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INTRODUCTION  
 

Nasopharyngeal carcinoma (NPC) is one of the most 

common head and neck cancer, that is highly prevalent 

in southern China and Southeast Asia [1, 2]. Radiation 

therapy is the primary treatment option, with a high cure 

rate in early-stage NPC [1, 3]. Unfortunately, most NPC 

patients are diagnosed at advanced stages, characterized 

by peripheral invasion and lymph node and distant 

metastasis. Besides, advanced stage NPC patients lack 

distinguishable symptoms and early diagnostic markers. 

Radiotherapy and chemotherapy show synergistic effects 

on killing NPC cells, however, the treatment outcome of 

advanced-stage NPC patients is far from satisfactory 

indicating poor prognosis [1ï4]. Thus, to reveal the 

molecular mechanism involved in the development and 

progression of NPC, and subsequently identify potential 

prognostic markers of NPC is of great significance. 

 

FLOT2 is a lipid raft scaffold protein that is highly 

ordered membrane subdomains and plays a critical role  

in maintaining the homeostasis of lipid rafts and 

www.aging-us.com AGING 2021, Vol. 13, No. 6 

Research Paper 

Flotillin-2 promotes cell proliferation via activating the c-Myc/BCAT1 
axis by suppressing miR-33b-5p in nasopharyngeal carcinoma 
 

Rong Liu1,2, Jie Liu3, Ping Wu1, Hong Yi1,4, Bin Zhang 5, Wei Huang1,4 
 
1Department of Otolaryngology Head and Neck Surgery, Xiangya Hospital, Central South University, Changsha 
410008, China 
2College of Biology and Environmental Sciences, Jishou University, Jishou 416000, China 
3Department of Pathology, Changsha Central Hospital, Changsha 410004, China 
4Research Center of Carcinogenesis and Targeted Therapy, Xiangya Hospital, Central South University, Changsha 
410008, China 
5Department of Histology and Embryology, School of Basic Medicine, Central South University, Changsha 410013, 
China 
 
Correspondence to: Wei Huang email: weihuang@csu.edu.cn 
Keywords: nasopharyngeal carcinoma, FLOT2, BCAT1, c-Myc, proliferation 
Received: November 23, 2020     Accepted: February 9, 2021  Published: March 19, 2021 
 
Copyright: © 2021 Liu et al.  This is an open access article distributed under the terms of the Creative Commons Attribution 
License (CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited. 
 

ABSTRACT 
 

Previously, we elucidated the function of flotilin -2 (FLOT2) and branched-chain amino acid transaminase 
1(BCAT1) in nasopharyngeal carcinoma (NPC). However, the relationship between FLOT2 and BCAT1 in 
promoting NPC progression remains unknown. Here, we observed that FLOT2 upregulated BCAT1 expression in 
NPC cells. Ectopic expression of BCAT1 significantly antagonized the inhibitory effects on NPC cell proliferation 
induced by FLOT2 depletion. Consequently, BCAT1 knockdown markedly inhibited the pro-proliferative effects 
of FLOT2 overexpression in NPC cells. FLOT2 expression was positively correlated with BCAT1 expression in NPC 
tissues and was inversely correlated with the prognosis of NPC patients. Mechanistically, FLOT2 maintains the 
expression level of c-Myc, a positive transcription factor of BCAT1, and subsequently promote BCAT1 
transcription. FLOT2 inhibited miR-33b-5p in NPC cells and attenuated its inhibitory effects on c-Myc. Further, 
experimental validation of the function of the FLOT2/miR-33b-5p/c-Myc/BCAT1 axis in regulating NPC cell 
proliferation was performed. Our results revealed that FLOT2 promotes NPC cell proliferation by suppressing 
miR-33b-5p, to maintain proper levels of c-Myc, and upregulate BCAT1trancription. Therefore, the FLOT2/miR-
33b-5p/c-Myc/BCAT1 axis is a potential therapeutic target for NPC. 
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subsequently allows the lipid rafts to realize its regulatory 

effects in multiple processes, such as cell adhesion, signal 

transduction, protein sorting, and trafficking, and in all 

critical processes in tumorigenesis and malignant 

progression [5, 6]. Therefore, aberrant expression of 

FLOT2 leads to dysregulation of lipid rafts and its 

downstream processes, which are closely correlated  

with pathological conditions such as cancer [7ï9]. 

