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Abstract. – OBJECTIVE: Drug-resistance re-
mains a huge problem in the therapy of malig-
nant tumors including non-small cell lung can-
cer (NSCLC). Several researches have proved 
that long noncoding RNAs (lncRNAs) contrib-
utes to drug-resistance in NSCLC. LncRNA LU-
CAT1 was explored to identify how it functions 
in the cisplatin-resistance of NSCLC patients.

MATERIALS AND METHODS: Real Time-quan-
titative Polymerase Chain Reaction (RT-qPCR) 
was utilized to detect LUCAT1 expression in 
A549/DDP cells and A549 cells. Then, we con-
ducted cell counting kit-8 (CCK-8) assay and 
flow cytometric analysis to detect the function 
of LUCAT1 on the resistance of NSCLC cells to 
cisplatin. Furthermore, the potential mechanism 
was explored by mechanism assays.

RESULTS: LUCAT1 expression of A549/DDP 
cells was higher than paired A549 cells. Be-
sides, cell apoptosis was inhibited, cell cycle 
distribution was changed, and resistance to cis-
platin was promoted after LUCAT1 was overex-
pressed in A549 cells. Furthermore, the overex-
pression of LUCAT1 could upregulate the IGF-2 
expression in A549/DDP cells.

CONCLUSIONS: We suggest that LUCAT1 reg-
ulates cell cycle, cell apoptosis of NSCLC cells 
and the resistance to cisplatin through target-
ing IGF-2 and could be a possible target for NS-
CLC treatment.
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Introduction

Lung cancer is one of the most frequent ma-
lignancies in the world which is also the leading 
cause of tumor-related deaths globally, account-

ing for almost 1.3 million deaths annually1. Non-
small cell lung cancer (NSCLC), one prominent 
subtype of lung cancer, represents the majority of 
lung cancer diagnosed. NSCLC patients at ear-
ly-stage were treated traditionally with surgery. 
However, most of NSCLC cases are unfortunate-
ly diagnosed at an advanced stage without the 
opportunity to take curable surgery which con-
tributes to the poor survival rate. Platinum-based 
chemotherapeutics is the main intervention for 
advanced cases, such as cisplatin or carboplatin. 
However, continuous and/or multiple adminis-
trations often result in the development of drug 
resistance leading to the failure of therapeutic 
management.

Cisplatin covalently activates the DNA-dam-
age response, induces cell apoptosis and cell cy-
cle arrest. Accumulating evidence has indicated 
that drug-resistance is  closely modified by long 
noncoding RNAs (lncRNAs) which is longer 
than 200 nt without the ability of coding protein. 
For example, through increasing the stability of 
nuclear SREBP-1c protein, lncRNA MALAT1 
enhances hepatic steatosis and insulin resistance2. 
By regulating the PTEN-PI3K/Akt signal path-
way, lncARSR facilitates doxorubicin resistance 
of hepatocellular carcinoma which may serve 
as a potential therapeutic target and prognostic 
biomarker3. Overexpression of lncRNA SRLR 
decreases the responses to intrinsic sorafenib 
therapy in renal cell carcinoma4. Through se-
questration of miR-23b-3p, lncRNA MALAT1 
promotes chemo-induced autophagy in gastric 
cancer5. Moreover, lncRNA ANRIL promotes 
the progression of lung adenocarcinoma and con-
tributes to paclitaxel resistance6. However, the 
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clinical role of LUCAT1 in cisplatin-resistance 
remains unknown. Therefore, we conducted this 
study and found that LUCAT1 could regulate cell 
apoptosis, cell cycle and cisplatin resistance in 
NSCLC via upregulating IGF-2.

Materials and Methods

NSCLC Cell Lines and Cell Transfection
A549/DDP cells and A549 cells were cul-

tured in Roswell Park Memorial Institute-1640 
(RPMI-1640) medium (Invitrogen, Carlsbad, CA, 
USA) added with 10% fetal bovine serum (FBS, 
Gibco, Rockville, MD, USA). Besides, the incu-
bator for cell culture was consist of 5% CO2 at 
37°C. Lentivirus targeting LUCAT1 (LUCAT1/
shRNA; GenePharma, Shanghai, China) was 
cloned into pLenti-EF1a-EGFP-F2A-Puro-CMV, 
which were then transfected in NSCLC cells.

RNA Extraction and Real 
Time-Quantitative Polymerase 
Chain Reaction (RT-qPCR)

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
was utilized for extracting total RNA, which was 
then reversely transcribed to complementary de-
oxyribose nucleic acid (cDNA) through reverse 
Transcription Kit (TaKaRa Biotechnology Co., 
Ltd., Dalian, China). Following are the primers 
used for RTqPCR: LUCAT1, forward: 5’-CCTATC-
CCTTTCTCTAAGAA-3’ and reverse: 5’-ACTTCT-
GCAAAAACGTGCTG-3’; and for glyceraldehyde 
3-phosphate dehydrogenase (GAPDH), forward: 
5’-CCACATCGCTCAGACACCAT-3’ and reverse: 
5’-ACCAGGCGCCCAATACG-3’. Thermal cycle 
was as follows: 95°C for 30 sec, 5 sec for 40 cycles 
at 95°C, 60°C for 35 sec.

