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Abstract: Oral squamous cell carcinoma (OSCC) is a malignant solid tumor characterized by hypoxia. Autophagy is
considered to play a protective role in cancer cells under hypoxia. A variety of microRNAs (miRNAs) that play a critical
role in tumorigenesis have been identified. However, the underlying mechanisms of miR-150 in OSCC development
remain unclear. In this study, we observed decreased downregulated expression of miR-150 in association with
increased expression of BNIP3 in CAL-27 cells under hypoxia. Hypoxia induced the initiation of the BNIP3-mediated
autophagic process, and overexpression of miR-150 inhibited hypoxia-induced autophagy. In addition, we demon-
strated that miR-150 inhibited autophagy by negatively regulating the expression of the BNIP3 gene. Collectively,

our study identified miR-150 as a key modulator of autophagy by inhibiting BNIP3 in OSCC cells.
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Introduction

Oral squamous cell carcinoma (OSCC) is the
most common type of cancer in the oral cavity,
with an estimated global incidence of more
than 500,000 annually, including 300,000
newly diagnosed cases and an annual mortality
of approximately 145,000 [1, 2]. Because most
0OSCCs are diagnosed in the advanced stage,
patients frequently develop a second primary
cancer, local recurrence, and distant metasta-
sis after treatment failure [3]. At present, the
treatment modalities for OSCC involve radical
surgical resection with adjuvant chemotherapy,
radiotherapy, or both. In spite of great improve-
ments in the prevention of oral cancer, little
improvement in the relative 5-year survival rate
of patients with OSCC has been observed in the
past several decades [4]. Hence, the under-
standing of the molecular mechanisms related
to the pathogenesis and progression of this dis-
ease could allow to establish new and more
effective therapeutic strategies to improve the
survival and quality of life of patients.

Autophagy is a lysosomal degradation pathway
whereby degrades long-lived cellular macro-

molecules and organelles [5, 6], and maintains
intracellular homeostasis and prolongs cell sur-
vival under stress. Autophagy is up-regulated in
response to stress conditions such as nutrient
deprivation, growth factor depletion, and hypox-
ia [7-9]. Emerging evidence suggested that the
autophagy is related to a variety of pathological
disorders including cancer, neurodegenerative
and cardiovascular diseases [10-12]. In cancer
cells, autophagy appears to play a role at mul-
tiple levels of tumor development and may have
a protective role in carcinogenesis [13], and the
elucidation of the exact role of autophagy at dif-
ferent stages of cancer progression and in
treatment responsiveness is a complex and
challenging task. Further uncovering the role of
autophagy in OSCC might lead to the identifica-
tion of novel strategies for OSCC treatment.

Recently, a novel class of endogenous small
non-coding gene regulatory RNAs, termed
microRNA (miRNAs), has gained significant
attention [14]. MiRNAs exert their regulatory
functions on the expression of multiple genes
by initiating translational silencing or degrada-
tion of their cognate target mRNA [15, 16].
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Accumulating evidence shows that miRNAs
play important roles in the regulation of most
cellular processes, including differentiation,
proliferation, apoptosis, metabolism and
autophagy [17-20]. Deregulation of miRNAs is
closely linked to the pathological mechanisms
of many human diseases, including cancer
[241]. Several studies have also shown that miR-
150 is frequently downregulated in pancreatic
cancer, esophageal cancer, colorectal cancer,
and liver cancer [22-25], suggesting a tumor-
suppressive role of miR-150 in human tumori-
genesis. However, the biological functions and
mechanisms of mMiRNA-150 in OSCC are
unclear.

Materials and methods
Reagents and antibodies

Human miR-150 mimic and mimic negative
controls (miR-NC) were purchased from Ribobio
(Guangzhou, China). MiR-150 inhibitor and
inhibitor negative control (miR-NC) were also
purchased from Ribobio (Guangzhou, China).
Transfection of miRNA was performed with a
riboFECTTM Transfection Kit (Ribobio, Guang-
zhou, China) according to the manufacturer’s
protocol. The following primary antibodies were
used for Western blot: anti-BNIP3 polyclonal
antibody, anti-HIF-1 polyclonal antibody, anti-
LC3B polyclonal antibody, anti-Beclinl mono-
clonal antibody, anti-Atgb monoclonal antibody,
anti-p62 monoclonal antibody, and anti-actin
polyclonal antibody (Abcam, Cambridge, MA,
USA). Fluorescein isothiocyanate-labeled goat
anti-rabbit 1gG antibody Invitrogen (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) was
used as a fluorescent secondary antibody.
Alexa Fluor 488-labeled goat anti-rabbit 1gG
antibody (Beijing ComWin Biotech Co., Ltd.,
Beijing, China) was used as the secondary anti-
body for western blot.

