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miR-375 exhibits a more effective tumor-suppressor function
in laryngeal squamous carcinoma cells by regulating
KLF4 expression compared with simple
co-transfection of miR-375 and miR-206
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Abstract. MicroRNAs (miRNAs) are reported to be impor-
tant regulators of cancer-related processes, and function either
as oncogenes or as tumor-suppressor genes. It was found that
miR-375 was downregulated in samples of laryngeal squa-
mous cell carcinomas (LSCCs) as compared to the level noted
in adjacent non-tumor tissues, and it was inversely correlated
with T grade, lymph node metastases and clinical tumor stage.
Overexpression of miR-375 led to a decreased protein level
of Kriippel-like factor 4 (KLF4) and marked suppression of
the proliferation and invasion, and induced apoptosis of LSCC
cell line Hep-2 using Cell Counting Kit-8, Transwell chamber
and cell cycle assays. In addition, we examined the influence
of the upregulation of miR-206 alone and upregulation of
both miR-375 and miR-206 on the expression of KLF4 and
Hep-2 cell behavior. The results showed that compared with
the function of miR-375 in tumor suppression by regulating
KLF4, co-transfection of miR-375 and miR-206 exhibited a
less effective inhibitory effect not only on tumor cell prolif-
eration and invasion, but also on tumor cell apoptosis. Taken
together, miR-375 is possibly a tumor suppressor in LSCC by
regulating KLF4. In addition, simple overexpression of several
miRNAs did not entail higher efficacy than a single miRNA,
similar to co-transfecions of miR-375 and miR-206.
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Introduction

MicroRNAs (miRNAs) are a class of non-coding RNAs that
are ~22 nucleotides in length. Since their discovery in 1993,
miRNAs have been shown to play a profound role in the regu-
lation of many aspects of cell function (1,2). miRNAs are often
upregulated or downregulated in human types of cancers, and
can affect different stages of tumor development to promote or
inhibit tumor growth by post-transcriptionally downregulating
or suppressing mRNA expression (3,4). In particular, many
miRNAs that are expressed at low levels have been demon-
strated to play a role in tumor suppression in cancers including
laryngeal squamous cell carcinomas (LSCCs).

LSCC, is one of the most common head and neck cancers
worldwide and, accounts for nearly 90% of all malignant
laryngeal cancers (5). Despite recent advances in chemoradio-
therapy and surgery, there have been no clear improvements
in the prognosis of this disease (6). Although the pathology of
LSCC has been attributed to many factors, the accumulation of
genetic and epigenetic changes remains the most favored basic
mechanism of tumorigenesis (7). Recent studies have identified
many miRNAs that are abnormally expressed in multiple solid
tumors, such as gastric (8), liver (9) and ovarian cancer (10),
including LSCC (11). We previously investigated the func-
tions of a series of miRNAs in LSCC. It was found that the
expression levels of miR-19a, miR-21, miR-129 and miR-206
were decreased, whereas the expression levels of miR-203 and
miR-205 were increased in LSCC (11-17). Functional analyses
indicated that these miRNAs, which function as oncogenes
or tumor suppressors, have indeed been implicated in the
carcinogenesis of LSCC. Recently, studies have shown that
synergistic expression of certain miRNAs could jointly effect
tumor behavior (18,19). To validate the function of the coordi-
nation among miRNAs, the present study aimed to investigate
whether the combined expression of miRNAs have superior
tumor-suppression effects to those of a single miRNA.

miR-375 is located on human chromosome 2q35 (20). To
date, low levels of miR-375 expression have been detected in
prostate (21) and esophageal cancer (22), and other types of
cancers. miR-206 is considered to promote muscle differentia-
tion by downregulating the DNA polymerase P180 subunit and
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transcription factors (23). We previously found that miR-206
was downregulated in LSCC. Transfection of miR-206 in
Hep-2 cells suppressed tumor proliferation, invasion and
induced apoptosis, indicating that miR-206 functions as a
novel tumor-suppressor gene in this cancer (13-17).

