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Radiotherapy is one of the most effective treatment strategies for lung cancer. However, radioresistance is a 
main limitation for lung cancer therapy. It is required to identify novel target to improve the radiotherapy 
efficacy of lung cancer. This study aimed to investigate the role of long non-coding ribonucleic acid lung cancer 
associated transcript 1 in the radioresistance of lung cancer. The correlation between lung cancer associated 
transcript 1 and patient survival was analyzed by using the cancer genome Atlas database. The expression 
of lung cancer associated transcript 1 in cells and lung cancer tissues was measured by real time polymerase 
chain reaction assay. Cell counting kit-8 assay and colony formation assay were used to determine the 
sensitivity of cells to ionizing radiation. Western blotting assay was performed to detect protein expressions 
and bioinformatic strategy was used to predict the target competing endogenous ribonucleic acids of lung 
cancer associated transcript 1. In the present study, we showed that long non-coding ribonucleic acid lung 
cancer associated transcript 1 is dramatically elevated in lung cancer cells and tissues, and high expression 
of lung cancer associated transcript 1 was negatively correlated with poor outcome in terms of overall 
survival. Moreover, knockdown of this long non-coding ribonucleic acid inhibited cell viability and increased 
cell apoptosis after irradiation, while lung cancer associated transcript 1 overexpression showed opposite 
effects. Mechanistically, knockdown of lung cancer associated transcript 1 elevated the activation of apoptosis 
factors B-cell lymphoma 2-associated X protein and cleaved-caspase 3. And lung cancer associated transcript 
1 functions through binding with micro ribonucleic acid-199a-5p to regulate radiation response. In conclusion, 
we identified lung cancer associated transcript 1 as a factor promoting radioresistance in lung cancer, which 
provide novel target for cancer therapy.
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Rather than transcriptional noise, long non-coding 
Ribonucleic Acids (lncRNAs) were identified as 
non-coding RNAs (larger than 200 nucleotides 
(nt)) and were found to play critical role in cancer 
development, progression and metastasis[1,2]. 
Dysregulation of lncRNAs were also observed in 
most types of cancer. Along with the progress of 
sequencing techniques, the genomic analysis have 
revealed numerous lncRNAs up-regulated or down-
regulated in cancer tissues, or in serum or wrapped 
in exosomes, which provide diagnostic advantages 
of diseases[3,4]. Despite cancer biomarkers, lncRNA 
were also demonstrated to exert oncogenic or tumor 
suppressive functions. There are also lncRNAs, which 
were related to chemoresistance or radioresistance 
of cancer[5-7]. However, the role of most lncRNAs in 

cancer resistance remains largely unknown.

Lung cancer is the most common cause of mortality 
and the overall survival of lung cancer is really 
poor[8]. Non-small cell lung cancer constitute 80 
%-85 % of all lung cancer patients and the current 
treatment strategies mainly falls into surgery, 
chemotherapy as well as radiotherapy[8-10]. However, 
surgery can only be applied in early stages, while 
cancer resistance is an important obstacle for both 
chemotherapy and radiotherapy[11,12]. So uncovering 
the underlying mechanism of cancer resistance is 
critical for improving the therapeutic effects.

Recently, lncRNAs were reported to play key roles 
in lung cancer progression and therapy, which 
provide novel target for cancer therapy. For instance, 
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lncRNA HOX Transcript Antisense RNA (HOTAIR) 
was upregulated in lung cancer and correlated with 
poor outcomes of patients[13]. LncRNA-Urothelial 
Carcinoma Associated 1 (UCA1) regulated lung 
cancer progression and could be a possible biomarker 
in plasma[14]. Upregulation of lncRNA Small 
Nucleolar RNA Host Gene 1 (SNHG1) contribute 
to lung cancer progression through interacting with 
microRNA (miR)-101-3p, which targets SRY-Box 
transcription factor 9 (SOX9) and beta-catenin 
pathway[15]. Particularly, lncRNA Lung Cancer 
Associated Transcript 1 (LUCAT1) was proved to be 
associated in patient survival in lung cancer through 
repressing p25 and p57[16]. LUCAT1 was also found 
to promote cell proliferation and tumorigenesis in 
esophageal squamous cell carcinoma, renal cell 
carcinoma, glioma etc[17-19]. However, whether 
LUCAT1 was involved in cancer resistance including 
chemotherapy or radiotherapy has not been reported. 
In the present study, we measured the expression 
of LUCAT1 in lung cancer tissues and cells, and 
determined the cell proliferation and survival in 
LUCAT1 knockdown and Overexpressing (OE) 
cells. Finally, LUCAT1 was proved to be sponging 
with miR-199a-5p to regulate radiation sensitivity.