Cell culture and transfection

The OSCC cell line CAL-27 was obtained from
Ninth People’'s Hospital, Shanghai Second
Medical University. All cells were cultured in
Dulbecco’s modified eagle medium (DMEM)
(Invitrogen, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (Thermo Fisher,
Waltham, MA, USA), 100 uM penicillin, and 100
UM streptomycin (Invitrogen, Carlsbad, CA,
USA) in a humidified 5% CO, environment at
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37°C. Hypoxic conditions were achieved with a
gas-controlled chamber (Thermo Electron
Corp., Marietta, OH, USA) maintained at 1% O,,
94% N,, and 5% CO, at 37°C. A total of 1 x 10°
CAL-27 cells were seeded on six-well plates,
and after reaching 60-70% confluence, the
cells were transfected with miR-150 mimic (and
mimic negative control) or inhibitor (and inhibi-
tor negative control) at concentrations ranging
from 50 to 100 nM using a riboFECTTM
Transfection Kit (Ribobio, Guangzhou, China)
according to the manufacturer’s instructions.
The cells were washed 16 h after transfection,
replenished with complete medium, and har-
vested at 24 or 48 h after transfection for sub-
sequent analysis. Quantitative real-time poly-
merase chain reaction (QRT-PCR) was used to
verify the efficiency of transfection.

RNA extraction and gRT-PCR

Total RNA was extracted from harvested cells
using TRIzol reagent (Takara Biotechnology,
Co., Ltd., Dalian, China) according to the manu-
facturer’s instructions. The concentration and
purity of RNA were determined spectrophoto-
metrically using a NanoDrop ND-1000
(NanoDrop Technologies, Wilmington, DE, USA).
The ratio of A260:A280 was used to indicate
the purity of the total RNA. A two-step qRT-PCR
was performed using a PrimeScript™ RT
reagent kit (Takara Biotechnology, Co., Ltd.,
Dalian, China). The total RNA was converted
into cDNA using a PrimeScript™ RT reagent kit
(Takara Biotechnology, Co., Ltd., Dalian, China).
Then, significantly up-regulated or down-regu-
lated miRNAs were quantified by real-time PCR
using SYBRRPremix Ex Tagq TM (Takara
Biotechnology, Co., Ltd., Dalian, China). PCR
was performed in a real-time PCR system
(Roche Light Cycler 480 Germany) as follows:
95°C for 3 min, 35 cycles of 95°C for 5 sec,
60°C for 20 sec and 72°C for 30 sec, and then
94°C for 1 min and 60°C for 1 min, with the
addition of a cycle for every 0.5°C. The relative
expression levels of BNIP3 and miR-150 were
respectively normalized to GAPDH and UG. The
following gene-specific primers were used:
Three independent experiments were per-
formed in triplicate.

Western blot analysis

Protein extraction and western blot were per-
formed as described previously [26, 27]. Cells
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were washed twice with cold phosphate-buff-
ered saline (PBS) and lysed on ice in RIPA buf-
fer (Shennong Bocai Biotechnology Co., Ltd.,
Shanghai, China). After incubation on ice for 30
min, the lysates were cleared by centrifugation
at 14,000 g for 15 min at 4°C, and the protein
concentrations were determined using BCA
protein assay kits (Shennong Bocai Biotech-
nology Co., Ltd., Shanghai, China). Equal am-
ounts of total protein were loaded and sepa-
rated by 10-15% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (Shennong
Bocai Biotechnology Co., Ltd., Shanghai, China)
and transferred to PVDF membranes (Shennong
Bocai Biotechnology Co., Ltd., Shanghai, China).
After blocking with 5% nonfat milk in phos-
phate-buffered saline, the membranes were
incubated with specific primary antibodies
overnight at 4°C, followed by incubation with
secondary antibodies labeled with HRP for 60
min. After washing three times with TBST, the
proteins were visualized using an Alpha Imager
2200 system (Alpha Innotech Corporation, San
Leandro, CA, USA). The bands of the specific
proteins were quantified after normalization to
the density of actin using Image J instrument
software.

