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Background: Recent studies have demonstrated that microRNA 124 (miR-124) acts as a tumor 

suppressor in nasopharyngeal carcinoma (NPC); however, the exact molecular mechanism by 

which miR-124 exerts tumor suppression has not been well elucidated.

Materials and methods: We performed quantitative real-time PCR (qRT-PCR) to measure 

the expression of metastasis associated lung adenocarcinoma transcript 1, miR-124, and calpain 

small subunit 1 (Capn4) mRNAs in NPC cell lines. We also performed western blot analysis to 

detect the levels of Capn4. Furthermore, we performed MTT assay and transwell invasion assay 

to determine the proliferation and invasion ability of two NPC cell lines, namely, HONE1 and 

CNE2 cells, respectively. The verification of targets of miR-124 was performed using prediction 

softwares and luciferase reporter analysis.

Results: According to our results, the expression of Capn4 was found to be elevated, whereas 

the expression of miR-124 was lowered in NPC cell lines compared with normal nasopharyn-

geal cells. When we preformed overexpression of miR-124, it suppressed the proliferation and 

invasion of NPC cells. Moreover, miR-124 suppressed the expression of Capn4 by targeting 

Capn4 in HONE1 and CNE2 cells. When we preformed overexpression of Capn4, it reversed 

the inhibitory effect of miR-124 on the proliferation and invasion of NPC cells. Furthermore, 

miR-124–Capn4 axis decreased the levels of β-catenin, cyclin D1, and c-Myc, the components 

of the Wnt/β-catenin signaling pathway.

Conclusion: The suppression of proliferation and invasion of NPC cells by miR-124 were achieved 

by the regulation of Wnt/β-catenin signaling pathway by targeting Capn4. The results of this study 

revealed a novel miR-124–Capn4 regulatory axis in NPC cell lines, providing a better understand-

ing of the pathogenesis of NPC and a promising therapeutic target for patients with NPC.
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Introduction
Nasopharyngeal carcinoma (NPC) is an epithelial malignancy of the uppermost 

portion of the pharynx, characterized by high invasion and metastasis.1 The prevalence 

of NPC is highest in distinct endemic regions such as Southeast Asia, where the annual 

occurrence can reach up to 1/4,000.2 The long-term survival of patients with NPC is usu-

ally excellent when detected at an early stage; however, patients with locally advanced and 

metastatic NPC showed poor prognosis.3 Like many other cancers, multiple genetic and 

epigenetic aberrancies could lead to the tumorigenesis and progression of NPC.4 However, 

the precise mechanism underlying the progression of NPC remains to be elucidated.

MicroRNAs (miRNAs) are endogenous small non-coding RNA molecules with 

about 20 nucleotides in length that regulate the expression of their target genes through 
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mRNA degradation or translational inhibition.5 Accumulat-

ing evidence suggests that miRNAs function either as tumor 

suppressors or as oncogenes, regulating tumor initiation and 

progression at various levels.6 To date, numerous miRNAs 

have been reported to be dysregulated in NPC, such as 

miR-144, miR-214, and miR-10b, contributing to the devel-

opment of NPC and its progression.7–9 It is noteworthy that 

miR-124 generally acts as a tumor suppressor in multiple 

cancers, such as breast cancer,10 colorectal carcinoma,11 and 

NPC.12 Moreover, downregulation of miR-124 has been 

reported in NPC, and restoration of expression of miR-124 

suppressed the proliferation, migration, and invasion of NPC 

cells.12,13 However, the mechanism by which miR-124 regu-

lates NPC progression needs to be further investigated.

Calpains represent a family of calcium-dependent neutral 

cysteine proteases.14 Many studies have demonstrated the impor-

tance of aberrant calpain expression during tumorigenesis.15 

Calpain small subunit 1 (Capn4) is a small regulatory subunit of 

the Calpain family and plays a crucial role in the maintenance of 

calpain’s stability and activity.15 A previous study indicated that 

the overexpression of Capn4 was the underlying cause of inva-

sion and metastasis after liver transplantation in hepatocellular 

carcinoma.16 Another study revealed that Capn4 was upregulated 

and was associated with tumor progression and its clinical out-

come in clear cell renal cell carcinoma.17 Another study revealed 

that Capn4 was highly expressed in NPC cell lines and that the 

knockdown of Capn4 caused the suppression of cell migration 

and invasion both in vitro and in vivo.18 However, the regulatory 

mechanism of Capn4 in NPC is still unknown.

