B-5P in Eca109 

cells. To explore the effect of miR-18b-5p regulated 

FBP1 on ESCC cell function and fatty acid metabolism, 

Eca109 cells were treated with miR-18b-5p inhibitor 

and shFBP1. We found the cell proliferation, migration 

and invasion were effectively reversed and the contents 

of phospholipids, triglycerides and neutral lipids were 

counteracted by the combined treatment of miR-18b-5p 

inhibitor and shFBP1, which induced by loss of FBP1. 

In addition, the fatty acid metabolism related protein 

expression of FASN, ACC1 and SREBP1C, which 

enhanced by the treatment of shFBP1, was also 

decreased following treatment of miR-18b-5p inhibitor 

and shFBP1. These results suggested that miR-18b-5p 

regulated cell function and fatty acid metabolism 

through targeting FBP1 in ESCC cells. 

 

In conclusion, loss of FBP1 promoted ESCC cell 

proliferation, migration, and invasion in vitro, which 

was regulated by miR-18b-5p. Moreover, loss of FBP1 

enhanced fatty acid content and fatty acid metabolism 

related proteins expression in ESCC cells. In addition, 

inhibition of miR-18b-5p counteracted the effect of loss 
of FBP1 on the cell function and fatty acid metabolism. 

These findings explored a detailed molecular 

mechanism of tumorigenesis and progression of ESCC 
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Figure 4. FBP1 was interacted with miR-18b-5p in Eca109 cells. (A) Cell lysates prepared from Eca109 cells were incubated with 

antibodies against IgG, Glut4, FBP1, PFK, PKM2, c-Myc, P53, AMPK, FABP4, FASN, Ccnd1, Cdk4, CD36, Cpt1a, Prkaa1, Adipoq, Cfd and Retn. 
The precipitated products were subjected to real-time PCR with primers amplifying miR-18b mRNA. Error bars, SD (n = 4). **p < 0.01, ***p < 
0.001. (B) The prediction of miR-18b-5p and 3’UTR of FBP1 targeting site. (C) miR-18b-5p mimic directly targeted the wt of FBP1 in Eca109 
cells. (D) The pulled down FBP1 in the Bio-miR-18b-5p transfected cells. (E) Enrichment of FBP1 transcripts in Bio-miR-18b-5p pull-down 
mRNA in Eca109 cells. (F) The FBP1 expression was determined following treatment with miR-18b-5p mimic or inhibitor. Wt, wild-type 
reporter plasmid containing FBP1 3’UTR; mut, mutations reporter plasmid in the same regions. Mimic control, the miR-18b-5p mimic 
negative control group. Bio-NC, biotin-labeled negative control. Bio-miR-18b-5p, biotin-labeled miR-18b-5p. Inhibitor control, the miR-18b-5p 
inhibitor negative control group. *p< 0.05, **p< 0.01 VS respective control. 
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Figure 5. MiR-18b-5p inhibitor regulated loss of FBP1 induced fatty acid metabolism in Eca109 cells. (A) The Eca109 cell 

proliferation was determined following treatment with shFBP1 and/or miR-18b-5p inhibitor. (B) The Eca109 cell proliferation was determined 
following treatment with shFBP1 and/or miR-18b-5p mimic. (C) The Eca109 cell invasion was determined following treatment with shFBP1 
and/or miR-18b-5p inhibitor. (D) The Eca109 cell migration was determined following treatment with shFBP1 and/or miR-18b-5p inhibitor. (E) 
The content of phospholipids was determined following treatment with shFBP1 and/or miR-18b-5p inhibitor. (F) The content of triglycerides 
was determined following treatment with shFBP1 and/or miR-18b-5p inhibitor. (G) The neutral lipids content was determined following 
treatment with shFBP1 and/or miR-18b-5p inhibitor by staining with BODIPY 493/503 dye (green) and DAPI (blue) in Eca109 cells, scale bar= 
20μm. (H, I) The protein expression and quantification of FASN, ACC1 and SREBP1C was determined following treatment with shFBP1 and/or 
miR-18b-5p inhibitor. *p< 0.05 VS control, **p< 0.01 VS control, # p< 0.05 VS shFBP1, ## p< 0.01 VS shFBP1. 
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and might provide a potential novel method to treat 

ESCC in clinic. 

 

MATERIALS AND METHODS 
 

Clinical samples  

 

The clinical ESCC samples used in this study were 

histopathologically and clinically diagnosed at the 

Shanghai Chest Hospital affiliated to Shanghai Jiao Tong 

University with written consent and approval from the 

institutional research ethics committee. The ESCC tissues 

(21 cases) and adjacent non-ESCC tissues (21 cases) 

were collected for the subsequent experiments.   

