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HG8 is aberrantly
its biological functions

ESCC, explore the effects of SN
potential underlying mechanism
transcription quantitative p, eaction. The actions of SNHGS8 on the malignant
characteristics of ESCC sing CCK-8 assay, flow-cytometric analysis,
cantly higher in ESCC tissues and cell lines. High
i to closely correlate with primary tumor invasion depth,
NM stage, and worse overall survival among patients with ESCC.
showed that ablation of SNHGS8 notably restricted ESCC cell
and invasion while inducing apoptosis in vitro and hindered tumor
e meantime, SNHGS acted as a molecular sponge of microRNA-411
in ESCC. Furthermore, miR-411 exerted a tumor-suppressive effect on ESCC
syopherin alpha 2 (KPNA2) turned out to be a direct target gene of miR-411.
toring KPNA2 expression neutralized the inhibitory effects of miR-411 overexpression
on malignant behaviors of ESCC cells. Moreover, silencing of miR-411 abrogated the
influence of SNHG8 downregulation in ESCC cells.

Conclusion: SNHG8 may play oncogenic roles in the malignancy of ESCC by sponging
miR-411 to increase KPNA2 expression. The SNHG8-miR-411-KPNA2 pathway may be a
novel target for the treatment of patients with ESCC and offer potential biomarkers for the
diagnosis and prognosis of ESCC.

Keywords: small nucleolar RNA host gene 8, microRNA-411, esophageal squamous cell
carcinoma, karyopherin alpha 2

Introduction

Esophageal cancer ranks the seventh among most frequent cancer types and the
sixth among the leading causes of cancer-related deaths globally.! Esophageal
cancer has two major histopathological subtypes: squamous cell carcinoma and
adenocarcinoma.” Esophageal squamous cell carcinoma (ESCC), which arises from
the squamous epithelium of the esophagus, is the predominant histological type and

accounts for ~95% of cases of esophageal cancer.’ Various risk factors, such as
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smoking, consumption of pickled vegetables and myco-
toxin-contaminated foods, excessive drinking, and hot
drinks, have been identified as significant contributors to
oncogenesis, including progression of ESCC.* Recently,
the advances in the diagnostic and therapeutic approaches
notably improved the prognosis of patients with ESCC;
however, the clinical outcomes of patients with this dis-
ease remain unfavorable, with a 5-year survival rate of less
than 21%.> Therefore, exploring the mechanisms under-
lying ESCC formation and progression is of great impor-
tance for the identification of attractive therapeutic targets,
which may improve the prognosis of patients with ESCC.

Long noncoding RNAs (IncRNAs) are a group of RNA
molecules consisting of over 200 nucleotides and do not
encode a protein.® It is well-known that IncRNAs function as
regulators of gene expression through diverse mechanisms,
including genomic interactions, protein amounts, miRNA
competition, and chromatin modifications.”® Recent reports
proved that IncRNAs have crucial roles in diverse biological
and pathological behaviors, particularly in carcinogenesis and
cancer progression.”'® Notably, many IncRNAs are abnor-
mally expressed in ESCC, and their aberrant expression has
been reported to be closely related to the malignancy of
ESCC." For instance, LINC01980,” SNHGS6,"

capable of

recognizing and dire e 3’ untranslated

regions (3'-UTR s via classic base

BSive or oncogenic roles in tumorigenesis
an.2® Extensive studies have shown that
are dysregulated in ESCC, and the
deregulated miRNAs are implicated in the pathogenesis and

a plethora of miRN2Z

progression of ESCC by modulating multiple pathological
processes.?' > Therefore, in-depth research into the regula-
tory roles of miRNAs in ESCC may provide novel oppor-
tunities for identifying effective techniques for the diagnosis
and therapy of patients with ESCC.

