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LncRNA SNHG11 aggravates cell proliferation
and migration in triple-negative breast cancer via
sponging miR-2355-5p and targeting CBXS
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Abstract. Triple-negative breast cancer (TNBC) is one of
the most common malignances worldwide. Concurrently, the
incidence of TNBC has continued to rise in recent years. It is
reported that long non-coding RNAs (IncRNAs) are involved
in biological processes in numerous cancers including TNBC.
Small nucleolar RNA host gene 11 (SNHG11) has already been
studied and reported in some cancers. However, the role of
SNHGI1 in TNBC remains unknown. RT-qPCR was used to
measure gene expression in the current study. CCK-8, colony
formation, flow cytometry, Transwell and western blotting
experiments were also performed to determine the biological
function of SNHG11 in TNBC cells. Luciferase reporter and
RIP assays were performed to measure relationship between
genes. In the present study, the results indicated SNHGI11 was
highly expressed in TNBC tissues and cell lines. Moreover,
SNHGI1 aggravated cell proliferation and migration, and
whereas it attenuated cell apoptosis in TNBC. Furthermore,
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SNHGI11 sponged microRNA 2355-5p (miR-2355-5p) in
TNBC. Silencing SNHG11 increased miR-2355-5p expression.
In addition, chromobox 5 (CBX5) was identified to be
targeted by miR-2355-5p in TNBC. It was also suggested that
CBXS5 silencing suppressed cell proliferation and migration.
Furthermore, overexpressed CBX5 recovered the inhibitive
influence of SNHGI1 silencing on proliferative and migrative
abilities of TNBC cells. Overall, SNHGI11 acted as a tumor
promoter in TNBC and regulated TNBC cell growth by
modulating the miR-2355-5p/CBX35 axis, which indicated that
it may be used as a biomarker for TNBC treatment.

Introduction

As reported, triple-negative breast cancer (TNBC) is one of
the most common malignant tumors and the main cause of
cancer-related mortality in women (1,2). TNBC is a breast
cancer subtype renowned for its capacity to affect younger
women, metastasize early despite optimal adjuvant treatment
and carry a poor prognosis (3,4). Despite significant progress in
the diagnosis and treatment of TNBC, the long-term survival
rate of TNBC patients remains unsatisfactory (5). Thus, it is of
great significance to make more efforts to reduce the mortality
of TNBC patients. There is an urgent need to further probe
potential regulatory patterns in TNBC development.

Long non-coding RNAs (IncRNAs) are non-coding RNAs
with a length greater than 200 nucleotides (6,7). Studies have
revealed that IncRNAs play important roles in numerous
aspects such as dose compensation effect, epigenetic regulation,
cell cycle regulation and cell differentiation regulation (8-10).
It is often reported that IncRNAs serve as key regulators via
sponging microRNAs (miRNAs) and targeting messenger
RNAs (mRNAs) (6), and ultimately participate in regulation
of cancers. Previous studies have reported that IncRNAs are
identified as potential biomarkers in a plurality of human
cancers (11). For example, IncRNA NNT-AS1 was revealed
to promote proliferative ability in glioma via sponging
miR-494-3p (12). ST8SIA6-ASI facilitated proliferative and
migrative abilities of hepatocellular carcinoma via sponging
miR-5195-3p (13). Moreover, UCA1 accelerated endometrial
cancer progression via interacting with KLF5 (14). Hence,
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in the present study the aim was to explore the detailed
mechanism by which IncRNAs regulate TNBC proliferation
and migration. Previously, it has been revealed that small
nucleolar RNA host gene 11 (SNHGI11) acted as a tumor
promoter in lung (15), prostate (16) and liver cancer (17), but
it has not been studied in TNBC. Therefore, the present study
mainly investigated the role and regulatory mode of SNHGI1
in TNBC.

miRNAs are another subgroup of non-coding RNAs with a
length of 18-25 nucleotides (18-20). miRNAs can specifically
bind with the 3'-untranslated region (UTR) of mRNAs,
thereby modulating gene expression post-transcriptionally and
taking part in various cancer type progressions. For example,
miR-124-3p directly targeted SARMI to contribute to prostate
cancer progression (21). As a tumor suppressor in lung cancer,
miR-93 downregulated the expression of TBP-2 (22). In recent
years, microRNA 2355-5p (miR-2355-5p) has received a lot of
attention in some cancers. As reported, miR-2355-5p has been
revealed to play arole in the suppression of cancer development
in a variety of cancers, including chondrosarcoma (23)
and bladder cancer (24). However, the interaction between
SNHGI1 and miR-2355-5p in TNBC has not been elucidated
and requires further investigation.

