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Long non-coding RNA small nucleolar RNA host gene 7 facilitates
the proliferation, migration, and invasion of esophageal cancer
cells by regulating microRNA-625

Yuan Wang', Dengke Bao’, Lixin Wan', Chenghui Zhang', Shuang Hui', Honggiang Guo’

'Department of Oncology, Nanyang Central Hospital Affiliated Hospital of Henan University, Nanyang, China; *College of Pharmacy, Henan
University, Zhengzhou, China; *Department of Oncology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, China

Contributions: (I) Conception and design: Y Wang, D Bao, H Guo; (II) Administrative support: L Wan, C Zhang; (III) Provision of study materials
or patients: S Hui, H Guo; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: Y Wang, D Bao, H Guo; (VI)
Manuscript writing: All authors; (VII) Final approval of the manuscript: All authors.

Correspondence to: Hongqiang Guo. Department of Oncology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou 450000, China.
Email: guohqwangyi@163.com.

Background: Esophageal cancer (EC) is a highly aggressive malignant tumor, of which esophageal
squamous cell carcinoma (ESCC) constitutes the main subtype. Long non-coding RNA (IncRNA) small
nucleolar RNA host gene 7 (SNHG?7) has been extensively studied in many tumors and has been confirmed
to be an oncogene; however, it has yet to be investigated in an ESCC study. Therefore, this study intended
to uncover the role of SNHG7 in ESCC.

Methods: Quantitative real-time polymerase chain reaction was applied to measure the expression levels
of SNHG7 and miR-625 in ESCC tumor tissues and cell lines. Cell Counting Kit-8 assay, 5-Ethynyl-2'-
deoxyuridine assay, scratch assay, and Transwell assay were conducted to assess the proliferation, migration,
and invasion ESCC cell. We verified the interaction between SNHG7 and miR-625 by performing the dual
luciferase reporter gene experiment.

Results: Compared to that in adjacent normal tissues and HETTA cell lines, the expression level of
SNHG7 in ESCC tumor tissues and ESCC cell lines was up-regulated, while the expression level of miR-
625 was down-regulated. ESCC cell proliferation, migration, and invasion were significantly promoted by
SNHG?7 overexpression but inhibited by silencing of SNHG7. Further, luciferase reporter gene experiments
confirmed that SNHG?7 interacted with miR-625, and rescue experiments showed that SNHG7 promoted
the malignant phenotype by inhibiting miR-625.

Conclusions: SNHG?7 is up-regulated in ESCC tumor tissues and cell lines, while miR-625 is expressed at
a low level. SNHGTY is able to facilitate the proliferation, migration, and invasion of ESCC cells by targeting
miR-625.
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Introduction esophageal squamous cell carcinoma (ESCC) (2). In China

Esophageal cancer (EC) is an extremely aggressive and other East Asian countries, ESCC accounts for as

malignancy with high rates of morbidity and mortality (1). many as 90% of EC cases (3). Due to the lack of symptoms
There are 2 types of EC, esophageal adenocarcinoma and or signs in early ESCC, timely diagnosis is difficult, and
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many patients are already in the late stage of the disease
when they first see a doctor. Despite advanced progress
having been achieved in the clinical treatment of ESCC
in recent years, the disease’s poor prognosis indicates that
obstacles hindering successful recovery still exist (4). The
pathogenesis of EC is extremely complex and involves many
abnormalities in genes and signaling pathways. Therefore,
exploration of the key signaling network of ESCC and its
related molecular regulatory mechanisms is crucial for the
discovery of effective therapeutic targets.

