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Abstract. - OBJECTIVE: Small nucleolus
RNA Host Gene 8 (SNHG8) belongs to a sub-
group of long non-coding RNAs. SNHG8 is up-
regulated in many cancers, such as gastric can-
cer, liver cancer, and esophageal squamous cell
cancer. However, whether SNHG8 is abnormal-
ly expressed in breast cancer and its biologi-
cal functions remain unclear. Therefore, our re-
search intended to determine the expression
status of SNHG8 in breast cancer, explore the
effects of SNHG8 on the development of breast
cancer, and investigate the potential molecular
mechanisms in cancer progression.

PATIENTS AND METHODS: The expression
levels of SNHG8 were detected in tissue sam-
ples and cell lines via qRT-PCR. The effects of
SNHGS8 on viability of breast cancer cells were
detected via CCK-8, EdU, transwell, and flow cy-
tometry analyses.

RESULTS: gRT-PCR results showed that the
expression level of SNHG8 was significantly up-
regulated in tumor tissues and cell lines. Gene
functional studies showed that the downregu-
lation of the expression level of SNHG8 signifi-
cantly inhibited the breast cancer cells migra-
tion and invasion, and induced apoptosis. Mean-
while, we found that SNHG8 served as an inhibi-
tor of miR-634 in tumor tissues. SNHG8 may par-
ticipate in the malignancy of breast cancer by
sponging the miR-634 to increase the expres-
sion level of ZBTB20.

CONCLUSIONS: The SNHG8-miR-634-ZBTB20
pathway may be a potential target for the treat-
ment of breast cancers.

Key Words:
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Introduction

Breast cancer is a malignant tumor that oc-
curs in breast epithelial tissue'. In the past few
decades, breast cancer has become the most
commonly diagnosed cancer among women, €s-
pecially in developed countries, breast cancer
has become the second leading cause of cancer
death in women after lung cancer'”. However,
the specific pathogenesis of breast cancer is still
unclear*’. Not only genetic and endocrine factors
but also the improper expressions of Lnc/miRs
and proteins were involved in the occurrence of
breast cancer®’.

Long non-coding RNAs (IncRNA) have no
function of coding proteins®*'’. LncRNAs regu-
late gene expression through a variety of mech-
anisms, including genomic interactions, protein
content, miRNA competition, and chromatin
modification®. Moreover, they play a key roles
in various biological and pathological behav-
iors, particularly in carcinogenesis and cancer
progression'’. LncRNAs have been reported ab-
normally expressed in breast cancer’s progres-
sion. In particular, Lnc-UCA1, Lnc-Smad7, and
Lnc-LSINCTS were indicated overexpressed in
various breast cancers and play oncogenes roles
in the malignant phenotypes''. LncRNA SNHGS8
has been observed overexpressed in various types
of cancer, indicating that it may be participated
in the progression of these tumors'>'4. However,
whether IncRNA SNHGS is abnormal expressed
in breast cancer and its underlying molecular
mechanisms have not to be clarified. Our re-
search may provide a new theoretical basis for
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understanding the molecular events that cause
BC pathogenesis.

Patients and Methods

Collection of Tissue Specimens

All breast cancer tissues and paired perito-
neal tissues were obtained from BC patients
who underwent surgery at Tangdu Hospital, The
Second Affiliated Hospital of Air Force Military
Medical University from May 2017 to May 2019.
The diagnostic criteria refer to the 2018 edition
of the Chinese Breast Cancer Diagnostic and
Treatment Guidelines. There were 16 patients
in the study (all female) with an average age of
48.8 years old in the study. All protocols about
the use of patient samples were approved by the
Medical Ethics Committee of Tangdu Hospital,
The Second Affiliated Hospital of Air Force
Military Medical University. Informed consent
was signed by all patients who participated in the
study. The research was conducted in accordance
with the World Medical Association Declaration
of Helsinki.

