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Abstract
Background: Non-small cell lung cancer (NSCLC) is an intractable malignant
lung cancer with high rates of metastasis and mortality. Currently, long noncoding
RNA nuclear RNA host gene 7 (SNHG7) is recognized as a biomarker of multiple
cancers. However, the role of SNHG7 in NSCLC requires further understanding.
Methods: The expression of SNHG7, miR-449a and TGIF2 in NSCLC tumors
and cells was examined by quantitative real time polymerase chain reaction
(qRT-PCR). Cell viability was measured by MTT assay. Cell migration and inva-
sion was conducted using transwell assay. Protein expression of TGIF2, vimentin,
N-cadherin and E-cadherin was detected by western blot. The interaction
between miR-449a and SNHG7 or TGIF2 was determined by luciferase reporter
system, RIP and RNA pull-down assay, respectively. Xenograft mice models were
established by subcutaneously injecting A549 cells transfected with sh-SNHG7
and sh-control.
Results: SNHG7 expression was upregulated in NSCLC tumors and cells com-
pared with normal tissues and cells. SNHG7 silencing repressed cell proliferation,
migration, invasion and epithelial to mesenchymal transition (EMT) in NSCLC.
Consistently, SNHG7 knockdown hindered tumor growth in vivo. The subse-
quent luciferase reporter system, RIP and RNA pull-down assay validated the
interaction between miR-449a and SNHG7 or TGIF2. The rescue experiments
displayed that miR-449a inhibitor counteracted SNHG7 silencing induced inhibi-
tion on proliferation, migration, invasion and EMT. Similarly, restoration of
TGIF2 reversed miR-449a mediated inhibition on cell progression. In addition,
the results indicated that SNHG7 could regulate cell progression by targeting
miR-449a/TGIF2 axis.
Conclusion: SNHG7 contributed to cell proliferation, migration, invasion and
EMT in NSCLC by upregulating TGIF2 via sponging miR-449a, representing a
novel targeted therapy method for NSCLC.

Background

Non-small cell lung cancer (NSCLC) is an intractable malig-
nant lung cancer and is ranked as the leading cause of cancer
related deaths globally.1,2 NSCLC is characterized by multi-
stage progression, distant metastasis and high mortality.3

Therapeutic outcomes vary along with the clinical stages of

NSCLC: five-year survival rate for patients at stage I + II is

higher than 75% whereas lower than 15% for stage III + IV.4,5

A delayed diagnosis or distant metastasis in NSCLC make it

inadequate for surgical resection.6 Therefore, investigation of

the molecular mechanism of NSCLC tumorigenesis and pro-

gression is urgently required.
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Long noncoding RNAs (lncRNAs) are fundamental reg-
ulatory molecules in multiple diseases which participate in
genomic imprinting, chromatin dynamics regulation, cell
cycle and apoptosis.7–9 Nuclear RNA host gene 7 (SNHG7)
with 984 base pair (bp) in length is a novel oncogene
mapped in chromosome 9q34.3 and exerts a promotive
function in a variety of cancers, such as bladder, gastric
cancer and NSCLC.10–12 For example, SNHG7 was reported
to contribute to cell proliferation and induced cell cycle
arrest by upregulating STAT2 though sponging miR-
653-5p in neuroblastoma.13 Consistently, SNHG7 acted as
a sponger of miR-34a to facilitate tumor progression of
breast cancer by inducing epithelial mesenchymal transi-
tion (EMT) via Notch-1 pathway.14 Overexpression of
SNHG7 also contributed to cell growth in osteosarcoma by
interacting with p53/DNMT1.15 By contrast, loss of
SNHG7 attenuated cell viability, EMT, migration and inva-
sion in prostate cancer by binding to miR-324-3p and
altering WNT2B expression.16 However, the underlying
molecular mechanism of SNHG7 in NSCLC cell progres-
sion requires in-depth exploration.
MicroRNAs (miRNAs), critical regulators in many diseases,

