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Background: LncRNA SNHG9 has been shown to be an oncogenic lncRNA in glioblas-
toma, while its role in other cancers is unknown. The aim of this study was to investigate the 
role of SNHG9 in non-small cell lung cancer (NSCLC).
Methods: The differential expression of SNHG9 in NSCLC was first explored by analyzing 
the TCGA dataset, followed by measuring the expression levels of SNHG9 in paired NSCLC 
and non-tumor tissues by RT-qPCR. Expression of miR-21 was also determined by RT- 
qPCR. Correlations were analyzed by linear regression. The interaction between miR-21 and 
SNHG9 was detected using RNA pull-down. The expression relationship between SNHG9 
and miR-21 was analyzed by SNHG9 or miR-21 overexpression experiments. The effects of 
overexpression of SNHG9 on the methylation of miR-21 were analyzed by methylation- 
specific PCR (MSP). Cell proliferation was evaluated by CCK-8 assay.
Results: By analyzing the TCGA dataset, we observed downregulation of SNHG9 in NSCLC, 
which was confirmed by measuring the expression levels of SNHG9 in paired NSCLC tumor 
tissues and non-tumor tissues from NSCLC patients involved in this study. MiR-21 was 
upregulated in NSCLC tumor tissues and inversely correlated with SNHG9 in cancer tissues 
but not in non-tumor tissues. The interaction between SNHG9 and miR-21 was predicted by 
bioinformatic analyses, which was further verified by RNA pull-down. In NSCLC cells, over-
expression of SNHG9 led to downregulated miR-21 and increased methylation of miR-21 gene. 
In contrast, miR-21 did not affect the expression of SNHG9. In addition, overexpression of 
SNHG9 attenuated the enhancing effects of miR-21 on NSCLC proliferation.
Conclusion: SNHG9 might downregulate miR-21 through methylation to suppress cancer 
cell proliferation.
Keywords: SNHG9, non-small cell lung cancer, miR-21, methylation

Introduction
Lung cancer is the most common type of malignancy and the major cause of 
cancer-related deaths in both males and females.1 It has been reported that lung 
cancer in 2018 alone affected a total number of 2,093,876 new cases, accounting for 
11.6% of all cancer cases, and caused 1,761,007 deaths, accounting for 18.4% of 
cancer deaths.2 Most cases of lung cancer are diagnosed at advanced stages with 
tumor spread already.3,4 With tumor metastasis, only less than 5% of lung cancer 
patients can live for more than 5 years after the initial diagnosis. Although smoking 
has been proven to be the major cause of lung cancer,5,6 never-smokers are also 
affected by this disease,7 indicating its complicated pathogenesis.
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Studies on the molecular pathogenesis of lung cancer 
increased the understanding of the mechanisms underlying 
the occurrence, development and progression of lung 
cancer.8,9 A considerable number of molecular players 
have been revealed to promote or inhibit the progression 
of lung cancer.8,9 In fact, these factors are potential targets 
for the development of novel anti-cancer therapies, such as 
targeted therapy.10,11 Although non-coding RNAs 
(ncRNAs), such as long (>200 nt) ncRNAs (lncRNAs) 
and miRNAs, are not involved in protein-coding, but 
they regulate gene expression to participate in cancer 
biology.12 Therefore, ncRNAs are novel targets for cancer 
treatment. However, the functionality of most ncRNAs 
remains unclear. LncRNA SNHG9 has been shown to be 
involved in several types of cancer, such as glioblastoma 
and pancreatic cancer (PC).13,14 It has been reported that 
the expression of SNHG9 was upregulated in glioblastoma 
tissues and its increase was related to lower survival rate in 
patients with glioma. And overexpression of SNHG9 in 
glioblastoma cells promoted aerobic glycolysis and cell 
proliferation through regulating the miR-199a-5p/Wnt2 
axis.13 Another research focused on the regulatory roles 
of lncRNA SNHG9 in the pathogenesis of PC demon-
strated that SNHG9 were downregulated in PC tissues 
and serums, and their expression levels were correlated 
with clinical stages and survival rate of PC patients.14 All 
these studies have provided the evidence for the important 
roles of SNHG9 in the progression of different cancers.