Upregulation of FLOT2 predicts poor prognosis and 

promotes malignant progression, proliferation, migration, 

invasion, and metastasis, of multiple tumors, including 

breast, cervical, colorectal, stomach, liver, lung, glioma, 

melanoma, as well as NPC, etc. by activating oncogenic 

pathways such as NF-əB, PI3K/AKT, TGFɓ, and 

MEK/Raf/ERK [9ï13]. Numerous studies report the role 

of FLOT2 as an oncogene involved in the regulation of 

tumor-promoting signaling molecules and pathways. 

Besides, we also previously confirmed the upregulation 

and oncogenic roles of FLOT2 in NPC [13]. However, 

detailed mechanisms on these roles remain unknown and 

need further exploration. 

 

BCAT1, a cytosolic branched-chain aminotransferase, 

catalyzes the conversion of branched-chain amino acids, 

including leucine, isoleucine, and valine, into their 

corresponding branched-chain a-keto acids (BCAAs) by 

transferring an amino group onto a-ketoglutarate to 

generate glutamate [14]. Numerous studies reveal that 

activating BCAT1 enhance the tumor-driving and -

promoting roles of BCAAs metabolism in gliomas and 

myeloid leukemia [15ï18]. Moreover, BCAT1 

upregulation and its oncogenic role have been observed 

in other tumors such as hepatocellular, gastric, breast, 

ovarian, endometrial, prostate, and esophageal 

squamous cell carcinomas [14, 19ï24]. Our previous 

study also demonstrated that the transcription factor c-

Myc upregulates BCAT1 expression to promote tumor 

initiation and progression in NPC. Besides, Microarray 

analysis indicated that FLOT2 depletion significantly 

downregulated BCAT1 expression in NPC cells, 

suggesting that BCAT1 may be involved in the pro-

tumor roles of FLOT2 in NPC. 

 

Therefore, in the present study, we investigated the 

FLOT2 regulation of BCAT1 in NPC. The results 

demonstrated that FLOT2 activated BCAT1 through c-

Myc regulation of BCAT1 transcription, thereby 

promoting NPC proliferation. miR-33b-5p, a direct 

negative regulator of c-Myc, was inhibited by FLOT2, 

subsequently suppressing c-Myc mRNA degradation,  

and promoting BCAT1 expression. Moreover, FLOT2,  

c-Myc, and BCAT1 were positively correlated in  

NPC tissues, and FLOT2/c-Myc/BCAT1 axis was 
positively correlated with NPC progression and 

negatively associated with the prognosis of NPC patients. 

Therefore, our findings suggest that FLOT2/miR-33b-5p/ 

c-Myc/BCAT1 axis is a potential therapeutic target in 

NPC. 

 

RESULTS 
 

FLOT2 positively regulates BCAT1 expression in 

NPC cells 

 

Previously, we used cDNA microarray (GSE67456) to 

explore the effects of FLOT2 knockdown on the 

transcription profile in NPC cells [13]. The results 

showed that BCAT1 was downregulated in 5-8F-

shFLOT2 cells. Thus, the expression of BCAT1  

was further validated in NPC cells by altering the 

expression of FLOT2. qPCR and western blot analysis 

(Figure 1A, 1B) revealed that FLOT2 knockdown 

significantly decreased BCAT1 expression, while FLOT2 

overexpression remarkably increased BCAT1 expression 

in 5-8F and 6-10B cells, respectively. FLOT2 expression 

levels in NPC cells were also determined by altering the 

expression of BCAT1 alteration. The results showed that 

both BCAT1 knockdown and overexpression had no 

effects on FLOT2 expression (Supplementary Figure 1). 

