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Abstract: The abnormal expression of microRNAs (miRNAs) is critical for the development of human cancers. 
However, the functions of many miRNAs remain to be elucidated. miR-373 was reported to involve the tumorigen-
esis of multiple cancers, but its role in nasopharyngeal carcinoma (NPC) is not clear. Quantitative real-time PCR 
was performed to analyze miR-373 expression in NPC cell lines. The connection between membrane associated 
ring-CH-type finger 5 (MARCH5) and miR-373 was analyzed using a luciferase activity reporter assay and western 
blot. A cell counting kit-8 assay, a colony formation assay, and a wound-healing assay were performed to investigate 
the biological functions of miR-373 and MARCH5. We showed miR-373 expression is downregulated, and MARCH5 
expression is upregulated, in NPC cells. MARCH5 was validated as a direct target of miR-373. miR-373 regulates 
NPC cell proliferation, colony formation, and cell migration by regulating MARCH5. In conclusion, our study showed 
that miR-373 has a tumor suppressive role in NPC by targeting MARCH5. This may provide novel therapeutic targets 
for NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) is a relative 
uncommon cancer type and accounted for 
approximately 0.6% of all human cancers in 
2012 [1]. Risk factors for the initiation of NC 
include Epstein-Barr virus infection and ciga-
rette smoking [2]. The mechanisms related to 
NPC tumorigenesis remain largely unknown. 
Therefore, a better understanding of mecha-
nisms concerning NPC progression could help 
us to identify novel NPC targets.

microRNAs (miRNAs) were reported to have 
dual roles, a tumor suppressor role and an 
oncogenic role, in human cancers [3]. miRNAs 
are endogenous non-coding RNAs at the length 
of 18-25 nucleotides that regulate gene expres-
sion by 3’-untranslated region (3’-UTR) binding 
[4]. The numbers of identified miRNAs are in- 
creasing; however, only a fraction of them have 
been functionally studied [4]. Emerging evi-
dence has revealed that miRNAs play crucial 

roles in human cancer, including NPC [5]. Hen- 
ce, it is imperative to investigate the abnormally 
expressed miRNAs to identify novel therapy tar-
gets in NPC.

miR-373 was previously reported to function as 
either an oncogene or a tumor suppressor gene 
in human cancers [6-9]. For example, low miR-
373 was identified in pancreatic cancer and 
correlated with the poor overall survival of can-
cer patients [6]. Forcing the expression of miR-
373 inhibits glioma cell migration and invasion 
by regulating CD44 and TGFBR2 [7]. These find-
ings suggested a possible tumor suppressive 
role of miR-373. On the other hand, miR-373 
was also reported to be an oncogenic miRNA in 
cancers, including lung cancer and renal cell 
carcinoma [8, 9]. Knocking down the expres-
sion of miR-373 in lung cancer was reported to 
enable the enhancement of radiosensitivity 
and also to decrease cell migration and inva-
sion ability by targeting TIMP2 [8]. Moreover, 
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miR-373 was shown to promote renal cell carci-
noma progression both in vitro and in vivo [9]. 

Membrane associated ring-CH-type finger 5 
(MARCH5) is an E3 ubiquitin-protein ligase 
located at the outer mitochondrial membrane 
[10]. Recently, MARCH5 was shown to promote 
breast cancer metastasis by inducing cell cycle 
arrest and the epithelial-mesenchymal transi-
tion [11]. Meanwhile, it was reported that MA- 
RCH5 was capable of being regulated by miR-
30a in breast cancer [11].

In this work, the expression of miR-373 and 
MARCH5 in NPC cell lines and in normal cell 
lines was analyzed by quantitative real-time 
PCR and western blot, respectively. The effects 
of miR-373 and MARCH5 on NPC cell growth, 
colony formation, and migration were analyzed 
with a cell counting kit-8 (CCK-8) assay, a colo-
ny formation assay, and a wound-healing as- 
say. The connection between miR-373 and MA- 
RCH5 was validated using a luciferase activity 
reporter assay and western blot.

Materials and methods

Cell lines

NPC cell lines (CNE-1 and CNE-2) were incubat-
ed in RPMI-1640 (Invitrogen, Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplement-
ed with 10% fetal bovine serum (FBS, Invi- 
trogen). Human nasopharyngeal epithelial cell 
line NP69 was incubated in a keratinocyte/
serum-free medium accompanied by bovine 
pituitary extract (Invitrogen). These cell lines 
were incubated in a 37°C humidified incubator 
containing 5% of CO2. All cell lines were obtained 
from the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China).

Knockdown and forced expression of target 
genes

A miR-373 mimic and the corresponding nega-
tive control (NC-mimic) were obtained from 
GenePharma (Shanghai, China) and were used 
to manipulate the expression of miR-373. 
pcDNA3.1 containing the open reading frame 
of MARCH5 (pMARCH5) and pcDNA3.1 were 
purchased from GenScript (Nanjing, China). 
Cell transfection was conducted using Lipofe- 

ctamine 2000 (Invitrogen) following the manu-
facturer’s protocols.