In summary, the present study was designed to explore the
biological role and regulatory network of SNHGI11 in TNBC.
The findings suggested that SNHGI11 could be a potential
biomarker for TNBC treatment.

Materials and methods

Tissue samples. A total of 42 pairs of TNBC tissues and adjacent
noncancerous tissues were obtained from TNBC patients who
were clinically and pathologically diagnosed with TNBC at the
Jiangsu Taizhou People's Hospital from July 2018 to July 2019.
Written informed consent was obtained from all participants
and study was approved by the Ethics Committee of Jiangsu
Taizhou People's Hospital (Taizhou, China). The age range
of patients with TNBC was 26-67 years, with a mean age of
47.2+5.1 years. The distance between the tumor tissue edge
and the adjacent tissue from which samples were obtained
was >5 cm. The collected tissues were rapidly frozen in liquid
nitrogen and stored at -80°C for the following research. All
patients had not received anticancer treatment.

Cell lines. TNBC cell lines BT-20, BT-549, MDA-MB-231,
Hs 578T and an immortalized human epithelial cell line
MCF10A were offered by the American Type Culture
Collection (ATCC). In brief, cells were cultured in Roswell
Park Memorial Institute 1640 (RPMI-1640) supplemented
with 10% fetal bovine serum (FBS), 2 mM L-glutamine,
100 U/ml penicillin (Sigma-Aldrich; Merck KGaA) and
100 pg/ml streptomycin (Sigma-Aldrich; Merck KGaA). The
cells were maintained in a humid atmosphere at 37°C in the
presence of 5% CO,.

Cell transfection. For downregulating SNHGI11 in BT-20
and BT-549 cells, two short hairpin RNAs (sh-RNA#1 and
sh-RNA#2; 3 ug) specifically targeting SNHGI11 with sh-NC
(cat. no. C02003) as the negative control were designed and
synthesized by Shanghai GenePharma Co., Ltd. The sequences

of sh-SNHG11#1/2 are as follows: sh-SNHGI11#1: 5'-CCT
TGGGTCTGGAAACTGTTA-3'"; sh-SNHG11#2: 5-CCG
TGTGTGTTATATCATGAT-3'". The full length of CBX5
(mRNA) was synthesized and subcloned into pcDNA3.1
(Invitrogen; Thermo Fisher Scientific, Inc.) plasmid to produce
pcDNA3.1/CBX5. For miR-2355-5p overexpression, BT-20
and BT-549 cells were transfected with miR-2355-5p mimics
or (negative control) NC mimics. miR-2355-5p mimics and NC
mimics (cat. no. BO1001) were both obtained from Shanghai
GenePharma Co.,Ltd. BT-20 and BT-549 cells (1x10° cells/well)
were seeded in 24-well plates and 500 x1 DMEM was added
to each well. When the cells reached 40-60% confluence, the
aforementioned vectors were transfected into cells at a final
concentration of 50 nM using Lipofectamine® 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) at 37°C with 5%
CO, according to the manufacturer's instructions. Cells were
harvested 48 h after transfection.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNAs were extracted from tissues and cells
with TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.) reagent
kits as recommended. Total RNAs were reverse transcribed into
complementary DNA (cDNA) using PrimeScript RT reagent kits
(cat. no. RRO36A; Takara Biotechnology Co., Ltd.) according
to the manufacturer's protocol. A SYBR® Premix Ex Taq™ II
reagent kit (cat. no. RR820A; Takara) was utilized to perform
RT-qPCR with an ABI7500 real-time qPCR system (ABI;
Thermo Fisher Scientific, Inc.). RNU6 (U6) was used as the
internal reference for miR-2355-5p. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was applied as an internal reference for
SNHGI1 and CBXS5. The relative quantification was calculated
with the 2-24°4 method (25). The following primers were used:
SNHGI1 forward, 5"-TGGGAGTTGTCATGTTGGGA-3' and
reverse, 5S'-"ACTCGTCACTCTTGGTCTGT-3"; miR-2355-5p
forward, 5-ATTGTCCTTGCTGTTTGGAGAT-3' and reverse,
5'-GCGAGCACAGAATTAATACGAC-3'; CBX5 forward,
5'-GCAGACGTTAGCGTGAGTG-3' and reverse, 5'-GCG
GAATTCGGATCCCTCGAGTT-3"; U6 forward, 5'-CTCGCT
TCGGCAGCACATA-3' and reverse, 5'-CGCTTCACGAAT
TTGCGTG-3"; GAPDH forward, 5-GATCATCAGCAATGC
CTCCT-3' and reverse, 5S"TGAGTCCTTCCACGATACCA-3'.
The following thermocycling conditions were used: Initial
denaturation at 95°C for 3 min, followed by 40 cycles at 95°C
for 5 sec, 60°C for 30 sec and at 72°C for 45 sec, before final
extension at 72°C for 3 min.