The effects of miR-21 have been widely investigated 
in different diseases including lung cancer.15 MiR-21 
was one of the first miRNAs identified in mammalian, 
which is located on chromosome 17 (17q.23.1) in the 
11th intron of the TMEM49 (transmembrane protein 49) 
gene, precursor of VMP1 (vacuole membrane protein 
1).16–18 It has been revealed that the upregulation of 
miR-21 promoted cell migration and cell growth in 
human non-small cell lung cancer cells through CD36 
mediated fatty acid metabolism.15 In addition, it was 
reported that the expression levels of miR-21 were ele-
vated in NSCLC, and the expression of miR-21 was 
inversely correlated with overall survival of NSCLC 
patients, which indicated that miR-21 promoted the 
development of NSCLC.19 In our study, we analyzed 
the TCGA dataset and observed downregulation of 
SNHG9 and its inverse correlation with miR-21 as 
well as its inhibitory roles in the regulation of the 
proliferation of non-small cell lung cancer (NSCLC) 
cells.

Materials and Methods
NSCLC Patients
A total of 64 NSCLC patients (48 males and 16 females, 
age range 45 to 70 years old, mean age 57.4 ± 5.0 years 
old) were enrolled at this hospital between May 2017 and 
October 2019. The diagnosis of NSCLC was performed by 
imaging and histopathological biopsy. Patients with other 
severe clinical disorders were excluded. All patients have 
no family history or previous history of malignancies. 
Based on AJCC staging and clinical findings, the 64 
patients were divided into stage I (n = 12), II (n = 10), 
III (n = 21) and IV (n = 21).

Patient Pre-Treatment
In total, 64 paired NSCLC cancer and non-tumorous tis-
sues samples were obtained from patients undergoing 
a surgical procedure at the Beijing Chest Hospital. All 
patients had signed the written informed consent, in 
which the key information including voluntary participa-
tion, collection and use of patients’ samples only for 
scientific research, publication of their individual-level 
data, confidentiality guarantee, detailed design of the 
study and no risk or influence on their following clinical 
diagnosis and treatment was clearly described. And all 
experiments were performed in accordance with the 
Code of Ethics of the World Medical Association 
(Declaration of Helsinki). This study (including the collec-
tion and use of patients’ samples) was approved by the 
Ethics Committee of the Beijing Chest Hospital.

NSCLC Tissues and Cells
Paired NSCLC and non-tumor lung tissues were obtained 
from each patient through biopsy. All tissue samples were 
confirmed by histopathological analysis and were stored in 
a liquid nitrogen tank before use. Two NSCLC cell lines, 
H1581 and H1993, were purchased from ATCC (USA). 
Cells were cultivated in a 5% CO2 incubator at 37 °C. Cell 
culture medium was composed of RPMI-1640 medium 
(90%) and FBS (10%). SNHG9 expression vector was 
constructed using pcDNA3.1 backbone vector 
(Invitrogen). Mimic of miR-21 and control miRNA were 
provided by Sangon (Shanghai, China). H1581 and H1993 
cells were harvested at about 85% confluence, followed by 
the transfection of cells with either vector (10 nM) or 
miRNA (40 nM) using Lipofectamine 2000 (Invitrogen). 
PcDNA3.1 empty vector or control miRNA-transfected 
cells were annotated as negative control (NC) group. 
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Untransfected cells were used as control (C). Subsequent 
analyses were performed at 48 h post-transfection. 
Lipofectamine 2000 (Invitrogen) was used as transfection 
reagent.

Bioinformatic Analyses
The interaction between SNHG9 and miR-21 was pre-
dicted using an online program IntaRNA (http://rna.infor 
matik.uni-freiburg.de/IntaRNA/Input.jsp). During predic-
tion, miR-21 sequence was used as the “short sequence” 
and SNHG9 sequence was used as the “long sequence”.

