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Long noncoding RNA LINCO00511 promotes cell
growth and invasion in triple-negative breast
cancer by interacting with Snail
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Plain language summary

Our study aimed to examine the biological role and the underlying mechanism of
LINCO00511 in TNBC. We demonstrated that LINC00511 expression levels were elevated
in TNBC tissues compared to those in the controls. The inhibition of LINC00511 decreased
TNBC cell growth and invasion compared to those of the controls. In addition, the down-
regulation of LINC00511 reversed the epithelial-mesenchymal transition (EMT) phenotype.
Mechanistically, LINC00511 maintained the stability of Snail by impeding its ubiquitination
and degradation via the BTRC E3 ubiquitin protein. We propose that the LINC00511/Snail
axis may be a useful molecular target for the treatment of TNBC.

Introduction

Breast cancer, with its high incidence rate over the past decades, is the most
common type of cancer and the second most frequent cause of cancer-related
mortality among women.' During the earliest stages of tumor development, breast
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cancer cells usually enter the circulation, therefore result-
ing in the formation of metastatic lesions, which are
of the
breast

cancer-related
(TNBC),
a subtype of breast cancer, does not grow in response to

responsible for ~90% breast

mortality.”®  Triple-negative cancer
the hormones estrogen, progesterone, or HER2/neu.’
TNBC characteristically has a higher grade than that of
other breast cancer subtypes and tends to metastasize. The
five-year survival rate for TNBC is approximately 77% vs
the rate of 93% that is observed for other breast cancer
types.” The molecular mechanisms of tumorigenesis in
TNBC are still not fully understood. Therefore, it is an
urgent need to elucidate the molecular mechanisms under-
lying breast cancer processes.

Long noncoding RNAs (IncRNAs), a class of noncoding
RNAs that are over 200 nucleotides in length, play
a significant role in a series of biological processes.’
Recently, studies have reported that the dysregulation of
IncRNAs is involved in several pathological states, including
cancer.” LncRNAs exert their function by affecting chromatin
remodeling and transcriptional and posttranscriptional
regulation.

Snail is a key regulator of the epithelial-mesenchymal
transition (EMT) of tumor cells. Mechanistically, Snail
repress the transcription of the cell adhesion molecu
E-cadherin and ultimately contributes to
phenotype.® The elevated expression of
observed in a series of cancers, including

de sample collection
icll line was obtained from the Institute of
Chemistry and Cel
Sciences (Shanghai, China). These cells were cultured in
DMEM supplemented with 10% fetal bovine serum.

The TNBC patient samples were collected from the Third
Affiliated Hospital of Sun Yat-sen University. This experi-

Biology of the Chinese Academy of

ment was approved by the Institutional Research Ethics
Committee of Sun Yat-sen University. All patients provided
written informed consent, and this experiment was conducted
in accordance with the Declaration of Helsinki.

RT-PCR analysis

Total RNA was isolated from cells using Trizol reagent
(Invitrogen). The first chain cDNA was synthesized using
HiScript II Q-RT SuperMix for qPCR (+gDNA wiper,
Vanzym, China). RT-PCR analyses were performed on
a LightCycler 96 detection system (Roche) according to
the manufacturer’s instructions. All mRNA expression
levels were normalized to the GAPDH signal.

Production of lentivirus and cell infection

sized by Ruibo Co.
A nontargeting scramble,

NA. After 72 hrs, puromycin (10 pg/
lect the puromycin-resistant clones.

ormation and MTT assay

colony formation assays, 200 cells were
eeded in six-well culture plates and cultured for two
eks. After that, we washed the cells three times with
PBS
Subsequently, the number of colonies containing >50

and stained them with Giemsa solution.
cells was counted under a microscope. The plate clone
formation efficiency was evaluated by using the formula:
=(number of colonies/number of cells inoculated)>100%.

An MTT assay was carried out as previously described."’
Briefly, cells were seeded into a 96-well plate and were
allowed to grow for 24 hrs. Then, the media were aspirated,
and MTT solution was added into each well. After incubation
for 30 mins, 150 pL DMSO was added into each well. Finally,

the absorbance was read at OD=590 nm.

Cell invasion ability assay

The cell invasion ability was examined with a Boyden
assay. The cells were seeded into the upper chambers of
the plate (Millipore), which were coated with 150 ug
Matrigel (BD Biosciences, Boston, MA, USA). Under
the upper chambers, the lower chambers were filled with
500 uL. DMEM supplemented with 10% FBS. After incu-
bation for 12 hrs, the cells adhering to the lower surface
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were fixed with methanol, stained with Giemsa solution
and counted.