Cell Counting Kit-8 (CCK-8) Assay 
Half of the maximal inhibitory concentration 

(IC50) of cisplatin, an important factor of cis-
platin-resistance, was detected by CCK-8 assay 
(Dojindo, Kumamoto, Japan). Different concen-
trations of cisplatin were used to treat the cells. 
The absorbance was measured at 450 nm. 

Flow Cytometry Analysis
For cell apoptosis assay, flow cytometry bind-

ing buffer (100 μL) was added after harvested 
cells were washed twice using ice-cold. A mix-
ture containing 5 μL Annexin V/FICC (fluores-
cein isothiocyanate) and 5 μL Propidium Iodide 
(PI; BD, Franklin Lakes, NJ, USA) was used for 

staining these cells for 15 min in the dark. Then, 
they were added with 400 microliters binding 
buffer. FACSCalibur flow cytometer (BD Biosci-
ences, Franklin Lakes, NJ, USA) was performed 
to analyze cell apoptosis. For cell cycle assay, 
2×105/mL cells were diluted by RNase A in 75% 
ice-cold ethanol overnight. And these cells were 
stained with propidium iodide (PI; 50 mg/mL; 
BD Bioscience, Franklin Lakes, NJ, USA) in the 
dark for 30 min at 4°C. Then, they were measured 
with a flow cytometer (FACScan, BD Bioscience, 
Franklin Lakes, NJ, USA).

Western Blotting Analysis
Cell lysis buffer containing Tris-HCl and Tri-

ton X-100 was used for extracting total protein. 
The protein was transferred to nitrocellulose 
membranes by Sodium Dodecyl Sulphate (SDS) 
polyacrylamide gel. Then, 5% non-fat milk was 
used for blocking membranes within Tris-Buff-
ered Saline and Tween (TBST). Specific primary 
antibody was then utilized for incubating the 
membrane at 4°C overnight. Next, the samples 
were incubated with second antibody at room 
temperature for 30 min. Protein bands were vi-
sualized by ImageQuant LAS 4000 (Pittsburgh, 
PA, USA) with enhanced chemiluminescence 
(ECL) reagents (Pierce, Rockford, IL, USA).

Statistical Analysis
Statistical analysis was conducted by Statis-

tical Product and Service Solutions (SPSS) 20.0 
(SPSS, Chicago, IL, USA). The Student’s t-test 
was used to detect the related changes by the 
method of 2-ΔΔCT. p<0.05 was considered statisti-
cally significant.

Results

The Expression of LUCAT1 in 
Cisplatin-Resistance NSCLC Cells

The IC50 of cisplatin in A549/DDP cells was 
higher than that in A549 cells (Figure 1A). LUC-
AT1 was downregulated in A549 cells compared 
with A549/DDP cells (Figure 1B).

Treating With Cisplatin in A549 Cells 
Upregulated LUCAT1 Expression

The A549 cells were treated with different con-
centrations of cisplatin. RT-qPCR results showed 
that the LUCAT1 expression of these treated cells 
was increased in accordance with the elevated 
concentrations of cisplatin (Figure 2). RE
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Cisplatin Resistance Was Promoted by 
Overexpression of LUCAT1 in A549 
Cell Line

RT-qPCR results also showed that LUCAT1 
was significantly upregulated in A549 cells trans-
fected with LUCAT1 lentivirus (LUCAT1) (Figure 
3A). CCK-8 assay revealed that IC50 of cisplatin 
was increased by upregulating LUCAT1 in A549 
cells (Figure 3B). Besides, cell apoptosis was sup-
pressed in the LUCAT1/shRNA group after these 
cells were treated with different concentrations of 
cisplatin (Figure 4A). Moreover, cells at subG0/
G1 phases in the LUCAT1/shRNA group was de-
creased after these cells were treated with different 
concentrations of cisplatin (Figure 4B).

Overexpression of LUCAT1 Enhanced 
Cisplatin Resistance in A549/DDP Cells 
Through Promoting IGF-2

We performed RT-qPCR in A549/DDP cells 
transfected with LUCAT1 lentivirus. Results re-
vealed that IGF-2 expression was higher in the 
LUCAT1 lentivirus group compared with that in 
the control group (Figure 4C). Western blot analysis 
results revealed that IGF-2 of A549/DDP cells was 
higher-expressed in the LUCAT1 lentivirus group 
compared with that in the control group (Figure 4D). 

Discussion

The resistance to chemotherapy drugs remains 
a vital factor of prognosis for patients with lung 
cancers and brings a huge burden to patients and 
society. Researches have revealed that ncRNAs 
play an important role in the regulation of drug-re-
sistance in NSCLC. For instance, by targeting 
alpha1,2-fucosyltransferase-1, downregulation of 
miR-339-5p induces Taxol resistance in small-
cell lung cancer7. LncRNA UCA1 contributes to 
non-T790M acquired resistance to EGFR-TKIs 
in EGFR-mutant NSCLC by activating the AKT/
mTOR pathway8. LncRNA TUG1 promotes cell 
proliferation, cell migration, and chemoresistance 
in small cell lung cancer cells through the reg-
ulation of LIMK2b via EZH29. The silence of 
lncRNA AK001796 inhibits cellular cisplatin re-
sistance and cell viability in NSCLC10.