Kriippel-like factor 4 (KLF4), also known as gut-enriched
Kriippel-like factor, was recently identified as a Kriippel-type
transcription factor with three C,H, zinc fingers (24). KLF4
regulates the phenotype of tumor and stem cells (25), inhibits
the formation of tumors in sites such as the gastrointestinal
tract (26), and can promote malignant characteristics in other
tissues, including breast and skin tissues (27-29). Metacore
pathway analysis predicted that KLF4 is a target of miR-206,
which was further supported by sequence complementarity
alignment (30), and miR-375 directly inhibits the expression
of KLF4 by targeting its 3' untranslated region (7).

In the present study, it was found that the expression of
miR-375 was downregulated in LSCC tissues. miR-375 was
found to inhibit the tumor cell proliferation, migration and
invasion, and induce the apoptosis of LSCC cells, by regulating
KLF4 as a target gene. These effects were superior to that of
the combined expression of miR-375 and miR-206. miR-375
may act as a tumor suppressor and serve as a potential thera-
peutic target in LSCC.

Materials and methods

Patients and tissue collection. A retrospective review of
60 adult patients with pathologically confirmed primary LSCC
was performed. The use of clinical materials was approved
by the local Ethics Committee of the Second Affiliated
Hospital of Harbin Medical University. Between 2012 and
2015, these patients underwent a partial or total laryngectomy
at the Department of Otorhinolaryngology and Head and
Neck Surgery at The Second Affiliated Hospital of Harbin
Medical University. The matched specimens of LSCCs and the
corresponding adjacent non-neoplastic tissues obtained from
60 patients were preserved in liquid nitrogen within 5 min
after tumor resection, and were then stored at -80°C. The
study protocol used was in accordance with the Institutional
Guidelines for Human Research and was approved by the
ethics committee.

Lentiviral vectors for miR-206 and miR-375. Human miR-375
and miR-206 lentivirus gene transfer vectors harboring green
fluorescent protein (GFP) sequence were constructed by
GeneChem (Shanghai, China): miR-206, 5'"-TCCCAGTGAT
CTTCTCGCTAAGAGTTTCCTGCCTGGGCAAGGAGGA
AAGATGCTACAAGTGGCCCACTTCTGAGATGCGGGC
TGCTTCTGGATGACACTGCTTCCCGAGGCCACATGCT
TCTTTATATCCCCATATGGATTACTTTGCTATGGAAT
GTAAGGAAGTGTGTGGTTTCGGCAAGTGCCTCCTCG
CTGGCCCCAGGGTACCACCCGGAGCACAGGTTTGGT
GACCTTCTTCCTCATCAGGGCTTTGTGCCAGCAAAT
GACTCCCTCACCAAGGAAGTTTTTT-3' and miR-375,
5-AGGCTAGCGGGGCGCTGTGCAGCACTGAGCTCGC
GGAAGACCAGGACCAGGAGATCACCGAGGGCGACC
GCCAGGCCCCGGGCCCTCCGCTCCCGCCCCGCGAC
GAGCCCCTCGCACAAACCGGACCTGAGCGTTTTGTT
CGTTCGGCTCGCGTGAGGCAGGGGCGGCCTCTCAG
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CACCAGCCCGGGGGCCGGCCTGATCGCCACGCAGG
CACCTGCCGCCGCCA-3'. The recombinant lentiviruses of
miR-206 and miR-375, and the control lentivirus (GFP-lenti-
virus) were prepared and titered to 10% TU (transfection
units)/ml, according to the manufacturer's guidelines
(GeneChem).

Cell culture and transfections. The human LSCC cell line,
Hep-2, was purchased from the Cell Bank of the Chinese
Academy of Science (Shanghai, China). Cells were cultured
in Dulbecco's modified Eagle's medium (DMEM; HyClone,
Logan City, UT, USA) with high glucose, supplemented with
10% fetal bovine serum (FBS; Shanghai Shenggong Co.,Ltd.,
Shanghai, China) and 1% penicillin/streptomycin (Beyotime
Biotechnology, Shanghai, China) and were maintained at 37°C
under a humidified atmosphere containing 5% CO,. Six-well
plates were maintained at a concentration of 1x10° cells/
well for transfection. After 24 h, when the cells reached
~70-80% confluency, 1 ml of complete medium containing
lentivirus (10® TU/ml) preparations and Polybrene (5 pg/ml)
were added to each well. The cells were incubated at 37°C for
12 h. The supernatant from the cells was then removed, and
DMEM containing 10% FBS and 1% penicillin-streptomycin
was added. After 24 h, the culture medium was replaced with
fresh DMEM. At 72 h post-transfection, the mean percentage
of GFP-positive cells observed in each well was calculated
from three random fields of view at a magnification of x200
using a fluorescence microscope (IX70; Olympus, Tokyo,
Japan).

