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Long non-coding RNA SNHG1 contributes to cisplatin resistance in non-small 
cell lung cancer by regulating miR-140-5p/Wnt/β-catenin pathway 
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Small nucleolar RNA host gene 1 (SNHG1) has been identified to function as an oncogene in a large number of human 
cancers. Nevertheless, the biologic role and underlying molecular mechanism of SNHG1 on cisplatin (DDP)-resistance in 
NSCLC is still unknown. qRT-PCR assay was performed to assess the expression levels of SNHG1 and miR-140-5p. Western 
blot analysis was used to determine Wnt1, cyclinD1, c-Myc and β-catenin levels. The direct correlation between SNHG1 
and miR-140-5p was verified by dual-luciferase reporter assay and RNA immunoprecipitation (RIP) assay. CCK-8 assay and 
Transwell assay were applied to determine cell proliferation ability, and cell migration and invasion capacities, respectively. 
Tumor xenograft was performed to confirm the effect of SNHG1 on DDP-resistance of NSCLC in vivo. Our data showed 
SNHG1 was upregulated in DDP-resistant NSCLC tissues and cell lines. SNHG1 knockdown suppressed the proliferation, 
migration, invasion and DDP-resistance in DDP-resistant NSCLC cell lines in vitro and inhibited tumor growth in vivo. 
Moreover, SNHG1 repressed miR-140-5p expression by directly binding to miR-140-5p. SNHG1-knockdown-mediated 
regulatory effect was antagonized by miR-140-5p. Furthermore, Wnt/β-catenin signaling was involved in SNHG1/miR-140-
5p-mediated regulation in DDP-resistance of NSCLC cell lines. The results suggested that SNHG1 knockdown ameliorated 
DDP-resistance of NSCLC by regulating miR-140-5p/Wnt/β-catenin pathway, providing a new potential therapeutic target 
for DDP-resistance NSCLC treatment.
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Lung cancer is the leading cause of cancer-related death 
around the world [1]. Non-small cell lung cancer (NSCLC), 
which includes squamous cell carcinoma, adenocarci-
noma and large-cell carcinoma, accounts for approximately 
80–85% of all lung cancer cases [2]. Cisplatin (DDP) is one of 
the most effective DNA-damaging anticancer drugs, which 
has been widely used for the treatment of various human 
malignancies, including NSCLC [3]. However, the develop-
ment of DDP-resistance has been reported to undermine its 
favorable therapeutic effects and lead to poor prognosis in 
NSCLC patients [4]. Therefore, it is of importance to explore 
the molecular mechanism of DDP-resistance and provide 
effective targeting therapeutic strategies for DDP-resistance 
NSCLC treatment.

Long non-coding RNAs (lncRNAs), a novel heteroge-
neous class of transcripts > 200 nt in length with no protein-
coding potential, constitute an important layer of transcrip-
tional regulation [5]. Growing amount of evidence has 
suggested that aberrant lncRNA expression is a major deter-

minant of multiple human diseases, including cancers [6]. 
Recently, some lncRNAs have been demonstrated to influ-
ence the chemoresistance in NSCLC, highlighting their role 
as potential therapeutic targets for DDP-resistance NSCLC 
therapy [7, 8]. Small nucleolar RNA host gene 1 (SNHG1), a 
nuclear-enriched lncRNA localized at chromosome 11q12.3, 
has been identified as an oncogene in a large number of 
human cancers [9]. For instance, upregulation of SNHG1 
contributed to the progression of glioma and predicted poor 
prognosis [10]. SNHG1 promoted the aggravation of hepato-
cellular carcinoma through directly repressing miR-195 
expression [11], and accelerated osteosarcoma progres-
sion by sponging miR-577 and regulating Wnt/β-catenin 
signaling [12]. Additionally, SNHG1 was upregulated in 
NSCLC tissues and cells and its knockdown repressed the 
proliferation of NSCLC cells [13]. Moreover, upregula-
tion of SNHG1 contributed to the progression of NSCLC 
by sponging miR-145-5p and regulating MTDH expression 
[14]. Nevertheless, the biologic role and underlying molec-
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ular mechanism of SNHG1 on DDP-resistance in NSCLC is 
still unknown.

