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Introduction

Cervical carcinoma (CC) is the second most common malignant tumor in females.'
CC is mainly caused by human papillomavirus (HPV) infection. Upon HPV infec-
tion, E6 and E7 oncoproteins begin to express and regulate downstream gene
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expression regulation.” As to cancers, more and more
IncRNAs are reported to play as oncogenes or suppressors
in multiple tumor progressions.® For example, GHET1
could drive prostate cancer progression by regulating
KLF2 thereby activating HIF-lalpha/Notch-1 signaling
pathway.” TTN-AS1 promoted colorectal cancer prolifera-
tion via sponging miR-376a-3p and upregulating KLF15."°
Small nucleolar RNA host gene 7 (SNHG7), with a length
of 2157 bp, is a newly discovered IncRNA which was
reported to enhance the progression of a series of cancer
types, including pancreatic cancer,'' lung cancer,'? bladder
cancer,”® colorectal cancer'® and esophageal cancer."
However, whether SNHG?7 also play roles in CC develop-
ment has not been elucidated.

IncRNAs are likely to function via sponging miRNAs,
thereby regulating downstream target genes expression.
miR-485-5p was predicted as a target of SNHG7 by infor-
matics tool. Moreover, miR-485-5p was identified as a
tumor suppressor in a series of cancers, including cervical
cancer.'® In this study, we aimed to investigate the effects
on CC progression and the possible mechanisms.

Materials and Methods
Human Tissues

C-33A and HT-3), human
(Ectl/E6E7) and HEK-293T
from Cell Bank of the Chinese
Academy of Sciences (Shanghai, China) and incubated in
DMEM (Gibco, USA) plus with 10% FBS and 1% peni-
cillin-streptomycin (Beyotime, China). Cells were cultured
in a humidified atmosphere with 5% CO, at 37°C.

cells were purcha

RT-qPCR
Total RNA was extracted from tissues or cells using Trizol
(Invitrogen, USA) following the protocol. The isolated

Table | Characteristics of Cervical Cancer Patients

Characteristics N 45 | SNHG7 Expression P value
Total .
High Low
(n=30) (n=15)
Age
250 33 25 8 0.512
<50 12 5
Tumor Size
24 26 18 8 0.012*
<4 19 7 12
FIGO Stage
-1v 18 10 0.026*
-l 27 8
Lymph-Node
Metastasis
Yes | [ 0.018*
No 4 5
Histological G
Well 12 14 0518
19 12 7
Not < 0.05 represepts statistical differences.

(Promega, Wuhan). cDNA was taken as
nd qPCR was conducted on a PikoReal Real-
ime PCR System (ThermoFisher Scientific, USA) with
YBR GREEN SMART KIT (Tiangen, Nanjing, China).
e expression levels of target genes were calculated by
27AAC method. U6 was used to normalize the relative
expression level of miR-485-5p, while B-Actin was used
for normalization of SNHG7 and JUND expressions.

Specific primers are listed in Table 2.

CCK-8 Assay

CCK-8 assay was conducted to assess the viability of CC
cells using CCK-8 Assay Kit (Dojindo, Toyoto). In brief,
cells were seeded into 96-well plates with a concentration of
2x10° cells/well. After incubation of indicated hours, we
added 100pL fresh medium and 10puL. CCK-8 reagent into
each well of 96-well plates (Corning, USA). Two hours
later, optical density was measured at 450 nm daily using
a microplate reader (ThermoFisher Scientific, USA).

Flow Cytometry

Cell apoptosis was detected using a FITC/PI Apoptosis Kit
(Thermo, USA). Forty-eight hours after transfection,
Annexin V binding buffer was taken to suspend cells.
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Table 2 Primers of qRT-PCR
Gene Primers
SNHG7 Forward 5'- CGATACCATTGAACACGCTGC -3
Reverse 5'- GGTTGAGGGTCCCAGTG -3
miR-485-5p Stem-loop RT primer 5'- GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGAATTC -3’
Forward 5 AGAGGCTGGCCGTGATG-3’
Reverse 5'- GTGCAGGGTCCGAGGT -3’
JUND Forward 5-AGGACTTGCACAAGCAGAAC -3’
Reverse 5-GTTGGCGTACACGGGCGGCT-3’
P-Actin Forward 5'- AGCCACATCGCTCAGACAC -3’
Reverse 5'- GCCCAATACGACCAAATCC -3’
U6 Forward 5'- GCTTCGGCAGCACATATACTAAAAT -3’
Reverse 5'- CGCTTCACGAATTTGCGTGTCAT -3’

Then, Annexin V/FITC was added in the dark. Five min-
utes later, PI was added and apoptosis was analyzed by
FACSAria I/II flow cytometer (BD Biosciences, USA).