Cell Lines and Culture Conditions

Human breast cancer cell lines (MCF7, Hs-
578T, ZR-75-30, HCC1973) and human normal
breast cell MCF-10A were purchased from the
Chinese Academy of Sciences, Shanghai Insti-
tute of Biochemistry and Cell Biology (Shanghai,
China). All tissue samples were fixed with 10%
neutral formalin. ALL cells were maintained in
Dulbecco’s Modified Eagle’s Medium (DMEM;
Invitrogen, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (FBS; HyClone,
South Logan, UT, USA), and grown in a hu-
midified 37°C incubators supplied with 5% of
CO,. CO, cell incubator purchased from Thermo
Fisher Scientific (Waltham, MA, USA) and FACS
Calibri flow cytometer purchased from BD Bio-
sciences (Franklin Lakes, NY, USA). ABI7300
fluorescence quantitative PCR instrument was
purchased from Applied Biosystems Inc. (Foster
City, CA, USA).

RNA Extraction and RT-qPCR

We used TRIZOL reagent (Thermo Fisher
Scientific, Waltham, MA, USA) to extract total
RNA by in cells and tissues. TagMan probes
(Thermo Fisher Scientific, Waltham, MA , USA)
were used to quantify miRNAs. Briefly, 1 pg of
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total RNA was transcribed to cDNA using AMV
reverse transcriptase (TaKaRa, Otsu, Shiga, Ja-
pan) and a RT primer. The reaction conditions
were: 16°C for 30 min, 42°C for 30 min and 85°C
for 5 min. Real Time-PCR was performed using
a TagMan PCR kit on an Applied Biosystems
7300 sequence detection systems (Thermo Fisher
Scientific, Waltham, MA, USA). The reactions
were performed in a 96-well plate at 95 C for
10 min, followed by 40 cycles of 95 C for 10 sec
and 60 C for 1 min. U6 was used as the inter-
nal control. Primers: LncRNA SNHG8 Forward
5-AAGTTTACAAGCATGCGCGG-3’, Reverse
5>"TCAAACTGACGGTTCTCGGG-3". MiR-634
Forward 5-CCCGCACGATTTCATTGAAC-3’,
Reverse 5’-AGGGCGGATTGGAAATGAAC-3".
ZBTB20 Forward 5-GTCGGTGGTGTCCGTA-
CAATC-3’, Reverse 5-GTGCCTCTTGGTGT-
GTCCTG-3". B-actin Forward 5’-CTCCATCCT-
GGCCTCGCTGT-3’, Reverse  5-GCTGT-
CACCTTCACCGTTCC-3.

Western Blotting Analysis

The samples were cracked in RIPA lysis buf-
fer plus PMSF in low temperature, and BCA as-
say kit (Santa Cruz Biotechnology, Santa Cruz,
CA, USA) detected total protein concentration.
The prepared protein samples were separated
in SDS-PAGE, and transferred into 0.22 pum
polyvinylidene difluoride (PVDF) membranes
and incubated with prepared antibodies. Final-
ly, enhanced chemiluminescence (ECL; Thermo
Fisher, Waltham, MA, USA) visualized this
membrane. Antibodies against HIFlo and GAP-
DH were purchased from CST (Beverly, MA,
USA). Antibodies against Bax, Bcl-2, MMP-
2 and MMP-9 were purchased from Abcam
(Shanghai, China).

Scratch Assay

When cells reached 90% confluence, a single
wound was created and phase-contrast imag-
es were digitally photographed immediately and
24 hours after incubation. The original opening
distances of the wound were set as 100%. The
opening distance after 24 h were measured from
three areas randomly selected per well, and the
distances in three wells of each group were quan-
tified and normalized by the original opening dis-
tance. The experiment was performed three times
in triplicate, and the percentage of the migration
rate was calculated by measuring the length of
cell migration and expressed as a percentage
compared to the control group. Migration rates =
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(treatment group cell migration distance/control
group migration distance) * 100%.