MicroRNAs (miRNAs), a type of small evolutionarily 
conserved non-coding RNAs with 19–24 nt in length, 
function as regulators of gene expression and thus impli-
cate in fundamental cellular processes, such as develop-
ment, differentiation, survival and death [15]. Accumulating 
evidence shows that dysregulation of miRNAs is strongly 
linked to tumorigenesis, cancer progression and chemore-
sistance [16]. Recently, the competing endogenous RNAs 
(ceRNAs) hypothesis proposed that lncRNAs might directly 
interact with target miRNAs and regulate miRNA and/or 
gene expression [17]. Moreover, the ceRNAs concept has 
been described to play an important role in the chemoresis-
tance of cancers [18]. In this study, we found that SNHG1 was 
upregulated in DDP-resistant NSCLC tissues and cell lines. 
Furthermore, SNHG1 knockdown ameliorated DDP-resis-
tance of NSCLC by acting as a ceRNA of miR-140-5p and 
regulating Wnt/β-catenin pathway, providing a new potential 
therapeutic target for DDP-resistance NSCLC treatment.

Materials and methods

Clinical samples. Thirty-one cases of DDP-sensitive 
NSCLC tissues and DDP-resistant NSCLC tissues were 
obtained from 62 NSCLC patients who underwent standard 
DDP-based chemotherapy at Xi’an No.1 Hospital with prior 
informed consents. All the tissues were stored at –80 °C 
until RNA extraction. Patients with no significant clinical 
efficacy or progression disease were defined as DDP-resis-
tance after 2 cycles of DDP-based chemotherapy according 
to the computed tomography (CT) scanning and Response 
Evaluation Criteria in Solid Tumors (RECIST) criteria. The 
study was approved by the Ethics Committee of Xi’an No.1 
Hospital.

Cell culture and treatment. Human bronchial epithelial 
cell line (16HBE) and NSCLC cell lines (A549 and H1299) 
purchased from ATCC (Manassas, VA, USA) were grown 
in RPMI-1640 medium (Hycolone laboratories, Logan, UT, 
USA) supplemented with 10% fetal bovine serum (FBS, 
Gibco, Rockville, MD, USA), 0.5% penicillin-streptomycin 
(Gibco) in a fully humidified atmosphere at 37 °C containing 
5% CO2.

To construct DDP-resistant NSCLC cell lines (A549/DDP 
and H1299/DDP), A549 and H1299 cells were stimulated 
with a stepwise increasing concentration of DDP (Haosen, 
Jiangsu, China) over 6 months, as described previously [19]. 
For maintaining the drug-resistant phenotype of A549/DDP 
and H1299/DDP, additional 2 µM of DDP was added into the 
culture medium.

Cell transfection. Twenty-five nM of siRNA targeting 
SNHG1 (si-SNHG1, GenePhama, Shanghai, China) or 
negative control (si-NC, GenePhama), 50 nM of miRNA 
mimics (miR-140-5p mimics, GenePhama) or its control 
(miR-NC mimics, GenePhama), or 50 nM of miRNA inhibi-

tors (anti-miR-140-5p or anti-miR-NC, GenePhama) was 
transfected into cells using Lipofectamine 3000 reagent 
(Life Technologies, Carlsbad, CA, USA) according to the 
manufacturers’ protocols. SNHG1 overexpression plasmid 
(pcDNA-SNHG1) also was commercially constructed by 
GenePhama, and pcDNA was used as negative control. 10 ng 
of pcDNA-SNHG1 or pcDNA was transfected into cells by 
Lipofectamine 3000 reagent, and the stable transfected cells 
were selected with 1 µg/ml puromycin (Gibco).

