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Introduction: Long non-coding RNAs (IncRNAs) are key regulators in multiple cancers.
IncRNA, SNHGI1, was shown to be associated with tumorigenesis. However, little is known
about the role SNHG1 plays in breast cancer. The aim of the study was to study the role and
underlying mechanism of SNHG1 regulation in breast cancer.

Methods: Quantitative real-time PCR was used to measure the levels of SNHG1, miR-382 and
ZEBI levels in breast cancer tissue or cells. The proliferation, colony formation, migration and
invasion of breast cancer cells, under SNHG1 knockdown achieved by transfection of SNHG1-
specific siRNAs, were assessed by Cell Counting Kit-8, colony forming, scratch wound and
transwell assays. Bioinformatical analysis and luciferase assay were used to explore the inter-
action between SNHG1 and its potential miRNA target. Western blot was used to evaluate the
expression of epithelial-to-mesenchymal transition (EMT) markers. MDA-MB-231 cells with or
without SNHG1 knockdown were used to initiate tumor xenografts in vivo. Tumor growth and
expression of SNHG1, miR-382-5p and EMT markers were evaluated.

Results: SNHG1 upregulation was observed in breast cancer tissues and cells. Knockdown
of SNHGI attenuated breast cancer proliferation, colony formation, migration and invasion.
A miRNA, miR-382-5p, was identified as the target of SNHG1. A reciprocal negative
regulation was found between SNHGI1 and miR-382-5p. SNHG1 knockdown attenuated
EMT both in vitro and in vivo. miR-382-5p transfection reversed the tumor-promoting role
by SNHGI. In vivo, SNHG1 knockdown decreased breast tumor growth.

Conclusion: SNHG1 promotes breast cancer through the regulation of miR-382-5p and
EMT markers. Our results report SNHG1 as a novel miRNA that govern the progression of
breast cancer, providing a potential new therapeutic target in breast cancer.
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Introduction
Breast cancer is a highly prevalent cancer and a leading cause of cancer-related
death in women.! Although the survival of patients with localized breast cancers
has been significantly improved, conventional treatment methods, including sur-
gery, chemotherapy and radiotherapy, fail to deliver a desirable therapeutic outcome
for patients with advanced-stage cancer. To address this, overwhelming efforts have
been devoted to the development of new targeted strategies for breast cancer.’
Exploration of the molecular basis in breast cancer tumorigenesis, progression,
metastasis and recurrence is of paramount importance to develop new strategies
to improve patient survival.®

An emerging class of oncogenes that regulate cancer progression are long non-
coding RNAs (IncRNAs), which are of over 200 np in length, serving as molecular
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of other
miRNAs.* Dysregulated IncRNAs post-transcriptionally

sponges regulatory molecules, including
activate or suppress certain oncogenes linked to the pro-
liferation, migration, invasion, etc. of the cancer cells. To
date, a handful of cancer-regulatory IncRNAs have been
discovered in breast cancer, including, ANCR,> ATB.°
UCA,” NEAT1,® MEG3,’ etc, whereby the IncRNAs may
adopt cancer-promoting or cancer-suppressing roles. As
such, strategies targeted to these cancer-related IncRNA
are promising novel approaches to inhibit breast cancer
progression.'°

SNHGI is one such tumor-promoting IncRNA proven
to govern many cancers. For example, SNHG1 upregula-
tion was found correlated to lung cancer,'' prostate
cancer,'? heptacellular cancer,'>!* etc., whereby SNHG1
plays important roles in activating putative oncogenic
pathways, such as Wnt/B-catenin signaling pathway.
Several miRNAs, including miR-101-3p, miR-199-3p
and miR-195, are demonstrated to be regulated by
SNHG1.""""3 Suppression of SNHG1 was shown as an
efficacious approach to attenuate cancer progression.'''*
However, the role of SNHGI1 in breast cancer is rarely
studied.”® Moreover, how SNHG1 involves in the putative
driving force of cancer progression, epithelial-to-
mesenchymal transition (EMT), which takes a pivotal
part in the metastasis of breast cancer,” remains largely
unknown.

