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LncRNA BCAR4, targeting to miR-665/STAT3 -

signaling, maintains cancer stem cells stemness
and promotes tumorigenicity in colorectal
cancer
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Abstract

Background: Breast cancer anti-estrogen resistance 4 (BCAR4) is closely associated with colorectal cancer (CRC)
initiation and propagation. However, the mechanisms underlying BCAR4 function in colon cancer remains largely
unknown. In this study, we hypothesized that BCAR4 could regulate colon cancer stem/initiating cells (CSC) function
and further facilitates the colon cancer progression.

Methods: gRT-PCR was used to examine the expression of BCAR4 and various CSC markers. FACS, acetaldehyde
dehydrogenase (ALDH) activity and western blot assays were applicable to test the expression of CSC markers. CCKS,
tumorsphere formation and transwell assays were adopted to examine the capacity of CRC cells proliferation, self-
renewal and migration. Pull down assay was used to test the interaction between BCAR4 and miR-665. Luciferase
reporter assay was used to examine the interaction of miR-665 and activators of transcription (STAT3). In vivo tumor
xenograft study was used to verify the malignancy of CRC cells with inhibition of BCARA4.

Results: Breast cancer anti-estrogen resistance 4 was highly expressed in both CRC cells and stem/initiating cells. In
addition, overexpression of BCAR4 facilitated the maintenance of ALDH positive cells (a type of cancer stem/initiating
cells) stemness and promoted ALDH+ cells proliferation and migration. Inhibition of BCAR4 restricted ALDH+ cells
proliferation and migration. We further proved that miR-665 was the target of BCAR4 and subsequently activated
signal transducers and STAT3 signaling which is an important pathway in cancer stem cells self-renewal.

Conclusions: Breast cancer anti-estrogen resistance 4 promotes the CRC cells stemness through targeting to miR-
665/STAT3 signaling and identification of the BCAR4 in CRC stem cells provides a new insight into CRC diagnosis,
treatment, prognosis and next-step translational investigations.
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Background

Colorectal cancer (CRC), is commonly originated from
normal colon epithelial cell. Unwholesome lifestyle and
little hereditary mutations are the major risk factors of
CRC [1, 2]. More than 1 million people worldwide suf-
fered from threaten of CRC every year [3]. Cytoreductive
surgery plus chemotherapy or radiotherapy, as the tradi-
tional therapeutic regimens, is widely applicable in CRC
treatment [4]. In addition, immunotherapy, as a preci-
sion treatment, provided novel insights in CRC cure [5].
Non-specific immunoregulators, such as Bacillus Cal-
mette—Guérin (BCG) and levamisole were initially used
in CRC treatments [6]. Subsequently, passive (antibodies
or immune cells) and active (vaccination) specific immu-
notherapy was applicable for CRC and showed limited
efficiency [7]. Unfortunately, the mortality of CRC is still
increased. Due to high rate of recurrence and high heter-
ogeneity of colorectal cancer, many investigators focus on
the cancer stem cells (CSCs) which possess the capacity
of self-renewal and differentiation [8]. There were many
markers of CSC depended on the cancer types. For exam-
ple, in colon cancer, cell surface markers such as CD133,
CD44, ALDH and ATP-binding cassette sub-family B
member 5 (ABCB5) were reported to be a identification
of CSCs (21). Unlike the bulk of adult stem cells, CSCs
are considered to initiate tumor growth and cause the
recurrence of cancer after chemotherapy and/or radia-
tion therapy [9].

Besides, non-coding RNAs, for example long non-
coding RNAs (IncRNAs) have been demonstrated to be
closely associated with CRC and drawn the most atten-
tion until now [10]. LncRNA, contains more than 200
nucleotides, is defined as a transcript which can not
translated into proteins [11]. Generally, IncRNA could
regulate the cells function as a signaling mediator, decoy
molecule, guide and scaffold protein. Especially, IncRNA
could interact with miRNA, which is a class of small non-
coding RNA and closely associated with various cancer
types [12], and further block its downstream signaling
pathways. Owing to their versatile capacity and disease-
restricted expression, IncRNAs have been proposed to be
an attractive biomarker and therapeutic target in cancers
[13]. For example, Wang and colleagues characterized
the epigenetic landscape of IncRNAs across 6457 tumors
and 455 cancer cell lines. They found epigenetically-
induced IncRNA1 (EPIC1) was associated with luminal
B breast cancer prognosis and promoted tumor growth
through regulating MYC which is a proto-oncogene [14].
In addition, Hosono et al. [15] identified a novel IncRNA,
THOR, and proved that THOR functioned as an onco-
gene and promoted tumor progression via interacting
with insulin-like growth factor 2 mRNA-binding protein
1 (IGF2BP1). More advanced studies revealed that long
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non-coding RNA breast cancer anti-estrogen resistance
4 (BCAR4) facilitated colon cancer progression through
activating wnt/p-catenin pathway. However, whether and
how BCAR4 is implicated in colorectal CSCs remains
largely unknown [16, 17].