are involved in cell metabolism, survival, differentiation,
autophagy and apoptosis by targeting the corresponding mes-
senger RNA (mRNA) to initiate gene alteration, mRNA degra-
dation and protein translation blockage.17–19 Ectopic expression
of miR-449a is considered an important factor in many differ-
ent diseases, such as arthritis and cancer.20,21 As a tumor sup-
pressor, miR-449a has been reported to repress EMT,
migration and invasion of NSCLC by interacting with
ADAM10.22 In addition, in the study by Hu et al. miR-449a was
found to be closely associated with cancer cell chemosensitivity;
for example, overexpression of miR-449a improved cisplatin
mediated cytotoxicity in gastric adenocarcinoma cancer by reg-
ulating cyclin D1.23 Likewise, miR-449a alleviated drug resis-
tance of tamoxifen against breast cancer via regulation of
ADAM22.24 Nevertheless, howmiR-449a affects NSCLC devel-
opment requires further understanding.
Transforming growth factor-beta-induced 2 (TGIF2) has

been recognized as an effective regulator in many cancer
types. For example, in the study by Flum et al. TGIF2 was
a target of miR-129-5p to reduce glioma cell cycle, growth,
migration and invasion.25 Consistently, miR-34 has been
reported to restrain cell growth and stimulate cell apoptosis
by interacting with the target TGIF2 in osteosarcoma.26

Therefore, we assume that TGIF2 acts as a target of miR-
449a to regulate NSCLC cell progression.
In our study, we attempted to illuminate the molecular

mechanism of gene expression during NSCLC tumorigenesis
and progression. The interaction among SNHG7, miR-449a
and TGIF2 were evaluated by luciferase reporter system, RIP
and RNA pull-down assay. The regulatory effects of SNHG7,
miR-449a and TGIF2 on NSCLC cell proliferation, migration,

invasion and EMT were investigated by MTT, transwell and
western blot assay.

Methods

Tissue samples

A total of 42 NSCLC patients were recruited from Yantai
Yuhuangding Hospital. The participants gave their signed
informed consent and claimed no previous family history.
NSCLC tumors and normal tissues were obtained by sur-
gery from the patients in our study. Our protocols were
approved by Ethics Committee of Yantai Yuhuangding
Hospital.

Cell transfection

A549, H1299 cells and human bronchial epithelial cells BEAS-
2B were purchased from ATCC (Manassas, VA, USA). The
cells were cultured in DMEM medium supplemented with
10% FBS and 0.05% penicillin/streptomycin. Small interfering
RNA (siRNA) targeting SNHG7 (si-SNHG7), siRNA control
(si-control), SNHG7 overexpression vector (SNHG7), TGIF2
overexpression vector (TGIF2) were synthesized by Gen-
epharma (Shanghai, China). MiR-449a mimics, miR-449a
inhibitor (anti-miR-449a), miRNA control (miR-control) and
miRNA control inhibitor (anti-miR-control) were purchased
from RIBOBIO (Guangzhou, China). The vectors were trans-
fected in A549 and H1299 cells using Lipofectamine 2000
(11668019, Invitrogen, Carlsbad, CA, USA).

Quantitative real-time polymerase chain
reaction (qRT-PCR)

The tissues and cells were incubated with TRIzol reagent
(15596018, Invitrogen) to obtain total RNA. The cDNA for
SNHG7 and TGIF2 was synthesized by All-in-One First-
Strand cDNA Synthesis Kit (AORT-0050, FulenGen, Guang-
zhou, China). qRT-PCR was then performed using SYBR
green (A25742, Applied Biosystems, Foster City, CA, USA).
GAPDH and U6 were exploited as internal reference. The
primers for SNHG7, miR-449a and TGIF2 were listed:
SNHG7, (Forward, 50-GCCCTGCAGCCTCGC-30; Reverse,
50-CAGCGGCGCCTCCTC-30); miR-449a, (Forward, 50-TG
GCAGTGTATTGTTA-30; Reverse, 50-ATCCAGTGCAGGG
TCCGAGG-30); TGIF2 (Forward, 50-TCTCTGTGTTGCCT
CCCTCT-30; Reverse, 50-CCACCTCAGCCCAATACACT-
30); GAPDH, (Forward, 50-AGGTCGGTGTGAACGGATT
TG-30; Reverse, 50-GGGGTCGTTGATGGCAACA-30); U6,
(Forward, 50-ACCCTGAGAAATACCCTCACAT-30; Reverse,
50-GACGACTGAGCCCCTGATG-30).
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MTT assay

Transfected A549 and H1299 cells were placed on 96-well
plates for 24, 48 and 72 hours. After that, 10 μL MTT
(C0009, Beyotime, Shanghai, China) was added to each
well for four hours to react with the cells. After rinsing
them with PBS, 100 μL DMSO was added to each well for
two hours, and the optical density (OD) value (450 nm)
was then measured with a spectrophotometer.

