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Background: Non-small cell lung cancer (NSCLC) is a frequently diagnosed aggressive
cancer all over the world. Small nucleolar RNAs (snoRNAs) are a group of non-coding
mediatory RNAs. A previous report indicated that small nucleolar RNA 47 (SNORA47) is
upregulated in NSCLC. However, the role of SNORA47 in NSCLC is unclear.

Material and Methods: Cell proliferation was measured by immunofluorescence
staining. Cell apoptosis and cycle of NSCLC were tested by flow cytometry and the
protein expressions were investigated by Western-blot. Meanwhile, cell migration and
invasion were detected by transwell assay. Xenograft mice model was established to
detect the effect of SNORA47 knockdown on tumor growth of NSLC in vivo.

Results: Knockdown of SNORA47 significantly inhibited the proliferation of NSCLC cells
via inducing cell apoptosis. Moreover, migration and invasion of NSCLC cells were notably
decreased by SNORA47 shRNA. SNORA47 knockdown significantly induced G1 arrest in
NSCLC cells via regulation of p27 Kip1, CDK2, and cyclin D1. Meanwhile, SNORA47
shRNA inhibited EMT process and PI3K/Akt signaling in NSCLC cells. Finally, silencing of
SNORA47 significantly inhibited the tumor growth of NSCLC in vivo.

Conclusion: Knockdown of SNORA47 significantly inhibited the tumorigenesis of
NSCLC via inhibition of PI3K/Akt signaling and EMT process. Thereby, our finding
might shed a new light on exploring the strategies for the treatment of NSCLC.
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INTRODUCTION

Non-small cell lung cancer (NSCLC) is the most frequent type of lung cancer which is known as the
leading cause of cancer-associated death all over the world (1). Nowadays, surgery, radiation and
chemotherapy are the main treatments of NSCLC (2). Although many efforts have been made to
treat NSCLC in the past twenty years, 5-year survival rates of patients with NSCLC remain low due
to metastasis and recurrence of lung cancer (3). Therefore, it is necessary to explore new strategies
for the treatment of NSCLC.
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Small nucleolar RNAs (snoRNAs) are a group of non-coding
mediatory RNAs about the length of 60–300 nucleotides which
are located in nucleolus of cells (4). It has been previously
reported that more than 100 snoRNAs throughout the human
body are closely correlated with cellular processes, genesis of
miRNA and stress response (5). Since snoRNAs are participated
in many physiological processes, dysregulation of snoRNAs may
lead to the progression of diseases (6). In addition, it has been
confirmed that snoRNAs can act as important mediators in
NSCLC. For example, Zheng D et al. found that SNORA78 could
promote the tumorigenesis of NSCLC in vitro and in vivo (7). In
addition, Mei YP et al. indicated that SNORA42 could act as an
oncogene in NSCLC (8). Meanwhile, SNORA47 is known to be
upregulated in NSCLC (9). However, the role of SNORA47 in
NSCLC remains unclear.

In the current study, we sought to detect the function of
SNORA47 in NSCLC. We hope our research would shed new
lights on exploring the new methods for the treatment of NSCLC.
MATERIAL AND METHODS

Cell Culture
Human NSCLC cell lines (A549 and NCI-H23), Human normal
lung epithelial cells (BEAS-2B) and 293T cells were obtained
from American Type Culture Collection (ATCC, Manassas, VA,
USA). Cells were maintained in DMEMmedium (Thermo Fisher
Scientific, Cambridge, MA, USA) supplemented with 10% FBS,
penicillin (100 U/ml), and streptomycin (100 mg/ml). Cells were
incubated at 37°C with the condition of 5% CO2.

Cell Transfection
SNORA47 shRNA1 or shRNA2 (GenePharma, Shanghai, China)
was packaged into lentiviral vector (pLVX-IRES-Puro,
GenePharma), and then the lentiviral vector DNAs were
transfected into 293T cells (5 × 106/well) including lenti-
LINC01234 shRNAs and negative control (NC). After
transfection, the cells were incubated at 37°C, and the
supernatant was collected. After that, supernatants of two
SNORA47 shRNAs and negative control (NC) were filtered
into particles. Finally, NSCLC or BEAS-2B cells were infected
with lentiviral particles according to the manufactures’ protocol.
After 48 h of incubation, stable NSCLC cells were then selected
by puromycin (2.5 mg/ml, Sigma Aldrich, St. Louis, MO, USA).
The sequences of shRNAs were as follows: SNORA47 shRNA1:
5 ’ -GGACTGAGAAGGTGAGGCAGTTT TTCAAG
AGAAAACTGCCTCACCTTCTCAGTCCTTTTTT-3 ’ ;
SNORA47 shRNA2: 5’-CCTTCCACCGGTTAAGACCTCCA
TTCAAGAGATGGAGGTCTTAACCGGTGGAAGGTTTTTT-
3’; NC shRNA: 5’-CAGCGCTGTGCTGGCCGACATTT
TTCAAGAGAAAATGTCGGCCAGCACAGCGCTGTTTTTT.