Immunofluorescence microscopy

A total of 2 x 10% CAL-27 cells were seeded in
12-well plates with 14-mm-diameter cover-
slips. After incubation for at least 24 h, the cells
were treated with miR-150 mimic (and mimic
negative control), miR-150 inhibitor (and inhibi-
tor negative control) for 48 h under hypoxia (1%
0,) or normoxia (20% 0,). The cells were then
fixed in 4% paraformaldehyde (Beijing ComWin
Biotech Co., Ltd., Beijing, China) for 20 min and
permeabilized in 0.2% Triton X-100 (Beijing
ComWin Biotech Co., Ltd., Beijing, China) for 10
min. After washing three times with PBS, the
slices were blocked with goat serum for 1 h at
room temperature (RT), then incubated with
rabbit polyclonal anti-BNIP3 antibody (1:100
diluted in PBS) at 4°C overnight. The next day,
the cells were washed three times with PBS
and incubated for 1 h with goat anti-rabbit
immunoglobulin (Ig) antibody conjugated with
fluorescein isothiocyanate (FITC; Beijing Com-
Win Biotech Co., Ltd., Beijing, China) (1:400
diluted in PBS) for 1 h at room temperature in
the dark. Nuclei were counterstained with DAPI
(BeijingComWin Biotech Co., Ltd., Beijing,
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China). After washing with PBS, cells were
mounted with antifade mounting media
(BeijingComWin Biotech Co., Ltd., Beijing,
China), and signals were visualized under a
Nikon-E600 fluorescence microscope (TE2000;
Nikon Corporation, Tokyo, Japan). Images were
recorded using RSImage software.

Transmission electron microscopy

The CAL-27 cells (1 x 10°8) were seeded in 6-well
plates. After reaching 70-80% confluence, the
cells were transfected with miR-150 mimic (and
mimic negative control), miR-150 inhibitor (and
inhibitor negative control) using the riboFECTTM
Transfection Kit (Ribobio, Guangzhou, China)
according to the manufacturer’s protocol, fol-
lowed by culture for 48 h under hypoxia (1% O,)
or normoxia (20% O,). The cells were then fixed
with 2% glutaraldehyde in 0.1 M Sorensen buf-
fer (pH 7.3; Beijing Chemical Industry Group,
Co., Ltd., Beijing, China) for 1 h at 4°C and post-
fixed in 1% osmium tetroxide in 0.1 M cacodyl-
ate buffer for 1 h at room temperature. The
cells were then dehydrated in solutions of etha-
nol (30-90%), embedded in epon resin (Beijing
Chemical Industry Group, Co., Ltd., Beijing,
China) and sliced with a UC7 microtome (Leica,
Wetzlar, Germany) to a 70-nm thickness and
placed on uncoated copper grids. Sections
were subsequently counterstained with 4% ura-
nyl acetate (Beijing Chemical Industry Group,
Co., Ltd., Beijing, China) and visualized using a
JEM-1200EX Transmission Electron Microscope
(JEOL, Ltd., Tokyo, Japan).

Statistical analysis

Differences between groups were analyzed
using a Student’s t-test. All data were present-
ed as the mean + standard deviation from the
three independent experiments and analyzed
using SPSS software, version 19.0 (IBM SPSS,
Armonk, NY, USA). P<0.05 was considered as
statistically significant difference.