MATERIALS AND METHODS

Cells and treatments:

Human lung cancer cell lines like Adenocarcinomic 
human alveolar basal epithelial cells (A549), Human 
lung cancer cell line (H460) and Human non-small 
cell lung cancer cell line (H358) cells, as well as 
normal cells like Human Bronchial Epithelial cell 
line (BEAS-2B) were purchased from American 
Type Culture Collection, Virginia, United States 
of America (USA). All cells were maintained in 
Dulbecco’s Modified Eagle Medium (DMEM) 
(Gibco) supplemented with 10 % fetal bovine serum 
(Gibco) and incubated at 37° in a humid condition. 
Cells were transfected with lipofectamineTM 3000 
reagents to introduce cell knockdown or OE plasmids. 
After different treatments, cells were exposed to 
Cobalt-60 (60Co) gamma irradiation and used for 
next experiments.

Reagents and samples:

All this study was approved by the Ethics Committee 
of Haining People’s Hospital (Zhejiang, China). 
Samples of lung cancer patients were collected from 
30 patients with lung cancer surgery in Haining 

People's Hospital. Written informed consent was 
obtained from each patient. After the isolation of 
samples, samples were stored at -80° for further 
detection. All procedures performed in studies 
involving human participants were approved by the 
ethics committee of Haining People’s Hospital in 
accordance with the ethical standards of the 1964 
Helsinki declaration and its later amendments or 
comparable ethical standards.

Real time Polymerase Chain Reaction (PCR) assay:

Total RNA was extracted from frozen tissues as 
well as treated cell lines by using a TRIzol reagent 
according to the manufacturer’s instructions. The 
complementary Deoxyribonucleic Acid (cDNA) was 
synthesized by using a Reverse Transcription (RT) kit 
(Yeasen Co., Shanghai, China). Then the expressing 
LUCAT1 OE was detected with a SYBR green real 
time PCR kit (Yeasen Co. Shanghai, China). For 
lncRNA expression, all results were normalized 
for the expression of Glyceraldehyde-3-Phosphate 
Dehydrogenase (GAPDH). For miRNA, U6 was 
used as internal control.

Short hairpin RNA (shRNA) and OE vectors 
transfection:

Lentiviral transfection vector of LUCAT1 knockdown 
and OE was constructed by Genepharma Co. 
(Shanghai, China), by the way, empty vectors were 
used as Negative Control (NC). LipofectamineTM 
3000 was used to transfect these plasmids into 293T 
cells, from which the virus was collected at 48 h and 
72 h. A549 cells were transfected with either NC/
knockdown virus or NC/OE virus. After 48 h, cells 
were irradiated and used for next experiments. 

Luciferase assay:

A549 cells were seeded in 96 well plates at the 
concentration of 5000 cells per well. 24 h later, cells 
were transfected with wild type and mutant LUCAT1 
reporter plasmid and miR-199a-5p mimics. At 48 
h, the relative luciferase activity was assessed with 
dual-luciferase reporter assay system (Promega, 
USA).

Western blotting assay:

The proteins were extracted from cells with a Radio-
Immunoprecipitation Assay (RIPA) lysis buffer and 
subjected to Sodium Dodecyl Sulfate-Polyacrylamide 
Gel Electrophoresis (SDS-PAGE). After transfer, 
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proteins were blocked with milk and probed with the 
following primary antibodies like B-cell lymphoma 
2 (Bcl2) (Cell Signaling Technology (CST), 1:1000); 
Bcl-2-associated X protein (Bax) (CST, 1:1000); 
caspase 3 (Abcam, 1:1000); p53 (Abcam, 1:1000); 
p21 (CST, 1:1000), while GAPDH (CST, 1:1000) at 
4° overnight. Then the membrane were incubated 
with secondary antibodies and exposed with an 
Enhanced Chemiluminescence (ECL) kit (Thermal 
Fisher).

