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MicroRNA dysregulation contributes to malignant progression, dissemination, and profound treatment resis-
tance in multiple cancers. miR-449a is recognized as a tumor suppresser. However, the roles of miR-449a in
lung cancer initiation and progression are largely unknown. Our study aims to investigate the roles and underly-
ing mechanism of miR-449a in modulating sensitivity to ionizing radiation (IR) in non-small cell lung cancer
(NSCLC). Lung cancer cells were transfected with miR-449a mimics or negative control and exposed to IR;
the levels of target protein, glycolysis, cell viability, apoptosis, and DNA damage were examined. miR-449a
was suppressed in lung cancer tissues and cancer cells (A549 and H1299). IR exposure significantly increased
the expression of miR-449a in A549 cells at doses ranging from 4 to 8 Gy at 24 h, whereas no significant
change in miR-449a was found in H1299 cells after IR. When A549 cells were exposed to IR at a dose of
8 Gy, the miR-449a level only had an acute increase within 12 h. miR-449a restoration dramatically suppressed
IR-induced cell apoptosis and DNA damage in both A549 and H1299 cells. Bioinformatics analysis indicated
that lactate dehydrogenase A (LDHA) was a potential target of miR-449a. miR-449a mimic transfection sub-
stantially suppressed the LDHA expression and production of lactate catalyzed by LDHA as well as glucose
uptake. We confirmed that miR-449a could bind to the 3’-UTR of LDHA mRNA using luciferase reporter
assay. LDHA siRNA-transfected cells showed enhanced cell apoptosis and DNA damage in response to IR
exposure. miR-449a upregulation enhanced IR sensitivity of lung cancer cells by suppressing LDHA and the

subsequent glycolysis.
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INTRODUCTION

Lung cancer ranks among the most prevalent and
lethal malignant tumors around the world. The majority
of lung cancers is non-small cell lung cancer (NSCLC),
which is characterized by rapid progression, high metas-
tasis risk, and profound treatment resistance. NSCLC
manifests with four main histologic types, including ade-
nocarcinoma, squamous cell carcinoma, large cell carci-
noma, and mixed histologies'. To date, platinum-based
chemotherapy with concurrent radiotherapy comprised
the first-line strategy for locally advanced NSCLC. How-
ever, despite optimal chemoradiotherapy, approximately
40% of patients suffer recurrent disease and treatment
failure within the irradiated areas, which contributes to
a dismal 15%-25% survival rate at 5 years®. The cellular

sensitivity of cancers to ionizing radiation (IR) is depen-
dent on an integrated molecular network, either by acti-
vation or inhibition of those molecules that account for
DNA repair, metabolism, survival, and signal transduction
regulation’. Therefore, identification and getting insight
into the mechanisms of the molecular targets for radio-
sensitization are of importance for lung cancer therapy.
MicroRNAs (miRNAs) are a class of short noncoding
RNAs with approximately 20 to 25 nucleotides that regu-
late gene expression posttranscriptionally by binding to
a complementary sequence in the 3’-untranslated region
(3’-UTR) of target mMRNAs*. miRNAs function by either
degrading the targeted mRNA or structurally suppressing
their transcriptional activities. Emerging evidence shows
that multiple miRNAs participate in various fundamental

'These authors provided equal contribution to this work.

Address correspondence to Di Liu, Department of Oncology, The Second Affiliated Hospital of Xi’an Jiaotong University, No. 157 West 5th Road,
Xi’an, Shaanxi 710004, P.R. China. Tel: 86-29-87679513; E-mail: doctor_ld@163.com



548

biological processes, including cell proliferation, apo-
ptosis, differentiation, and metabolism. Moreover, change
in both circulating and tissue miRNA expression profiles
was documented in NSCLC patients in comparison with
healthy subjects™®. Several plasma miRNAs were iden-
tified to be effective in predicting radiosensitivity, such
as hsa-miR-98-5p, hsa-miR-302e, hsa-miR-495-3p, and
hsa-miR-613". miR-449a is expressed at a low level in
several cancer cell lines, and solid tumors such as gastric
cancer, bladder cancer, and NSCLC""®, It was reported
that miR-34b/c overexpression increased radiosensitivity
even at low doses of radiation in NSCLC cells’. miR-34b/c
and miR-449a are two functionally related miRNA clus-
ters'’. However, the potential roles of miR-449a in over-
coming radiotherapy resistance and the underlying mecha-
nism in NSCLC remain unknown.

