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This study was aimed to investigate the function and mechanism of microRNA-200c (miR-200c) in the pro-
gression of non-small cell lung cancer (NSCLC). A total of 76 patients diagnosed as having NSCLC were
enrolled in this study. The expression level of miR-200c in NSCLC tissues and cell lines was investigated using
the quantitative real-time polymerase chain reaction (RT-qPCR) method. We found that the expression of miR-
200c was significantly reduced in NSCLC tissues and cell lines compared with normal lung tissues and the
human bronchial epithelial cell line. Overexpression of miR-200c using the miR-200c mimic significantly sup-
pressed cell proliferation and migration of NSCLC cell lines. The results of the luciferase reporter assay identi-
fied lactate dehydrogenase A (LDHA) as a direct target of miR-200c. The expression of LDHA was shown to
be suppressed in NSCLC cell lines with miR-200c mimic transfection. Furthermore, the transfection of small
interfering RNA (siRNA) targeting LDHA suppressed the proliferation and migration of NSCLC cell lines. In
summary, our results presented in this study suggested that miR-200c was able to inhibit the proliferation and
migration of NSCLC cells by downregulating LDHA. Therefore, miR-200c may be considered as a potential

candidate for the treatment of NSCLC.
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INTRODUCTION

Lung cancer (LC) is the leading cause of cancer-
related deaths worldwide, accounting for about 1.4 mil-
lion cancer deaths annually'. The annual LC mortality
rate in China was estimated to reach 1 million by 2025,
presenting a major public health issue and imposing
an enormous burden on patients™. Statistically, 85%
of LC cases were non-small cell lung cancer (NSCLC)
according to pathology type*. Smoking and environmen-
tal pollution are two major risk factors for LC in China™®.
Extensive efforts have been made regarding the screen-
ing and treatment methods of NSCLC, but the 5-year
overall survival rate of patients with NSCLC remains
poor because the patients are often diagnosed at a late
stages’ﬁ. Therefore, a more effective biomarker that can
contribute to early detection is urgently needed.

The Warburg effect (aerobic glycolysis) is a common
feature of cancer cells, which facilitates tumor cell

proliferation and progression with elevated glucose
uptake and lactate production’. Lactate dehydrogenase
A (LDHA), one of the subunits of lactate dehydrogenase
(LDH), participates in the final step of aerobic glycoly-
sis process by catalyzing pyruvate into lactate®’. Elevated
expression of LDHA has been found in a number of
human cancers including breast cancer, hepatocellular
carcinoma, gastric cancer, pancreatic cancer, and colorec-
tal cancer'”"!. The abnormal expression of LDHA was
also associated with poor clinical outcome'>™. Moreover,
several studies have shown that several known onco-
genes or transcription factors could stimulate the expres-
sion of LDHA, such as forkhead box protein (FOXM1),
miR-30a-5p, and MYC'*"*'®,

MicroRNAs (miRNAs) are a class of small noncoding
RNAs with a length of 18 to 25 bases, which can inhibit
relevant gene expression through binding to the seed
sequences within the 3’-untranslational region (3’-UTR)
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of target messenger RNAs (mRNAs)"". It has previously
been demonstrated that miRNAs are crucial for tumor
initiation and progression'*'”. miR-200c, one member
of the miR-200 family, has been demonstrated to be
downregulated in several human cancers®>. Further-
more, miR-200c also regulates cell proliferation, invasion,
metastasis, and drug resistance through interacting with
the corresponding target genes® >, However, although
these findings indicate that miR-200c plays an important
role in cancer cell migration and survival, the molecular
mechanisms underlying these processes require further
elucidation.

We investigated miR-200c expression and biological
function in NSCLC. Furthermore, we analyzed whether
miR-200c can regulate the expression of LDHA in
NSCLC. Our data indicated that miR-200c attenuated
tumor cell proliferation and migration through decreas-
ing the expression of LDHA. Additionally, these results
support miR-200c as a tumor suppressor and a potential
treatment target in NSCLC.

MATERIALS AND METHODS
Patients and Specimens

Seventy-six patients diagnosed with NSCLC who
underwent surgical resection at Nanjing Jinling Hospital
between September 2009 and December 2011 were
enrolled in this study. The approval of this study was
obtained from the Ethics Committee of Nanjing Jinling
Hospital. Written informed consent was obtained from
the patients according to the Declaration of Helsinki.
The clinicopathological parameters of all the enrolled
patients were collected and analyzed.

