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Abstract. – OBJECTIVE: Chemoresistance is the 
leading cause of recurrence in non-small cell lung 
cancer (NSCLC). The long non-coding RNA (ln-
cRNA) cancer susceptibility candidate 2 (CASC2) 
inhibits the tumorigenesis of various cancers. 
However, the regulatory function of CASC2 on the 
chemoresistance of NSCLC remains unclear.

PATIENTS AND METHODS: The levels of 
CASC2 and miR-18a in cisplatin (DDP)-resistant 
NSCLC tissues and cell lines were evaluated by 
quantitative Polymerase Chain Reaction (qPCR). 
The role of low CASC2 levels on overall survival 
in patients with NSCLC was tested using the log-
rank test. The Chi-squared test was used to as-
sess the relation between CASC2 expression and 
clinicopathological features of NSCLC patients. 
Cell Counting Kit-8 (CCK-8) assays tested the cell 
proliferation of cisplatin-resistant NSCLC cells 
(H226/DDP and A549/DDP). The underlying regu-
latory mechanism between CASC2 and miR-18a or 
miR-18a and interferon regulatory factor 2 (IRF-2) 
was predicted by bioinformatics and verified by a 
Dual-Luciferase reporter assay, RNA transfection, 
qPCR, and Western blotting. Chromatin immu-
noprecipitation (ChIP) assay was done to exam 
the relation between E74 like factor 1 (ELF1) and 
CASC2 gene. Mice xenografts were applied to 
exam the function of CASC2 on chemosensitivity 
of cisplatin of NSCLC cells in vivo.

RESULTS: Low CASC2 expression is more like-
ly to present in patients with advanced TNM stage 
(IV), cisplatin-resistance, and poor overall surviv-
al. The expression of CASC2 sharply decreased 
in cisplatin-resistant NSCLC tissues and cell lines 
(H226/DDP and A549/DDP). CASC2 overexpres-
sion strongly inhibited proliferation, migration, 
and invasion of cisplatin-resistant NSCLC cells 
(H226/DDP and A549/DDP) in vitro and inhibited 
tumor growth in vivo. Besides, CASC2 repressed 
miR-18a function by binding to the complemen-
tary sites of miR-18a as competing endogenous 
RNAs (ceRNAs). MiR-18a released by the declining 
expression of CASC2 reduced the protein con-
centration of IRF-2 in NSCLC cells. Furthermore, 

the transcription factor ELF1 was found to be 
promotor of CASC2 and increased its levels in 
cisplatin-resistant NSCLC cells.

CONCLUSIONS: IRF-2 expression mediated 
by the ELF1/CASC2/miR-18a axis is markedly 
associated with the proliferation, migration, and 
invasion of cisplatin-resistant NSCLC, resulting 
in inferior survival. These findings suggest that 
this regulatory axis may serve as a novel thera-
peutic target in NSCLC.

 
Key Words:

Non-small cell lung cancer, E74 like factor 1, Cancer 
susceptibility candidate 2, Interferon regulatory factor 
2, MiR-18a, Cisplatin resistance.

Introduction

Lung cancer ranks first in both cancer inci-
dence and the leading cause of cancer-related mor-
tality globally1. Two histological subtypes, adeno-
carcinoma (51%) and squamous cell carcinoma 
(30%), mainly constitute non-small cell lung can-
cer (NSCLC), representing 85% of all lung can-
cers2. The 5-year survival rate for patients with 
NSCLC undergoing surgery or chemotherapy has 
reached 20%, and unfortunately, the recurrence 
rate has not significantly decreased over the past 
20 years1,3. The chemoresistance of residual tumor 
cells is an essential cause of NSCLC recurrence 
after regular treatments4,5. The overexpression of 
filamin A, a biomarker of resistance to various 
chemotherapeutics [including cisplatin (DDP)], 
is associated with disease relapse and metastases 
status6. SIRT6 in NSCLC is involved in paclitaxel 
resistance and autophagy activation by boosting 
nuclear factor kappaB (NF-κB) and Beclin1 sig-
naling, resulting in creating an environment in 
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favor of tumor recurrence7. Currently, the first-
line treatment strategy after surgical resection of 
NSCLC is still based on cisplatin chemotherapy8. 
Therefore, novel prevention for NSCLC chemo-
resistance, especially cisplatin-resistance, may be 
a promising strategy to intervene in the develop-
ment and relapse of NSCLC.