Reagents
TGF-b, Akt inhibitor (LY294002), and Erk (PD98059) were
purchased fromMedChemExpress (MCE; New Jersey, NJ, USA).
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Reverse Transcription-Quantitative PCR
(RT-qPCR)
Total RNA was extracted from cell lines or tissues using TRIzol®

reagent (Thermo Fisher Scientific). Total RNA was reverse
transcribed into cDNA using the PrimeScript RT reagent kit
(ELK Biotechnology, Wuhan, China). Subsequently, RT-qPCR
was performed using the SYBR premix Ex Taq II kit (ELK
Biotechnology, Wuhan, China). RT-qPCRs were performed
three times as follows: 2 min at 94°C, followed by 35 cycles (30
s at 94°C and 45 s at 55°C). The following primer pairs were used
for RT-qPCR: SNORA47 forward, 5’-GGAGGACTGAG
AAGGTGAGGC-3’ and reverse, 5’-GGCAAGGGGACATC
CTCTG-3’; b-actin forward, 5’-GTCCACCGCAAATGCTT
CTA-3’ and reverse, 5’-TGCTGTCACCTTCACCGTTC-3’.
Gene expressions were calculated by 2−DDt method.

Cell Counting Kit-8 (CCK-8) Assay
NSCLC cells (5 x 103 cells/well) or BEAS-2B cells (5 x 103 cells/
well) were plated into 96-well plates and treated with NC or
SNORA47 shRNA1 for 0, 24, 48 or 72 h. CCK-8 reagents (10 ml,
Beyotime, Shanghai, China) were added into each well, and the
plate was then incubated for 2 h at 37°C. The absorbance was
detected at 450 nm using a microplate reader (Bio-Rad, Hercules,
CA, USA).

Western Blotting
NSCLC cells were lysed in RIPA lysis buffer (KeyGEN, Nanjing,
China), and the concentration of protein was detected by BCA
Assay kit (Solar life science, Beijing, China). Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE, 10%)
was performed to separate the equal amounts of protein (30 mg),
and proteins were then shifted onto polyvinylidene difluoride
membrane (PVDF, Thermo Fisher Scientific). Five percent nonfat
dried milk in TBST was applied to block the PVDF membrane for
1 h. PVDF membrane was incubated at 4°C overnight with the
primary antibodies: E-cadherin (Abcam, Cambridge, MA, USA,
1:1000), N-cadherin (Abcam, 1:1000), p-Akt (Abcam, 1:1000), Akt
(Abcam, 1:1,000), p-ERK (Abcam, 1:1000), ERK (Abcam, 1:1000),
cleaved caspase 3 (Abcam, 1:1000), p27 Kip1 (Abcam, 1:1000),
cyclin D1 (Abcam, 1:1000), CDK2 (Abcam, 1:1000) and b-actin
(Abcam, 1:1000). Then, the membranes were incubated with
HRP-conjugated secondary antibodies (Abcam; 1:5000) for 1 h.
Protein bands were visualized using the ECL kit (Thermo Fisher
Scientific). b-actin was used as the loading control. IPP 6.0 (Image-
Pro Plus 6.0) was used for the densitometry analysis.

Immunofluorescence Staining
Cells were plated onto a 96-well plate at the density of 5.0 × 103

cells/well. After incubation, cells were transfected with NC or
SNORA47 shRNA1 for 72 h. After that, cells were fixed with 4%
paraformaldehyde and incubated with rabbit monoclonal
antibody anti-Ki67 (1:100, Abcam Cambridge, MA, USA) at
4°C overnight. Then, cells were incubated with anti-rabbit IgG
secondary antibody (1:1000, Abcam) for 1 h at room
temperature. Finally, the results were observed under a
fluorescence microscope (Olympus BX53, Tokyo, Japan).
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Flow Cytometry
Cells were trypsinized and resuspended in binding buffer. After
that, cells were stained with 5 µl annexin V-FITC and PI in the
dark at 37°C for 30 min. Later on, flow cytometry (FACScan™;
BD Biosciences, Franklin Lake, NJ, USA) was applied to analyze
the apoptosis rate using CellQuest™ software.