Extraction of total RNA and quantitative real-time polymerase
chain reaction. Total RNA was extracted using TRIzol
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer's protocol. RNA concentrations were determined using
absorbance readings at 260 nm, while RNA purity was evalu-
ated using the optical density (OD),s,/OD,s, absorption ratios.
cDNA was reverse transcribed using an All-in-One™ miRNA
quantitative polymerase chain reaction (QPCR) detection kit
(GeneCopoeia, Rockville, MD, USA). The reverse transcrip-
tion (RT) reactions were incubated at 37°C for 60 min and then
at 70°C for 5 min. Real-time qPCR was performed using a
SYBR-Green Master Mix and a 7500 Fast Real-Time PCR
system (both from Applied Biosystems, Carlsbad, CA, USA).
Reactions were incubated at 95°C for 10 min, followed by
40 cycles at 95°C for 10 sec, 60°C for 20 sec and 72°C for
30 sec. For the measurement of the KLF4 transcript from total
RNA, total cDNA was synthesized using ReverTra Ace qPCR
RT kit (Toyobo Co., Ltd., Osaka, Japan). Real-time PCR was
performed using SYBR Real-Time PCR Master Mix (Toyobo
Co., Ltd.). The ubiquitin 6 small nuclear RNA (snRNA) and
B-actin were used as endogenous controls for miRNA and
mRNA, respectively. The AACt method was used to determine
relative quantitation of miRNA and expression of mRNA in
tissue samples, and fold-change was determined as 22, The
primer sequences of miR-375 (product code, CD201-0173) and
endogenous control U6 (CD201-01730145) were applied by
Tiangen Biotech (Beijing, China). KLF4, 5'-CTTCCTGCCC
GATCAGATGC-3' and 5" TCGCAGGTGTGCCTTGAGT-3;
B-actin, 5'-CTTAGTTGCGTTACACCCTTTCTTG-3' and
5'-CTGTCACCTTCACCGTTCCAGTTT-3' were from
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Applied Bioneer (Daejeon, Korea). Each reaction was
performed in triplicate.

Western blot analysis. At 72 h post-transfection with miR-375
and miR-206, the cells were subjected to western blot analysis.
Cells were incubated in cell lysis buffer for 30 min on ice.
Cell lysates were separated using 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and were then transferred
to polyvinylidene fluoride membranes. After incubating the
membranes in 5% skim milk in Tris-buffered saline containing
0.05% Tween-20 (TBST), the membranes were incubated
with primary antibodies overnight at 4°C. The primary
antibodies used for western blotting included anti-KLF4
(1:1,000; Cell Signaling Technology, Boston, MA, USA).
The membranes were then washed with TBST and incubated
with species-appropriate horseradish peroxidase-conjugated
secondary antibodies for 1 h at 37°C. B-actin (1:5,000;
Bioworld Technology, Inc., St. Louis Park, MN, USA) served
as a loading control, and bands were quantified using ImagelJ
software (National Institutes of Health, Bethesda, MD, USA).
Three independent experiments were performed.

Cell proliferation assay. After transfection of Hep-2 cells by
lentivirus for varying durations of time: 12, 24, 48 and 72 h,
100 pl of sterile Cell Counting Kit-8 [2-(2-methoxy-4-nitro-
phenyl)-3-(4-nitrophenyl)-5-(2 ,4-disulfophenyl)-2H-tetrazo-
lium monosodium salt] (Dojindo Co., Ltd., Shanghai, China)
was added and incubated for another 4 h at 37°C. Later, spec-
trometric absorbance at a wavelength of 450 nm was measured
on an enzyme immunoassay analyzer (model 680; Bio-Rad
Laboratories, Hercules, CA, USA). The rate of cell growth was
calculated using the following formula: Cell growth rate
(%) = (mean absorbance in 96-wells of the treatment
group/mean absorbance in 6-wells of the cells in the control
group) x 100.

