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ABSTRACT

Small nucleolar RNA host gene 12 (SNHG12), as one of the long non-coding
RNAs (IncRNAs), plays an oncogenic role in various cancers, however, its role in
the chemoresistance of non-small cell lung cancer (NSCLC) is unclear. In this study,
we investigated the effect of SNHG12 on multidrug resistance (MDR) in NSCLC. The
results showed that SNHG12 was high-expressed and miR-181a was low-expressed in
NSCLC tumor tissues and cell lines. Knockdown of SNHG12 reversed the resistance to
cisplatin, paclitaxel and gefitinib in A549/DDP, A549/PTX and PC9/AB2 cells through
inducing cell apoptosis. Moreover, SNHG12 silencing suppressed MAPK1 and MAP2K1
expression by upregulating miR-181a, leading to inhibition of the MAPK/Slug pathway
through decreasing phosphorylated MAPK1 (p-MAPK1), phosphorylated MAP2K1
(p-MAP2K1) and Slug levels. Furthermore, downregulation of SNHG12 enhanced the
sensitivity of NSCLC cells to cisplatin in nude mice. Overall, our study is the first to
identify a SNHG12-miR-181a-MAPK/Slug axis to elucidate in part how SNHG12 exert
functions in NSCLC MDR, providing a novel therapeutic target to overcome MDR in
NSCLC.

mechanisms underlying MDR becomes indispensable in

order to improve the therapeutic outcome NSCLC.
MicroRNAs (miRNAs) are small non-coding

endogenous RNAs with 19 to 25 nucleotides in length

INTRODUCTION

Lung cancer is one of the most common
malignancies, and is the most frequent cause of cancer-

related mortality accounting for an estimated 1.59 million
deaths worldwide [1]. Approximately 80-85% of lung
cancer cases are currently classified as non-small-cell
lung cancer (NSCLC) [2]. At present, chemotherapy
is regarded as a major supplementary therapy used
to manage NSCLC following surgical operation.
Chemotherapeutic agents such as cisplatin and paclitaxel,
involved in platinum-based chemotherapy, and gefitinib,
one of epidermal growth factor receptor (EGFR) tyrosine
kinase inhibitors (EGFR-TKIs), are first-line treatments
for NSCLC. However, certain patients gradually develop
multidrug resistance (MDR), limiting the effectiveness of
chemotherapy. Therefore, further elucidation of molecular

that trigger either translational repression or mRNA
degradation by binding to the 3’ untranslated region (3’
UTR) of their target mRNAs through incompetently
base pairing [3]. Previous documents demonstrated that
miRNAs are implicated in chemoresistant phenotype
of diverse tumors via different mechanisms, such as
anomalous regulation of apoptosis, cell cycle distribution,
activity of drug efflux transporters, DNA repair and
alterations in drug targets [4]. Also, considerable
experimental evidence confirmed the involvement of
miR-181a in drug sensitivity or resistance, functioning as
either an oncogene or a tumor suppressor depending on the
cancer type and/or cellular context. For instance, miR-181a
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attenuated the chemoresistance with inhibition of EMT
and metastatic potential by targeting Twistl in tongue
squamous cell carcinoma [5]. miR-181a overexpression
enhanced the sensitivity of NSCLC cells to cisplatin
by stimulating Bax oligomerization and activating
proapoptotic caspases [6]. In contrast, microRNA-181a
induced the chemoresistance of human cervical squamous
cell carcinoma via apoptosis reversion at least partly by
downregulating PRKCD [7]. Upregulation of miR-181a
increased the resistance of SKOV3/PTX cells to paclitaxel
by promoting EMT and inhibiting paclitaxel-induced cell
apoptosis in ovarian cancer [8]. However, how miR-181a
is regulated and the mechanism by which miR-181a
affects the drug resistance in NSCLC are largely unknown.

Long non-coding RNAs (IncRNAs) stand for a new
class of non-coding transcripts consist of more than 200
nucleotides. Misregulated IncRNAs have been linked
to multiple cellular processes including cell apoptosis,
invasion, migration, and metastasis in various cancers [9].
In recent years, rapidly emerging evidence has confirmed
the roles of IncRNAs in evaluating drug resistance or
sensitivity and a large amount of researches are focusing
on disclosing the precise molecular mechanism of
IncRNA-regulated drug resistance [10]. Multiple studies
have suggested that IncRNAs, including MALATI1
[11], CUDR [12], H19 [13], HOTAIR [14] and UCA1
[15], are involved in chemotherapy resistance of cancer
cells. Small nucleolar RNA host gene 12 (SNHG12) is a
IncRNA located at chromosome 1p35.3. Moreover, the
MiTranscriptome database revealed that the expression
level of SNHG12 was upregulated in human lung cancer
[16]. However, the role and specific mechanism of
IncRNA SNHG12 in NSCLC remains completely unclear.
In the present study, the role and underlying molecular
mechanisms of SNHG12 in chemoresistance of NSCLC
were explored.

RESULTS

SNHGI12 is upregulated and miR-181a is
downregulated in NSCLC tissues and cell lines

To ascertain the expression levels of SNHG12 and
miR-181a in NSCLC tissues, qRT-PCR analysis was
performed in 22 paired NSCLC tumor tissue specimens
and adjacent normal tissues. Results indicated that the
level of SNHG12 expression was upregulated while miR-
181a expression was downregulated in tumor tissues
when compared with adjacent normal tissues (Figure
1A and 1B). Then, the level of SNHG12 and miR-181a
was further determined in NSCLC cell lines A549 and
its drug-resistant cell strains (A549/DDP and A549/
PTX), H1299 and its drug-resistant cell strains (H1299/
DDP and H1299/PTX), PC9 and its gefitinib-resistant
cell strain PC9/AB2, H358 and its gefitinib-resistant cell
strain H358/AB2, and immortalization of human bronchial

epithelial cell line HBE. qRT-PCR analysis revealed that
SNHG12 expression (Figure 1C and 1D) was dramatically
increased and miR-181a expression (Figure 1E and 1F)
was remarkedly reduced in A549, H1299, PC9 and H358
cells when compared with HBE cells (Figure 1C-1F).
Moreover, the levels of SNHG12 in A549, H1299, PC9
and H358 cells were lower than their respective resistant
cell strains A549/PTX, A549/DDP, H1299/PTX, H1299/
DDP, PC9/AB2 and H358/AB2 (Figure 1C and 1D). In
contrast, A549/PTX, A549/DDP, H1299/PTX, H1299/
DDP, PC9/AB2 and H358/AB2 cells exhibited low-
expression levels of miR-181a compared with their
parental cell strains A549, H1299, PC9 and H358 (Figure
1E and 1F). Considering that the higher expression of
SNHG12 and lower miR-181a levels in A549/PTX, A549/
DDP and PC9/AB?2 cells, these cells were used for further
investigations.