Results

Expression level of miR-150 and BNIP3 in
hypoxia-induced CAL-27 cells

To determine the expression levels of miR-150
and BNIP3 in CAL-27 cells, we first measured
the expression of mature miR-150 and BNIP3
in CAL-27 cells under hypoxia (1% 0O,) and nor-
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Figure 1. Expression levels of miR-150 and BNIP3 in hypoxia-induced CAL-27 cells. CAL-27 cells were cultured under
normoxia or hypoxia for 24 h. A, B. The relative mRNA expression levels of miR-150 and BNIP3 under hypoxia and
normoxia were detected by qRT-PCR. U6 was used as an internal control. #P<0.05. C. Western blot analysis of the
protein expression of BNIP3 between hypoxia and normoxia. B-actin was used as an internal control. #P<0.05. All

data are the mean + SD of three independent experiments.

moxia (20% O,) by qRT-PCR. As shown in Figure
1A, miR-150 levels were decreased significant-
ly following culture in hypoxic conditions com-
pared with normal cell lines. Figure 1B shows
that the expression of BNIP3 in OSCC CAL-27
cells was significantly increased under hypoxia
compared with normoxia. We further examined
the protein level of BNIP3 in CAL-27 cells by
Western blot, which revealed that the BNIP3
protein level was higher in CAL-27 cells than in
normal cell lines (Figure 1C). These results
demonstrate that hypoxia may decrease the
expression of mMiRNA-150 and increase the
expression of BNIP3.

Hypoxia induces autophagy in CAL-27 cells

One of the physiological responses of hypoxia
is the induction of autophagy [28]. To investi-
gate whether autophagy could be induced by
hypoxia in OSCC cell lines, CAL-27 cells were
incubated under hypoxic conditions for 4, 8,
16, and 24 h. When autophagy is activated, the
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LC3-1 protein localized in the cytoplasm is
cleaved, lipidated, and inserted as LC3-Il into
autophagosome membranes [29], providing a
means of observing autophagy induction. As
shown in Figure 2A, a diffuse distribution of
green fluorescence and weak punctate dots
were observed under normoxia, whereas a cor-
nucopia of LC3 punctate dots in the cytoplasm
was observed under hypoxic conditions by fluo-
rescence microscopy. Transmission electron
microscopy analysis revealed an increase in
double-membrane-bound vacuoles, where
cytoplasmic material and/or membrane vesi-
cles were encapsulated in vacuoles, the gold
standard for determination of autophagy in
CAL-27 cells incubated at 1% O, compared with
20% O, (Figure 2B, black arrows). During
autophagy, a series of autophagy genes associ-
ated with the formation of autophagosomes
are highly activated [30]. To confirm hypoxia-
induced autophagy, western blot analyses were
performed to measure the expression of LC3,
Atgb, Beclinl and P62 at the protein levels. We
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Figure 2. Hypoxia induces autophagy in CAL-27 cells. CAL-27 cells were cultured under normoxia or hypoxia for 4, 8,
16, and 24 h. A. LC3 punctate dots were visualized by fluorescence microscopy after CAL-27 cells were incubated
under normoxic or hypoxic conditions for 24 h. Nuclei were stained with DAPI. The LC3 punctate dots were quantified
by randomly counting 10 cells for each group. B. Autophagosomes or lysosomes containing segregated and degrad-
ed organelles, cytoplasmic material and/or membrane vesicles were observed by transmission electron microscopy
after exposure to normoxic or hypoxic conditions for 24 h. Black arrows indicate autophagic vacuoles consisting of
double membranes. (x 10000 magnification). The number of double membrane vacuoles per cell was determined
by counting 20 cells for each sample. C. Time-dependent expression of autophagy-related genes following hypoxic
exposure was assayed by western blot. B-actin was used as the internal control. #P<0.05. D. The time-dependent ex-
pression of hypoxia-induced protein HIF-1a/BNIP3 following hypoxic exposure was assayed by western blot. B-actin

was used as the internal control. #P<0.05. All data are the mean + SD of three independent experiments.

observed that hypoxia increased the expres-
sion of LC3, Atgb, and Beclinl in a time-depen-
dent manner (Figure 2C). As HIF-1 is the key
protein responsible for cellular adaptation to
low oxygen conditions, we examined whether
HIF-1 was involved in the hypoxia-induced
autophagy. Our results also showed that cells
subjected to hypoxia presented increased pro-
tein levels of HIF-1 and BNIP3 in hypoxia-treat-
ed CAL-27 cells (Figure 2D). These results sug-
gest that hypoxia could induce the presence of
the double membrane of autophagic vesicles
and expression of autophagy-related proteins,
including BNIP3, after 24 h of hypoxia. Taken
together, these results demonstrate that
autophagy might be induced during oxygen
hypoxic stress and that initiation of the autoph-
agic process is mediated through HIF-1 signal-
ing in CAL-27 cells.
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miR-150 inhibits hypoxia-induced autophagy in
CAL-27 cells

