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MiR-34c¢ induces apoptosis and inhibits the
viability of M4e cells by targeting BCL2
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Abstract. The present study aimed to investigate microRNA
(miR/miRNA)-34c expression and the association of miR-34c
with B cell lymphoma 2 (BCL2) in M4e laryngeal carcinoma
cell line. M4e laryngeal carcinoma cells were cultured and
transfected with lenti-miR-34c or scramble miRNA for
72 h. Cell viability and the percentage of cells undergoing
apoptosis of transfected cells were detected using MTT and
Annexin V/allophycocyanin and propidium iodide assays,
respectively. Reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) and western blot analysis were
performed to determine BCL2 mRNA and protein expression
in transfected M4e cells. In addition, luciferase reporter assay
was performed to identify whether BCL2 is a direct target of
miR-34c. Transfection of lenti-miR-34c was able to signifi-
cantly inhibit cell viability (P<0.01), increase the percentage
of cells undergoing apoptosis (P<0.001) and downregulate
BCL2 protein expression (P<0.01) in M4e cells. RT-qPCR data
revealed that lenti-miR-34c transfection did not affect BCL2
mRNA expression. However, data from the luciferase reporter
assay revealed that transfection with miR-34c negative control
decreased luciferase activity in M4e cells co-transfected
with pGL3-BCL2-MUT plasmid, compared with miR-34c
inhibitor (P<0.01). Collectively, the results from the present
study provided evidence that miR-34c may be involved in the
pathogenesis of laryngeal cancer, and BCL2 may be negatively
regulated by miR-34c in M4e cells.
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Introduction

Laryngeal cancer is a malignant cancer commonly occurring
in the head and neck region, and was ranked as the sixth most
frequent cancer worldwide in 2004 (1,2). However to date, the
treatment strategy for laryngeal cancer is primarily surgery
with radiotherapy. Therefore, there is an urgent requirement
to investigate the causes and treatment strategies to further
improve the survival of patients.

A number of protein-coding and non-coding genetic factors
have been revealed to be abnormally expressed in laryngeal
cancer samples or cell lines (1,3-5). Correspondingly, two
genes and microRNAs (miRNA/miRs) are considered to be
key biological factors in laryngeal cancer, including SOX2 (5),
glucose transporter 1/3 (6), miR-196a (7), miR-221 (8) and
miR-34a/c (2). miRNAs are small noncoding RNA molecules,
which generally negatively regulate gene expression at the
post-transcriptional level. An increasing number of studies
indicate that ectopic expression of miRNAs is associated
with cancer pathogenesis. For example, aberrant miR-221
expression was reported to accelerate the proliferation of
M4e laryngeal carcinoma cell line by suppressing apoptotic
protease activating factor 1 (Apaf-1) (8). Inhibition of miR-221
in vitro increased the expression levels of Apaf-1 apoptotic
pathway proteins, including caspase-3 and -9 (8). Furthermore,
miR-34a/c expression was observed to be downregulated in
human laryngeal squamous cell carcinoma tissues, and upregu-
lation of miR-34a/c in Hep-2 cells by transfection significantly
decreased cell proliferation and migratory ability in vitro (2).
It was previously reported that B cell lymphoma 2 (BCL2), a
central genetic apoptotic regulator (9), which is crucial for cell
apoptosis, migration and invasion (3), is involved in the patho-
genesis of laryngeal cancer (10-12). In addition, research into
other diseases has reported on the association between miR-34c
and BCL2 (13-15); there is an inverse association between
levels of miR-34c and expression of BCL2. Knockdown of
miR-34c upregulated anti-apoptotic protein BCL2 to amelio-
rate apoptosis in the hippocampus or promote embryonic stem
cell (ESC) differentiation (13-15). Based on these reports, the
authors of the present study hypothesized that there may be
an association between miR-34c and BCL2, which is involved
in the pathogenesis of laryngeal cancer. However, to the best
our knowledge, to date, there have been no reports of direct
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evidence for the association between miR-34c and BCL2 in
laryngeal cancer.