Cell Culture and Transfection

Two NSCLC cell lines (A549 and NCI-H460) and
the human bronchial epithelial cell line (16HBE) were
obtained from the American Type Culture Collection
(ATCC) (Manassas, VA, USA). The cell lines were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM;
Thermo Fisher Scientific, Waltham, MA, USA) supple-
mented with 10% of fetal bovine serum (FBS; Thermo
Fisher Scientific). The cells were maintained at 37°C in
a humidified atmosphere containing 5% CO,.

For cell transfection, Lipofectamine 2000 (Invitrogen,
Thermo Fisher Scientific) was used in this study accord-
ing to the manufacturer’s instructions. miR-200c mimic,
miR-200c inhibitor, negative control (NC) miRNA, small
interfering RNA (siRNA) targeting LDHA, and NC siRNA
were purchased from Genechem Co., Ltd. (Shanghai, P.R.
China). The mixture containing the synthesized nucle-
otide and Lipofectamine 2000 was incubated at room
temperature for 10 min and then added to the cultured
cell lines. Cells were collected after 48 h of transfection
for the following usage.
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RNA Extraction and Quantitative Real-Time
Polymerase Chain Reaction (RT-gPCR) Analysis

Total RNA including miRNA was extracted from
the NSCLC tissues and cell lines using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). The first-strand cDNA
was synthesized using the cDNA synthesis kit (Beyotime,
Shanghai, P.R. China). RT-qPCR analysis was performed
using SYBR Green qPCR Mix (Beyotime) on Applied
Biosystems 7500 equipment (Foster City, CA, USA). The
PCR conditions were as follows: 95°C for 5 min, and
40 cycles of denaturation at 95°C for 15 s and annealing/
elongation at 60°C for 30 s. U6 snRNA and [-actin
were used as internal control to normalize the expres-
sion of miR-200c and LDHA. The primers used in this
study were as follows: miR-200c, 5-CTTAAAGCCCC
TTCGTCTCC-3’ (forward) and 5-AGGGGTGAAGGT
CAGAGGTT-3’ (reverse); U6 snRNA, 5-TGCGGGTG
CTCGCTTCGGCAGC-3’ (forward) and 5-CCAGTGC
AGGGTCCGAGGT-3’ (reverse); LDHA, 5-GGTTGGT
GCTGTTGGCATGG-3" (forward) and 5-TGCCCCAG
CCGTGATAATGA-3’ (reverse); B-actin, 5-TGGCACC
CAGCACAATGAA-3" (forward) and 5-CTAAGTCA
TAGTCCGCCTAGAAGCA-3" (reverse). The relative
expression level was measured with the 2**CT method.

Cell Proliferation Analysis

The cell proliferation was measured by MTT [3-(4,5-
dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide]
assay. Briefly, 100 pl of transfected cells was seeded
into 96-well plates at a density of about 5x10° cells/
well. Cell proliferation was detected after the cells were
incubated for 0, 24, 48, and 72 h. MTT (10 ul, 5 mg/ml;
Beyotime) was added into every well. The cells were
cultured for 4 h in a 37°C incubator. Subsequently,
dimethyl sulfoxide (DMSO; 100 ul) was added into each
well and shaken gently for 10 min at room tempera-
ture to dissolve the crystal. The absorbance was mea-
sured at 570 nm using a microplate reader (SpectraMAX
Plus; Molecular Devices, Sunnyvale, CA, USA).

Cell Migration Analysis

Cell migration was measured by in vitro scratch assay.
Cells (1x10°) were plated in a six-well plate and cultured
to confluence. The cell monolayer was scraped in a straight
line to generate wound with a p100 pipet tip. The cells
were then washed twice to remove debris. The migration
distance was assessed at 0 and 24 h after wounding using
Imagel 1.48 software (NIH, Bethesda, MA, USA).

Western Blot

Total protein was extracted from the cells and tissues
using RIPA lysis buffer according to the manufacturer’s
instructions. Proteins were separated using 10% SDS-
polyacrylamide gel and then transferred to a polyvinylidene
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difluoride (PVDF) membrane (GE Healthcare Life software (Chicago, IL, USA) was used for statistical