Cell Counting Kit-8 (CCK-8) Assay

24 hours after transfection, the cells were col-
lected and resuspended in culture medium (Syn-
gene, Nanjing, China). A total of 100 pl of a cell
suspension containing 2 x 10° cells was seeded
into 96-well plates. The cells were incubated in a
humidified incubator at 37°C and 5% CO, to de-
termine cell proliferation at specific time points
(0, 1, 2, and 3 days after seeding). At each time
point, 10 pl of CCK-8 solution (Syngene, Nanjing,
China) was added to each well, and then, incubat-
ed at 37°C for another 2 hours. The absorbance
of each well was measured at a wavelength of
450 nm on a microplate reader (Thermo Fisher
Scientific, Waltham, MA, USA)".

EdU Assay

Cell lines were cultured using EdU (Syngene,
Nanjing, China) and fixed with 1 mL 4% para-
formaldehyde (Syngene, Nanjing, China) at room
temperature for 30 min, then, the cell lines were
washed with 3 % BSA twice, 5 min each time,
and permeated with 1 mL osmotic agent (0.5 %
tritonx-100) to permeate the cytoplasm and nuclear
membrane. After 20 min of permeation, each cell
line was washed with 3% BSA twice for 5 min
each time to remove the osmotic agent. 0.5 ml of
the KeyFluor488 (Syngene, Nanjing, China) click-
it reaction mixture was added to each culture dish
and incubated at room temperature, for 30 min in
darkness. Click-it reaction mixture was discarded,
and the reaction mixture was rinsed with 3% BSA
twice, 5 min each time. The reaction liquid was re-
moved, add antifluorescence quenching agent and
observed with a fluorescence microscope (Thermo
Fisher Scientific, Waltham, MA, USA).

Transwell and Invasion Assay

Cell invasion was checked in a 24-well tran-
swell chamber (8 pum). First, we covered the
back of the upper chamber with Matrigel (10
ug/mL; BD Biosciences, Franklin Lakes, NJ,
USA) and coated 70 pL Matrigel (1 mg/mL)
on the surface. Breast cancer cells (5x10%) in
200 pl of FBS-free medium were inoculated
in the upper chamber, and 700 pL of complete
medium (containing 10% FBS) was added to
the bottom chamber. After incubating for 24
hours, cells entering the lower surface were
gently washed and fixed with methanol for 10
minutes, and then, stained with 0.1% crystal vi-

olet for 10 minutes. Five random areas were ob-
served from the membrane, and the number of
migrated cells was counted and photographed
under an inverted phase contrast microscope
(Olympus, Tokyo, Japan). The migratory and
invasive abilities were measured by counting
respectively the migratory and invading cells'®.

Luciferase Reporter Assay

PMIR-SNHGS8-3-UTR-WT, pMIR-SNHGS-
3’-UTR-Mut, as well as pMIR-ZBTB20-3’-UTR-
WT, pMIR-ZBTB20-3’-UTR-Mut Luciferase re-
porter plasmids, were constructed by Synthgene
Biotechnology (Nanjing, China). The sequences
that could be binding to miR-634 were partly
mutated and inserted into the reporter plasmid in
order to identify the binding specificity. The im-
plementation method refers to a previous study.
Briefly, MCF7 and ZR-75-30 cells were seeded
in 24 well plates until reaching 60% confluence.
Each well was co-transfected with luciferase re-
porter plasmids (0.5 pg) and RNA mimics (100
mol) using Lipofectamine 2000 (Thermo Fisher
Scientific, Waltham, MA, USA) according to the
manufacturer’s protocol. The Luciferase activity
was measured after 48 h of transfection, by using
the Dual-Luciferase Reporter Assay (Promega,
Madison, WI, China) according to the manufac-
turer’s instructions and normalized to Renilla
signals.