In this study, we found that BCAR4 was highly
expressed in the colorectal cancer tissues. Also, several
colon cell lines and especially ALDH+ CSCs showed
higher expression of BCAR4. Consequently, colorectal
cancer cells (HCT116 and HCT8) with BCAR4 over-
expression or inhibition were established to examine
its function. Results showed BCAR4 maintained the
stemness of CSCs and promoted cancer cells proliferation
and migration. Further, miR-665 was demonstrated to be
the target of BCAR4 and subsequently activated STAT3
signaling which is an important pathway in cancer stem
cells self-renewal. Overall, identification of the BCAR4 in
CSCs could be a novel diagnostic marker for CRC as well
as provided a new insight into CRC treatment, prognosis
and next-step translational investigations.

Materials and methods

Patients and tumor samples

Tumor tissues and its adjacent normal tissues derived
from 30 colorectal cancer patients at advanced stage were
collected for BCAR4 examination. These samples were
collected and stored at —80 °C. We claimed that these
patients received no radiotherapy before surgery.

Cell culture

Human intestinal cancer cells, HCT116,HCT8 and
SW480, were purchased from the Bena culture collection
Co., Ltd (Jiangsu, China); the normal human colon epi-
thelial cells, CCD 841 CoN, were purchased from Thermo
Technology (USA). Cells were cultured according to the
manufacturer’s instructions. Briefly, we cultured these
cells with Dulbecco’s modified Eagle’s medium (DMEM).
Additionally, 10% FBS and 1% penicillin/streptomycin
should be added (Gibco, Rockville, MD, USA) for three
cell lines culture. Normal colon epithelial cells were also
grown in DMEM. And 15% FBS, 4 mM L-glutamine and
1% penicillin/streptomycin is necessary for these cells
growth. Cell incubator, with a humidified atmosphere
containing 5% CO.,, is applicable for all cells culture.

RNA extraction and real-time PCR analysis

The mirVana miRNA kit (Takara, Dalian, China) is appli-
cable to extract total RNA from tumor or normal tissue
samples and cultured cells following the manufacturer’s
instructions. Of note, internal control that we used is
U6 small RNA. For the detection of BCAR4 and other
CSCs markers expression, PrimeScript RT reagent kit
(Takara, Dalian, China) was applicable for synthesizing
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the first-strand cDNA. The expression of BCAR4 and
CSCs markers were quantified by Real-time PCR Mix-
ture assays (Takara). GAPDH was used as the internal
control. The primers of BCAR4 were following: Forward,
5"\ ACAGCAGCTTGTTGCTCATCT-3,and
Reverse, > TTGCCTTGGGGACAGTTCA
C-3'; CD133 primers was forward: 5- T TCTA TG C
TGTGTCCTGGGGC-3and Reverse, 5-TTGT
TGGTGCAAGCTCTTCAAGGT-3.SOX2
primers was Forward: - AGCCCCAAGATGCA
CAACTC-3, and Reverse, 5’-CTCCGGGAAGC
GTGTACTTA-3. ALDH forward 5-TGGCTGA
TTTAATCGAAAGAGAT-3,and Reverse, 5'-T
CCACCATTCATTGACTCCA-3.

Aldefluor assay

Aldefluor assay was performed according to the manufac-
turer’s instructions (Aldagen, UK). Briefly, we label one
TEST and one CONTROL tube for each sample. Lysed
the cells and add activated ALDEFLUOR reagent into
lysed cell suspension. Add 5 pl DEAB into control tube
and then transferred into TEST tube. Mix and immedi-
ately transfer 0.5 ml the mixture to the CONTROL tube.
Incubate at 37 °C and centrifuge. Then remove superna-
tant and resuspend in assay buffer. Finally, flow cytom-
eter was used to acquire data.

