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Silencing the expression of IncRNA SNHG15 may be a novel
therapeutic approach in human breast cancer through regulating
miR-345-5p
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Background: Long noncoding RNA (IncRNA) short nucleolar RNA host gene 15 (SNHGI5) has been
found to have an oncogenic function in numerous malignancies. Nevertheless, the biological function and
regulatory mechanisms of SNHGI5 in breast cancer have not been fully elucidated.

Methods: Quantitative real-time polymerase chain reaction (QRT-PCR) was used to detect the expression
of SNHGI5 and in MDA-MB-231 breast cancer cells. The expression of SNHG1S5 was silenced using small
interfering RNA (siRNA) technology. The proliferation and migration of the cells were examined by colony
formation assays, cell counting kit 8 (CCK-8) assays, and transwell assays. For the zebrafish xenograft
injection experiments, cultured cells labelled with the fluorescent dye CM-Dil were injected into the
perivitelline space of the larvae.

Results: This present study revealed that the expression of IncRNA SNHGIS5 (Inc-SNHGI5) was
significantly upregulated in breast cancer cells, and its overexpression was associated with the tumor. The
relative expression of /nc-SNHGI5 could be downregulated using siRNAs, and silencing /nc-SNHG1S
inhibited the proliferation and the migration of MDA-MB-231 cells. In vivo experiments using the zebrafish
xenograft model showed similar results. Mechanistically, the knockdown effect of /nc-SNHGIS could be
restored by inhibiting the expression of the 72iR-345-5p, confirming the negative regulation between /nc-
SNHGIS5 and miR-345-5p. Interestingly, cisplatin treatment combined with SNHGI5 knockdown effectively
inhibited MDA-MB-231 cell proliferation and migration in the zebrafish xenograft compared to negative
controls.

Conclusions: In conclusion, /zc-SNHGIS5 knockdown increased miR-345-5p expression and negated
cisplatin resistance in breast cancer cells, and thus, zc-SNHGI5 may be a potential novel target for breast

cancer therapy.
Keywords: Cisplatin; human breast cancer; long noncoding RNA (IncRNA); 7iR-345-5p; SNHGI S
Submitted Sep 19, 2022. Accepted for publication Nov 07, 2022.

doi: 10.21037/atm-22-5275
View this article at: https://dx.doi.org/10.21037/atm-22-5275

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2022;10(21):1173 | https://dx.doi.org/10.21037/atm-22-5275


https://crossmark.crossref.org/dialog/?doi=10.21037/atm-22-5275

Page 2 of 13

Introduction

Breast cancer is a substantial health burden for women
globally, and despite significant breakthroughs in early
detection and treatment regimens (1), metastasis of breast
cancer can result in high mortality and poor prognosis
(2,3). Breast cancer is the result of a multi-step process that
can be triggered by aberrant gene expression or epigenetic
alteration (4,5). There has been much research in recent
decades investigating the molecular pathways that govern
the genesis of breast cancer. Long noncoding RNAs
(IncRNA) appear to have a key role in the genesis and
progression of breast cancer (6). Furthermore, dysregulated
IncRNAs have been linked to cisplatin resistance in a
variety of malignancies (7-9). However, the precise roles of
IncRINAs in breast cancer remain to be fully elucidated.

The IncRNAs are noncoding RNAs that have more than
200 nucleotides, are unable to produce proteins, and behave
as microRNA (miRNA) sponges to regulate their targets
(10,11). The expression of IncRNA short nucleolar RNA
host gene 15 (SNHG15) was found to be elevated in a range
of malignancies, including breast cancer, and overexpression
of Inc-SNHG15 has been linked to increased proliferation
and metastases of tumor cells (12-14). Furthermore, /nc-
SNHGI5 has been shown to be an important predictor of
chemoresistance (15). However, the functional relevance of
Ine-SNHGI5 in cisplatin resistance of breast cancer is not
fully understood.