Cell Counting Kit-8 (CCK-8) assay. Cell proliferation
in response to SNHGI11 knockdown was measured with
CCK-8 (Dojindo Molecular Technologies, Inc.) following the
manufacturer's instructions. The cells were seeded into 96-well
plates (1x10° cells/well) in triplicate and at 24,48 and 72 h. Then,
CCK-8 reagent was added, and the cells were maintained for
a further 2 h at 37°C. The chromogenic reaction was allowed
in a culture incubator for 4 h. The absorption was recorded
at 450 nm by Tecan Infinite F500 microplate reader (Tecan
Group, Ltd.).

Colony formation assay. The colony formation assay was
utilized to assess the cell proliferation. Transfected cells
were diluted and seeded onto 6-well plates with a density of



EXPERIMENTAL AND THERAPEUTIC MEDICINE 22: 892, 2021 3

~1x10? cells/well. The cells were then incubated at 37°C for
14 days and fixed with paraformaldehyde at room temperature
for 15 min and stained with 0.1% crystal violet (Beyotime
Institute of Biotechnology) at room temperature for 30 min
when colonies (=50 cells) were visible. After 48 h, the plates
were photographed under a light microscope (DM1000; Leica
Microsystems GmbH), and the number of colonies were
counted (magnification, x100).

Flow cytometric analysis. Briefly, transfected cells were
collected and resuspended with phosphate-buffered saline
(PBS). Then, the density of cells was adjusted to 1x10° cells/ml.
Transfected cells were double stained by propidium iodide
and Annexin V-fluorescein isothiocyanate (20 mg/ml; BD
Pharmingen; BD Biosciences) at room temperature for 10 min
in line with the manufacturer's instructions. Finally, cell
apoptosis was detected via flow cytometry using a FACScan®
(BD Biosciences) equipped with CellQuest Pro software 5.1
(BD Biosciences).

Transwell assay. The capacity for cell migration was assessed
using Transwell chambers (8 ym diameter; Corning, Inc.)
without Matrigel. After being cultured for 48 h, the cells were
harvested, washed with PBS, and resuspended in RPMI-1640
medium without FBS. In total, 100 ul of suspension containing
5x10* cells was added into the upper chambers. Transwell
chambers were placed into a 24-well plate that had already
been covered with 500 ul of RPMI-1640 medium containing
10% of FBS. At 24 h after inoculation, nonmigratory cells
were gently removed, and the migratory cells were fixed
with 100% methanol at room temperature for 15 min, stained
with 0.5% crystal violet at room temperature for 20 min,
washed with PBS, and imaged using an inverted microscope
(magnification, x200; Olympus Corporation). The Transwell
invasion assay was similar to the migration assay except that
the chamber was precoated with Matrigel (BD Biosciences)
overnight at room temperature. The migration and invasion
abilities were measured by respectively counting the migrated
and invasive cells.