Quantitative real-time PCR (qRT-PCR). RNA was 
extracted from tissues and cells with a mirVana miRNA 
Isolation Kit (Ambion, Austin, TX, USA) according to 
the manufacturers’ protocols. The concentration of RNA 
extracts was measured by the NanoDrop spectrophotom-
eter (Thermo Fisher Scientific, Waltham, MA, USA). Then, 
1 µg of RNA was reversely transcribed into cDNA using the 
M-MLV Reverse Transcriptase Kit (Invitrogen, Carlsbad, 
CA, USA) and qRT-PCR was performed using SYBR Green 
PCR Master Mix (Applied Biosystems, Foster city, CA, 
USA) on a Bio-Red IQ5 Multi-color RT-PCR Detection 
System (Bio-Red, Hercules, CA, USA). The relative expres-
sion of SNHG1 was evaluated by 2–ΔΔCt method and normal-
ized to GAPDH expression. MiR-140-5p expression was 
performed by using TaqMan miRNA Reverse Transcription 
Kit (Applied Biosystems) and Taqman MicroRNA Assay 
Kit (Thermo Fisher Scientific) with U6 as an endogenous 
control.

Dual-luciferase reporter assay. SNHG1 wild-type or 
mutant-type reporter plasmid (SNHG1-WT or SNHG1-
MUT) containing the predicted binding sites of miR-140-5p 
or mutated miR-140-5p binding sites was constructed 
by GenePhama and transfected into cells, together with 
miR-NC mimics or miR-140-5p mimics. After 48 h trans-
fection, the relative luciferase activity was measured with a 
Dual-Luciferase Reporter Assay System (Promega, Fitch-
burg, WI, USA).

RNA immunoprecipitation (RIP) assay. RIP assay was 
used to verify the endogenous connection between SNHG1 
and miR-140-5p in treated cells using a Magna RIP Immuno-
precipitation Kit (Millipore, Billerica, MA, USA). Briefly, 
cells transfected with miR-140-5p mimics were lysed using 
RIP lysis buffer (Takara, Beijing, China), and the lysates 
were incubated with RIP buffer containing magnetic beads 
conjugated with anti-Ago1 (Abnova, Taiwan, China) or 
isotypic anti-IgG (Abnova). Following digesting protein 
with Proteinase K (Merck, Darmstadt, Germany), qRT-PCR 
assay was performed to assess the enrichment of SNHG1 in 
immunoprecipitated RNA.

Colony formation assay. Cells were cultured in 6-well 
plate for 24 h, and then transfected with si-NC, si-SNHG1, 
si-SNHG1+anti-miR-NC and si-SNHG1+anti-miR-140-5p. 
After 10 days, colonies were fixed with 4% paraformaldehyde 
(Applied Biosystems) and stained with 0.1% crystal violet 
(Applied Biosystems). The number of colonies was counted 
under a microscope (Leica, Wetzlar, Germany).
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Cell proliferation assay. Cell proliferation ability was 
assessed using Cell Counting Kit-8 (CCK-8, Dojindo, Tokyo, 
Japan) according to the instructions of manufacturers. In 
brief, at 0, 24, 48 and 72 h after transfection, 10 µl of CCK-8 
solution was added into each well and incubated at 37 °C for 
2 h. The absorbance was measured at 450 nm by a microplate 
reader (Bio-Rad).

For IC50 determination, cells were exposed to different 
concentration of DDP (1, 10, 20, 40, 80, 160 μM) for 48 h. 
Afterward, cells were incubated with CCK-8 solution and the 
absorbance was measured.

Transwell assay. Cell migration ability was measured with 
a Transwell-chamber culture system (Becton Dickinson, 
Franklin Lakes, NJ, USA), and cell invasion capacity was 
assessed using Matrigel-coated Transwell chamber (Becton 
Dickinson). After 48 h post-transfection, 200 µl of serum-free 
medium containing 1.0 × 105 transfected cells were seeded into 
the upper chamber, and 500 µl of growth medium containing 
10% FBS was added into the lower chamber. Following 24 h 
of incubation, the cells that migrated or invaded to the lower 
surface of membrane were fixed with 4% paraformaldehyde 
and stained with 0.1% crystal violet. The images were taken 
and the numbers of migrated or invaded cells were counted 
using a microscope with an ImageJ software (National Insti-
tutes of Health, Bethesda, MD, USA).