SNHG12 directly suppresses miR-181a
expression

Recently, increasing evidence suggests that
IncRNAs could act as miRNA sponges to negatively
control miRNAs expression. Moreover, our results
(Figure 1) showed that SNHG12 and miR-181a displayed
opposing expression in NSCLC tissues and cell lines.
Therefore, we speculated that SNHG12 may inhibit miR-
181a by sponging miR-181a. To confirm our assumption,
the online software starBase v2.0 was first used to predict
candidate miRNAs for SNHG12 and possible recognition
sequence of miRNAs on SNHG12. As expected, SNHG12
contains one conserved target binding site of miR-181a
(Figure 2A). It was well known that the fuctional action
of IncRNAs depended on its nuclear and cytoplasmic
localization. As expected, our study found that SNHG12
was mainly located in cytoplasm (Figure 2B). To further
validate the binding action between SNHG12 and miR-
181a, luciferase reporter assay was performed in A549/
DDP cells co-transfected with the wipe-type or mut
SNHG12 reporters (SNHG12-Wt or SNHG12-Mut) and
(miR-181a mimics or miR-Con) or (anti-miR-181a or
anti-miR-Con). The results confirmed that miR-181a
overexpression led to a dramatical reduction of the
wild-type reporter activity in A549/DDP cells (Figure
2C), oppositely, a significant increase in the wild-
type reporter activity when endogenous miR-181a was
inhibited by anti-miR-181a (Figure 2D). However, the
mutant reporter activities in all transfected cells had no
significant changes (Figure 2C and 2D), indicating that
the regulatory effect was dependent on the binding of
SNHG12 and miR-181a. It is well known that SNHG12
may regulate miRNA expression through forming RNA-
induced silencing complex (RISC). To further explore
whether both SNHG12 and miR-181a were in the RISC
complex, RIP experiments were performed on A549/DDP
cell extracts using antibodies against Ago2. As shown in

www.impactjournals.com/oncotarget

84087

Oncotarget



Figure 2E, SNHG12 and miR-181a were enriched in Ago2
pellets relative to control IgG. Then, the effect of SNHG12
on miR-181a expression was detected in A549/DDP cells
transfected with (pcDNA-SNHG12 or pcDNA-SNHG12-
Mut) or (si-SNHG12-1 or si-SNHGI12-2). SNHG12
expression was significantly increased in pcDNA-
SNHG12 or pcDNA-SNHGI12-Mut transfecting cells
compared with Vector transfection, while the SNHG12
level was remarkedly decreased in si-SNHG12-1 or si-
SNHG12-2 transfecting cells when compared with si-
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Con transfection (Figure 2F). Moreover, miR-181a was
downregulated by ectopic SNHG12, and its upregulation
was observed after SNHG12 knockdown (Figure 2G).
However, overexpression of SNHG12 with miR181a-
binding site mutants had no significant effect on miR-
181a expression (Figure 2G), which suggested that the
inhibitory effect of SNHG12 on miR-181a depended on
the miR181a-binding site. Furthermore, it was displayed
that a negative correlation existed between SNHG12
and miR-181a in NSCLC tumor tissues (Figure 2H).

2.0- *
r
c i °
S 1.5 .:.‘
7] ) ®
2 10| v3iee
a °°, .:o
é 0.5' b %
‘000
0.0 Y T
Normal Tumor
*
L} * 1
5  —
g T
5 *
s
2 4- *
8 34 | —
S
x 27
Q
1_
0'—. T T
< 9 S & &
Q (G Q
L3 AR\ o JA\s
A

expression

Figure 1: Upregulation of SNHG12 expression and downregulation of miR-181a expression in NSCLC tissues and
cell lines. (A and B) Expression levels of SNHG12 and miR-181a in 22 pairs of NSCLC tumor and adjacent normal tissue specimens
were examined by qRT-PCR analysis. qRT-PCR analysis was performed to detect the expressions of SNHG12 (C and D) and miR-181a
(E and F) in NSCLC cell lines (A549, A549/DDP, A549/PTX, H1299, H1299/PTX, H1299/DDP, PC9, PC9/AB2, H358 and H358/AB2)
and immortalization of human bronchial epithelial cell line HBE. "P < 0.05 versus control groups.
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Collectively, these data confirmed that SNHG12 directly
suppressed miR-181a expression by sponging miR-181a
in NSCLC.

SNHG12 knockdown reverses MDR via
improving drug-induced apoptosis in AS49/DDP,
A549/PTX and PC9/AB2 cells

To determine the role of SHNG12 in MDR of
NSCLC cells, pcDNA overexpression vectors-mediated
gain-of-fuction or siRNA-mediated loss-of-function assays
in A549 resistant strains (A549/PTX and A549/DDP) and
PCO resistant strain PC9/AB2 were performed. A549/
PTX, A549/DDP and PC9/AB2 cells were transfected
with (pcDNA-SNHGI12 or pcDNA-SNHGI12-Mut) or
(si-SHNG12-1 or si-SHNG12-2) or anti-miR-181a or (si-
SHNG12-1 or si-SHNG12-2 + anti-miR-181a). Firstly,
the transfection efficiencies of SNHG12 overexpression
vectors, SNHGI12 siRNAs and anti-miR-181a were
detected in A549/PTX, A549/DDP and PC9/AB2 cells.
As shown in Figure 3A-3C, SNHG12 overexpression,
SNHG12 knockdown and miR-181a inhibition were
successful in A549/PTX, A549/DDP and PC9/AB?2 cells.
MTT assay was conducted to measure the IC50 value of
A549 and PC9 cells, as well as their resistant cell strains
(A549/PTX, A549/DDP and PC9/AB2). Results showed
that the resistant strains A549/DDP (Figure 3A), A549/
PTX (Figure 3B) and PC9/AB2 (Figure 3C) displayed
higher IC50 of cisplatin (70 uM), paclitaxel (3.5 uM) and
gefitinib (25 uM) than that of their respective parental
cells (20uM/0.5uM/0.05uM), indicating the efficient
resistance of the resistant cell strains to the anti-cancer
drugs. Moreover, SNHG12 knockdown reversed the MDR
of NSCLC cells, evidenced by a significant decrease in the
IC50 of cisplatin, paclitaxel and gefitinib in si-SNHG12-
transfected resistant cell strains compared with that of si-
Con-transfected cells (Figure 3D-3F). Moreover, SNHG12
overexpression or miR-181a inhibition significantly
increased the the MDR of NSCLC cells, while the mutant
SNHG12 overexpression had no obvious effect on the
MDR (Figure 3D-3F). However, miR-181a inhibition
abolished si-SNHG12-mediated sensitivity of resistant cell
strains to cisplatin, paclitaxel and gefitinib (Figure 3D-
3F). All these results suggested that silence of SNHG12
reversed MDR of resistant cell strains in NSCLC by
regulating miR-181a expression.