Reprogrammed cellular metabolism is a hallmark of
cancer for rapid growth and proliferation''. Aerobic gly-
colysis represents a common phenomenon in cancer
cells to consume more glucose to produce less energy
and glycolytic intermediates that are required for accel-
erated tumor growth regardless of their oxygen status.
Therefore, the alternative energy metabolism strategy
utilized by cancer cells highlights a potential pathway for
cancer therapy. Lactate dehydrogenase A (LDHA) is a
step-control enzyme that plays critical roles in the modu-
lation of glycolysis in cancer cells. Emerging evidence
has documented that LDHA was upregulated and corre-
lated with the clinicopathologic features and prognosis of
patients with NSCLC". Moreover, Zhou et al. reported
that ["*F]fluorodeoxyglucose (['"*F]JFDG) accumulation in
primary lung adenocarcinomas was correlated with the
expression of LDHA, and knockdown of LDHA inhib-
ited cellular proliferation and increased drug sensitivity
of cancer cells'. However, the epigenetic regulation of
LDHA expression and its role in regulating radiosensitiv-
ity are not completely understood. In the current study,
we emphasize the role of miR-449a in regulating radio-
therapy sensitivity in NSCLC and then investigate the
possible regulatory mechanism of LDHA by miR-449a,
which will be utilized as a new strategy for overcoming
radioresistance in patients with NSCLC.

MATERIALS AND METHODS
Tissue Sample Collection and Cell Cultures

Twenty-two NSCLC tissue samples and matched non-
cancerous normal tissue samples were surgically obtained
in our hospital from March 2014 to April 2015. None
of the patients received any chemotherapy or radiation
therapy before surgery. Tissue samples were immediately
snap frozen in liquid nitrogen until RNA extraction. In
addition, serum samples were collected from NSCLC
patients who were sensitive (n=15) or resistant (n=10)
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to radiotherapy in our department from August 2015.
Informed consent was obtained from all patients, and the
current work was approved by the Ethics Committee of
Shaanxi Provincial Tumor Hospital.

Human lung adenocarcinoma cells A549 and NCI-
H1299 were obtained from the ATCC (Manassas, VA,
USA) and cultured in RPMI-1640 media containing 10%
fetal bovine serum (FBS; Hyclone, Logan, UT, USA) at
37°C in humidified atmosphere with 5% CO,. Normal
human bronchial epithelial (HBE) cells were purchased
from Sciencell (Carlsbad, CA, USA) and grown in spe-
cialty medium (Sciencell) at 37°C in a humidified atmo-
sphere with 5% CO,. The lung adenocarcinoma cells
were plated in 25-cm” polystyrene flasks 24 h prior to
exposure of y-ray irradiation and then were grown to sub-
confluent monolayers. Then the irradiation of the cell
monolayers was performed using a Gamma Cell 40 Exac-
tor (Nordion International, Kanata, Ontario, Canada) at
a dose rate of 2.4 Gy/min at increasing doses of 2, 4, 8§,
and 12 Gy.

Quantitative Reverse Transcription Polymerase
Chain Reaction (qRT-PCR)