Sciences, Chalfont, UK). The PVDF membrane was analysis. The differences between groups were analyzed
blocked with phosphate-buffered saline (PBS) buffer with Student’s #-test (two groups) and one-way analysis
containing 5% fat-free milk overnight at 4°C. The mem- of variance and Tukey’s test (three groups or above). Chi-
branes were incubated with rabbit anti-LDHA monoclo- square test was used to examine the correlation between
nal antibody (1:1,000; 3582; Cell Signaling Technology, miR-200c expression and clinicopathological parameters.
Danvers, MA, USA) and rabbit anti-B-actin monoclonal Kaplan—Meier curve and log-rank test were used to ana-
antibody (1:1,000; 4970; Cell Signaling Technology) at lyze the effect of miR-200c on the 5-year overall survival
room temperature for 3 h. Subsequently, the membrane of NSCLC patients. Univariate and multivariate analyses
was incubated with horseradish peroxidase-conjugated with Cox regression model were used to identify the inde-
goat anti-rabbit secondary antibody (1:1,000; 7074; Cell pendent factors for the prognosis of NSCLC patients. A
Signaling Technology) at room temperature for 2 h. The value of p<0.05 was considered statistically significant.
signals on the PVDF membrane were detected using the

Enhanced Chemiluminescent Kit (Beyotime) according RESULTS

to the manufacturer’s protocol. The relative protein
expression levels were analyzed using Quantity One
v4.63 (Bio-Rad, Hercules, CA, USA) and are presented
as the density ratio versus -actin.

miR-200c Was Significantly Downregulated
in NSCLC Tissues and Cell Lines and Was
Associated With Tumor Progression

The expression status of miR-200c in NSCLC tissues

Dual-Luciferase Reporter Assay and cell lines was assessed using RT-qPCR. First, we

Dual-luciferase reporter assay was used to confirm analyzed the expression of miR-200c in 76 pairs of
whether LDHA is a direct target of miR-200c. The NSCLC tumor tissues and adjacent noncancerous tissues.
wild-type (WT) and mutant (Mut) 3’-UTR of LDHA We observed that the expression level of miR-200c was
was amplified and cloned into the pmirGLO luciferase significantly reduced in NSCLC tumor tissues compared
reporter vector (Promega, Madison, WI, USA). The WT with adjacent noncancerous tissues (Fig. 1A). Next, we
and Mut LDHA constructs were cotransfected with either investigated the expression of miR-200c in NSCLC cell
miR-200c mimic or NC miRNA into the NSCLC cell lines (A549 and NCI-H460) and in normal human lung
lines using Lipofectamine 2000. Forty-eight hours fol- epithelial cell line (16HBE). We found that the expres-
lowing transfection, the luciferase activity was measured sion level of miR-200c in the A549 and NCI-H460 cell
using a Dual-Luciferase Reporter Assay Kit (Promega) lines was also significantly decreased when compared
following the manufacturer’s protocol. Data are presen- with the 16HBE cell line (Fig. 1B). The A549 cell line
ted as the ratio of Renilla luciferase to firefly luciferase. exhibited the most significant decrease in the expression

level of miR-200c (Fig. 1B).

Statistical Analysis To determine the clinical significance of miR-200c¢
Data are presented as meanzstandard deviation expression in NSCLC, we tested whether the expression
from at least three independent experiments. SPSS 16.0 of miR-200c was associated with clinicopathological
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Figure 1. MicroRNA-200c (miR-200c) was downregulated in non-small cell lung cancer (NSCLC) and correlated with poor progno-
sis of NSCLC patients. (A) The expression of miR-200c in tumor tissues and adjacent noncancerous tissues was detected by quantita-
tive real-time polymerase chain reaction (RT-qPCR). (B) The expression of miR-200c in NSCLC cell lines (A549 and NCI-H460) and
the human bronchial epithelial cell line (16HBE) was detected by RT-qPCR. ***p<0.001. (C) Low expression of miR-200c predicts
poorer 5-year overall survival of NSCLC patients.
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characteristics of NSCLC patients. We revealed that miR-
200c downregulation was frequently found in NSCLC
with large tumor size (p=0.033) and later tumor stage
(»=0.013). Also, we investigated the effect of miR-200c
expression on the 5-year overall survival of NSCLC
patients. The results presented in Figure 1C revealed
that the patients with low miR-200c had poorer overall
survival than those with high miR-200c (p=0.014).