The miRNAs are short non-coding RNAs (usually
18-22 nucleotides) which play an important role in gene
expression and regulation after transcription (16). MiRNAs
interact with a number of target coding mRINAs, causing
the degradation or translation inhibition of the mRNAs.
A review article has summarized that miRNAs participate
in a variety of biological processes, including cancer
formation (17). Increasingly, reports have suggested that
miRNAs may act as oncogenes or tumor suppressors in
cancers. Recently, a study found that the expression of 7iR-
345-5p was much higher in the serum of prostate cancer
patients than in the serum of non-tumor patients, and that
miR-345-5p enhanced prostate cancer cell proliferation and
metastasis (18). Another study found that the expression
of miR-345-5p was suppressed in gastric cancer and that 7zR-
345-5p might block epithelial-mesenchymal transition, thereby
preventing cancer cells from spreading (19). Furthermore, in
non-small cell lung cancer, 77iR-345-5p has been shown to be
downregulated and associated with patient prognosis. These
findings suggested that #iR-345-5p has numerous functions
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in human malignancies (20). However, it is uncertain if
miR-345-5p plays a role in the pathophysiology of breast
cancer.

The zebrafish model has been applied to explore the
oncogenic roles of IncRNAs LINC00152 and THOR in the
advancement of certain malignancies (21,22). In addition,
earlier research has shown that human colorectal cancer cell
lines may be successfully transplanted into zebrafish to test
their proliferation and migratory capabilities (23). Based on
these findings, the zebrafish xenograft model may be useful
for investigating the involvement of IncRNAs in breast
cancer.

This current study examined the expression pattern and
the underlying molecular mechanisms of /nc-SNHGIS in
cisplatin resistant breast cancer. Lnc-SNHGIS expression
was upregulated in the breast cancer cell line MDA-MB-231
and in the zebrafish xenograft model. Knockdown of /nc-
SNHG1S expression rendered the breast cancer cells more
sensitive to cisplatin, thereby, suppressing the tumor. Lzuc-
SNHG15 knockdown also increased miR-345-5p expression
in breast cancer cells, rendering them more sensitive to
cisplatin. This novel /ne-SNHG15/miR-345-5p regulatory
pathway may be a potential therapeutic target in cisplatin
resistant breast cancer. We present the following article in
accordance with the MDAR reporting checklist (available at
https://atm.amegroups.com/article/view/10.21037/atm-22-
5275/rc).

Methods
Cell culture

The human breast cancer cell line MDA-MB-231 and the
human breast epithelial cell line MCF-10A were obtained from
the Institute of Biochemistry and Cell Biology of the Chinese
Academy of Sciences (Shanghai, China). The MDA-MB-231
cells were grown in DMEM (GIBCO, C11995500BT),
supplemented with 10% fetal bovine serum (FBS; ScienCell,
0500). The MCF-10A cells were cultured in DMEM (GIBCO,
C11995500BT), supplemented with 5% horse serum (Procell,
164215). Both media contained 100 U/mL penicillin and
100 mg/mL streptomycin (Gibco, 15140122). All cell cultures
were maintained at 37 °C and 5% CO.,.

RNA isolation and quantitative real-time polymerase
chain reaction (qRT-PCR)

Total RNA was extracted from cells using Trizol reagent
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Gene Forward primer (5'-3') Reverse primer (5'-3")

SNHG15 CCAGTGGCTTCACTCTGTGT GGGACCTGACCTGAGAGAAGAT
GAPDH GGGAGCCAAAAGGGTCAT GAGTCCTTCCACGATACCAA
MiR-345-5p GTTGCTGACTCCTAGTCCA GTGCAGGGTCCGAGGT
MiR-623 TTGATCCCTTGCAGGGGC GTGCAGGGTCCGAGGT

ue GCTTCGGCAGCACATATACTAAAAT CGCTTCACGAATTTGCGTGTCAT

PCR, polymerase chain reaction.