RNA Pull-Down Assay
For miRNA pull-down, H1581 and H1993 cells were 
transfected with biotinylated miR-21 (miR-21 probe) or 
control probe (Genescript, Nanjing, China) and harvested 
in lysis buffer that contains 20 mM Tris pH 7.5, 100 mM 
KCl, 5 mM MgCl2, 0.5% NP-40 and 1 U/ul Recombinant 
RNAse inhibitor (TaKaRa). Total RNAs samples were 
pretreated with DNaseI and then heated at 65 °C for 5 
min, followed by an instant ice bath. RNA samples were 
then incubated with streptavidin-coated magnetic beads 
(New England BioLabs, S1420S) at 4 °C for 4 h. After 
incubation, beads were washed twice with lysis buffer and 
RNAs were extracted with Trizol (Invitrogen, CA, USA), 
and the expression of lncRNA SNHG9 was detected by 
RT-qPCR.

RNA Preparation
Total RNAs were extracted from paired tissues, H1581 
and H1993 cells using TRIzol (Sigma-Aldrich) reagent. 
Genomic DNA removal was performed using DNase 
I. A total of 3 µg RNA sample was used for subsequent 
RT-qPCR.

RT-qPCR
SRT IV system (Thermo Fisher Scientific) was used to carry 
out reverse transcriptions (RTs), following by qPCRs per-
formed using SYBR Green Master Mix (Bio-Rad) to deter-
mine the expression of SNHG9. 18S rRNA was used as the 
internal control for SNHG9. Ploy (A) was added to mature 
miRNAs using All-in-One™ miRNA qRT-PCR Reagent Kit 
(Genecopoeia). The same kit was used to perform miRNA 
RTs and qPCRs to measure the expression levels of mature 
miR-21. U6 was used as the internal control for miR-21. 
Triplicate reactions were included in each experiment. Data 
were normalized using 2−ΔΔCT. The primers sequences were as 
follows:

SNHG9 forward: 5ʹ-GACTGCAGACCCCTAACCTT-3ʹ,
SNHG9 reverse: 5ʹ-ACCCGCATGCAGTGAGTTA-3ʹ,
miR-21 forward: 5ʹ-GGACTAGCTTATCAGACTG-3ʹ,
miR-21 reverse: 5ʹ-GGACTAGCTTATCAGACTG-3ʹ,
U6 forward: 5ʹ-GC TTCGGCAGCACATATACTAA 

AAT-3ʹ,
U6 reverse: 5ʹ-CGCTTCACGAATTTGCGTGTCAT-3′.

Methylation-Specific PCR (MSP)
Genomic DNAs were extracted from H1581 and H1993 
cells using Monarch® Genomic DNA Purification Kit 
(NEB). DNA Methylation-GoldTM kit (ZYMO 
RESEARCH) was used to convert all DNA samples. 
With converted DNA samples as template, Taq 2X master 
mix (NEB) was used to perform MSPs to measure the 
level of miR-21 gene methylation. After amplification, 
approximately 200 bp product was obtained for subse-
quent analysis. The primers sequences were as follows:

Methylation forward: TGTAAAACGACGGCCAGT,
Methylation reverse: CAGGAAACAGCTATGACC,
Unmethylation forward: TGTAAAACGACGGCCAGT,
Unmethylation reverse: CAGGAAACAGCTATGACC.

Cell Proliferation Analysis
Cell proliferation assay was performed using Cell 
Counting Kit-8 (CCK-8) kit (Dojindo) to analyze the pro-
liferations of H1581 and H1993 cells after transfections. 
Cells were first subjected to 0.25% trypsin digestion, fol-
lowing by cell culture in a 96-well plate with 5000 cells in 
0.1 mL medium per well. OD values of the medium were 
measured every 24 h for a total of 4 d. CCK-8 was added 
up to 10% before OD value measurement.

Statistical Analysis
Experiments were performed in triplicate and mean ± SD 
values were calculated. Paired t test was used to compare 
differences between paired tissue samples. ANOVA 
Tukey’s test was used to compare differences among mul-
tiple groups. Correlations were analyzed by Pearson’s 
correlation coefficient. P < 0.05 was statistically 
significant.