 

Immunohistochemistry 

 

Sections were dewaxed in xylene and rehydrated in a 

graded series of ethanol, followed by antigen retrieval 

sodium citrate buffer. Immunohistochemical staining 

was carried out by the primary antibody against FBP1 

(Abcam), followed by treatment with the secondary 

detection antibody. Then the samples were washed and 

observed using an inverted microscope (Zeiss). The 

Image J (NIH) was used for the quantification of 

immunohistochemical staining. 

 

Human ESCC cell lines 

 

Eca109 and ec9706 human ESCC cell lines were 

obtained from the cell bank center of our institute. The 

cell line authentication was performed and the STR 

analysis of two cells was consistent with the STR data 

from China Infrastructure of Cell Line Resources 

database. Cells were cultured in DMEM (Gibco, USA) 

with 10% fetal bovine serum and maintained at 37° C, 

95% humidity, and 5% CO2.  

 

MiRNA, lentivirus construction, and transfection 

 

The miR-18b-5p mimic, inhibitor, the controls and 

shFBP1 were obtained from Sangon Biotech (Shanghai, 

China). shFBP1 sequence was cloned into pLKO vector 

(Addgene, #10878). The sequence of shFBP1 was 5’-

CGACCTGGTTATGAACAT GTT-3’. The cell 

transfection was performed using lipofectamine 

RNAiMAX (Invitrogen) or Lipofectamine 3000 

Reagent (Invitrogen) according to the manufacturer’s 

instruction. ESCC cells were cultured in 6-well plate for 

12h, and then received miR-18b-5p mimic, inhibitor, 

the controls or shFBP1 for indicated time point.  

 

Quantitative real-time PCR 

 

Total RNA was isolated from ESCC cells using TRIzol 

reagent (Invitrogen). Next, the RNA was reversely 

transcribed to cDNA using a PrimeScript RT Master 

Mix Kit (Takara Bio). A SYBR Green PCR Master Mix 

(Invitrogen) was used to assess the FBP1 expression 

using a 7900 real-time PCR system (Applied 

Biosystems, Life Technologies). β-actin was used as an 

internal control. Fold changes for the expression levels 

of FBP1 were calculated using the comparative cycle 

threshold (CT) method (2-ΔΔCT). The results were 

performed in triplicate in real-time quantitative RT-

PCR. The primers were as follows, FBP1 forward: 5’-

CTCTATGGCATTGCTGG TTCT-3’; FBP1 reverse: 

5’-TCCACTATGATGGCGTGTTTAT-3’.  

 

Western blot analysis  

 

The protein lysates of ESCC cells were isolated after 

the cells were treated with shFBP1. The concentration 

of the protein was quantified and transferred the into 

nitrocellulose (NC) membranes. The NC membranes 

were blocked, and incubated with the primary antibody 

for 2h at room temperature. Finally, the protein 

expression was visualized using the chemiluminescence 

detection system. The primary antibodies against FASN 

(1:1000; R&D Systems), ACC1 (1:1000; Cell Signaling 

Technology), SREBP1C (1:2000; Abcam), FBP1 

(1:1000; Abcam), a secondary antibody (anti-rabbit 

IgG, 1:7500; Cell Signaling Technology), and β-actin 

antibody (1:5000; Abcam) were used to determine the 

indicated protein expression. The Image J (NIH) was 

used for the quantification of protein expression. 

 

Cell proliferation assay 

 

ESCC cell proliferation was examined using a CCK-8 

assay kit (Dojindo, Japan). Briefly, cells were 

transfected with shFBP1 using Lipofectamine 3000 

Reagent. After different time point of transfection, cells 

were added CCK-8 and incubated for 2h. The 

absorbance at 450 nm was measured with a microplate 

reader (ELX800, BioTeK, USA). 

 

Cell migration and invasion assays 

 

The capability of cell migration and invasion were 

analyzed using non-Matrigel-coated (BD Falcon, BD 

Biosciences, USA) or Matrigel-coated transwell cell 

culture chambers (BD Matrigel Invasion Chamber, BD 

Biosciences, USA), 8-μm pore size. Briefly, cells were 

seeded on the upper chambers with serum-free 

medium. The lower chambers were added the medium 

contained 10% FBS. After culturing at 37° C and 5% 

CO2 for 48 h, cells on the upper side of the chamber 

were migrated and invaded into the lower chamber. 
The migration and invasion cells number was counted 

in three randomly selected areas under a light 

microscope. 



 

www.aging-us.com 4995 AGING 

Immunoprecipitation assays 

 

Cells were washed in ice-cold PBS, lysed in 500μl co-

IP buffer, and incubated with the primary antibodies at 

4° C for 12h. 40μl of 50% slurry of protein A-Sepharose 

was added to the sample. The mixtures were incubated 

at 4° C for 4h and then subject to brief centrifugation. 