Western blot. Cells were lysed by RIP lysis buffer and 
protein samples were obtained by centrifugation. An equal 
amount of each protein sample was separated on a 10% 
SDS-PAGE gel and transferred onto a PVDF membrane 
(Millipore). Blocked by 5% nonfat milk, the membranes were 
incubated with anti-Wnt1 (1:1000, Abcam, Cambridge, UK), 
anti-cyclinD1 (1:200, Abcam), anti-c-Myc (1:1000, Abcam), 
anti-β-catenin (1:5000, Abcam) and anti-GAPDH (1:1000, 
Abcam), followed by a further incubation with HRP-conju-
gated secondary antibodies (1:5000, Abcam). The protein 
bands were visualized using ECL Plus Western Blotting 
Detection System (National Institutes of Health).

sh-SNHG1-cells construct. Lentiviruses containing 
the sequences of SNHG1 knockout or negative control 

(sh-SNHG1 or sh-NC) were commercially constructed 
by Applied Biosystems. A549/DDP cells were infected by 
sh-SNHG1 or sh-NC. One day after infection, the cells were 
treated with puromycin to derive the stably transfected cells.

In vivo assay. Female SCID mice (6–8 weeks) were 
purchased from Beijing Vital River Laboratory Animal 
Technology Corporation (Beijing, China) and housed under 
specific-pathogen-free condition. Approximately 5.0 × 106 

A549/DDP cells stably transfected with lentivirus-mediated 
sh-SNHG1 or sh-NC were subcutaneously injected into nude 
mice (n=10). At 3 days after implantation, an intravenous 
administration of DDP solution (3 mg/kg) into each mouse 
was performed every 5 days. 5 weeks later, xenograft mice 
were euthanized for tumor excision. All the animal experi-
ments were performed with the approval of Animal Research 
Committee of Xi’an No.1 Hospital.

Statistical analysis. All data were analyzed with SPSS 
19.0 software (SPSS Inc., Chicago, IL, USA) and expressed 
as the mean ± standard deviation (SD). A paired Student’s 
t-test was used to compare the difference between two groups 
and the one-way ANOVA was performed to analyze multiple 
groups’ differences. A value of p<0.05 was considered statisti-
cally significant.

Results

Upregulation of SNHG1 in DDP-resistant NSCLC 
tissues and cell lines. To explore the effect of SNHG1 on 
DDP-resistance in NSCLC, qRT-PCR assay was initially 
performed to observe the expression of SNHG1 in DDP-resis-
tant or -sensitive NSCLC tissues. As presented in Figure 1A, 
SNHG1 was significantly upregulated in DDP-resistant 
NSCLC tissues compared with DDP-sensitive NSCLC 
tissues. Then, we detected SNHG1 expression in NSCLC cell 
lines and human bronchial epithelial cell line. qRT-PCR assay 
revealed a significant upregulation of SNHG1 expression 
in NSCLC cells compared with that of control (Figure 1B). 
Moreover, compared with DDP-sensitive controls, SNHG1 
was higher in DDP-resistant NSCLC cell lines (Figure 1B). 

Figure 1. SNHG1 was upregulated in DDP-resistant NSCLC tissues and cell lines. qRT-PCR assay was used to assess the expression of SNHG1 in A) 
31 cases of DDP-resistant NSCLC tissues and DDP-sensitive NSCLC tissues, B) human bronchial epithelial cells (16HBE), DDP-sensitive NSCLC cells 
(A549 and H1299) and DDP-resistant NSCLC cells (A549/DDP and H1299/DDP). *p<0.05 or #p<0.05 vs. respective control.
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(Figures 2F and 2G), migration ability (Figure 2H) and 
invasion capacity (Figure 2I) in A549/DDP and H1299/DDP 
cells. Taken together, all these data indicated that SNHG1 
might promote the DDP-resistance of NSCLC.