Results
SNHG9 Was Downregulated but miR-21 
Was Upregulated in NSCLC
By analyzing the TCGA dataset, we observed downregulation 
of SNHG9 in both lung squamous cell carcinoma (LUSC; 
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24.9 vs 30.79) and lung adenocarcinoma (LUAD; 26.61 vs 
30.21). To further confirm the downregulation of SNHG9 in 
NSCLC, the expression of SNHG9 in paired NSCLC tumor 
tissues and non-tumor tissues from 64 NSCLC patients was 
analyzed by performing RT-qPCR. It was observed that 
expression levels of SNHG9 were significantly lower in 
NSCLC tumor tissues compared to that in non-tumor tissues 
(Figure 1A, p < 0.001). The expression of miR-21 in paired 
NSCLC and non-tumor tissues from NSCLC patients were 
also analyzed by performing RT-qPCR. Compared to non- 
tumor tissues, the expression levels of miR-21 were signifi-
cantly higher in NSCLC tissues (Figure 1B, p < 0.001).

SNHG9 and miR-21 Were Inversely 
Correlated in NSCLC and Interacted 
with Each Other
In order to investigate the correlation between SNHG9 
and miR-21, the expression levels of them were corre-
lated by detecting RNAs extracted from paired tumor 
tissues and non-tumor tissues, respectively. Correlation 
analysis showed that the expression levels of miR-21 
and SNHG9 were inversely and significantly correlated 
with each other across NSCLC tissues (Figure 2A), but 
not in non-tumor tissues (Figure 2B). The interaction 
between SNHG9 and miR-21 was assessed by an online 
program IntaRNA, which showed that there was 
a binding site with miR-21 at 3ʹ-UTR of the SNHG9 
gene (Figure 2C). RNA pull-down assay was conducted 
to detect the binding between them. LncRNA SNHG9 
could only be precipitated by miR-21 probe but it was 
undetectable in the product precipitated by scramble 
control probe (Figure 2D), indicating that miR-21 
directly interacts with SNHG9.

Overexpression of SNHG9 Promotes the 
Methylation of miR-21
H1581 and H1993 cells were transfected with either SNHG9 
expression vector or miR-21 mimic to explore the expres-
sion relationship between SNHG9 and miR-21. 
Overexpression of SNHG9 and miR-21 was confirmed by 
RT-qPCR (Figure 3A, p < 0.05). It was observed that over-
expression of SNHG9 downregulated miR-21 (Figure 3B, 
p < 0.05), while overexpression of miR-21 did not affect the 
expression of SNHG9 (Figure 3C). To explore the mechan-
ism, MSP was performed to analyze the effect of overex-
pression of SNHG9 on the methylation of miR-21 gene. 
Compared to cells transfected with empty pcDNA3.1 vector, 
cells transfected with SNHG9 expression vector showed 
increased methylation of miR-21 gene (Figure 3D).

SNHG9 Suppressed NSCLC Cell 
Proliferation Through Modulating miR-21
The role of SNHG9 and miR-21 in regulating NSCLC cell 
proliferation was analyzed by performing cell proliferation 
assay. It was observed that overexpression of SNHG9 resulted 
in decreased cell proliferation rate, and overexpression of 
miR-21 led to increased cell proliferation rate. Moreover, 
overexpression of SNHG9 attenuated the enhancing effects 
of miR-21 on NSCLC proliferation (Figure 4, p < 0.05).

Discussion
The interactions between SNHG9 and miR-21 in lung 
cancer were explored in this study. We found that 
SNHG9 was downregulated in NSCLC and it suppressed 
the expression of miR-21 through methylation and then 
inhibited NSCLC cell proliferation.

Figure 1 The expression levels of SNHG9 were decreased in NSCLC but the expression levels of miR-21 were elevated in NSCLC. Expressions of SNHG9 (A) and miR-21 
(B) in paired tumor tissues and non-tumor tissues from 64 NSCLC patients were analyzed by performing RT-qPCR. PCRs were performed in triplicate and mean values were 
presented and compared. ***p < 0.001.
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The involvement of SNHG9 in cancer biology has been 
investigated in several types of malignancy.13 It has been 
reported that SNHG9 was upregulated in glioblastoma and 
could interact with the iR-199a-5p/Wnt2 axis to promote 
aerobic glycolysis and cell growth.13 Another study 
reported that SNHG9 was downregulated in prostate can-
cer and predicted the survival of patients.15 Therefore, 
SNHG9 may exhibit different expression patterns and 
play different roles in different types of malignancy. In 
our study, we found that SNHG9 was downregulated in 
NSCLC and its suppressive roles in NSCLC cell prolifera-
tion, which suggests that lncRNA SNHG9 may participate 
in the progression of NSCLC.