 

FLOT2 and BCAT1 are positively correlated in NPC 

and predicts poor prognosis of NPC patients 

 

The correlation between FLOT2 and BCAT1 was 

explored, as well as their clinical and prognostic value in 

NPC cells. IHC staining showed that FLOT2 expression 

had a positive correlation with BCAT1 expression in 

NPC cells (r = 0.57) (Figure 1C, 1D). Moreover, FLOT2 

and BCAT1 expression were positively correlated with 

several pathological variables, including T, N, M, and 

TNM stages (Table 1). Besides, FLOT2 and BCAT1 

expression levels were negatively correlated with the OS 

of NPC patients (Figure 1E). Furthermore, univariate 

Cox proportional hazards regression analysis revealed 

that primary T stage, TNM stage, and FLOT2 and 

BCAT1 expression levels were significantly related to 

the OS of NPC patients (Table 2). Multivariate Cox 

proportional hazards regression analysis demonstrated 

that FLOT2 and BCAT1 were independent predictors of 

reduced OS of NPC patients (Table 2). Therefore, these 

results indicate that the FLOT2 and BCAT1 axis play 

some important roles in NPC progression and poor 

prognosis in patients with NPC. 

 

FLOT2 promotes cell proliferation both in vitro and 

in vivo via BCAT1 in NPC 

 

Next, we explored whether BCAT1 mediated FLOT2 

function in NPC. Firstly, western blot analysis 
successfully demonstrated ectopic expression of BCAT1 

in 5-8F-shFLOT2 cells and BCAT1 depletion in 6-10B-

FLOT2 cells (Figure 2A). In vitro and in vivo 



 

ǿǿǿΦŀƎƛƴƎ-ǳǎΦŎƻƳ улул !DLbD 

experiments determined the effects of BCAT1 alterations 

on cell proliferation. CCK-8, plate clone formation, and 

EdU incorporation assays revealed that BCAT1 

restoration significantly rescued the inhibitory effects of 

FLOT2 knockdown on 5-8F cell proliferation (Figure 2B, 

left arm; 2C upper arm; 2D left arm). Depletion of 

BCAT1, antagonized the pro-proliferation effects of 

FLOT2 overexpression on 6-10B cells (Figure 2B, right 

arm; 2C low arm; 2D right arm). Consequently, ectopic 

expression of BCAT1 remarkably removed the inhibition 

of FLOT2 silencing on subcutaneous growth of  

5-8F cells (Figure 2Eï2G, left arm); while BCAT1 

knockdown significantly counteracted the activation of 

FLOT2 overexpression on subcutaneous growth of 6-10B 

cells (Figure 2Eï2G, right arm). Therefore, these results 

indicated that FLOT2 promoted the proliferation of NPC 

cells via positive regulation of BCAT1 both in vitro and 

in vivo. 

 

The pro-proliferation effect of BCAT1 depends on 

its enzymatic activity in NPC 

 

BCAT1 function depends on its enzymatic activity [17]. 

Therefore, BCAT1 activity was inhibited with gabapentin 

(GABA), a ɔ-aminobutyric acid analogue and a 

competitive inhibitor of BCAT1, to determine its effects 

on NPC cell proliferation. Firstly, NPC cell viability was 

measured using CCK-8 assay, at different gabapentin 

concentrations. As shown in Figure 3A, GABA inhibited 

the growth of 5-8F cells expressing high levels of 

BCAT1, in a dose-dependent manner, but exerted little 

influence on the growth of 6-10B cells expressing low 

levels of BCAT1. We further explored the inhibitory 

effects of GABA on NPC cell proliferation. Consistently, 

the inhibitory effects of GABA on NPC cell proliferation 

were further supported by results of the plate clone 

formation (Figure 3B) and EdU incorporation assays 

(Figure 3C). Besides, GABA did not influence the 

protein expression level of BACT1 and FLOT2 (Figure 

3D). However, CCK-8 (Figure 3E), plate clone formation 

(Figure 3F), and EdU incorporation assays (Figure 3G) 

showed that GABA treatment significantly antagonized 

the rescue effects of BCAT1 on 5-8F-shFLOT2 cell 

proliferation. Taken together, these results suggested that 

the pro-proliferation role of BCAT1 highly depends on 

its enzymatic activity in NPC. 