In this study, we first explored whether miR-124 regulates 

the tumor progression in NPC. Furthermore, we investigated 

the underlying mechanism by which miR-124 exerts its 

function in NPC.

Materials and methods
Cell culture
The human NPC cell lines (HONE1, CNE1, and CNE2), nasal 

epithelial cell line (HNEpC), and immortalized nasopha-

ryngeal epithelial cell line (NP69) were purchased from the 

American Type Culture Collection (ATCC). All cells were 

maintained in Roswell Park Memorial Institute (RPMI)-1640 

(Thermo Fisher Scientific, Carlsbad, CA, USA) with 10% 

fetal bovine serum (FBS; Thermo Fisher Scientific) and 

cultured at 37°C in a humidified atmosphere with 5% CO
2
.

Quantitative real-time PCR (qRT-PCR)
Total RNAs were isolated from HNEpC, NP69, and NPC cell 

lines using Trizol (Thermo Fisher Scientific). The first-strand 

cDNA of Capn4 was synthesized by using a high capacity cDNA 

reverse transcription kit (Applied Biosystems, Foster City, 

CA, USA). A TaqMan MicroRNA Reverse Transcription kit 

(Applied Biosystems) was used to generate cDNA of miR-124. 

We performed qRT-PCR by using All-in-OneTM qPCR Mix 

(GeneCopoeia, Rockville, MD, USA) on an ABI 7500HT 

System (Applied Biosystems). β-Actin and U6 were used as 

endogenous controls for Capn4 and miR-124, respectively. 

The primers used in the protocol were as follows: miR-124,  

5′-ACACTCCAGCTGGGTAAGGCACGCGGTG-3′ 
(forward) and 5′-TGGTGTCGTGGAGTCG-3′ (reverse); 

U6, 5′-CTCGCTTCGGCAGCACA-3′ (forward) and 

5′-TGGTGTCGTGGAGTCG-3′ (reverse); Capn4, 5′-ACC 

CACTCCGTAACCTC-3′ (forward) and 5′-GGGTAGC 

AACCGTGAA-3′ (reverse); and β-actin, 5′-TGAGAGGGAA 

ATCGTGCGTGAC-3′ (forward) and 5′-AAGAAGGAAGG 

CTGGAAAAGAG-3′ (reverse). The relative levels of RNAs 

were analyzed using the 2−ΔΔCt method.

Western blot analysis
We performed western blot analysis as previously described.19 

The anti-Capn4 antibody was purchased from LifeSpan 

Biosciences (Seattle, WA, USA). The anti-β-catenin antibody 

was obtained from BD Bioscience (San Jose, CA, USA). 

Anti-cyclin D1, anti-c-Myc, and anti-β-actin antibodies 

were products of Santa Cruz Biotechnology (Santa Cruz, 

CA, USA). Protein bands were detected with enhanced 

chemiluminescence reagent (Thermo Scientific, Logan, UT, 

USA) and visualized by a chemiluminescence detector (Bio-

Rad Laboratories, Hercules, CA, USA). The densitometric 

analysis of blots was performed by using Bio-Rad Image Lab 

4.0 software (Bio-Rad Laboratories).

Cell transfection
The pcDNA-Capn4 and pcDNA-control were purchased 

from Thermo Fisher Scientific. We purchased miR-124 

mimics, anti-miR-124, and miR-control from GenePharma 

(Shanghai, China). Cell transfection was performed using 

Lipofectamine 2000 (Thermo Fisher Scientific).