Transwell chamber invasion assay. Cells were washed, resus-
pended in complete RPMI-1640 medium (1x10° cells/ml), and
added to the upper chamber of Boyden chambers (24-well,
8-pm pores) coated with Matrigel (Becton-Dickinson Labware,
Franklin Lakes, NJ, USA). The lower chamber contained
600 ul conditioned medium. After 24 h of incubation, the
inserts and cells were mechanically removed from the upper
side of the filters. Filters were fixed in 4% paraformaldehyde
and stained with hematoxylin and eosin. Cells were observed
on a microscope, and five randomly selected fields were
observed at a magnification of x400. Tests were repeated in
triplicate.

Cell cycle assay. Cells were fixed with cold ethanol at 4°C for
1 h, and then stored at -20°C until analysis. Cells were washed
with phosphate-buffered saline (PBS), treated with RNase A
(50 pg/ml) and stained with ethidium bromide for 20 min at
37°C. Cells were analyzed for DNA content using flow cytom-
etry (FACSCalibur; Becton-Dickinson Immunocytometry
Systems, San Jose, CA, USA) and the distribution of cell
cycle phases was determined using ModFit LT for Mac V 3.0.

Apoptosis assay. The Annexin V-fluorescein isothiocyanate
(FITC) and propidium iodide (PI) double staining detection
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Table I. Correlation between the miR-375 expression level and
the clinicopathological parameters of the LSCC patients.

miR-375
Characteristics n (T/N expression ratio) P-value
Gender 0.255
Male 52 0.224+0.006
Female 8 0.228+0.003
Age (years) 0.520
>60 27 0.245+0.010
<60 33 0.239+0.004
T classification 0.016
T1-2 38 0.251+0.007
T3-4 22 0.227+0.003
Lymph node metastasis 0.032
Negative 35 0.251+0.008
Positive 25 0.230+0.003
Primary location 0.853
Supraglottic 31 0.241+0.009
Glottic 29 0.243+0.003
Clinical stage 0.003
I-1I 34 0.254+0.008
II-1v 26 0.226+0.002

T/N expression ratio, tumor/non-cancerous tissue expression ratio:
the fold-change in miR-375 levels relative to the human U6 gene in
tumor and matched normal tissues according to the 224 method.
Values are expressed as the means + SEM for each group. T/N,
tumor/non-cancerous tissues.

kit was used to measure apoptosis according to the manufac-
turer's protocol (Wanleibio, Shenyang, China). The cells were
resuspended in binding buffer (Beyotime Biotechnology) at a
concentration of 1x10° cells/ml. The cells were incubated with
5 ul Annexin V-FITC, stained with 5 ul PI, and then incu-
bated in the dark at room temperature for 15 min. Cells were
analyzed using flow cytometry within 1 h.

Statistical analyses. Data are expressed as the means + SEM
of three independent experiments, each performed in triplicate.
Statistical significance was tested using SPSS 19.0 software.
An independent t-test was used to analyze differences in
KLF4 mRNA levels after transfection, KLF4 protein scoring,
cell viability, invasive phenotype, apoptosis induction and cell
cycle distribution between groups. For analysis of differences
in miR-375 mRNA and KLF4 mRNA between tumor samples
and adjacent normal tissues, the data were checked by paired
t-test. P-value <0.05 was considered to indicate a statistically
significant result.

Results
miR-375 is downregulated in human LSCCs. We previously

reported that the expression of miR-206 is decreased in
LSCCs (13). In the present study, the expression of miR-375
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Figure 1. (A) Fluorescence microscopic images of (a) GFP-transfected control group; (b) miR-375-transfected Hep-2 cells; (c) miR-206-transfected Hep-2 cells
and (d) miR-375 + miR-206-transfected Hep-2 cells. (B) Light microscopy images of (¢) GFP-transfected control group; (f) miR-375-transfected Hep-2 cells;
(g) miR-206-transfected Hep-2 cells and (h) miR-375 + miR-206-transfected Hep-2 cells. GFP, green fluorescence protein.

was assessed in 60 patients. The clinicopathological findings of
the patients are shown in Table I. To determine the expression
of miR-375 in LSCC, qRT-PCR was used to assess the expres-
sion levels of RNA in the LSCC tissue samples and adjacent
normal tissues collected from the same 60 patients. Similar to
miR-206, the expression of miR-375 was also decreased in the
tumor samples (0.524+0.009), when compared with that in the
adjacent non-cancerous tissues (2.179+0.019) (P<0.01). The
tumor/non-cancerous tissue (T/N) ratios for the expression of
miR-375 were found to be significantly correlated with T stage,
tumor differentiation, neck nodal metastasis and clinical stage.
Decreased expression of miR-375 was found in the tumors
from patients with advanced clinical stage, T3-4 grade or
lymph node metastasis.