Plasmid construction

The plasmids including pBABE-puro-BCAR4 and
pLKO.1-BCAR4 were constructed according to manufac-
turer’s instructions (sigma, USA). In brief, PCR was appli-
cable to amplify the CDS region of BCAR4 gene and then
construct and amplify the pBABE-puro-BCAR4 plasmid
(Sigma, USA) in 293T cells. In addition, sShBCAR4 was
designed to construct pLKO.1-BCAR4 plasmid (Sigma,
USA) in 293T cells.

Cell transfection

Several plasmids, including pBABE-puro-BCAR4 and
its corresponding negative control (pBABE-puro-NC),
pLKO.1-BCAR4 and its control (pLKO.1-NC) were pre-
pared to transfected into CRC cells. Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA), a common transfection
reagent, was performed to efficiently transfect pBABE-
puro-BCAR4 or pLKO.1-BCAR4 in CRC cells according
to the manufacturer’s instructions.

CCKS8 assay

We assessed Cell viability through Cell Counting Kit-8
assay (CCK-8) according to the manufacturer’s proto-
col (Dojindo; Tokyo, Japan). 2 x 10® Cells were seeded in
96-well plates and incubated at 37 °C for 24 h, 48 h or
72 h in a humidified chamber containing 5% CO2. Then,
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we added the CCK-8 solution (10 pl) into each well, and
the plates were incubated for 1 h at 37 °C. The absorbance
of cells at 450 nm (OD450) was measured in a microplate
reader (Bio-Rad, USA).

Tumorsphere formation assay

Tumorsphere formation assay was performed following
the manufacturer’s instructions (R&D, USA). In brief,
after transfection, we seeded 200 cells in tumorsphere
medium into a 96-well plate. Next step, seal the upper
and lower edges of the 96-well plate. After 1-week incu-
bation, tumorsphere numbers were counted under a
phase-contrast microscope.

ALDH activity assay

ALDH Activity Assay Kit (Abcam, ab155893) was appli-
cable to test ALDH activity of CRC cells with BCAR4
over-expression or inhibition. Briefly, Add NADH stand-
ard into a 96 well plate and adjust the volume to 50 pl/
well with ALDH Assay Buffer. Then mix the cells and
ALDH assay buffer for removing nuclei and insoluble
material. Finally, incubate for 20-60 min at room tem-
perature and measure at OD450 nm.

Transwell migration assay

The capacity of CRC cells migration was determined by
Transwell assay (Thermo, USA), In brief, we plated can-
cer cells on the upper layer of a cell culture insert with
permeable membrane. Test agent is placed below the cell
permeable membrane. Then we incubated the cells for
3-18 h and counted the cells.

Pull down assay

Colorectal cancer cells (HCT-116 and HCT-8) were lysed
with RIPA lysis buffer (Thermo, USA). Then, we added
the biotin-label miR-665 magnetic beads for incuba-
tion at 4 °C overnight. The bound RNAs were purified
using TRIzol reagent (Invitrogen) for further RT—-qPCR
analysis.

Luciferase reporter assay

The human STAT3 3/-UTR consist of miR-665 bind-
ing site and a mutant variant were amplified by PCR
and then plasmids including STAT3-Wt-3’-UTR and
STAT3-Mut-3/-UTR, were constructed. For luciferase
assays, HEK293T cells were cultured in a 6-well plate
and then co-transfected with the miR-665 or miR-NC
(100 nM/well) and STAT3-Wt-3'-UTR reporter plasmid
or STAT3-Mut-3’-UTR reporter plasmid (100 ng/well)
and the pRL-TK luciferase reporters (25 ng/well) using
Lipofectamine 2000 (Invitrogen). Finally, Dual-Luciferase
Reporter Assay kit (Promega, Madison, WI, USA) was
used to examine the Luciferase activity levels according
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to the manufacturer’s instructions. Renilla-luciferase was
used for normalization.

Western blot assay

Expression of various CSCs markers were determined
by western blot. Briefly, we first lysed the CRC cells with
RIPA buffer. Primary antibodies, such as, rat anti CD133
(santa cruze, 1:500) and mouse anti STAT3 (santa cruze,
1:1000) were integrated with the targeted protein with
incubation at room temperature for 1-2 h. Second anti-
bodies conjugated with HRP label, were used to detect
the expression of STAT3 and CD133 through chemilu-
minescence reagent. Mouse actin was used as the loading
control.