Cell proliferation assay
The cell viability of HONE1 and CNE2 was examined using 

the MTT assay, which was performed after transfection for 

24, 48, and 72 h. The absorbance at 450 nm was determined 

after incubation with 20 μL of MTT (Sigma, St Louis, MO, 

USA) for 4 h using a microtiter plate reader (Molecular 

Devices, Sunnyvale, CA, USA).
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Cell invasion assay
The invasion ability of HONE1 and CNE2 cells was deter-

mined by transwell invasion assay. Cells incubated in serum-

free medium were placed into the upper chamber pre-coated 

with Matrigel (BD Bioscience) and the cell culture media 

containing 10% FBS was added into the lower chamber. 

After 48 h, the invaded cells were fixed, stained with 0.5% 

crystal violet solution, and counted under a microscope 

(Olympus, Japan).

Luciferase reporter assays
Wild-type or mutant 3′UTR fragments (3′UTR-WT or 

3′UTR-MUT) of Capn4 were amplified and then cloned 

into the luciferase reporter vectors pGL3 (Ambion, Applied 

Biosystems, Foster City, CA, USA). Subsequently, HONE1 

and CNE2 cells were co-transfected with miR-control or 

miR-124 and wild- or mutant-type reporter plasmids (WT 

or MUT). Luciferase activities were measured using the 

Dual-Luciferase Reporter Assay System (Promega, Madison, 

WI, USA) 48 h post-transfection. Renilla luciferase was 

used as an endogenous reference for normalization of 

luciferase activity.

Statistical analysis
All experiments were repeated for at least three independent 

times. Statistical analyses were performed using SPSS 19.0 

software (SPSS, Chicago, IL, USA). The statistical differ-

ences were determined using Student’s t-test or one-way 

analysis of variance. Differences were considered to be 

statistically significant when P,0.05.

Results
Decreased expression of miR-124 and 
increased expression of Capn4 in NPC 
cell lines
The expression of miR-124 and Capn4 mRNA was detected 

by qRT-PCR analysis, and Capn4 protein level was measured 

using western blot in HNEpC, NP69, and NPC cell lines. 

According to the results of qRT-PCR analysis, miR-124 

expression was enormously reduced in NPC cell lines com-

pared with HNEpC or NP69 cells (Figure 1A). In contrast, the 

levels of Capn4 mRNA (Figure 1B) and protein (Figure 1C) 

were evidently upregulated in NPC cell lines. These data 

demonstrated that dysregulated miR-124 and Capn4 expres-

sion may be involved in the pathogenesis of NPC.

β

Figure 1 The level of microRNA-124 (miR-124) was downregulated and Capn4 expression was upregulated in NPC cell lines (HONE1, CNE1, and CNE2) compared with 
human nasal epithelial cell line (HNEpC) or immortalized nasopharyngeal epithelial cell line (NP69).
Notes: (A) Quantitative real-time PCR (qRT-PCR) analysis revealed decreased miR-124 expression in HONE1, CNE1, and CNE2 cells. (B) qRT-PCR analysis indicated that 
the expression level of Capn4 mRNA was elevated in HONE1, CNE1, and CNE2 cells. (C) Western blot analysis showed the increased protein level of Capn4 in HONE1, 
CNE1, and CNE2 cells. Data are shown as mean ± standard deviation (n=3). *P,0.05 NPC cells vs HNEpC or NP69.
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Overexpression of miR-124 inhibits 
proliferation and invasion of NPC cells
To investigate the effect of miR-124 on NPC cells, miR-124-

overexpressing HONE1 and CNE2 cells were constructed by 

miR-124 mimic transfection. The cell viability of NPC cells 

was determined by MTT assay. According to the results, the 

restored miR-124 expression led to a significant reduction 

in HONE1 and CNE2 cell viabilities compared with that 

of the control groups (Figure 2A). Subsequently, transwell 

invasion assay was performed to assess the effect of miR-124 

on NPC cell invasion. Compared with the control groups, 

the cell invasion capacity of HONE1 and CNE2 cells was 

significantly suppressed by enforced expression of miR-124 

(Figure 2B). Collectively, these results illustrate that miR-124 

suppresses proliferation and invasion of NPC cells.

Capn4 is a functional target of miR-124
Accumulating evidence suggested that miRNAs exert their 

function by suppressing special mRNA targets. Therefore, 

online TargetScan software was used to predict the target 

genes of miR-124. As shown in Figure 3A, Capn4 was a 

predicted binding site of miR-124. Then dual luciferase 

reporter assay was performed to confirm the miR-124 target. 