In recent years, the development of high-throughput
sequencing technology has shifted researchers’ attention
to long non-coding RNAs (IncRNAs). LncRNAs
are RNA molecules with a transcript length longer
than 200 nucleotides, the protein-coding potential
of which are limited (5). More and more studies have
found that IncRNAs, as multi-gene transcription
and post-transcriptional regulatory factors, carry out
important functions in the processes of liver cancer,
lung cancer, lymphoma, gastric cancer, and many other
malignancies (6). Many studies have evidenced the
relationship between IncRNAs and the development of
ESCC. For instance, IncRNA FAM83H-AS1 is significantly
up-regulated in ESCC tissues. It has been found to be
related to TNM staging, pathological differentiation, as
well as lymph node metastasis, and to promote ESCC
progression through the miR-10a-5p/Girdin axis (7).
Meanwhile, the expression level of IncRNA CASC2 is
obviously decreased in ESCC and is positively correlated
with patients’ overall survival. More specifically, CASC2 can
inhibit the proliferation, migration and invasion of ESCC
cells via elevating SOCS], and enhances drug sensitivity (8).

Small nucleolar RNA host gene 7 (SNHG7) is a newly
identified IncRNA, which located on chromosome 9q34.3
and has a full length of 984 bp. It has been confirmed to be
an oncogene in multiple tumors including glioblastoma,
lung cancer, breast cancer, and hepatocellular carcinoma
(9-12). In non-small cell lung cancer, SNHG?7 can inhibit
microRNA (miRNA/miR)-181a-5p via the Akt/mTOR
signaling, and facilitate cell proliferation, migration, and
invasion (9). SNHG?7 can also promote the proliferation,
migration and invasion of glioblastoma cells through
its regulation of miR-449b-5p and its target gene
MYCN (10). However, further study is needed to shed light
on the expression, functions, and mechanism of SNHG7
in ESCC. Therefore, in the present research, we aimed to
investigate the expression level of SNHG7 in ESCC tissues
and cell lines, study the influences of SNHG7 on ESCC cell
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proliferation, migration, and invasion in vitro, and explore
the corresponding molecular mechanisms. We present the
study in accordance with the MDAR reporting checklist
(available at http://dx.doi.org/10.21037/jgo-21-147).

Methods

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved
by the ethics committee of Nanyang Central Hospital
Affiliated Hospital of Henan University (No. 20160075),
and the specimens were obtained with the informed consent
of all patients.

Tissue specimens

Paired fresh ESCC tissues and adjacent non-tumor tissues
were obtained from 40 patients who underwent surgery
for ESCC in Nanyang Central Hospital Affiliated Hospital
of Henan University. After excision, the samples were
immediately stored in a freezer at -80 °C. All specimens
were confirmed pathologically as ESCC.

Cell culture and transfection

The human normal esophageal cell line HET1A and the
ESCC cell lines TE1, EC109, TE13, and YES2 were
from the American Type Culture Collection (ATCC,
USA). All cells were maintained in RPMI 1640 Medium
(Gibco) supplemented with 10% fetal bovine serum
(Invitrogen) in an incubator at 37 °C containing 5% CO,.
After appropriate time, the cells were transfected with
Lipofectamine 2000 reagent (Invitrogen) in preparation
for subsequent experiments. Full-length SNHG7 was
amplified and inserted into a pcDNA3.1 vector to construct
overexpression plasmid. Sequences of SNHG7 siRNAs
were: sense, 5'-CGGAUUAUUUAGUCUUCAACA-3'
and antisense, 5'-UUGAAGACUAAAUAAUCCGUU-3';

Quantitative real-time polymerase chain reaction (qR1-
PCR)

Total RNA from tissues and cells lines was isolated by using
TRIzol reagent (Invitrogen), and subsequently reverse-
transcribed into complementary DNA with a Prime-Seript
RT Reagent kit (Takara Biotechnology, Japan). Then, gRT-
PCR reaction was conducted by using a SYBR Green kit
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(Applied Biosystems, USA). GAPDH and U6 snRNA were
chosen to serve as internal controls for SNHG7 and miR-
625, respectively. The 27*“ method was applied to assess
the relative gene expression.