Transfection of miR-375 and miR-206 inhibits cell viability,
respectively. To investigate the biological function of miR-375
and miR-206 in LSCC, recombinant lentiviruses containing
miR-375 and miR-206 mimics as well as a GFP cassette,
were created. At 72 h after Hep-2 cells were transfected with
miRNAs and GFP control lentiviruses, >80% of the Hep-2
cells were found to express GFP, indicating the efficiency
and stability of the transductions (Fig. 1). The expression
of miRNAs in the different experimental groups was then
confirmed using qRT-PCR (data not shown).

All the experimental cells in the present study were catego-
rized into five groups: blank control group that contained
untreated Hep-2 cells; GFP control group that contained Hep-2
cells transfected with lentiviruses without miRNAs; miR-375
group that contained Hep-2 cells transfected with lentiviruses
with miR-375 mimics; miR-206 group that contained Hep-2
cells transfected with lentiviruses with miR-206 mimics; and
miR-375 + miR-206 group that contained Hep-2 cells trans-
fected with lentiviruses with miR-375 and miR-206 mimics.

As shown in Fig. 2 after transfection with the miRNAs,
the proliferation rates of the Hep-2 cells in the GFP control
group did not show any obvious alteration during the time
course. However, the viability of the miR-375 group Hep-2
cells was evidently decreased at each time point (12, 24, 48
and 72 h). The viability of the miR-206 group Hep-2 cells was
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Figure 2. Curve showing the rate of cell proliferation. After transduction with
miR-375 and miR-206 lentivirus, the rate of proliferation of Hep-2 cells was
lower at each time points (12, 24, 48 and 72 h, respectively) compared with
the controls.

also decreased compared with the blank control group, but the
proliferation rate curve had a smaller decrease after 24 h, and
its downward trend was less pronounced than that of miR-375.
Additionally, an initial evident decrease in the survival rate
curve of the miR-375 + miR-206 group was noted, which was
similar to the miR-375 group. This was followed by a relative
stable state after 24 h, and its downward trend was always
between the levels of the miR-375 and miR-206 groups. These
findings indicated that reconstitution of miR-375, miR-206 or
both miRNAs could inhibit the viability of Hep-2 cells in vitro.
Furthermore, transfection with miR-375 alone was found to be
the most effective.

Overexpression of miR-375 and miR-206 promotes early
apoptosis in Hep-2 cells. Flow cytometric analysis revealed
that transfection of Hep-2 cells with miRNAs for 72 h signifi-
cantly induced higher levels of apoptosis, compared with cells
of the GFP control or the uninfected cells. As shown in Fig. 3
the apoptosis rate of the GFP control group (2.8%) and blank
control group cells (2.6%) were nearly the same. However, the
apoptosis rate of miR-375 group cells (67.2%) was much higher
than the blank control group cells. Compared with the blank
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Figure 3. After transfection for 72 h, miRNAs induced Hep-2 cell apoptosis. The dot plot of the x-axis shows the log of Annexin V-FITC fluorescence and
the y-axis shows PI fluorescence, obtained by flow cytometry. (A) Representative image of Hep-2 cells without any treatment. (B) Representative image of
Hep-2 cells infected with GFP-lentivirus control. (C) Representative image of Hep-2 cells infected with the miR-375 lentivirus. (D) Representative image of
Hep-2 cells infected with miR-206. (E) Representative image of Hep-2 cells infected with miR-375 + miR-206. FITC, fluorescein isothiocyanate; GFP, green

fluorescence protein; miRNA, microRNA; PI, propidium iodide.
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Figure 4. Flow cytometric analysis of the effect of miRNAs on the cell cycle distribution in Hep-2 cells after transfection for 72 h. (A) Cell cycle analysis of the
blank control group Hep-2 cells. (B) Cell cycle analysis of GFP control group Hep-2 cells. (C) Cell cycle analysis of miR-375-transfected Hep-2 cells. (D) Cell
cycle analysis of miR-206-transfected Hep-2 cells. (E) Cell cycle analysis of miR-375 + miR-206 Hep-2 cells-transfected Hep-2 cells. GFP, green fluorescence

protein; miRNA, microRNA.