Flow cytometry assay

To carry out the cell-cycle assay, TNBC cells were
harvested after 36 hrs incubation and then washed with
PBS. Subsequently, cells were fixed with 70% ice-cold
ethanol at 4°C overnight, followed by incubation with
propidium iodide and RNase A for 15 mins at 37°C.
After washed with cold PBS three times, FACS caliber
flow cytometry (BD Biosciences) was used to gain the
DNA content of labeled cells.

Western blot assay
Total proteins were extracted from cells with RIPA buffer
(Beyotime, China) and were then separated on SDS-PAGE
gels, followed by transfer to polyvinylidene fluoride
(PVDF) membranes. We blocked the membranes with 3%
BSA/TBST and incubated them with primary antibodies at
4°C overnight. We then rinsed the PVDF membranes three
times for 5 mins each with TBST and incubated the mem-
branes in HRP-conjugated secondary antibodies for 1 hr at
room temperature. We detected the levels of total protein
with enhanced chemiluminescence reagents.

RNA pull-down assay

Biotinylated RNA was synthesized in viggPwie
polymerase and then purified on Gz & s

RNA immunoprecipitation (RIP) assay

Cells were grown in a 10 cm plate and were lysed in
0.5 mL RIP buffer (25 mM Tris pH 7.4, 150 mM KClI,
0.5 mM DTT, and 0.5% NP-40) containing 100 U/mL
RNase inhibitor and protease inhibitors and were centri-

fuged at 12,000 rpm for 10 mins. The supernatants were
incubated separately with anti-Flag, anti-Slug, anti-mouse
IgG, or anti-rabbit IgG antibodies at 4°C for 2 hrs with

gentle rotation. Forty microliters of protein A/G beads
were added and incubated at 4°C for 1 hr. Beads were
washed three times with RIP buffer and then once with
PBS. RNA was extracted using Trizol, and RT-PCR was
performed to analyze the samples.

Tumor xenograft experiments

Female BALB/c nude mice (five-weeks-old) were fed
under standard conditions and cared for according to the
institutional guidelines for animal care. The animal experi-

ments were approved by the Instjg ol Animal Care and

tissues and was associated with

orse prognosis
First, we used the TCGA database to examine the different
IncRNAs in TNBC and normal breast tissues. A total of
1,030 IncRNAs were upregulated, while 369 IncRNAs were
downregulated, in TNBC tissues when compared with those
in normal breast tissues (fold change>2, Figure S1A and B).
Among the elevated IncRNAs, LINC00511 was the most
significantly different between the two tissues. Thus, we
chose LINCO00511 for further study.

Next, we analyzed the expression level of LINC00511
in a cohort of 87 TNBC patients. We found that the
expression level of LINCO00511 was upregulated in
TNBC tissues compared with that in adjacent tissues
(Figure 1A). In addition, we found that LINC00511 tended
to be elevated in advanced-stage TNBC compared with
that in early-stage TNBC patient samples (Figure 1B).

Subsequently, we examined whether LINC00511 was
a noncoding RNA. Indeed, LINC00511 did not have cod-
ing capability, as revealed by an online bioinformatics
analysis (http://cpc.cbi.pku.edu.cn/programs/run_cpc.jsp).
An in vitro translation assay further confirmed that
LINCO00511 did not have coding capability (Figure S1C).

In addition, we explored the association between
LINCO00511 and the

expression clinicopathological
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Downregulation of LINCO0051 | inhibited
MDA-MB-231 cell growth and invasion

These data suggested that a high expression level of
LINCO00511 was associated with tumor size and lymph node
metastasis; thus, we examined whether LINC00511 affected
TNBC cell growth and invasion. The MDA-MB-231 cell line
was used to explore the biological role of LINC00511. First,
we established MDA-MB-231 cells in which LINC00511 was
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sociated with a worse prognosis. (A) The expression level of LINC0O05! | was
n levels of LINC00511 are shown in early-stage and advanced-stage TNBC tissue
511 expression had a higher disease-free survival rate than those with higher
overall survival than those with lower levels of LINC0O051 |. *p<0.05.

stably knocked down (sh-LINC00511) (Figure 2A). An MTT
assay revealed that LINC00511 downregulation decreased cell
viability (Figure 2B) compared to that of the controls. A colony
formation assay demonstrated that sh-LINC00511 cells
formed smaller and fewer colonies than those formed by sh-
ctrl cells (Figure 2C). We subsequently asked whether
LINCO00511 affected the cell cycle distribution. Flow cytome-
try analysis demonstrated that MDA-MB-231 cells presented
a significantly higher percentage of cells in the G1 phase and
a lower percentage of cells in the S phase in the sh-LINC00511
group compared with those in the sh-ctrl group (Figure 2D).
The G1/S cell cycle checkpoint proteins (eg, cyclin D1, CDK4,
and CDK6) were downregulated in sh-LINC00511 cells com-
pared to those in the controls, as revealed by a Western blot
assay (Figure 2E). We speculated that LINC00511 accelerated
the cell cycle transition from the G1 phase to the S phase and
thus promoted MDA-MB-231 cell growth.