Transwell assay

For cell migration detection, transfected A549 and H1299
cells were placed in the upper chamber of transwell for
24 hours. Subsequently, migrated cells in the lower cham-
ber were stained with 0.1% crystal violet (C0775, Sigma,
St. Louis, MO, USA). With regard to the invasion assay,
the upper chamber of transwell was precoated with Mat-
rigel for four hours. The following experiments was carried
out in accordance with migration assay. Finally, the migra-
tion and invasion rate were counted using a microscope.

Western blot

Western blot was carried out as previously reported.27 The pri-
mary antibodies against TGIF2 (ab155948), vimentin
(ab8069), N-cadherin (ab18203) and E-cadherin (ab194982)
were purchased from Abcam (Cambridge, MA, USA) and
HRP-conjugated secondary antibody was obtained from
Sangon (Shanghai, China).

Luciferase reporter assay

Wild-type (SNHG7WT, TGIF2 30UTRWT) andmutant type
(SNHG7 MUT, TGIF2 30UTR MUT) luciferase vectors were
constructed. Those vectors were cotransfected with miR-449a
or miR-control in A549 and H1299 cells. Luciferase activities
were determined by dual-luciferase assay. The primers for
SNHG7WT and TGIF2 30UTRWT were listed: SNHG7WT,
(Forward, 50-CCCAAGCTTCTCTGCGTGCGCCGGAGGC
T-30; Reverse, 50-CCCGGGAACGTTTTCCATTCAAGACC
AATTTA-30); TGIF2 30UTR WT (Forward, 50-CCCAAGCT
TGGGTGGCGAATTCGGCACGA-30; Reverse, 50-CATGC
CATGGTGGTAAACCAAACCAATGATAAA-30);

RNA immunoprecipitation (RIP) assay

EZ-Magna RIP RNA-binding protein immunoprecipitation
kit (17–701, Millipore, Billerica, MA, USA) was exploited
for Ago2 RIP assay. In brief, A549 and H1299 cells were
lysed by RIP buffer and centrifuged at 10 000 g for five
minutes. The cell lysis was then incubated with magnetic

beads coated with anti-Ago2 or IgG antibody.28 The
enrichment of SNHG7 was analyzed by qRT-PCR.

RNA pull-down assay

Biotinylated miR-449a (Bio-miR-449a), Input-miR-449a,
Input negative control (Input-NC) and biotinylated nega-
tive control (Bio-NC) (Santa Cruz Biotechnology, Dallas,
Texas, USA) were transfected into A549 and H1299 cells.
The cells were then incubated with Dynabeads M-280
Streptavidin (60 210, Invitrogen) for 10 minutes. Finally,
SNHG7 level was measured by qRT-PCR.

Murine xenograft assay

Female nude mice (n = 6) age five weeks were purchased
from Shanghai Laboratory Animals Center (Shanghai,
China). Xenograft mice models were established by subcu-
taneously injecting A549 cells transfected with sh-SNHG7
and sh-control. After 28 days measurement of tumor vol-
ume, tumor tissues were collected from the mice. All the
animal experiment protocols were approved by the Animal
Ethics Committee of Yantai Yuhuangding Hospital.

Statistical analysis

Data are presented as means � standard deviation (SD).
Statistical analysis was performed by SPSS software and
GraphPad Prism 7. The correlation between miR-449a and
SNHG7 or TGIF2 was analyzed by Pearson’s correlation
coefficient. A P-value less than 0.05 (P < 0.05) was consid-
ered statistically significant.