Western blotting. Total proteins in cells were extracted
with Radio Immunoprecipitation Assay (RIPA) lysis buffer
containing protease and phosphatase inhibitors [Roche
Diagnostics (Shanghai) Co., Ltd.]. Protein concentration
was detected by a bicinchoninic acid kit. Then the proteins
(5 pg/sample) were separated using 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis and transferred onto
a polyvinylidene fluoride (PVDF) membrane. The membranes
were blocked with 5% skim milk powder at room temperature
for 1 h and incubated with the primary antibodies (Abcam) of
antibodies to E-cadherin (cat. no. ab1416; 1:50) and N-cadherin
(cat. no. ab98952; 1:500) and GAPDH (cat. no. ab8245; 1:500)
at 4°C overnight. Then the membranes were washed with
Tris-buffered saline 20% Tween-20 and further incubated with
the horseradish peroxidase-conjugated goat anti-rabbit antibody
(cat. no. sc-2357; 1:5,000; Santa Cruz Biotechnology, Inc.) at
room temperature for 1 h. Proteins on the membrane were
visualized by an enhanced chemiluminescence detection kit
(BB-3501; Amersham Pharmacia Biotech; Cytiva) and Bio-Rad
image analysis system (Bio-Rad Laboratories, Inc.).

Bioinformatics analysis. The downstream gene of SNHGI1
and the downstream gene of miR-2355-5p were predicted
using the starBase database (http://starbase.sysu.edu.cn/).
The interaction between SNHGI11 miR-2355-5p was also
predicted using the starBase database. The binding fragment
of miR-2355-5p on the 3'UTR of CBX5 was predicted using
TargetScan (http://www.targetscan.org/vert_72/).

Luciferase reporter assay. To detect the binding ability
between SNHGI11 (CBX5) and miR-2355-5p, wild-type
sequences of SNHGI1 (CBXS5 3'UTR) and the mutant
SNHGI11 (CBX5 3'UTR) were cloned into the firefly luciferase
gene reporter vector pmiRGLO (Promega Corporation).
The plasmid was synthesized by Invitrogen; Thermo Fisher
Scientific, Inc. The pmirGLO-SNHGI11 (CBXS5 3'UTR)-Wt or
pmirGLO-SNHGI11(CBX5 3'UTR)-Mut was co-transfected
with miR-2355-5p mimics or NC mimics (Guangzhou RiboBio
Co., Ltd.) into BT-20 and BT-549 cells. Then, 48 h after
transfection using Lipofectamine® 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) at 37°C with 5% CO,. The
luciferase assay was performed using the dual-luciferase
reporter assay system kit (Promega Corporation) according
to the manufacturer's instructions. The luciferase activity
was analyzed using a Modulus single-tube multimode reader
(Promega Corporation) in comparison with Renilla luciferase
activity.

RNA pull down. Biotinylated SNHG11 (SNHG11 probe-biotin)
and negative control (SNHGI1 probe-no biotin) purchased
from Sangon Biotech Co., Ltd., were transfected into BT-20 and
BT-549 cells using Lipofectamine® 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) for 48 h at room temperature.
The cells were lysed (Roche Diagnostics) and collected after
transfection. A total of 20 ul biotin-labeled RNA and 40 ul
streptavidin Dynabeads (Thermo Fisher Scientific, Inc.) were
added to 1 ml of BT-20 and BT-549 cell supernatant lysate
for 6 h at 25°C. Beads were isolated from the supernatant
(centrifugation at 2,500 x g for 5 min at 4°C) and washed with
wash buffer (10 mM Tris-HCI pH 7.5, 1 mM EDTA, 2 M NaCl
and 0.1% Tween-20) followed by centrifugation (2,500 x g
for 5 min at 4°C). Isolated beads were mixed with 20 xl SDS
loading buffer (Beyotime Institute of Biotechnology) and
boiled for 10 min at 100°C. The bound RNAs were subjected
to RT-qPCR for quantification and analysis.