Low survival rates and tumor stem cell char-
acteristics are mediated by long non-coding 
RNAs (lncRNAs)9,10. LncRNAs are transcripts 
with more than 200 bases and cannot encode 
proteins11 but inhibit microRNA (miRNA) 
function through interactions12. Generally, car-
cinogenic lncRNAs are abnormally expressed 
in malignant tumors, enhancing cell prolifer-
ation, metastasis, and chemoresistance13. The 
inhibition of these carcinogenic lncRNAs can 
impair cellular malignant biological behavior, 
thereby controlling cancer growth and improv-
ing therapeutic outcomes14. It has been reported 
that the dysregulation of lncRNA is linked to 
the proliferation, metastasis, and even resis-
tance to chemotherapeutics of NSCLC cells15,16. 
LncRNA epidermal growth factor receptor an-
tisense 1 (EGFR-AS1) is found to be related to 
the chemotherapy-resistant features15. LncRNA 
bladder cancer-associated transcript 1 (BLA-
CAT1) not only augments the autophagy-related 
protein 7 (ATG7) signal by completely binding 
miR-17 but also boosts the autophagy-related 
effector, including autophagy-associated pro-
teins light chain 3 and Beclin 1 to accelerates 
the resistance to cisplatin NSCLC cells16. Ln-
cRNA nicotinamide nucleotide transhydro-
genase-antisense RNA1 (NNT-AS1) plays an 
essential role in the maintenance of chemore-
sistance by mitogen activated protein kinase/
slug pathway13. Therefore, studying the critical 
role of lncRNA in tumorigenesis, especially 
chemoresistance, may have far-reaching value 
for identifying novel molecular targets in the 
development of NSCLC.

Although increasing lncRNAs are found to be 
involved in resistance properties of NSCLC, the 
ones exerting tumor-suppressing functions are still 
few. In our investigation, we found that lncRNA 
cancer susceptibility candidate 2 (CASC2) was 
upregulated in adjacent tissue rather than NSCLC 
cancerous ones. The data of our study identified that 
CASC2 restrained the proliferation and chemoresis-
tance of NSCLC, being activating by E74 like fac-
tor 1 (ELF1). All these data indicated that the ELF1/
CASC2 pathway could be a helpful molecular target 
for improving the prognosis of NSCLC patients.

Patients and Methods

Patients, Chemotherapy, Therapy 
Responses, and Follow-up

The Ethics Committee of Gansu Provincial Hos-
pital approved the study. All patients gave their writ-
ten informed consent before this study. After a trans-
bronchial lung biopsy, a total of 85 NSCLC patients 
were collected from December 2013 to September 
2014. All patients were diagnosed by the biopsy-his-
tology and received chemotherapy. Any distant clini-
cal metastasis (M1 stage, the 7th AJCC TNM staging 
system) is confirmed by MRI (magnetic resonance 
imaging) or bone scanning. Tissue specimens were 
frozen in -80°C for further experiments. 

The enrollment criteria of qualified patients 
were as follows: NSCLC verified by biopsy-his-
tology, no neoadjuvant therapy and surgery, ar-
ranged chemotherapy treatment finished, KPS 
(Karnofsky Performance Status) scores > 70. Pa-
tients were defined as unqualified if they met the 
following criteria: absence of measurable disease, 
second malignancies, incomplete chemotherapy, 
incomplete follow-up data, and other conditions 
that required medical treatment. 

At least two cycles of the first-line plati-
num-based chemotherapy were administrated to all 
these patients. An enhanced computed tomography 
before the chemotherapy and another one after 2-3 
cycles of chemotherapy were applied to evaluate the 
response to treatment. According to the RECIST1.1 
criteria about tumor response (complete response, 
CR; partial response, PR; stable disease, SD; pro-
gressive disease, PD), all those patients were divid-
ed into chemosensitive group (n=52, including CR 
and PR) and chemoresistant group (n=33, including 
SD and PD)17. The overall survival of patients was 
followed up, defined as the time from the first-time 
chemotherapy to death or the last follow-up. 

Total RNA Extraction and 
Quantitative Analysis 

The total RNA of tissue and cell line was ex-
tracted using RNAiso Plus (TaKaRa, Beijing, Chi-
na) according to the instruction. The extracted RNA 
was synthesized to cDNA by the PrimeScript™ RT 
reagent Kit (TaKaRa, Beijing, China). Quantitative 
Polymerase Chain Reaction (PCR) was done using 
SYBR® Green Realtime PCR Master Mix (TOYO-
BO, Shanghai, China) on the Applied Biosystems 
Veriti Thermal Cycler (Thermo Fisher Scientific, 
Waltham, MA, USA) following the manufacturer’s 
protocol. The quantitation of the target RNA expres-
sion was assessed using the endogenous control by 
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the 2-ΔΔCt method [glyceraldehyde-phosphate dehy-
drogenase (GAPDH)]. NanoDrop 2000 spectropho-
tometer (Thermo Fisher Scientific, Waltham, MA, 
USA) was used to evaluate the quality of the pre-
pared RNA, and cDNA was also measured.  