Cell Cycle Detection
Cell cycle distribution was investigated according to a recent
report (10). NSCLC cells were harvested, fixed, permeabilized,
and stained with Pharmingen PI/RNase (BD). After incubation
for 15 min, cells were analyzed using ModFit and the data were
quantified by FlowJo software (BD).

Transwell Assay
The upper chamber is pre-treated with 100 ml matrigel (BD
Biosciences, Franklin Lake, NJ, USA). Cell migration was tested
without Matrigel. Subsequently, transfected NSCLC cells were
seeded in upper chambers with serum-free media, while the
media in lower chambers was supplemented with 10% serum.
After 24 h of incubation, transwell chambers were fixed with 5%
glutaraldehyde and stained with 0.1% crystal violet. The
migrated and invaded cells were calculated under a microscope.

Xenograft Mice Model
All animal experiments were approved by the research ethics
committee of Chongqing University Cancer Hospital. NSCLC
cells were infected for 24 h with a control or SNORA47 shRNA-
expressing lentivirus (Genepharma), and then injected
subcutaneously (2 × 106 cells/per mouse) into 5-week-old
BALB/c nude mice (Chinese Academy of Sciences, Shanghai,
China). Tumor volume was calculated every week for 5 weeks
according to the equation: (length×width×width)/2. At the end
of the study, mice were sacrificed for collection of tumor tissues.

Immunohistochemical (IHC) Staining
Tissues of mice were fixed, paraffin-embedded, and cut into 5-
mm-thick sections. Paraffin sections were deparaffinized and
rehydrated. The sections were heated in sodium citrate buffer
in a microwave for antigen retrieval, washed with phosphate-
buffered saline (PBS) for 5 min (three times) at room
temperature, incubated in 3% H2O2 at room temperature for
25 min. The sections were, washed with PBS for 5 min (three
times) and blocked and incubated in goat serum for 30 min.
Then, samples were incubated with primary antibody (anti-p-
Akt and anti-p-ERK, Abcam) overnight at 4°C. After that,
samples were incubated with secondary antibody (HRP-
labeled) for 30 min at 37°C. Finally, freshly prepared
diaminobenzidine (DAB) was added for color development.
The tissues were observed under a microscope.

Statistical Analysis
Data are presented as the mean ± standard deviation. CCK-8
assay was performed in quintuplicate. RT-qPCR, flow cytometry,
Ki67 staining, transwell assay, and western blot were repeated
three times. Comparisons were analyzed by the Student’s t-test
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(between two groups) or one-way ANOVA followed by Tukey’s
post hoc test (among multiple groups, GraphPad Prism; version
7; GraphPad Software, Inc.). P < 0.05 indicates a statistically
significant difference.
RESULTS

Knockdown of SNORA47 significantly
inhibited the proliferation of NSCLC or
BEAS-2B cells
To detect the efficiency of cell transfection, RT-qPCR was used. As
revealed in Figure 1A and Supplementary Figure 1A, the
expression of SNORA47 in NSCLC or BEAS-2B cells was
downregulated by SNORA47 shRNA1. Moreover, cell viability
of NSCLC or BEAS-2B was notably decreased by SNORA47
knockdown (Figure 1B and Supplementary Figure 1B), and
SNORA47 shRNA1 significantly inhibited the proliferation of
NSCLC or BEAS-2B cells (Figures 1C, D and Supplementary
Figure 1C). Meanwhile, the viability and proliferation of BEAS-
2B cells were limitedly affected by SNORA47 shRNA2
(Supplementary Figures 1B, C). Altogether, knockdown
of SNORA47 significantly inhibited the proliferation of
NSCLC cells.

Silencing of SNORA47 Notably Induced
the Apoptosis in NSCLC Cells
In order to investigate the effect of SNORA47 knockdown on cell
apoptosis, flow cytometry was used. As indicated in Figures 2A,
B and Supplementary Figure 1D, SNORA47 shRNA1 notably
induced the apoptosis of NSCLC or BEAS-2B cells, while
SNORA47 shRNA2 had very limited effect on BEAS-2B cell
apoptosis. Meanwhile, NSCLC cells were more sensitive to
SNORA47 shRNA1, compared to BEAS-2B cells (Figures 1A–D,
2A, B and Supplementary Figures 1A–D). Furthermore,
SNOTRA47 knockdown-induced NSCLC cells apoptosis was
partially reversed by TGF-b (Figures 2A, B). Thus, silencing of
SNORA47 significantly inhibited the proliferation of NSCLC
cells via inducing cell apoptosis. Moreover, NSCLC cells were
more sensitive to SNORA47 shRNA1, compared to SNORA47
shRNA2. Thus, SNORA47 shRNA1 were selected of use in
subsequent experiments.