The pellets were washed with PBS for three times and 

suspended in 0.5 ml Tri Reagent (Sigma). The elutes 

were subject to reverse transcription and PCR to detect 

the presence of the binding miR-18b-5p. 

 

RNA pull-down analysis 

 

Cells were incubated with biotin (Bio)-labeled miR-18b-

5p or Bio-labeled negative control (NC) (GenePharma, 

Shanghai) at 37° C for 4 h. M-280 Streptavidin 

Dynabeads (Life Technologies) were added per 100 pmol 

of biotin-DNA oligos, and the mixture was then rotated 

for 30 min at 37° C. Beads were captured by magnets 

(Life Technologies) and washed five times. Each 

experiment was carried out in triplicate. 

 

Dual-luciferase reporter assay 

 

To investigate the relationship between FBP1 and miR-

18b-5p, a luciferase reporter assay was performed. Cells 

were seeded and co-transfected with reporter of either 

wild type (wt) or mutant type (mut) and pRL-TK vector 

(Promega), an internal control using Lipofectamine 

3000 (Invitrogen). Forty-eight hours after transfection, 

cells were collected for analysis using a dual-luciferase 

reporter assay kit (Promega).  

 

Immunofluorescence staining 

 

The lipophilic fluorescence dye BODIPY 493/503 

(Invitrogen) was employed for evaluate the neutral lipid 

accumulation. Briefly, cells were fixed with 4% 

paraformaldehyde and stained with BODIPY 493/503 for 

1h at room temperature, and then nuclei were DAPI for 15 

min. The results of immune staining were detected using a 

fluorescence microscope (Olympus, Tokyo, Japan). 

 

Flow cytometry 

 

Cells were fixed with 4% paraformaldehyde for 20 min 

at room temperature. Cells were stained with 1 mL PBS 

containing BODIPY 493/503 for 15 min at room 

temperature, and washed before being analyzed on a 

flow cytometer (BD Biosciences) and FlowJo Software.  

 

Quantification of phospholipids and triglycerides 

 

The content of phospholipids and triglycerides were 

determined in ESCC cells by EnzyChrom™ 

phospholipids assay kit (BioAssay Systems, Hayward, 

CA, USA) and EnzyChrom™ triglycerides assay kit 

(BioAssay Systems, Hayward, CA, USA) respectively. 

 

Statistical analysis 

 

SPSS 17.0 software (Chicago, IL, USA) was used for 

statistical analysis in this study. Data were presented as 

means ± SD, which were collected from at least 3 

independent experiments. Two-tailed Student’s t-test 

was used for comparisons of two independent groups. P 

< 0.05 was considered statistically significant. 

 

Editorial Note 
 
&This corresponding author has a verified history of 

publications using the personal email address for 

correspondence. 

 

AUTHOR CONTRIBUTIONS 
 

Zhigang Li and Yi He conceived and designed the 

experiments. Yi He, Rong Hua, Bin Li and Haiyong Gu 

performed the experiments. Rong Hua and Bin Li 

analyzed the data. Haiyong Gu and Yifeng Sun 

contributed reagents/materials/analysis tools; Yi He 

wrote the draft, Yifeng Sun and Zhigang Li checked and 

revised. All authors approved to submit this version to 

this publication. 

 

CONFLICTS OF INTEREST 
 

The authors declare that there is no conflicts of interest. 

 

FUNDING 
 

This work was supported by the Shanghai Municipal 

Education Commission-Gaofeng Clinical Medicine 

Grant Support. 

 

REFERENCES 
 

1. Huang FL, Yu SJ. Esophageal cancer: risk factors, 
genetic association, and treatment. Asian J Surg. 2018; 
41:210–15. 

 https://doi.org/10.1016/j.asjsur.2016.10.005 
PMID:27986415 

2. Lin Y, Totsuka Y, Shan B, Wang C, Wei W, Qiao Y, 
Kikuchi S, Inoue M, Tanaka H, He Y. Esophageal cancer 
in high-risk areas of China: research progress and 
challenges. Ann Epidemiol. 2017; 27:215–21. 

 https://doi.org/10.1016/j.annepidem.2016.11.004 
PMID:28007352 

3. Torres-Aguilera M, Remes Troche JM. Achalasia and 
esophageal cancer: risks and links. Clin Exp 

https://doi.org/10.1016/j.asjsur.2016.10.005
https://pubmed.ncbi.nlm.nih.gov/27986415
https://doi.org/10.1016/j.annepidem.2016.11.004
https://pubmed.ncbi.nlm.nih.gov/28007352