MiR-21 is a well-studied oncogenic miRNA in cancer 
biology.20 MiR-21 targets several tumor suppressors, such 
as PTEN and programmed cell death to inhibit cancer 
development and progression.19,21 However, the upstream 

regulators of miR-21 in cancer biology still have not been 
precisely explored. In this study, we first observed the 
upregulation of miR-21 in NSCLC tumor tissues relative 
to non-tumor tissues and its inverse correlation with 
lncRNA SNHG9 in NSCLC, which suggests SNHG9 and 
miR-21 have opposite expression patterns in NSCLC, and 
their correlation might be an important internal mechanism 
in the regulation of NSCLC. In order to verify whether 
there is an interaction between SNHG9 and miR-21, we 
conducted bioinformatic analyses and RNA pull-down 
assay. Bioinformatic analyses showed that a binding site 
with miR-21 was located at the 3ʹ-UTR of SNHG9 gene, 
and lncSNHG9 existed in the immunoprecipitated pellet 
by miR-21 probe but not scramble control probe. To 
further investigate the regulatory relationship between 
SNHG9 and miR-21, SNHG9 or miR-21 was overex-
pressed in NSCLC cell lines. Interestingly, overexpression 

Figure 2 MiR-21 were inversely correlated with SNHG9 in NSCLC and could interact with SNHG9. Correlations between the expression levels of miR-21 and SNHG9 
across NSCLC tissues (A) and non-tumor tissues (B) were analyzed by linear regression. An inverse correlation between miR-21 and SNHG9 was observed in NSCLC 
tumor samples but not in non-tumor tissues. The interaction between SNHG9 and miR-21 was predicted by bioinformatic analyses (C). RNA pull-down was applied to 
detect the interaction between miR-21 and SNHG9. SNHG9 could only be amplified in the pellet precipitated by miR-21 probe but not control probe (D), indicating that 
miR-21 directly interacts with lncRNA SNHG9 in NSCLC cell lines. ***p < 0.001.
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of SNHG9 significantly suppressed the expression of miR- 
21. However, miR-21 had no responsive effect on SNHG9. 
Our MSP experiment reveals that overexpression of 
SNHG9 could promote the methylation of miR-21 gene 
in NSCLC cell lines, suggesting the mastery of SNHG9 to 
miR-21 might be taken through gene methylation. MiR-21 
can impact cancer cell proliferation via targeting different 
signaling proteins.22,23 In our study, we also found that 
miR-21 promoted the proliferation of NSCLC cells, which 

was consistent with previous studies that miR-21 deterio-
rates the progression of NSCLC.19 As expected, SNHG9 
had suppressive effect on NSCLC cell proliferation, indi-
cating its protective role in NSCLC progression.

It is worth noting that the expression levels of SNHG9 
and miR-21 were inversely and significantly correlated only 
across NSCLC tissues but not non-tumor tissues. Thus, the 
interaction between SNHG9 and miR-21 may only occur 
under pathological factors. One possible hypothesis is that 

Figure 3 Overexpression of SNHG9 downregulated miR-21 through methylation. H1581 and H1993 cells were transfected with either SNHG9 expression vector or miR- 
21 mimic to explore the relationship between SNHG9 and miR-21. Overexpression of SNHG9 and miR-21 was confirmed by RT-qPCR (A). The effects overexpression of 
SNHG9 on miR-21 (B) and the effects of overexpression of miR-21 on SNHG9 were also explored by RT-qPCR (C). MSP was performed to analyze the effects of 
overexpression of SNHG9 on the methylation of miR-21 gene (D). Experiments were repeated 3 times and mean ± SD values were presented and compared. M, 
methylation; U, un-methylation. *p < 0.05.
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some methylation factors were altered in NSCLC cells, and 
the altered methylation factors mediate the interaction 
between SNHG9 and miR-21. However, future studies are 
needed to perform deeper investigations.

In conclusion, SNHG9 is inhibited in NSCLC and 
miR-21 is upregulated in NSCLC. SNHG9 may down-
regulate miR-21 through methylation to suppress NSCLC 
cell proliferation.
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