Wound Healing Assay
Wound healing assay was applied to estimate cell migration
rate. When transfected cells reached 90% confluence, a new

micropipette tip was taken to make a scratch acr
surface. PBS was used to wash the suspended cell
FBS-free DMEM (Gibco, USA) was added
hours later, images of cells were taken by,
(Olympus, Japan).

Transwell Assay

Transwell assay was conducted to ine the cell inva-

ith Matrigel (BD, USA).
was added into the

lower chag rs after transfection, the
lower gl ith 70% ethanol and 0.1%
crystal ¥ % cells were stained and counted

from five a| fields which were randomly chosen.

Luciferase Reporter Assay

miR-NC or miR-485-5p mimics was co-transfected with
SNHG7 mut or SNHG7 wt into HEK-293T cells for 48 h.
Dual-luciferase reporter assay (Promega) was carried out
according to the protocol. Similarly, miR-NC or miR-485-
5p mimics was co-transfected with JUND mut or JUND
wt, and dual-luciferase reporter assay (Promega, USA)
was conducted subsequently.

el to PVDF membranes (Millipore,
cked with 5% silk milk for 1 h. at room
he membranes were then incubated with
: anti-JUND (1:1000, CST,
ijing); anti-B-Actin (1:2500, CST, Beijing) overnight at
WSubsequently, the membranes were incubated with
HRP-conjugated antibody for 2 h at normal temperature.
The blot signals were washed by TBST and visualized
with an ECL Kit (Solarbio, Beijing, China). Images were
taken by an ImageQuant LAS4000 Biomolecular Imager
(GE Healthcare).

Immunohistochemical Staining

Ki67 expression was estimated via incubation in mono-
clonal antibody against Ki67 (1:500, CST, USA) at 4°C
overnight. Subsequently, the samples were washed by PBS
for three times and incubated with biotin-labeled IgG
secondary antibody (1:500, SCT, USA). After 1 h, the
samples were treated with HRP-conjugated streptavidin
(CST, USA) and developed by DAB. Signals were visua-
lized by EnVision system (Dako, Glostrup, Denmark).

Animal Experiments

Four-week-old BALB/C nude mice were purchased from
Shanghai LAC Laboratory (Shanghai, China) and ran-
domly divided into 2 groups (6 mice/group). Hela cells
that were transfected with sh-NC or sh-SNHG7 stably
were injected into flanks of mice. Then, the tumor volumes
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were detected every week. After 5 weeks, mice were
sacrificed and the weights of tumors were measured.
Then, the tumor tissues were collected for following
experiments to detect the expressions of miR-485-5p,
JUND and Ki67. Ethical and legal approval was obtained
from Ethics Committee of the First Affiliated Hospital of
Guangxi Medical University prior to the commencement
of the study. All experiments were performed following
the guidelines and regulations of Ethics Committee of the
First Affiliated Hospital of Guangxi Medical University.

Statistical Analysis

Data were presented as meantstandard deviation (SD).
Each sample for experiments were repeated at least 3
times. SPSS 17.0 and Graphpad Prims6 was taken for
statistical analysis. Student’s z-test was applied for the
difference between two groups and one-way ANOVA
was for comparisons among multiple groups. P<0.05 sug-
gested statistically significant.

Results
SNHG7 Was Upregulated in CC Tissues

and Cell Lines
To explore the role of SNHG7 in CC development th
first step for us was to detect the expressio
SNHG7 in CC tissues and cell lines.

(Figure 1B). Additionally, CC patients with higher
SNHG?7 expression levels have poorer overall survivals
(Figure 1C).