RNA immunoprecipitation (RIP) assay. RIP assay was
performed under the instructions of the EZ-Magna RIP
RNA-Binding Protein Immunoprecipitation Kit (EMD
Millipore). Cells in different groups were lysed in lysis buffer
(5 mM HEPES; pH 7.4; 85 mM KCI; 0.5% NP40; Thermo
Fisher Scientific, Inc.) which contained protease inhibitor cock-
tail and RNase inhibitor. The cells were incubated with RIP
buffer containing magnetic beads coated with Ago2 antibodies
(cat. no. MABES6; EMD Millipore). IgG (cat. no. 12-370;
EMD Millipore) group was applied as a negative control
group. After incubation at 4°C for 2 h, the coprecipitated RNA
was eluted from the beads and measured by PCR analysis.

Statistical analysis. The data were obtained and presented as
the mean + standard deviation. SPSS 20.0 software (IBM Corp.)
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Figure 1. SNHGI11 upregulation is revealed in TNBC. (A) RT-qPCR revealed SNHGI11 expression in TNBC tissues and adjacent ones. (B) SNHGI11 expression
was examined via RT-qPCR in TNBC cells. (C) RT-qPCR assessed SNHGI11 expression in patients at early or advanced stages. (D) Kaplan-Meier analysis
assessed the overall survival rate of TNBC patients. ‘P<0.05. TNBC, triple-negative breast cancer; RT-qPCR, reverse transcription-quantitative polymerase

chain reaction; SNHG11, small nucleolar RNA host gene 11.

and Graphpad Prism 7.0 software (GraphPad Software, Inc.)
were used for data evaluation and charting. One-way analysis
of variance (ANOVA) followed by a Tukey's post hoc test
or Student's t-test was performed for comparison between
groups. A log rank test was performed for Kaplan-Meier
survival curves. In addition, the relationship among genes was
determined by Spearman correlation analysis. All experiments
were repeated three times. P<0.05 was considered to indicate a
statistically significant difference.

Results

SNHGI11 upregulation is significantly reflected in TNBC
and represents an unsatisfactory prognosis. To probe role of
IncRNA SNHGI11 in TNBC, the SNHG11 expression in TNBC
was first detected via RT-qPCR analysis. The data revealed
that SNHGI11 expression was significantly upregulated in
TNBC tissues (Fig. 1A). SNHGI11 overexpression was also
revealed in 4 human TNBC cells compared with that of normal
mammary epithelial cells (MCF10A) (Fig. 1B). In addition,
a marked increase of SNHGI1 expression was presented at
advanced stages of patients with TNBC (Fig. 1C). Moreover,
Kaplan-Meier analysis revealed that TNBC patients with a high
level of SNHGI1 exhibited poorer overall survival compared
to patients with a low expression level of SNHGI1 (Fig. 1D).
Collectively, SNHG11 was highly expressed in TNBC and
high SNHGI11 expression was related to a poor prognosis.

SNHGI1I aggravates cell proliferative and migrative
capabilities of TNBC cells. To explore possible biological
roles of SNHGI1 in tumorigenesis and development of
TNBC, SNHGI11 expression was first knocked down using
sh-SNHG11#1 or sh-SNHGI11#2. In succession, silencing
efficacy of sh-SNHGI1 in BT-20 and BT-549 cells was
confirmed with RT-qPCR analysis (Fig. 2A). Then, it was
determined that SNHGI11 knockdown inhibited cell viability
through CCK-8 results (Fig. 2B). It had an inhibitory
effect on colony formation (Fig. 2C), while it induced cell
apoptosis in TNBC cells (Fig. 2D). In addition, Transwell
experiments revealed that SNHGI1 knockdown significantly

hampered cell migration and invasion capacities in TNBC
(Fig. 2E and F). Western blot analysis examined the levels
of epithelial-mesenchymal transition (EMT) markers
(E-cadherin and N-cadherin). As presented in Fig. 2G, the
expression of the epithelial marker E-cadherin was markedly
upregulated, and the mesenchymal marker N-cadherin
expression was obviously reduced by silencing of SNHGI1 in
TNBC. Collectively, SNHGI1 accelerated the cell growth and
migration in TNBC.