 

www.aging-us.com 4996 AGING 

Gastroenterol. 2018; 11:309–16. 
 https://doi.org/10.2147/CEG.S141642  

PMID:30233226 

4. di Pietro M, Canto MI, Fitzgerald RC. Endoscopic 
Management of Early Adenocarcinoma and Squamous 
Cell Carcinoma of the Esophagus: Screening, Diagnosis, 
and Therapy. Gastroenterology. 2018; 154:421–436. 

 https://doi.org/10.1053/j.gastro.2017.07.041 
PMID:28778650 

5. Kunzmann AT, McMenamin ÚC, Spence AD, Gray RT, 
Murray LJ, Turkington RC, Coleman HG. Blood 
biomarkers for early diagnosis of oesophageal cancer: 
a systematic review. Eur J Gastroenterol Hepatol. 2018; 
30:263–73. 

 https://doi.org/10.1097/MEG.0000000000001029 
PMID:29189391 

6. Batra R, Malhotra GK, Singh S, Are C. Managing 
squamous cell esophageal cancer. Surg Clin North Am. 
2019; 99:529–41. 

 https://doi.org/10.1016/j.suc.2019.02.006 
PMID:31047040 

7. Smyth EC, Lagergren J, Fitzgerald RC, Lordick F, Shah 
MA, Lagergren P, Cunningham D. Oesophageal cancer. 
Nat Rev Dis Primers. 2017; 3:17048. 

 https://doi.org/10.1038/nrdp.2017.48 PMID:28748917 

8. Song Y, Li L, Ou Y, Gao Z, Li E, Li X, Zhang W, Wang J, Xu 
L, Zhou Y, Ma X, Liu L, Zhao Z, et al. Identification of 
genomic alterations in oesophageal squamous cell 
cancer. Nature. 2014; 509:91–95. 

 https://doi.org/10.1038/nature13176 PMID:24670651 

9. Nagami Y, Ominami M, Shiba M, Minamino H, 
Fukunaga S, Kameda N, Sugimori S, Machida H, 
Tanigawa T, Yamagami H, Watanabe T, Tominaga K, 
Fujiwara Y, Arakawa T. The five-year survival rate after 
endoscopic submucosal dissection for superficial 
esophageal squamous cell neoplasia. Dig Liver Dis. 
2017; 49:427–33. 

 https://doi.org/10.1016/j.dld.2016.12.009 
PMID:28096057 

10. Kranzfelder M, Gertler R, Hapfelmeier A, Friess H, Feith 
M. Chylothorax after esophagectomy for cancer: 
impact of the surgical approach and neoadjuvant 
treatment: systematic review and institutional analysis. 
Surg Endosc. 2013; 27: 3530–38. 

 https://doi.org/10.1007/s00464-013-2991-7 
PMID:23708712 

11. Saeki H, Tsutsumi S, Tajiri H, Yukaya T, Tsutsumi R, 
Nishimura S, Nakaji Y, Kudou K, Akiyama S, Kasagi Y, 
Nakanishi R, Nakashima Y, Sugiyama M, et al. 
Prognostic Significance of Postoperative 
Complications After Curative Resection for Patients 
With Esophageal Squamous Cell Carcinoma. Ann Surg. 

2017; 265:527–533. 
 https://doi.org/10.1097/SLA.0000000000001692 

PMID:28169928 

12. Fowler AJ, Richer AL, Bremner RM, Inge LJ. A high-fat 
diet is associated with altered adipokine production 
and a more aggressive esophageal adenocarcinoma 
phenotype in vivo. J Thorac Cardiovasc Surg. 2015; 
149:1185–91. 

 https://doi.org/10.1016/j.jtcvs.2014.11.076 
PMID:25595377 

13. Münch NS, Fang HY, Ingermann J, Maurer HC, Anand A, 
Kellner V, Sahm V, Wiethaler M, Baumeister T, Wein F, 
Einwächter H, Bolze F, Klingenspor M, et al. High-Fat 
Diet Accelerates Carcinogenesis in a Mouse Model of 
Barrett's Esophagus via Interleukin 8 and Alterations to 
the Gut Microbiome. Gastroenterology. 2019; 
157:492–506.e2. 

 https://doi.org/10.1053/j.gastro.2019.04.013 
PMID:30998992 

14. Lynch KL. Is obesity associated with barrett’s 
esophagus and esophageal adenocarcinoma? 
Gastroenterol Clin North Am. 2016; 45:615–24. 

 https://doi.org/10.1016/j.gtc.2016.07.002 
PMID:27837776 

15. Long E, Beales IL. The role of obesity in oesophageal 
cancer development. Therap Adv Gastroenterol. 2014; 
7:247–68. 