Cell Counting Kit-8 (CCK-8) assay

A CCK-8 assay was carried out to investigate ESCC cell
proliferation. Briefly, cells in the logarithmic growth phase
were collected and resuspended to 2x10*/mL. Then, 100 pL
cells were seeded in 96-well plates and transfected with
SNHG?7-expressing plasmid and SNHG7 siRINA. At 24,
48, and 72 hours after transfection, 10 pL. CCKS8 solution
(Beyotime Biotechnology) was added into each well. Cell
were placed in an incubator for 3 hours, after which the
absorbance was measured at wavelength of 450 nm.

5-Ethynyl-2'-deoxyuridine (EAU) experiment

For the EAU experiment, cells were routinely seeded in
6-well plates and transfected with SNHG7-expressing
plasmid and SNHG7 siRNA. A Cell Light EdU Apollo 567
In Vitro Kit (Ribobio, China) was then used to measure
the DNA replication activity. Images were collected with a
fluorescence microscope to calculate the EAU positive rate.

Scratch assay

For the scratch assay, cells were collected after 48 hours of
transfection, and 2x10° cells was added in a 6-well plate. The
cells were cultured until reaching 90-100% confluence, at
which point a linear scratch was made in the cell monolayer
with a sterile 10-pL pipette tip. Cells were then incubated
with FBS-free medium at 37 °C for 24 hours, and the speed
of cell migration to the scratched area was observed. Images
were collected with an optical microscope, and the scratch
healing rate, representing the relative migration ability of
the cells, was calculated with Image] software.

Transwell experiment

In Transwell assays, 1x10° transfected cells were re-
suspended in 200 pL serum-free medium and inoculated
into the upper chamber of a Transwell chamber (Corning,
USA) coated with matrix gel. To the lower chamber,
600 pL of 10% FBS-containing medium was added. After
24-hour incubation at 37 °C with 5 % CO,, the cells were
subsequently fixed by 4% formaldehyde and stained by
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crystal violet reagent for 20 minutes. Cells invading through
the chamber were counted with a microscope.

Dual-luciferase reporter gene assay

Plasmid of the wild-type (WT) reporter gene pmirGLO-
SNHG7-wt containing the miR-625 binding site and the
mutant plasmid pmirGLO-SNHG7-mut without the
miR-625 binding site were constructed. The luciferase
reporter plasmid and miR-625 mimics were co-transfected
into cells by Lipofectamine 2000 reagent. At 48 hours after
transfection, the relative luciferase activity was measured
with a dual-luciferase reporter gene system (Promega).

Statistical analysis

All experiments in this study were independently repeated
more than 3 times, and data were analyzed with the SPSS
software (SPSS) and GraphPad Prism 7 (GraphPad, USA).
Results were expressed as mean = standard deviation.
Student’s ¢ test and one-way analysis of variance were
applied to compare differences between group. P<0.05 was
regarded as statistically significant.

Results

SNHGY7 expression was increased in ESCC tissues and cell
lines

To uncover the role of SNHG7 in ESCC, first, the
expression level of SNHG7 was detected in 40 pairs of
ESCC tissues and adjacent normal tissues. Compared with
that in normal tissues, the level of SNHG?7 in cancer tissues
was significantly up-regulated (Figure 14). We also used
gRT-PCR to measure the expression of SNHG7 in HET1A
and in ESCC cell lines. The data displayed that compared
with that in HET'1A cells, the level of SNHG7 in ESCC
cells (TEL, EC109, TE13, and YES2) was significantly
increased (Figure 1B). These findings indicated that
SNHG?7 expression was increased in ESCC tissues and cell
lines.