Subsequently, we examined whether LINCO00511
affected the MDA-MB-231 cell invasion ability. A Boyden
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Table | Correlation between LINCO0511 expression and the
clinicopathological profiles

assay revealed that LINC00511 downregulation dech
the cell invasion ability compared to that of the co
(Figure 2F). It is well known that the E
tributes to cell invasion,'? and we th
LINCO00511 downregulation affec

>

e sh-ctrl ~*- sh-LINC00511

3 sh-ctrl

=N
»n o

o

ive expression of LINC00511

CDK4
CyclinD1

CDKG6

Cell cycle distributi

G2/M

GAPDH

LINCO00511 downregulation increased E-cadherin expres-
sion and decreased N-cadherin and vimentin expression

LINCO0511 | Clinicopathological n | P-value | compared to those of the controls (Figure 2G).
expression | profiles Taken together, these data revealed that the knockdown of
High | Low | Age LINCO00511 decreased MDA-MB-231 cell growth and
invasion.
25 21 <60 46 | 0.456
19 22 260 41
: LINCOOS51 | stabilized Snail by impeding
Smoking
Snail ubiquitination
10 14 Yes 24 | 0.305 . . . .
34 29 No 63 To explore the molecular mechanisms underlying the biologi-
protein expres-
Tumor size Slug, ZEBI,
33 16 TI-2 49 | 0.000 sh-ctrl cells.
I 27 T34 38 decreased the
Lymphatic invasion Snail protein expr compared to that
in the controls ownregulation did not
29 17 Negative 46 | 0.014
5 2% Positive s affect the level (data not shown).
Snail is , stability of Snail is regulated
Distant metastasis 3 ligases."® To determine whether the
12 24 Yes 36 | 0.007 ects Snail stability in association with
32 19 No 51 diated degradation, we treated cells with the

ibitor MG132 to prevent Snail degradation.
those of the controls, in the presence of both
132 and the IncRNA LINCO00511, the Snail protein levels
inct®sed (Figure 3B), whereas these levels were significantly
decreased following the IncRNA LINC00511 knockdown by
siRNA in the absence of MG132 (Figure 3C). However, the
addition of MG132 to LINCO00511-depleted cells prevented
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Figure 2 Downregulation of LINC0051 | inhibited MDA-MB-231 cell growth and invasion. (A) The transduction efficiency was validated by an RT-PCR assay. (B) An MTT
assay revealed that LINC0051 | downregulation decreased cell viability compared to that of the controls. (C) A colony formation assay demonstrated that sh-LINC0051 |
cells formed smaller and fewer colonies than those formed by sh-ctrl cells. (D) Flow cytometry analysis demonstrated that MDA-MB-231 cells presented a significantly
higher percentage of cells in the G| phase and a lower percentage of cells in the S phase in the sh-LINCO0051 | group than in the sh-ctrl group. (E) Western blot assays
showed altered protein levels. (F) A Boyden assay revealed that LINC0051 1 downregulation decreased cell invasion ability compared to that in the controls. (G) Western
blot assays indicated that LINC00511 downregulation increased E-cadherin expression and decreased N-cadherin and Vimentin expression compared to those of the
controls. *p<0.05.
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Figure 3 LINCO0051 | stabilizes Snail by impeding Snail ubiquitination. (A) LINCO005| | downregulation decreased the Snail protein expression | aopared to that of the
control. (B) Snail protein levels increased in the presence of both MG132 and IncRNA LINCO0051 | compared to those in the controls. (
following IncRNA LINCO0051 | knockdown by siRNA in the absence of MG 132 compared to those of the controls. (D) LINC0051 | dow
Snail compared to that of the controls. (E) LINCO05| | overexpression extended Snail half-life compared to that of the controls. (F) W8

could be detected through its LINC0051 | interaction. (G) RIP assays indicated that BTRC is a LINC005 | | -associated protein.

the degradation of endogenous Snail compared to that of the Subsequently, we n the eXpression of the
controls (Figure 3C). These results suggested that LINC00511  BTRC E3 ubiquijg i A-MB-231 cells,
is involved in the maintenance of Snail stability in a manner  resulting in i i levels (Figure S1E).
that is related to proteasomal degradation. Moreover, Consistent BTRC overexpression
LINCO00511 knockdown shortened the half-life (Figure 3D),  decre il protei els in MDA-MB-231 cells com-
whereas LINC00511 overexpression extended the Snail half-  parglfto those in the coltrols. Furthermore, LINC00511
i ued BTRC-induced Snail degradation
rtantly, Snail ubiquitination was signifi-

life, compared to that in the controls (Figure 3E). ov

To investigate the mechanisms associated with the (Fig
LINCO00511-mediated inhibition of Snail ubiquitination an
identify the factors targeting Snail ubiquitination, we perform

(Figure S1G), whereas the knockdown of endo-
NCO00511 in MDA-MB-231 cells increased the
evels of endogenous Snail ubiquitination compared to
ose of the controls (Figure S1H). These results indicated
that LINC00511 blocks BTRC-mediated Snail ubiquitina-
tion by inhibiting the interaction between BTRC and Snail,
thereby preventing Snail proteasomal degradation.