Culture of Cell Lines
The cell lines H226, H520, SK-MES-1, A549, 

H1975, H1299, and normal human bronchial epi-
thelium cell line BEAS-2B were purchased from 
the Chinese Academy of Sciences (Shanghai In-
stitute of Cell Biology, Shanghai, China). The cell 
line A549/DDP, which exhibits stable cisplatin-re-
sistant features, was purchased from the American 
Type Culture Collection (ATCC; Manassas, VA, 
USA). A continuous exposure with an escalating 
dose of cisplatin was applied to establish DDP-re-
sistant H226 cell lines (H226/DDP). Briefly, DDP 
(Sigma-Aldrich, St Louis, MO, USA) with an ini-
tial concentration of 0.5 μg/mL was administrated 
to H226 cells in the exponential phase. DDP dosage 
was increased twofold when H226 exhibited resis-
tance to the current DDP concentration until DDP 
was increased to 8 μg/mL. The induced cell line was 
defined as cisplatin-resistant when it can maintain a 
normal morphology and activity in the highest con-
centration of DDP (8 μg/mL) for eight weeks. The 
cell lines H226, H520, SK-MES-1, A549, H1975, 

H1299, and BEAS-2B were cultured in 10% fetal 
bovine serum-supplementing Roswell Park Me-
morial Institute-1640 (RPMI-1640; Thermo Fisher 
Scientific, Waltham, MA, USA). Moreover, H226/
DDP and A549/DDP were cultured in the medium 
mentioned above, plus 2 μg/mL DDP. All of them 
were in a 37°C atmosphere with 5% CO2. 

Determination of Half Maximal 
Inhibitory Concentration

The NSCLC cells (1×105 cells/ml) were seeded 
into a 96-well plate for overnight culture. Then, 
different wells were treated with various concentra-
tions (0, 2, 4, 6, 8 μg/mL) of DDP for 48 h. The Cell 
Counting Kit-8 (CCK-8; Dojindo Molecular Tech-
nologies, Kumamoto, Japan) was used to measure 
cell viability based on the protocol. The cell viability 
of each well was analyzed at optical density (OD) 
450 nm to compute the toxicity curves of DDP. 

Gene Overexpression and 
Cells Transfection 

For gene overexpression, lentiviral vectors 
(pcD-ciR vector, Geenseed Biotech, Guangzhou, 
China) were used to construct CASC2 express-
ing particles (oe-CASC2, CASC2 sequence was 
shown in Supplemental Table I). CASC2-cDNA 
or Vector-cDNA (MOI = 20) with polybrene was 

Table I. Relation between CASC2 expression and clinicopathological features in NSCLC (n = 85).

Variables Total No.                    CASC2 expression   p-value
 
   Low = 42 High = 43 

Gender    0.149
  Male 55 24 31 
  Female 30 18 12 
Age     0.425
  ≤60 34 15 19 
  >60 51 27 24 
Pathology    0.756
  Squamous carcinoma 50 24 26 
  Adenocarcinoma 35 18 17 
T stage    0.088
  T1-2 32 12 20 
  T3-4 53 30 23 
N stage    0.221
  N0-1 36 15 21 
  N2-3 49 27 22 
TNM stage    0.040*
  II+III 44 17 27 
  IV 41 25 16 
Chemotherapy response    0.037*
  Sensitive 52 21 31 
  Resistant 33 21 12

Notes: *p<0.05 represents statistical difference.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-9113.jpg
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transfected into H226/DDP and A549/DDP. 24 
h after transfection, a new medium replacement 
was done to the culture medium. Stably trans-
fected cells were selected by puromycin (1 μg/
ml). The puromycin (1 μg/ml, 2-3 times) selection 
was made until green fluorescence was shown in 
all cancer cells via the fluorescence microscope 
(Olympus IX71, Tokyo, Japan).

Proliferation Ability of Tumor Cells
NSCLC cells were cultured in 96-well plates 

(5× 103 cells/well) for five days. Based on the protocol, 
CCK-8 (Dojindo Molecular Technologies, Kumamo-
to, Japan) was used to measure cell viability every 24 
h. The analyzed O.D. 450 nm at each test was accu-
mulated to compute the proliferation curves.