SNHG1 repressed miR-140-5p expression by directly 
binding to miR-140-5p. To further investigate the under-
lying regulatory mechanism of SNHG1 on DDP-resistance 
of NSCLC, bioinformatics prediction softwares were used 
to predict the directly interactional miRNAs of SNHG1. The 
predicted data demonstrated that SNHG1 might directly 
interact with miR-140-5p (Figure 3A). To confirm that, dual-
luciferase reporter assay and RIP assay were performed. For 
luciferase reporter assay, SNHG1 wild-type or mutant-type 
reporter plasmid (SNHG1-WT or SNHG1-MUT) was trans-
fected into DDP-resistant NSCLC cells together with miR-NC 
mimics or miR-140-5p mimics. The results indicated that the 
luciferase activity of SNHG1-WT was dramatically reduced 
by transfection with miR-140-5p mimics in A549/DDP cells 
(Figure 3B) and H1299/DDP cells (Figure 3C). Whereas, 

All these results supported that SNHG1 might play a vital 
role in DDP-resistant NSCLC.

si-SNHG1 suppressed the proliferation, migration, 
invasion and DDP-resistance in DDP-resistant NSCLC cell 
lines. Then, we measured the IC50 of DDP in DDP-resistant 
NSCLC cell lines compared to parental NSCLC cell lines. 
These data revealed that IC50 of DDP in DDP-resistant 
NSCLC cell lines was higher than that in parental cell lines 
(Figures 2A and 2B). To further explore the function of 
SNHG1 on DDP-resistant NSCLC, we manipulated SNHG1 
expression in A549/DDP and H1299/DDP cells by transfec-
tion with siRNA targeting SNHG1 (si-SNHG1). As shown 
in Figure 2C, SNHG1 expression was highly weakened by 
introduction si-SNHG1 in A549/DDP and H1299/DDP 
cells. Moreover, IC50 of DDP were highly reduced following 
SNHG1 knockdown in A549/DDP and H1299/DDP cells 
(Figure 2D). Further functional experiments demonstrated 
that SNHG1 knockdown led to a significant suppression of 
cell colony formation (Figure 2E), cell proliferation ability 

Figure 2. si-SNHG1 suppressed cell proliferation, migration, invasion and DDP-resistance in NSCLC cell lines. A549 and A549/DDP (A), H1299 and 
H1299/DDP (B) cells were exposed to different concentrations of DDP (1, 10, 20, 40, 80, 160 μM) for 48 h, followed by the detection of the calculation of 
IC50 of cisplatin by CCK-8 assay. A549/DDP and H1299/DDP cells were transfected with si-NC or si-SNHG1, followed by the measurement of SNHG1 
expression by qRT-PCR assay (C), IC50 of DDP by CCK-8 assay (D), cell colony formation by colony formation assay (E), cell proliferation ability by 
CCK-8 assay (F) and (G), cell migration (H) and invasion (I) capacities by Transwell assay. *p<0.05 vs. A549/H1299 or si-NC.
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little change was found in the luciferase activity of SNHG1-
MUT in the presence of miR-140-5p mimics (Figures 3B 
and 3C). For RIP assay, anti-Ago1 or anti-IgG was used in 
the lysates of A549/DDP and H1299/DDP cells transfected 
with miR-140-5p mimics. The data revealed that SNHG1 was 
specifically recruited to the miRNP complex isolated with 
anti-Ago1 in response to the upregulation of miR-140-5p 

(Figure 3D). Further, we observed whether SNHG1 could 
regulate miR-140-5p expression in A549/DDP and H1299/
DDP cells by transfecting with SNHG1 overexpression 
vector (pcDNA-SNHG1) or si-SNHG1. qRT-PCR assays 
showed that SNHG1 level was strikingly upregulated when 
transfected with pcDNA-SNHG1, while it was prominently 
downregulated by si-SNHG1 introduction (Figure 3E). 