Quantitative real-time PCR (RT-qPCR) analysis

Total RNA was isolated from cell lines with Trizol 
reagent (Invitrogen). Complementary DNA was 
synthesized with a RevertAid RT Reverse Tra- 
nscription kit (Thermo Fisher Scientific, Inc.) 
and then subjected to RT-qPCR analysis at ABI 
7500 PCR system (Applied Biosystems, Foster 
City, CA, USA) using SYBR Green Mix (Takara, 
Dalian, China). The primer sequences used we- 
re listed as follows: miR-373 forward, 5’-ATTT- 
TGGTTAATACGGTGAAATTTC-3’ and reverse, 5’- 
CTATCGCCCAAACTAAAATACGAT-3’; U6 snRNA 
forward, 5’-CTCGCTTCGGCAGCACA-3’ and re- 
verse, 5’-ACGCTTCACGAATTTGCGT-3’. The rela-
tive expression level was analyzed with 2-ΔΔCq 
method using U6 snRNA as an internal control.

Western blot analysis

RIPA lysis buffer purchased from Beyotime 
(Haimen, Jiangsu, China) was used for total pro-
tein extraction. The same amount of the protein 
sample was isolated using 10% SDS-PAGE and 
then transferred to polyvinylidene fluoride me- 
mbranes (Beyotime) after being quantified with 
a BCA kit (Beyotime). Subsequently, the mem-
branes were blocked with 5% fat-free milk and 
incubated with specific primary antibodies 
(anti-MARCH5: ab77585, anti-GAPDH: 181602; 
Abcam, Cambridge, MA, USA) at 4°C overnight. 
Finally, bands were developed with BeyoECL 
(Beyotime) after they were incubated with a 
secondary antibody (ab6721, Abcam) at 37°C 
for 4 h.

CCK-8 assays

The cells were seeded in a 96-well plate at the 
density of 1 × 104 cells/well. Furthermore, 10 
μl CCK-8 solution (Beyotime) was added to 
each well after incubation at 0, 24, 48, and 72 
h. After further incubation for 4 h, the absor-
bance at 450 nm was measured using a micro-
plate reader.

Colony formation assay

1,000 cells were seeded in 6-well plates and 
incubated at the above-mentioned conditions 
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for 2 weeks. The colonies were fixed with etha-
nol, stained with crystal violet, and counted 
under a microscope.

Wound healing assay

The cells were seeded into 6-well plates and 
incubated until they reached 90% confluence. 
After that, a wound at the cell surface was gen-
erated using a plastic pipette tip. The cells were 
then washed with PBS and photographed at 0 
and 48 h under a microscope.

Bioinformatic analysis and luciferase activity 
reporter assay

TargetScan and miRDB were conducted to ana-
lyze the targets of miR-373. The wild-type 
3’-UTR of MARCH5 was cloned into pmiR-RB-
REPORT (RiboBio, Guangzhou, China) and na- 
med as wt-MARCH5. The mutant type of 
MARCH5 3’-UTR (mt-MARCH5) was established 
using a Site-direct mutagenesis kit (Takara). 
The cells were co-transfected with luciferase 
reporter vectors and miRNAs using Lipofe- 
ctamine 2000. After 48 h of transfection, rela-
tive luciferase activity was assessed using the 
Dual-Luciferase Reporter Assay System (Pro- 
mega, Madison, WI, USA).

Statistical analysis

The statistical analysis was performed using 
GraphPad 6.0 (Graphpad, San Diego, CA, USA). 
Student’s t-test was used for comparisons 
between two groups. ANOVA and Tukey’s post-
hoc test were used for comparisons among 
three or more groups. The results were present-

CNE-2 cell lines was significantly reduced (Fig- 
ure 1A). Moreover, we showed that the MAR- 
CH5 expression was significantly elevated in 
the NPC cell lines compared with the normal 
cell lines (Figure 1B).

The overexpression of miR-373 inhibits NPC 
cell proliferation and migration

To investigate the biological role of miR-373,  
we transfected the synthetic miRNAs into NPC 
cell lines and found that the miR-373 mimic 
increased the levels of miR-373 in NPC cell 
lines (Figure 2A). A CCK-8 assay and colony  
formation were conducted to investigate the 
effects of miR-373 on cell proliferation. The 
results showed that miR-373 overexpression 
inhibits NPC cell proliferation and colony forma-
tion (Figure 2B and 2C). Moreover, a wound-
healing assay revealed the that the miR-373 
mimic transfection significantly inhibited cell 
migration ability compared to the NC-mimic 
(Figure 2D).

MARCH5 was a direct target of miR-373

Using an online prediction tools analysis, we 
found MARCH5 contains a binding site for miR-
373 (Figure 3A). A luciferase reporter assay 
revealed that the miR-373 mimic inhibited lucif-
erase activity in the cells transfected with wt-
MARCH5, but it did not affect the luciferase 
activity of the cells transfected with mt-MAR- 
CH5 (Figure 3B). Western blot further validated 
that MARCH5 expression was inhibited by the 
miR-373 mimic transfection in the NPC cell 
lines (Figure 3C).