Many recent studies indicate that SNHGS is overex-
pressed in multiple types of human cancer,”* ¢ suggesting

that this IncRNA may promote the aggressiveness of these
SNHGS s
expressed in ESCC and its biological functions have yet

cancers. However, whether aberrantly
to be elucidated. Thus, in this study, we aimed to deter-
mine the expression status of SNHGS in ESCC and eluci-
date its clinical value among patients with ESCC. In
addition, the effects of SNHGS8 on the oncogenicity of
ESCC and the potential underlying mechanisms of these
effects were explored in a series of experiments. Our study
may provide a novel theoretical basis for understanding

the molecular events responsible for athogenesis.

Materials and meth

In total, 51 patients di
surgical resection b

—80 °C freezer for further use. We got the
y protocol from the Ethics Committee of

of Weifang Binhai
evelopment Zone. Written informed consent

Economic and

ed from all the participators. All the protocols were

ell culture

Four human ESCC cell lines, Ecal09, KYSE70, KYSE150,
and TE-1, were purchased from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). A normal human
esophageal epithelial cell line (HET-1A) was obtained from
the American Type Culture Collection (ATCC). All the afore-
mentioned cell lines were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) containing 10% (v/v) heat-inacti-
vated fetal bovine serum (FBS) and 1% (v/v) streptomycin/
penicillin mixture (all from Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA), and grown in a humidified 37 °C
incubator supplied with 5% of CO,.

Oligonucleotides, plasmids, and cell

transfection

Small interfering RNA (siRNA) targeting human IncRNA
SNHGS (si-SNHGS) or scrambled oligonucleotides (si-scram-
ble) were chemically synthesized by RiboBio (Guangzhou,
China). MiR-411 mimics, miRNA mimics negative control
(miR-NC), miR-411 inhibitor and NC inhibitor were bought
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from GenePharma (Shanghai, China). KPNA?2 overexpression
plasmid pcDNA3.1-KPNA2 (pc-KPNA2) and the empty
pcDNA3.1 plasmid were constructed by the Chinese
Academy of Sciences (Changchun, China). Cells were seeded
in 6-well plates and subsequently transfected with the above-
mentioned molecular constructs using the Lipofectamine 2000
reagent (Invitrogen, Carlsbad, CA, USA). After different per-
iods of incubation, the transfected cells were harvested and
used for functional experiments.

Reverse-transcription quantitative
polymerase chain reaction (RT-qPCR)

Isolation of total RNA was carried out using the RNeasy Mini
Kit (Qiagen, Valencia, CA, USA). For quantification of
SNHGS and KPNA2 expression, a PrimeScript® RT Reagent
Kit (Takara Biotechnology Co., Ltd., Dalian, China) was
employed to reversely transcribe total RNA into complemen-
tary DNA (cDNA). The generated cDNA was then subjected
to qPCR using SYBR® Premix Ex Taq™ II (Takara
Biotechnology Co., Ltd.). To measure miR-411 expression,
the miScript Reverse Transcription Kit and miScript SYBR
Green PCR Kit (both from Qiagen GmbH, Hilden, Germany)
were utilized for reverse transcription and gPCR, respecgively.
GAPDH served as the internal control of SNHGS and
whereas U6 small nuclear RNA served as the internal

—ANA
2 Ct

was calculated with the method.

Cell counting kit-8 (
After 24 h transfection, ¢

nts: 0, 1, 2, and 3 days
e point, 10 pl of the CCK-8
Technologies,

Glecular Inc.,

Kumamoto,S@an) was added into each well, followed by
incubation at 3 for another 2 h. The absorbance of each
well was detected at a 450 nm wavelength on a microplate

reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Cell apoptosis evaluation by flow-
cytometric analysis

The apoptosis of transfected cells was determined by
means of the annexin V fluorescein isothiocyanate
(FITC) apoptosis detection kit (Biolegend, San Diego,

CA, USA). Transfected cells were collected into a centri-
fuge tube and then washed twice with ice-cold phosphate-
buffered saline (PBS; Gibco; Thermo Fisher Scientific,
Inc.). After that, cells were resuspended in 100 pL of
binding buffer, followed by staining with 5 uL of annexin
Vand 5 pL of propidium iodide (PI). After a reaction at
room temperature for 15 min in darkness, the percentage

of apoptotic cells was analyzed by flow cytometry
(FACScan; BD Biosciences, Bedford, MA, USA).

tory cells were gently removed, and the
were fixed with 100% methanol, stained
stal violet, washed with PBS, and imaged
ing an inverted microscope (Olympus Corporation,
, Japan). The Transwell invasion assays were similar
to the migration assay except that the chambers were pre-
coated with Matrigel (BD Biosciences). The migratory and
invasive abilities were measured by counting respectively
the migratory and invading cells.