Total RNA and total miRNA were extracted from
NSCLC tissue samples and matched noncancerous nor-
mal tissue samples, as well as in A549 and H1299 cells
v-ray irradiated or not using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) based on the manufacturer’s proto-
cols. For determining the miR-449a level after stimula-
tion with IR, 1 pg of total RNA was reverse transcribed
using One-Step PrimeScript® miRNA cDNA Synthesis
Kit (Takara, Dalian, PR. China) for 60 min at 37°C and
for 5 s at 85°C. The subsequent qRT-PCRs were per-
formed using the SYBR® Premix Ex TaqTM II (Perfect
Real Time; Takara), with each reaction system containing
20 ng of templates and specific primers for miR-449a and
U6. The expression of miR-124 was normalized based
on the internal U6b using the 27**Ct method. Moreover,
for the analysis of the mRNA levels of LDHA, the puri-
fied RNA (1.5 pg) was used to generate the first-strand
cDNA using SuperScript® III Reverse Transcriptase
(Invitrogen). The resultant cDNA was amplificated using
a SYBR Green Real-Time PCR Master Mix Kit (Takara
Biotechnology) according to the manufacturer’s instruc-
tions. Each PCR was performed in triplicate. LDHA
primers (forward: 5-CAT CCT GGG CTA TTG GAC
TCT-3"; reverse: 5-TGT CCC AAA ATG CAA GGA
ACA-3") were used with GAPDH primers (forward: 5-G
CC AAA AGG GTC ATC ATC TC-3’; reverse: 5-GTA
GAG GCA GGG ATG ATG TTC-3’) as the internal con-
trol. The relative fold change in expression with respect to
a control sample was calculated by the 27**Ct method. All
real-time PCR assays were performed with the Bio-Rad
IQTMS Multicolour Real-Time PCR Detection System.
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Western Blot

Total cellular proteins were extracted using RIPA
lysis buffer supplemented with a proteinase inhibitor
cocktail, and the concentration of proteins in the cen-
trifuged lysis buffer was determined using a commer-
cially available BCA Assay Kit (Bio-Rad, Hercules, CA,
USA). Total protein (20 pg) in the supernatant was
mixed with 2x SDS loading buffer and then loaded onto
a 10-12% precast Bis-Tris gel (Invitrogen). After elec-
trophoresis, the separated proteins were transferred to
PVDF (polyvinylidene difluoride) membranes (Millipore,
Billerica, MA, USA) and blocked with 5% skim milk
powder at room temperature for 60 min. Then the mem-
branes were incubated with 1.0 ug/ml primary antibodies
against LDHA, y-H2AX, and B-actin (Cell Signaling
Technology, Beverly, MA, USA) overnight at 4°C, respec-
tively. Afterward, the membranes were washed and incu-
bated with horseradish peroxidase-conjugated secondary
antibodies (1:1,000 dilution) for 60 min at room tem-
perature. The target proteins were indicated using ECL
Western blotting detection reagents (ECL New England
Biolabs, Beverly, MA, USA). Quantification of the tar-
get proteins was performed using a Bio Image Intelligent
Quantifier 1-D (Version 2.2.1; Nihon-Biolmage Ltd.,
Tokyo, Japan) with B-actin used as an internal control.

Oligonucleotide Transfection

miR-449 mimics and the matched control were pur-
chased from RiboBio (Guangzhou, P.R. China). LDHA
siRNA and the corresponding negative control siRNA
were obtained from Invitrogen. Cell transfection of
miR-449a mimics and LDHA siRNA (50 nM) as well as
their control oligonucleotides was performed using the
Lipofectamine-based protocol (Invitrogen). The expres-
sion levels of miR-449a and LDHA in the cultured cells
were evaluated 48 h after transfection.

MTT Assay

The cell proliferation capacity of the lung cancer
cells in response to IR with or without miR-449a mimic
transfection was determined using MTT assays. In brief,
A549 and H1299 cells were grown at a density of
5,000 cells/well in 96-well plates and cultured at 37°C
for 24 h and then transfected with miR-449a mimics
and the negative control. The cells were then incubated
for another 48 h and were radiated, trypsinized, and
plated in six-well cell culture dishes in triplicate. The
MTT assay was performed according to the manufactur-
er’s instructions (Molecular Probes, Eugene, OR, USA)
after incubation for 48 h. The absorbance values were
determined at 570 nm using a Spectra Max 250 spectro-
photometer (VersaMax; Molecular Devices, Sunnyvale,
CA, USA).
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Colony Formation Assays

Cells transfected with miR-449a mimics or negative
control were incubated for 48 h and then were subjected
to irradiation. Afterward, the cells were incubated at
37°C in 5% CO, for 14 days. The percentage of surviv-
ing cells was calculated by comparing the number of col-
onies formed in the nonirradiated control cultures.