Results

Overexpression of SNHG7 in NSCLC

The functional role of SNHG7 in NSCLC was initially eval-
uated by qRT-PCR. The correlations between SNHG7
expression and clinical characteristics in NSCLC patients
are shown in Table 1. We found that SNHG7 was over-
expressed in NSCLC patients with these features: large
tumor size, advanced stage and lymph node metastasis. As
illustrated in Fig 1a, SNHG7 expression was dramatically
upregulated in NSCLC tumors compared with the
corresponding normal tissues. Synchronously, SNHG7
expression was much higher in NSCLC cell lines (A549,
H1299) than that of human bronchial epithelial cells
BEAS-2B (Fig 1b). Hence, these results suggest that
SNHG7 might act as an oncogene in NSCLC.
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SNHG7 depletion inhibited proliferation,
migration, invasion and EMT in NSCLC

Loss-of-function experiments were conducted by silencing
SNHG7 to further investigate the function of SNHG7 in
NSCLC. A great decline of SNHG7 expression was noticed in
A549 and H1299 cells transfected with si-SNHG7, indicating
the transfection efficiency was relatively high (Fig 2a). The
subsequent MTT results revealed that SNHG7 knockdown
distinctly repressed NSCLC cell growth (Fig 2b,c). Consis-
tently, cell migration and invasion were restrained after
SNHG7 silencing compared with control groups (Fig 2d,e).
The influences of SNHG7 on NSCLC cell EMT was examined

by analyzing EMT associated protein (vimentin, N-cadherin
and E-cadherin) expression using western blot. The results
showed that the expression of vimentin and N-cadherin was
reduced whereas E-cadherin was enhanced by SNHG7 silenc-
ing (Fig 2f,g). Altogether, SNHG7 knockdown inhibited pro-
liferation, migration, invasion and EMT inNSCLC.

SNHG7 was a sponger of miR-449a

By searching the online prediction tool starBase, we discov-
ered that miR-449a contained the binding sites of SNHG7
(Fig 3a). Luciferase activity reduction in A549 and H1299 cells

Table 1 Correlations between SNHG7 expression and clinical characteristics in patients with NSCLC

SNHG7 expression

Parameter Case Low (n = 20) High (n = 22) P-value†

Age (years) 0.303
≤60 26 14 12
>60 16 6 10

Sex 0.204
Female 23 13 10
Male 19 7 12

Smoking 0.108
No 24 14 10
Yes 18 6 12

Tumor size 0.011*
≤3 cm 30 18 12
>3 cm 12 2 10

TNM stages 0.0007*
I–II 20 15 5
III–IV 22 5 17

Lymph node metastasis 0.0009*
Negative 27 18 9
Positive 15 2 13

*P < 0.05. †Chi-square test. TNM, tumor-node-metastasis.

Figure 1 SNHG7 was upregulated in NSCLC tumors and cells. a SNHG7 expression in NSCLC tumors compared with normal tissues. b SNHG7
expression in NSCLC cell lines (A549, H1299) compared with human bronchial epithelial cells BEAS-2B. *P < 0.05.
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cotransfected with SNHG7 WT and miR-449a certified the
interaction between SNHG7 and miR-449a (Fig 3b,c). As
expected, SNHG7 and miR-449a enrichment were markedly

higher in A549 (Fig 3d,e) and H1299 (Fig 3g,h) cells which
were bound with Ago2 antibody than that of IgG. Similarly, a
considerable amount of SNHG7 was detected in Input-miR-