Herein, we strive to elucidate the function and target of
SNHGI1 in breast cancer and test the therapeutic effects of
SNHG1 knockdown in cancer progression. Here, we iden-
tified a target of SNHGI in breast cancer, miR-382-5p,
which has been previously reported as a tumor-suppressive
miRNA.'® It was shown that SNHGI upregulation is
a hallmark of breast cancer cell proliferation, migration
and invasion and SNHGI1 knockdown effectively attenu-
ated breast cancer aggressiveness both in vitro and in vivo.
We also showed that miR-382-5p serves as an essential
mediator of the tumor-promoting effects of SNHG1. The
results of the study could shed light on the potential of this
IncRNA as a therapeutic target in breast cancer to improve

breast cancer diagnosis and therapy.

Materials and methods

Clinical tissue specimens

A total of 52 pairs of breast cancer tissues and paired non-
tumor tissues were collected from the First Affiliated
Hospital of Zhengzhou University from June 2012 to

September 2014. The study was approved by the First
Affiliated Hospital of Zhengzhou University Ethics
Committee and all patients provided written informed
consent. Tissue samples were snap-frozen in liquid nitro-
gen and stored at —80°C until use. All the trials were
conducted in accordance with the Declaration of Helsinki.

Cell lines and culture

Human normal human breast epithelial cell (MCF-10a)
and breast cancer cell lines (MCF-7, MDA-MB-231, ZR-
75-30 and MDA-MB-453) were purchased from ATCC
(Manassas, VA, USA). RPMI 1640 medium supplemented
with 10% fetal bovine serum was used to culture the cells
at 37°C.

Oligonucleotides transfection
Oligonucleotides, including siRNA against SNHG!1 (Si-
SNHG1), short-hairpin RNA plasmid directly targeting
SNHG1 (sh-SNHG1), miR-382-5p inhibitor, miR-382-5p
mimics and their controls, were c synthesized by
GenePharma (Shanghai, China). Transfection of the oligo-
nucleotide into cells was conducted using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s protocol. The sequence of siRNA for
SNHG1 and control was Si-SNHG1, sense 5'-CCCCAT
GATGGTTCCTCAGTT-3, antisense 3'-GGAAAGCAAG
TGCAGGTTAGTC-5'; control: sense: 5’ - GGCCGTCAC
TCAATGATTCCG -3', antisence: 5' -UUTTGGATGG
CATACGCATGA -3'.

BLAST alignment

NCBI’'s BLAST suite was used to perform alignment
searches. The top search result with an e-value <0.01
was reported. RNA transcripts were allowed to have multi-
ple exons aligned to different non-contiguous regions of
a chromosome.

Quantitative real-time PCR (qRT-PCR)

The miRNeasy Mini Kit (Qiagen, Valencia, CA, USA) was
used to extract total RNA from tissues and cells in accordance
with the manufacturer’s instructions. Concentration and qual-
ity of RNA were evaluated with NanoDrop 2000 (Thermo
Fisher, Wilmington, DE, USA). TransScript first-strand cDNA
synthesis SuperMix (TransGen, Beijing, China) was used to
synthesize cDNA. RT-PCR was conducted using SYBR green
qPCR SuperMix (Applied Biosystems Life Technologies,
Foster, CA, USA) in ABI prism 7500 system (Applied
Biosystems Life Technologies). Fold changes of each gene
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were calculated by 2—AACt (cycle threshold). Expression
levels of miRNA and IncRNA/target gene were normalized
by U6 and GADPH, respectively.The following sequences
were used in this study: SNHGI, forward: sense 5'-
CCCCATGATGGTTCCTCAGTT-3', reverse 3'-GGAAAGC
AAGTGCAGGTTAGTC-5"; miR-382-5p, forward: 5'- TAA
AATAGGAGTACTGTCTAA-3, reverse, 5'- ATTAGTAAA
TTGGCTGCTGCAG-3’; GAPDH, forward, 5-TCGAC
AGTCA GCCGCATCTTCTTT-3', reverse, 5'-ACCAAATC
CGTTGACTCCGACCTT-3'

Luciferase reporter assay

Oligonucleotides that encode SNHG1 cDNA encompass-
ing microRNA-binding sites are inserted into the
pmirGLO plasmids (Promega, Madison, WI, USA). Site-
directed mutagenesis PCR was used to generate mutant
SNHG1 (pmirGLO-SNHGI1-MUT) with platinum pfx
DNA polymerase, which served as a negative control.
Luciferase reporter plasmids and target miR-382-5p
mimics or miR-NC mimics were co-transfected into cells
by Lipofectamine 2000. After 48 hrs, relative luciferase
activity was assessed in a luminometer by Dual-Luciferase
Reporter Assay System (Promega).