Tumor xenografts in nude mice

Four- to 6-week-old female BALB/c nude mice were bought
from the Experimental Animal Center of Jilin University
(Changchun, China) and maintained under pathogen-free
conditions. Equal numbers of si-SNHG8transfected or si-
scramble—transfected Ecal09 cells were resuspended in
100 pl of FBS-free DMEM and next inoculated into nude
mice by way of subcutaneous injections. The width and
length of tumor xenografts was monitored every 2 days
starting 2 weeks after the injection. All nude mice were
euthanized by cervical dislocation 4 weeks after injection,
and tumor xenografts were resected and stored for further
use. The volume of tumor xenografts was calculated via the
formula: volume =0.5x (length x width?). The animal experi-
ment was approved by the Research Ethics Committee of
People’s Hospital of Weifang Binhai Economic and
Technological Development Zone, and was carried out
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following the Animal Protection Law of the People’s
Republic of China-2009.

Prediction of target genes of SNHGS8 and
miR-41 |

StarBase 3.0 (http://starbase.sysu.edu.cn/) and LncBase
Experimental v.2 (http://carolina.imis.athena-innovation.gr/
diana_tools/web/index.php?r=Incbasev2%?2findex-experi
mental) were utilized for the prediction of the binding site in
SNHGS for miR-411. The potential target of miR-411 was
analyzed by bioinformatics analysis. The analysis was car-
ried out in TargetScan (http://www.targetscan.org/vert 72/),
StarBase 3.0, and miRDB (http://mirdb.org/).

Luciferase reporter assay
The wild-type (wt) SNHGS that contained the predicted miR-
411-binding site and mutant (mut) SNHG8 was chemically
synthesized by GenePharma and integrated into pMIR-
REPORT luciferase reporter plasmids (Promega Corporation,
Madison, WI, USA) to produce the pMIR-SNHGS-wt
(SNHGS8-wt) and pMIR-SNHGS8-mut (SNHGS8-mut) reporter
plasmids. The reporter plasmids, KPNA2-wt and KPNA2-
mut, were also generated by GenePharma. For the repo
assay, cells were seeded in 24-well plates. When cells grew
70% confluence, the reporter plasmids were cotransfected wit
miR-411 mimics or miR-NC by means of the [4#81¢ ine
2000 reagent. After 48 h transfection, tran
processed for the detection of luciferas

The relative luciferase activity
luciferase activity.

RNA immunop
The Magna RIP R}

etic beads conjugated with a human
anti-Argonaute 2 (A@®»2) antibody or normal immunoglo-
bulin G (IgG). After that, total RNA was isolated and then
subjected to the analysis of miR-411 and SNHGS8 expres-
sion by RT-qPCR.

Western blot analysis

Total protein was extracted with RIPA lysis and extraction
buffer (Thermo Fisher Scientific, MA, USA), and its con-
centration was measured with the Bicinchoninic Acid Assay

Kit (Beyotime Institute of Biotechnology, Haimen, China).
Equal amounts of protein were loaded and separated by
sodium dodecyl sulfate polyacrylamide gel electrophoresis
in a 10% gel, followed by transferring to a polyvinylidene
difluoride membrane (Millipore, Bedford, MA, USA) and
blocking with 5% fat-free milk diluted in Tris-buffered
saline containing 0.1% of Tween 20. After that, the mem-
branes were incubated with primary antibodies against
KPNA2 (ab170495; Abcam, Cambridge, UK) or GAPDH
(ab128915; Abcam) at 4 °C overnight. After three washes, a
picated second-
d with the

goat anti-rabbit horseradish peroxidagg
ary antibody (ab205718; Abcam

as incub®

followed by Dunnett’s post hoc test. The correla-
n between SNHGS8 and clinical parameters of the
atients with ESCC was examined by the y* test. The
erall survival rate was determined by the Kaplan—
Meier method, and the results were assessed for statistical
significance by the logrank test. P<0.05 was assumed to

indicate a statistically significant difference.