Table 2 The siRNA sequences

Si-RNAs Sequence

si1-SNHG15 5'-GGACCTGACCTGAGAGAAG-3'
si2-SNHG15 5'-CCAAGATGCTGGAGCTAGA-3'
si3-SNHG15 5'-AGTGAGGAGTGGAGCTGAA-3'

Negative control siRNA  5'-TTCTCCGAACGTGTCACGT-3'
miR-345-5p inhibitor 5'-GAGCCCTGGACTAGGAGTCAGC-3'

siRNA, small interfering RNA.

(ambion, 15596026) and 1 g RNA from each sample was
reverse transcribed to cDNA using random primers and the
Hifair® I 1* Strand ¢cDNA Synthesis Kit (gDNA digester
plus) (YEASEN, 11121ES60), as per the manufacturer’s
protocols. The miR-345-5p and miR-627 were reverse
transcribed to cDNA using the following primers, GTTG
GCTCTGGTGCAGGGTCCGAGGTATTCGCACC
AGAGCCAACGAGCCC and GTTGGCTCTGGTGC
AGGGTCCGAGGTATTCGCACCAGAGCCAACAC
CCAA, respectively. Real-time PCR was performed using
Hieff® gPCR SYBR Green Master Mix (High Rox Plus)
(YEASEN, 11203ES08), according to the instructions of the
manufacturer. The expression of SNHGI5 was normalized
to that of glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), and the expression of miR-345-5p and
miR-623 were normalized to that of U6. The comparative
cycle threshold (CT) (27**“") method was used to calculate
the relative gene expression levels. The primer sequences
for real-time PCR are presented in Table 1.

RNA interference

MDA-MB-231 cells were seeded in 6-well plates until
they reached 70-80% confluency and transfected with the
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specific siRNAs (50 nM) or miR inhibitor (100 nM) using
Lipofectamine 2000 (Invitrogen, 11668019). After 24 hours,
the cells were harvested, and the transfection efficiency
was assessed by qRT-PCR. The negative control siRNA
(NC) and 3 SNHG1S siRNAs (sil-SNHG1I5, si2-SNHGIS,
si3-SNHG1I5), as well as the miR-335-5p inhibitor, were
obtained from General Biol (Chuzhou, China). The sil-
SNHG1S, si2-SNHG15, si3-SNHG15 sequences are listed
below in Tible 2.

Cell proliferation assay

Cell proliferation was assessed using the Cell Counting Kit-
8 (CCK-8, DOJINDO, ck04). The transfected cells were
collected and seeded into 96-well plates at 2x10 cells per
well in 100 pL. of DMEM supplemented with 10% FBS. The
CCK-8 reagent (10 pL) was added to each well and cultured
for 2 hours at 37 °C. Cell proliferation was measured using
a microplate reader (BioTek EIx800, USA) at 450 nm, at
0, 24, 48, and 96 hours, and the cell proliferation rate was
calculated.

Colony formation assay

The transfected cells were counted and seeded into a 6-well
plate at 600 cells per well and maintained for 14 days at
37 °C. The cells were cultured in 2 mL medium
supplemented with 10% FBS, 100 mg/mL streptomycin,
and 100 U/mL penicillin, and the medium was replaced
every 3 days. Two weeks later, cells in the plate were
washed twice using Phosphate buffered saline (PBS), and
fixed with methanol (Nanjing Reagent, C0690110225) for
30 minutes. The samples were then stained with 0.1%
crystal violet (Solarbio, C8470) solution for 30 minutes.
The total number of cell colonies was counted.
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Transwell assays

MDA-MB-231 cells were transfected with SNHGIS
siRINA and the negative control siRNA. After 24 hours of
transfection, the cells were harvested and counted. The
cells were resuspended in serum-free culture medium and
[4-5]x10* cells were plated onto the upper chamber of
the transwell (8-mm chamber inserts; Corning, 3422) in
24-well plates. Meanwhile, 800 pL. DMEM supplemented
with 10% FBS was placed into the lower chambers of the
24-well plates. After 24 hours, the inserted chambers were
fixed with methanol for 20 minutes and stained with 0.1%
crystal violet (solarbio, C8470) for 30 minutes. Cotton
swabs were used to remove the cells on the upper surface of
the membrane, and the migrated cells on the bottom surface
of the membrane were photographed under an inverted
microscope.