Cell proliferation assay

Cell Counting Kit-8 (CCK-8; Dojindo, JPN) and colony
formation assay were used to monitor cell proliferation. In
CCK-8 assay, cells were harvested and seeded into 96-well
plates. After 24, 48, 72 or 96 hrs, CCK-8 assay agent of 10
pL was added to each well. After incubation for 2 hrs,
DMSO was added and the absorbance of the solution was
measured using an enzyme immunoassay analyzer (Bio-
rad, Hercules, CA, USA). Colony formation assay stable
transfected cells were placed into six-well plates and main-
tained in media for 2 weeks. The medium was replaced
every 4 days. Colonies were fixed with methanol and
stained with 0.1% crystal violet (Sigma-Aldrich, St
Louis, MO, USA) for 15 mins. The visible colonies were
then counted. All experiments were conducted three times
in triplicate.

Cell migration and invasion assay

Wound healing assay and transwell assay were used to
assess cell migration and invasion, respectively. Briefly,
for wound healing assay, cells seeded in six-well plates
were cultured to 90% confluence. The monolayer cells
were manually scraped using a 10-uL sterile pipette tip.
The wounding scratches at 24 hr was measured and

expressed as the relative percentage of the initial distance
at 0 hr following formula: migration rate = migration
distance/original distance. For transwell assay, cells
(5%10%) were suspended in serum-free DMEM and added
to chambers (8 mm, BD Biosciences) coated with BD
BioCoat Matrigel. After incubation, the cells on the
upper membrane surface were removed with a cotton tip.
Then, the member was fixed and stained by violet
crystalline.

Western blot analysis

RIPA buffer (Sigma-Aldrich) was used to lyze cells. The
mixture was centrifuged with 12,000 g to remove insolu-
ble components, followed by protein concentration mea-
surement using BCA assay. Thirty micrograms of protein
were separated by SDS-PAGE and transferred to PVDF
membrane (Millipore, Bedford, MA, USA). PVDF mem-
brane was blocked with non-fat milk and incubated with
primary antibodies, including anti-ZEB1 (1:1,000, Abcam,
Cambridge, MA), anti-GADPH (1:1,000, Abcam). After
washing with TBST, HRP-conjugated goat anti-rabbit IgG
(Abcam) was used to incubate the membrane at room
temperature for 2 hrs. Finally, protein bands were visua-
lized using ECL detection kit (Beyotime Biotechnology,
Shanghai, China).

Lentivirus construction and infection

A recombinant lentiviral vector encoding SNHGI-
shRNA was introduced into pFU-GW-RNAi vector.
Cells were seeded onto six-well plates at the density
of 2x10° cells per well. After 12 hrs, cells were infected
with Lv-shRNA-NC or Lv-shRNA- SNHG1 at 10 MOI,
respectively. Virus-containing culture medium was
replenished with fresh RPMI-1640 medium 12 hrs
postinfection.

In vivo experiments

Animal study was performed according to the experimen-
tal protocols and approved by the Institutional Animal
Care and Use Committee of the First Affiliated Hospital
of Zhengzhou University. All mice were housed and main-
tained under specific pathogen-free conditions, with free
access to water and food. To initiate tumor xenografts,
1x10” MCF-7 cells were subcutaneously injected into the
flank of BALB/c mice (6 weeks). Tumor growth was
monitored by caliper measurements every 3 days and
tumor volume was calculated according to the following
formula: volume =0.5x length % width x width. The mice
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were sacrificed with 120 pL of 10% chloral hydrate
Ltd.,
China) and the tumors were harvested and weighed.

(Sinopharm Chemical Reagent Co., Shanghai,

Immunohistochemical staining

Tumor tissues were cryosectioned at the thickness of 5 pm.
After washing by PBS, goat serum (Boster, Wuhan, China)
was used to block sections for 30 mins at room tempera-
ture. Subsequently, Ki67 antibody (Bioss Antibodies, Inc,
1:200) or Colorimetric TUNEL Apoptosis Assay Kit
(Beyotime, Shanghai, China) were incubated with the tis-
sue overnight at 4°C at 37°C for 60 mins. Following this,
after washing by PBS, sections were incubated with
Polink-1 HRP DAB Detection System One-step polymer
detection system (ZSGB-BIO, Beijing, China) for 20 mins.
Slides were then counterstained with hematoxylin.