Figure 2 SNHG7 knockdown repressed proliferation, migration, invasion and EMT in NSCLC. A549 and H1299 cells were transfected with si-SNHG7
and si-control. (a) SNHG7 expression in transfected A549 and H1299 cells ( ) NC, ( ) si-control, and ( ) si-SNHG7. Cell viability of (b) transfected
A549 and (c) H1299 cells ( ) NC, ( ) si-control, and ( ) si-SNHG7 measured by MTT assay ( ) NC, ( ) si-control, and ( ) si-SNHG7.
(d) Cell migration and (e) invasion( ) NC, ( ) si-control, and ( ) si-SNHG7 (e) of transfected A549 and H1299 cells were examined by transwell assay
( ) NC, ( ) si-control, and ( ) si-SNHG7. Protein expression of vimentin, N-cadherin and E-cadherin in (f) transfected A549 and (g) H1299 cells ( )
NC, ( ) si-control, and ( ) si-SNHG7 (evaluated by western blot ( ) NC, ( ) si-control, and ( ) si-SNHG7. GAPDH was used as internal refer-
ence. *P < 0.05.
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449a group by RNA pull-down assay compared with the con-
trol groups (Fig 3f,i). Furthermore, miR-449a expression was
boosted by SNHG7 silencing while inhibited by over-
expression of SNHG7 (Fig 3j). Meanwhile, miR-449a expres-
sion in cells was elevated by miR-449a transfection and
blocked by miR-449a inhibitor (Fig 3k). Pearson’s correlation
coefficient analysis revealed that SNHG7 was inversely corre-
lated with miR-449a (R2 = 0.891, P < 0.0001) (Fig 3l). The
findings demonstrated that SNHG7 acted as a sponge- of
miR-449a in NSCLC.

SNHG7 regulated cell proliferation,
migration, invasion and EMT by targeting
miR-449a in NSCLC

Rescue experiments were conducted by transfecting si-con-
trol, si-SNHG7, si-SNHG7 + anti-miR-control and si-
SNHG7 + anti-miR-449a in A549 and H1299 cells to dis-
close the association between SNHG7 and miR-449a in
NSCLC cell progression. As exhibited in Fig 4a,b, miR-
449a expression was increased after SNHG7 silencing and

Figure 3 SNHG7 directly interacted with miR-449a. (a) The putative binding sites between SNHG7 and miR-449a. Luciferase activity of (b) A549
and (c) H1299 cells ( ) miR-contol, and ( ) miR-449a cotransfected with SNHG7 WT or SNHG7 MUT and miR-449a or miR-control ( ) miR-contol,
and ( ) miR-449a. (d) SNHG7 and (e) miR-449a enrichment in A549 cells were analyzed by RIP assay. SNHG7 enrichment in (f) A549 and (i) H1299
cells transfected with Bio-NC, Input-NC, Bio-miR-449a and Input-miR-449a was detected using RNA pull-down assay. (g) SNHG7 and (h) miR-449a
enrichment in H1299 cells were analyzed by RIP assay. (j) The expression of miR-449a in A549 and H1299 cells transfected with si-control, si-SNHG7,
vector and SNHG7 ( ) si-control, ( ) si-SNHG7, ( ) vector, and ( ) SNHG7. (k) The expression of miR-449a in A549 and H1299 cells transfected with
miR-NC, miR-449a, anti-miR-NC and anti-miR-449a ( ) miR-NC, ( ) miR-449a, ( ) anti-miR-NC, and ( ) anti-miR-449a. (l) The correlation between
SNHG7 and miR-449a (R2 = 0.891, P < 0.0001). *P < 0.05.
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miR-449a inhibitor reversed the trend. Cell viability results
displayed that miR-449a inhibitor attenuated SNHG7
silencing induced inhibition on NSCLC cell proliferation
(Fig 4c,d). Consistently, cell migration and invasion were
reduced in cells transfected with si-SNHG7 and enhanced
in si-SNHG7 + anti-miR-449a transfection cells (Fig 4e,f).

At the same time, miR-449a inhibitor rescued SNHG7
silencing mediated suppression on vimentin, N-cadherin
expression and acceleration on E-cadherin expression
(Fig 4g,h). Collectively, SNHG7 contributed to cell prolifer-
ation, migration, invasion and EMT by regulating miR-
449a in NSCLC.