SNHG7 facilitated ESCC cell proliferation, migration,

and invasion in vitro

To uncover the biological functions of SNHG?7 in ESCC,
we overexpressed or silenced SNHG7 in ESCC cells.
As EC109 cells had the lowest SNHG?7 level, they were
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Figure 1 SNHGT is up-regulated in ESCC tissues and cell lines. (A) qRT-PCR was used to detect the expression levels of SNHG7 ESCC
tumor tissues and normal tissues; (B) qRT-PCR was used to measure the levels of SNHG7 in HET1A cells and ESCC cell lines (TEI,
EC109, TE13, and YES2). *P<0.05. SNHGY, small nucleolar RNA host gene 7; ESCC, esophageal squamous cell carcinoma; qRT-PCR,

quantitative real-time polymerase chain reaction.

transfected with SNHG7-expressing plasmid, and because
TE1 cells exhibited the highest SNHG7 expression levels,
they were transfected with SNHG?7 small interfering
RNA (siRNA). The transfection efficiency was verified
by qRT-PCR (Figure 24,B). After successful transfection,
CCKS8, EdU, scratch, and Transwell assays were carried
out to study the influence of SNHG7 overexpression and
knockdown on proliferation, migration, and invasion in
vitro, respectively. The data of CCK8 and EdU experiments
revealed that the proliferation of EC109 cells was obviously
increased by SNHG?7 overexpression (Figure 2C,D), while
the proliferation ability of TE1 cells was significantly
reduced after SNHG7 was down-regulated (Figure 2E,F).
The results of the scratch experiment showed that EC109
cell migration was significantly increased by SNHG7
overexpression (Figure 2G), whereas the silencing of
SNHGT significantly reduced the migratory activity of TE1
cells (Figure 2H). The Transwell assay results demonstrated
a significant increase in the invasion ability of EC109 cells
after SNHG?7 overexpression (Figure 2I), while a significant
reduction was observed in the invasion ability of TE1 cells
after SNHGY silencing (Figure 27). The above observations
indicated that SNHG7 promoted ESCC cell proliferation,

migration, and invasion in vitro.
miR-625 is down-regulated and is a target gene of

SNHG7 in ESCC

To further explore the downstream targets of SNHG?7,

© Journal of Gastrointestinal Oncology. All rights reserved.

the bioinformatics database (StarBase) was used to
obtain potential target miRNAs of SNHG7. As shown in
Figure 34, the sequence of SNHG7 contains a conserved
target site of miR-625. To examine the level of miR-625
in ESCC, we measured the level of miR-625 in ESCC
tissues and cells by employing the qRT-PCR method. The
results showed that compared with adjacent normal tissues,
ESCC tissues exhibited significantly down-regulated miR-
625 expression (Figure 3B). Further, the levels of miR-
625 in ESCC cell lines (TE1, EC109, TE13, YES2) were
significantly reduced compared with those in HET1A
cells (Figure 3C). These findings indicated that miR-
625 expression was decreased in ESCC. To confirm the
direct interaction between SNHG7 and miR-625, a dual-
luciferase reporter experiment was conducted. The data
displayed that miR-625 mimics significantly inhibited the
activity of luciferase plasmid with the wild-type SNHG7
sequence, whereas it played no effect on the mutant plasmid
(Figure 3D). These results indicated that miR-625 is down-
regulated in ESCC and can directly bind to SNHG?7 as its

target gene.

SNHG?7 promotes the malignancy of ESCC by regulating
miR-625

Studies have shown that miR-625 exerts an anti-tumor
effect in ESCC. To further probe the role of the SNHG7/
miR-625 signaling axis in ESCC cell proliferation,
migration, and invasion, we conducted a rescue experiment.
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cells; SNHG?7 siRNA was transfected into TE1 cells. (A,B) The transfection efficiency was verified by qRT-PCR; (C,E) the influence of
SNHG?7 on cell proliferation was measured by CCKS8 assay; (D,F) the influence of SNHG7 on cell proliferation was determined using EdU

assay, scale bar represents 100 pm; *P<0.05. red: EAU, blue: DAPI, purple: merge. (G,H) the effect of SNHG?7 on cell migration ability was

measured by scratch experiments; scale bar represents 500 pm; magnification, 40x; (I,]) the effect of SNHG?7 on cell invasion was measured