Cell proliferation assay:

A Cell Counting Kit-8 (CCK-8) kit (Beyotime, 
China) was used for cell viability and proliferation 
determination in different groups. The measurements 
were strictly performed according to the 
manufacturer’s instructions.

Apoptosis assay:

At 24 h after irradiation, cells were washed with 
Phosphate Buffered Saline (PBS) and trypsinized and 
collected. Then cells were incubated with an Annexin 
V-Fluorescein Isothiocyanate (FITC) and Propidium 
Iodide (PI) double staining kit (Beyotime, Haimen, 
China), according the manufacturer’s instructions. 
Then the cells were analyzed with flow cytometry 
equipment (BD, USA).

Statistical analysis:

All the experiments were repeated for three 
independent times and the data were expressed 
as mean±Standard Error of Mean (SEM). Data 
was analyzed with one way Analysis of Variance 
(ANOVA) followed by student t test, p<0.05 was 
considered statistically significant.

RESULTS AND DISCUSSION
The lncRNA LUCAT1 is up-regulated in lung cancer 
tissues and cell lines as shown in fig. 1. To check 
the expression of lncRNA LUCAT1 in lung cancer 
and cells, total RNA was extracted and transcribed 
into cDNA, from which LUCAT1 was amplified 
and measured. We found that the expression of 
LUCAT1 was significantly increased in lung cancer 
tissues, compared with normal lung tissues (fig. 1A). 
LUCAT1 was also observed to be upregulated in 
lung cancer cells A549, H460 and H358, compared 
with BEAS-2B (fig. 1B). Through a bioinformatics 
analysis, we found that high expression of LUCAT1 
was negatively correlated with overall survival and 
disease free survival in lung cancer patients (fig. 

1C and fig. 1D). These data indicated that LUCAT1 
may play key role in lung cancer. To determine the 
cellular localization of LUCAT1, we performed 
RNA Fluorescence In Situ Hybridization (FISH) 
assay as well RT-PCR in cytoplasm and nucleus. It 
was observed that most of the LUCAT1 was located 
outside nucleus, which was also confirmed in the RT-
PCR assay (fig. 1D and fig. 1E).

Knockdown of LUCAT1 inhibited cell proliferation 
and cell survival after irradiation was shown in 
fig. 2. We used small hairpin RNA to knockdown 
LUCAT1 in A549 cells and we found that shRNA2 
and shRNA3 have good knockdown capacity (fig. 
2A). Then cell proliferation was determined with 
CCK-8 assay at 24 h, 48 h and 72 h, from which 
we found that knockdown of LUCAT1 significantly, 
suppressed cell proliferation of A549 cells (fig. 2B). 
Then, we performed flow cytometry analysis to 
detect cell apoptosis in different groups. Knockdown 
of LUCAT1 resulted in more apoptotic cells when 
combined with ionizing radiation (fig. 2C) and the 
difference was significant (fig. 2D). Next, CCK-
8 assay was used to measure the cell viability and 
it was shown that irradiation induced a decrease in 
cell viability. In two LUCAT knockdown groups, 
cell viability reduced significantly than the single 
radiation groups (fig. 2E). In colony formation 
experiments, significantly fewer colonies survived 
in LUCAT1 knockdown groups after 4 and 8 Gy 
irradiation as shown in fig. 2F.

OE of LUCAT1 increased cell resistance to ionizing 
radiation as shown in fig. 3. To further confirm 
the role of LUCAT1 in lung cancer radiation 
sensitivity, we constructed a LUCAT1 OE cell with 
lentiviral vectors. The upregulation of LUCAT1 was 
confirmed with real-time PCR assay (fig. 3A). For 
cell proliferation, we found that OE of LUCAT1 
significantly promoted cell proliferation of A549 cells 
(fig. 3B). After irradiation, less apoptosis cells were 
detected in LUCAT1 OE cells compared with single 
radiation group (fig. 3C). From the CCK-8 data, we 
found that cells with LUCAT1 high expression was 
significantly resistant to ionizing radiation (fig. 3D). 
Significantly more colonies were found in LUCAT1 
OE groups after irradiation (fig. 3E). These data 
suggest that high level of LUCAT1 promotes cell 
resistance to radiotherapy. 