Results
SNHGS8 expression is high in ESCC and is

correlated with clinical parameters

To evaluate the potential involvement of SNHGS in
ESCC, we first measured its expression in 51 pairs of
ESCC and matched adjacent normal tissue samples by
RT-gPCR. The data indicated that SNHGS8 expression
was much higher in ESCC tissues relative to the adjacent
normal tissues (Figure 1A, P<0.05). In addition, the
expression of SNHGS8 was assessed in a panel of ESCC
cell lines: Ecal09, KYSE70, KYSE150, and TE-1. A
normal human esophageal epithelial cell line (HET-1A)
served as the control. Consistently with the findings in
tissues, SNHGS8 was found to be upregulated in the four
ESCC cell lines (when compared with HET-1A cells),
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especially in Ecal09 and TE-1 cells, which were therefore
chosen for functional experiments (Figure 1B, P<0.05).
We also studied the clinical value of SNHGS in ESCC
by examining the association between SNHGS8 expression
and clinical parameters among the 51 patients. All the
patients were assigned to either a low-SNHGS8 expression

group (n=26) or high-SNHGS8 expression group
according to the median value of SNHGS8 express

»)
S

(Ecal09, KYSE70,
patients with ESCC

orrelation between SNHG8 expression and ESCC
inicopathological factors

ESCC tissues. Increased SNHGS8 ex Factors SNHGS8 expression P-value
obviously correlated with primary tumg High Low
(P=0.012), lymph node metastases (4 (n=26) (n=25)
Age 0.393
<60 years 14 17
260 years 12 8
Gender 0.565
Male 18 15
Female 8 10
Differentiation status 0.173
Well/Moderate 18 22
Poor 8 3
Primary tumor invasion 0.012%
depth
TIT2 9 18
cells T3/T4 17 7
To assess the influence of SNHGS8 on the malignant char- Lymph node metastases 0.001°
acteristics of ESCC, Ecal09 and TE-1 cells were trans- Negative 10 21
fected with si-SNHGS8 or si-scramble. RT-qPCR analysis Positive 16 4
revealed that SNHGS8 expression was efficiently decreased TNM stage 0.002°
in Ecal09 and TE-1 cells after si-SNHGS transfection as I-Il 13 23
compared with that in cells transfected with si-scramble, n 13 2
implying the successful SNHGS silencing after transfection  Note: *P<0.05.
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Figure 2 Suppression of SNHG8 inhibits Ecal09 and TE-I cell proliferation, migration, and invasion and induces their apoptosis. (A) Si-SNHG8 or si-scramble was
transfected into Ecal09 and TE-| cells. SNHGB8 expression following the transfection was examined by RT-qPCR. *P<0.05 vs si-scramble. (B) The CCK-8 assay was carried
out to evaluate the proliferation of Ecal09 and TE-1 cells after transfection of si-SNHG8 or si-scramble. *P<0.05 vs si-scramble. (C) Ecal09 and TE-| cells were transfected
with si-SNHG8 or si-scramble and the proportion of apoptotic cells was measured via flow-cytometric analysis. *P<0.05 vs si-scramble. (D, E) Transwell migration and
invasion assays uncovered the influence of SNHGS8 silencing on the migratory capacity and invasiveness of Ecal09 and TE-| cells. *P<0.05 vs si-scramble.

cells compared with the si-scramble group (Figure 2B, group than in the si-scramble group, as revealed by flow-
P<0.05). In addition, the proportion of Ecal09 and TE-1  cytometric analysis (Figure 2C, P<0.05). Furthermore,
apoptotic cells was substantially higher in the si-SNHG8  Transwell migration and invasion assays were conducted
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to determine whether SNHGS is involved in the regulation
of ESCC cell migration and invasion. The migratory
(Figure 2D, P<0.05) and invasive (Figure 2E, P<0.05)
abilities of both cell lines obviously decreased after the
downregulation of SNHGS. These findings suggested that
SNHGS8 may exert an oncogenic action on the aggressive-
ness of ESCC cells in vitro.