Overexpression Plasmid Construction

SNHGS and ZBTB20 knockdown were ac-
complished by transforming cells with shRNA.
SNHGS8, ZBTB20 and control shRNA were syn-
thesized by Synthgene (Nanjing, China). Con-
trol plasmid (pCMV6) and over expression plas-
mid (pCMV6-SNHGS8/ZBTB20) was purchased
from Synthgene (Nanjing, China). All cells were
transferred with them using Lipofectamine 2000
(Thermo Fisher Scientific, Waltham, MA, USA)
according to the manufacturer’s instruction. Total
protein was extracted after transfection for 24 h
and 48 h, respectively.

Statistical Analysis

All experiments were repeated three times and
the data are presented as the mean standard de-
viation using SPSS 18.0 (SPSS Inc., Chicago, IL,
USA). One-way ANOVA and post-hoc Dunnett’s
T3 test were performed in order to compare the
differences among and between groups, respec-
tively. p<0.05 was considered to indicate a statis-
tically significant result.
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Results

The Expression Level of SNHGS is
Upregulated both in Breast Cancer
Tissues and its Cell Lines

In order to evaluate the potential expression
of SNHGS in breast cancer, we first measured its
expression level in 16 pairs of breast cancer and
normal tissues via qRT-PCR. The data indicate
that the expression level of SNHGS is expressed
in tumor tissues at a higher level (Figure 1A).
On the other hand, we also detected the SNHGS
expression in breast cancer cell lines, including
MCEF7, Hs-578T, ZR-75-30 and HCC1937 cells,
and normal breast cell MCF-10A served as the
control. The qRT-PCR data indicated that SN-
HG8 expression was upregulated in all tumor cell
lines compared to MCF-10A cells, especially in
MCF-7 and ZR-75-30 cell lines (Figure 1B). All
these outcomes suggest that the upregulation of
SNHGS is correlated to the progression of breast
cancer.

Knockdown of SNHG8 Inhibited
Breast Cancer Cells Proliferation,
Invasion, Migration and
Promoted Apoptosis

In order to study the function of SNHGS in
breast cancer progression and its role in tumor
development, we transformed MCF-7 and ZR-75-
30 cell lines with SNHGS transient knockdown
shRNA (Figure 2A). The qRT-PCR data showed
that compared with the NC group, the expression
of SNHG8 in MCF-7 and ZR-75-30 cells was

significantly downregulated after transfection.
Then, we used EdU, CCK-8, scratch healing,
transit, and flow cytometry tests to evaluate tu-
mor cells proliferation, invasion, migration and
apoptosis, respectively. As shown in Figure 2B-C
and Figure 3A-B, compared with the NC group,
MCF-7/sh-SNHG8 and ZR-75-30/sh-SNHG8
cells” cytoactive and invasive abilities were sig-
nificantly inhibited. In addition, after transacting
with sh-SNHGS, tumor cell apoptosis significant-
ly increased.

Meanwhile, the expression level of apopto-
sis related proteins were evaluated via Western
blotting test. The data showed that Bax ex-
pression was downregulated in both cell lines,
but the expression level of Bcl-2 is opposite
(Figure 2D). Similarly, the expression levels
of MMP-2 and MMP-9 proteins related with
cells migration and invasion were detected
(Figure 3C). The data indicated that MMP-2
and MMP-9 expressions were downregulated
at the same time.

SNHGS8 is Directly Attached to MiR-634
in Breast Cancer Cells

As we all know, IncRNAs have many import-
ant functions in the body, and suppressing the
expression of RNA is one of them. Therefore,
we want to know whether SNHGS8 can bind to
miR-634 and inhibit miR-634 expression. By
searching StarBase (http:/starbase.sysu.edu.cn)
we found that miR-634 has a binding site for
SNHGS8 (Figure 4A-B). We first detected the
expression level of miR-634 in breast cancer
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Figure 1. The expression level of IncRNA SNHGS is upregulated in breast cancer tissues and cell lines. A, The expression
level of IncRNA SNHGS in tumor and para-carcinoma tissues. B, The expression level of IncRNA SNHGS in normal breast
cells and breast cancer cell lines. Asterisks indicate significant differences from the control (*p < 0.05; **p < 0.01; ***p <