The above observations prompted us to investigate
the possible mechanisms of SNHG12 in NSCLC MDR.
Among the mechanisms responsible for MDR in various
cancer cells, the repression of drug-induced apoptosis
is particularly important. Therefore, flow cytometry
analysis was performed to examine apoptosis in A549/
DDP, A549/PTX and PC9/AB2 cells treated with
cisplatin, paclitaxel and gefitinib after transfection with
si-SNHG12-1 or si-SNHG12-2 or si-Con. The apoptotic
rate of A549/DDP, A549/PTX and PC9/AB2 cells was

indeed elevated by treatment with either anti-cancer drugs
(cisplatin, paclitaxel and gefitinib) or (si-SNHG12-1 or si-
SNHG12-2), while simultaneous SNHG12 downregulation
and drug treatment led to significantly higher apoptotic
cells (Figure 3G-3I). It is well documented that the
abnormal expression of apoptosis-associated molecules,
including caspases, is related to resistance to drug-induced
apoptosis [17]. Therefore, the caspase3 and caspase9
activities were further investigated. As expected, silence
of SNHG12 or anti-cancer drugs (cisplatin, paclitaxel
or gefitinib) treatment promoted caspase3 and caspase9
activities in A549/DDP, A549/PTX and PC9/AB2 cells,
however, combination of si-SNHG12 and drug treatment
resulted in a significant increase in caspase3 and caspase9
activities in A549/DDP, A549/PTX and PC9/AB2
cells than any single treatment group (Figure 3J-3L).
Considering the higher suppressive effect of si-SNHG12-1
on the MDR of NSCLC cells, si-SNHG12-1 was used in
further experiments. Collectively, SNHG12 knockdown
enhanced sensitivity to cisplatin, paclitaxel and gefitinib
via improving drug-induced apoptosis in A549/DDP,
AS549/PTX and PC9/AB2 cells.

miR-181a targets MAPK1 and MAP2K1,
regulating p-MAPK1, p-MAP2K1 and slug
expression

Increasing evidence suggests that miRNAs exert
their functional role by regulating their target genes,
which act as oncogenes or tumor suppressors involved
in tumorigenesis. Therefore, the web-based miRNA
databases TargetScan and miRBase were used to predict
the possible targets of miR-181a. Among the targets,
MAPKI1 and MAP2K1, two crucial proteins in MAPK
signaling pathways, were further studied based on the fact
that MAPK pathways were confirmed to be involved in
MDR in lung cancer [18]. As shown in Figure 4A and 4B,
a target site for miR-181a were identified in the 3> UTR
of MAPK, and two potential binding sequences for miR-
181a was presented in the 3’ UTR of MAP2K1. Next, dual
luciferase reporter assays were performed to confirm these
targets in A549/DDP cells. As expected, the luciferase
activities of the wild-type MAPK 1 and MAP2K1 reporter
vectors (MAPK1-Wt, MAP2K1-Wtl and MAP2K1-Wt2)
in A549/DDP cells were dramatically decreased by miR-
181a mimics compared with that in miR-Con groups
(Figure 4C-4E), while the luciferase activities of mutant
reporter vectors were not significantly affected in all
transfected cells. To further test the regulatory effect of
miR-181a on MAPK/Slug pathway, western blot analysis
was performed to examine the protein levels of MAPKI,
p-MAPKI1, MAP2K1, p-MAP2K1 and Slug. As shown
in Figure 4F-41, miR-181a overexpression significantly
decreased the levels of MAPK1, p-MAPK1, MAP2K1,
p-MAP2K1 and Slug while miR-181a inhibition elevated
the levels of these proteins, indicating the inhibitory effect
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Figure 2: SNHG12 acts as a miR-181a sponge. (A) The binding site of miR-181a within the SNHG12. (B) The levels of nuclear
control transcript (MALAT1), cytoplasmic control transcript (Tubulin), and SNHG12 were determined by qRT-PCR in nuclear and
cytoplasmic fractions and normalized to levels of external RNA. (C and D) Luciferase activity in A549/DDP cells co-transfected with the
wipe-type or mutant SNHG12 reporters (SNHG12-Wt or SNHG12-Mut) and (miR-181a mimics or miR-Con) or (anti-miR-181a or anti-
miR-Con). (E) Cellular lysates from A549/DDP cells were used for RNA immunoprecipitation (RIP) with Ago2 antibody. Detection of
SNHG12 and miR-181a using qRT-PCR. (F) The levels of SNHG12 were detected in A549/DDP cells after pcDNA-SNHG12 or pcDNA-
SNHG12-Mut or SNHG12 siRNAs transfection. (G) qRT-PCR analysis was performed to detect the expression of miR-181a in A549/DDP
cells after pcDNA-SNHG12 or pcDNA-SNHG12-Mut or SNHG12 siRNAs transfection. (H) Negative correlation between SNHG12 and
miR-181a expressions in NSCLC tumor tissues. "P < 0.05 versus control groups.
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of miR-181a on MAPK/Slug pathway. Altogether, these
results demonstrated that miR-181a suppressed p-MAPKI1,
p-MAP2K1 and Slug expression, crucial proteins of
MAPK/Slug pathway, by targeting MAPK1 and MAP2K1.

SNHG12 regulates MAPK/Slug pathway by
sponging miR-181a

To further investigate whether SNHG12-miR-181a-
MAPK/Slug regulatory axis existed in NSCLC cells, the
levels of MAPK1, p-MAPK1, MAP2K1, p-MAP2K1 and

Slug were determined by western blot analysis in A549
and A549/DDP cells that were transfected with (pcDNA-
SNHG12 or pcDNA-SNHG12-Mut) or anti-miR-181a
or si-SNHG12-1 or co-transfected with si-SNHG12-1
and miR-181a mimics. As shown in Figure 5A and 5B,
SNHG12 knockdown led to a prominent reduction in the
levels of MAPK/Slug-related proteins in A549 and A549/
DDP cells. Moreover, SNHG12 overexpression or miR-
181a inhibition significantly increased the protein levels
of MAPK/Slug pathway, while the mutant SNHGI12
overexpression had no obvious effect on these protein
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Figure 5: SNHG12 promotes MAPK/Slug pathway by sponging miR-181a. A549 and A549/DPP cells were transfected with
(si-Con or si-SNHG12) or (Vector or pcDNA-SNHG12 or pcDNA-SNHG12-Mut) or (anti-miR-181a or anti-miR-Con) or co-transfected
with si-SNHG12-1 and anti-miR-181a or anti-miR-Con. (A and B) Western blot analysis was conducted to detect the levels of MAPK1,
p-MAPK1, MAP2K 1, p-MAP2K1 and Slug in A549 and A549/DPP cells. "P < 0.05 versus control groups.
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expression levels (Figure SA and 5B). However, miR-181a
inhibition by anti-miR-181a abolished the inhibitory effect
of SNHG12 downregulation on MAPK/Slug pathway.
These data suggested that silence of SNHG12 suppressed
MAPK/Slug pathway by sponging miR-181a.