Migration and Invasion Ability 
of Tumor Cells

NSCLC cells transfected with CASC2 overex-
pressing cDNA or vector control were incubated for 
24 hours. According to the manufacturer’s instruc-
tion of invasion (Matrigel) assay, 5 × 105 transfect-
ed cells in 200 μL of medium [fetal bovine serum 
(FBS) free] were seeded in the upper chamber, and 
600 μL of medium with 10% FBS was added into 
the lower chamber using BioCoat Matrigel chambers 
(Corning, New York, NY, USA). After 24 hours of 
incubation, the remaining cells were removed from 
the polycarbonate membrane of the upper chamber. 
Moreover, the cells in the lower chamber were fixed, 
stained, and photographed by a microscope (Olym-
pus, Tokyo, Japan). For the migration assay, the 
chamber was not pre-coated with Matrigel. 

Tumor Growth In Vivo 
and Mice Experiment 

All the procedures of animal experiments 
were performed in strict accordance with the 
guiding principles of the Institutional Animal 
Ethics Committee and approved by the Institu-
tional Animal Care and Use Committee of Gansu 
Provincial Hospital. BALB/c-nude mice (4-week-
old) were purchased from the Laboratory Animal 
Center of Lanzhou Veterinary Research Institute. 
All mice were fed in a specific pathogen-free 
atmosphere with a 12 h light/dark cycle. Tumor 
cells transfected with an expressing vector (oe-
CASC2) or control (oe-Vec) were respectively in-
cubated subcutaneously into mice (2 × 105 cells 
in 100 μL for each mouse, each group n = 5). The 
tumor sizes of every mouse were evaluated ev-
ery week. Tumor weight was measured when the 
mice were sacrificed (the fifth week). 

Dual-Luciferase Reporter Assay 
The wildtype lncRNA CASC2 sequences con-

taining miR18a-binding sites or mutant sites were 
cloned to psiCHECK-2 plasmid (Promega, Madi-
son, WI, USA). Similarly, the wildtype fragments 
of interferon regulatory factor 2 (IRF-2) 3’UTR 
or the one containing a mutant miR18a-binding 
area were cloned into the reporter vector with a 
Luciferase gene (Promega, Madison, WI, USA). 
Then, following the manufacturer’s instruction, 
the Renilla Luciferase reporter vector was trans-
fected into DPP-resistant NSCLC cells along with 
the synthetic vectors, miR-18a, anti-miR-18a, or 
relative controls. The above transfected NSCLC 
cells were seeded for incubation 48 hours. The 
Luciferase activities of the target gene were test-
ed by a Dual-Luciferase Reporter Assay System 
(Promega, Madison, WI, USA).

Western Blotting Assay
Total proteins of NSCLC cells were extracted us-

ing RIPA buffer added with 1% protease inhibitors 
(Sigma-Aldrich, St. Louis, MO, USA). According 
to the manufacturer’s protocol, the concentration of 
the protein samples was tested by a bicinchoninic 
acid (BCA) protein assay kit (Thermo Fisher Scien-
tific, Waltham, MA, USA). After denatured at 96°C 
for 10 minutes, the proteins were divided by 10% 
sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE), followed by a transfer to 
a nitrocellulose polyvinylidene difluoride (PVDF) 
membrane (Millipore, Billerica, MA, USA). After 
an incubation with 5% non-fat milk for blockade 
of non-specific signals, PVDF membranes were 
incubated with primary antibodies against MRP1 
(1:1000), P-gp (1:2000), IRF-2 (1:3000), ELF1 
(1:2000), and GAPDH (1:4000) (Abcam, San Fran-
cisco, CA, USA) overnight at 4°C. Then, the PVDF 
membrane was incubated with the secondary anti-
body with horseradish peroxidase (HRP) conjugat-
ed secondary antibody (1:5000; Cell Signaling Tech-
nology, Danvers, MA, USA). The protein blots were 
photographed using a chemiluminescence detection 
system (ECLTM, Pierce, Waltham, MA, USA). The 
density of bands was quantified by Image J software 
(Bio-Rad, Hercules, CA, USA).

Chromatin Immunoprecipitation 
(ChIP) Assay

According to the instruction, the ChIP Assay Kit 
(Beyotime, Shanghai, China) was used to investi-
gate the relation between ELF1 and CASC2. Brief-
ly, 1% formaldehyde was used to cross-link cells. 
After a sonication on ice for producing 200-500 bp 
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DNA fragments, chromatin was stained and incu-
bated with primary antibodies against ELF1 or IgG 
(isotype control; Abcam, San Francisco, CA, USA) 
overnight at 4°C. The target chromatin DNA was 
precipitated by the antibody. After the DNA was 
recovered, a qPCR assay was applied to evaluate it. 