Cell Apoptosis

Lung cancer cells were plated in six-well plates at
3x10° cells per well and were transfected with miR-
449a mimics or LDHA siRNA followed by IR exposure.
Cells were harvested after 48 h and then were stained
with FITC-conjugated annexin V and propidium iodide
(PL; BD Pharmingen, San Diego, CA, USA) based on the
manufacturer’s instructions. The stained apoptotic cells
were analyzed by flow cytometry (Accuri C6; BD Bio-
sciences, San Diego, CA, USA).

Immunofluorescence Analysis of Intranuclear
Focus Formation

Cancer cells transfected with oligonucleotides were
plated on glass coverslips and exposed to indicated irra-
diation and were then fixed with 4% paraformaldehyde
for 15 min. After blocking with 3% BSA/PBS containing
Tween 20, cells were incubated overnight with primary
antibody against y-H2AX (ab22551; Abcam, Cambridge,
UK). The cells were then washed twice with PBS and
incubated with secondary antibodies for 30 min. Images
were viewed and acquired using a 60x oil objective lens on
a Zeiss fluorescence microscope controlled by AxioVision
4.8 software.

Determination of Glucose Uptake
and Lactate Production

The IR-exposed lung cancer cells were starved for
3 h in glucose-free medium and then were incubated
with 0.1 mM 2-deoxy-d-glucose (2-DG) (Sigma-Aldrich,
St. Louis, MO, USA) containing 10 uCi/ml 2-deoxy-d-
[2,6-’H] glucose (Sigma) for 10 min at 37°C. The reac-
tion was terminated by washing three times with ice-cold
PBS containing 10 mM b-glucose. Afterward, the cells
were lysed, and radioactivity taken up by the cells was
measured by a liquid scintillation counter. Lactate pro-
duction was measured by the lactate assay kit (Biovision,
Mountain View, CA, USA) based on the manufacturer’s
instructions. The results were normalized based on total
cellular protein amounts.

Luciferase Report Assay

Dual-luciferase report assay was performed to evaluate
whether miR-449a could bind to the 3’-UTR of the
LDHA gene. In brief, A549 cells were plated in a 96-well
plate and then were transfected with 50 nM miR-449a
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or its corresponding negative control miRNA. The cells
were then cotransfected with 0.2 mg/ml of wild-type or
mutant 3’-UTR of LDHA gene vectors. After incubation
for 48 h, luciferase activity was measured with the Dual-
Luciferase Reporter Assay System (Promega, Madison,
WI, USA). Firefly luciferase activity was then normal-
ized to the corresponding Renilla luciferase activity.

Statistical Analysis

Statistical analyses of data were performed by one-
way analysis of variance followed by Fisher’s PSLD post
hoc test using SPSS 22.0 software (IBM, Chicago, IL,
USA). The results shown are the mean+SEM. A value
of p<0.05 was considered statistically significant.

RESULTS

Expression of miR-449a in Lung Cancer Tissues
and IR-Exposed Lung Cancer Cells

We first evaluated the miR-449a levels in lung cancer
tissue samples and matched noncancerous samples using
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qRT-PCR. It was shown that miR-449a decreased to a
low level in cancerous tissues compared to the matched
noncancerous tissues (p<0.01), which gradually decreased
with the progression of the tumor stages, although no
significant differences were indicated (p>0.05) (Fig. 1A
and B). Additionally, we detected the serum miR-449a
levels in IR treatment-sensitive patients who had stable
or decreased lung cancer and in IR-resistant patients
who had progressed lung cancer. It was demonstrated
that IR treatment-sensitive patients had higher levels of
miR-449a than IR-resistant patients (p<0.01) (Fig. 1C).
Moreover, we detected miR-449a in normal HBE cells
and lung cancer cells (A549 and H1299) using qRT-
PCR. It was shown that miR-449a was significantly sup-
pressed in lung cancer cells compared to normal HBE
cells (p<0.01) (Fig. 1D). Furthermore, the expression of
miR-449a in response to various doses of y-ray radiation
ranging from 2 to 12 Gy at 12 h was determined in A549
and H1299 cells. The results demonstrated that miR-
449a was significantly induced in A549 cells at 4- and
8-Gy IR, which had a sharp decrease after exposure to
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Figure 2. miR-449a upregulation promoted IR sensibility in lung cancer cells. (A, B) A549 and H1299 cells were transfected with
miR-449a mimics, and miR-449a level was examined. (C, D) A549 and H1299 cells were transfected with miR-449a mimics or NC
and exposed to IR at 8 Gy, and cell viability within 48 h was determined using MTT assay. *p<0.05, **p <0.01, versus Control +8 Gy.
(E, F) Soft agar colony formation assay of A549 and H1299 cells transfected with miR-449a mimics or NC for 2 weeks (n=3). Average
number of colonies and representative images are shown. All experiments were repeated at least three times.
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12-Gy IR (Fig. 1E). However, we found that no statistical
increase in miR-449a was observed in response to IR in
H1299 cells at each irradiation dose (Fig. 1F). In addi-
tion, we detected the change in miR-449a expression after
8-Gy IR within 48 h in the two cell lines. It was shown
that miR-449a had an acute increase within 12 h follow-
ing IR exposure to 8 Gy in both A549 and H1299 cells to
a different extent. However, its expression decreased 24 h
after IR (Fig. 1G and H).
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miR-449a Restoration Profoundly Inhibited Lung
Cancer Cell Viability Exposed to IR