Zebrafish xenograft injection

The transfected cells were washed with Hank’s balanced
salt solution (HBSS; Gibco, C14175500BT) 3 times
and digested with 0.25% trypsin. The cells were then
collected and resuspended in 1 mL HBSS. CM-Dil (1
pL; Invitrogen, C7000) was added to the suspension and
incubated for 5 minutes at 37 °C, following by 15 minutes at
4 °C. Subsequently, the cells were centrifugation and washed
3 times with HBSS. Before injection, 2-day-postfertilization
(dpf) zebrafish larvae were fixed using 1.2% low-melting
gel (Promega, USA). Approximately 400 cells labeled with
CM-Dil were injected into the perivitelline space (PVS)
of the larvae using a microinjector (Picosprizer I1I, USA).
The xenografts were cultured in a 34 °C incubator. On
the second day after injection, the zebrafish larvae that
successfully transplanted with similar sizes were collected
and cultured at 34 °C until the end of the experiments. All
zebrafish experiments were approved by the Institutional
Animal Care and Use Committee of Taizhou Hospital
of Zhejiang Province Affiliated to Wenzhou Medical
University (Linhai, China), in compliance with institutional
guidelines for the care and use of animals. The project
license No. EZY-2020038.

In vivo imaging and data analysis

On the fourth day after transplantation, the zebrafish
larvae were fixed with low melting point agarose gel for
imaging under a confocal microscope using the 20x water-
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immersion objective (Fluoview 1000, Olympus, Japan) or
the stereomicroscope (MVX10, Olympus, Japan), with
spatial resolution of the images being 1,024x1,024 pixels
(Fluoview 1000) or 1,600x1,200 (MVX10), respectively.

Statistical analysis

All the data are expressed as mean = standard deviation (SD).
P values <0.05 were considered statistically significant.
Significance testing was two-tailed in a two-group
comparison. Either one-way analysis of variance (ANOVA)
followed by Dunnett’s post hoc test or two-way ANOVA
followed by Bonferroni post hoc test was performed to
determine the difference among three or more groups.
Statistical analysis was conducted using GraphPad Prism
software (version 8.0).

Results

The expression of Inc-SNHG15 is upregulated in human
MDA-MB-231 breast cancer cells

To investigate the role of /nc-SNHG1S in breast cancer, its
expression in cancerous and non-cancerous human breast
cell lines was assessed. The expression of IncRNA SNHGIS
was significantly elevated in MDA-MB-231 human breast
cancer cells compared to MCF-10A human normal breast
epithelial cells, indicating that overexpression of /nc-
SNHGI5 may play a key function in human breast cancer
(Figure 1A). To further confirm the role of SNHG1S5, MDA-
MB-231 cells were transfected with SNHGI15 siRNA (sil-
SNHG1I5, si2-SNHG15, si3-SNHG15). Functionally, siRNA
blocks gene expression by targeting and disintegrating the
expanding mRNA (both exogenous and endogenous) (24).
The introduction of sil-RNA, si2-RNA, and si3-RNA
dramatically decreased the SNHGIS expression in MDA-
MB-231 cells (Figure 1B), with sil-RNA showing the most
potent inhibitory effect on SNHG1S expression.