Statistical Analysis 
All data were presented as the mean ± stan-

dard deviation (SD). The student’s t-test made 
a comparison between the means from the two 
groups. Survival analysis was described using the 
Kaplan-Meier method, followed by comparison 
using the Log-rank test. Each experiment was 
done independently three times. p < 0.05 was con-

sidered as the statistical significance. All statisti-
cal analyses were carried out by GraphPad Prism 
6 software (San Diego, CA, USA).

Results

CASC2 Expression is Highly Related 
to Cisplatin-Sensitive and Superior 
Survival in NSCLC

By analyzing 85 pairs of cancer tissues and 
corresponding adjacent tissues, we found declined 
mostly in NSCLC tissues relative to adjacent normal 
tissues (Figure 1A). Then, we observed that the ex-

Figure 1. CASC2 expression is highly related to cisplatin-sensitive and superior survival in NSCLC. A, Expression of CASC2 
in NSCLC tissues and adjacent normal tissues shown by qPCR. B, CASC2 levels in NSCLC cells (H226, H520, SK-MES-1, 
A549, H1975, and H1299) and BEAS-2B cells. C, Overall survival of NSCLC patients with high and low CASC2 expression. 
D, Expression of CASC2 in NSCLC tissues with different responses to cisplatin (Sensitive, n = 52; Resistant n = 33). E, Cell 
viability of H226 and H226/DDP by CCK8 assay. F, Cell viability of A549 and A549/DDP by CCK8 assay. G, IC50 of cisplatin 
-sensitive and -resistant NSCLC by CCK-8 assays. H, Expression of CASC2 in NSCLC cells (sensitive: H226 and A549) with 
different responses to cisplatin (Resistant: H226/DDP and A549/DDP). **p<0.01, *p<0.05.
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pression of CASC2 was lower in NSCLC cell lines 
(H226, H520, SK-MES-1, A549, H1975, and H1299) 
than normal human bronchial epithelial cells (BE-
AS-2B) (Figure 1B). Based on Kaplan-Meier anal-
ysis, a lower expression of CASC2 was associated 
with inferior overall survival (Figure 1C, p < 0.05). 
Moreover, NSCLC patients with advanced TNM 
stages (IV) or chemotherapy resistance exhibited 
notably decreased CASC2 expression than NSCLC 
tissues with less advanced TNM stages (II/III, Table 
I, p = 0.040) or chemotherapy sensitivity (Table I, 
p = 0.040; Figure 1D, p < 0.05), respectively. Thus, 
we adopted cisplatin-resistant NSCLC cell lines 
H226/DDP and A549/DDP to investigate the as-
sociation between chemotherapeutics response and 
CASC2. Under increasing DDP pressure (0-10 μg/
mL), A549/DDP and H226/DDP cells have higher 
viability (Figure 1E and F, p < 0.05) and IC50 (Fig-
ure 1G, p < 0.05), compared to A549 and H226 cells. 
Last but not least, quantitative analysis showed that 
CASC2 expression in A549/DDP and H226/DDP 

cells were lower than their counterparts (Figure 
1H, p < 0.05). Altogether, our results indicated that 
CASC2 is downregulated in NSCLC tissues, and it 
demonstrates a tumor-suppressive role in NSCLC 
by inducing cisplatin response.

CASC2 Overexpression Enhanced 
Drug Response of Cisplatin-Resistant 
NSCLC Cells In Vitro

A synthesized lentiviral CASC2-overexpress-
ing (oe-CASC2) vector was transfected into A549/
DDP and H226/DDP cells to augment CASC2 ex-
pression (Figure 2A). Then, we applied molecular 
experiments in vitro to verify the regulatory func-
tion of CASC2 on drug response in NSCLC cells 
tolerant to cisplatin. CCK-8 assays revealed that the 
proliferation of H226/DDP (Figure 2B, p < 0.05) and 
A549/DDP (Figure 2C, p < 0.05) cells decreased 
notably after CASC2 overexpression. Moreover, 
compared to H226 and A549 cells, CASC2 over-
expression strongly suppressed migration (Figure 