SNORA47 shRNA1 Significantly
Suppressed the Migration and Invasion of
NSCLC Cells
In order to detect the migration and invasion of NSCLC cells,
transwell was performed. The data showed that migration of
NSCLC cells was significantly inhibited by silencing of
SNORA47 (Figures 3A, B). Consistently, SNORA47
knockdown obviously alleviated the invasion of NSCLC cells
(Figures 3C, D). Since A549 cells were more susceptible to
SNORA47 shRNA treatment, A549 cells were selected for further
analysis. Taken together, SNORA47 shRNA significantly
suppressed the migration and invasion of NSCLC cells.
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SNORA47 Knockdown Inhibited PI3K/Akt,
MAPK/ERK and the EMT Process in
NSCLC Cells
In order to investigate the mechanism by which SNORA47
mediated the progression of NSCLC, western blot was used. As
revealed in Figures 4A–F, knockdown of SNORA47 significantly
upregulated the expressions of E-cadherin and cleaved caspase 3
and downregulated the expressions of N-cadherin, p-Akt, and p-
ERK. In addition, the effect of SNORA47 shRNA1 on E-cadherin
and N-cadherin was further increased by LY294002 or PD98059
(Supplementary Figure 2A). Altogether, SNORA47 knockdown
inhibited PI3K/Akt signaling, MAPK/ERK and the EMT process
in NSCLC cells.

SNORA47 Silencing Notably Induced G1
Arrest in NSCLC Cells
For the purpose of detecting the effect of SNORA47 knockdown
on cell cycle distribution, flow cytometry was performed. As
Frontiers in Oncology | www.frontiersin.org 4
shown in Figure 5A, silencing of SNORA47 significantly
induced G1 arrest in NSCLC cells. Moreover, the effect of
SNORA shRNA1 on cell cycle distribution was further
enhanced by LY294002 or PD98059 (Supplementary Figure
2B). Meanwhile, the expression of p27 Kip1 in NSCLC cells was
notably upregulated by knockdown of SNORA47 (Figures 5B,
C). In contrast, silencing of SNORA47 significantly inhibited the
protein levels of cyclin D1 and CDK2 (Figures 5B, D, E). To sum
up, SNORA47 knockdown notably induced G1 arrest in NSCLC
cells via mediation of p27 Kip1, cyclin D1, and CDK2.

Knockdown of SNORA47 Significantly
Inhibited the Tumor Growth of NSCLC
In Vivo
Finally, xenograft mice model was established to investigate the
function of SNORA47 in NSCLC. As revealed in Figures 6A, B,
the tumor sizes of mice were significantly decreased by
knockdown of SNORA47. Consistently, SNORA47 shRNA1
A B

D

C

FIGURE 1 | Knockdown of SNORA47 significantly inhibited the proliferation of NSCLC cells. (A) A549 or NCI-H23 cells were transfected with SNORA47 shRNA1 or
shRNA2. Then, the expression of SNORA47 in NSCLC cells was detected by RT-qPCR. (B) The viability of NSCLC cells was tested by CCK-8 assay. (C) The
proliferation of A549 cells was measured by Ki67 staining. Red fluorescence indicates Ki67. Blue fluorescence indicates DAPI. (D) The proliferation of NCI-H23 cells
was measured by Ki67 staining. **P < 0.01 compared to Blank.
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notably reduced the tumor weight of mice (Figure 6C).
Meanwhile, the level of SNORA47 in mice was significantly
decreased when injected with SNORA47 shRNA1 (Figure 6D),
and SNORA47 shRNA1 notably increased Ki67 positive cell rate
in tumor tissue (Figure 6E). In addition, the protein levels of p-
Akt and p-ERK in tissues of mice were notably inhibited by
SNORA47 shRNA1 (Figure 6F). In summary, knockdown of
SNORA47 significantly inhibited the tumor growth of NSCLC
in vivo.
DISCUSSION