Overexpression of miR-200c Suppresses the
Proliferation and Migration of NSCLC Cells

Because the expression of miR-200c was found down-
regulated in NSCLC, we hypothesized that miR-200c
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plays important roles in the progression and develop-
ment of human liver cancer. Therefore, the effect of
miR-200c expression on the NSCLC cell proliferation
and migration was investigated. The NSCLC cell lines
were transfected with miR-200c mimic, miR-200c
inhibitor, and NC miRNA. Posttransfection, RT-qPCR
was performed to detect the expression level of miR-
200c. As depicted in Figure 2A, the expression of
miR-200c was significantly increased in the miR-
200c mimic-transfected group compared with the NC
miRNA-transfected group. Conversely, the expression of
miR-200c in the miR-200c inhibitor-transfected group
was significantly decreased compared with the NC
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Figure 2. Overexpression of miR-200c inhibits A549 and NCI-H460 cell proliferation and migration in vitro. (A) The expression
of miR-200c in A549 and NCI-H460 cell lines after miR-200c mimic, inhibitor, and negative control (NC) miRNA transfection was
detected by RT-qPCR. The cell proliferation of (B) A549 and (C) NCI-H460 cell lines after miR-200c mimic, inhibitor, and NC
miRNA transfection was detected by MTT assay. The cell migration of (D) A549 and (E) NCI-H460 cell lines after miR-200c mimic,
inhibitor, and NC miRNA transfection was detected by wound-healing assay. *p <0.05, **p<0.01, ***p<0.001.
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miRNA-transfected group (Fig. 2A). Subsequently, the
MTT assay was performed to evaluate the effect of miR-
200c on the proliferation of miRNA-transfected A549
and NCI-H460 cell lines. The results indicate that the
ectopic expression of miR-200c significantly reduced the
cell proliferation rate of the A549 and NCI-H460 cell
lines, whereas transfection with the miR-200c inhibi-
tor significantly increased the cell proliferation rate in
the A549 and NCI-H460 cell lines (Fig. 2B and C). A
wound-healing assay was performed to determine the
effect of miR-200c on the cell migration of miRNA-
transfected A549 and NCI-H460 cell lines. As shown
in Figure 2D and E, overexpression of miR-200c by the
miR-200c mimic markedly suppressed A549 and NCI-
H460 cell migration compared with the miR-200c inhibi-
tor and NC miRNA-transfected cell lines. Taken together,
our results suggested that miR-200c may function as a
negative regulator on the proliferation and migration of
NSCLC cell lines.

LDHA Was a Direct Target of miR-200c in NSCLC Cells

The computational algorithms TargetScan and miRanda
were used to predict the potential targets of miR-200c.
Among all the putative targets of miR-200c, LDHA
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was selected because the seed sequence in the 3’-UTR
of LDHA perfectly paired with miR-200c (Fig. 3A).
Subsequently, the luciferase reporter assay was used to
determine whether miR-200c was able to directly bind
to seed sequences in the LDHA 3’-UTR in the NSCLC
A549 and NCI-H460 cell lines. As shown in Figure 3B
and C, the luciferase activity was markedly reduced in
both A549 and NCI-H460 cell lines cotransfected with
the WT LDHA 3’-UTR construct and miR-200c mimic;
however, no difference was detected in the A549 and
NCI-H460 cells cotransfected with the Mut LDHA
3’-UTR construct and miR-200c mimic, compared with
the control group. These findings indicate that LDHA
was a direct target of miR-200c in NSCLC. Next, we
analyzed the expression of LDHA in the miR-200c
mimic- or NC miRNA-transfected A549 and NCI-H460
cell lines. The results presented in Figure 3D and E illus-
trate that the transfection of the miR-200c mimic could
significantly reduce the expression of LDHA in both
A549 and NCI-H460 cell lines. Moreover, we found
that the expression of LDHA was inversely correlated
with miR-200c in NSCLC (Fig. 3F), which implies that
miR-200c could negatively regulate the expression of
LDHA by directly binging to the 3’-UTR of LDHA.
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Figure 3. Lactate dehydrogenase A (LDHA) was a direct target of miR-200c. (A) The putative binding sequence for miR-200c in
the 3’-untranslated region (3-UTR) of LDHA. The luciferase activity assay revealed the miR-200c mimic suppressed LDHA 3’-UTR
wild-type (WT) luciferase activity, whereas it had no effect on LDHA 3’-UTR mutant (Mut) luciferase activity compared with control
in (B) A549 and (C) NCI-H460 cells. ***p<0.001. Protein expression of LDHA in (D) A549 and (E) NCI-H460 cell line after miR-
200c mimic and NC miRNA transfection was detected by Western blot assay. (F) The expression of LDHA was inversely correlated

with the expression of miR-200c in NSCLC.
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Knockdown of LDHA Inhibits NSCLC Proliferation
and Migration