We supposed that IR-induced acute elevation of
miR-449a may play a role in inhibiting lung cancer cell
viability. Therefore, we transfected A549 and H1299
cells with miR-449a mimics to elevate its expression
approximately fourfold in A549 and HI1299 cells as
shown in Figure 2A and B. Afterward, the miR-449a
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Figure 3. miR-449a upregulation enhanced IR-induced cell apoptosis and DNA damage in lung cancer cells. (A, B) Cell apoptosis in
IR-exposed cells in the presence or absence of miR-449 mimics. (C) Western blot analysis of the level of DNA double-strand break
marker (y-H2AX) after IR. **p<0.01, compared to IR +miR-449 NC; ##p<0.01, compared to Control. (D) After irradiation, A549

cells were fixed and stained with anti-y-H2AX antibodies.
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mimics/NC-transfected cells were exposed to 8-Gy IR,
and cell viability was determined using the MTT assay.
It was confirmed that miR-449a upregulation dramat-
ically suppressed the growth of lung cancer cells in both
A549 and H1299 cells (Fig. 2C and D). In addition,
miR-449a upregulation profoundly inhibited colony for-
mation of A549 and H1299 cells injured by IR (Fig. 2E
and F).

miR-449a Restoration Promotes IR-Induced Cell
Apoptosis and DNA Damage

In addition, we evaluated cell apoptosis of lung cancer
cells using the annexin V/PI method. The cancer cells were
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introduced with miR-449a mimics or the correspond-
ing control and then were exposed to IR at 8 Gy. After
48 h of incubation, the fraction of apoptotic cells in
A549 further increased to 36.7+4.2% and to 39.8+5.1%
in H1299 cells (Fig. 3A and B). We determined the
expression of y-H2AX, a hallmark of DNA damage,
using Western blot. We found that IR induced a signifi-
cant increase in y-H2AX expression compared to the
non-IR-treated cells, which were profoundly correspond-
ing by the administration of miR-449 mimics (Fig. 3C).
Elevated y-H2AX plaques were observed in IR-exposed
AS549 cells that were transfected with miR-449a mimics
(Fig. 3D).
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Figure 4. miR-449a targets lactate dehydrogenase A (LDHA) to suppress its expression. (A) LDHA mRNA levels in NSCLC tissue
samples and matched noncancerous normal tissue samples (n=22). (B) Bioinformatic prediction of the binding site of miR-449a on
the 3’-untranslated regions (3"-UTRs) of LDHA. (C) Correlations of miR-449a and LDHA mRNA levels in NSCLC tissues. (D) A549
and H1299 cells were transfected with miR-449a mimics or negative control oligonucleotide, and miR-449a levels were evaluated
using gRT-PCR after 24 h. Glucose uptake (E) and lactate production (F) in lung cancer cells in response to miR-449a upregulation
by miR-449a mimics. *p<0.05, **p<0.01, versus control. (G) Luciferase assay of the binding of miR-449a on LDHA. A549 cells
were cotransfected with miR-449a mimics, NC oligonucleotide, and a luciferase reporter containing LDHA 3’-UTR (LDHA wt) or
mutant constructs of LDHA (LDHA mut). Then relative luciferase activity was determined. *p <0.01, versus miR-449 NC. (H) LDHA
mRNA levels in normal lung cell HBE and lung cancer cells (A549 and H1299). *¥p<0.01, versus HBE. (I) A549 cells were exposed
to escalating doses of radiation ranging from 2 to 12 Gy, and the expression of LDHA was detected using Western blot after incubation
for 24 h. **p<0.01, *p<0.05, compared to 0 Gy. All experiments were repeated at least in triplicate.