Figure 3. SNHG1 bound to miR-140-5p and repressed its expression. A) The predicted binding sites between SNHG1 and miR-140-5p and the mutation 
in predicted seed region. A549/DDP cells (B) and H1299/DDP cells (C) were co-transfected with SNHG1-WT or SNHG1-MUT and miR-NC mimics 
or miR-140-5p mimics, followed by the determination of relative luciferase activity. D) RNA immunoprecipitation (RIP) assay was performed to verify 
whether SNHG1 endogenous interacted with miR-140-5p in A549/DDP and H1299/DDP cells transfected with miR-140-5p. pcDNA, pcDNA-SNHG1, 
si-NC or si-SNHG1 was transfected into A549/DDP and H1299/DDP cells, followed by the detection of SNHG1 (E) and miR-140-5p (F) expression 
levels by qRT-PCR. (G) qRT-PCR assay of miR-140-5p expression in A549, H1299, A549/DDP, H1299/DDP and 16HBE cells. *p<0.05 or #p<0.05 vs. 
corresponding control.
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Conversely, miR-140-5p expression was highly decreased by 
SNHG1 overexpression, while it was increased by SNHG1 
knockdown (Figure 3F). All these data implied that SNHG1 
might bind to miR-140-5p and repress miR-140-5p expres-
sion in DDP-resistant NSCLC cell lines.

Additionally, we measured the expression of miR-140-5p 
in NSCLC cell lines and 16HBE cells. Of interest, we 
found that miR-140-5p levels were evidently decreased in 
DDP-resistant NSCLC cell lines compared with DDP-sensi-
tive NSCLC cell lines (Figure 3G).

si-SNHG1-mediated regulatory effect was antagonized 
by miR-140-5p in DDP-resistant NSCLC cell lines. It has 
been reported that lncRNA can act as a molecular sponge of 
miRNAs, and thus play an important role in many human 
diseases [17]. Therefore, we asked whether SNHG1 exerted its 
regulatory effect through miR-140-5p. As shown in Figure 4A, 
si-SNHG1-mediated inhibition effect on miR-140-5p expres-
sion was highly reversed by co-transfection with anti-miR-
140-5p. Consistently, si-SNHG1-mediated repression effect 
on IC50 of DDP was evidently abated when co-transfected 

with anti-miR-140-5p (Figure 4B). Subsequent functional 
experiments revealed that si-SNHG1-mediated suppression 
function on cell proliferation, migration and invasion was 
also drastically antagonized following miR-140-5p expres-
sion restoration (Figures 4C–4G). These data suggested that 
SNHG1 might exert its regulatory function by sponging 
miR-140-5p in DDP-resistant NSCLC cell lines.

Wnt/β-catenin signaling was involved in SNHG1/
miR-140-5p-mediated regulation in DDP-resistance of 
NSCLC cell lines. Aberrant activation of Wnt/β-catenin 
signaling was an independent mark correlated with poor 
prognosis in NSCLC [20]. Additionally, its targets including 
cyclin D1 and c-Myc were demonstrated to be involved in 
NSCLC progression [21]. Hence, we identified whether 
Wnt/β-catenin signaling was involved in SNHG1/miR-140-
5p-mediated regulation network. Western blot analysis 
revealed that SNHG1 knockdown blockaded Wnt/β-catenin 
signaling in A549/DDP and H1299/DDP cells, presented as 
a decrease of Wnt1, cyclinD1, c-Myc and β-catenin expres-
sion levels (Figures 5A and 5B). Whereas, SNHG1-mediated 