SNHG7 Knockdown Inhibited CC

Proliferation, Migration and Invasion

To investigate the effects of SNHG7 on CC development,
we performed functional experiments using SNHG7
siRNA (si-SNHG7). Figures 2A and S1 showed that both
the two siRNAs against SNHG7 exerted significant knock-

lowing experiments. Next, we
negative control (si-NC) int;

NHG?7 silencing
also inhibited CC

NHG7 and miR-485-5p. StarBase 3.0 predicted the inter-
acting sites of SNHG7 and miR-485-5p (Figure 3A),
which was confirmed by the following luciferase reporter
assay (Figure 3B). As expected, miR-485-5p was upregu-
lated upon SNHG7 knockdown, and SNHG7 was

A C
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Figure | The upregulation of SNHG7 in CC tissues and cell lines. (A) Relative expression of SNHG7 in CC tissues and adjacent normal tissues was detected by qPCR. (B)
Relative expression of SNHG7 in CC cell lines (Hela, SIHA, C-33A and HT-3) and normal cervical cells (EctI/E6E7) was detected by qPCR. (C) The Kaplan—Meier curves of

overall survivals with high and low SNHG7 expressions. **P<0.01.
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Figure 2 Knockdown of SNHG7 reduced CC cell proliferation, migration and invasion. (A) Relative expression of SNHG7 in EC cells was detected after SNHG7 siRNAs
(si-SNHG7#1 and si-SNHG7#2) were transfected. (B) CCK-8 was conducted to estimate the cell viability. (C) Flow cytometry was performed to determine the cell
apoptotic rate. (D) Wound healing assay was carried out to estimate the cell migration. (E) Transwell assay was conducted to measure the cell invasion ability. **P<0.01.

downregulated with miR-485-5p mimics transfection complex (Figure 3E). Furtherly, SNHG7 was found down-
(Figure 3C and D). Moreover, RIP assay demonstrated regulated in CC tissues (Figure 3F) and associated nega-
that SNHG7 and miR-485-5p directly interacted in Ago2 tively with miR-485-5p expression (Figure 3G).
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Figure 3 SNHG?7 sponged miR-485-5p. (A) Predicted binding sites between SNHG7 and miR-485-5p from Starbase. (B) miR-NC mimics or miR-385a-5p mimics was co-
transfected with SNHG7 mut or SNHG7 wt, and luciferase reporter assay was performed 48 h later. (C) si-NC or si-SNHG?7 was transfected into EC cells, and the relative
expression of miR-485-5p was detected by qPCR 48 h later. (D) miR-NC mimics or miR-485-5p mimics was transfected into EC cells, and the relative expression of miR-
485-5p was detected by qPCR 48 h later. (E) The direct interaction between SNHG7 and miR-485-5p was detected by RIP with Ago-2 antibody. (F) The relative expression
of miR-485-5p in CC tissues and adjacent normal tissues was measured by qPCR. (G) The relationship between SNHG7 and miR-485-5p in CC patients was analyzed by
Pearson’s correlation analysis. **P<0.01.
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Figure 4 SNHG7-induced EC cell activity changes was mediated by miR-485-5p. (A) miR-485-5p expression was measured by qPCR with miR-485-5p inhibitor transfection.
Then, EC cells were transfected with si-SNHG?7 in the presence of miR-NC or miR-485-5p mimics, (B) cell viability was measured by CCK-8 assay; (C) cell apoptosis was
determined by flow cytometry; (D) migration was detected by wound healing assay; (E) cell invasion was detected by transwell assay; (F) statistical assays were presented in
bar graphs. *P<0.01 versus si-NC+miR-NC; *P<0.01 versus si-SNHG7+miR-NC.
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Suppression of miR-485-5p Partially
Reversed the Effects of SNHG7 on CC

Cells

To determine whether SNHG7 exhibited biological func-
tions via miR-485-5p, we co-transfected miR-485-5p inhi-
bitor or miR-NC with SNHG7 into CC cells. Figure 4A
shows the inhibitory property of miR-485-5p inhibitor.
Furtherly, miR-485-5p attenuated the suppression of
SNHG7 on CC cell viability (Figure 4B), migration