 

FLOT2 upregulates BCAT1 and promotes NPC cell 

proliferation via c-Myc regulation 

 

Our previous study confirmed that c-Myc promoted 

BCAT1 transcription in NPC cells [25]. Therefore, in the 

 

 
 

Figure 1. FLOT2 positively regulates and predicts poor prognosis in NPC. (A, B) qPCR and western blot assays indicating the level of 

BCAT1 mRNA and protein in 5-8F-shFLOT2, 6-10B-BCAT1 and control cells. (C) The representative IHC pictures indicating the co-expression 
patterns of FLOT2 and BCAT1 in patients with NPC (magnification, 200×). (D) Spearman correlation analysis indicating the positive correlation 
between FLOT2 and BCAT1 in NPC. (E) Kaplan-Meier survival analysis showing the level of FLOT2 and BCAT1 negatively associates with overall 
survival outcome in NPC. 
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Table 1. Correlations between FLOT2/BCAT1 level and clinicopathological characteristics in NPC (N=103, ˔2 test). 

Variables N 
FLOT2  

 
BCAT1 

Low High P Low High P 

Gender         

Male 54 25 29 0.440  27 27 0.299 

Female 49 21 28   21 28  

Age         

Ò 45 40 19 21 1.206  20 20 0.364 

>45 63 27 36   28 35  

Primary T stage         

T1-2 29 18 11 0.030  17 12 0.095 

T3-4 74 28 46   31 43  

Lymph node (N) metastasis          

N0 44 26 18 0.016  23 21 0.213 

N1-3 59 20 29   25 34  

M stage         

M0 77 41 36 0.002  43 34 0.001 

M1 26 5 21   5 21  

TNM stage         

I-II  42 27 15 0.001  25 17 0.029 

III -IV 61 19 42   23 38  

Smoking History         

Yes 28 14 14 0.328  13 15 0.982 

NO 75 32 43   35 40  

 

Table 2. Univariate and multivariate analyses of selected prognostic factors for overall survival using Cox 
proportional hazards regression model (N=103). 

Variables 

Overall survival (OS) 

Univariate analysis Multivariate analysis 

P HR (95%CI)  P HR (95%CI)  

Age     

Ò45 vs. >45 0.704 0.896 (0.509-1.577) 0.220 0.467 (0.244-0.897) 

Gender     

Male vs. Female  0.911 1.032 (0.598-1.781) 0.240 0.668 (0.341-1.309) 

Primary tumor(T) stage     

T1-2 vs.T3-4 < 0.001 4.872 (2.471-9.109) 0.050 1.316 (1.099-3.012) 

lymph node(N) metastasis     

N0 vs.N1-3 0.001 2.909 (1.549-5.464) 0.080 1.090 (0.549-2.167) 

Distant metastasis(M)     

M0 vs. M1 < 0.001 2.366 (1.270-4.097) 0.004 0.326 (0.153-0.696) 

Clinical TNM stage     

I-II  vs. III -IV < 0.001 1.656 (1.005-3.281) < 0.001 1.050 (1.013-2.189) 

Smoking history     

Yes vs. No 0.615 1.166 (0.640-2.125) 0.226 0.620 (0.286-1.343) 

FLOT2 level     

High vs. Low < 0.001 2.692 (1.448-3.995) 0.002 2.184 (1.062-3.545) 

BCAT1 level     

High vs. Low < 0.001 2.893 (1.600-5.230) 0.037 1.565 (0.577-4.246) 
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Figure 2. FLOT2 promotes proliferation via positively regulating BCAT1 in NPC. (A) Western blot assay indicating the level of FLOT2 

and BCAT1 in 5-8F-shFLOT2, 5-8F-shFLOT2+BCAT1, 6-10B-FLOT2, 6-10B-FLOT2+shBCAT1, and control cells. (BςD) CCK-8, plate clone 
formation, and EdU assays showing the growth and proliferation abilities of 5-8F-shFLOT2, 5-8F-shFLOT2+BCAT1, 6-10B-FLOT2, 6-10B-
FLOT2+shBCAT1, and control cells in vitro. 5-8F-shFLOT2, 5-8F-shFLOT2+BCAT1, 6-10B-FLOT2, 6-10B-FLOT2+shBCAT1, and control cells were 
subcutaneously implanted into nude mice (n = 5 each group) for xenografts formation to analyze the proliferation in vivo. The pictures (E), 
the volumes (F), and weights (G) of xenografts were presented. *, P <0.05, **, P < 0.01, ***; P < 0.001. 
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current study, we explored whether FLOT2 increased 