Figure 4. SNHG1 exerted its regulatory function by sponging miR-140-5p. si-NC, si-SNHG1, si-SNHG1+anti-miR-NC, or si-SNHG1+anti-miR-140-5p 
was transfected into A549/DDP and H1299/DDP cells, followed by the determination of miR-140-5p expression by qRT-PCR assay (A), IC50 of DDP 
by CCK-8 assay (B), cell colony formation by colony formation assay (C), cell proliferation ability by CCK-8 assay (D) and (E), cell migration (F) and 
invasion (G) capacities by Transwell assay. *p<0.05 vs. si-NC or si-SNHG1+anti-miR-NC.
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inhibition effect on the activity of Wnt/β-catenin signaling 
was abolished by anti-miR-140-5p transfection (Figures 5A 
and 5B). All these results hinted that Wnt/β-catenin signaling 
might be involved in SNHG1/miR-140-5p-mediated regula-
tion in DDP-resistance of NSCLC cell lines.

SNHG1 knockdown repressed tumor growth in vivo. 
In order to further manifest the function of SNHG1 on 
DDP-resistance of NSCLC, A549/DDP cells transfected with 
sh-SNHG1 or sh-NC were subcutaneously implanted into 
nude mice. All mice underwent an administration of DDP 
every 5 days and were euthanized after 5 weeks injection. 
These data demonstrated that SNHG1 knockdown signifi-
cantly repressed tumor growth, indicated by a decrease of 
tumor volume (Figure 6A) and tumor weight (Figure 6B). 
Moreover, miR-140-5p expression was higher in sh-SNHG1 
group than that in sh-NC group (Figure 6C). In parallel, 
SNHG1 depletion markedly blockaded Wnt/β-catenin 
signaling pathway in xenograft tissues (Figures 3D–3E). 

Taken together, these data suggested that SNHG1 might 
promote DDP-resistance of NSCLC by miR-140-5p/Wnt/β-
catenin pathway in vivo.

Discussion

The emergence or presence of chemoresistance in tumor 
cells is a major burden in cancer therapy [22]. Recently, 
lncRNAs have been widely acknowledged to be implicated in 
a series of malignant pathological processes, such as tumori-
genesis, invasion, metastasis and chemoresistance [23]. 
Accumulating evidences have suggested that some lncRNAs 
play critical roles on DDP-resistance of NSCLC. For example, 
lncRNA CCAT1 accelerated DDP-resistance of NSCLC 
cells by regulating miR-130a-3p/SOX4 axis [24]. LncRNA 
AK126698 was demonstrated to enhance DDP-resistance 
at least partly through targeting Wnt/β-catenin signaling 
pathway [25]. Conversely, upregulation of MEG3 sensitized 

Figure 5. Wnt/β-catenin signaling was involved in SNHG1/miR-140-5p-mediated regulation. Western blot analysis was performed to assess the expres-
sion levels of Wnt1, cyclinD1, c-Myc and β-catenin in A549/DDP (A) and H1299/DDP cells (B) transfected with si-NC, si-SNHG1, si-SNHG1+anti-
miR-NC, or si-SNHG1+anti-miR-140-5p. *p<0.05 vs. si-NC or si-SNHG1+anti-miR-NC.
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DDP-resistance in NSCLC cells to cisplatin via regulating the 
target gene of Wnt/β-catenin pathway [26]. GAS5 knock-
down weakened the DDP-sensitivity of NSCLC by sponging 
miR-21 and regulating PTEN pathway [27]. In this study, we 
found a significant upregulation of SNHG1 expression in 
DDP-resistance of NSCLC tissues and cell lines. Moreover, 
SNHG1 knockdown suppressed the DDP-resistance, prolif-
eration, migration and invasion of NSCLC cell lines in vitro, 
and repressed tumor growth in vivo. All these results implied 
that SNHG1 might contribute to DDP-resistance of NSCLC.