Figure 4 MiR-449a inhibitor abrogated SNHG7 silencing induced inhibition on proliferation, migration, invasion and EMT in NSCLC. A549 and
H1299 cells were transfected with si-control, si-SNHG7, si-SNHG7 + anti-miR-control and si-SNHG7 + anti-miR-449a. The expression of miR-449a in
(a) transfected A549 and (b) H1299 cells. Cell viability of (c) transfected A549 ( ) si-control, ( ) si-SNHG7, ( ) si-SNHG7+anti-miR-control,
and ( ) si-SNHG7+anti-miR-449a and (d) H1299 cells ( ) si-control, ( ) si-SNHG7, ( ) si-SNHG7+anti-miR-control, and ( ) si-SNHG7
+anti-miR-449a. (e) Cell migration ( ) si-control, ( ) si-SNHG7, ( ) si-SNHG7+anti-miR-control, and ( ) si-SNHG7+anti-miR-449a and (f) invasion of
transfected A549 and H1299 cells ( ) si-control, ( ) si-SNHG7, ( ) si-SNHG7+anti-miR-control, and ( ) si-SNHG7+anti-miR-449a. Protein expression
of vimentin, N-cadherin and E-cadherin in (g) transfected A549 ( ) si-control, ( ) si-SNHG7, ( ) si-SNHG7+anti-miR-control, and ( ) si-SNHG7+anti-
miR-449a and (h) H1299 cells ( ) si-control, ( ) si-SNHG7, ( ) si-SNHG7+anti-miR-control, and ( ) si-SNHG7+anti-miR-449a. GAPDH was used as
internal reference. *P < 0.05.
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TGIF2 was a target of miR-449a

Targetscan tool showed that miR-449a could bind to 3’
untranslated regions (30UTR) of TGIF2 (Fig 5a). Dual-
luciferase reporter assay was exploited to confirm the relation-
ship between TGIF2 and miR-449a and resulted in reduced
luciferase activity in cells cotransfected with TGIF2 30UTR
WT and miR-449a. However, luciferase activity in cells trans-
fected with TGIF2 30UTRMUT remained unchanged (Fig 5b,
c). In addition, the expression of TGIF2 mRNA was repressed
by miR-449a and promoted by miR-449a inhibitor (Fig 5d).
As expected, the expression of TGIF2 protein showed the
same trend (Fig 5e,f).We also discovered that TGIF2 was neg-
atively correlated with miR-449a (R2 = 0.739, P < 0.0001)
(Fig 5g). All the data implicated that TGIF2 was a target of
miR-449a.

Restoration of TGIF2 counteracted the
suppression of miR-449a on cell
proliferation, migration, invasion and EMT
in NSCLC

Given that TGIF2 was a target of miR-449a, we hypothesized
that miR-449a modulates NSCLC cell progression by inter-
acting with TGIF2. To certify the hypothesis, A549 and H1299
cells were transfected with miR-control, miR-449a, miR-449a
+ vector and miR-449a + TGIF2. Declined expression of

TGIF2 mRNA was observed in miR-449a transfection cells.
However, expression of TGIF2 mRNA was enhanced by
TGIF2 (Fig 6a,b). The expression of TGIF2 protein in A549
andH1299 cells exhibited the same trend (Fig 6c,d). Moreover,
cell proliferation was retarded by miR-449a and expedited by
TGIF2 (Fig 6e,f). Similarly, restoration of TGIF2 attenuated
the suppressive effects induced by miR-449a on NSCLC cell
migration and invasion (Fig 6g,h). Besides, deficiency of
TGIF2 inhibited vimentin, N-cadherin expression and boosted
E-cadherin expression. However, abundance of TGIF2 exerted
the opposite effects (Fig 6i,j). Collectively, miR-449a modu-
lated NSCLC cell proliferation, migration, invasion and EMT
by interacting with TGIF2.

Association of SNHG7, miR-449a and TGIF2
in NSCLC

To illuminate the relationship of SNHG7, miR-449a and
TGIF2 during NSCLC cell progression, A549 and H1299
cells were transfected with si-control, si-SNHG7, si-SNHG7
+ anti-miR-control and si-SNHG7 + anti-miR-449a. First,
we analyzed the correlation between SNHG7 and TGIF2.
The results indicated that there was a positive linear relation-
ship between SNHG7 and TGIF2 (R2 = 0.908, P < 0.0001)
(Fig 7a). In addition, TGIF2 mRNA expression was declined
by SNHG7 silencing and elevated by miR-449a inhibitor