 https://doi.org/10.1177/1756283X14538689 
PMID:25364384 

16. Lindkvist B, Johansen D, Stocks T, Concin H, Bjørge T, 
Almquist M, Häggström C, Engeland A, Hallmans G, 
Nagel G, Jonsson H, Selmer R, Ulmer H, et al. Metabolic 
risk factors for esophageal squamous cell carcinoma 
and adenocarcinoma: a prospective study of 580,000 
subjects within the Me-Can project. BMC Cancer. 2014; 
14:103. 

 https://doi.org/10.1186/1471-2407-14-103 
PMID:24548688 

17. Jiang YP, Tang YL, Wang SS, Wu JS, Zhang M, Pang X, 
Wu JB, Chen Y, Tang YJ, Liang XH. PRRX1-induced 
epithelial-to-mesenchymal transition in salivary 
adenoid cystic carcinoma activates the metabolic 
reprogramming of free fatty acids to promote invasion 
and metastasis. Cell Prolif. 2020; 53:e12705. 

 https://doi.org/10.1111/cpr.12705  
PMID:31657086 

18. Peng M, Yang D, Hou Y, Liu S, Zhao M, Qin Y, Chen R, 
Teng Y, Liu M. Intracellular citrate accumulation by 
oxidized ATM-mediated metabolism reprogramming 
via PFKP and CS enhances hypoxic breast cancer cell 
invasion and metastasis. Cell Death Dis. 2019; 10:228. 

 https://doi.org/10.1038/s41419-019-1475-7 
PMID:30850587 

https://doi.org/10.2147/CEG.S141642
https://pubmed.ncbi.nlm.nih.gov/30233226
https://doi.org/10.1053/j.gastro.2017.07.041
https://pubmed.ncbi.nlm.nih.gov/28778650
https://doi.org/10.1097/MEG.0000000000001029
https://pubmed.ncbi.nlm.nih.gov/29189391
https://doi.org/10.1016/j.suc.2019.02.006
https://pubmed.ncbi.nlm.nih.gov/31047040
https://doi.org/10.1038/nrdp.2017.48
https://pubmed.ncbi.nlm.nih.gov/28748917
https://doi.org/10.1038/nature13176
https://pubmed.ncbi.nlm.nih.gov/24670651
https://doi.org/10.1016/j.dld.2016.12.009
https://pubmed.ncbi.nlm.nih.gov/28096057
https://doi.org/10.1007/s00464-013-2991-7
https://pubmed.ncbi.nlm.nih.gov/23708712
https://doi.org/10.1097/SLA.0000000000001692
https://pubmed.ncbi.nlm.nih.gov/28169928
https://doi.org/10.1016/j.jtcvs.2014.11.076
https://pubmed.ncbi.nlm.nih.gov/25595377
https://doi.org/10.1053/j.gastro.2019.04.013
https://pubmed.ncbi.nlm.nih.gov/30998992
https://doi.org/10.1016/j.gtc.2016.07.002
https://pubmed.ncbi.nlm.nih.gov/27837776
https://doi.org/10.1177/1756283X14538689
https://pubmed.ncbi.nlm.nih.gov/25364384
https://doi.org/10.1186/1471-2407-14-103
https://pubmed.ncbi.nlm.nih.gov/24548688
https://doi.org/10.1111/cpr.12705
https://pubmed.ncbi.nlm.nih.gov/31657086
https://doi.org/10.1038/s41419-019-1475-7
https://pubmed.ncbi.nlm.nih.gov/30850587


 

www.aging-us.com 4997 AGING 

19. Lee SY, Ju MK, Jeon HM, Lee YJ, Kim CH, Park HG, Han 
SI, Kang HS. Oncogenic metabolism acts as a 
prerequisite step for induction of cancer metastasis 
and cancer stem cell phenotype. Oxid Med Cell Longev. 
2018; 2018:1027453. 

 https://doi.org/10.1155/2018/1027453 
PMID:30671168 

20. Dong C, Yuan T, Wu Y, Wang Y, Fan TW, Miriyala S, Lin 
Y, Yao J, Shi J, Kang T, Lorkiewicz P, St Clair D, Hung MC, 
et al. Loss of FBP1 by Snail-mediated repression 
provides metabolic advantages in basal-like breast 
cancer. Cancer Cell. 2013; 23:316–31. 

 https://doi.org/10.1016/j.ccr.2013.01.022 
PMID:23453623 

21. Bárcena-Varela M, Caruso S, Llerena S, Álvarez-Sola G, 
Uriarte I, Latasa MU, Urtasun R, Rebouissou S, Alvarez 
L, Jimenez M, Santamaría E, Rodriguez-Ortigosa C, 
Mazza G, et al. Dual Targeting of Histone 
Methyltransferase G9a and DNA-Methyltransferase 1 
for the Treatment of Experimental Hepatocellular 
Carcinoma. Hepatology. 2019; 69:587–603. 