Recently, the ceRNAs hypothesis proposes that lncRNAs 
might act as a molecular sponge of miRNAs, and thus 
implicate in cellular physiopathology processes by directly 
regulating miRNAs [17]. Hence, bioinformatics prediction 
softwares were used to predict the directly interactional 
miRNAs of SNHG1. Among these candidates, miR-140-5p 
was chosen for further study because it was reported to 
participate in the development, progression and chemoresis-
tance of multiple human cancers. For instance, miR-140-5p 
was demonstrated to repress the proliferation of NSCLC cells 
through MMD/Erk signaling pathway [28]. MiR-140-5p 
inhibited tumor growth and metastasis of hepatocellular 
carcinoma by targeting fibroblast growth factor 9 and trans-
forming growth factor β receptor 1 [29]. MiR-140-5p overex-
pression attenuated the proliferation and elevated apoptosis 
in ovarian cancer by targeting PDGFRA [30]. Besides, 

miR-140-5p was described to act as a tumor suppressor in 
tongue cancer [31], colorectal cancer [32] and squamous cell 
carcinoma [33]. Moreover, it was reported that miR-140-5p 
enhanced the chemosensitivity of ovarian cancer cells to 
DDP [30]. Conversely, miR-140-5p ameliorated DDP/
doxorubicin-induced cell death through targeting IP3k2 in 
osteosarcoma cells [34]. Here, we demonstrated that SNHG1 
repressed miR-140-5p expression by directly binding to 
miR-140-5p, and si-SNHG1-mediated regulatory effect was 
antagonized by miR-140-5p. All these results implied that 
SNHG1 might promote DDP-resistance of NSCLC at least 
partly by sponging miR-140-5p.

The Wnt/β-catenin pathway has an oncogenic role in the 
development and progression of multiple human cancers 
such as colorectal cancer [35], prostate carcinoma [36], 
glioblastoma [37] and chronic myeloid leukemia [38]. 
Moreover, abnormalities of Wnt/β-catenin pathway were 
demonstrated to be involved in NSCLC progression, for 
example, Xu et al. [20] and Huang et al. [39] found that Wnt1 
or β-catenin expression levels were closely correlated with 
poor prognosis of NSCLC patients. In the present study, 
Wnt/β-catenin signaling was found to implicate in SNHG1/
miR-140-5p-mediated regulatory in the DDP-resistance of 
NSCLC in vitro and in vivo. Consistent with our findings, 
Wickstrom et al. [40] confirmed that inhibition of Wnt/β-
catenin signaling downregulated the expression of DNA 

Figure 6. SNHG1 knockdown repressed tumor growth in vivo. Approximately 5.0 × 106 A549/DDP cells stably transfected with lentivirus-mediated sh-
SNHG1 or sh-NC were subcutaneously injected into nude mice (n=10). At 3 days after implantation, an intravenous administration of DDP solution (3 
mg/kg) in each mouse was performed every 5 days. 5 weeks later, xenograft mice were euthanized. A) Tumor volume was measured with a caliper every 
week after injection 7 days. B) Tumor average weight was measured. C) qRT-PCR assay of miR-140-3p in excised tumor tissues. D and E) Western blot 
analysis of Wnt1, cyclinD1, c-Myc and β-catenin expression levels in excised tumor tissues. *p<0.05 vs. sh-NC.
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repair enzyme O6-methylguanine-DNA methyltrans-
ferase, a regulator of chemoresistance development, and 
thus restored chemosensitivity of DNA-alkylating drugs in 
variety human cancers. Moreover, Cui et al. [41] showed that 
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Additionally, similar with the present finding of lncRNA/
miRNA/signaling pathway regulatory network in DDP-resis-
tance development, CRNDE/miR-181a-5p/Wnt/β-catenin 
signaling [42] and HOTAIR/miR-218/NF-κB signaling [43] 
were also demonstrated to participate in the development of 
chemoresistance in human cancers.

In conclusion, our data demonstrated that SNHG1 
contributed to DDP-resistance of NSCLC at least in part 
through regulating miR-140-5p/Wnt/β-catenin signaling, 
providing a novel lncRNA/miRNA/signaling pathway 
regulatory network involved in DDP-resistance of NSCLC.
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