Blockage of MAPK/Slug pathway reversed
anti-miR-181a -mediated change in resistance to
cisplatin and apoptosis in A549 cells

Emerging documents demonstrates that MAPK
pathways are closely associated with MDR in cancers.
To further confirm that the functional role of MAPK/Slug
pathway in NSCLC drug resistance, A549 and A549/DPP
cells were transfected with MAPK1 siRNAs or MAP2K 1
siRNAs. Western blot analysis displayed an obvious
decrease of MAPK1, p-MAPKI1 and Slug expression by
si-MAPKI1-1 or si-MAPKI1-2 transfection (Figure 6A
and 6C), as well as an apparent decline of MAP2K1,
p-MAP2K1 and Slug expression after trsnafection with si-
MAP2K1-1 or si-MAP2K1-2 (Figure 6B and 6D) in A549
and A549/DPP cells, indicating that MAPK 1 and MAP2K 1
knockdown could effectively suppress MAPK/Slug
pathway. Then, MTT assay and flow cytometry analysis
were conducted to determine the IC50 values of cisplatin
and cell apoptosis in (si-MAPK1-1 or si-MAPK1-2) or
(si-MAP2K1-1 or si-MAP2K1-2) tranfected A549/DPP
cells. Inhibition of MAPK/Slug pathway by (si-MAPK1-1
or si-MAPK1-2) (Figure 6E and 6I) or (si-MAP2K1-1 or
si-MAP2K1-2) (Figure 6F and 6J) significantly enhanced
cisplatin sensitivity, evidenced by decreased IC50 values
of cisplatin and enhanced apoptosis in A549/DPP cells
compared with si-Con groups. To further investigate
whether the effect of MAPK/Slug pathway suppression on
cisplatin resistance and apoptosis was regulated by miR-
181a, A549 cells were transfected with anti-miR-181a or
(anti-miR-181a or anti-miR-Con) in combination with si-
MAPKI or si-MAP2K 1. MTT assay and flow cytometry
analysis suggested that downregulation of miR-181a
dramatically increased IC50 values of cisplatin (Figure
6G and 6H) and remarkedly suppressed cell apoptosis
(Figure 6K and 6L) in A549 cells, which was abated by
MAPKI1 or MAP2K1 siRNAs- mediated inactivation of
MAPK/Slug pathway. Collectively, miR-181a enhanced
the cisplatin sensitivity of A549 cells through suppressing
MAPK/Slug pathway by targeting MAPK1 and MAP2K1.

SNHG12 knockdown enhances cisplatin
sensitivity in NSCLC in vivo

To further determine the effect of SNHG12 on the
resistance of NSCLC cells to cisplatin in vivo, A549/
DDP-lenti-sh-SNHG12 or A549/DDP-sh-Con cells were
injected subcutaneously into mice to establish xenograft
mouse model. At first, the knockdown efficiency of sh-
SNHG12 was detected by qRT-PCR analysis. As shown

in Figure 7A, SNHGI2 knockdown was successful.
Intraperitoneal injection of cisplatin was started at 8
days after transplantation when tumor volume reached
about 100 mm?®. The mice were killed and tumors were
weighed after 32 days. The body weight of mice among
all treated groups had no significant difference (Figure
7B). SNHG12 knockdown or cisplatin treatment led to
a significant decrease in tumor volume and weight when
compared with the control groups, and combination of
SNHG12 knockdown and cisplatin treatment resulted
in lower tumor volume and weight (Figure 7C and 7D).
Then, the mechanism was further verified by qRT-PCR
and Western blot. As shown in Figure 7E and 7F, SNHG12
knockdown dramatically increased miR-181a expression
and significantly reduced MAPK1, p-MAPK1, MAP2K1,
p-MAP2K1 and Slug protein levels in mice tissues.
All these data demonstrated that SNHG12 knockdown
enhanced sensitivity of NSCLC cells to cisplatin in vivo.

DISCUSSION

The developments of platinum-based chemotherapy
and targeted therapies for EGFR-sensitive and ALK-
positive patients have been regarded as milestones for
lung cancer treatment [19]. However, acquired resistance
is a major barrier occurring in lung cancer chemotherapy.
Emerging evidence suggests that IncRNAs may play an
important role in the development of chemoresistance
in lung cancers. For instance, HOTAIR was upregulated
in small cell lung cancer multidrug-resistant cell lines
(H69AR and H446AR), and depletion of HOTAIR
enhanced H69AR and H446AR cell sensitivity to
anticancer drugs through increasing cell apoptosis and
cell cycle arrest by inhibiting DNMT1 and DNMT3b
expression and reducing HOXA1 methylation [20].
Wu et al. demonstrated that 1inc00635-001 silencing
accompanied by gefitinib treatment sensitized lung cancer
cells HCCB827-8-1 to gefitinib-induced cytotoxicity
through the suppression of Akt activation [21].
Conversely, MEG3 was low-expressed in A549/DDP
cells, and overexpression of MEG3 partially reversed
the resistance of A549/DDP cells to cisplatin through the
regulation of p53 and Bcl-xl expression [22]. Another
study revealed that downregulation of lincAK126698
depressed cisplatin-induced apoptosis in A549 cells
through altered Wnt signaling by inhibiting naked cuticle
homolog 2 expression and promoting -catenin expression
[23]. All these publications demonstrated that IncRNAs
could contribute to the sensitivity or resistance of lung
cancer cells to anti-cancer drugs, indicating the crucial
roles of IncRNAs in the development of lung cancer
chemoresistance.

Recently, a novel IncRNA SNHGI2 have been
reported to be upregulated and play an oncogenic role in
many kinds of cancers. SNHG12 was first identified to
be significantly upregulated in endometrial cancer, and
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inhibition of SHNG12 expression led to proliferation
suppression and apoptosis induction in endometrial cancer
cells [24]. Ruan ef al. revealed that SNHG12 contributed
to cell proliferation and migration in human osteosarcoma
cells by upregulating angiomotin expression [25]. Another
study demonstrated that c-MYC-induced SNHGI12
upregulation promoted cell proliferation and suppressed
apoptosis in triple-negative breast cancer [26]. SNHG12