In order to investigate the association between miR-34c
and BCL2 in laryngeal cancer, miR-34c was overexpressed
to investigate the effect of miR-34c overexpression on
viability, apoptosis and BCL2 expression in M4e cells. In
addition, a luciferase reporter assay was employed to confirm
whether BCL2 is a direct target of miR-34c. The aim of
the present study was to provide further information on
whether BCL2 may be regulated by miR-34c and to investi-
gate if there is any therapeutic target potential of miR-34c in
M4e cells.

Materials and methods

Cell lines and culture conditions. Culture of M4e cells was
performed as reported previously by Wang et al (16). Human
laryngeal cancer cells M4e were purchased from the American
Type Culture Collection (Manassas, VA USA). Briefly, the
cells were cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) supplemented with 10% fetal bovine serum (FBS,
Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and
100 pug/ml streptomycin at 37°C in a humidified atmosphere
with 5% CO, and 95% air.

Lentiviral vector construction and cell transfection. The trans-
fection of M4e cells was performed via Lipofectamine 2000®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Then, the
cells were divided into three groups: Control group (control),
scrambled group (scramble), and has-miR-34c transfected
group (lenti-miR-34c). Total RNA in M4e cells was extracted
by using the TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). As previously reported by Yang et al (17),
the full length pre-miR-34c oligonucleotide was synthesized
by Shanghai GeneChem Co., Ltd. (Shanghai, China) and was
subsequently inserted into the unique EcoRI site of the GV217
lentiviral vector (Shanghai GeneChem Co., Ltd.), to construct
a lentivirus encoding miR-34c, which is named lenti-miR-34c.
The nucleotide sequence of the construct was then confirmed
by sequencing. In accordance with Yang et al (17), the comple-
mentary nucleotides of miR-34c were cloned at one site
between the Agel and EcoRI sites in GV280 lentiviral vector
(Shanghai GeneChem Co., Ltd.) to construct the specific
inhibitor of miR-34c. M4e cells were seeded in 6-well plates
at a density of 5x10* cells/well and cultured in DMEM media
containing 10% FBS, 100 U/ml penicillin and 100 pg/ml
streptomycin at 37°C with 5% CO,. When 30% confluence
was obtained, the cells were transfected with lenti-miR-34c¢ or
scramble for 72 h. The efficiency of transfection was evalu-
ated by EGFP fluorescence intensity on a Nikon Eclipse 80i
microscope (Nikon USA, Melville, NY, USA).

Cell viability assay. MTT assay (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany) was used to determine the
relative cell viability of infected M4e cells at 24, 48, 72 and
96 h post-transfection (2). Control and infected M4e cells by
lenti-miR-34c were seeded in 96-well plates at a density of
1x10° cells/well. M4e cells were incubated in 100 1 DMEM
with 10 ul MTT solution at 37°C for 2 h. The optical density
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was determined at an absorbance wavelength of 570 nm. Each
experiment was performed in triplicate.