Knockdown of Inc-SNHG15 expression downregulates the
cell viability and proliferation of MDA-MB-231 cells

in vitro

In MDA-MB-231 cells, silencing the /nc-SNHGIS gene
with sil-RNA, si2-RNA, si3-RNA lowered cell viability
(Figure 24,2B) compared to the negative control siRNA,
suggesting that /nc-SNHGI15 knockdown inhibited cell
proliferation in MDA-MB-231. In addition, the colony
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Figure 1 The overexpression of /nc-SNHG15 in human breast cancer cells was suppressed by SNHG15 siRNA knockdown. (A) The expres-
sion of SNHGIS in the human breast cancer cell line MDA-MB-231 and the human breast epithelial cell line MCF-10A, as determined
by qRT-PCR. SNHGIS5 expression was significantly increased in MDA-MB-231 cells. (B) SNHGIS knockdown significantly decreased
SNHG1S expression in MDA-MB-231 cells after transfection with SNHG15 siRNAs. Data were analyzed using #-tests with Welch’s correc-
tion to compare MCF-10A vs. MDA-MB-231, and one-way ANOVA followed by Dunnett’s post hoc test to compare negative control vs.

the si-SNHGI5 groups. Data are represented as mean = SD. Asterisks indicates a statistically significant difference, **P<0.01, ***P<0.001.

SNHG1S5, short nucleolar RNA host gene 15; qRT-PCR, quantitative real-time polymerase chain reaction; siRNA, small interfering RNA;
ANOVA, analysis of variance; SD, standard deviation; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; NC, negative control siRNA.

formation assay demonstrated that transfection with sil-
SNHGIS, si2-SNHG15, and si3-SNHG15 significantly
decreased the number of colonies in MDA-MB-231
cells, suggestive of a low proliferation rate, compared to
the negative control siRNA (Figure 2C). These results
suggested that /mc-SNHGIS may increase cell proliferation
and suppress apoptotic cell death, which may lead to breast
cancer cell growth.

Knockdown of Inc-SNHG15 expression inhibits the
migration of MDA-MB-231 cells in vitro

The ability of live cells to migrate is essential for normal
development, immunological response, and disease processes,
including cancer metastasis and inflammation (25). Hence,
we investigated whether SNHG15 knockdown limits the
migration of breast cancer cells. Transwell assays showed
that SNGHIS5 knockdown downregulated migration
compared to cells transfected with the negative control
siRNA, suggesting that SNHGI5 knockdown may be
an effective approach to suppress breast cancer cells
(Figure 34,3B). Among the 3 siRNAs, sil-SNHGI15
produced the most efficient nc-SNHG1 5 knockdown results
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and was used for all subsequent experiments.

Knockdown of Inc-SNHG15 suppresses MDA-MB-231 cell
growth and migration in the zebrafish xenograft model

Zebrafish xenografts provide a number of distinct benefits
for cancer investigations, including the optical transparency
of the embryo, which allows for simple i» vivo monitoring,
and the ability to examine migration and proliferation
concurrently at 96 hours (23,26,27). In this study, the
zebrafish xenograft model was used to evaluate whether
knockdown of /nc-SNHGI5 by siRNAs affects the function
of breast cancer. MDA-MB-231 cells transfected with si-
SNHGI5 and stained with a fluorescent dye (CM-Dil)
were transplanted into zebrafish embryos. At 4 dpi, the
yolk and trunk of the larvae were imaged and the CM-Dil
positive signals were quantified. The tumor area of the yolk
represents the cell proliferation, and trunk represents cell
migration. The silenced-SNHGI5 group showed obviously
smaller quantities of fluorescent signals compared to the
negative control siRNA group (Figure 4A4), suggesting
that cell migration and proliferation were decreased after

silencing SNHG15 in MDA-MB-231 cells (Figure 4B,4C).