SNHGS8 acts as a sponge for mir-411 in
ESCC

Multiple studies have pointed out that IncRNAs may func-
tion as competitive endogenous RNAs by sponging
miRNAs.?”* Accordingly, we tested whether SNHGS has
such a role in ESCC by sponging certain miRNAs. To test
our hypothesis, the potential miRNAs sponged by SNHGS
were predicted by bioinformatics analysis. Among these
candidates, miR-411 (Figure 3A) was chosen for subse-
quent validation, based on its crucial roles in oncogenesis
and tumor progression.”® ** The luciferase reporter assay
was carried out to gain more insights into the potential
interaction between SNHGS and miR-411.
indicated that miR-411 mimics—mediated upregulation of
miR-411 (Figure 3B, P<0.05) significantly weakengd the
luciferase activity of the SNHG8-wt plasmid in Ecal®
TE-1 cells (P<0.05) but had no such effect on the S

The results

We next measured miR-411 expression in ESCC
tissues and adjacent normal tissue samples by RT-
qPCR. The expression of miR-411 was low in ESCC
tissues as compared with adjacent normal tissues
(Figure 3E, P<0.05). In addition, SNHG8 expression
inversely correlated with miR-11 among ESCC
tissue samples (Figure 3F; R* = 0.3708, P<0.0001).
Meanwhile, the data obtained in the RT-qPCR analysis
revealed that silencing of SNHGS8 increased miR-411
expression in Ecal09 and TE-1 cells (Figure 3G,
gove results that

SNHGS8 acts as a sponge
its amount in ESCC.

-1 cells, and then a series of functional assays
CCK-8 assay and flow-cytometric analysis

e proliferation (Figure 4A, P<0.05) and increased
optosis (Figure 4B, P<0.05) of Ecal09 and TE-1 cells.
We also observed in the Transwell migration and invasion
assays that when Ecal09 and TE-1 cells were transfected
with miR-411 mimics, the migration (Figure 4C, P<0.05)
and invasion (Figure 4D, P<0.05) remarkably decreased

A B C )
20mmmiR-NC 1.5 R-NC
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. TE-1 of SNHG8