Apoptosis assay. Cell apoptosis was determined using the
Annexin V apoptosis detection kit (KeyGen Biotech, Nanjing,
China), as previously described (4). In brief, the cells were
washed twice with phosphate-buffered saline (PBS), resus-
pended in 1x binding buffer (BD Biosciences, San Jose,
CA, USA) and dual staining was performed with Annexin
V/allophycocyanin (APC) and propidium iodide (PI) for
10 min at the room temperature in darkness, according to the
manufacturer's protocol. M4e cells that were untreated were
used as the internal control. Each experiment was repeated
three times. The percentage of M4e cells undergoing apop-
tosis was determined by flow cytometric analysis using a
flow cytometer (FACSCalibur; BD Biosciences, San Jose,
CA, USA) and FlowJo Software (version 10.4; FlowJo LLC,
Ashland, OR, USA).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). For miR-21 and BCL2 mRNA analyses, total
RNA was extracted from M4e cells using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), according to
the manufacturer's protocol. Then, 4 ug of total RNA was
converted to cDNA using PrimeScript II 1st Strand cDNA
Synthesis kit (Takara Bio Inc., Otsu, Japan) according to
the manufacturer's protocol. For the detection of miR-21
expression, stem-loop RT-qPCR was performed using SYBR
Premix Ex Tagq™ kit (Takara Bio Inc., Otsu, Japan) and a
LightCycler 480 instrument (Roche Diagnostics, Basel,
Switzerland) equipped with Light-Cycler Software Version
1.5 (Roche Diagnostics) following the manufacturer's instruc-
tions. The PCR cycling consisted of 95°C for 5 min, followed
by 40 cycles of 95°C for 30 sec, 57°C for 30 sec and 72°C
for 30 sec. U6 small RNA was used as the reference RNA
to normalize relative expression of miR-21. BCL2 mRNA
expression was detected via RT-qPCR using QuantiTect
SYBR Green RT-PCR kit (Qiagen GmbH, Hilden, Germany).
B-actin was used to normalize the relative expression level
of BCL2 mRNA. . Fold changes were calculated using the
2-24¢ method (5). The sequences of RT-qPCR primers were
as follow: miR-21, Stem-loop RT-qPCR primer: 5-GTCGT
ATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATAC
GACTCAACA-3', Forward: 5-GCCCGCTAGCTTATCAGA
CTGATG-3', Reverse: 5-GTGCAGGGTCCGAGGT-3"; U6,
RT primer: 5'-GTCGTATCCAGTGCAGGGTCCGAGGTA
TTCGCACTGGATACGACAAAAATATG-3', Forward:
5'-GCGCGTCGTGAAGCGTTC-3', Reverse: 5'-GTGCAG
GGTCCGAGGT-3'; BCL2 mRNA, Forward: 5'-CTGTGC
TGCTATCCTGC-3', Reverse: 5"TGCAGCCACAATACT
GT-3"; pB-actin, Forward: 5'-TCACCCACACTGTGCCCC
ATCTACGA-3', Reverse: 5'-CAGCGGAACCGCTCATTG
CCAATGG-3.

Western blot analysis. Western blot analysis was performed
as previously described by Li et al (3). M4e cells were
harvested after being digested with 0.25% trypsin (Thermo
Fisher Scientific, Inc.) for 2 min at 37°C, washed in PBS and
resuspended in radioimmunoprecipitation assay cell lysis
solution (Beyotime Institute of Biotechnology, Shanghai,
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China) for 30 min at 4°C. Protein concentration was deter-
mined using the bicinchoninic acid assay (Pierce; Thermo
Fisher Scientific, Inc.). Cell lysates with equal amounts of
protein (20 ug/well) were separated on 10% SDS-PAGE
gels by electrophoresis, and transferred to polyvinylidene
difluoride (PVDF) membranes (Invitrogen; Thermo Fisher
Scientific, Inc.). PVDF membranes were blocked with 5%
skimmed milk in TBST at room temperature with agitation
for 1 h. The PVDF membranes were incubated with the
primary antibody against BCL2 (ab59348; dilution, 1:1,000;
Epitomics; Abcam, Cambridge, UK) at 4°C for 12 h. The
membranes were then washed three times with TBST each
for 10 min and incubated with goat anti-rabbit immuno-
globulin G antibodies (ab7090; dilution, 1:1,000; Epitomics;
Abcam) at room temperature for 1 h. The blots were washed
with TBST, and then polypeptide bands were detected using
ECL Plus Western Blotting Detection Reagents (Merck
KGaA, Darmstadt, Germany) and were exposed to X-ray
film (Kodak, Rochester, NY, USA). The intensity of the
bands was quantified using Image Lab™ Software (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). p-actin (ab8227;
dilution, 1:1,000; Epitomics; Abcam) was used as an internal
reference control.

Luciferase reporter assay. A luciferase reporter assay was
performed, according to the methods provided by Li ez al (3).
In brief, M4e cells were seeded and cultured in 6-well plates
at a density of 5x10* cells/well. Upon reaching 80% conflu-
ence, the cells were transfected with either pGL3-BCL2-WT
(wildtype) or pGL3-BCL2-MUT (mutant) vector containing
firefly luciferase together with miR-34c inhibitor or nega-
tive control. M4e cells were transfected with WT or mutant
reporter plasmid using Lipofectamine 2000® for 6 h, and
were subsequently co-transfected with miR-34c¢ inhibitor or
negative control for 36 h. The dual luciferase assay system
(Promega Corporation, Madison, WI, USA) was used to
measure luciferase activity, according to the manufacturer's
protocol.