Emerging evidence indicates that miRNA regu-
lates autophagy by targeting autophagy-related
genes [31-33]. To investigate if miR-150 modu-
lates autophagy under hypoxia, we transfected
CAL-27 cells with miR-150 mimic or negative
control (miR-NC) under hypoxia for 48 h. Our
data showed that the number of LC3 punctate
dots formed per cell significantly decreased in
cells transfected with miR-150 mimic (Figure
3A). In addition, the number of autophagolyso-
somes was lower after miR-150 treatment than
miR-NC treatment, as observed by transmis-
sion electron microscopy (Figure 3B). The inhib-
itory effects of miR-150 on autophagy were
also confirmed by western blot analysis.
Consistent with the other markers of autopha-
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Figure 3. miR-150 inhibits hypoxia-induced autophagy in CAL-27 cells. CAL-27 cells were transfected with miR-150
mimic or negative control (50 nM) under a hypoxic environment for 24 h. A. LC3 punctate dots were visualized by
fluorescence microscopy. The LC3 puncta were quantified by randomly counting 10 cells for each group. B. Autopha-
gosomes or lysosomes containing segregated and degraded organelles were observed by transmission electron
microscopy. Black arrows indicate autophagic vacuoles consisting of double membranes. (x 6000 magnification).
The number of double membrane vacuoles per cell was determined by counting 20 cells for each sample. C. The
relative protein expression levels of LC3B-I to LC3B-II conversion and Atgh were assayed by western blot. 3-actin was

used as an internal control. #P<0.05. All data are the mean + SD of three independent experiments.

gy inhibition, we observed that following treat-
ment with miR-150 mimic, the LC3B-II/LC3B-I
ratio was attenuated, and polyubiquitin-binding
protein p62 levels were increased after overex-
pression of miR-150 (Figure 3C). These results
indicated that endogenous miR-150 contrib-
utes to the limitation of autophagic responses
in CAL-27 cells and that miR-150 may be a novel
inhibitor of autophagy.

miR-150 negatively regulates the BNIP3 pro-
tein in CAL-27 cells under hypoxia

Because precise modulation of BNIP3 protein
levels is essential for tumorigenesis, we hypoth-
esized that BNIP3 is regulated through a miR-
mediated mechanism. Since bioinformatics
analysis indicated that miR-150 is inversely cor-
related correlation with BNIP3 in OSCC, we next
verified whether miR-150 can regulate endoge-
nous BNIP3 expression under hypoxia. CAL-27
cells were transiently transfected with miR-150
mimic or inhibitor, and the expression of BNIP3
was examined. Figure 4A, 4B validation miR-
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150 after transfected with miR-150 mimic or
inhibitor. Western blot analysis revealed that
the protein expression levels of BNIP3 were
clearly decreased by the miR-150 mimic com-
pared with the negative control after 48 h
(Figure 4C). By contrast, BNIP3 protein levels
were significantly increased in miR-150 inhibi-
tor-transfected cells compared with negative
control-transfected cells under hypoxia (Figure
4D). Taken together, we can conclude that miR-
150 negatively regulates the protein expres-
sion of BNIP3 in CAL-27 cells under hypoxia.

Discussion

A variety of miRNAs have been identified to play
a critical role in tumorigenesis, and important
regulatory functions of miRNAs in several bio-
logical processes associated with tumor have
been described [34]. However, the underlying
mechanisms of miRNAs in OSCC development
have not been fully elucidated. To understand
the impact and molecular mechanisms under-
lying miRNA function, we searched for target

Int J Clin Exp Pathol 2017;10(3):2917-2927
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#P<0.05. All data are the mean + SD of three independent experiments.

genes that might be regulated by miR-150. We
demonstrated here that hypoxia resulted in
decreased expression of miR-150 in CAL-27
cells in association with increased expression
of BNIP3. Forced overexpression of miR-150
inhibited autophagy of CAL-27 cells. Additionally,
the upregulation of miR-150 negatively regulat-
ed the protein levels of BNIP3. These results
suggest that miR-150 is a key modulator of
autophagy by inhibiting BNIP3 in OSCC cells.