In this study, we found that silencing of SNORA47 could lead to
the inhibition of cell growth, migration, and invasion in NSCLC.
In addition, our research firstly indicated that SNORA47 could
play a key role in tumorigenesis of NSCLC via mediation of
PI3K/Akt/EMT axis. Therefore, our findings would be
meaningful for the improvement of new targeted therapy.
Frontiers in Oncology | www.frontiersin.org 5
Ithasbeenreported that snoRNAsare involved in tumorigenesis
ofNSCLC. For instance, TangG et al. found that SNORA71Acould
promote the growth, migration, and invasion of NSCLC cells via
mediation ofMAPK/ERK pathway (11). In addition, ZhengD et al.
found SNORA78 could promote the tumorigenesis of NSCLC (7).
Moreover, Gao et al. reported that SNORA68 and SNORA21 were
notably upregulated in NSCLC tissues, compared with adjacent
normal tissues (12). Since these snoRNAs have been confirmed to
be participated in the progression of NSCLC, it is necessary to
compare the underlying mechanisms of these snoRNAs in NSCLC
with SNORA47 for identifying a potential therapeutic target.

PI3K/Akt signaling pathway is frequently upregulated in
malignant tumors (13, 14). In the current research, SNORA47
shRNA notably inhibit PI3K/Akt signaling in NSCLC. A recent
study found that inactivation of PI3K/Akt signaling contributes
to cell apoptosis in NSCLC (15). Thus, our study was consistent
to this previous research. Moreover, our data also showed that
silencinhg of SNORA47 inactivated p-ERK in NSCLC cells, and
ERK inhibitor further increased the apoptotic effect of SNORA47
A

B

FIGURE 2 | Silencing of SNORA47 notably induced the apoptosis in NSCLC cells. A549 or NCI-H23 cells were treated with NC, SNORA47 shRNA1, SNORA47
shRNA2, or SNORA47 shRNA1 + TGF-b. (A) The apoptosis of A549 cells was tested by flow cytometry. (B) The apoptosis of NCI-H23 cells was tested by flow
cytometry. **P < 0.01 compared to Blank. ##P < 0.01 compared to SNORA47 shRNA1.
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shRNA. Since ERK is the downstream protein of MAPK pathway
(16), our study firstly found the function of SNORA47 inMAPK/
ERK signaling. Meanwhile, our findings suggested that
knockdown of SNORA47 downregulated EMT process in
NSCLC cells. A previous report indicated that activation of
PI3K/Akt signaling was correlated with the upregulation of
EMT process (17). Taken together with these data, our
findings indicated that SNORA47 knockdown could inhibit the
progression of NSCLC via inhibition of EMT process and PI3K/
Akt signaling pathway.

In this research, we found that p27 Kip1, CDK2, and cyclin D1
were the downstream targets of SNORA47 by which SNORA47
shRNA regulated cell cycle distribution of NSCLC. P27 Kip1 is
known to be a cell cycle regulator which plays a pivotal role in the
G1-to-S transition of the cell cycle (18–20). Consistently, our data
demonstrated that SNORA47 knockdown could result in G1 phase
arrest in NSCLC cells through upregulation of p27 Kip1.
Meanwhile, CDK2 and Cyclin D1 are known to be cell cycle
regulators in NSCLC (21–23). SNORA78 could induce cell cycle
arrest in NSCLC cells via upregulation of CDK2 (7). In addition,
Frontiers in Oncology | www.frontiersin.org 6
SNORA42 could act as an oncogene in lung cancer viaupregulation
of Cyclin D1 (8). Our data was in line with the previous findings of
CDK2 and Cyclin D1 as cell-cycle mediators.

According to Li G et al. (24), SNORA47 could promote the
tumorigenesis of hepatocellular carcinoma by regulation of EMT
process. Similarly, our data also revealed that SNORA47 shRNA
could inhibit EMT process in NSCLC cells. In this previous
research, SNORA47 significantly inhibited the expression of E-
cadherin and increased the level of N-cadherin. Consistently, our
study also indicated that SNORA47 silencing inhibited the EMT
process via regulation of E-cadherin and N-cadherin. Thus, the
function of SNORA47 on these two proteins might result in this
similarity. Meanwhile, our data further explored the function of
SNORA47 in PI3K/Akt signaling.