Ann Transl Med 2022;10(21):1173 | https://dx.doi.org/10.21037/atm-22-5275
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Figure 2 Silencing SNHGI5 inhibited proliferation of MDA-MB-231 cells in vitro. (A) Representative images of cell proliferation in

MDA-MB-231 cells transfected with the negative control siRNA or si-SNHGI5. The violet spots were the cells stained by crystal violet.
Magnification: Ix. (B) The CCK-8 assay was performed to evaluate the cell viability in MDA-MB-231 cells after transfection with SNHG1S
siRINAs. (C) Colony formation assay was performed to determine the proliferation of MDA-MB-231 cells after transfection with SNHGIS
siRNAs. One-way ANOVA followed by Dunnett’s post hoc test was used to determine the difference between the NC and si-SNHGI5
groups. Data are represented as mean = SD. Asterisks represent statistically significant difference, *P<0.05, **P<0.01. SNHGIS5, short
nucleolar RNA host gene 15; siRNA, small interfering RNA; OD, optical density; ANOVA, analysis of variance; SD, standard deviation;

NG, negative control siRNA.

Cisplatin treatment combined with Inc-SNHG15
knockdown synergistically decreases cell growth and
migration in the zebrafish xenograft

Cisplatin is a chemotherapy drug often used to treat
malignancies. It works by interfering with DNA replication
and transcription, and thus, rapidly replicating tumor
cells are more sensitive to cisplatin than normal cells (28).
Cisplatin dramatically reduced breast cancer cell growth
and migration in the zebrafish xenograft model compared
to controls (Figure 54,5B). Furthermore, after silencing the
SNHGI5 gene using sil-RNA, the effect of cisplatin was
enhanced, suggesting a synergistic effect between SNHGIS

silencing and cisplatin.

© Annals of Translational Medicine. All rights reserved.

Lnc-SNHG1S5 negatively regulates the expression of miR-
345-5p in MDA-MB-231 cells

The miR-345-5p and miR-623 genes are responsible for
the suppression of cell proliferation and migration in
cancer cells. Hence, we carried out cell migration assay and
knockdown experiments to clarify it (Figure 64,6B). In si-
SNHGI5 knockdown MDA-MB-231 cells, the expression
of miR-345-5p was significantly higher than that of miR-
623 (Figure 6B), and thus, miR-345-5p was used for further
analyses. Cell proliferation was significantly decreased after
transfection with si-SNHG1I5, and this was restored by
inhibiting the expression of miR-345-5p (Figure 6C). The

similar result was observed with the cell migration assay

Ann Transl Med 2022;10(21):1173 | https://dx.doi.org/10.21037/atm-22-5275
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Figure 3 Silencing SNHG1S inhibited migration of MDA-MB-231 cells in vitro. (A) Representative images of cells migration in MDA-
MB-231 cells transfected with the negative control siRNA or si-SNHGI5. The violet spots (A) were the cells stained by crystal violet and the
magnification is 10x. (B) Transwell assay was conducted to determine the migration of MDA-MB-231 cell after transfection with SNHGIS
siRINAs. One-way ANOVA followed by Dunnett’s post hoc test was used to determine the difference between NC and si-SNHGIS groups.
Data are represented as mean = SD. Asterisks indicates a statistically significant difference, *P<0.05. SNHG1S, short nucleolar RINA host

gene 15; siRNA, small interfering RNA; ANOVA, analysis of variance; SD, standard deviation; NC, negative control siRNA.

(Figure 64), where combined si-SNHG15 treatment and
miR-345-5p inhibitor increased cell migration compared to
si-SNHG15 alone (Figure 6D).