Statistical analysis. All data are expressed as the mean + standard
deviation of three independent experiments. The differences
between two groups were assessed using an unpaired, two-tailed
Student's t-test, and multi-group comparisons were analyzed
by one-way analysis of variance with Bonferroni analyses
performed as post-hoc tests. P<0.05 was considered to indicate
a statistically significant difference.

Results

miR-34c inhibits the viability of M4e cells in vitro. The viability
of M4e cells was assessed by MTT assay. As indicated in Fig. 1,
the viability of M4e cells was inhibited following transfection
with lenti-miR-34c for 72 h. Cell viability in the control and
scramble groups gradually increased and reached the highest
level at 96 h post-transfection. By contrast, the cell viability
in lenti-miR-34c transfected-group gradually decreased to
the lowest level at 96 h post-transfection. Significant differ-
ences in cell viability were determined between the control
or scramble group and lenti-miR-34c group at 48, 72 and 96 h
post-transfection (P<0.01 or P<0.001).
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Figure 1. Effect of miR-34c on the viability of M4e cells. The cells were
infected with lenti-miR-34c¢ or scramble for 72 h. The efficiency of infec-
tion was evaluated by EGFP fluorescence intensity at 24, 48, 72 and 96 h
post-transfection. All data are expressed as the mean =+ standard deviation
(SD) of three independent experiments. “"P<0.01, “"P<0.001 vs. control and
scramble. miR, microRNA.
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Figure 2. Effect of miR-34¢ on the apoptosis of M4e cells. The cells were
infected with lenti-miR-34c or scramble for 72 h. M4e cells were stained
with Annexin V/allophycocyanin and propidium iodide. The percentage of
cells undergoing apoptosis was determined by flow cytometric analysis. All
data are expressed as the mean + standard deviation of three independent
experiments. ““P<0.001 vs. control.

miR-34c induces the apoptosis of M4e cells in vitro. M4e
cells were stained with Annexin V/APC and PI to evaluate the
percentage of cells undergoing apoptosis in the three treatment
groups. The results indicated that lenti-miR-34c transfec-
tion was able to promote the apoptosis of M4e cells, where
the percentage of apoptotic cells in the lenti-miR-34c group
was ~65% and the percentage in the control groups was 6%
(P<0.001; Fig. 2).

Effect of miR-34c on mRNA and protein levels of BCL2. To
investigate the effect of lenti-miR-34c transfection on BCL2
expression in M4e cells, RT-qPCR and western blot analyses
were performed to analyze the levels of mRNA and protein,
respectively. RT-qPCR results indicated that BCL2 mRNA
expression did not change following lenti-miR-34c transfec-
tion (Fig. 3A). However, western blot analysis revealed that
the level of BCL2 protein was significantly downregulated
by lenti-miR-34c transfection compared with the control and
scramble groups (P<0.01; Fig. 3B, C). This indicated that
BCL2 may be a putative target of miR-34c.

miR-34c¢ modulates BCL2 expression by targeting BCL2.
To verify whether BCL2 was a putative target of miR-34c,
M4e cells were co-transfected with either pGL3-BCL2-WT
or pGL3-BCL2-MUT vector containing firefly luciferase
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Figure 3. Effect of miR-34c on BCL2 mRNA and protein expression.
Analyses by Reverse transcription-quantitative polymerase chain reaction
and western blotting were employed to investigate the (A) mRNA and
(B) protein expression level of BCL2, respectively. All data are expressed as
the mean =+ standard deviation of three independent experiments. The cells
were infected with lenti-miR-34¢ or scramble for 72 h. “P<0.01 vs. control
and scramble. BCL2, B cell lymphoma 2.
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Figure 4. Levels of wildtype or mutant BCL2 in M4e cells in the presence
of miR-34c¢ inhibitor or negative control. M4e cells were co-transfected
either pGL3-BCL2-WT or pGL3-BCL2-MUT vector containing firefly
luciferase using Lipofectamine 2000® for 6 h and were then subsequently
transfected again with miR-34c inhibitor or NC for 36 h. Luciferase activity
was measured using a dual luciferase assay system. “P<0.01 vs. miR-34c
inhibitor. WT, wildtype; MUT, mutant; NC, negative control.

together with miR-34c inhibitor or negative control. As indi-
cated in Fig. 4, luciferase activity in M4e cells co-transfected
with miR-34c negative control and pGL3-BCL2-MUT was
decreased compared with the miR-34c inhibitor (P<0.01). In
addition, no significant differences were observed between
cells transfected with WT plasmids when co-transfected
with miR-34c¢ inhibitor. The data presented in this present
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study indicated that BCL2 may be directly regulated by
miR-34c.