was also clarified to promote cell migration by regulating
MMP13 expression in breast cancer [26]. In hepatocellular
carcinoma, SNHGI2 promoted tumorigenesis and
metastasis by acting as an endogenous miR-199a/b-5p
sponge to regulate the expression of MLK3 and affect
the NF-kB pathway [27]. In the present study, we found
that SNHG12 was upregulated in NSCLC tissues and
cell lines. The level of SNHG12 was elevated in NSCLC
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Figure 6: Inactivation of MAPK/Slug pathway reversed anti-miR-181a-mediated change in resistance to cisplatin and
apoptosis in A549 cells. (A-D) The levels of MAPK1, p-MAPK1, MAP2K1, p-MAP2K1 and Slug were examined by western blot
analysis in A549 and A549/DPP cells transfected with si-Con, (si-MAPK1-1 or si-MAPK1-2) or (si-MAP2K1-1 or si-MAP2K1-2). (E and
F) The IC50 values of DPP in A549/DPP cells transfected with si-Con, (si-MAPK1-1 or si-MAPK1-2) or (si-MAP2K1-1 or si-MAP2K1-2).
(G and H) The IC50 values of DPP in A549 cells transfected with anti-miR-181a or in combination with (si-MAPK1-1 or si-MAPK1-2)
or (si-MAP2K1-1 or si-MAP2K1-2). (I and J) Flow cytometry analysis was performed to examine the apoptotic rate in A549/DDP cells.
(K and L) The apoptotic rate of A549 cells transfected with anti-miR-Con or in combination with (si-MAPK1-1 or si-MAPK1-2) or (si-
MAP2K1-1 or si-MAP2K1-2). “P < 0.05 versus control groups.
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resistant cell strains (A549/DDP, A549/PTX and PC9/
AB2) compared with their respective parental cell line.
Moreover, knockdown of SNHG12 reversed the resistance
of A549/DDP to cisplatin, A549/PTX to paclitaxel and
PC9/AB2 to gefitinib. The repression of anti-cancer
drug-induced apoptosis was one of the main mechanisms
responsible for MDR in cancers. Consistent with this
theory, our study found SNHGI12 silencing enhanced
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these data revealed that the SNHG12-miR-181a-MAPK/
Slug axis enhanced the drug sensitivity of NSCLC cells
by promoting drug-induced cell apoptosis. Furthermore,
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Figure 7: SNHG12 knockdown enhanced the DPP sensitivity of NSCLC in vivo. A549/DDP-lenti-sh-SNHG12 or A549/DDP-
sh-Con cells were injected subcutaneously into nude mice. At 8 days after inoculation, intraperitoneal injection of cisplatin (3.5 mg/kg,
twice a week) was performed. (A) The knockdown efficienty of sh-SNHG12 was examined by qRT-PCR analysis. (B) The body weights
of mice were detected every 4 days from 0 to 32 days. (C) The tumor volume was detected every 4 days from 8 to 32 days. (D) The tumor
weight was measured and tumor appearance was photographed at 32 days after inoculation. (E) qRT-PCR analysis detected the miR-181a
expression and MAPK1 and MAP2K1 mRNA levels in mice tumor tissues. (F) Western blot analysis was conducted to detect the levels of
MAPKI, p-MAPK1, MAP2K 1, p-MAP2K1 and Slug in mice tumor tissues. “P < 0.05 versus control groups.
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SNHGI12 knockdown enhanced cisplatin sensitivity
of NSCLC in vivo. To our knowledge, this study is the
first to identify the promotive role of SNHG12 in MDR,
facilitating the development of novel therapeutic strategies
for resistant NSCLC.

Mechanically, mounting IncRNAs can act as
ceRNAs to de-repress miRNAs target genes by sponging
special miRNAs [28, 29]. An inverse correlation between
SNHGI12 and miR-181a expressions stimulated our
interest to determine whether a ceRNA mechanism
existed between SNHG12 and miR-181a. Bioinformatics
analysis and luciferase reporter assays confirmed that the
interaction between SNHG12 and miR-181a in A549/
DDP cells. qRT-PCR analysis further confirmed that
SNHG12 negatively modulated miR-181a expression in
A549/DDP cells. Furthermore, SNHG12 was confirmed to
release miR-181a target genes MAPK1 and MAP2K1, by
sponging miR-181a in A549/DDP cells. All these findings
illuminated that SNHG12 acted as a ceRNA to regulate
MAPK1 and MAP2K1 by sponging miR-181a in NSCLC.
Similarly, a previous study also revealed SNHG12 de-
suppress mixed-lineage protein kinase 3 (MLK3) by
sponging miR-199a/b-5p in hepatocellular carcinoma [27].
Functionally, SNHG12 knockdown induced sensitivity of
A549/DDP to cisplatin, A549/PTX to paclitaxel and PC9/
AB2 to gefitinib by sponging miR-181a. Moreover, miR-
181a inhibition led to MDR of A549 cells by targeting
MAPKI1 and MAP2KI1. Overall, downregulation of
SNHG12 reversed MDR of NSCLC resistant cells
through de-repressing MAPK1 and MAP2K1 by sponging
miR- 181a.

MAPKI1 and MAP2K1 were previously reported
as the target genes of miR-181a in salivary adenoid
cystic carcinoma [30], in agreement with our study. They
are members of the mitogen-activated protein kinase
(MAPK) group, which plays a crucial role in multiple
signaling cascades, including MAPK/Slug pathway. Our
study found that MAPK1 and MAP2KI1 knockdown
suppressed p-MAPK1, p-MAP2K1 and Slug involved in
MAPK/Slug pathway. Moreover, MAPK/Slug pathway
inhibition by si-MAPK1 and si-MAP2K1 enhanced the
cisplatin sensitivity and apoptosis of A549/DPP cells. In
accordance with to our finding, a previous study indicated
that inactivation of MAPK/Slug signals enhanced the
sensitivity of HL-60 leukemia cells to cytarabine by
upregulating P53 up-regulated modulator of apoptosis
(PUMA) [31]. Additionally, many studies have proved
Slug significantly inhibits PUMA-induced apoptosis
[32, 33]. Therefore, we speculate inhibition of MAPK/
Slug pathway may induce apoptosis of A549/DPP cells
by upregulating PUMA, which is need further research to
elucidate.

In summary, our study found upregulated SNHG12
and downregulated miR-181a in NSCLC tumor tissues and
cell lines. Functionally, knockdown of SNHG12 enhanced
the sensitivity of NSCLC resistant cells in vitro and in

vivo. Mechanically, SNHG12 acted as an oncogene in
NSCLC MDR via inducing apoptosis through modulating
MAPK/Slug pathway by sponging miR-181a and releasing
MAPK1 and MAP2K]1. Our findings revealed a SNHG12-
miR-181a-MAPK/Slug axis in NSCLC MDR, providing
a new modulation strategy to overcome chemoresistance
of NSCLC.

MATERIALS AND METHODS

Tissue specimens and cell lines

Twenty-two NSCLC tissue samples and matched
normal adjacent tissue samples were obtained from lung
cancer patients undergoing surgery, with the informed
consents of all patients. This study was approved by the
Ethic Review Committees of Huaihe Hospital of Henan
University. No patients experienced radiotherapy or
chemotherapy prior to surgery. Pathological assessments
of tissues were performed by pathologists at the
Department of Pathology, Huaihe Hospital of Henan
University. The excised tissues were stored at -80°C for
further analysis.

Immortalized human bronchial epithelial cell
line HBE [34], NSCLC cell line PC9, NSCLC cell line
A549 and DDP-resistant cell line A549/DDP were
purchased from Cell bank of Chinese Academy of
Sciences (Shanghai, China). NSCLC cell lines H1299 and
H358 were purchased from the American Type Culture
Collection (ATCC). Paclitaxel-resistant cell line A549/
PTX and gefitinib-resistant cell line PC9/AB2 were
established as previously described [35, 36]. All cells were
cultured in RPMI-1640 medium (Invitrogen, Carlsbad,
CA, USA) containing 10% fetal bovine serum (Invitrogen)
and 1% penicillin/streptomycin at 37°C under humidified
air with 5% CO,. In order to maintain drug-resistant
phenotype, the medium of A549/DDP, A549/PTX, or PC9/
AB?2 was additionally supplemented with 2 mg/ml DDP
(Sigma-Aldrich, St. Louis, USA), 100 ng/ml PTX (Sigma-
Aldrich), or 2 pmol/I gefitinib (Sigma-Aldrich).