Of course, there are some limitations in this research as
follows: (1) the correlation between SNORA47 and PI3K/Akt
signaling is still unclear; (2) other molecular mechanisms by
which SNORA47 mediates the tumorigenesis of NSCLC remain
to be further explored. Thereby, more investigations are needed
in the future.
A B

DC

FIGURE 3 | SNORA47 shRNA significantly suppressed the migration and invasion of NSCLC cells. (A) The migration of A549 cells was detected by transwell assay.
(B) The migration of NCI-H23 cells was detected by transwell assay. (C) The invasion of A549 cells was detected by transwell assay. (D) The invasion of NCI-H23
cells was detected by transwell assay. **P < 0.01 compared to Blank.
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A B D

E F

C

FIGURE 4 | SNORA47 knockdown inhibited PI3K/Akt, MAPK/ERK and the EMT process in NSCLC cells. (A) The protein expressions of E-cadherin, N-cadherin,
Akt, p-Akt, ERK, p-ERK, and cleaved caspase 3 in NSCLC cells were detected by western blot. (B–F) The relative expressions were quantified by normalizing to b-
actin. **P < 0.01 compared to Blank.
A B

D EC

FIGURE 5 | SNORA47 knockdown notably induced G1 arrest in NSCLC cells. (A) The cell cycle distribution in NSCLC was detected by flow cytometry. (B) The
protein expressions of p27 Kip1, Cyclin D1, and CDK2 in NSCLC cells were detected by western blot. (C–E) The relative expressions were quantified by normalizing
to b-actin. **P < 0.01 compared to Blank.
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In conclusion, knockdown of SNORA47 significantly
inhibited the tumorigenesis of NSCLC via mediation of PI3K/
Akt and MAPK/ERK signaling. Thus, SNORA47 might serve as a
new target for the treatment of NSCLC.
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Supplementary Figure 1 | Knockdown of SNORA47 significantly inhibited the
proliferation of BEAS-2B cells via inducing apoptosis. (A) BEAS-2B cells were
transfected with SNORA47 shRNA1 or SNORA47 shRNA2. The expression of
SNORA47 in BEAS-2B cells was detected by RT-qPCR. (B) The viability of BEAS-
2B cells was tested by CCK-8 assay. (C) The proliferation of BEAS-2B cells was
tested by Ki67 staining. (D) The apoptosis of BEAS-2B cells was tested by flow
cytometry. **P < 0.01 compared to Blank.

Supplementary Figure 2 | The effect of SNORA47 knockdown on cell cycle and
EMT process was further enhanced by LY294002 or PD98059. NSCLC cells were
treated with NC, SNORA47 shRNA1, SNORA47 shRNA1 + LY294002 or SNORA47
shRNA1 + PD98059. (A) The protein levels of E-cadherin and N-cadherin in NSCLC
cells were detected by western blot. The relative expressions were quantified by
normalizing tob-actin. (B)Thecell cycledistributionwas testedby flowcytometry. **P<
0.01 compared to Blank. ##P < 0.01 compared to SNORA47 shRNA1.
REFERENCES
1. Hu F, Wang W, Fang C, Bai C. TIGIT presents earlier expression dynamic than

PD-1 in activatedCD8(+) T cells and is upregulated in non-small cell lung cancer
patients. Exp Cell Res (2020) 396:112260. doi: 10.1016/j.yexcr.2020.112260

2. Qin N, Li Y, Wang C, Zhu M, Dai J, Hong T, et al. Comprehensive functional
annotation of susceptibility variants identifies genetic heterogeneity between
lung adenocarcinoma and squamous cell carcinoma. Front Med (2020). doi:
10.1007/s11684-020-0779-4

3. Sharma A, Almasan A. USP14 Regulates DNA Damage Response and Is a
Target for Radiosensitization in Non-Small Cell Lung Cancer. Int J Mol Sci
(2020) 21:6383. doi: 10.3390/ijms21176383

4. Kim SC, Lim YW, Jo WL, Park SB, Kim YS, Kwon SY. Long-Term Results of
Total Hip Arthroplasty in Young Patients With Osteonecrosis After
A B D

E F

C

FIGURE 6 | Knockdown of SNORA47 significantly inhibited the tumor growth of NSCLC in vivo. A549 cells were subcutaneously injected into nude mice to mimic
NSCLC in vivo. SNORA47 shRNA1 or vector control was directly injected into the tumors. (A) Tumor volumes were assessed once a week. (B) Tumor tissues of
mice were collected at the end of the study. (C) Tumor weights of mice were investigated. (D) The level of SNORA47 in mice was investigated by RT-qPCR. (E) The
proliferation of NSCLC cells was detected by Ki67 staining. (F) The protein levels of p-Akt and p-ERK in tissues of mice were measured by IHC staining. **P < 0.01
compared to control.
March 2021 | Volume 11 | Article 620213

https://www.frontiersin.org/articles/10.3389/fonc.2021.620213/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.620213/full#supplementary-material
https://doi.org/10.1016/j.yexcr.2020.112260
https://doi.org/10.1007/s11684-020-0779-4
https://doi.org/10.3390/ijms21176383
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yu et al. SNORA47 shRNA Inhibits PI3K/Akt Signaling
Allogeneic Bone Marrow Transplantation for Hematological Disease: A
Multicenter, Propensity-Matched Cohort Study With a Mean 11-Year
Follow-Up. J Arthroplasty (2020) 36:1049–54. doi: 10.1016/j.arth.2020.09.010