Inhibition of LINCOO051 | decreased cell

proliferation in vivo

We further examined whether the inhibition of LINC00511
decreased cell proliferation in vivo. sh-LINC00511 or sh-
detected amonSgiagdProtei at interacted with LINC00511 but  ctrl cells were inoculated into the back of the nude mice.
not among the p
LINCO00511 or with tbeads alone (Figure 3F). Furthermore,  the sh-LINC00511 cell-derived xenograft tumors grew
to verify the interaction between LINC00511 and BTRC, we  more slowly (Figure 4A). In addition, the mean weight
performed RIP assays for the RNA-protein complexes using  of the sh-LINC00511 cell-derived xenograft tumors was
BTRC-directed antibodies. Based on the gRT-PCR analysis, lower than the sh-ctrl cell-derived xenograft tumors
compared with the IgG or the anti-BTRC controls, the BTRC-  (Figure 4B). Interestingly, a Ki-67 staining assay also

ins associated with either the antisense =~ Compared with the sh-ctrl cell-derived xenograft tumors,

bound complexes showed a significant enrichment of revealed that sh-LINCO00511 cells had a lower proliferation
LINCO00511. No enrichment of LINC00511 was detected in  index than sh-ctrl cells (Figure 4C). Taken together, these
the IgG complexes (Figure 3G). In summary, the data indicated ~ results suggested that the inhibition of LINCO00511
that BTRC is a LINC00511-associated protein. decreased cell proliferation in vivo.
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Figure 4 Inhibition of LINC0051 | decreased cell growth in vivo. (A) Compared with the sh-ctrl cell-derived xenograft tumors, the sh-LINCO05I | cell-derived xenograft
tumors grew more slowly. (B) The mean weight of the sh-LINC0051 | cell-derived xenograft tumors was lower than that of the sh-ctrl cell-derived xenograft tumors. (C)
A Ki-67 staining assay also revealed that sh-LINC0051 1 cells had a lower proliferation index than that of sh-ctrl cells. *p<0.05.

Discussion
Recently, IncRNAs have been reported to influence breast
tumorigenesis and progression via different mechanisms,
such as regulating gene transcription, splicing, and binding
to specific proteins. LncRNAs play a regulatory role in the
coordination of protein molecules, so the identification of the
specific protein targets of IncRNAs has become the main
strategy for elucidating the IncRNA functions and mechan-
isms of action. In the present study, we performed a series of
confirmatory experiments to demonstrate that LINC00511 is
a IncRNA that associates with the Snail protein.

EMT is governed by a cohort of transcription factors,
including members of the Snail, Zeb, and Twist familieg, The

tion. Using RING@pull-down and RIP assays, we showed that
LINCO00511 interacted with the BTRC protein. BTRC encodes
the BTrCP protein, a member of the F-box protein family and
a key component of the SCF (Skp1-Cullin1-F-box)-type ubi-
quitin ligase E3.'"* BTRC was also demonstrated to be an
important factor in the process of EMT because of the fTrCP-
mediated ubiquitination of Snail in cancer, in which the inhibi-
tion of BTrCP resulted in the upregulation of Snail, which
could induce EMT."> We identified a novel mechanism

associated with the regulation of S ility by demonstrat-

ents, which
ogene during

our data revealed that the inhibition of
creased TNBC cell growth and invasion

those of the controls. Mechanistically,
1 maintained Snail stability by impeding its
ptination and degradation via the BTRC E3 ubiqui-
tin protein. We propose that the LINC00511/Snail axis
may be a useful molecular target for the treatment of
TNBC.
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ells were transfected with the indicated vectors and treated with MG132 for 6 hrs. Then, cell lysates were
body (H). The precipitates and inputs were analyzed by immunoblotting.

Cancer Management and Research Dove

Publish your work in this journal

Cancer Management and Research is an international, peer-reviewed  The manuscript management system is completely online and includes
open access journal focusing on cancer research and the optimal use of  a very quick and fair peer-review system, which is all easy to use.
preventative and integrated treatment interventions to achieve improved  Visit http://www.dovepress.com/testimonials.php to read real quotes
outcomes, enhanced survival and quality of life for the cancer patient. ~ from published authors.

Submit your manuscript here: https://www.dovepress.com/cancer-management-and-research-journal

Cancer Management and Research 2019:1 | submit your manuscript 5699
Dove


http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