(Figure 4D) and invasion (Figure 4E). Also, depletion of
miR-485-5p abolished the promotion of SNHG7 on CC
cell apoptosis (Figure 4C). Figure 4F displays the quanti-

tative analysis.

miR-485-5p Targeted JUND Directly

The bioinformatics TargetScan software revealed that
miR-485-5p had complementary binding sites with
JUND, which was verified by luciferase reporter assay
(Figure 5A and B). JUND protein expression was inhibited

A
JUND (wt) 5'...GGGGCUCCGAGGGGGCGCAGCCUCA.....
SERNAR
miR-485-5p 3'-CUUAAGUAGUGCCGGUCGGAGA-5' =
()
JUND (mut) 5'..GGGGCUCCGAGGGGGCGGGUUUG :.% . .
T Hela SIHA
C . . -
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— wwe  JUND § 2
{ O 4 1.0-
= O
e e W B' C Q c *%
© 0 o T
e ND S #0.5] T
Si % 0
e B-A o %00. . .
o™ Hela SIHA
D E
— 3 10 -
g . 5 g | R?=0.5702
23 . S * o p<0.0001
2 =ae Z 6
S 6 Eupas =)
S Y = 4.
o 4 T A 2 . .
8 2] . : aiine B 2 R N
) [ ) (1] 3
& 0 . . x o0 . . ,
Nomal tissue CC tissue 0.0 0.5 1.0 1.5

Relative miR-485-5p level

Figure 5 miR-485-5p directly targeted JUND. (A) Predicted binding sites between miR-485-5p and JUND from TargetScan. (B) miR-NC mimics or miR-485-5p mimics was
co-transfected with JUND mut or JUND wt, and luciferase reporter assay was performed 48 h later. (C) miR-NC or miR-485-5p mimics was transfected into EC cells, and
the relative expression of JUND was detected by Western blot 48 h later. (D) The relative expression of JUND in CC tissues and adjacent normal tissues was measured by
qPCR. (E) The relationship between miR-485-5p and JUND in CC patients was analyzed by Pearson’s correlation analysis. **P<0.01.
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upon miR-485-5p overexpression (Figure 5C). Furtherly,
we examined the expression profile of JUND in vivo and
found that JUND expressed more in CC tissues than in
normal tissues (Figure 5D). Additionally, JUND was nega-
tively associated with miR-485-5p in CC tissues from
patients (Figure 5E).

JUND Was Upregulated by SNHG7/miR-
485-5p Axis

Previously found that SNHG7 sponged miR-485-5p
(Figure 3) and miR-485-5p targeted JUND (Figure 5).
Herein, we wanted to investigate whether SNHG7 could
regulate JUND via miR-485-5p. As shown in Figure 6A—C,
both mRNA and protein expression levels of JUND were

A
@B si-NC+miR-NC
) O si-SNHG7+miR-NC
E 15, 3 si-SNHG7+miR-485-5p inhibitor
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&
£ 1.0+
(m]
5
= 051
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whd
5 0.0-
Q
(14
C

Relative JUND protein level

il kel

Hela SIHA

0.0-

downregulated upon SNHG7 depletion. However, miR-
485-5p could mitigate the inhibitory effects. Moreover,
SNHG7 and JUND showed positive relationship in CC
tissues (Figure 6D).

SNHGY7 Depletion Reduced

Tumorigenesis in vivo
In vivo experiments were further conducted to validate the
oncogenic function of SNHG7 in vitro. Xenograft tumor
models were established in nude mjgahyv injecting sh-NC or
sh-SNHG?7 stably transfected E

the tumor growth was more

e observed that

7 implanted
umor weight
HG7 mice, in
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Figure 6 JUND was regulated by SNHG7/miR-485-5p axis. si-SNHG7 was co-transfected with si-NC or miR-485-5p inhibitor, then the mRNA and protein expression levels
of JUND were estimated by qPCR (A) and Western blot (B, C). (D) The relationship between SNHG7 and JUND in CC patients was analyzed by Pearson’s correlation

analysis. **P<0.01 versus si-NC+miR-NC; ##Pp<0.01 versus si-SNHG7+miR-NC.
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comparison with sh-NC group (Figure 7B). Moreover, the
expression of miR-485-5p was elevated in sh-SNHG7
group (Figure 7C), whereas the JUND protein expression
was lowly expressed (Figure 7D). IHC staining furtherly
demonstrated that Ki67 was markedly upregulated by
SNHG7 depletion (Figure 7E). These results indicated that
SNHG7-regulated CC progression via sponging miR-485-
5p and thereby upregulating JUND expression (Figure 8).