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miR-449a Targeted LDHA to Suppress Glycolysis of lactate and glucose uptake (Fig. 4E and F). More-
in Lung Cancer Cells over, the luciferase report assays also confirmed that
We predicted that LDHA was a potential target of there was a binding site of miR-449a on the 3"-UTR of
miR-449a using miRDB and TargetScan network as LDHA mRNA in A549 cells (Fig. 4G). We also exam-
shown in Figure 4A. We found that LDHA mRNA ined the LDHA mRNA levels in normal bronchial epi-
level in lung cancerous tissue samples was significantly thelial cells and lung cancer cells and found that LDHA
higher than that in the matched noncancerous tissues (p= mRNA was substantially elevated in cancer cells (p<0.05)
0.012) (Fig. 4B). In addition, miR-449a levels in lung (Fig. 4H). LDHA expression was inhibited in response to
cancer tissues were negatively correlated to the levels of the gradually increased IR in a dose-dependent manner
LDHA mRNA (R=-0.724, p<0.01) (Fig. 4C). In order to with a maximum inhibitory effect at 4 Gy. However, the
examine whether miR-449a upregulation could bind to LDHA levels had profound increase when exposed to IR
LDHA mRNA and change its expression, we determined at 8 and 12 Gy in comparison with that of 4 Gy (Fig. 41).
the LDHA mRNA in miR-449a mimic- and negative
control-transfected A549 and H1299 cells. The results LDHA Was Involved in the Regulation of IR Sensitivity
showed that in comparison with the matched control To investigate the role of LDHA in the regulation of
cells, miR-449a mimics inhibited the level of LDHA in IR sensitivity of lung cancer cells, LDHA siRNA and
both A549 and H1299 cells (Fig. 4D). Likewise, we found its matched control siRNA were introduced into lung
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Figure 5. LDHA inhibition enhances IR sensitivity in lung cancer cells. (A) LDHA siRNA and its control siRNA were transfected
into A549 and H1299 cells, and the expression of LDHA was determined 48 h after the transfections using Western blot. (B) Lactate
production after LDHA inhibition in lung cancer cells was examined 48 h after transfection. " p<0.01, compared to control. (C) Cell
apoptosis in A549 and H1299 cells after LDHA inhibition with or without IR exposure at 48 h. (D) DNA damages by IR exposure
in lung cancer cells transfected with LDHA siRNA or control siRNA. **p<0.01, compared to siR-Ctrl; ##p<0.01, compared to
IR-siR-Ctrl. All experiments were repeated at least three times.
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8 Gy. Cellular DNA damage and apoptosis were evalu-
ated after 24 h. It was shown that LDHA siRNA signifi-
cantly suppressed the expression of LDHA along with the
production of lactate (Fig. 5B). Moreover, after LDHA
interference had significant inhibitory effects on cell apo-
ptosis in A549 and H1299 cells without irradiation. In
addition, the transfection of LDHA siRNA profoundly
elevated the ratio of apoptotic cells following IR insults
(Fig. 5C). Likewise, we found that LDHA siRNA mark-
edly promoted the presentation of -H2AX in lung cancer
cells in response to IR exposure (Fig. SD).

DISCUSSION

Radioresistance is a major obstacle and challenge for
NSCLC treatment, and it is associated with poor prog-
nosis in NSCLC patients. Our study demonstrated that
miR-449a upregulation could enhance the sensitivity
of lung cancer cells to IR by targeting LDHA, which in
turn leads to the modulation of glucose metabolism by
suppressing glycolysis and promoting cell apoptosis in
lung cancer.