by Transwell assay, scale bar represents 50 pm, cells were stained with 0.5% crystal violet reagent; *P<0.05. SNHG7, small nucleolar RNA
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First, we successfully overexpressed and silenced miR-
625 in ESCC cells (Figure 4A4,B). Results showed that
overexpressing SNHG7 facilitated the proliferation of
EC109 cells, whereas overexpression of miR-625 partially
eliminated the cancer-promoting effects of SNHG7
(Figure 4C,D). Similarly, silencing of SNHG7 inhibited
EC109 cell proliferation, whereas silencing of miR-
625 partially abolished the inhibitive effect of SNHG7
knockdown on cell proliferation (Figure 4E,F). SNHG7
overexpression promoted EC109 cell migration, whereas
overexpression of miR-625 partially eliminated the migration-
promoting effect of SNHG7 (Figure 4G). Silencing of SNHG7
also inhibited EC109 cell migration, while silencing of miR-
625 partially abolished the inhibitive effect of SNHG7 on
cell migration (Figure 4H). Furthermore, overexpression of
SNHG?7 promoted the invasion ability of EC109 cells, while
overexpression of miR-625 partially abolished the pro-
invasive effect of SNHG?7 (Figure 41). Similarly, the invasion
ability of EC109 cells was inhibited when SNHG7 was
silenced, and this effect was partially abolished by silencing
of miR-625 (Figure 47). These results indicated that
SNHG?7 and miR-625 have opposite biological functions in

© Journal of Gastrointestinal Oncology. All rights reserved.

ESCC, with SNHG?7 promoting the malignancy of ESCC
cells via targeting the tumor suppressor miR-625.

Discussion

Non-coding RNAs (ncRNAs) have been a research
hotspot in recent years, during which time miRNAs,
IncRNAs, and circular RNAs have been confirmed to be
important regulatory molecules in a variety of human
cancers. Numerous reports have shown that IncRNAs are
abnormally expressed in many cancers, and they play vital
roles in regulating the pathological processes of cancer, such
as cell proliferation, metabolism, epithelial-mesenchymal
transition, migration, and invasion (13,14). Small nucleolar
RNA host genes (SNHGs), for instance, play extremely
important regulatory roles in ESCC. Specifically, IncRNA-
SNHG6 can inhibit ESCC cell apoptosis by targeting
miR-101-3p to regulate Enhancer of zeste homolog 2
(EZH2) (15). Furthermore, SNHGS can inhibit the
epithelial-mesenchymal transition process of ESCC cells
through ubiquitination and degradation of metastasis-
associated protein 2 (MTA2) (16). As for SNHG?7,
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Figure 4 SNHG7 promotes the malignancy of ESCC cells by

plasmid and miR-625 mimics, and TE! cells were transfected

regulating miR-625. EC109 cells were transfected with SNHG7-expressing
with SNHG?7 siRNA and miR-625 inhibitor. (A,B) The overexpression and

silencing efficiency of miR-625 was verified by qRT-PCR; (C,E) CCK-8 and (D,F) EdU experiments were applied to study the roles of
SNHG?7 on cell proliferation via the regulation of miR-625, scale bar represents 100 pm; *P<0.05. red: EdU, blue: DAPI, purple: merge.

(G,H) scratch experiments was used to study the roles of SNHG7 on cell migration via the regulation of miR-625; scale bar represents 500

pm; magnification, 40x. (I]) Transwell experiments was applied
scale bar represents 50 pm, cells were stained with 0.5% crystal

esophageal squamous cell carcinoma.
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to study the roles of SNHG?7 on cell invasion via the regulation of miR-625,
violet solution; *P<0.05. SNHG?7, small nucleolar RNA host gene 7; ESCC,
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there is evidence that it is correlated to the occurrence,
development, as well as the poor prognosis of various
cancers, including renal cell carcinoma, hepatocellular
carcinoma, and lung cancer (17). Yet, the expression,
functions, and mechanism of SNHG?7 in ESCC are still
unknown. Therefore, the pioneering study has become the
first to explore SNHG?7 in ESCC.