Discussion

Breast cancer is by far the most fatal malignant tumor
globally, and the incidence continues to rise (29,30).
Presently, clinical and pathologic characteristics are used to
determine therapy and prognosis for breast cancer patients.
Understanding the fundamental mechanisms that control
breast cancer growth, and the development of new
molecular biomarkers for the diagnosis and prognosis of
breast cancer is critical. Despite new evidence that /nc-
SNHGIS functions as an oncogene in a range of cancers
(1,31), the specific mechanisms by which /nc-SNHG15
influences breast cancer development remain unclear. The
current investigation demonstrated that the expression of
Inc-SNHG15 is significantly enriched in breast cancer cells
(MDA-MB-231) compared to normal breast epithelial cells
(MCF10A). Based on the aforementioned results, we believe
that Inc-SNHGIS is a promising and novel target for breast
cancer therapy. Development of drug that can specifically

© Annals of Translational Medicine. All rights reserved.

target this IncRNA will benefit the prognosis of breast
cancer.

Over the past decade, IncRINAs showed their promising
potentials as the biomarkers as well as the therapeutic
targets for multiple cancers (32). Small interfering RNAs
and antisense oligonucleotides of IncRNAs were developed
as biological agents and some of them were approved
by FDA (33). Previous studies have demonstrated that
SNHGI5 influences numerous genes implicated in tumor
formation, including CTGF, GADD45, MYC, and CASP3
(34-37). CTGF inhibits cell apoptosis and is responsible for
chemoresistance to 5-fluorouracil (5-FU) (38). High levels
of GADD45 expression make cells more resistant to UV
irradiation or cisplatin, resulting in increased DNA repair
and tumor development (35,39).

Our results also demonstrated that knocking down the
expression of /nc-SNHGIS in breast cancer cells reduced
cell proliferation, colony formation, and migration, whereas
Inc-SNHGI5 had the opposite effect. Chen et a/. (40) found
that suppressing /nc-SNHG15 following siRNA transfection
inhibited cell proliferation, invasion, and triggered apoptosis
via controlling the protein expression of metalloproteases
(MMP2 and MMPY9). MMPs are recognized to be involved

Ann Transl Med 2022;10(21):1173 | https://dx.doi.org/10.21037/atm-22-5275
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Figure 4 Silencing SNHG1 5 inhibits MDA-MB-231 cell proliferation and migration in zebrafish xenograft imaged by stereotype microscopy
and confocal microscopy. (A) The CM-Dil-positive areas in the yolk and trunk of zebrafish were imaged by confocal microscopy, scale
bar =100 pm. (B) Silencing SNHG1S significantly decreased cell proliferation compared to the NC. (C) Silencing SNHGIS significantly
decreased cell migration compared to the NC. Two-tailed unpaired #-tests were performed to determine the difference between groups.
Data are represented as mean + SD. Asterisks represents a statistically significant difference, **P<0.01. SNHGIS5, short nucleolar RNA host
gene 15; SD, standard deviation; NC, negative control siRNA; siRNA, small interfering RNA.
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Figure 5 Cisplatin administration and SNHG15 knockdown synergically inhibited MDA-MB-231 cell proliferation and migration in
zebrafish xenograft. (A) Cell proliferation was decreased in MDA-MB-231 cells after treatment with cisplatin and SNHGIS siRNA
transfection. (B) Cell migration was decreased in MDA-MB-231 cells after treatment with cisplatin and SNHG15 siRNA transfection. Two-

way ANOVA followed by Bonferroni post hoc test was performed to determine the difference among groups. Data are represented as mean
+ SD. Asterisks represents a statistically significant difference, *P<0.05, **P<0.01, ***P<0.001. SNHG1IS5, short nucleolar RINA host gene 15;
siRNA, small interfering RNA; ANOVA, analysis of variance; SD, standard deviation.