Statistical analysis

All the statistical data are presented as the means = SD Two-
tailed Student’s #-test or one-way ANOVA followed by the
LSD post hoc test was performed for comparisons between
groups. Expression correlation assays were analyzed using
Pearson’s coefficient correlation. Differences in patient survi-
val were performed using the Kaplan—-Meier method and
analyzed by log-rank test. A value of p<0.05 was considered
to be statistically significant.

Results

Breast cancer is characterized by SNHGI
upregualtion

To explore the role of SNHGI in breast cancer, we first
compared SNHG1 levels in breast tumor tissues and
paired adjacent normal tissues from 54 patients. qRT-
PCR analysis of SNHG1 levels showed a significant
SNHG!1 upregulation in tumor tissue compared normal
tissues (p<0.05, n=54, Figure 1A). To correlate SNHGI
levels to patient survival, we grouped the patients to
high-expression group (n=29) and low-expression
group (n=25) based on the median level of SNHGI
expression (Figure 1B). A poorer survival in high
SNHG1 expression was observed (Figure 1C, p=0.011).
Therefore, breast cancer is characterized by an upregu-
lation in SNHG1, which contributes to the poor survival
of patients.

SNHGI upregulation promotes breast
cancer cell proliferation, migration and

invasion

To confirm the role of SNHG1 in breast cancer, we
analyzed SNHGI1 levels in breast cancer cell line,
including MCF-7, MDA-MB-231, ZR-75-30 and MDA-
MB-453. The MCF-10a cells, which do not form
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Figure | SNHGI upregulation is a hallmark of breast cancer. (A) qRT-PCR analysis of SNHGI expression in tumor tissues and normal tissues from breast cancer patients. (B)
Histogram of SNHGI expression. The median SNHGI expression was used to group the patients to. (C) Survival curves of patients with low or high SNHGI expression. N=52.
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tumors in vivo, were used as controls. As expected,
breast cancer cells demonstrated higher SNHGI levels
compared to MCF-10a (p<0.05, Figure 2A). We next
proceeded to examine whether SNHG1 upregulation is
linked to a higher tumor aggressiveness. Consequently,
knockdown of SNHG1 was performed through siRNAs.
Three siRNAs specific to SNHGI1 were designed,
namely, si-SNHG1-1, si-SNHG1-2 and si-SNHGI-3,
among which si-SNHGI1-3 exhibited the most effica-
cious SNHG1 knockdown (Figure 2B), although all
siRNAs were able to reduce SNHGI expression.
Because of the highest knockdown efficiency, si-SNHG
1-3 was used for subsequent studies. MTT (Figure 2C),
colony formation (Figure 2D), scratch wound (Figure
2E) and transwell assays (Figure 2F) were used to
evaluate the effect of SNHGI knockdown on
liferation, colony formation, migration and

cell pro-
invasion,
of those
tumor aggressiveness indicators was seen in both
MCF-7 and MDA-MB-231 cells. Given that EMT is
closely linked to cell aggressiveness, we analyzed

respectively, whereby a marked attenuation
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Figure 2 SNHGI| knockdown attenuates breast cancer aggressiveness in vitro.

vimentin and ZEB1 in MCF-7 and MDA-MB-231 cells
using Western blot. As shown in Figure 2G, SNHGI1
knockdown led to upregulation of E-cadherin, downre-
gulation of N-cadherin, vimentin and ZEB1, which sug-
gested dampened EMT. Together, these evidence
indicated that SNHG1 is an important promoter of

breast cancer aggressiveness.