The luciferase activity of Capn4-WT reporter in HONE1 and 

CNE2 cells was obviously lowered by miR-124; however, the 

luciferase activity of Capn4-MUT reporter had no significant 

change after treatment (Figure 3B). To further confirm the 

effect of miR-124 on the expression of Capn4, western blot 

analysis was performed to detect the protein levels of Capn4 

in miR-124 or anti-miR-124 transfected cells. The overex-

pression of miR-124 resulted in a significant suppression of 

Figure 2 MicroRNA-124 (miR-124) inhibited proliferation and invasion of nasopharyngeal carcinoma (NPC) cell lines HONE1 and CNE2. HONE1 and CNE2 cells were 
transfected with miR-control or miR-124.
Notes: (A) MTT assay revealed that the cell viability decreased 24, 48, and 72 h after miR-124 transfection in HONE1 and CNE2 cells when compared with the miR-control 
or untreated cells (NC group). Data are shown as mean ± standard error of mean (n=3). *P,0.05 miR-124 treated cells vs miR-control treated cells or untreated cells.  
(B) Transwell invasion assay showed that the invasion of HONE1 and CNE2 cells was suppressed after transfection with miR-124. Data are shown as mean ± standard 
deviation (n=3). *P,0.05 miR-124 treated cells vs miR-control treated cells.
Abbreviation: NC, untreated cells.
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Capn4 expression, whereas miR-124 inhibition markedly led 

to the improvement of Capn4 levels in HONE1 and CNE2 

cells (Figure 3C and D). Overall, these data implied that 

Capn4 is a functional target of miR-124.

Capn4 upregulation reverses the 
effects of miR-124 overexpression on 
proliferation and invasion of NPC cells
To further confirm the underlying mechanism of miR-124 

in NPC cell proliferation and invasion, HONE1 and CNE2 

cells were transfected with miR-124 or co-transfected with 

miR-124 and pcDNA-Capn4. MTT assay revealed that Capn4 

overexpression reversed the inhibitory effect of miR-124 on 

cell proliferation of HONE1 and CNE2 (Figure 4A). In addi-

tion, transwell invasion assay revealed that transfection of 

pcDNA-Capn4 overturned the inhibited invasion of HONE1 

(Figure 4B) and CNE2 (Figure 4C) cells caused by the over-

expression of miR-124. All these data demonstrated that 

miR-124 suppressed proliferation and invasion of NPC cells 

by the targeted inhibition of expression of Capn4.

Figure 3 MicroRNA-124 (miR-124) directly suppressed Calpain small subunit 1 (Capn4) expression.
Notes: (A) Putative miR-124 binding sequence of Capn4 was shown. (B) The relative luciferase activity was detected in HONE1 and CNE2 cells co-transfected with wild-
type or mutant Capn4 3′UTR and miR-124 mimic or miR-control. *P,0.05 (C and D) Western blot analysis indicated that the level of Capn4 expression was decreased by 
miR-124 transfection and elevated by miR-124 inhibition in HONE1 and CNE2 cells. NC represents untreated cells. Data are shown as mean ± standard deviation (n=3). 
*P,0.05 miR-124 treated cells vs miR-control treated cells.
Abbreviations: MUT, mutant; NC, untreated cells; WT, wild-type.
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Wnt/β-catenin signaling pathway 
inhibition suppresses proliferation and 
invasion of NPC cells
To investigate the role of Wnt/β-catenin signaling pathway in 

NPC cells, the cell viability and invasion ability of HONE1 

and CNE2 cells treated with different doses of XAV939 

(0, 10, and 20 μM), a Wnt/β-catenin signaling pathway 

inhibitor, was determined. MTT assay revealed that XAV939 

inhibited the proliferation of HONE1 and CNE2 cells in a 

dose-dependent manner (Figure 5A). In addition, the results 

of transwell invasion assay indicated that the invasion ability 

of HONE1 and CNE2 cells was suppressed by XAV939 in a 

dose-dependent manner (Figure 5B). To sum up, inhibition 

of the Wnt/β-catenin signaling pathway contributed to the 

suppression of proliferation and invasion of NPC cells.