BCAT1 expression via c-Myc. Indeed, both mRNA and 

protein expression levels of c-Myc were downregulated 

in 5-8F-shFLOT2 cells and upregulated in 6-10B-FLOT2 

cells (Figure 4A), respectively. Moreover, ectopic 

expression of c-Myc restored BCAT1 expression which 

was decreased by siBCAT1 in 5-8F-shFLOT2 cells 

(Figure 4B, left arm). c-Myc knockdown in 6-10B-

FLOT2 downregulated BCAT1 expression levels, which 

was restored by ectopic expression of BCAT1 (Figure 

4B, right arm). Similarly, functional experimental results 

revealed that the proliferative capacity of 5-8F-shFLOT2 

cells was restored by ectopic expression of c-Myc (Figure 

4C, upper arm; 4D, 4E, left arm), which was suppressed 

by BCAT1 knockdown. c-Myc knockdown inhibited 6-

10B-FLOT2 cell proliferation, which was restored after 

ectopic expression of BCAT1 (Figure 4C, low arm, 4D, 

4E, right arm). Furthermore, in our previous study, we 

investigated the effects of BCAT1 and c-Myc depletion 

on AKT and NF-əB activity, which mediates FLOT2 

oncogenic role in NPC [13]. Both BCAT1 and c-Myc 

knockdown significantly inhibited AKT and NF-əB 

activity, which was confirmed by a decreased in p-AKT 

and p-p65 expression (Supplementary Figure 2A) in NPC 

cells. Considering that inhibition of AKT and NF-əB 

activity by MK2206 and BAY 11ï7082, respectively, 

exert no notable effects on the expression levels of 

BCAT1 and c-Myc (Supplementary Figure 2B), suggests 

that AKT and NF-əB could serve as the downstream 

signaling of c-Myc/BCAT1 in mediating the functions of 

FLOT2 in NPC. Therefore, these results demonstrated 

that FLOT2 upregulated BCAT1 and promoted NPC cell 

proliferation via positive regulation of c-Myc. 

 

FLOT2 upregulates c-Myc by inhibiting miR -33b-5p 

expression in NPC cells 

 

We explored the molecular mechanism of FLOT2 

regulation of c-Myc in NPC cells. Generally, both 

transcriptional and post-transcriptional mechanisms can 

lead to fluctuation of mRNA levels [26]. Therefore, 

qPCR was used to detect the expression of c-Myc 

hnRNA in FLOT2 knockdown NPC cells using two sets 

of specific primers amplifying intron-1 and -2, 

respectively. We found that the knockdown of FLOT2 

had no significant effect on the expression of c-Myc 

hnRNA in NPC cells (Supplementary Figure 3A), 

suggesting that FLOT2 mediates the post-transcriptional 

mechanism of c-Myc regulation in NPC cells. Moreover, 

MG132, a proteasome inhibitor, could not rescue the 

 

 
 

Figure 3. GABA antagonizes the pro-proliferative effects of BCAT1 in NPC. (A) CCK-8 assay indicating the effects of GABA at different 

concentration on 5-8F and 6-10B cells. (B, C) plate clone formation and EdU assays showing the inhibitory effects of GABA at 20mM on 
proliferation of 5-8F cells. (D) Western blot demonstrating the levels of BCAT1 and FLOT2 in 5-8F cells treated by GABA at 20mM. (EςG) CCK-
8, plate clone formation, and EdU assays showing inhibitory effects on 6-10B-FLOT2 cells treated by GABA at 20mM. **, P < 0.01, ***;  
P < 0.001. 
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Figure 4. FLOT2 regulates BCAT1 and promotes cell proliferation via maintaining c-Myc in NPC. (A) Western blot and qPCR assays 