 https://doi.org/10.1002/hep.30168  
PMID:30014490 

22. Jin X, Pan Y, Wang L, Ma T, Zhang L, Tang AH, Billadeau 
DD, Wu H, Huang H. Fructose-1,6-bisphosphatase 
Inhibits ERK Activation and Bypasses Gemcitabine 
Resistance in Pancreatic Cancer by Blocking IQGAP1-
MAPK Interaction. Cancer Res. 2017; 77:4328–4341. 

 https://doi.org/10.1158/0008-5472.CAN-16-3143 
PMID:28720574 

23. Cong J, Wang X, Zheng X, Wang D, Fu B, Sun R, Tian Z, 
Wei H. Dysfunction of natural killer cells by FBP1-
induced inhibition of glycolysis during lung cancer 
progression. Cell Metab. 2018; 28:243–55.e5. 

 https://doi.org/10.1016/j.cmet.2018.06.021 
PMID:30033198 

24. Wang B, Fan P, Zhao J, Wu H, Jin X, Wu H. FBP1 loss 
contributes to BET inhibitors resistance by 
undermining c-Myc expression in pancreatic ductal 
adenocarcinoma. J Exp Clin Cancer Res. 2018; 37:224. 

 https://doi.org/10.1186/s13046-018-0888-y 
PMID:30201002 

25. Long Q, Johnson BA, Osunkoya AO, Lai YH, Zhou W, 
Abramovitz M, Xia M, Bouzyk MB, Nam RK, Sugar L, 
Stanimirovic A, Williams DJ, Leyland-Jones BR, et al. 
Protein-coding and microRNA biomarkers of 
recurrence of prostate cancer following radical 
prostatectomy. Am J Pathol. 2011; 179:46–54. 

 https://doi.org/10.1016/j.ajpath.2011.03.008 
PMID:21703393 

26. Zhang YP, Liu KL, Yang Z, Lu BS, Qi JC, Han ZW, Yin YW, 
Zhang M, Chen DM, Wang XW, Li W, Xin H. The 
involvement of FBP1 in prostate cancer cell epithelial 

mesenchymal transition, invasion and metastasis by 
regulating the MAPK signaling pathway. Cell Cycle. 
2019; 18:2432–46. 

 https://doi.org/10.1080/15384101.2019.1648956 
PMID:31448674 

27. Zhao W, Yang S, Chen J, Zhao J, Dong J. Forced 
overexpression of FBP1 inhibits proliferation and 
metastasis in cholangiocarcinoma cells via Wnt/β-
catenin pathway. Life Sci. 2018; 210:224–34. 

 https://doi.org/10.1016/j.lfs.2018.09.009 
PMID:30193944 

28. Ni K, Wang D, Xu H, Mei F, Wu C, Liu Z, Zhou B. miR-21 
promotes non-small cell lung cancer cells growth by 
regulating fatty acid metabolism. Cancer Cell Int. 2019; 
19:219. 

 https://doi.org/10.1186/s12935-019-0941-8 
PMID:31462892 

29. Niu J, Sun Y, Chen B, Zheng B, Jarugumilli GK, Walker 
SR, Hata AN, Mino-Kenudson M, Frank DA, Wu X. Fatty 
acids and cancer-amplified ZDHHC19 promote STAT3 
activation through S-palmitoylation. Nature. 2019; 
573:139–43. 

 https://doi.org/10.1038/s41586-019-1511-x 
PMID:31462771 

30. Wang YY, Yan L, Yang S, Xu HN, Chen TT, Dong ZY, Chen 
SL, Wang WR, Yang QL, Chen CJ. Long noncoding RNA 
AC073284.4 suppresses epithelial-mesenchymal 
transition by sponging miR-18b-5p in paclitaxel-
resistant breast cancer cells. J Cell Physiol. 2019; 
234:23202–15. 

 https://doi.org/10.1002/jcp.28887  
PMID:31215650 

31. Pavlova NN, Thompson CB. The emerging hallmarks of 
cancer metabolism. Cell Metab. 2016; 23:27–47. 

 https://doi.org/10.1016/j.cmet.2015.12.006 
PMID:26771115 

32. Svensson RU, Parker SJ, Eichner LJ, Kolar MJ, Wallace 
M, Brun SN, Lombardo PS, Van Nostrand JL, Hutchins 
A, Vera L, Gerken L, Greenwood J, Bhat S, et al. 
Inhibition of acetyl-CoA carboxylase suppresses fatty 
acid synthesis and tumor growth of non-small-cell 
lung cancer in preclinical models. Nat Med. 2016; 
22:1108–19. 