5. Balaskas P, Green JA, Haqqi TM, Dyer P, Kharaz YA, Fang Y, et al. Small
Non-Coding RNAome of Ageing Chondrocytes. Int J Mol Sci (2020) 21:5675.
doi: 10.1101/2020.06.17.156927

6. Liu J, Liao X, Zhu X, Lv P, Li R. Identification of potential prognostic small
nucleolar RNA biomarkers for predicting overall survival in patients with
sarcoma. Cancer Med (2020) 9:7018–33. doi: 10.1002/cam4.3361

7. Zheng D, Zhang J, Ni J, Luo J, Wang J, Tang L, et al. Small nucleolar RNA 78
promotes the tumorigenesis in non-small cell lung cancer. J Exp Clin Cancer
Res (2015) 34:49. doi: 10.1186/s13046-015-0170-5

8. Mei YP, Liao JP, Shen J, Yu L, Liu BL, Liu L, et al. Small nucleolar RNA 42 acts
as an oncogene in lung tumorigenesis. Oncogene (2012) 31:2794–804. doi:
10.1038/onc.2011.449

9. Braicu C, Zimta AA, Harangus A, Iurca I, Irimie A, Coza O, et al. The
Function of Non-Coding RNAs in Lung Cancer Tumorigenesis. Cancers
(Basel) (2019) 11:605. doi: 10.3390/cancers11050605

10. Nonokawa M, Shimizu T, Yoshinari M, Hashimoto Y, Nakamura Y,
Takahashi D, et al. Association of Neutrophil Extracellular Traps with the
Development of Idiopathic Osteonecrosis of the Femoral Head. Am J Pathol
(2020) 190:2282–9. doi: 10.1016/j.ajpath.2020.07.008

11. Tang G, Zeng Z, Sun W, Li S, You C, Tang F, et al. Small Nucleolar RNA 71A
Promotes Lung Cancer Cell Proliferation, Migration and Invasion via MAPK/
ERK Pathway. J Cancer (2019) 10:2261–75. doi: 10.7150/jca.31077

12. Gao L, Ma J, Mannoor K, Guarnera MA, Shetty A, Zhan M, et al. Genome-wide
small nucleolar RNA expression analysis of lung cancer by next-generation deep
sequencing. Int J Cancer (2015) 136:E623–9. doi: 10.1002/ijc.29169

13. Lee YJ, Kim WI, Park TH, Bae JH, Nam HS, Cho SW, et al. Upregulation of
DJ-1 expression in melanoma regulates PTEN/AKT pathway for cell survival
and migration. Arch Dermatol Res (2020). doi: 10.1007/s00403-020-02139-1

14. Xiao S, Li S, Yuan Z, Zhou L. Pyrroline-5-carboxylate reductase 1 (PYCR1)
upregulation contributes to gastric cancer progression and indicates poor
survival outcome. Ann Transl Med (2020) 8:937. doi: 10.21037/atm-19-4402

15. Qu QH, Jiang SZ, Li XY. LncRNA TBX5-AS1 Regulates the Tumor
Progression Through the PI3K/AKT Pathway in Non-Small Cell Lung
Cancer. Onco Targets Ther (2020) 13:7949–61. doi: 10.2147/OTT.S255195

16. Fedorova MS, Snezhkina AV, Lipatova AV, Pavlov VS, Kobelyatskaya AA,
Guvatova ZG, et al. NETO2 Is Deregulated in Breast, Prostate, and Colorectal
Cancer and Participates in Cellular Signaling. Front Genet (2020) 11:594933.
doi: 10.3389/fgene.2020.594933
Frontiers in Oncology | www.frontiersin.org 9
17. Dai B, Fan M, Yu R, Su Q, Wang B, Yang T, et al. Novel diphenyl urea
derivative serves as an inhibitor on human lung cancer cell migration by
disrupting EMT via Wnt/beta-catenin and PI3K/Akt signaling. Toxicol In
Vitro (2020) 69:105000. doi: 10.1016/j.tiv.2020.105000

18. Xue L, Chen F, Yue F, Camacho L, Kothapalli S, Wei G, et al. Metformin and
an insulin/IGF-1 receptor inhibitor are synergistic in blocking growth of
triple-negative breast cancer. Breast Cancer Res Treat (2020) 185:73–84. doi:
10.1007/s10549-020-05927-5