Figure 3 SNHGS8 acts as a sponge of miR-411 in ESCC cells. (A) The binding site for miR-411 in SNHG8. Bioinformatic analysis was performed to search for the target
miRNAs that can be sponged by SNHG8. (B) The expression of miR-411 in Ecal09 and TE-I cells—when they were transfected with miR-411 mimics or miR-NC—was
determined via RT-qPCR. *P<0.05 vs miR-NC. (C) Ecal09 and TE-| cells were cotransfected with either miR-411 mimics or miR-NC and either SNHG8-wt or SNHG8-mut
for 48 h, and next, the luciferase activities were quantified using a Dual-Luciferase Reporter Assay System. ¥P<0.05 vs miR-NC. (D) The RIP assay showed that both SNHG8
and miR-41| were obviously enriched in an AGO2 immunoprecipitate. IgG served as an internal control. *P<0.05 vs IgG. (E) RT-qPCR analysis revealed the expression levels
of miR-411 in 51 pairs of ESCC and matched adjacent normal tissue samples. *P<0.05 vs normal tissue samples. (F) Spearman’s correlation analysis was applied to examine
the association between SNHG8 and miR-411 expression in ESCC tissue samples. R?=0.3708, P<0.0001. (G) RT-qPCR evaluated miR-41 1 expression in Ecal09 and TE-|
cells after si-SNHGB8 or si-scramble transfection. *P<0.05 vs si-scramble.
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Figure 5 KPNA2 is validated as a direct target gene of miR-411 in ESCC cells. (A) The binding sequences for miR-411 in the wild-type KPNA2 3'-UTR. The mutant KPNA2
3’-UTR is also presented. (B) Ecal09 and TE-| cells were cotransfected with either miR-41 | mimics or miR-NC and either the KPNA2-wt or KPNA2-mut reporter plasmid.
The transfected cells were harvested after 48 h of incubation and then subjected to the detection of luciferase activity. *P<0.05 vs miR-NC. (C) RT-qPCR was carried out to
assess KPNA2 mRNA expression in Ecal09 and TE-1 cells after their transfection with miR-411 mimics or miR-NC. *P<0.05 vs miR-NC. (D) The protein expression of
KPNA2 was determined by Western blotting in miR-411 mimics—transfected or miR-NC—transfected Ecal09 and TE-| cells. *P<0.05 vs miR-NC. (E) RT-qPCR analysis
uncovered the expression profile of KPNA2 mRNA in the 51 pairs of ESCC and matched adjacent normal tissue samples. *P<0.05 vs normal tissue samples. (F) A negative
correlation between miR-41 1 and KPNA2 mRNA levels in ESCC cells was demonstrated via Spearman’s correlation analysis. R>=0.3186, P<0.0001.
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(Figure 5B). In addition, we determined the expression of
KPNA2 mRNA and protein in miR-411-overexpressing
Ecal09 and TE-1 cells. Compared with the miR-NC
group, the expression of KPNA2 mRNA (Figure 5C,
P<0.05) and protein (Figure 5D, P<0.05) was notably sup-
pressed in Ecal09 and TE-1 cells following overexpression
of miR-411. Furthermore, RT-qPCR analysis was applied to
evaluate KPNA2 mRNA expression in ESCC tissue samples
and revealed that KPNA2 mRNA expression was signifi-
cantly higher in ESCC tissue samples than in adjacent
normal tissues (Figure SE, P<0.05). Besides, the expression
of miR-411 turned out to be inversely correlated with
KPNA2 mRNA expression among ESCC tissue samples
(Figure 5F; R* = 0.3186, P<0.0001). These results validated
KPNA2 as a direct target of miR-411 in ESCC cells.
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Restoring KPNA2 expression neutralizes
the tumor-suppressive influence of miR-

411 on ESCC cells

After identifying KPNA2 as a direct target of miR-411, we
determined whether KPNA2 silencing was essential for
the tumor-suppressive effects of miR-411 in ESCC cells.
First, miR-411-overexpressing Ecal09 and TE-1 cells
were transfected with KPNA2 overexpression plasmid
pc-KPNA2 or pcDNA3.1 (empty vector). KPNA2 protein
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Figure 6 Reintroduction of KPNA2 prevents the tumor-suppressive effects of miR-411 upregulation on Ecal09 and TE-1I cells. (A) MiR-41 |-overexpressing Ecal09 and TE-
| cells were next transfected with pc-KPNA2 or pcDNA3.1. At 48 h after transfection, the cells were collected and subjected to Western blotting for the determination of
KPNAZ2 protein expression. ¥P<0.05 vs miR-NC. #P<0.05 vs miR-41 | mimics+pcDNA3. 1. (B-E) The proliferation, apoptosis, migration, and invasiveness of Ecal09 and TE-|
cells treated as described above were evaluated by the CCK-8 assay, flow cytometry, and Transwell migration and invasion assays, respectively. *P<0.05 vs miR-NC. #P<0.05

vs miR-411 mimics+pcDNA3.I.
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(Figure 6C, P<0.05), migration (Figure 6D, P<0.05), and
invasion (Figure 6E, P<0.05) was partly reversed by
KPNA2 restoration. Collectively, miR-411 exerted its
tumor-suppressive actions on the behaviors of ESCC
cells by decreasing KPNA2 expression.

