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Long noncoding LUCAT1 promotes cisplatin
resistance of non-small cell lung cancer by
promoting IGF-2
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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 (IncRNAs) contrib-
utes to drug-resistance in NSCLC. LncRNA LU-
CAT1 was explored to identify how it functions
in the cisplatin-resistance of NSCLC patiep

MATERIALS AND METHODS: Real Timg
titative Polymerase Chain Reaction (RT:
was utilized to detect LUCAT1 expressit
A549/DDP cells and A549 cells. Then, we
ducted cell counting kit-8 (CCK-8) assay &
flow cytometric analysis to deteg

er, represents the majority of
ed. NSCLC patients at ear-
d traditionally with surgery.
SCLC cases are unfortunate-
an advanced stage without the
paoortunity to take curable surgery which con-
he poor survival rate. Platinum-based
emotherapeutics 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-
distribution was ¢ . - i cle arrest. Accumulating evidence has indicated
platin was pro that drug-resistance is closely modified by long
pressed in A5 noncoding RNAs (IncRNAs) which is longer
than 200 nt without the ability of coding protein.
For example, through increasing the stability of
nuclear SREBP-Ic protein, IncRNA MALATI
enhances hepatic steatosis and insulin resistance’.
By regulating the PTEN-PI3K/Akt signal path-
way, IncARSR facilitates doxorubicin resistance
of hepatocellular carcinoma which may serve
as a potential therapeutic target and prognostic
biomarker®. Overexpression of IncRNA SRLR
decreases the responses to intrinsic sorafenib
therapy in renal cell carcinoma®. Through se-
questration of miR-23b-3p, IncRNA MALATI1
promotes chemo-induced autophagy in gastric
ng cancer is one of the most frequent ma- cancer’. Moreover, IncRNA ANRIL promotes
jes in the world which is also the leading the progression of lung adenocarcinoma and con-
cause of tumor-related deaths globally, account- tributes to paclitaxel resistance®. However, the
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clinical role of LUCATI 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% CO, at
37°C. Lentivirus targeting LUCAT1 (LUCAT1/
shRNA; GenePharma, Shanghai, China) was
cloned into pLenti-EFla-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
was utilized for extracting total RNA, wh

oxyribose nucleic acid (cDNA) through re
Transcription Kit (TaKaRa Biotechnology
Ltd., Dalian, China). Following aze i

an important factor of cis-
as detected by CCK-8 assay

Is were washed twice using ice-cold. A mix-
containing 5 L. Annexin V/FICC (fluores-
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staining these cells for 15min in the dark. Then,
they were added with 400 microliters Lisadino
buffer. FACSCalibur flow cytometer (44
ences, Franklin Lakes, NJ, USA)
to analyze cell apoptosis. For
2x10%/mL cells were diluted by
ice-cold ethanol overnight.
stained with propidium i

cycle assay,
ase A in 75%

en (TBST). Specific primary
utilized for incubating the
vernight. Next, the samples
ith second antibody at room
30 min. Protein bands were vi-
2lized by ImageQuant LAS 4000 (Pittsburgh,
' with enhanced chemiluminescence
r.CL) 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 #-test
was used to detect the related changes by the
method of 24T, p<0.05 was considered statisti-
cally significant.

Results

The Expression of LUCATT in
Cisplatin-Resistance NSCLC Cells

The IC,; 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 LUCATI1 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).
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Figure 1. Expression levels of LUCATI1 were increased in A549/DDP cells,

Cisplatin Resistance Was Promoted by
Overexpression of LUCATI in A549
Cell Line

RT-gqPCR results also showed that LUCATI
was significantly upregulated in A549 cells trans-
fected with LUCAT] lentivirus (LUCATT) (L
3A). CCK-8 assay revealed that IC, of d
was increased by upregulating LUCATI in
cells (Figure 3B). Besides, cell apoptosis wa
pressed in the LUCAT1/shRNA group after tl

LUCATI expression was evaluated by RT-qPCR.
was used as an internal control. *p<0.05.

T-gPCR in A549/DDP cells
CAT1 lentivirus. Results re-
-2 expression was higher in the
AT1 lentivirus group compared with that in
oroup (Figure 4C). Western blot analysis
!sults revealed that IGF-2 of AS49/DDP cells was
higher-expressed in the LUCATI 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
alphal,2-fucosyltransferase-1, downregulation of
miR-339-5p induces Taxol resistance in small-
cell lung cancer’. LncRNA UCA1 contributes to
non-T790M acquired resistance to EGFR-TKIs
in EGFR-mutant NSCLC by activating the AKT/
mTOR pathway®. LncRNA TUGI promotes cell
proliferation, cell migration, and chemoresistance
in small cell lung cancer cells through the reg-
ulation of LIMK2b via EZH2°. The silence of
IncRNA AKO001796 inhibits cellular cisplatin re-
sistance and cell viability in NSCLC',

Some studies have indicated that LUCAT1 acts
as an oncogene and promotes cell proliferation,
metastasis, and drug-resistance in many tumors.
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ed by t concentrations (0.0, 1.0 or 2.0 pg/mL) of cisplatin was detected in A549 cells transfected w1th control and
YCAT1 lent1v1rus by flow cytometric analysis. B, Cell cycle distribution induced by different concentrations (0.0, 1.0 or 2.0
mL) of cisplatin was detected in A549 cells transfected with control and LUCAT1 lentivirus by flow cytometric analysis. C,
RNA expression levels of IGF-2 in A549/DDP cells transfected with control and LUCAT] lentivirus were analyzed by RT-
Protein expression levels of IGF-2 in A549/DDP cells transfected with control and LUCAT] 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.