Discussion

Increasing study has reported that dysregulated IncRNAs
were involved in the regulation of cancer progression.'”'®
A series of IncRNAs showed abnormal expressions in CC
tissues, such as MNX1-AS1, HCP5, GASS and PVT1.'" %
Also, SNHG7 was observed overexpressed in multiple can-
cer types and exhibited oncogenic roles in multiple cancer
types. For example, SNHG7 enhanced cell viability, as well
as inhibited cell apoptosis in gastric cancer.® Silencing of
SNHG7 attenuating cell proliferation ability and driven cell
apoptosis in thyroid cancer development.”* SNHG7 knock-
down inhibited EMT initiation and tumorigenesis in breast
cancer.”> However, whether SNHG?7 influence CC progres-
sion has not been elucidated. Herein, our data revealed that

A
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SNHG?7 was highly expressed in CC tissues, and depletion
of SNHG7 reduced CC cell viability, migration and inva-
sion, as well as enhanced apoptosis. The findings indicated
that SNHG7 play oncogenic roles in CC development.
Acting as ceRNA for miRNAs was an important
mechanism of IncRNA-regulating cancer progression.
SNHG?7 was reported to participate in cancer development
by sponging miRNAs. For instance, SNHG7 sponged
miR-381 to drive breast cancer.”® Qi et al found SNHG7
acted as ceRNA for miR-503 to accelerate prostate
cancer”’” Han et al demonstrated

apillary thyroid cancer” and breast
e observed that miR-485-5p inhibitor

*% sh-NC [ B B T
sh-snHe7 [N

sh-SNHG7

*%*

sh-SNHG7

Figure 7 SNHG?7 knockdown suppressed cervical tumor growth via miR-485-5p/JUND axis in vivo. Xenograft models were established by injecting sh-NC or sh-SNHG7
transfected Hela cells into in the flanks nude mice, then (A) tumor volume was measured weekly; (B) tumor weight was measured 5 weeks later; (C) miR-485-5p mRNA
expression was detected by qPCR; (D) JUND protein expression was detected by Western blot; (E) Kié7 was detected by IHC. **P<0.01 versus sh-NC. **P<0.01.
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Figure 8 Diagram showing the regulation mechanism of SNHG7 in CC progression.

partially abolished the inhibitory effects of si-SNHG7 on
CC cell viability, migration and invasion, indicating that
SNHG?7 promoted CC cell progression via miR-485-5p.
MiRNAs
through binding to 3'UTR seed region, which is the basis
of IncRNA-miRNA-mRNA regulating network.*® Yu et al
revealed that HCP5 enhanced CC development through
modulating miR-15a/MACCI axis.”* Gao et al
strated that SBF2-AS1 driven CC by regulating F
via miR-361-5p.%° Ji et al showed that SN

downregulate target mRNA expression

oncogene (JUND) as the target
TargetScan software. JUND,

moting cancer d
Butein ameljigsgte

“ Herein, luciferase assay confirmed
action between miR-485-5p and JUND.
Moreover, SNH@®7 positively regulated JUND via miR-
485-5p, suggesting the SNHG7/miR-485-5p/JUND axis
involved in the mechanism. Based on the characteristics
that one IncRNA can sponge multi-miRNAs, and one
miRNA also targets different genes, further study is
needed to elucidate whether IncRNA-SNHG?7 can regulate
other miRNAs and proteins. This would help to under-
stand the underlying mechanism of SNHG7-regulated cer-
vical cancer progression better.

/ Cell proliferation

—_—

Cell apoptosis

\ Cell migration and invasion
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