group, the apoptosis rate of miR-206 group cells (55.7%) was
also apparently higher than that noted in the untreated cells,
but lower than that noted in the miR-375 group. The apoptosis
rate of co-transfection group cells (62.5%) was between the
rated observed in the miR-375 and miR-206 group. These

results confirmed the strong pro-apoptotic effect of miR-375
and miR-206, however, the effect of miR-375 on the promo-
tion of apoptosis was stronger than the effect by miR-206, and
this effect was even stronger than miR-375 combined with
miR-206.
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Number of invasive number

Figure 5. Invasive phenotype of the lentivirus-transfected cells. (A) Representative image of migrating cells in the untreated group after 72 h of transfection.
(B) Representative image of migrating cells in the GFP group after 72 h of transfection. (C) Representative image of migrating cells in the miR-375 group
after 72 h of transfection. (D) Representative image of migrating cells in the miR-206 group after 72 h of transfection. (E) Representative image of migrating
cells in the miR-206 + miR-375 group after 72 h of transfection. (F) The mean number of Hep-2 cells in each group that migrated to the lower chambers of the
Transwell plates is shown. (The different lowercase letters above the columns indicate significant differences between the groups; P<0.01).

A

Relative KLF4 mRNA expression

Relative KLF4 mRNA expression

Figure 6. (A) Expression of KLF4 mRNA in LSCC and adjacent normal tissues. KLF4 mRNA levels were 3.91-fold higher in the tumor tissues compared with
that in the adjacent normal tissues as detected by real-time RT-PCR ("P<0.05). (B) After transfection for 72 h, Hep-2 cells transfected separately with miR-375,
miR-206 and miR-375 + miR-206 lentivirus exhibited a significantly lower KLF4 mRNA level than that noted in the Hep-2 cells transfected with a GFP-
control lentivirus or the untreated Hep-2 cells, according to real-time RT-PCR assays. (The different lowercase letters above the columns indicate significant
differences between the groups; P<0.01). GFP, green fluorescence protein; KLF4, Kriippel-like factor; LSCC, laryngeal squamous cell carcinoma; RT-PCR,

reverse transcription-polymerase chain reaction.

miR-375 and miR-206 overexpression affects cell cycle
progression in the Hep-2 cells. miR-375-transfected Hep-2
cells (72.1%) showed the highest percentage of cells in the
Gl phase compared to the GFP control cells (60.1%) and
blank control cells (57.5%) at 72 h post-transfection (P<0.05).
This percentage in the miR-206-transfected cells (67.8%) was
higher than that noted in the GFP control cells or untreated
group cells, but lower than that in the miR-375 group cells.
The percentage of cells arrested in the Gl phase in the
miR-375 + miR-206-transfected cells (71.9%) was between the
percentage of cells in the miR-375 and miR-206 groups (Fig. 4).
This demonstrates that miR-375 and miR-206 upregulation
can both produce G1 phase arrest since the number of cells
in the G1 phase increased by >10% when compared with the
control groups. In addition, an increase in miR-375 alone had
the strongest effect on the G1 phase arrest.

miR-375 and miR-206 overexpression suppresses Hep-2
cell invasion in vitro. To investigate whether miR-375 and
miR-206 overexpression is beneficial to the Hep-2 cell
invasive phenotype, invasion assays were performed using
24-well Boyden chambers coated with Matrigel. The number
of Hep-2 cells that passed through the filter after transfection
with miRNAs for 72 h was much lower than that observed
for the GFP-control group cells (84+1.15) and blank control
cells (87+2.03). Among the three miRNA-transfected groups,
cells that were transfected with miR-375 (32.3+2.33) showed
less robust invasion than the group transfected with miR-206
(53+3.51) and miR-375 + miR-206 (42+0.33). The number of
invasive cells of the miR-206 group was higher than that noted
in the miR-375 group as well as the co-transfection group. In
addition, the number of invasive cells in the co-transfection
group was between this number noted in the miR-375 and
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Relative expression of KLF4