Figure 2. CASC2 overexpression enhanced drug response of cisplatin-resistant NSCLC cells in vitro. A, CASC2 expression 
was increased by lentiviral vectors in H226/DDP and A549/DDP cells. B-C, Proliferative ability of H226/DDP and A549/
DDP after CASC2 overexpression. D, Migration ability of H226/DDP and A549/DDP transfected with overexpressing vector 
or control (×200). E, Invasion ability of H226/DDP and A549/DDP after CASC2 overexpression (×200). F, Western blot assay 
showed the MRP1 and P-gp protein expression in H226/DDP and A549/DDP after CASC2 overexpression. **p<0.01, *p<0.05.
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2D, p < 0.05) and invasion behaviors (Figure 2E, p 
< 0.05) of H226/DDP and A549/DDP cells, showed 
by transwell assays. Western blot assay suggested 
that several intracellular biomarkers for drug tol-
erance (Multidrug Resistance-associated Protein 1, 
MRP1 and P-glycoprotein, P-gp) were significant-
ly decreased in CASC2-overexpressing H226/DDP 
and A549/DDP cells compared to vector control 
(Figure 2F, p < 0.05). Therefore, these data suggest 
that CASC2 can mediate the destructive properties 
(proliferation, migration, and invasion), especially 
cisplatin response of NSCLC cells in vitro.

CASC2 Boosts NSCLC Tumor 
Limitation and Cisplatin Response 
In Vivo 

A xenograft tumor model inoculated with 
CASC2-overexpressing H226/DDP and A549/
DDP cells were induced to investigate the regula-
tory function of CASC2 on NSCLC in vivo. The 
results revealed that H226/DDP and A549/DDP 

cells exhibited smaller tumor size (Figure 3A and 
B, p < 0.05) and lower tumor weight (Figure 3C 
and D, p < 0.05) after CASC2 increase. Together 
with the macroscopic comparison of tumor nodes 
(Figure 3E and F), the data suggest that CASC2 
dysregulation is involved in NSCLC tumor for-
mation and cisplatin tolerance in vivo. 

CASC Modulates Cisplatin Response 
in NSCLC by Targeting MiR-18a 

Bioinformatic analysis by miRTarBase predict-
ed the complementary binding potential between 
CASC2 and miR18a (Figure 4A). The assays val-
idated that the Luciferase activity of miR-18a was 
significantly repressed by the wildtype CASC2 
rather than the mutant form in NSCLC cells (Fig-
ure 4B, C, p<0.05). Compared to the oe-Vec treat-
ed cells, the expression of miR-18a declined both 
in NSCLC cells and cisplatin-resistant NSCLC 
cells transfected with oe-CASC2 (Figure 4D and 
E, p<0.05). Further verifying that CASC2 could 

Figure 3. CASC2 boosts 
NSCLC tumor limitation and 
cisplatin response in vivo. 
A-B, Tumor size in CASC2 
overexpression mice and the 
vector control ones. C-D, 
The macroscopic observa-
tion of tumor after sacrifice. 
E-F, Tumor weight after 
overexpression of CASC2. 
**p<0.01, *p<0.05.
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target miR18a, the expression of miR18a in cispla-
tin-resistant NSCLC tissues (Figure 4F, p<0.05) 
and cells (Figure 4G, p<0.05) was markedly high-
er than cisplatin-sensitive ones, showed by qPCR. 
Collectively, our data suggested that CASC2 in-
teracted with miR-18a as a competing endogenous 
RNA to modulate cisplatin response in NSCLC.  

MiR-18a Directly Targets IRF-2 
in NSCLC Development

Bioinformatic analysis by TargetScan pre-
dicted the complementary binding potential be-
tween miR18a and IRF-2 3’UTR (Figure 5A). 
Confirmed by a Luciferase reporter assay using 
wildtype or mutant IRF-2 3’UTR, the inhibition 

Figure 4. CASC modu-
lates cisplatin response in 
NSCLC by targeting miR-
18a. A, Bioinformatics tools 
reveal the complementary 
binding sites within CASC2 
and miR-18a. B, C, Lucifer-
ase reporter assay confirmed 
the molecular binding be-
tween CASC2 and miR-
18a in H226 (B) and A549 
(C). D-E, qPCR showed the 
miR-18a expression in NS-
CLC cells transfected with 
CASC2-overexpressing vec-
tor or control in H226/DDP 
(D) and A549/DDP (E) cells. 
F, Expression of miR-18a in 
NSCLC tissues with differ-
ent responses to cisplatin 
(Sensitive, n = 52; Resistant 
n = 33). G, MiR-18a expres-
sion in cisplatin -sensitive 
and -resistant NSCLC cells. 
**p<0.01, *p<0.05.
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of miR18a increased the Luciferase activity of 
IRF-2 wildtype reporter in NSCLC cells (Fig-
ure 5B and C). Furthermore, IRF-2 expression 
was strongly induced in both NSCLC and cispla-
tin-resistant NSCLC cells transfected with oe-
CASC2, compared to those with oe-vec controls 
(Figure 5D and E, p <0.05). Therefore, these 
results indicate that IRF-2 is an effector protein 
targeted by the CASC2/miR-18a axis in the cis-
platin response of NSCLC. 