0.001, Student’s t-test, compared to NC group).
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Figure 2. Knockdown of LncRNA SNHGS inhibited proliferation in breast cancer cells. A, The expression level of
IncRNA SNHGS8 was monitored after transfection with IncRNA SNHGS8 mimic by exploring qRT-PCR in MCF-7 and
ZR-75-30 cells. B, EAU assay was used to detecte the cells’ proliferation between NC and SNHG8 groups in breast
cancer cells. C, Apoptosis of breast cancer cells after transfected with IncRNA SNHGS8 (flow cytometry) (x 200). D,
The expression level of apoptosis related proteins were detected (Western blot) in breast cancers cells between NC
and SNHGS8 groups. Asterisks indicate significant differences from the control (*p < 0.05; **p < 0.01; ***p < 0.001,

Student’s ¢-test, compared to NC group).

and normal tissues, the date indicates that the
expression of miR-634 in tumor tissues is down-
regulated compared to normal tissues (Figure
4C) and in all breast cancer cell lines, the same
results are shown in the system (Figure 4D-E).
Luciferase reporter gene detection showed that
miR-634 inhibited the Luciferase activity of the
WT SNHGS8 mimic, but it did not inhibit the
MUT mimic, indicating that SNHGS can at-

tach to the miR-634 binding site and inhibit the
miR-634 expression. These results demostrate
that SNHGS8 can directly bind to miR-634, and
inhibit miR-634 expression.

Overexpression MiR-634 Suppressed Cell
Invasion and Migration in Breast Cancer

In order to investigate the function of miR-
634 in breast cancer progression, we transacted
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Figure 3. Downregulating the repression level of LncRNA SNHGS inhibited the migration and invasion in breast cancer
cells. A, Cells capacity of migration (scratch test) (x 200). B, The ability of migration and invasion in breast cancer cells
were detected by transwell test (x 200). C, The expression level of migration related proteins were test via Western blot.
Asterisks indicate significant differences from the control (*p < 0.05; **p < 0.01; ***p < 0.001, Student’s #-test, compared

to NC group).

NC-mimics and miR-634 mimics in breast can-
cer cell lines (MCF9 and ZR-75-30). As shown
in Figure 5A-B, compared with the NC mimic
group, the expression of miR-634 in cancer
cells was significantly upregulated, but the
cell viability was downregulated. After that,
we used EdU, transit and flow cytometry tests
to assess tumor cells proliferation, migration,
apoptosis, and invasion. As shown in Figure
5C-E, cells abilities in proliferation, invasion
and migration were significantly suppressed
after transacted with miR-634 mimics. On the
other hand, MCF7/miR-634 mimics and ZR-
75-30/miR-634 mimics groups cells apoptosis
significantly increased.
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SNHG8 Promoted Proliferation and
Invasion of Breast Cancer Cells by
Targeting the miR-634/ZBTB20 Pathway
The abnormal expression of miR-634 and
ZBTB20 were found responsible for many tu-
mors, such as gastric tumor and liver cancer. In
our research, we found that the expression level
of ZBTB20 was upregulated in breast cancer
cell lines, but decreased after overexpressing
miR-634 (Figure 6C-E). As mentioned in the
previous paragraphs, we also found that miR-634
has a binding site for ZBTB20 (Figure 6A-B).
As shown in Figure 7A, MCF7/sh-SNHGS cells
viability increased after transacted with miR-
634 mimics and silenced ZBTB20 can offset the
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compared to NC group).

effects. EAU, transit and flow cytometry tests’ re-
sults (Figure 7B-D) showed the same conclusion
that SNHGS promoted proliferation and invasion
of breast cancer cells by targeting the miR-634/
ZBTB20 pathway.

Discussion

Besides skin cancer, breast cancer is the most
common cancer in women worldwide. Over the
past few decades, studies!® have shown that a
large amount of IncRNA is abnormally expressed in
breast cancer. Therefore, elucidating the role of In-
cRNA in breast cancer progression is important for
the diagnosis and clinical treatment of breast cancer.