Some studies have indicated that LUCAT1 acts 
as an oncogene and promotes cell proliferation, 
metastasis, and drug-resistance in many tumors. 

Figure 1. Expression levels of LUCAT1 were increased in A549/DDP cells. A, IC50 value of cisplatin was higher in A549/
DDP cells, as compared with that of the A549 cells. B, Expression levels of LUCAT1 relative to GAPDH were determined in 
the A549/DDP and A549 cells by RT-qPCR. GAPDH was used as an internal control. *p<0.05.

Figure 2. LUCAT1 was upregulated in A549 cells treat-
ed with cisplatin. A549 cells were cultured in various con-
centrations of cisplatin (0.0, 0.5, 1.0, 1.5, 2.0 or 2.5 µg/mL) 
for 24 h. LUCAT1 expression was evaluated by RT-qPCR. 
GAPDH was used as an internal control. *p<0.05.RE
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Figure 3. Overexpression of LUCAT1 increased IC50 values of cisplatin in A549 cells. A, 48 h after A549 cells were 
transfected with LUCAT1 lentivirus, the overexpression efficiency was detected by RT-qPCR. GAPDH was used as an internal 
control. B, IC50 values of cisplatin in A549 cells transfected with control and LUCAT1 lentivirus were analyzed by CCK-8 
assay. The results represent the average of three independent experiments. *p<0.05.

Figure 4. Overexpression of LUCAT1 promoted the resistance of A549/DDP to cisplatin by upregulating IGF2. A, Cell apoptosis 
induced by different concentrations (0.0, 1.0 or 2.0 µg/mL) of cisplatin was detected in A549 cells transfected with control and 
LUCAT1 lentivirus by flow cytometric analysis. B, Cell cycle distribution induced by different concentrations (0.0, 1.0 or 2.0 
µg/mL) of cisplatin was detected in A549 cells transfected with control and LUCAT1 lentivirus by flow cytometric analysis. C, 
The mRNA expression levels of IGF-2 in A549/DDP cells transfected with control and LUCAT1 lentivirus were analyzed by RT-
qPCR. D, Protein expression levels of IGF-2 in A549/DDP cells transfected with control and LUCAT1 lentivirus were analyzed by 
Western blot assay. GAPDH was used as a control. The results represent the average of three independent experiments. *p<0.05. RE
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LUCAT1 (lung cancer associated transcript 1) 
was firstly found in the airway epithelium of cig-
arette smokers11. LUCAT1 promotes malignancy 
and progression of ovarian cancer through regu-
lating miR-612/HOXA13 pathway12. Knockdown 
of LUCAT1 depresses the cell ability of viability 
and invasion in glioma through modulating the 
expression level of miR-37513. Through modu-
lating miR-200c/ABCB1 axis, the overexpres-
sion of LUCAT1 promotes cell proliferation and 
cell invasion in osteosarcoma and contributes to 
methotrexate resistance14. In this study, LUCAT1 
was upregulated in A549/DDP cells compared 
with A549 cells. Besides, the LUCAT1 was up-
regulated after the dose of cisplatin for treating 
A549 cells increased. In addition, cisplatin-in-
duced apoptosis of A549 cells was inhibited via 
overexpression of LUCAT1. The percent of A549/
DDP cells at subG0/G1 phases was decreased in 
the LUCAT1 lentivirus group after treating with 
different doses of cisplatin.

Inhibiting apoptosis and mitosis contributes 
to the modulation of drug-resistance. IGF2 (in-
sulin-like growth factor 2), as a novel oncogene 
in tumors, has been reported to participate in 
the regulation of cell apoptosis and mitosis. For 
example, the overexpression of IGF2 is remark-
ably correlated with the sensitivity of colorectal 
cancer tumor to the IGF1R/INSR inhibitor BI 
88557815. Induced by Id1, autocrine or endocrine 
of IGF-II promotes the progression of esophageal 
cancer and suppresses the response to chemother-
apy16. Through regulating the IGF2BP3-CD44-
IGF2 pathway, CD44(+) fibroblasts facilitates 
cell proliferation and drug resistance in breast 
cancer17. Our work showed that the mRNA ex-
pression of IGF-2 was upregulated in A549/DDP 
cells via overexpression of LUCAT1, and IGF-2 
protein was upregulated by the overexpression of 
LUCAT1 in A549/DDP cells.

Conclusions

We demonstrated that LUCAT1 could inhibit 
cell apoptosis, regulate cell cycle, and promote 
the cisplatin-resistance of NSCLC cells via up-
regulating IGF-2, which suggested that LUCAT1 
can be a potential target for improve drug-resis-
tance in NSCLC patients.
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