SNHGII sponges miR-2355-5p in TNBC. To probe the under-
lying mechanism of SNHG11 in TNBC, starBase v2.0 was used
and 2 miRNAs (miR-2355-5p and miR-193a-5p) (condition:
Pan-cancer: 8 cancer types) which may bind with SNHG11 were
identified. To select the qualified miRNA, a pull down assay
was performed. As revealed in Fig. 3A, both miR-2355-5p and
miR-193a-5p were enriched in the SNHGI11-probe biotin group
compared with the SNHG11-probe no biotin group. Next, it
was revealed that only miR-2355-5p could be upregulated with
sh-SNHG11#1 (Fig. 3B). Thus, miR-2355-5p was identified to
be the target of SNHGI1 and selected for the following experi-
ments. It was revealed from RT-qPCR analysis that miR-2355-5p
expression exhibited a significant decrease in TNBC tissues
(Fig. 3C). The overexpression efficacy of miR-2355-5p was
examined as revealed in Fig. 3D. The binding sequence of
miR-2355-5p with SNHGI11 was predicted by starBase (Fig. 3E).
To verify interaction between SNHGI1 and miR-2355-5p,
luciferase reporter and RIP assays were conducted. The results
indicated that the luciferase activity of SNHGI11-Wt reporters
was significantly decreased by miR-2355-5p mimics, whereas
SNHGI1-Mut reporters presented no marked change (Fig. 3F).
Based on the results from the RIP assay, it was revealed that
SNHGI1 and miR-2355-5p were significantly enriched in
Ago2 group (Fig. 3G). Additionally, a negative correlation was
revealed between SNHGI11 and miR-2355-5p in TNBC tissues
(Fig. 3H). Hence, it was concluded that miR-2355-5p was
sponged by SNHGI11 in TNBC.

CBX5 was a downstream target of miR-2355-5p. To determine
the target of miR-2355-5p, starBase v2.0 was used to obtain
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Figure 2. SNHGI11 promotes cell proliferative and migratory abilities in TNBC. (A) RT-qPCR measured knockdown efficacy of sh-SNHG11#1/2. (B and C) Cell
viability and proliferative ability after silencing of SNHG11 were respectively assessed via CCK-8 and colony formation assays. (D) The apoptotic rate after
silencing of SNHGI1 was assessed with flow cytometric analysis. (E and F) Transwell assays validated the migrative and invasive abilities of cells under
SNHGI11 knockdown. (G) Western blot analysis verified the levels of EMT markers in each group. ‘P<0.05. SNHG11, small nucleolar RNA host gene 11;
TNBC, triple-negative breast cancer; sh-, short hairpin; CCK-8, Cell Counting Kit-8; EMT, epithelial-mesenchymal transition; NC, negative control.

potential downstream targets of miR-2355-5p. There were
7 potential mRNAs that were identified as follows: CBXS5,
FBXL19, ACP1, AGPS, NISCH, HMGCSI1 and TRIO
(Fig. 4A). After miR-2355-5p upregulation, the expression
levels of the aforementioned mRNAs were examined, and
the results revealed that only CBXS5 was downregulated
upon miR-2355-5p overexpression (Fig. 4B). Therefore,
CBXS5 was demonstrated to be targeted by miR-2355-5p and
selected for the subsequent experiments. In addition, it was
revealed that CBXS5 expression was upregulated in TNBC
tissues and cells (Fig. 4C and D). The binding fragment of
miR-2355-5p on 3'UTR of CBX5 was predicted by TargetScan
(Fig. 4E). Additionally, luciferase activity of CBX5-Wt
was decreased with miR-2355-5p upregulation (Fig. 4F).
Concurrently, both CBX5 and miR-2355-5p were enriched in
Ago2-conjugated beads compared with normal IgG (Fig. 4G).
In addition, SNHGI1 silencing or miR-2355-5p upregulation
suppressed the expression of CBXS5 (Fig. 4H). Furthermore,
CBXS5 expression in TNBC was negatively correlated with
miR-2355-5p expression but positively correlated to SNHGI11
expression in TNBC tissues (Fig. 41). To sum up, CBX5 was
directly targeted by miR-2355-5p, and SNHGI11 upregulated
CBXS5 by sponging miR-2355-5p.