Emerging data showed that miR-449a was frequently
downregulated in various cancers, including lung cancer,
breast cancer, papillary thyroid carcinoma, hepatocellular
carcinoma, among others*'*'*, miR-449a belongs to the
pS3-responsive miRNA family and shares similar struc-
ture and function with the miR-34 family. miR-449a was
reported to play important roles not only in ensuring proper
normal cell functions but also in avoiding cancer, mark-
ing a close link between cell differentiation and tumor
suppression”. Moreover, miR-449 family members are
potent inducers of cell death and cell cycle arrest'®. Luo et
al. identified that miR-449a was significantly downregu-
lated in NSCLC tissues and cell lines, which promoted
cell apoptosis by binding to and inhibiting c-Met*. In
addition, Jeon and his colleagues demonstrated that miR-
449a could inhibit the expression of histone deacetylases
(HDAC:s) and may represent a potential therapeutic can-
didate in patients with primary lung cancers'’. In our
study, we also noticed that miR-449a was less expressed
in lung cancer cells, which had an acute increase in lung
cancer cells after IR stimulation, which may be an adap-
tive response to DNA damage induced by IR. However,
this acute response might be insufficient to reverse the
occurrence of radiotherapy resistance and affect cell
fate. Similarly, previous evidence revealed that radiation
acted as an environmental stimuli occurring at the mature
miRNA level, and it induced rapid miRNA activation
of miR-34 through 5’-end phosphorylation'®. However,
whether miR-449a upregulation employs the same mech-
anism as miR-34 in response to IR in lung cancer cells
needs further studies.

LDHA is a step-control enzyme involved in cell
glucose metabolism by converting pyruvate to lactate in
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an anaerobic condition, which is well acknowledged as
anaerobic glycolysis. It is confirmed that abnormal gly-
colysis frequently occurs in cancer cells in spite of suf-
ficient oxygen supply, termed “Warburg effects.” Studies
have demonstrated that aerobic glycolysis is a hallmark of
cancer cell metabolism, including lung cancers. The aero-
bic glycolysis reactions meet the high demand for amino
acids, fatty acids, and nucleotides for rapid cancer prolif-
eration and distant metastasis, although not for efficient
production of adenosine triphosphate (ATP). Therefore,
targeting glycolysis in lung cancer cells may highlight a
promising strategy for diagnosis and treatment. As a typi-
cal modulator of glucose metabolism in cancer cells, the
widely upregulated LDHA was indicated to be involved
not only in the initiation but also in the tumor mainte-
nance and progression of lung cancer'”. A recent clinical
study proved that LDHA was correlated with the clinico-
pathologic features and prognosis of NSCLC patients'.
However, the role of LDHA in response to the treatment
of radiation therapy in lung cancer cells is not completely
understood. Our study found that LDHA expression and
activity were suppressed following a mild dose of IR
within 24 h. However, this inhibition was discounted
against the profound increased dose of IR. We supposed
that the DNA damage repair system may work to fight
against IR insults. Recent compelling studies showed
that targeting LDHA combined with radiotherapy could
increase radiosensitivity in prostate cancer cells, indicat-
ing that LDHA was an ideal therapeutic target to develop
combination therapy for overcoming radioresistance'**.
In the current study, LDHA was one of the direct targets
of miR-449a as reflected by the luciferase reporter assay.
Moreover, exogenous genetic increase in miR-449a could
reinforce the efficiency of IR treatment, suggesting that
miR-449a and 7y-radiation synergistically promoted cell
death. However, whether the impact of miR-449a on cell
survival could be replicated in other cells and cancers still
requires additional studies.

In conclusion, our study demonstrated that exogenous
miR-449a could enhance the sensitivity of lung cancer cell
to IR treatment by suppressing LDHA expression and activ-
ity, which in turn led to the inhibition of cell glycolysis and
cell survival in lung cancers. Our study highlights an alter-
native approach to overcome radioresistance in cancers.
However, further studies concerning the potential roles of
miR-449a in other NSCLC cell lines and the underlying
mechanism in response to radiation therapy are needed.
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