MiRNAs play vital roles by regulating the expres-
sion of target genes via the degradation or
translational inhibition of their target mRNAs
[35-37]. A growing body of evidence now sug-
gests that miRNAs act either as oncogenes or
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tumor suppressors in a variety of cancers [38,
39]. To determine the role of miR-150 in OSCC,
we searched for physiological targets using bio-
informatics analysis. Bcl-2 nineteen-kilodalton
interacting protein (BNIP3), a BH3-only mem-
ber of the Bcl-2 family, was identified as one of
the targets of miR-150. BNIP3 is increased in
many cancers, such as gastric adenocarcino-
mas, breast cancer, non-small cell lung cancer,
and primary prostate tumors [40-43]. During
the past decades, a series of studies have sug-
gested that increased expression of BNIP3
might induce cell death through multiple path-
ways including apoptosis, necrosis and autoph-
agy, depending on cell lines and conditions [44-
46]. Recent work provides further evidence

Int J Clin Exp Pathol 2017;10(3):2917-2927
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that overexpression of BNIP3 is not sufficient
to induce cell death and defines a role for
BNIP3 in promoting autophagy in response to
hypoxia [47]. BNIP3 competes with Beclinl-
Bcl2 and Beclin1-Bcl-xI complexes, resulting in
release of Beclinl and thus enhancing autoph-
agy [48, 49]. BNIP3 induces autophagy by
interacting with RheB, resulting in mTOR inhibi-
tion [50]. Moreover, BNIP3 could be involved in
autophagosome-lysosome fusion in later stag-
es of autophagy [51, 52]. Here, we found that
the expression of BNIP3 was significantly
increased in CAL-27 cells under hypoxia expo-
sure compared to normoxia. Transfection of
miR-150 mimic decreased the protein levels of
BNIP3 in CAL-27 cells under hypoxia exposure,
whereas administration of the miR-150 inhibi-
tor increased BNIP3 protein levels compared
with the negative control. These results sug-
gest that BNIP3 protein levels are inversely
associated with miR-150 expression in CAL-27
cells, which suggest that miR-150 might be an
important factor in OSCC cells through directly
targeting BNIP3. Further studies exploring the
role BNIP3 as a novel target in therapeutic
applications are needed.

Recently, the role of miRNAs in tumorigenesis
has been widely investigated, and their impor-
tant regulatory functions in several biological
processes associated with tumors have been
described [34]. Among known miRNAs with sig-
nificantly decreased expression levels, the
highly conserved miRNA miR-150 attracted our
attention. Decreased levels of miR-150 have
been observed in esophageal carcinoma,
colorectal cancer, pancreatic cancer, chronic
lymphocytic leukemia, and liver cancer [23-25,
53, 54], whereas miR-150 is upregulated in
gastric cancer, breast cancer, and lung cancer
[55-57]. Aberrant expression of miR-150 is
associated with cancer development and pro-
gression through regulating oncogenes or
tumor suppressor genes [58-60]. Based on the
literature, we explored the biological function
of miR-150 expression in OSCC. Our results
revealed decreased expression of miR-150 in
CAL-27 cells under hypoxic conditions com-
pared to normal conditions. Forced overexpres-
sion of miR-150 inhibited autophagy of CAL-27
cells. Our findings provide evidence suggesting
that miR-150 plays an important role in modu-
lating autophagosome formation in OSCC cells.
Hence, identifying the specific involvement of
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miR-150 in oral squamous cell carcinogenesis
will help expand our understanding of OSCC
and aid the development of new targets for
diagnosis and therapy.

In summary, our study suggests that miR-150
exerts its roles in OSCC through negative regu-
lation of the protein levels of BNIP3, and over-
expression of miR-150 inhibited autophagy in
CAL-27 cells in vitro. These findings suggest
that miR-150 may be a potential novel predic-
tor and therapeutic target for future develop-
ment of specific therapeutic interventions in
OSCC. However, further studies with in vivo
observations are required to confirm our
results.
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