Figure 1. miR-373 expression was downregulated, while MARCH5 expres-
sion was upregulated, in the NPC cell lines compared with the normal cell 
line. (A) miR-373 expression and (B) MARCH5 expression in NPC cell lines 
and the normal cell line. miR-373: microRNA-373; MARCH5: membrane 
associated ring-CH-type finger 5; NPC: nasopharyngeal carcinoma.

ed as the mean ± SD, and P < 
0.05 was considered statisti-
cally significant.

Results

miR-373 expression was down-
regulated, but MARCH5 was 
upregulated in NPC

We measured miR-373 expres-
sion in NPC cell lines and nor-
mal epithelial cell lines using 
RT-qPCR. Compared with the 
NP69 cell line, the miR-373 
expression in the CNE-1 and 
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Figure 2. The overexpression of miR-373 inhibits NPC cell growth and migration. (A) miR-373 expression, (B) Cell 
proliferation, (C) Colony formation, and (D) Cell migration in NPC cells transfected with miR-373 mimic and NC-
mimic. miR-373: microRNA-373; NPC: nasopharyngeal carcinoma.
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Overexpression of MARCH5 promotes NPC cell 
proliferation and migration

To analyze role of MARCH5 in miR-373-induc- 
ed NPC cell behavior inhibition, pMARCH5 was 
transfected into NPC cells. We found pMAR- 
CH5 transfection increased MARCH5 expres-
sion in NPC cell lines, and partially reversed the 
suppression effects of the miR-373 mimic on 
MARCH5 expression (Figure 4A). Figure 4B-D 
displayed that overexpression of MARCH5 pro-
motes NPC cell proliferation and migration. 
Furthermore, we showed that pMARCH5 trans-
fection partially abolished the inhibitory effects 
of the miR-373 mimic on NPC cell behaviors 
(Figure 4B-D).

Discussion

The GENCODE projects showed that only 3% of 
the genes in the human genome are for protein 
coding, while approximately 75% of the genes 
in the human genome are transcribed into non-
coding RNAs, including miRNAs, long non-cod-
ing RNAs, etc. [12]. The roles of non-coding 
RNAs in NPC tumorigenesis have been incre- 
asingly appreciated [13-16], but most of them 
are still not functionally characterized. Here, we 

It has been widely recognized that one miRNA 
can regulate multiple genes in the human ge- 
nome [4]. Previous studies have identified sev-
eral targets for miR-373, including CD44, TGF- 
BR2, and TIMP2 [7, 8]. Hence, one of our most 
important findings was that MARCH5 partici-
pated in the tumor suppressive role of miR- 
373 on NPC. The function of MARCH5 in hu- 
man cancers remains largely unknown. Hu et 
al. demonstrated that MARCH5 was able to 
promote ovarian cancer cell autophagy, migra-
tion, and invasion by regulating the TGFB1-
SMAD2/3 pathway, suggesting an oncogenic 
role of MARCH5 [17]. Here, we also revealed 
that MARCH5 was overexpressed in NPC and 
its overexpression could promote the malig- 
nancy behaviors of NPC cells, indicating an 
oncogenic role of MARCH5 in NPC.

To sum up, our results reveal the tumor sup-
pressive role of miR-373 on NPC. The overex-
pression of miR-373 inhibited NPC cell growth 
and migration by downregulating MARCH5. We 
suggest that miR-373 and MARCH5 are possi-
ble targets for NPC treatment. However, further 
in vitro and in vivo studies are urgently needed 
to confirm the conclusions of this work.

Figure 3. MARCH5 was a direct target of miR-373. A. Predicted binding site 
of miR-373 and 3’-UTR of MARCH5. B. MARCH5 3’-UTR luciferase reporter 
assays in NPC cells. C. MARCH5 expression in NPC cells transfected with 
synthetic miRNAs. miR-373: microRNA-373; MARCH5: membrane associ-
ated ring-CH-type finger 5; NPC: nasopharyngeal carcinoma; UTR: untrans-
lated region; wt: wild-type; mt: mutant.

showed miR-373 expression 
was reduced in NPC cell lines 
compared with the normal cell 
line. In the meantime, we found 
MARCH5 expression was ele-
vated in NPC cell lines com-
pared with the normal cell  
line. We also validated that  
the overexpression of miR-373 
inhibits NPC cell growth and 
migration. Mechanistically, we 
demonstrated miR-373 direct-
ly interacted with MARCH5 
through luciferase activity re- 
porter and western blot ana- 
lyses. The overexpression of 
MARCH5 promotes NPC cell 
growth and migration. Impor- 
tantly, miR-373 exerts the tu- 
mor suppressive role on NPC 
partially due to its regulating 
the expression of MARCH5. 
These results collectively sug-
gest that miR-373 has a tu- 
mor suppressive function and 
plays a crucial role in NPC.
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