indicating the level of c-Myc mRNA and protein in 5-8F-shFLOT2, 6-10B-BCAT1 and control cells. (B) Western blot showing the level of c-Myc, 
BCAT1 and FLOT2 in 5-8F-shFLOT2, 5-8F-shFLOT2+c-Myc, 5-8F-shFLOT2+c-Myc+siBCAT1, 6-10B-BCAT1, 6-10B-FLOT2+sic-Myc, 6-10B-
FLOT2+sic-Myc+BCAT1, and control cells. (CςE) CCK-8, plate clone formation, and EdU assays showing the growth and proliferation abilities of 
5-8F-shFLOT2, 5-8F-shFLOT2+c-Myc, 5-8F-shFLOT2+c-Myc+siBCAT1, 6-10B-BCAT1, 6-10B-FLOT2+sic-Myc, 6-10B-FLOT2+sic-Myc+BCAT1, and 
control cells. *, P <0.05, **, P < 0.01, ***; P < 0.001. 
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down-regulation of c-Myc (Supplementary Figure 3B), 

indicating that FLOT2 does not affect c-Myc stability. 

Therefore, we further investigated whether miRNAs, the 

most common post-transcriptional regulators, mediated 

the regulation of c-Myc in NPC cells through FLOT2. 

We predicted the candidate miRNAs targeting c-Myc via 

ENCORI (The Encyclopedia of RNA Interactomes) 

database. miR-33b-5p, a tumor suppressor gene, which 

directly inhibits c-Myc in several cancers, was selected 

for validation [27ï30]. Indeed, silenced FLOT2 

upregulated the miR-33b-5p level in 5-8F cells, while 

FLOT2 overexpression downregulated miR-33b-5p 

expression in 6-10B cells (Figure 5A). Besides, miR-

33b-5p mimic significantly downregulated c-Myc in 5-

8F cells, while miR-33b-5p inhibitor upregulated c-Myc 

in 6-10B cells (Figure 5B). Moreover, miR-33b-5p 

significantly inhibited luciferase activity of 5-8F cells 

transfected with wild-type c-Myc plasmids (Figure 5C), 

confirming that miR-33b-5p directly targeted c-Myc in 

NPC cells. Consequently, miR-33b-5p inhibitors 

restored c-Myc levels in 5-8F-shFLOT2 cells (Figure 

5D, upper arm), and miR-33b-5p mimics reduced the 

level of c-Myc in 6-10B-FLOT2 cells (Figure 5D, low 

arm). miR-33b-5p inhibitors restored 5-8F-shFLOT2 cell 

proliferation, which was suppressed by c-Myc 

knockdown (Figure 5E, upper arm, Figure 5F, left arm). 

miR-33b-5p mimics, on the other hand, inhibited 6-10B-

FLOT2 cell proliferation, which was rescued by ectopic 

expression of c-Myc (Figure 5E, low arm, Figure 5F, 

right arm). Our results indicated that FLOT2 activates c-

Myc/BCAT1 and promotes NPC cell proliferation 

through suppressing miR-33b-5p. 

 

DISCUSSION 
 

Previously, we elucidated the pro-neoplastic role of 

FLOT2 and BCAT1 in NPC [13, 25, 31]. In this study, 

we explored the relationship between FLOT2 and 

BCAT1 and determined that FLOT2 upregulated BCAT1 

expression, thereby promoting NPC cell proliferation. 

Mechanistically, we found that FLOT2 suppressed miR-

33b-5p levels and target inhibition of miR-33b-5p on c-

Myc, and upregulated BCAT1 expression. The results 

reveal that FLOT2/miR-33b-5p/c-Myc/BCAT1 is an 

oncogenic axis that is of potential clinical significance in 

NPC treatment. 

 

Current studies have established the oncogenic roles of 

FLOT2 in cancers. Upregulation of FLOT2 promotes  

the proliferation, differentiation, migration, invasion, 

metastasis, and therapy resistance of cancer, and 

positively correlates with poor prognosis in patients with 

cancer [10, 12, 13, 32]. The activation of signaling 
pathways, such as NF-əB, Raf/MEK/ERK1/2, TGF-ɓ, 

and PI3K/AKT, drive process including suppression of 

apoptosis, cell cycle acceleration, and epithelial-

mesenchymal transition (EMT), which accounts for 

mechanisms underlying the oncogenic function of 

FLOT2 [8, 9, 11ï13, 33]. However, detailed mechanisms 

of how FLOT2 activates oncogenic signaling and other 

mechanisms mediating the functions of FLOT2, need to 

be further investigated. A recent study indicated that 

PLCD3 is directly associated with FLOT2 to promote the 

progression of NPC cells, however, the study failed to 

illustrate the specific role of PLCD3 in FLOT2ôs pro-

neoplastic function in NPC [34]. In this study, we 

revealed that FLOT2 upregulated BCAT1 expression and 

activity, and in turn promoted the malignant progression 

of NPC, thus, presenting a new oncogenic mechanism of 

FLOT2. Besides, the results suggested that BCAA 

metabolism is involved in NPC development. 