SNHGI1 aggravates TNBC proliferation and migration by
sponging miR-2355-5p and regulating CBX5. Finally, to
determine the impact of the SNHG11/miR-2355-5p/CBXS5

axis on TNBC, rescue experiments were implemented in
BT-549 cells. Firstly, the overexpressed efficiency of CBXS5
in BT-549 cells was validated by RT-qPCR analysis (Fig. 5A).
Furthermore, upregulated CBXS5 reversed the inhibitive
influence of SNHG11 silencing on cell viability and proliferation
in TNBC (Fig. 5B and C). Additionally, overexpressed CBX5
rescued the migrative and invasive abilities suppressed under
SNHGI1 downregulation in TNBC (Fig. 5D and E). Flow
cytometric analysis indicated that knockdown of SNHGI11
promoted cell apoptosis, but this effect could be reversed by
overexpressing CBX5 (Fig. 5SF). Moreover, upregulated CBXS5
counteracted SNHGI11 silencing-mediated attenuation of the
EMT process (Fig. 5G). Collectively, our data revealed that
SNHGI1 accelerated the cell growth of TNBC via modulating
the miR-2355-5p/CBX5 axis.

Discussion

Recently, numerous studies have revealed that SNHGI11
functions as an oncogene in lung (12), prostate (13) and
liver (14). In the present study, initial evidence was provided
of the high expression of SNHGI11 in TNBC tissues and cells.
Then loss-of-function assays were conducted to determine the
function of SNHGI11 in TNBC. It was revealed that SNHG11
knockdown inhibited TNBC cell viability, proliferation,
migration, invasion and the EMT process, whereas it
contributed to TNBC cell apoptosis. Therefore, the results also
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Figure 3. SNHGL1 is a sponge of miR-2355-5p in TNBC. (A) RNA-pull down assays assessed the potential binding between SNHG11 and the two predicated
miRNAs. (B) The effect of SNHGI1I silencing on the expression levels of two candidate miRNAs was analyzed with RT-qPCR. (C) RT-qPCR assessed
miR-2355-5p expression in TNBC tissues and adjacent ones. (D) RT-qPCR confirmed overexpression efficiency of miR-2355-5p in BT-20 and BT-549
cells. (E) Putative binding fragment of SNHGI11 and miR-2355-5p was predicted by starBase. (F) The interaction between SNHGI11 and miR-2355-5p was
confirmed via luciferase reporter experiments. (G) RIP assay validated the binding of SNHGI1 and miR-2355-5p. (H) Spearman's correlation analysis
verified the expression correlation between SNHG11 and miR-2355-5p in TNBC tissues. "P<0.05. SNHG11, small nucleolar RNA host gene 11; miR-2355-5p,
microRNA-2355-5p; TNBC, triple-negative breast cancer; miRNAs, microRNAs; RT-qPCR, reverse transcription-quantitative polymerase chain reaction;
RIP, RNA immunoprecipitation; sh-, short hairpin; NC, negative control; Wt, wild-type; Mut mutant.
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Figure 4. CBX5 is a downstream of miR-2355-5p. (A) Seven potential target genes of miR-2355-5p through the starBase database are presented in the
Venn diagram. (B) RT-qPCR examined the expression levels of candidate mRNAs after miR-2355-5p upregulation. (C) CBXS5 expression was assessed
with RT-qPCR in TNBC cells. (D) RT-qPCR determined CBX5 expression in TNBC tissues and adjacent ones. (E) Predicted sequence between CBXS5
and miR-2355-5p was obtained from TargetScan. (F) The combination of CBXS5 with miR-2355-5p was evaluated via luciferase reporter assay. (G) The
binding ability of CBXS5 and miR-2355-5p was verified through enrichment in Ago2-conjugated beads compared to in normal IgG via RIP assay. (H) The
effect of SNHG11 knockdown or miR-2355-5p overexpression on CBXS expression was confirmed by RT-qPCR and western blot analysis in TNBC cells.
(I) Correlation between CBX5 and miR-2355-5p (SNHGI11) expression in TNBC tissues was ¢ with Spearman's correlation analysis. "P<0.05 and “P<0.01.
CBXS5, chromobox 5; miR-2355-5p, microRNA-2355-5p; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; TNBC, triple-negative
breast cancer; RIP, RNA immunoprecipitation; SNHGI11, small nucleolar RNA host gene 11; NC, negative control; sh-, short hairpin.
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Figure 5. SNHG11 induces proliferation and migration in TNBC through the miR-2355-5p/CBX5 axis. (A) RT-qPCR examined the overexpression efficacy of
CBX5. (B and C) CCK-8 and colony formation assays assessed the viability and proliferative ability of BT-549 cells in each group. (D and E) Transwell assays
assessed the migration and invasion of cells under indicated transfection. (F) The apoptosis of BT-549 cells after indicated transfection was evaluated through
flow cytometric assay. (G) Western blot analysis measured the protein levels of EMT markers in each group. 'P<0.05 and “P<0.01. SNHG11, small nucleolar