In this study, we first detected the expression
level of IncRNA SNHGS8 in breast cancer tis-
sues and a group of breast cancer cell lines. In
addition, the effects of SNHGS inhibition on the
malignant biological characteristics of breast can-
cer cell lines, including cell viability, migration,
invasion and apoptosis, were also examined. Our
research indicates that the downregulation of
SNHGS expression inhibits the proliferation and
invasion of breast cancer cells, suggesting that

SNHGS has a role in promoting tumor growth in
breast cancer.

In cancer research, IncRNA SNHGs can re-
verse the effects induced by miRNAs in tumor
progression®*?? and it has been observed that
UCAL is implicated in tumor progression by
sponging different miRNAs such as miR-26a/b,
miR-193a and miR-214 in gastric cancer®. At
present, the expression level of miR-634 has
been clearly showed downregulated in many
tumors’ tissues?*?*. Upregulating the expres-
sion level of miR-634 effectively decreased the
invasion and proliferation activities of tumor
CeHS24’26’27.

In this research, we found that SNHGS is a
target gene of miR-634. In addition, the expres-
sion of miR-634 in breast cancer tissues and cell
lines was downregulated and negatively correlat-
ed with the expression of SNHGS. Luciferase
reporter assays revealed that miR-634 can bind to
the 3-UTR of SNHGS8 and decrease its Lucifer-
ase activity of MCF-7/SNHG8WT and ZR-75-30/
SNHG8WT cell lines. On the other hand, we ob-
served that miR-634 overexpression can inhibited
the viability and invasion in breast cancer cell
lines. These results indicate that SNHGS acts as a
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test (x 200). Asterisks indicate significant differences from the control (

compared to NC group).

sponge for miR-634 to promote breast cancer cell
viability and invasion.

MiR-634 has been proved to be a new tumor
suppressor, which plays an important role in in-
ducing tumor cells apoptosis, especially in liver
cancer and hypophysoma*-°. In nasopharyngeal
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*p < 0.05; **p < 0.01; ***p < 0.001, Student’s ¢-test,

carcinoma, it upregulates cell proliferation by
targeting p-MEK and p-ERK?". It is worth noting
that ZBTB20 was predicted to be a target gene of
miR-634 by bioinformatics. In the current study,
we discovered that miR-634 was downregulated
in breast cancer tissues and cell lines, and had a
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negative correlation with ZBTB20 expression but and invasion, but upregulated ZBTB20 expres-

a positive correlation with SNHG8 expression. sion, while the miR-634 mimic can inhibited
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between NC, miR-634 inhibitors and miR-634 inhibitors+sh-ZBTB20 groups in MCF/sh-SNGHS cells. B, EdU assay was
applied to explore difference in cells proliferation between NC, miR-634 inhibitors and miR-634 inhibitors+sh-ZBTB20
groups in MCF/sh-SNGHS cells (x 200). C-E, The apoptosis, migration and invasion ability of MCF7/sh-SNGHS cells were
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sion in breast cancer cell lines. These results sug-
gest that SNHGS8 may act as a sponge for miR-
634, resulting in increased expression of ZBTB20
and promoting breast cancer progression.

Conclusions

Our research demonstrated that the expres-
sion level of SNHGS is upregulated in breast
cancer tissues, as well as cell lines. Moreover,
the knockdown of SNHGS8 expression inhibits
breast cancer cell proliferation and invasion. In
addition, we found that miRNA-634 is downreg-
ulated in breast cancer tissues, while upregulat-
ed expression of miR-634 inhibits breast cancer
cell progression induced by SNHGS. Further
investigation revealed that SNHGS promotes the
proliferation and invasion of breast cancer cells
by targeting the miR-634/ZBTB20 axis. Due to
the limitation of the study, we failed to clarify the
specific relationship between SNHGS expression
and breast cancer TNM stage and distant metas-
tasis. Related capacity is worthy of further study
in the future.
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