The miR-124–Capn4 axis inhibits the 
Wnt/β-catenin signaling pathway
To further elucidate whether miR-124 or Capn4 affected the 

proliferation and invasion of NPC cells through the regulation 

of Wnt/β-catenin signaling pathway, β-catenin, cyclin D1, 

and c-Myc protein levels were examined in HONE1 and 

CNE2 cells transfected with miR-124 or co-transfected 

with miR-124 and pcDNA-Capn4. Western blot analysis 

revealed that the upregulation of miR-124 led to a decrease 

in β-catenin, cyclin D1, and c-Myc expression in HONE1 and 

Figure 4 MicroRNA-124 (miR-124) suppressed proliferation and invasion of NPC cells through the inhibition of Capn4 expression. HONE1 and CNE2 cells were transfected 
with miR-124 or in combination with pcDNA-Capn4.
Notes: (A) MTT assay confirmed that restored Capn4 expression reversed the inhibitory effect of miR-124 on the cell viability of HONE1 and CNE2 cells at 24, 48, and 
72 h after transfection. Data are shown as mean ± standard error of mean (n=3) (B and C) Transwell invasion assay suggested that transfection of pcDNA-Capn4 abolished 
miR-124-mediated inhibition of cell invasion in HONE1 and CNE2 cells. Data are shown as mean ± standard deviation (n=3). *P,0.05.
Abbreviation: NPC, nasopharyngeal carcinoma.
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CNE2 cells; however, ectopic expression of Capn4 abolished 

the inhibitory effect of miR-124 on these protein expressions 

(Figure 6A and B). Collectively, miR-124 suppressed the 

Wnt/β-catenin signaling pathway through the inhibition of 

Capn4 expression.

Discussion
Recently, mounting evidence suggests that miRNAs function 

either as tumor suppressors or as oncogenes involved in prev-

alent cancers. Among these miRNAs, miR-124 is generally 

expressed lower in several cancers and functions as a tumor 

suppressor. For instance, the downregulation of miR-124 led 

to an increased cell proliferation and cell cycle progression 

in breast cancer.10 Moreover, miR-124 was expressed low 

in tumor tissues when compared with the normal tissues, 

and exogenetic expression of miR-124 led to a reduced cell 

proliferation, delayed colony formation, and decreased tumor 

growth in head and neck squamous cell carcinomas by directly 

inhibiting SphK1 activity and its downstream signals.20 

In breast cancer, miR-124 was noticeably downregulated, 

and restored miR-124 expression attenuated cell viability, 

proliferation, and cell cycle progression through targeting 

cyclin-dependent kinase-4.21 In this study, we also found that 

the expression of miR-124 was downregulated in NPC cell 

lines. In addition, the overexpression of miR-124 resulted in 

the inhibition of cell proliferation and invasion in NPC cells. 

In agreement with our findings, previous studies revealed that 

overexpression of miR-124 dramatically suppressed cell pro-

liferation, colony formation, migration, and invasion of NPC 

by targeting STAT3 or Foxq1.12,13 All these findings suggest 

that miR-124 functions as a tumor suppressor in NPC.