SNHGS affects the malignant behaviors of
ESCC cells through regulation of the miR-

41 1-KPNA2 axis
To confirm that silencing of SNHGS8 has an inhibitory

influence on the malignant behaviors of ESCC cells via
the miR-411-KPNA2 axis, Ecal09 and TE-1 cells were
cotransfected with si-SNHGS8 and miR-411 inhibitor or
NC inhibitor; then cell proliferation, apoptosis, migration,
and invasion were analyzed by CCK-8, flow-cytometric,

C
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and Transwell migration and invasion assays, respectively.
First, RT-qPCR analysis was carried out to measure miR-
411 expression in Ecal09 and TE-1 cells after miR-411
inhibitor or NC inhibitor transfection. The data revealed
that transfection of miR-411 inhibitor significantly down-
regulated miR-411 in Ecal09 and TE-1 cells (Figure 7A,
P<0.05). Meanwhile, si-SNHG8-mediated upregulation of
miR-411 (Figure 7B, P<0.05) and downregulation of
KPNA2 protein (Figure 7C, P<0.05) were partially
reversed in Ecal09 and TE-1 cells after cotransfection
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Figure 7 SNHGS8 regulates the malignant characteristics of Ecal09 and TE-| cells through the miR-41 I-KPNAZ2 axis. (A) The transfection efficiency of the miR-41 1 inhibitor
in Ecal09 and TE-| cells was evaluated by RT-qPCR analysis. The NC inhibitor served as the control. *P<0.05 vs NC inhibitor. (B, C) RT-qPCR and Western blotting were
respectively utilized to assess miR-411 and KPNA2 protein expression in Ecal09 and TE-1 cells following cotransfection with si-SNHG8 and either miR-411 inhibitor or NC
inhibitor. *P<0.05 vs si-scramble. #P<0.05 vs si-SNHG8+NC inhibitor. (D-G) The proliferation, apoptosis, migration, and invasiveness of the aforementioned cells were
evaluated by the CCK-8 assay, flow cytometry, and Transwell migration and invasion assays, respectively. *P<0.05 vs si-scramble. “P<0.05 vs si-SNHG8+NC inhibitor.
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cells. In a word, these results suggested that SNHGS
promotes the malignant behaviors of ESCC cells through
the miR-411-KPNA?2 axis.

SNHGS8 knockdown inhibits the

xenograft growth of ESCC cells in vivo

Tumor xenografts in nude mice were finally implemented to
determine the influence of SNHGS8 on the tumor growth of
ESCC cells in vivo. Obvious inhibition of the tumor volume
was observed in the si-SNHGS8 group compared with the si-
scramble group (Figure 8A and B, P<0.05). At 4 weeks after
tumor cell inoculation, all nude mice were euthanized, and the
tumor xenografts were excised and weighed. The average
weight of tumor xenografts was significantly lower in the si-
SNHGS8 group than in the si-scramble group (Figure 8C,
P<0.05). In addition, RT-qPCR analysis suggested that the
deriving from si-SNHG8-transfected
Ecal(9 cells harbored SNHGS8 underexpression (Figure 8D,
P<0.05) and miR-411 overexpression (Figure 8E, P<0.05).
Furthermore, the protein level of KPNA2 turned out to be
lower in the nude mice injected with the SNHGS8 knockdown
Ecal09 cells (Figure 8F, P<0.05). These results revealed that
SNHGS knockdown hinders tumor growth of ESCC

tumor xenografts

A

1416182022242628

Time (days)

vivo via upregulation of miR-411 and a consequent decrease
of KPNA2 expression.

Discussion

An increasing number of studies has revealed the abnor-
mal expression of IncRNAs in ESCC.*'™* The dysregula-
tion of IncRNAs has been demonstrated to closely
correlate with the malignancy of ESCC by affecting
tumor processes.** *® Therefore, investigating the roles
of IncRNAs in ESCC progression may be essential for
i gcts for anticancer

the identification of novel pote

migration,

in vivo.