 

Dysregulation of BCAA metabolism contributes to 

tumorigenesis and progression in multiple cancers [14]. 

Besides, aberrant activation and upregulation of  

BCAT1, a critical enzyme in BCAA metabolism, serves 

as the main underlying molecular mechanism of 

reprogramming BCAA metabolism in cancer. BCAT1 

overexpression enhances BCAA catabolism, which 

subsequently promotes the proliferation and stemness of 

cancerous cells in gliomas with wild-type IDH1, myeloid 

leukemia, and endometrial cancer [15ï18, 35]. Besides, 

BCAT1 overexpression is reported in other cancers, 

where BCAT1 functions as an oncogene, stimulates 

malignant progression and is negatively correlated with 

the prognosis of patients [14, 19, 20, 22ï24]. Our 

previous study revealed that BCAT1 overexpression 

promotes cell proliferation, migration, and invasion in 

NPC [25, 31]. Consistently, this study confirmed the 

oncogenic role of BCAT1 in NPC and further revealed 

that BCAT1 was an independent marker for poor 

prognosis of NPC patients. 

 

Both transcriptional and post-transcriptional mechanisms 

are involved in the regulation of BCAT1 expression. 

Transcription factors HIF-1Ŭ and c-Myc, DNA 

methylation status, and miRNAs, such as miR-124-3p, 

miR-203, miR-218, miR-503, are reported to regulate the 

transcription and mRNA stability of BCAT1 in cancers, 

respectively [21, 23, 36ï39]. Based on our previous 

findings that c-Myc regulates BCAT1 transcription in 

NPC [25], we explored whether FLOT2 increases 

BCAT1 expression in a c-Myc dependent manner in 

NPC. The results showed that FLOT2 sustained the c-

Myc level in NPC cells by suppressing miR-33b-5p, a 

known miRNA that directly targets c-Myc. Previous 

studies indicate that FLOT2 regulation of BCAT1 

expression in a c-Myc dependent manner inhibits the 

progression of prostate cancer and osteosarcoma [27, 28]. 
The tumor-suppressive roles of miR-33b-5p have also 

been reported in other cancers including gastric cancer, 

colorectal cancer, and renal cell carcinoma [40ï42]. The 
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Figure 5. FLOT2 regulates c-Myc and promotes cell proliferation via inhibiting miR-33b-5p in NPC. (A) qPCR assay demonstrating 

the relative expression of miR-33b-5p in 5-8F-shFLOT2, 6-10B-BCAT1 and control cells. (B) Western blot showing the level of c-Myc in 5-8F 
and 6-10B cells transfected with miR-33b-5p mimic and inhibitor, respectively. (C) Luciferase activities of 5-8F cells co-transfected with miR-
33b-5p+wild type c-Myc and miR-33b-5p+mutant type c-Myc, respectively. (D) Western blot showing the level of c-Myc in 5-8F-shFLOT2, 5-
8F-shFLOT2+miR-33b-5p inhibitor, 5-8F-shFLOT2+miR-33b-5p inhibitor+sic-Myc, 6-10B-FLOT2, 6-10B-FLOT2+miR-33b-5p mimic, 6-10B-
FLOT2+miR-33b-5p mimic+c-Myc and control cells. (E, F) Plate clone formation and EdU assays showing the growth and proliferation abilities 
of 5-8F-shFLOT2, 5-8F-shFLOT2+miR-33b-5p inhibitor, 5-8F-shFLOT2+miR-33b-5p inhibitor+sic-Myc, 6-10B-FLOT2, 6-10B-FLOT2+miR-33b-5p 
mimic, 6-10B-FLOT2+miR-33b-5p mimic+c-Myc cells. *, P <0.05, **, P < 0.01, ***; P < 0.001. 