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from NSCLC tissue
samples or cell lines using TRIzol reagent (Invitrogen).
Reverse transcription was conducted using the First Strand
cDNA synthesis kit (Takara, Otsu, Shiga, Japan). qRT-PCR
was carried out on the iCycler IQ multi-color Detection
System (Bio-Rad, Hercules, California, USA) using an 1Q
SYBR-Green Supermix (Bio-Rad). The primer sequences
used for amplification are as follow: SNHG12, 5°-TCT
GGT GAT CGA GGA CTT CC-3’ (forward) and 5’-ACC
TCC TCA GTA TCA CAC ACT-3’ (reverse); GAPDH,
5’-CCC ACT TGA AGG GTG GAG CCA A-3’ (forward)
and 5’-TGG CAT GGA CTG TGG TCA TGA-3’ (reverse);
miR-181a, 5>-AAC ATT CAA CGC TGT CG-3’ (forward)
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and 5’-AAC TGT GTC GTG GAG-3’ (reverse); U6, 5'-
GCT TCG GCA GCA CAT ATA CTA A-3’° (forward)
and 5'-AAC GCT TCA CGA ATT TGC GT-3’ (reverse).
Fold changes of SNHG12 and miR-181a were analyzed
using the 224 method by normalizing to GAPDH and U6
snRNA, respectively.

Transfection

miR-181a mimics, scramble miRNA control
(miR-Con), miR-181a inhibitors (anti-miR-181a) and
its nonspecific control (anti-miR-Con) were purchased
from GenePharma (Shanghai, China). The siRNAs
against SNHGI12 (si-SNHG12-1 and si-SNHG12-2),
siRNAs against MAPK1 (si-MAPKI1-1 and si-
MAPKI1-2), siRNAs against MAP2K1 (si-MAP2K1-1
and si-MAP2K1-2) and non-targeting control sequence
(si-Con) were synthesized by RiboBio (Guangzhou,
China). The siRNA oligonucleotide sequences targeting
SNHG12 were as follows: si-SNHGI12-1, sense
5’-GCAGUGUGCUACUGAACUUTT-3’, and antisense
5’-AAGUUCAGUAGCACACUGCTT-3’; si-SNHG12-2,
sense 5’-UGUGAUACUGAGGAGGUGATT-3’, and
antisense 5’-UCACCUCCUCAGUAUCACATT-3". For
SNHGI12 overexpression, the wild or miR-181a biding
site mutant SNHG12 sequence was amplified and inserted
into pcDNA 3.1 vector from Ribobio (Guangzhou, China).
Cells transfection with oligonucleotide or plasmids was
performed using Lipofectamine 2000 (Invitrogen) at
appropriate concentrations.

Drug sensitivity assay

The drug sensitivity assay was performed as
described previously [37]. Briefly, 5 x 10° transfected cells
were seeded into 96-well plate. After incubation for 24
h, the anti-cancer drug (cisplatin, paclitaxel or gefitinib)
or dimethyl sulfoxide (DMSO) was added into each well
with the appropriate concentration gradient for each drug
(for cisplatin, from 1.25 to 320 uM; for paclitaxel, from
0.25 to 16 uM; for gefitinib, from 0.1 to 102.4 puM).
After 48 h, MTT assay (Sigma, St Louis, MO, USA) was
performed to detect cell viability by measuring absorbance
at 490 nm on a spectrophotometer. The IC50 values (the
drug concentration producing 50% inhibition of growth)
for different drugs were then calculated using GraphPad
Prism.

Apoptosis assay

Transfected cells were seeded in 96-well plates at
a 5x103/well. After 24 h, cells were further treated with
cisplatin (70 uM), paclitaxel (3.5 uM), gefitinib (25 pM)
or DMSO for 48 h. Then, cells were harvested and stained
with FITC-Annexin V and Propidium iodide (PI) using an
Annexin-V-FITC apoptosis detection kit (BD Bioscience,
Franklin Lakes, NJ, USA). Apoptosis data was acquired

and analyzed by the FACScan flow cytometer (BD
Bioscience) with CellQuest software (BD Bioscience).

Caspase activity assay

The activities of caspase3 and caspase9 were
measured by a colorimetric assay kit (R&D Systems Inc.,
Minneapolis, MN, USA). Briefly, transfected cells were
treated with 70 uM cisplatin, 3.5 uM paclitaxel, 25 pM
gefitinib or DMSO for 48 h. Then cells were collected,
washed with PBS and lysed with iced lysis buffer provided
by the manufacture. After centrifugation, clear lysates
corresponding to 50 pg of protein were incubated with
reaction buffer containing enzyme-specific colorigenic
substrates for caspase3 and caspase9 at 37°C for 1 h. A
microplate reader (BioTek Instruments, Winooski, VT,
USA) was used to detect fold change in absorbance at
405 nm.

Nuclear and cytoplasmic RNA extraction

RNA was extracted from the nucleus and cytoplasm
according to the Invitrogen nuclear extraction protocol.
Cells were resuspended in 500ul 1x Hypotonic Buffer.
After 15 min incubation on ice, 10% NP40 detergent
was added, and the samples were vortexed. Then, the
homogenate was centrifuged for 10 minutes at 3,000 rpm
at 4°C. The RNA from the pellet, containing the nuclear
fraction, was extracted by the Tri Reagent method. The
RNA from the supernatant, containing the cytoplasmic
fraction, was extracted by the Phenol-Chloroform method.

Luciferase reporter assay

The sequence fragment of SHNG12 (SHNG12-Wt),
MAPK1 (MAPK1-Wt) 3°'UTR and MAP2K1 3’UTR
(MAP2K1-Wtl or MAP2K1-Wt2) containing the putative
target sites for miR-181a were amplified and inserted
into the pGL3-reporter-vector (Promega, Madison, WI,
USA). The mutant miR-181a target sites for SHNG12
(SHNG12-Mut), MAPK1 3’UTR (MAPKI1-Mut) and
MAP2K1 3’UTR (MAP2K1-Mutl or MAP2K1-Mut2)
were generated by using the QuikChange II Site-Directed
Mutagenesis Kit (Stratagene, La Jolla, CA, USA). For
confirming the binding interaction between SHNG12
and miR-181a, A549/DDP cells were co-transfected with
(miR-181a mimics or miR-Con) or (anti-miR-181a or anti-
miR-Con) and pGL3-SHNG12-Wt or pGL3-SHNGI12-
Mut. For verifying that MAPK1 and MAP2K 1 were targets
of miR-181a, (pGL3-MAPK1-Wt or pGL3-MAPK1-Mut)
or (pGL3-MAP2K1-Wtl or pGL3-MAP2K1-Mutl) or
(pGL3-MAP2K1-Wt2 or pGL3-MAP2K1-Mut2) were
transfected into A549/DDP cells in combination with miR-
181a mimics or miR-Con. pRL-SV40 plasmid (Promega)
carrying Renilla luciferase was also co-transfected to cells
for standardizing transfection efficiency. The activities of
Renilla luciferase and firefly luciferase were detected 48
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h after transfection using Dual-Luciferase reporter assay
system (Promega). The firefly luciferase activity was
normalized to Renilla luciferase activity.