Capn4 is a small regulatory subunit of the calpain family 

that regulates a wide spectrum of biological functions. Capn4 

was reported to regulate cell proliferation and differentia-

tion in osteoblasts.22 Moreover, Capn4 participates in the 

DNA damage response and cell cycle modulation.23 Capn4 

also plays a key role in tumor migration or invasion. For 

instance, the downregulation of Capn4 mediated by miR-

124 inhibited the invasion and migration of glioma cells.24 

Capn4 enhanced the invasion ability of non-small cell lung 

cancer cells by upregulating the expression of matrix metal-

loproteinase 2.25 Capn4 was highly expressed in NPC cell 

Figure 5 The Wnt/β-catenin signaling pathway inhibitor, XAV939, suppressed proliferation and invasion of nasopharyngeal carcinoma (NPC) cells. HONE1 and CNE2 cells 
were treated with different doses of XAV939 (0, 10, and 20 μM).
Notes: (A) MTT assay displayed that the cell viability of HONE1 and CNE2 cells was inhibited by XAV939 in a dose-dependent manner at 24, 48, and 72 h after XAV939 
treatment. Data are shown as mean ± standard error of mean (n=3) *P,0.05. (B) Transwell invasion assay indicated that the invasion ability of HONE1 and CNE2 cells was 
inhibited by XAV939 in a dose-dependent manner after treatment with XAV939 for 48 h. Data are shown as mean ± standard deviation (n=3). *P,0.05 XAV939 treated 
cells vs control media treated cells.
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Figure 6 Overexpression of calpain small subunit 1 (Capn4) reversed the inhibitory effect of miR-124 on the Wnt/β-catenin signaling pathway. HONE1 and CNE2 cells were 
transfected with miR-124 or co-transfected with miR-124 and pcDNA-Capn4 (A and B). Western blot analysis revealed that Capn4 overexpression reversed the decreased 
β-catenin, cyclin D1, and c-Myc protein levels caused by the overexpression of miR-124 in HONE1 and CNE2 cells. Data are shown as mean ± standard deviation (n=3). 
*P,0.05 miR-124 or pcDNA -Capn4 treated cells vs miR-control or vector treated cells.
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lines, and Capn4 knockdown suppressed in vitro and in vivo 

cell migration and invasion.18 However, the regulation of 

Capn4 in NPC is still unknown. In this study, Canp4 was 

verified to be a target of miR-124 by dual luciferase reporter 

and western blot analyses. Moreover, the overexpression of 

Capn4 reversed the inhibitory effect of miR-124 on the cell 

proliferation and invasion in NPC cells. In consistent with 

our findings, Cai et al26 revealed that miR-124 suppressed the 

migration and invasion of glioma cells by targeting Capn4. 

Previous studies also have demonstrated that miR-124 inhib-

ited the proliferation and invasion of NPC cells by modulating 

its functional targets, such as STAT3 and Foxq1.12,13 All these 

findings suggest that miR-124 regulates different targets 

in NPC. Therefore, future investigations should focus on 

elucidating the precise mechanism by which miR-124 plays 

its roles in NPC.

Accumulating evidence suggests that the Wnt/β-catenin 

signaling pathway regulates several biological responses 

including proliferation, differentiation, and invasion.27–29 For 

example, activation of the Wnt/β-catenin signaling pathway 

by Wnt3a enhanced the migration and invasion capacity of 

mesenchymal stem cells.30 Moreover, aberrant Wnt/β-catenin 

signaling activities promoted tumor progression in NPC 

through the regulation of stemness of NPC cells as well as 

epithelial–mesenchymal transitional events.31,32 Recently, 

Wang et al33 revealed that inactivating the Wnt/β-catenin 

pathway mediated by ZNRF3 inhibited the invasion and 

tumorigenesis in NPC cells. These results are in good agree-

ment with our findings that inhibition of the Wnt/β-catenin 

signaling pathway inhibited proliferation and invasion of 

NPC cells. Furthermore, we found that miR-124 could sup-

press the Wnt/β-catenin signaling pathway; however, over-

expression of Capn4 reversed the inhibitory effect caused 

by miR-124. A previous study revealed that miR-124 could 

downregulate the Wnt/β-catenin signaling pathway in rat 

mesenchymal stem cells.34 Another study reported that Capn4 

enhanced epithelial–mesenchymal transition in human mela-

noma cells by the activation of the Wnt/β-catenin signaling 

pathway.35 Our results agree with both of these studies. Thus, 

our findings demonstrated that miR-124 led to inactivity of 

the Wnt/β-catenin signaling pathway by targeting Capn4 in 

NPC progression.
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Conclusion
In summary, our study demonstrates that overexpression of 

miR-124 suppresses proliferation and invasion of NPC cells. 

More importantly, we provided evidence that miR-124 exerts 

its functional role via Wnt/β-catenin signaling pathway by 

inhibiting Capn4 in NPC. Altogether, these data suggest that 

manipulation of the level of miR-124 may provide a novel 

therapy for NPC patients in the future.
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