 https://doi.org/10.1038/nm.4181  
PMID:27643638 

33. Li Q, Wei P, Wu J, Zhang M, Li G, Li Y, Xu Y, Li X, Xie D, 
Cai S, Xie K, Li D. The FOXC1/FBP1 signaling axis 
promotes colorectal cancer proliferation by enhancing 
the Warburg effect. Oncogene. 2019; 38:483–96. 

 https://doi.org/10.1038/s41388-018-0469-8 
PMID:30171256 

34. Liu ZH, Hu JL, Liang JZ, Zhou AJ, Li MZ, Yan SM, Zhang X, 
Gao S, Chen L, Zhong Q, Zeng MS. Far upstream 

https://doi.org/10.1155/2018/1027453
https://pubmed.ncbi.nlm.nih.gov/30671168
https://doi.org/10.1016/j.ccr.2013.01.022
https://pubmed.ncbi.nlm.nih.gov/23453623
https://doi.org/10.1002/hep.30168
https://pubmed.ncbi.nlm.nih.gov/30014490
https://doi.org/10.1158/0008-5472.CAN-16-3143
https://pubmed.ncbi.nlm.nih.gov/28720574
https://doi.org/10.1016/j.cmet.2018.06.021
https://pubmed.ncbi.nlm.nih.gov/30033198
https://doi.org/10.1186/s13046-018-0888-y
https://pubmed.ncbi.nlm.nih.gov/30201002
https://doi.org/10.1016/j.ajpath.2011.03.008
https://pubmed.ncbi.nlm.nih.gov/21703393
https://doi.org/10.1080/15384101.2019.1648956
https://pubmed.ncbi.nlm.nih.gov/31448674
https://doi.org/10.1016/j.lfs.2018.09.009
https://pubmed.ncbi.nlm.nih.gov/30193944
https://doi.org/10.1186/s12935-019-0941-8
https://pubmed.ncbi.nlm.nih.gov/31462892
https://doi.org/10.1038/s41586-019-1511-x
https://pubmed.ncbi.nlm.nih.gov/31462771
https://doi.org/10.1002/jcp.28887
https://pubmed.ncbi.nlm.nih.gov/31215650
https://doi.org/10.1016/j.cmet.2015.12.006
https://pubmed.ncbi.nlm.nih.gov/26771115
https://doi.org/10.1038/nm.4181
https://pubmed.ncbi.nlm.nih.gov/27643638
https://doi.org/10.1038/s41388-018-0469-8
https://pubmed.ncbi.nlm.nih.gov/30171256


 

www.aging-us.com 4998 AGING 

element-binding protein 1 is a prognostic biomarker 
and promotes nasopharyngeal carcinoma progression. 
Cell Death Dis. 2015; 6:e1920. 

 https://doi.org/10.1038/cddis.2015.258 
PMID:26469968 

35. Hirata H, Sugimachi K, Komatsu H, Ueda M, Masuda T, 
Uchi R, Sakimura S, Nambara S, Saito T, Shinden Y, 
Iguchi T, Eguchi H, Ito S, et al. Decreased Expression of 
Fructose-1,6-bisphosphatase Associates with Glucose 
Metabolism and Tumor Progression in Hepatocellular 
Carcinoma. Cancer Res. 2016; 76:3265–76. 

 https://doi.org/10.1158/0008-5472.CAN-15-2601 
PMID:27197151 

36. Åsberg C, Hjalmarson O, Alm J, Martinsson T, 
Waldenström J, Hellerud C. Fructose 1,6-
bisphosphatase deficiency: enzyme and mutation 
analysis performed on calcitriol-stimulated monocytes 
with a note on long-term prognosis. J Inherit Metab 
Dis. 2010 (Suppl 3); 33:S113–21. 

 https://doi.org/10.1007/s10545-009-9034-5 
PMID:20151204 

37. Ning XH, Li T, Gong YQ, He Q, Shen QI, Peng SH, Wang 
JY, Chen JC, Guo YL, Gong K. Association between FBP1 
and hypoxia-related gene expression in clear cell renal 
cell carcinoma. Oncol Lett. 2016; 11:4095–98. 

 https://doi.org/10.3892/ol.2016.4504 PMID:27313747 

38. Wang N, Zhang C, Wang W, Liu J, Yu Y, Li Y, Zhang M, 
Ge X, Li Q, Miao L. Long noncoding RNA DANCR 
regulates proliferation and migration by epigenetically 
silencing FBP1 in tumorigenesis of cholangiocarcinoma. 
Cell Death Dis. 2019; 10:585. 