Knockdown of LUCAT1 promoted pro-apoptotic 
factors together with ionizing radiations as shown 
in fig. 4. The above data showed that LUCAT1 
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miR-199a-5p transfected group, while not in the 
LUCAT1 mutant groups (fig. 5B and fig. 5C). We also 
found that miR-199a-5p expression was negatively 
correlated with LUCAT1 expression in patient 
samples (fig. 5D). To determine whether the miR-
199a-5p is related to the radioresistance-promoting 
effect of LUCAT1, we transfected the miR-199a-5p 
inhibitor into LUCAT1 knockdown cells and then 
determined cell survival and apoptosis. Our data 
showed that miR-199a-5p inhibitor reversed the 
radio sensitizing effects of LUCAT1 on lung cancer 
cells (fig. 5E and fig. 5F).

In the present study, we demonstrated that lncRNA 
LUCAT1 promote cell proliferation and radiation 
resistance through sponging miR-199a-5p and 
knockdown of LCUAT1 reduced the cell viability 
while promoting cell death under radiation treatment. 
We also found that LUCAT1 was related to patient 
survival in lung cancer patients and negatively 
correlated with miR-199a-5p level. Our findings 
provide novel potential target for lung cancer therapy 

was related to cell killing which resulted from 
radiotherapy. We checked the expression of apoptosis 
related changes and found that LUCAT1 down-
regulated cells. Apoptosis promoted molecules such 
as Bax and caspase 3, which was increased when 
LUCAT1 was down-regulated as shown in fig. 4A 
and fig. 4B. This data proved that the apoptosis 
signaling pathway was further activated in LUCAT1 
knockdown cells compared with normal control 
groups.

LUCAT1 interacts with miR-199a-5p to regulate 
apoptosis after irradiation was explained in fig. 
5. The lncRNA often function via sponging with 
miRNAs to reverse the inhibitory effects of miRNA 
on its target genes. Through a bio-informatics tool 
(miRBase database), we predicted that miR-199a-5p 
as a potential target of LUCAT1 (fig. 5A). Further, 
we used a luciferase assay to check the binding 
property of LUCAT1 and miR-199a-5p. We found 
that the luciferase activity reduced significantly in 

Fig. 1: The lncRNA LUCAT1 is upregulated in lung cancer and negatively correlated with patient survival
Note: (A) Relative expression level of LUCAT1 in lung cancer tissues compared with adjacent normal tissues; (B) LUCAT1 in lung cancer cell lines 
A549, H460 and H358, and normal cells BEAS-2B; (C, D) Overall survival and disease free survival of patients with LUCAT1 high and low expres-
sion, (  ) Low LUCAT1; (  ) High LUCAT1; (E) RNA FISH staining of LUCAT1 in A549 cells; (F) RT-PCR detection of LUCAT1 in cytoplasm 
and nucleus of A549 cells, (  ) Nucleus; (  ) Cytoplasm, *p<0.05 vs. normal cells, **p<0.01 vs. normal cells and tissue groups
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Fig. 2: Knockdown of LUCAT1 inhibited cell proliferation and cell survival after irradiation
Note: (A) Expression of LUCAT1 in vector or shRNA transfected A549 cells; (B) Cell proliferation determined with CCK-8 assay in NC or shRNA 
transfected A549 cells, (  ) LUCAT1 knockdown; (  ) NC; (C) Representative images of apoptosis assay; (D) Analysis of apoptosis cells in 
different groups in normal as well as LUCAT1 KD cells, (  ) Sham; (  ) Ionizing radiation; (E) Cell viability of irradiated NC and shLU-
CAT1 transfected cells were detected with CCK-8 assay, (  ) Sham; (  ) Ionizing radiation; (F) Survival fraction were conducted in cells 
with LUCAT1 knockdown after radiation treatment, (  ) NC; (  )  LUCAT1 knockdown, *p<0.05, **p<0.01 vs. NC groups