RNA host gene 11;

TNBC, triple-negative breast cancer; miR-2355-5p, microRNA-2355-5p; RT-qPCR, reverse transcription-quantitative polymerase chain

reaction; CCK-8, Cell Counting Kit-8; EMT, epithelial-mesenchymal transition; sh-, short hairpin; NC, negative control.
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indicated that SNHGI11 acted as a tumor promoter in the cell
growth of TNBC.

As is well known, IncRNAs regulate the behaviors of cancer
cells via sponging miRNAs (26). LncRNAs can reduce the
regulatory effect of miRNAs (27). The target gene of SNHG11
was predicted and it was determined that miR-2355-5p was a
putative target gene of SNHGI1. Previous studies have verified
that miR-2355-5p has a suppressive effect in various cancers,
including chondrosarcoma (23) and bladder cancer (24). In our
present study, it was determined that miR-2355-5p expression
was downregulated in TNBC. As reported, IncRNAs contain
structural domains that can sense and bind other RNAs via
complementary base pairing (28). Hence, further mechanism
experiments were performed and it was demonstrated that
there was a direct binding sequence between SNHGI11
and miR-2355-5p, and that there was a negative expression
correlation between these two genes. In brief, binding of
SNHGI1 and miR-2355-5p could be observed in TNBC.

A previous study has revealed that functional interactions
in competing endogenous RNA (ceRNA) networks aid in
coordinating a number of biologic processes and, when
perturbed, contribute to disease pathogenesis (29). Therefore,
to complete the ceRNA mode, starBase 2.0 was utilized
to predict the downstream target genes. Among mRNA
candidates, CBX5 has previously been reported to aggravate
gastric cancer progression (30). Moreover, CBXS5 acted as
an oncogene and could be positively regulated by BRD4 in
ovarian cancer (31). In the present study, it was confirmed
that miR-2355-5p could bind to CBXS5, and their expression
levels were negatively correlated in TNBC tissues. Such
ceRNAs thus alter their abundance by competing for binding
to miRNAs (32). In addition, as reported, IncRNAs play vital
roles in the regulation of cancers via modulating mRNA or
the epigenetic landscape of their target genes (33). Hence,
subsequent rescue assays verified that overexpression of CBX5
could rescue the inhibitive influence of SNHGI1 silencing
on TNBC. In summary, IncRNA SNHGI1 regulated CBX5
expression via sponging miR-2355-5p in TNBC.

To sum up, the present data initially demonstrated the
upregulated expression of SNHGI11 in TNBC. SNHGI1 upreg-
ulated the expression of CBX5 to play a tumor-promoting
role in TNBC via sponging miR-2355-5p, which indicated a
novel regulatory axis in TNBC. These findings revealed that
SNHGI11 may be a potential biomarker for TNBC treatment.
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