miR-382-5p is a target of SNHGI

To unveil the underlying mechanism of the tumor-promoting
role of SNHGI1, we performed a bioinformatical analysis to
search for the target of SNHGI1. As shown in Figure 3A,
a binding site was found between miR-382-5p and wild-type
SNHG1 (SNHG1 WT). Mutagenesis was conducted within
the binding site on SNHG1 to miR-382-5p, yielding SNHG1
MUT. Luciferase assay (Figure 3B) was used to validate the
interaction between SNHG1 and miR-382-5p, which showed
that miR-382-5p overexpression, achieved by transfection of
miR-382-5p mimics, induced a prominent downregulation of
SNHG1-WT-driven luciferase activity, but not the SNHGI1-
MUT-driven luciferase activity. In both MCF-7 and MDA-
MB-231 cells, miR-382-5p mimic transfection resulted in
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(A) qRT-PCR analysis of SNHGI levels in breast cancer cells, including MCF-7,

MDA-MB-231, ZR-75-30 and MDA-MB-453. The MCF-10a cells, which do not form tumor in vivo, were used as controls. (B) SNHGI knockdown assay using three

siRNAs specific to SNHGI. CCK-8 proliferation assay (C), colony forming assay

(D), scratch wound assay (E) and transwell assay (F) for evaluating the effects of

SNHGI knockdown on the proliferation, colony formation, migration and invasion of MCF-7 and MDA-MB-231, respectively. (G) Western blot of EMT markers,
including E-cadherin, N-cadherin, vimentin, and ZEBI in MCF-7 and MDA-MB-231 cells with or without SNHGI knockdown. N=6. *p<0.05.

Abbreviations: CCK-8, Cell Counting Kit-8; Si-NC scramble siRNA; Si-SNHGI siR|
SNHG3 siRNA specifically targeting SNHG3.

NA specifically targeting SNHG; Si-SNHG2 siRNA specifically targeting SNHG2; Si-
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a dramatic downregulation of SNHG1 levels, while miR-
382-5p inhibitor led to a significant SNHG1 upregulation
(Figure 3C). Reciprocally, si-SNHG1 transfection upregu-
lated miR-382 expression (Figure 3D). Further, miR-382
inhibitor was shown to antagonize si-SNHG1 in breast can-
cer colony formation and invasion (Figure S1). Therefore,
SNHGI and miR-382 levels are negatively correlated.

miR-382 mediates the regulation of

breast cancer aggressiveness by SNHGI

Considering the close correlation between miR-382-5p and
SNHG1, we next evaluated whether the manipulation of
miR-382-5p expression affects the tumor-promoting effects
by SNHGI. To this end, MCF-7 and MDA-MB-231 were
transfected with si-NC, si-SNHG1, miR-382-5p inhibitor or
si-SNHG1+miR-382-5p inhibitor. It was shown that SNHG1
knockdown reduced cell proliferation, colony formation,
migration and invasion; miR-382-5p inhibitor transfection
exerted the opposite effects (Figure 4A-D). Interestingly, co-
transfection of si-SNHG1 and miR-382-5p inhibitor resulted
in cell proliferation, colony formation, migration and inva-
sion similar to those of the cells transfected with si-NC,
indicating that miR-382-5p inhibitor abolished the tumor-

A

Lv-sh-control

Lv-sh-SNHG1 |

inhibitory effects of si-SNHG1. Evaluation of EMT markers
(Figure 4E) also confirmed that the EMT-suppressing effect
by si-SNHG1, as well as the EMT-enhancing effect by miR-
382 inhibitor, was abrogated by co-transfection of si-SNHG1
and miR-382-5p inhibitor.

SNHGI knockdown attenuates breast

tumor growth in vivo

MDA-MB-231 cells transfected with Lv-sh-Control or Lv-
sh-SNHG1 were used to initiate breast tumor xenografts in
mice. Eight weeks after tumor inoculation, tumors were
harvested and photographed. As shown in Figure 5A,
tumors with Lv-sh-SNHGI
observably smaller sizes, which correlated well with the

transfected demonstrated

slower tumor growth rate. A significant reduction in Ki-67
levels was also seen in tumors with Lv-sh-SNHG1 trans-
fection (Figure 5B and C). Meanwhile, SNHG1 down-
regulation and miR-382-5p upregulation were observed
in tumors with Lv-sh-SNHG1 transfection (Figure 5D).
The EMT marker, ZEB1, was also downregulated
(Figure SE). Hence, these data suggested that SNHGI1
knockdown was an effective approach to reduce tumor
growth in the studied model.
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Figure 5 SNHGI knockdown attenuates breast tumor growth in vivo. (A). Photograph and growth curves of tumors harvested from Lv-sh-control and Lv-sh-SNHGI
groups. (B) IHC of Ki67 in tumors. (C) qRT-PCR of SNHGI levels in tumors. (D) qRT-PCR analysis of miR-382 levels in tumors. (E) Western blot of ZEBI expression in

tumors. GAPDH levels were used as loading controls. N=6. *<0.05.
Abbreviation: Si-NC, scramble siRNA.
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Discussions and conclusions