Fig. 3: OE of LUCAT1 increased cell resistance to ionizing radiation
Note: (A) LUCAT1 OE plasmid was constructed and transfected into cells; (B) Cell proliferation determined with CCK-8 assay in (  ) LUCAT1 
transfected A549 cells or (  ) Vector; (C) Analysis of apoptosis cells in different groups in normal as well as LUCAT1 OE cells; (D) Cell survival 
assay in LUCAT1 OE cells and normal control cells; (E) Survival fractions were conducted in cells with (  ) Vector or (  ) LUCAT1 OE after 
radiation treatment, *p<0.05, **p<0.01 vs. NC groups
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Fig. 4: Knockdown of LUCAT1 promoted pro-apoptotic factors together with ionizing radiation
Note: (A, B) Representative images and bar graph of Western blot analysis of proteins involved in cell apoptosis, including Bax, Bcl2, caspase 3, p53, 
p21, while GAPDH was used as an internal control, (  ) Control; (  ) Ionizing radiation; (  ) Control-LUCAT1 knockdown; (  ) Ionizing 
radiation-LUCAT1 knockdown, *p<0.05, **p<0.01 vs. NC groups

Fig. 5: LUCAT1 interacts with miR-199a-5p to regulate apoptosis after irradiation
Note: (A) Bioinformatics prediction of miR-199a-5p to interact with LUCAT1; (B, C) Luciferase activity assay of miR-199a-5p binding with wild 
type LUCAT1 instead of mutant LUCAT1; (D) Expression of miR-199a-5p is negatively correlated with LUCAT1; (E) Cell survival was measured 
with colony formation assay in irradiated cells transfected with LUCAT1 shRNA and/or miR-199a-5p inhibitor; (F) Cell apoptosis was detected with 
flow cytometry assay in cells transfected with LUCAT1 shRNA and/or miR-199a-5p inhibitor, (  ) DMSO; (  ) Ionizing radiation, **p<0.01 vs. 
NC groups
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Intervention of LUCAT1-miR-199a-5p was also 
critical for the improvement of cancer therapy.
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for adjuvant radiotherapy.

LUCAT1 had been found to be up-regulated in 
several types of cancer, including breast cancer, 
esophageal squamous cell carcinoma, glioma and 
colorectal cancer[18,20-22]. And the present findings 
suggest a oncogene role of LUCAT1 because its 
cancer promotion property[23]. In our study, we 
found that LUCAT1 was significantly upregulated 
in lung cancer cells as well as tissues and LUCAT1 
was also correlated with survival in lung cancer 
patients. Furthermore, the possible role of LUCAT1 
in cancer resistance was investigated. It has been 
shown in literature that knockdown of LUCAT1 
inhibits cell proliferation[17]. In our model, we found 
that knockdown of LUCAT1 together with ionizing 
radiation (radiotherapy) produced an additional 
effect of cell killing, less proliferation while more 
apoptosis was observed in LUCAT1 knockdown 
cells. Apoptosis signaling pathway was also affected 
by LUCAT1 knockdown, which was consistent with 
the phenotype. These data showed that LUCAT1 is a 
possible target for cancer treatment.

The lncRNA regulated biological processes mostly 
through a competing endogenous RNA (ceRNA) 
mechanism, in which miRNA was often found to 
be bound[24-26]. It has been proved that LUCAT1 
can be sponged with several miRNAs in different 
disease models. For instance, LUCAT1 regulates 
methotrexate resistance in osteosarcoma via miR-
200c/ATP Binding Cassette subfamily B member 1 
ABCB1 axis[27]. LUCAT1 bind with miR-5582-3p 
and regulates stemness of cancer stem cells[22]. In 
glioma, LUCAT1 sponge with miR-375 and promote 
cell survival and metastasis[17]. In this study, we 
identified miR-199a-5p as a potential target through 
bioinformatic prediction, which was further validated 
in luciferase assay. Surprisingly, miR-199a-5p was 
found to be a cancer suppressive factor in lung cancer 
and other types of cancer[28,29]. These data showed 
novel mechanism of LUCAT1 in lung cancer. 

In conclusion, our findings identified a novel 
lncRNA LUCAT1 which was related to lung cancer 
survival and the therapeutic effects of radiotherapy. 
Knockdown of LUCAT1 inhibited cell proliferation 
and increased cell killing effects combined with 
radiotherapy. We demonstrated that LUCAT1-miR-
199a-5p as a potential signaling pathway contributing 
to radiation resistance and cancer malignancy. 
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