19. Kumari S, Kumar P, Kumar M, Singh S, Narayan G. Expression of p27 and
p16 and their clinical significance in gastric cancer. Clin Transl Oncol (2020).
doi: 10.1007/s12094-020-02479-4

20. Nowosad A, Jeannot P, Callot C, Creff J, Perchey RT, Joffre C, et al. p27 controls
Ragulator and mTOR activity in amino acid-deprived cells to regulate the
autophagy-lysosomal pathway and coordinate cell cycle and cell growth. Nat
Cell Biol (2020) 22:1076–90. doi: 10.1038/s41556-020-0554-4

21. Hong S, Cai W, Huang Z, Wang Y, Mi X, Huang Y, et al. Ginsenoside Rg3
enhances the anticancer effect of 5FU in colon cancer cells via the PI3K/AKT
pathway. Oncol Rep (2020) 44:1333–42. doi: 10.3892/or.2020.7728

22. Sun M, Tan J, Wang M, Wen W, He Y. Inorganic arsenic-mediated
upregulation of AS3MT promotes proliferation of nonsmall cell lung cancer
cells by regulating cell cycle genes. Environ Toxicol (2020) 36:204–12. doi:
10.1002/tox.23026

23. Gopal SS, Eligar SM, Vallikannan B, Ponesakki G. Inhibitory efficacy of lutein
on adipogenesis is associated with blockage of early phase regulators of
adipocyte differentiation. Biochim Biophys Acta Mol Cell Biol Lipids (2020)
1866:158812. doi: 10.1016/j.bbalip.2020.158812

24. Li G, He Y, Liu X, Zheng Z, Zhang M, Qin F, et al. Small nucleolar RNA 47
promotes tumorigenesis by regulating EMT markers in hepatocellular
carcinoma. Minerva Med (2017) 108:396–404. doi: 10.23736/S0026-
4806.17.05132-1

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Yu, Tian, Yang, Liu,Wang and Gong. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
March 2021 | Volume 11 | Article 620213

https://doi.org/10.1016/j.arth.2020.09.010
https://doi.org/10.1101/2020.06.17.156927
https://doi.org/10.1002/cam4.3361
https://doi.org/10.1186/s13046-015-0170-5
https://doi.org/10.1038/onc.2011.449
https://doi.org/10.3390/cancers11050605
https://doi.org/10.1016/j.ajpath.2020.07.008
https://doi.org/10.7150/jca.31077
https://doi.org/10.1002/ijc.29169
https://doi.org/10.1007/s00403-020-02139-1
https://doi.org/10.21037/atm-19-4402
https://doi.org/10.2147/OTT.S255195
https://doi.org/10.3389/fgene.2020.594933
https://doi.org/10.1016/j.tiv.2020.105000
https://doi.org/10.1007/s10549-020-05927-5
https://doi.org/10.1007/s12094-020-02479-4
https://doi.org/10.1038/s41556-020-0554-4
https://doi.org/10.3892/or.2020.7728
https://doi.org/10.1002/tox.23026
https://doi.org/10.1016/j.bbalip.2020.158812
https://doi.org/10.23736/S0026-4806.17.05132-1
https://doi.org/10.23736/S0026-4806.17.05132-1
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Knockdown of SNORA47 Inhibits the Tumorigenesis of NSCLC via Mediation of PI3K/Akt Signaling Pathway
	Introduction
	Material and Methods
	Cell Culture
	Cell Transfection
	Reagents
	Reverse Transcription-Quantitative PCR (RT-qPCR)
	Cell Counting Kit-8 (CCK-8) Assay
	Western Blotting
	Immunofluorescence Staining
	Flow Cytometry
	Cell Cycle Detection
	Transwell Assay
	Xenograft Mice Model
	Immunohistochemical (IHC) Staining
	Statistical Analysis

	Results
	Knockdown of SNORA47 significantly inhibited the proliferation of NSCLC or BEAS-2B cells
	Silencing of SNORA47 Notably Induced the Apoptosis in NSCLC Cells
	SNORA47 shRNA1 Significantly Suppressed the Migration and Invasion of NSCLC Cells
	SNORA47 Knockdown Inhibited PI3K/Akt, MAPK/ERK and the EMT Process in NSCLC Cells
	SNORA47 Silencing Notably Induced G1 Arrest in NSCLC Cells
	Knockdown of SNORA47 Significantly Inhibited the Tumor Growth of NSCLC In Vivo

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