5232




LncRNA LUCAT1 promotes cisplatin resistance of NSCLC

LUCATI1 (lung cancer associated transcript 1) References
was firstly found in the airway epithelium of cig-
arette smokers''. LUCATI promotes malignancy 1) Jun T, ZHENG FS, ReN KM, ZHANG HY,
and progression of ovarian cancer through regu- Jz. Long non-coding RNA UCA
lating miR-612/HOXA13 pathway'2. Knockdown Iorohferatlon, mlllgretl)non a(;wdl In
of LUCATI depresses the cell ability of viability ung cancer ce’s by modula

. L . . of microRNA-143. Eur Rev ME
and invasion in glioma through modulating the 2018; 22: 8343-8352.

expression level of miR-375". Through modu- 2) Yan C, Chen J, Chen
lating miR-200c/ABCBI axis, the overexpres- MALAT1 promotes h
sion of LUCATI promotes cell proliferation and resistance by incre,
cell invasion in osteosarcoma and contributes to tein stability. Sci
methotrexate resistance'. In this study, LUCATI 3) LY, YEY, Feng
was upregulated in A549/DDP cells compared Sr promotes
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 LUCATI. The percent of A549/
DDP cells at subG0/G1 phases was decreased in
the LUCAT]I 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 ' ic cancer. Mol Cancer 2017; 16:
in tumors, has been reported to participg :
the regulation of cell apoptosis and mito XU R, MAo Y, CHen K, HE W, Sti W, Han Y. The long
example, the overexpression of IGF2 is rogm ‘
ably correlated with the sensitivity of colo
cancer tumor to the IGFIR/INSR inhibito

YIREN H, YINGC
SENRUI C, ENDE

Y, Sunwu Y, KeaiNn L, XiaocHUN T,
XiZHou L, Yanran C. Long non-

butes to paclitaxel resistance of lung adeno-
carcinoma A549 cells. Oncotarget 2017; 8: 39177-
39184.

7) Gan CZ, Li G, Luo QS, LI HM. miR-339-5p down-

of IGF-II promotes the progreg ‘ regulation contributes to Taxol resistance in
cancer and suppresses the reg j small-cell lung cancer by targeting alphat,2-fu-
apy's. Through regulating cosyltransferase 1. IUBMB Life 2017; 69: 841-
IGF2 pathway, CD44( e 849.

cell proliferation an, ; ; 8) CHenG N, Car W, Ren' S, Li X, WaNG Q, Pan H, ZHao
. MRNA ex- M, Li J, ZHANG Y, ZHAOo C, CHEN X, Fel K, Zrou C,

HirscH FR. Long non-coding RNA UCA1 induces
non-T790M acquired resistance to EGFR-TKIs by
activating the AKT/mTOR pathway in EGFR-mu-
tant non-small cell lung cancer. Oncotarget 2015;
6: 23582-23593.

9) NwwY, MaF, Huang W, Fang S, LI M, We T, Guo L.
Long non-coding RNA TUGH is involved in cell
growth and chemoresistance of small cell lung
cancer by regulating LIMK2b via EZH2. Mol Can-
cer 2017; 16: 5.

UCAT]I could inhibit 10) L B, Pan CF, MA T, WaNG J, Yao GL, Wer K, CHEN
cell cycle, and promote YJ. Long noncoding RNA AK001796 contributes
¢ of NSCLC cells via up- to cisplatin resistance of nonsmall cell lung can-

ich suggested that LUCAT1 cer. Mol Med Rep 2017; 16: 4107-4112.

otial target for improve drug-resis- 11) Thai P, StatT S, CHEN CH, LianG E, CampeerL C, Wu R.
Characterization of a novel long noncoding RNA,

SCAL1, induced by cigarette smoke and elevated

in lung cancer cell lines. Am J Respir Cell Mol Bi-

ol 2013; 49: 204-211.

of Interest 12) Yu H, XuY, ZnanG D, Liu G. Long noncoding RNA
The Authors declare that they have no conflict of interests. LUCAT1 promotes malignancy of ovarian cancer

cancer'’. Our wor
pression of IGF-

protein was
LUCATI i

5233




W. Wang, M.-L. Dong, W. Zhang, T. Liu

through regulation of miR-612/HOXA13 pathway.
Biochem Biophys Res Commun 2018; 503: 2095-
2100.

13) Gao YS, Liu XZ, ZrnanG YG, Liu XJ, Li LZ. Knock-
down of long noncoding RNA LUCAT1 inhibits
cell viability and invasion by regulating miR-375
in glioma. Oncol Res 2018; 26: 307-313.

14) Han Z, SHi L. Long non-coding RNA LUCAT1 mod-
ulates methotrexate resistance in osteosarcoma
via miR-200¢c/ABCB1 axis. Biochem Biophys Res
Commun 2018; 495: 947-953.

15) SanpersoN MP, HormANN MH, GARIN-CHESA P, ScH-
WEIFER N, WERNITZNIG A, FiscHER S, JescHko A, MEy-

ER R, MoLL J, PecNA T, ARNHOF H, WEYER-CZERNILOF-
sky U, ZaHN SK, ApoLr GR, Kraut N. The IGF1R/IN-

16)

17)

SR inhibitor Bl 885578 selectively inhibits growth
of IGF2-overexpressing colorectal cancer
and potentiates the efficacy of anti-V
Mol Cancer Ther 2017; 16: 2223-224

Li B, Tsao SW, CHAN KW/, LubwiG O
Li YY, HE QY, CHeung AL. Id1-j
its autocrine/endocrine promo

NOVOSYADLYY R,
pced IGF-11 and
esophageal

cations for IGF-Il and
Clin Cancer Res 2014;

survival and drug
IGF2 signallideJ C
1988.

O
N

&