EFL1 Activates CASC2 Expression 
in NSCLC Cells 

To further investigate the upstream regulatory 
mechanism of CASC2 in NSCLC, we predicted the 
transcription factors which may target to the pro-
moter of CASC2 using the JASPAR (https://jaspar.
genereg.net/) databases. The transcription factor 
ELF1, is recommended by JASPAR (Supplemen-
tal Table II). The binding sites in the CASC2 se-
quence are shown in Figure 6A. ChIP assays ex-

Figure 5. MiR-18a direct-
ly targets IRF-2 in NSCLC 
development. A, The sche-
matic diagram presents the 
complementary binding sites 
within miR-18a and IRF-2 
3’-UTR. B-C, Luciferase 
reporter assay validated 
the molecular binding be-
tween miR-18a and IRF-2 
3’-UTR in H226 (B) and 
A549 (C). D-E, Western 
blot assay showed the IRF-2 
protein expression in cispla-
tin -sensitive and -resistant 
NSCLC cells transfected 
with CASC2 overexpressing 
vector or control. **p<0.01, 
*p<0.05.
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hibited that the CASC2 promoter was significantly 
pulled down by the antibody against ELF1 rather 
than the isotype antibody (Figure 6B). A synthe-
sized lentiviral ELF1-overexpressing (oe-ELF1) 
vector was transfected into A549/DDP and H226/
DDP cells to augment the ELF1 signal (Figure 6 
C), leading to a notable increase of CASC2 levels 
(Figure 6D and E). Furthermore, the overexpres-
sion of ELF1 strongly induced CASC2 expression 
in A549/DDP and H226/DDP cells (Figure 6F). 
Therefore, these results indicate that ELF1 acts as 
a promotor for CASC2 in NSCLC.

Discussion

Despite extensive research on the molecular 
mechanisms of drug resistance, there is still a lack of 
an effective intervention strategy. Studying the sig-
nificant genetic characteristics of the chemoresistant 
phenotype in cancerous cells may lead to the discov-
ery of more effective therapeutic targets. We investi-
gated the molecular mechanism of CASC2/miR-18a 
regulatory axis in the maintenance of chemoresis-
tance in NSCLC cells and explored potential new 
interventions in tumor progression. CASC2 acted as 
a tumor suppressor for various cancers18-20, boosting 
the sensitivity to chemotherapeutics. Downregulat-
ed CASC2 was found to be significantly correlated 
with cisplatin-resistance in hepatocellular carcino-

ma18. Besides, miR-19a inhibition by CASC2 could 
overcome cisplatin resistance in gastric cancer19. 
Moreover, CASC2 accelerates the expression of 
mTOR, thus restraining protective autophagy and 
temozolomide resistance properties of glioma in a 
competitively binding way20. Although CASC2 has 
been shown to promote apoptosis and necrosis in a 
variety of cancer chemotherapy, little is known about 
the chemotherapy sensitizing mediated by CASC2 
and its upstream transcription factor in NSCLC. In 
this study, we found that the aberrant decrease of 
CASC2 is strongly related to chemoresistance char-
acteristics and may be an independent predictor of 
inferior overall survival of NSCLC (Figure 1). The 
overexpression of CASC2 in NSCLC cells inhibits 
the proliferation of in vitro cisplatin-resistant cell 
lines (Figure 2) and the growth of tumors in vivo 
(Figure 4). CASC2 can alter the biological behavior 
of tumor cells through interferon regulatory factor 
2 (IRF2) via miRNA regulation. Moreover, ELF1 
has been predicted and verified as the upstream reg-
ulatory factor of CASC2. Altogether, these results 
indicate that ELF1-activated CASC2 is involved in 
chemosensitivity maintaining and superior progno-
sis in NSCLC patients. 

The transcription factor ELF1 can act as a tumor 
suppressor for various cancers, significantly inhib-
iting cell proliferation in vitro and tumor xenograft 
growth in vivo21. This repressing function is achieved 
by binding to sites in the regulatory regions of cell 