Figure 5 TGIF2 is a target of miR-449a. (a) The putative binding sites between TGIF2 and miR-449a predicted by Targetscan. Luciferase activity of
(b) A549 ( ) miR-control, and ( ) miR-449a and (c) H1299 cells cotransfected with TGIF2 30UTR WT or TGIF2 30UTR MUT and miR-449a or miR-
control ( ) miR-control, and ( ) miR-449a. (d) TGIF2 mRNA expression in A549 and H1299 cells transfected with miR-control, miR-449a, anti-miR-
control and anti-miR-449a ( ) miR-control, ( ) miR-449a, ( ) anti-miR-control, and ( ) anti-miR-449a. TGIF2 protein expression (e) in A549 and (f)
H1299 cells transfected with miR-control, miR-449a, anti-miR-control and anti-miR-449a. (g) The correlation between TGIF2 and miR-449a
(R2 = 0.739, P < 0.0001). *P < 0.05.
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(Fig 7b,c). Meanwhile, miR-449a inhibitor neutralized
SNHG7 silencing mediated inhibition on TGIF2 protein
production (Fig 7d,e). Therefore, we considered that SNHG7
could regulate TGIF2 expression by sponging miR-449a in
NSCLC.

Interference of SNHG7 hindered tumor
growth in vivo

The regulatory effects of SNHG7 on cell growth in vivo were
determined by measuring tumor growth of SNHG7 low
expression xenograft mice. As illustrated in Fig 8a, tumor

growth was retarded significantly in sh-SNHG7 transfection
mice in comparison with sh-control group. After 28 days
measurement, tumor tissues were harvested when the mice
were sacrificed. Tumor weight was dramatically lower in sh-
SNHG7 xenograft mice than that of sh-control mice (Fig 8b).
More importantly, SNHG7 expression was reduced whereas
miR-449a expression was enhanced in sh-SNHG7 xenograft
mice tumors (Fig 8c,d). Meanwhile, TGIF2 mRNA and pro-
tein expression was downregulated after SNHG7 knockdown
inmice (Fig 8e,f). Thus, our findings implied that SNHG7 reg-
ulated NSCLC tumor growth in vivo by targeting miR-449a/
TGIF2 axis.

Figure 6 TGIF2 attenuated the suppression of miR-449a on proliferation, migration, invasion and EMT in NSCLC. A549 and H1299 cells were trans-
fected with miR-control, miR-449a, miR-449a + vector and miR-449a + TGIF2. TGIF2 mRNA expression in (a) transfected A549 and (b) H1299 cells.
TGIF2 protein expression in (c) transfected A549 and (d) H1299 cells. GAPDH was used as internal reference. Cell viability of (e) transfected A549
( ) miR-control, ( ) miR-449a, ( ) miR-449a+vector, and ( ) miR-449a+TGIF2 and (f) H1299 cells ( ) miR-control, ( ) miR-449a,
( ) miR-449a+vector, and ( ) miR-449a+TGIF2. (g) Cell migration ( ) miR-control, ( ) miR-449a, ( ) miR-449a+vector, and ( ) miR-449a+TGIF2
and (h) invasion of transfected A549 and H1299 cells ( ) miR-control, ( ) miR-449a, ( ) miR-449a+vector, and ( ) miR-449a+TGIF2. Protein expres-
sion of vimentin, N-cadherin and E-cadherin in (i) transfected A549 ( ) miR-control, ( ) miR-449a, ( ) miR-449a+vector, and ( ) miR-449a+TGIF2 and
(j) H1299 cells ( ) miR-control, ( ) miR-449a, ( ) miR-449a+vector, and ( ) miR-449a+TGIF2. GAPDH was used as internal reference. *P < 0.05.
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Discussion