With the advent of newly approved gene therapy
strategies,'® increasing oncogenes are being tested as ther-
apeutic targets in cancers. Because of the potent and
broad-spectrum regulation by IncRNAs, knockdown of
cancer-promoting IncRNAs in cancer is a promising
approach to induce efficacious therapeutic responses. In
the present study, we studied SNHGI, a IncRNA proven to
adopt powerful regulatory roles in lung cancer,'' prostate
cancer,'? hepatocellular cancer,'* etc., with the purpose to
characterize it as a therapeutic target in breast cancer.
Previously, the upregulation of SNHG1 has been impli-
cated in one study,'> but a systemic study of the role of
SNHGI1 in breast cancer progression is needed. We
showed that, both in tissue and in cell levels, SNHG1
upregulation is a hallmark of breast cancer. Importantly,
higher SNHGI expression is associated with a poor patient
survival. These findings are in agreement to previous
studies, which showed that SNHG1 overexpression has
been observed in many cancers."' '* This also qualifies
SNHGI as a potential biomarker of breast cancer. Indeed,
SNHGI has already been shown of significant diagnostic
potential in hepatocellular carcinoma.'* To further charac-
terize the diagnostic potential of SNGHI, correlation
between SNHGI levels, preferably in serum, and breast
cancer grade may be necessary.

The pro-oncogenic role of SNHG1 was further vali-
dated by the attenuated cell proliferation, colony formation
and invasion in cells with SNHG1 knockdown, mediated
by si-SNHGI transfection. Consistently, previous evidence
also supported the potent anti-cancer effects of SNHGI1
knockdown.''™!* Notably, SNHG1 silencing was efficient
in attenuating EMT, which presumably contributed to the
anti-tumor effects. In vivo, SNHG1 knockdown also atte-
nuated tumor growth. Our study is paralleled by several
efforts in translating IncRNA-silencing strategy in therapy
of cancers.'”'® Further studies are needed to evaluate
whether SNHG1 knockdown would improve the survival
of tumor-bearing mice, particularly in those with meta-
static cancer. To foster clinical translation, an in situ deliv-
ery to tumor, possibly mediated by viral or non-viral
delivery systems,'® would be desirable.

Our study showed that miR-382-5p is a target of SNHG1
in breast cancer. Prior evidence indicated that miR-382-5p is
a tumor-suppressing miRNA in a number of cancers, includ-
ing osteosarcoma,”” ovarian cancer”' and colorectal cancer.'®
Notably, miR-382-5p was reported as a mediator of EMT,*!

which concurs with our findings. Our data also clarified the
role of miR-382-5p in breast cancer, underscoring miR-382-
5p as an important therapeutic target in cancer. Here, we
proposed that the pro-oncogenic role of SNHGI is at least
partly attributed to its regulation of miR-382-5p. Other
miRNAs, such as miR-101-3p, miR-199-3p and miR-195,
have also been suggested as the target of SNHG1,""™"® which
likely also play important parts in breast cancer.

In summary, we clarified SNHGI as a tumor-promoting
IncRNA in breast cancer. SNHG1 silencing was able to exert
anti-tumor effects both in vitro and in vivo. Concurrently,
EMT was attenuated by SNHGI silencing. Therefore,
SNHGI is a potential therapeutic target in breast cancer.
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Figure S| miR-382-mimic and Si-SNHGI have similar effects. (A) Cell colon result, Si-NC normal, SI-SNHGI decreases obviously, 382-mimic decreases obviously. (B)
Western analysis, expression of E-cadherin and ZEB| decreases obviously, control group is GAPDH. (C) Transwell analysis, Si-NC normal, SI-SNHGI decreases obviously,

382-mimic decreases obviously. *p<0.05.

Abbreviations: Si-NC, scramble siRNA; Si-SNHGI, siRNA specifically targeting SNHGI.
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