Figure 7. Downregulation of KLF4 protein levels in Hep-2 cells transfected with miR-375, miR-206 or miR-375 + miR-206 lentivirus results in lower levels
of KLF4 protein expression as compared with cells transfected with a GFP-control lentivirus or untransfected cells. (The different lowercase letters above the
columns indicate significant differences between the groups; P<0.01). GFP, green fluorescence protein; KLF4, Kriippel-like factor.

miR-206 groups (Fig. 5). However, the inhibitory effect on
invasion by miR-375 was stronger than that of miR-206 and
miR-375 + miR-206, and the inhibitory effect of miR-206 was
the weakest.

Overexpression of miR-375 and miR-206 suppresses the
expression of KLF4. KLF4 is an important gene with effec-
tive transcriptional regulation on various downstream genes
involved in cell cycle, apoptosis, proliferation and invasion.
To compare the expression of KLF4 in LSCC and adjacent
normal tissues, KLF4 mRNA in 60 patients with LSCC
samples and the corresponding adjacent non-neoplastic tissues
were performed using QRT-PCR. As shown in Fig. 6A, the
expression level of KLF4 mRNA in LSCC was ~4-fold higher
than that of the corresponding matched samples.

To detect the expression of KLF4 following regulation of
miR-375 and miR-206 in the Hep-2 cells after transfection,
KLF4 mRNA and protein expression was examined using
qRT-PCR and western blotting, respectively.

As shown in Fig. 6B, after transfection, the level of KLF4
mRNA in the GFP control group did not show an obvious
change as compared with the blank control group. However,
the KLF4 mRNA level in the miR-375 group showed a much
lower level than that in the blank control group. Expression
of KLF4 mRNA in the miR-206 group was also lower than
that in the blank control group, but higher than that in the
miR-375 group. In addition, the KLF4 mRNA level in the
miR-375 + miR-206 group was lower than that in the miR-206
group but higher than that in the miR-375 group (P<0.05).

Results of western blotting showed that the expression of
KLF4 protein was significantly downregulated after forced
expression of miR-375. The level of KLF4 in the miR-206
group was also decreased compared with the control groups,
but not as much as miR-375. In addition, the expression of
KLF4 in the co-transfection group was lower than that in the
miR-206 group but higher than that in the miR-375 group
(P<0.05). However, cells in the GFP control group did not show
any significant changes in the expression of KLF4 protein as
compared to the untreated Hep-2 cells (P>0.05; Fig. 7).

Discussion

Increasing evidence suggests that miRNAs play key roles
in diverse biological processes, including development,

cell proliferation, differentiation and apoptosis (31,32).
Furthermore, miRNAs have also been reported to play essen-
tial roles in carcinogenesis and tumor progression (33,34).
Numerous published studies have reported that miR-375 is
downregulated in several types of cancer (35,36). In the present
study, it was confirmed that miR-375 was downregulated in
LSCC, which is consistent with the results of Luo et al (37).
It was found that lower expression of miR-375 was closely
correlated with lymph node metastasis, advanced clinical
stage and high T classification. Considering the association of
these clinicopathological parameters with the poor prognosis
of patients with LSCC, these results imply that miR-375 may
play a role in the progression and influence the prognosis in
LSCC. To explore the effect of the overexpression of miR-375
on the metastasis and progression of LSCC, we examined the
alterations in cell growth and behavior following miR-375
overexpression in the Hep-2 cells. Elevated expression of
miR-375 suppressed proliferation, induced cell cycle arrest
in the G1 phase, and suppressed cell migration and invasion
in the Hep-2 cells. Taken together, these results suggest that
miR-375 is a tumor-suppressor in the growth and progression
of LSCC. Various previous studies have proposed that the
co-regulation of one target gene or even an entire biological
module by combinations of miRNAs may lead to potent
synergistic effects (38,39). In the present study, both miR-375
and miR-206 were overexpressed to test the effects on tumor
cell function. However, the results indicated that the inhibitory
effect in the co-infected LSCC cells was not stronger than
that noted in the LSCC cells transfected with miR-375 alone,
although it was better than that in the Hep-2 cells transfected
with miR-206 alone.