Discussion

Recent studies in cancer research have revealed that
hsa-miR-34c¢ is downregulated in human laryngeal squamous
cell carcinoma tissues, and ectopic expression of miR-34a/c
significantly induces the proliferative and migratory capaci-
ties of Hep-2 cells, in vitro (2). The imbalance between cell
proliferation and apoptosis is a phenotypic characteristic of
cancer, which is largely accountable for the pathogenesis of
this disease. In the present study, the results indicated that
infection with lenti-miR-34c was able to significant induce
apoptosis and inhibit proliferation of M4e cells. Furthermore,
it was revealed that BCL2 may a putative target of miR-34c.

Over the past decades, numerous miRNAs and genes
have been verified to associate with and play crucial roles in
regulating biological processes, including pathopoiesis and
tumorigenesis (2,18,19). The target genes of these miRNAs,
namely miR-34c¢ (2), miR-196a (7), miR-221 (8), miR-203 (20),
miR-27a (21) and miR-106b (22) have been reported to be
associated with laryngeal carcinoma. Furthermore, multiple
miRNAs have been demonstrated to exhibit tumor suppressive
effects in several types of cancer (2). For example, miR-34a/c
was reported to be downregulated in human laryngeal squa-
mous cell carcinoma, and overexpression of miR-34a/c in
Hep-2 cells by transfection, decreased the proliferative and
migratory abilities of the cells (2). In Li er al (2), RT-qPCR
analysis indicated that UDP-N-acetyl-a-D-galactosamine:
polypeptide-N-acetylgalactosaminyl transferase 7 (GALNT7)
expression was negatively regulated by miR-34a/c in Hep-2
cells. Further data from the luciferase reporter assay deter-
mined that GALNT7 was a target of miR-34a/c. These results
highlighted that miR-34a/c, and its novel target GALNT7
may serve as novel potential biomarkers for human laryngeal
squamous cell carcinoma therapy.

Another miRNA of interest, miR-27a, has been reported
to be an important regulator in laryngeal carcinoma (21). As
previously reported by Tian et al (21), miR-27a and polo-like
kinase 2 (PLK?2), are critically involved in controlling cell
cycle progression. In addition, the expression level of miR-27a
was significantly upregulated in laryngeal carcinoma tissues
compared with adjacent non-tumor tissues, respectively.
Transfection of miR-27a mimics increased proliferation and
colony formation and decreased the percentage of cells under-
going apoptosis and the level of PLK2 protein expression in
Hep-2 cells. These data suggested that miR-27a acts as an onco-
gene in laryngeal squamous cell carcinoma via regulating PLK2
protein and implicated miR-27a to be a potential biomarker in
the diagnosis and therapy for laryngeal carcinoma.

BCL2 contributes a crucial role in cell death, apoptosis,
migration and invasion (3,9,23,24). Previous studies have
reported that BCL2 is involved in the pathogenesis of laryngeal
cancer (10-12). In the present study, it was observed that trans-
fection of M4e cells with lenti-miR-34c significantly inhibited
cell viability and BCL-2 protein expression, and increased
the percentage of cells undergoing apoptosis. Furthermore,
luciferase reporter assay revealed that transfection of miR-34c
negative control decreased luciferase activity in M4e cells
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co-transfected with pGL3-BCL2-MUT plasmid, compared
with the miR-34c¢ inhibitor.

In conclusion, the results from the present study demonstrated

that miR-34c¢ was a growth inhibitor of M4e cells, and there was
a negative association between miR-34c and its target BCL2.
Downregulated miR-34c may contribute to the malignancy of
human laryngeal carcinoma via BCL2-associated pathways.
Furthermore, miR-34c and BCL2 may serve as biomarkers for
the diagnosis and treatment of laryngeal carcinoma.
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