 https://doi.org/10.1038/s41419-019-1810-z 
PMID:31383847 

39. Son B, Lee S, Kim H, Kang H, Jeon J, Jo S, Seong KM, Lee 
SJ, Youn H, Youn B. Decreased FBP1 expression rewires 
metabolic processes affecting aggressiveness of 
glioblastoma. Oncogene. 2020; 39:36–49. 

 https://doi.org/10.1038/s41388-019-0974-4 
PMID:31444412 

40. Pascual G, Avgustinova A, Mejetta S, Martín M, 
Castellanos A, Attolini CS, Berenguer A, Prats N, Toll A, 
Hueto JA, Bescós C, Di Croce L, Benitah SA. Targeting 
metastasis-initiating cells through the fatty acid 
receptor CD36. Nature. 2017; 541:41–45. 

 https://doi.org/10.1038/nature20791 PMID:27974793 

41. Li J, Huang Q, Long X, Zhang J, Huang X, Aa J, Yang H, 
Chen Z, Xing J. CD147 reprograms fatty acid 
metabolism in hepatocellular carcinoma cells through 
Akt/mTOR/SREBP1c and P38/PPARα pathways. J 
Hepatol. 2015; 63:1378–89. 

 https://doi.org/10.1016/j.jhep.2015.07.039 
PMID:26282231 

42. Sakai NS, Samia-Aly E, Barbera M, Fitzgerald RC. A 
review of the current understanding and clinical utility 
of miRNAs in esophageal cancer. Semin Cancer Biol. 
2013; 23:512–21. 

 https://doi.org/10.1016/j.semcancer.2013.08.005 
PMID:24013023 

43. Li B, Xu WW, Han L, Chan KT, Tsao SW, Lee NP, Law S, 
Xu LY, Li EM, Chan KW, Qin YR, Guan XY, He QY, 
Cheung AL. MicroRNA-377 suppresses initiation and 
progression of esophageal cancer by inhibiting CD133 
and VEGF. Oncogene. 2017; 36:3986–4000. 

 https://doi.org/10.1038/onc.2017.29 PMID:28288140 

44. Wang L, Wang L, Chang W, Li Y, Wang L. MicroRNA-373 
promotes the development of esophageal squamous 
cell carcinoma by targeting LATS2 and OXR1. Int J Biol 
Markers. 2019; 34:148–55. 

 https://doi.org/10.1177/1724600819827964 
PMID:30852977 

45. Harada K, Baba Y, Ishimoto T, Kosumi K, Tokunaga R, 
Izumi D, Ohuchi M, Nakamura K, Kiyozumi Y, Kurashige 
J, Iwagami S, Miyamoto Y, Sakamoto Y, et al. 
Suppressor microRNA-145 is epigenetically regulated 
by promoter hypermethylation in esophageal 
squamous cell carcinoma. Anticancer Res. 2015; 
35:4617–24. 

 PMID:26254350 

46. Xu XL, Jiang YH, Feng JG, Su D, Chen PC, Mao WM. 
MicroRNA-17, microRNA-18a, and microRNA-19a are 
prognostic indicators in esophageal squamous cell 
carcinoma. Ann Thorac Surg. 2014; 97:1037–45. 

 https://doi.org/10.1016/j.athoracsur.2013.10.042 
PMID:24360091 

https://doi.org/10.1038/cddis.2015.258
https://pubmed.ncbi.nlm.nih.gov/26469968
https://doi.org/10.1158/0008-5472.CAN-15-2601
https://pubmed.ncbi.nlm.nih.gov/27197151
https://doi.org/10.1007/s10545-009-9034-5
https://pubmed.ncbi.nlm.nih.gov/20151204
https://doi.org/10.3892/ol.2016.4504
https://pubmed.ncbi.nlm.nih.gov/27313747
https://doi.org/10.1038/s41419-019-1810-z
https://pubmed.ncbi.nlm.nih.gov/31383847
https://doi.org/10.1038/s41388-019-0974-4
https://pubmed.ncbi.nlm.nih.gov/31444412
https://doi.org/10.1038/nature20791
https://pubmed.ncbi.nlm.nih.gov/27974793
https://doi.org/10.1016/j.jhep.2015.07.039
https://pubmed.ncbi.nlm.nih.gov/26282231
https://doi.org/10.1016/j.semcancer.2013.08.005
https://pubmed.ncbi.nlm.nih.gov/24013023
https://doi.org/10.1038/onc.2017.29
https://pubmed.ncbi.nlm.nih.gov/28288140
https://doi.org/10.1177/1724600819827964
https://pubmed.ncbi.nlm.nih.gov/30852977
https://pubmed.ncbi.nlm.nih.gov/26254350
https://doi.org/10.1016/j.athoracsur.2013.10.042
https://pubmed.ncbi.nlm.nih.gov/24360091