upregulated in pancreatic adenocarcinoma,
lation significantly correlates with tumor
rentiation grade.** Patients with pancreatic
oma having higher SNHG8 expression show
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Figure 8 The SNHG8 knockdown impairs the tumor growth in vivo via the miR-41 |-KPNA2 axis. (A) The images of tumor xenografts of nude mice injected with si-
SNHG8-transfected or si-scramble—transfected cells. (B) Tumor volume was examined starting at 2 weeks after inoculation of si-SNHG8—transfected or si-scramble—
transfected cells. ¥P<0.05 vs si-scramble. (C) Tumor weight in the mice injected with cells transfected with si-SNHGB8 or si-scramble after 4 weeks. *P<0.05 vs si-scramble.
(D, E) The expression levels of SNHG8 and miR-41 | in tumor xenografts were investigated via RT-qPCR analysis. *P<0.05 vs si-scramble. (F) Extraction of total protein was
carried out, and the total-protein samples were subjected to KPNA2 protein quantification. *P<0.05 vs si-scramble.
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worse overall survival than do patients with lower
expression.”* SNHGS is also overexpressed in hepatocel-
lular carcinoma.”> SNHGS is validated as an independent
prognostic factor of tumor recurrence in patients with
hepatocellular carcinoma.?® Furthermore, SNHGS is over-
expressed in non—small cell lung cancer tissues and cell
lines.?® Patients with non—small cell lung cancer overex-
pressing SNHG8 show shorter overall survival and shorter
progression-free survival relative to the patients with low
SNHGS expression.”® However, the expression profile and
clinical value of SNHG8 in ESCC have remained elusive
and merit research. In this study, we found that SNHGS8
expression is high in ESCC tissues and cell lines.
Upregulation of SNHGS8 manifested a close relation with
primary tumor invasion depth, lymph node metastases and
TNM stage. Patients with ESCC overexpressing SNHGS
showed worse overall survival than did patients with low
SNHGS expression. These findings suggest that SNHG8
might be a promising biomarker for the diagnosis and
prognosis of ESCC.

SNHGS8 plays oncogenic roles in tumorigenesis and
tumor progression. For instance, downregulation of
SNHGS inhibits cell proliferation, induces cell cycle arrest,
promotes apoptosis, and reduces the chemoresistance
pancreatic adenocarcinoma cells.** In hepatocellular carc

noma, silencing of SNHGS8 suppresses cell grg

in cell apoptosis and cell cycle
tumor growth in vivo.”® Neve

proliferative, migrato
cells; increased th

SCC, and therefore SNHGS
might be a noveNgget for the treatment of patients with
this disease.

Multiple mechanisms by which SNHG8 regulates
tumorigenic processes have been well elucidated, includ-
ing sponging miR-149-5p and regulation of PPMIF
expression in hepatocellular carcinoma,? targeting of the
miR-542-3p—CCNDI1-CDK6 axis in non—small cell lung
cancer,”® and regulation of c-MET expression by sponging
miR-152 in endometrial carcinoma.*’ Herein, the onco-
genic actions of SNHGS8 in ESCC were mediated by

sponging of miR-411 and consequent upregulation of
KPNA2. KPNA2, a member of the importin o family,
performs key functions in nucleocytoplasmic transport.*®
KPNA2 is overexpressed in both ESCC tissues and cell
lines. High KPNA2 expression shows an obvious correla-
tion with poor differentiation, tumor depth, lymphatic
invasion, venous invasion, and tumor stage.*’ The prog-
nosis of patients with ESCC overexpressing KPNA2 is
shorter than that of patients with low KPNA2 expression,
as revealed by univariate analysis.** Functionally, KPNA2

plays tumor-promoting roles in reg he malignant

lation contributes to ESCC oncogenesis
this study, we demonstrated that miR-
lated in ESCC. MiR-411 is sponged by
d directly downregulates KPNA2 to inhibit the
cogenicity of ESCC. Therefore, the SNHG8-miR-411-
NA2 axis may provide a new theoretical basis for the
ploration of the molecular pathogenesis of ESCC.

Conclusion

In summary, this study revealed that SNHGS8 may perform
oncogenic functions in the progression of ESCC by spong-
ing miR-411 to upregulate KPNA2. SNHG8, miR-411,
and KPNA2 seem to be interrelated and offer novel targets
for ESCC therapy as well as potential diagnostic and
prognostic biomarkers.
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