Because miR-200c could negatively regulate LDHA
expression, we therefore investigated whether knock-
down of LDHA exhibited similar effects on cell prolif-
eration and migration in A549 and NCI-H460 cells, as
overexpression of miR-200c. The A549 and NCI-H460
cell lines were transfected with LDHA siRNA. The results
in Figure 4A and B indicated that the protein expres-
sion level of LDHA was significantly reduced post-
transfection. The MTT assay and wound-healing assay
were then conducted to measure the cell proliferation
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rate and cell migration distance in order to assess the
function of LDHA on NSCLC progression. As shown
in Figure 4C and D, knocking down the expression of
LDHA suppressed the cell proliferation of both the A549
and NCI-H460 cell lines. Similarly, cell migration was
also impaired by the downregulation of LDHA (Fig. 4E
and F). The results presented in Figure 4C-F revealed
that the knockdown of LDHA could partly abolish the
effect of the miR-200c inhibitor on cell proliferation
and migration. Collectively, these results suggest that
miR-200c may negatively mediate cell proliferation and
migration in NSCLC, probably via inhibition of LDHA.
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Figure 4. Knockdown expression of LDHA inhibits A549 and NCI-H460 cell proliferation and migration in vitro. The protein expres-
sion of LDHA in (A) A549 and (B) NCI-H460 cell lines after small interfering (si)-LDHA and NC siRNA transfection was detected
by Western blot assay. The cell proliferation of (C) A549 and (D) NCI-H460 cell lines after si-LDHA and NC siRNA transfection was
detected by MTT assay. The cell migration of (E) A549 and (F) NCI-H460 cell lines after si-LDHA and NC siRNA transfection was

detected by wound-healing assay. *p<0.05, **p<0.01, ***p<0.001.
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DISCUSSION

Currently, accumulating studies have suggested that
miRNAs were dysregulated in multiple types of human
cancers and play important roles in the tumor initia-
tion and progression processes'®>. Several miRNAs,
including miR-200c, have been found abnormally
expressed in NSCLC and correlate with poor outcome of
NSCLC* %6 The present study demonstrated that
miR-200c was significantly downregulated in NSCLC
tissues and cell lines compared with adjacent noncan-
cerous tissues and normal lung epithelial cells. The bio-
logical function of miR-200c was investigated in NSCLC
cell lines in vitro. Gain-of-function studies indicated that
overexpression of miR-200c significantly inhibited the
proliferation and migration of NSCLC cells, which sug-
gested that the decreased expression of miR-200c may
contribute to the progression of NSCLC. Furthermore, the
clinical significance of miR-200c in NSCLC was investi-
gated. We found that low expression of miR-200c was cor-
related with the poor overall survival of NSCLC patients.

A number of studies have explored the role of miR-
200c in NSCLC****"*_ Shan et al. reported that overex-
pression of miR-200c could suppress cell invasion and
restore methotrexate sensitivity in the LC A549 cell line®’.
Another study conducted by Jiao et al. found that miR-
200c could also regulate the migration of the A549 cell
line and the epithelial-mesenchymal transition process™.
Recently, ZEB1 was identified as a target of miR-200c
in NSCLC in two independent studies®*?. However, the
underlying mechanism of miR-200c in regulating these
biological processes remains to be explored.

Our present study identified LDHA as a direct target
gene of miR-200c and demonstrated that miR-200c nega-
tively regulates the protein expression of LDHA in A549
and NCI-H460 NSCLC cell lines. LDHA is a cancer-
specific isoform of LDH that regulates glycolytic flux by
converting cytoplasmic pyruvate to lactate, an important
energy-producing step for cancer cells’. Liu et al. found
that LDHA was overexpressed in gastric cancer, and
the decreased expression of LDHA by oxamate could
inhibit cell proliferation and invasion, which suggested
that LDHA may be a potential therapeutic target for gas-
tric cancer'”. In this present study, knockdown of LDHA
expression using LDHA targeting siRNA significantly
suppressed the proliferation and migration of A549 and
NCI-H460 NSCLC cells, similar to the effects observed
following miR-200c overexpression. In addition, LDHA
has been identified as a direct target of miR-200c in
bladder cancer”. Therefore, the present study provides
further evidence regarding the relationship between
miR-200c and LDHA in human cancer.

In conclusion, the present study presents a functional
role of miR-200c in regulating NSCLC. Our results
demonstrated that miR-200c exerts suppressive effects
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on the proliferation and migration of NSCLC cells, at
least partly by targeting LDHA, thus suggesting that miR-
200c acts as a tumor suppressor in NSCLC. Therefore,
miR-200c may be a candidate target for cancer therapy
of NSCLC.
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