Our results revealed that the expression of SNHG?7 in
ESCC tissues and cell lines is obviously higher than that in
normal tissues and cell lines. At the same time, we confirmed
through in vitro assays that SNHG?7 overexpression is able
to significantly facilitate ESCC cells proliferation, migration
and invasion, while silencing of SNHG?7 can inhibit these
activities in ESCC cells. These results suggest that SNHG7
plays a carcinogenic role in ESCC. In almost all tumor-
related studies involving SNHG7, this IncRNA has been
confirmed to be up-regulated in tumors and to promote the
malignant progression of cancer cells by enhancing their
proliferation, migration, invasion, drug resistance, survival,
and other biological processes iz vivo and in vitro (17). Our
study revealed that SNHG?7 can obviously accelerate ESCC
cells proliferation, migration, and invasion, and play an
oncogenic role to promote malignant tumor progression.
Therefore, SNHG7 may be an oncogene in various tumors
and is expected to become a potential target for cancer
therapy.

Studies have shown that many IncRNAs can interact
with miRNAs as competitive endogenous RNAs (ceRNAs),
thereby inhibiting the function of these miRNAs and
regulating the expression of their target genes. As
1 example, SNHG7 may play an oncogenic role by
targeting multiple tumor-suppressor miRNAs. In small
cell lung cancer, for instance, SNHG?7 acts as a sponge
of miR-181a-5p, and it also participates in the processes
of non-small cell lung cancer through its regulation of
a miR-181a-5p/E2F7 signaling (18). In hepatocellular
carcinoma, SNHG7 directly targets miR-9-5p, thereby
up-regulating the expression of CNNMI1 and promoting
the occurrence of this tumor (12). LncRINAs and miRNAs
are interrelated with each other to form a IncRNA-
mediated ceRNA regulatory network. Increasing evidences
show that this network of ceRNAs is closely related to
tumorigenesis (19). To date, studies have uncovered
numerous IncRNA-mediated ceRNA regulatory networks
in ESCC (20). In the present study, we found that the
SNHG?7 sequence contained a conserved target of miR-625,
and at the same time, we confirmed that the expression level
of miR-625 in ESCC tissues and cells was decreased. The

© Journal of Gastrointestinal Oncology. All rights reserved.
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dual-luciferase reporter gene experiment results showed
that miR-625 can directly bind to the SNHG7 sequence
and serves as the target gene of SNHG7.

The expression of miR-625 in ESCC tissues has been
reported to be significantly lower than that in adjacent
normal tissues. Low miR-625 expression is closely related
to lymph node metastasis, distant metastasis, tumor
differentiation, tumor-node-metastasis staging, and a low
S-year overall survival rate. Li er /. described low miR-625
expression to be an independent predictive factor of ESCC
prognosis (21), and Wang et al. reported that it was able
to facilitated EC cells proliferation and invasion, and may
regulate the biological processes of EC by controlling the
expression of Sox2 (22). Therefore, these studies suggest
that miR-625 is likely to serve as a tumor-suppressor gene
in ESCC, consistenting with the results of the present
study and confirms the idea that SNHG?7 promotes ESCC
malignancy by suppressing miR-625. Finally, we verified
that SNHGY7 regulates the proliferation, migration and
invasion of ESCC cells by mediating miR-625 to establish
an SNHG7/miR-625 regulatory network, which further
substantiates the regulatory network of SNHG?7 and further
supplements the pathogenesis of ESCC.

However, the current research did not include
animal experiments, meaning the roles of SNHG7 on
ESCC tumor growth and metastasis iz vivo could not be
definitively explained, which is the main limitation of this
study. Therefore, the biological effects of SNHG7 and
its corresponding molecular mechanism will be further
explored in future studies involving in vive experiments.

Conclusions

In summary, we showed that SNHG?7 is up-regulated in
ESCC tissues and cell lines, whereas the expression levels
of miR-625 are low. SNHG?7 facilitates the proliferation,
migration, and invasion of ESCC cells by interacting with
miR-625. This study has revealed the regulatory role of the
SNHG7/miR-625 axis in ESCC, providing a new potential
target for the treatment of ESCC.
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