RNA immunoprecipitation (RIP) assay

RNA immunoprecipitation was performed using
the Magna RIP Kit (Millipore, Billerica, MA, USA).
Briefly, A549/DDP cells were lysed in RIP lysis buffer,
then the cell extract was incubated with RIP buffer
containing magnetic beads conjugated with human anti-
Ago2 antibody, positive control anti-snRNP70 or negative
control normal mouse IgG (Millipore). To digest the
protein, samples were incubated with Proteinase K with
shaking. Then immunoprecipitated RNA was isolated.
Finally, the levels of SNHGI12 and miR-181a in the
precipitates were detected by qRT-PCR.

Western blot analysis

After transfections for 48 h, cells were collected
and lysed using RIPA buffer (Beyotime, Shanghai,
China). Equal amount of total protein from each sample
was separated on SDS-PAGE and then transferred to
nitrocellulose membranes (Millipore, Bedford, MA, USA).
Then, the membranes were incubated with the primary
antibodies including anti-MAPK1 (Upstate Biotechnology,
Lake Placid, NY, USA), anti-p-MAPKI1, anti-MAP2K1,
anti-p-MAP2K1, anti-Slug (Cell Signaling Technology,
Danvers, MA, USA), or anti-B-actin (Sigma). The protein
bands were visualized using enhanced chemiluminescence
(Amersham Pharmacia Corp, Piscataway, NJ, USA) and
quantified by ImageJ software (National Institutes of
Health, Bethesda, MD, USA).

Xenograft in nude mice

Recombinant lentiviruses containing shRNA-
control (sh-Con) or shRNA-SNHGI12 (sh-SNHG12)
(5’-TGCACTAGCTGGCATCACCGC-37) were
purchased from the GeneChem Company (Shanghai,
China) and stably transfected into A549/DDP cells,
termed as AS549/DDP-lenti-sh-Con or A549/DDP-
lenti-sh- SNHG12. For in vivo experiments, 5-week-
old male athymic nude mice (BALB/c nu/nu) were
maintained in specific-pathogen-free conditions with
a light/dark cycle of 12/12 h and were given standard
chow diet and water. 1x107 A549/DDP-lenti-sh-Con or
A549/DDP-lenti-sh-SNHG12 cells suspending in 100
pl PBS were injected subcutaneously to the right flank
of mice. At 8 days post-inoculation, the mice (n=6 per
group) received intraperitoneal injections of cisplatin
(3.5 mg/kg, twice a week) or PBS (as a control) [38].
Tumor growth was measured with calipers every 4
days. Tumor volumes were calculated by the following
equation: tumor volume (mm?) = 0.5 x length (mm) X
width (mm) X width (mm). Mice were killed 32-day post

transplantation for tumor weight analysis. All animal
experiments were performed with the approval of the
Institutional Animal Care and Use Committee of Huaihe
Hospital of Henan University.

Statistical analysis

All experiments were performed at least three
times. Quantitative data were expressed as mean + SD
and analyzed using SPSS 19.0 statistics software (SPSS,
Chicago, IL, USA). Significant differences among groups
were determined by Student’s 7-test or one-way ANOVA.
P <0.05 was deemed to be statistically significant.
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mitogen-activated protein kinase.

Author contributions

Hongbing Ma designed and performed the
experiment. Pei Wang and Dong Chen analyzed the data
and wrote the manuscript. Yong Li supervised the study
and reviewed the manuscript.

CONFLICTS OF INTEREST

The authors have no conflicts of interest to declare.

FUNDING

Not applicable

REFERENCES

1. Torre LA, Siegel RL, Jemal A. Lung cancer statistics.

In: Lung Cancer and Personalized Medicine. Springer.

2016:1-19.

Molina JR, Yang P, Cassivi SD, Schild SE, Adjei AA. Non-

small cell lung cancer: epidemiology, risk factors, treatment,

and survivorship. Mayo Clin Proc. 2008; 83:584-594.

3. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism,

and function. Cell. 2004; 116:281-297.

Garofalo M, Croce CM. MicroRNAs as therapeutic targets

in chemoresistance. Drug Resist Updat. 2013; 16:47-59.

5. Liu M, Wang J, Huang H, Hou J, Zhang B, Wang A. miR-
181a-Twistl pathway in the chemoresistance of tongue

squamous cell carcinoma. Biochem Biophys Res Commun.
2013; 441:364-370.

www.impactjournals.com/oncotarget

84099

Oncotarget



10.

11.

13.

14.

16.

17.

19.

Galluzzi L, Morselli E, Vitale I, Kepp O, Senovilla L,
Criollo A, Servant N, Paccard C, Hupé P, Robert T. miR-
181a and miR-630 regulate cisplatin-induced cancer cell
death. Cancer Res. 2010; 70:1793-1803.

Chen Y, Ke G, Han D, Liang S, Yang G, Wu X. MicroRNA-
181a enhances the chemoresistance of human cervical
squamous cell carcinoma to cisplatin by targeting PRKCD.
Exp Cell Res. 2014; 320:12-20.

LiL, XuQ, DongY, Li G, Yang L, Wang L, Li H. MiR-181a
upregulation is associated with epithelial-to-mesenchymal
transition (EMT) and multidrug resistance (MDR) of
ovarian cancer cells. Eur Rev Med Pharmacol Sci. 2016;
20:2004-2010.

Chen QN, Wei CC, Wang ZX, Sun M. Long non-coding
RNAs in anti-cancer drug resistance. Oncotarget. 2017;
8:1925-1936. https://doi.org/10.18632/oncotarget.12461.

Yu X, Li Z. Long non-coding RNA HOTAIR: a novel
oncogene (Review). Mol Med Rep. 2015; 12:5611-5618.
Yuan P, Cao W, Zang Q, Li G, Guo X, Fan J. The HIF-20-
MALATI1-miR-216b axis regulates multi-drug resistance of
hepatocellular carcinoma cells via modulating autophagy.
Biochem Biophys Res Commun. 2016; 478:1067-1073.
Tsang WP, Wong TW, Cheung AH, Kwok TT. Induction of
drug resistance and transformation in human cancer cells
by the noncoding RNA CUDR. RNA. 2007; 13:890-898.

Tsang W, Kwok T. Riboregulator H19 induction of
MDR 1-associated drug resistance in human hepatocellular
carcinoma cells. Oncogene. 2007; 26:4877-4881.

Liu Z, Sun M, Lu K, Liu J, Zhang M, Wu W, De W, Wang
Z, Wang R. The long noncoding RNA HOTAIR contributes
to cisplatin resistance of human lung adenocarcinoma cells
via downregualtion of p21 WAF1/CIP1 expression. PLoS
One. 2013; 8:77293.

Pan J, Li X, Wu W, Xue M, Hou H, Zhai W, Chen W. Long
non-coding RNA UCAT1 promotes cisplatin/gemcitabine
resistance through CREB modulating miR-196a-5p in
bladder cancer cells. Cancer Lett. 2016; 382:64-76.