KLF4 was of particular interest to us due to its role in
proliferation during tumorigenesis and its dual functions in the
context of the tumor microenvironment. For instance, KLF4
appears to suppress the formation of tumors in tissues such
as the gut (26), while it can promote malignant properties in
other tissues, such as the breast and skin (27-29). KLF4 plays
an important role in regulating multiple biological functions,
including proliferation, survival, epithelial-mesenchymal
transition, migration, invasion and capillary tube forma-
tion (40,41). Consistent with Suer et al (42), KLF4 was found
to be overexpressed in LSCC tumor tissues compared with its
level in adjacent normal tissues. In the present study, an inverse
correlation was found between the expression of miR-375
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and KLF4 in the LSCC tissues. Furthermore, expression of
KLF4 at both the mRNA and protein levels was significantly
downregulated by overexpression of miR-375 using miR-375
mimic transfection. KLF4 was also inhibited following over-
expression of miR-206, but the inhibitory effect of miR-375
on KLF4 was more obvious than that of miR-375 + miR-206,
and the inhibitory effect of miR-206 was the weakest. Taken
together, these results suggest that decreased KLF4, induced
by restoring miR-375, participates in the progression of LSCC.

Previous studies have indicated that KLF4 can upregulate
the expression of miR-206, and the latter can also promote
the expression of KLF4 by an autoregulatory feedback loop
formed by KLF4 and miR-206 (25), the regulatory mechanism
related to tumor initiation (43). Thus, while both miR-375 and
miR-206 can act on KLF4 (7,30), the regulatory pathways are
different. Furthermore, the two miRNAs may depend on other
crucial target genes which participate in the mechanisms of
blockade of proliferation of LSCC cells or increase in apoptosis.
Hence, no synergistic effects were noted in the LSCC cells by
simple co-transfection of miR-375 and miR-206.

Another possible reason concerning the results of the
present study is as follows. KLF4 can bind to B-catenin
and decrease mRNA levels, and can also inhibit (3-catenin
function and signaling. Furthermore, KLF4 shows inhibi-
tory activity in B-catenin-mutant cells (44). B-catenin is
overexpressed in LSCC (45). Downregulation of miR-375 is
reported to be associated with -catenin mutants, suggesting
that B-catenin signaling can repress miR-375 (46,47). It was
demonstrated that miR-375 suppresses the expression of
KLF4. Thus, KLF4, $-catenin and miR-375 may mutually
restrictonly toformacircle. When both miR-375 and miR-206
are overexpressed, exogenous miR-206 may decrease KLF4
mRNA levels, thereby disrupting the mutual restriction rela-
tionship among miR-375, KLF4 and [-catenin, ultimately
impairing the inhibitory function of miR-375 toward KLF4,
such that the combination of miR-375 and miR-206 did not
strengthen the inhibitory effect of miR-375. Such interaction
could partially explain the finding that the co-transfection
did not have the strongest effect in LSCC cells.

In conclusion, the expression of miR-375 was downregu-
lated in LSCC tissues and was correlated with neck lymph
node metastasis, clinical stage and other poor prognostic
clinicopathological parameters. The increased expression of
miR-375 suppressed cell proliferation, invasion and promoted
cell apoptosis of LSCC cells through KLF4 in vitro. Taken
together, these results suggest that the overexpression of
miR-375 induced the decrease in the expression of target gene
KLF4, and consequently inhibited cell malignant behaviors of
LSCC. These results also suggest that the miRNA-regulatory
network is further complicated by the fact that any single
miRNA can regulate hundreds of targets, while multiple
miRNAs may converge to control the same process (48).

Unfortunately, the complete mechanisms by which
miRNAs regulate the function of KLF4 in LSCC and the
doses of miRNAs to KLF4 are not known yet, but the present
findings clearly indicate that simply combining several
miRNAs with a common target gene does not always yield
additive effects. miR-375 presents an exciting new opportunity
for the treatment of laryngeal cancer in the future. In addition,
assessing the effects of combinatorial miRNA treatment on
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different tumor types remains necessary, as this information
could be useful for developing therapeutic agents targeting
LSCC.
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