in cell proliferation, differentiation, and angiogenesis, as
well as cell metastasis (41). Our in vivo findings showed
that silencing /nc-SNHG15 with sil-RNA reduced tumor
development in the xenograft zebrafish model, and these
findings were supported by previous publications (1,42).
Furthermore, we demonstrated that cisplatin treatment
combined with SNHG1S silencing synergistically suppressed
the proliferation and migration of breast cancer cells.
Therefore, SNHGIS may be a key regulator in cisplatin
resistance in breast cancer, and thus targeting SNHGIS
may be an effective method for cisplatin chemoresistance
in breast cancer. The potency of cisplatin has been linked
to its capacity to crosslink with the purine bases on DNA
to build DNA adducts, thereby blocking DNA repair
and resulting in DNA damage, which ultimately leads to
cancer cell death (43). However, there is still a paucity of
studies examining the effects of silencing /nc-SNHG15 on
cisplatin sensitivity in breast cancer cells. Besides, tumor-
associated macrophages have been reported to be involved
in cisplatin chemoresistance by changing the breast tumor
microenvironment (44). According our in vive results,
SNHGIS5 silence increased the sensitivity of cisplatin in
breast cancer zebrafish xenograft model, implying the
critical roles of SNHGI5 in cisplatin chemoresistance.
However, whether tumor-associated macrophages regulate
the cisplatin chemoresistance via SNHGI5 in breast cancers

© Annals of Translational Medicine. All rights reserved.

requires further studies. Recent evidence suggested that
SNHGI15 could function as miRNA sponges to inhibit
the expression of miRNAs (45). miRNAs play important
roles in cell signaling, cell survival, DNA methylation,
and invasiveness (46). MiR-345-5p has been shown to
regulate the expression of human multidrug resistance-
associated protein 1 (ABCCI1/MRPI), suggesting that
deregulation of miRNA expression is linked to the cisplatin
resistant phenotype (46-48). In this study, we found that
the effect of SNHGI1S5 knockdown was restored by the
inhibition of miR-345-5p, suggesting that overexpression
miR-345-5p might play a key role in tumor suppression and
cisplatin sensitivity. There is increasing evidence to suggest
that miR-345-5p may act as a tumor suppressor in the
tumorigenesis by regulating the expression of KISST and it
may modulate metastasis by upregulating the production
of E-cadberin (49,50). Moreover, downregulation of
miR-345-5p has been implicated with chemoresistance in a
range of malignancies (48,51).

Conclusions

The expression of /nc-SNHG15 was significantly increased
in breast cancer cells, suggesting that /nc-SNHGI5 may be
a negative prognostic factor and a high risk factor for breast
cancer patients. Silencing SNHGI5 expression decreased

Ann Transl Med 2022;10(21):1173 | https://dx.doi.org/10.21037/atm-22-5275
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Figure 6 The miR-345-5p inhibitor promoted MDA-MB-231 cell proliferation and migration. SNHG1 S5 negatively regulated the expression
of miR-345-5p and the effect of SNHGI5 knockdown was partly restored via inhibiting 7iR-345-5p expression in MDA-MB-231 cell. (A)
Representative images of cell migration in each group. The violet spots (A) were the cells stained by crystal violet and the magnification is
10x. (B) The expression of 7iR-345-5p and miR-623 (normalized to the levels of U6 snoRNA) after SNHGI5 knockdown in MDA-MB-231
cells. Unpaired 7-test with Welch’s correction was performed to determine the difference between groups. (C) Cell proliferation was
evaluated by CCK-8 assays in MDA-MB-231 cells. Two-way ANOVA followed by Bonferroni post hoc test was performed to determine the
difference among groups. (D) Cell migration was evaluated by the Transwell assay. Two-way ANOVA followed by Bonferroni post hoc test
was conducted to determine the difference among groups. Data are represented as mean = SD. Asterisks represents a statistically significant
difference, *P<0.05, **P<0.01, ***P<0.001. SNHGI5, short nucleolar RNA host gene 15; ANOVA, analysis of variance; SD, standard
deviation; NC, negative control; OD, optical density; snoRINA, small nucleolar RNA siRNA; siRNA, small interfering RINA.

the proliferation and migration ability of MDA-MB-231
cells. Moreover, cisplatin and /nc-SNHG15 knockdown

acted synergistically to limit the progression of breast
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