Growing evidence has identified that SNHG7 is implicated in
tumorigenesis of multiple cancers and dysregulation of
SNHG7 is the cause of various diseases.29 Until now, SNHG7
has been recognized as an essential biomarker in different can-
cers. For instance, abundance of SNHG7 expression has been
reported to expedite cell cycle and proliferation in prostate
cancer via absorbingmiR-503 to enhance cyclin D1.30 In addi-
tion, in the study by Sun et al. SNHG7 was upregulated in
hepatocellular carcinoma and promoted cell metastasis pro-
cess through blocking RBM5 expression. 31 SNHG7-miR-
342-3p-ID4 feedback loop has also been reported to accelerate

tumor growth in vitro and in vivo in pancreatic cancer.32

Similarly, in the report by Li et al. it was found that
upregulation of SNHG7 could accelerate cell cycle, prolifer-
ation as well as restrain apoptosis in colorectal cancer via
targeting miR-34a/GALNT7 axis through activation of
PI3K/Akt/mTOR pathway.33 On the contrary, deficiency of
SNHG7 led to decreased cell proliferation and increased
apoptosis in thyroid cancer by blocking BDNF.34 However,
the exact role of SNHG7 during NSCLC progression is
unclear.
Previous studies have clarified that miR-449a was a sig-

nificant biomarker and promising therapeutic target for
cancer.35 For instance, miR-449a expression was reduced in

Figure 7 SNHG7 regulated TGIF2 expression by sponging miR-449a in NSCLC. A549 and H1299 cells were transfected with si-control, si-SNHG7, si-
SNHG7 + anti-miR-control and si-SNHG7 + anti-miR-449a. (a) The correlation between TGIF2 and SNHG7 (R2 = 0.908, P < 0.0001). (b) TGIF2 mRNA
expression in transfected A549 and H1299 cells ( ) si-control, ( ) si-SNHG7, ( ) si-SNHG7+anti-miR-control, and ( ) si-SNHG7+anti-miR-449a. TGIF2
protein expression in (c) transfected A549 and (d) H1299 cells. GAPDH was used as internal reference. *P < 0.05.
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breast cancer as well as NSCLC and miR-449a retarded cell
viability, migration and invasion in those cancer types by
regulating the PLAGL2 and NF-kB pathway, respec-
tively.36,37 Interestingly, a reduced expression of miR-449a
contributed to growth and metastasis of prostate cancer
cells by targeting PrLZ.38 Moreover, antitumor compounds
ailanthone and neferine were capable of cascading the pro-
duction of miR-449a, thereby suppressing cell growth in
acute myeloid leukemia and gastrointestinal stromal can-
cer.39,40 In addition, Zhang et al. demonstrated that
upregulation of miR-449a strengthened prostate cancer cell
radiosensitivity in relation to ionizing radiation and
enhanced apoptosis by targeting the pRb/E2F1 pathway.41

Therefore, we suggest that SNHG7 could interact with
miR-449a to modulate NSCLC progression.
We initially discovered that the expression of SNHG7 was

considerably higher in NSCLC tumors and cells than that of
normal tissues and cells. Silencing of SNHG7 showed nega-
tive effects on cell viability, migration, invasion and EMT.
Consistently, animal experiments exhibited that SNHG7
knockdown restricted tumor growth significantly in vivo.
Luciferase reporter system, RIP and RNA pull-down assay

confirmed the interaction between miR-449a and SNHG7
or TGIF2. The rescue experiments clarified that miR-449a
inhibitor abrogated SNHG7 silencing induced inhibition on
proliferation, migration, invasion and EMT in NSCLC. Sim-
ilarly, restoration of TGIF2 inversed miR-449a mediated
inhibition on cell proliferation, migration, invasion and
EMT. Moreover, we observed that SNHG7 could regulate
TGIF2 expression by sponging miR-449a.
In summary, our study demonstrated that SNHG7 was able

to regulate cell progression in NSCLC by targeting miR-449a/
TGIF2 axis. In contrast, depletion of SNHG7 inhibited tumor
growth in vitro and in vivo. Therefore, our study discloses the
underlying mechanism of NSCLC progression and provides
novel biomarkers for NSCLC diagnosis.
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Figure 8 SNHG7 knockdown hindered tumor growth in vivo. (a) Tumor volume was measured every seven days ( ) sh-control, and ( ) sh-
SNHG7. (b) Tumor weight was measured when the xenograft mice were sacrificed at day 28. (c) SNHG7 and (d) miR-449a expression in tumors col-
lected from the xenograft mice. The expression of (e) TGIF2 mRNA and (f) protein in tumors. *P < 0.05.
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