Iyer MK, Niknafs YS, Malik R, Singhal U, Sahu A,
Hosono Y, Barrette TR, Prensner JR, Evans JR, Zhao S.
The landscape of long noncoding RNAs in the human
transcriptome. Nat Genet. 2015; 47:199-208.

Los M, Herr I, Friesen C, Fulda S, Schulze-Osthoff
K, Debatin KM. Cross-resistance of CD95-and drug-
induced apoptosis as a consequence of deficient activation
of caspases (ICE/Ced-3 proteases). Blood. 1997;
90:3118-3129.

Liu H, Huang J, Peng J, Wu X, Zhang Y, Zhu W, Guo L.
Upregulation of the inwardly rectifying potassium channel
Kir2. 1 (KCNJ2) modulates multidrug resistance of small-
cell lung cancer under the regulation of miR-7 and the Ras/
MAPK pathway. Mol Cancer. 2015; 14:59.

SuS,LiT, LuB, Wang X, LiJ, Chen M, Lu Y, Bai Y, Hu
Y, Ouyang W. Three-Dimensional radiation therapy to the
primary tumor with concurrent chemotherapy in patients

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

with stage IV non-small cell lung cancer: results of a
multicenter phase 2 study from PPRA-RTOG, China. Int J
Radiat Oncol Biol Phys. 2015; 93:769-777.

Fang S, Gao H, Tong Y, Yang J, Tang R, Niu Y, Li M, Guo
L. Long noncoding RNA-HOTAIR affects chemoresistance
by regulating HOXA1 methylation in small cell lung cancer
cells. Lab Invest. 2016; 96:60-68.

Wu Y, Yu DD, Hu Y, Yan DL, Chen X, Cao HX, Yu SR,
Wang Z, Feng JF. WITHDRAWN: the long non-coding
RNA, LINC00635-001, sensitizes EGFR-TKI-resistant
human lung cancer cells in vitro by inhibiting Akt
activation. Biochem Biophys Res Commun. 2016.

Liu J, Wan L, Lu K, Sun M, Pan X, Zhang P, Lu B, Liu G,
Wang Z. The long noncoding RNA MEG3 contributes to
cisplatin resistance of human lung adenocarcinoma. PLoS
One. 2015; 10:e0114586.

Yang Y, Li H, Hou S, Hu B, Liu J, Wang J. The noncoding
RNA expression profile and the effect of IncRNA
AK126698 on cisplatin resistance in non-small-cell lung
cancer cell. PLoS One. 2013; 8:¢65309.

Zhai W, Li X, Wu S, Zhang Y, Pang H, Chen W. Microarray
expression profile of IncRNAs and the upregulated
ASLNC04080 IncRNA in human endometrial carcinoma.
Int J Oncol. 2015; 46:2125-2137.

Ruan W, Wang P, Feng S, Xue Y, Li Y. Long non-coding
RNA small nucleolar RNA host gene 12 (SNHGI12)
promotes cell proliferation and migration by upregulating
angiomotin gene expression in human osteosarcoma cells.
Tumour Biol. 2016; 37:4065-4073.

Ouchen Wang FY, Liu Y, Lv L, Ma R, Chen C, Wang J, Tan
Q, Cheng Y, Xia E, Chen Y. C-MY C-induced upregulation
of IncRNA SNHG12 regulates cell proliferation, apoptosis
and migration in triple-negative breast cancer. Am J Transl
Res. 2017; 9:533.

Lan T, Ma W, Hong Z, Wu L, Chen X, Yuan Y. Long non-
coding RNA small nucleolar RNA host gene 12 (SNHG12)
promotes tumorigenesis and metastasis by targeting miR-
199a/b-5p in hepatocellular carcinoma. J Exp Clin Cancer
Res. 2017; 36:11.

QuJ, Li M, Zhong W, Hu C. Competing endogenous RNA
in cancer: a new pattern of gene expression regulation. Int J
Clin Exp Med. 2014; 8:17110-17116.

Tay Y, Rinn J, Pandolfi PP. The multilayered complexity
of ceRNA crosstalk and competition. Nature. 2014;
505:344-352.

He Q, Zhou X, Li S, Jin Y, Chen Z, Chen D, Cai Y,
Liu Z, Zhao T, Wang A. MicroRNA-181a suppresses
salivary adenoid cystic carcinoma metastasis by targeting
MAPK-Snai2 pathway. Biochim Biophys Acta. 2013;
1830:5258-5266.

Liu G, Pan G, Wang J, Wang L, Xu Y, Tang Y. Knockdown
of ERK/Slug signals sensitizes HL-60 Leukemia cells to
Cytarabine via upregulation of PUMA. Eur Rev Med
Pharmacol Sci. 2014; 18:3802-3809.

WWw

.impactjournals.com/oncotarget

84100

Oncotarget



32.

33.

34.

35.

Zhang K, Chen D, Wang X, Zhang S, Wang J, Gao
Y, Yan B. RNA interference targeting slug increases
cholangiocarcinoma cell sensitivity to cisplatin via
upregulating PUMA. Int J Mol Sci. 2011; 12:385-400.
Kim S, Yao J, Suyama K, Qian X, Qian BZ, Bandyopadhyay
S, Loudig O, De Leon-Rodriguez C, Zhou ZN, Segall
J. Slug promotes survival during metastasis through
suppression of Puma-mediated apoptosis. Cancer Res.
2014; 74:3695-3706.

Guo W, Lu JJ, Dai M, Wu TH, Yu ZL, Wang JS, Chen
WB, Shi DB, Yu WD, Xiao Y, Yi CH, Tang ZP, Xu TT,
et al. Transcriptional coactivator CBP upregulates hTERT
expression and tumor growth and predicts poor prognosis
in human lung cancers. Oncotarget. 2014; 5:9349-9361.
https://doi.org/10.18632/oncotarget.2430.

Kim EH, Min HY, Chung HJ, Song J, Park HIJ,

Kim S, Lee SK. Anti-proliferative activity and

36.

37.

38.

suppression of P-glycoprotein by (-)-antofine, a natural
phenanthroindolizidine alkaloid, in paclitaxel-resistant
human lung cancer cells. Food Chem Toxicol. 2012;
50:1060-1065.

Koizumi F, Shimoyama T, Taguchi F, Saijo N, Nishio K.
Establishment of a human non-small cell lung cancer cell
line resistant to gefitinib. Int J Cancer. 2005; 116:36-44.
Hong L, Qiao T, Han Y, Han S, Zhang X, Lin T, Gao J, Zhao
P, Chen Z, Fan D. ZNRD1 mediates resistance of gastric
cancer cells to methotrexate by regulation of IMPDH2 and
Bcl-2. Biochem Cell Biol. 2006; 84:199-206.

Zhu J, Carozzi VA, Reed N, Mi R, Marmiroli P, Cavaletti
G, Hoke A. Ethoxyquin provides neuroprotection against
cisplatin-induced neurotoxicity. Sci Rep. 2016; 6:28861.

www.impactjournals.com/oncotarget

84101

Oncotarget