Figure 6. EFL1 activates CASC2 expression in NSCLC cells. A, JASPAR database reveals the complementary binding sites 
within the promoter region of CASC2. B, The targeting ability of ELF1 to the CASC2 promoter validated by ChIP assay and 
qPCR. C, Western blot assay showed the ELF1 protein expression after overexpression of ELF1. D-E, CASC2 expression was 
increased by lentiviral vectors of ELF1 in H226/DDP (D) and A549/DDP (E) cells. F, The regulatory network of ELF1 and 
CASC2 in NSCLC. **p<0.01, *p<0.05.
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cycle-control gene and apoptosis-related genes21. In-
vestigators found that ELF1 can not only interfere 
with the oncogenic function of the transcription fac-
tors ETS Proto-Oncogene-1/Activator protein-1 but 
also target the genes that boost senescence in pros-
tate cancer22; they increase the docetaxel sensitivity 
of prostate cancer22. However, few reports have ex-
hibited the role of ELF1 in NSCLC chemoresistance 
and its underlying mechanism. Our data represent a 
pioneering research showing that ELF1 functions as 
a tumor-suppressing gene targeting to the promot-
er sites of CASC2, triggering the tumor response to 
cisplatin (Figure 6). 

As competing endogenous RNAs (ceRNAs), 
sponging target miRNAs for post-transcriptional 
regulation is a functional property of lncRNAs23. 
In our study, we applied bioinformatics analysis 
to predict the interaction between the lncRNA 
CASC2 and miR-18a (Figure 4A). The Luciferase 
activity of the miR-18a was inhibited by wildtype 
lncRNA CASC2 but was not inhibited by the mu-
tant form, thus demonstrating the direct-binding 
between them (Figure 4B, C). Furthermore, our 
results showed that lncRNA CASC2 overexpres-
sion suppressed the expression of miR-18a in tu-
mor cells (Figure 5D). Therefore, since lncRNA 
CASC2 displayed a tumor-suppressive role and 
competitive repression of miR-18a, it is clear that 
miR-18a acts as a significant oncogene for tumor 
development. MiR-18a was proved to suppress Di-
cer function and enhance paclitaxel resistance in 
triple-negative breast cancer24. The negative reg-
ulation of CASC2 can mediate the boosting func-
tion of miR-18a on paclitaxel resistance of breast 
cancer cells25. In NSCLC, upregulated miR-18a 
was detected in peripheral blood samples of pa-
tients, being relative to shorter disease-free sur-
vival and overall survival26. Xiao et al27 found that 
miR-18a could counteract phosphate and tension 
homology deleted on chromsome ten (PTEN) 
protein activity, leading to enhance cisplatin sen-
sitivity of NSCLC. Our results represent a novel 
investigation of the critical role of the lncRNA 
CASC2-miR-18a-interaction in the chemoresis-
tance of NSCLC.

IRF-2, as a transcription factor, can competitive-
ly repress the IRF-1 function28. Interferon β expres-
sion was decreased by IRF-2 via downregulating 
IRF-129. Activated IRF-2 often inhibits malignant 
properties, especially chemoresistance, in various 
human cancers. The suppression of Fas-associated 
phosphatase 1 by IRF-2 accelerates apoptosis of col-
orectal cancer cells, promoting the therapeutic effect 
of oxaliplatin on targeted cells30. By targeting pe-

gylated interferon-α2b (pIFN-α), IRF-2 is involved 
in the senescence of endothelial cells and angio-
genesis inhibition, resulting in sensitive response to 
IFN-α combined with chemotherapy of melanoma 
cells31. In NSCLC, the activation of IRF-2 in cancer 
cells facilitates the epithelial-mesenchymal transi-
tion by strengthening N-cadherin expression32. MiR-
18a can promote autophagy of NSCLC by inhibiting 
cell apoptosis through degradation of IRF-233. IRF-2 
is also the regulatory target of miR-450 in NSCLC34. 
Although IRF-2 is believed to be involved in tumor 
suppression and superior overall survival of patients 
with NSCLC, few studies have investigated the reg-
ulatory lncRNA upstream of IRF-2, particularly in 
chemotherapeutics response of NSCLC. Our study 
has shown that the lncRNA CASC2-miR-18a axis 
decreases the intracellular level of IRF-2 in NSCLC 
cells (Figure 5). Collectively, our results suggest that 
IRF-2 acts as a modulator of the malignant proper-
ties of NSCLC cells in the lncRNA-miRNA-inter-
action pathway.

Conclusions

We have demonstrated that a low level of ln-
cRNA CASC2 expression was associated with the 
advanced TMN stage, chemotherapy resistance, 
and inferior prognosis of NSCLC. LncRNA 
CASC2 can strongly inhibit the proliferation and 
growth of cisplatin-resistant NSCLC in vitro and 
in vivo. Furthermore, CASC2 was activated by 
ELF1 and mediated IRF2 expression via comple-
mentary binding to miR-18a in NSCLC chemore-
sistance (Figure 6F). These data suggest that the 
ELF1/CASC2/miR-18a/IRF2 axis may be a prom-
ising therapeutic target for NSCLC.
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