In vivo tumor xenograft study

Four-week-old male nude mice (Vital River Laboratory
Animal Technology, China) with immune deficiency
were used under conditions approved by The Affiliated
Hospital of Zunyi Medical College. To assess the inhib-
ited effect of LOF BCAR4 on tumor growth, 2 x 10°
ALDH+ HCT-8 cells transfected by pLKO.1-BCAR4,
were suspended in 0.2 ml sterile saline and subse-
quently implanted subcutaneously into the axillary fos-
sae of each mouse. After 2 week implantation, we killed
all mice and removed xenograft tumors intactly. The
volume of xenograft tumors was calculated as follows:
length x width2 x 1/2. And fresh tissues from xenograft
tumors were immediately snap frozen in liquid nitrogen
and stored at — 80 °C.

Data analysis

Data are performed as mean + standard deviation. Statis-
tical analyses between two groups were performed using
Student’s t-test via SPSS 16.0 (Chicago, IL, USA). How-
ever, statistical analyses between multiple groups were
performed using one way analysis of variance followed by
the least significant difference post hoc test. Differences
with values of P<0.05 were regarded as statistically sig-
nificant. Each experiment was performed independently
at least for 3 times.

Results

BCAR4 was significantly up-regulated in the ALDH™
colorectal CSCs

Previous studies reported that BCAR4 was highly
expressed in colon cancers, however, the detailed mech-
anisms of BCAR4 functioned in colorectal cancer cells
remains unclear. In this study, owing to the heterogene-
ity of colon cancer, we first examined the expression of
BCAR4 in colorectal cancer tissues. As expected, qRT-
PCR results showed BCAR4 expression was significantly
up-regulated (Fig. 1la). In addition, immortalized colon
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cancer cell lines, such as HCT-116, SW480 and HCTS,
were applicable to confirm the pivotal role of BCAR4
in colorectal cancer. Consistently, compared to normal
colon epithelial cells (CCD 841 CoN), colorectal cancer
cells exhibited high level of BCAR4 (Fig. 1b). More recent
studies reported that CSCs played an important role in
cancer initiation, recurrence and metastasis. Therefore,
we hypothesized that whether BCAR4 could regulated
CSCs in colon cancer. ALDH+ CSCs were sorted and
cultured for the examination of BCAR4 expression. Con-
sistently higher expression of CD133, SOX2, NANOG,
OCT4, CD44 and Lgr5 in ALDH+ cells, which was the
representative markers of CSC, validated the truth of
stemness of ALDH+ colon cancer cells. More impor-
tantly, results also showed the expression of BCAR4
in ALDH+ colon cancer cells (from both SW480 and
HCT8) was significantly higher than ALDH-— cells
(Fig. 1c, d). These results indicated ALDH+ cells occu-
pied the capacity of stem-like cells and BCAR4 might be
closely associated with CSCs stemness.

BCAR4 promoted the stemness of colorectal CSCs

To in-depth study the function of BCAR4 in CSCs, we
constructed the stable colorectal cancer cells (HCT-116-
pBABE-puro-BCAR4 and HCT-8-pLKO.1-BCAR4) with
BCAR4 over-expression or inhibition (Fig. 2a). Sphere
formation assay revealed that colon cancer cells with
higher expression of BCAR4 occupied stronger capac-
ity of self-renewal (Fig. 2b). In addition, FACS results
showed over-expression of BCAR4 increased the popu-
lation of ALDH+ cells and the opposite is true (Fig. 2c).
Consistently, ALDH activity assay also showed the
expression of BCAR4 is positively associated with ALDH
activity (Fig. 2d). Moreover, western blot and qRT-PCR
results showed BCAR4"8" cells showed higher expres-
sion of NANOG, OCT4, SOX2, CD44, CD133 and Lgr5
which are important markers of CSC in colon cancer. In
contrast, inhibition of BCAR4 significantly decreased the
expression of NANOG, OCT4, SOX2, CD44, CD133 and
Lgr5 (Fig. 2e). These results indicated that BCAR4 posi-
tively regulated colorectal CSCs stemness.

Inhibition of BCAR4 ameliorated CRC malignancy

To further investigate the role of ALDH+ CSC in CRC.
We sorted ALDH+ SW480 and HCT8 cells and found
that ALDH positive CRC cells occupied higher viability
compared to ALDH negative cells. In addition, enhanced
ability of migration and sphere formation were observed
(Fig. 3a). Considering the important role of BCAR4 in
colon CSCs, we subsequently examined the potency of
BCAR4 inhibition in the CRC prophylaxis and treat-
ment. At first, we constructed stable CRC cells (HCT-8)
with BCAR4 inhibition. Tumorsphere assay revealed that
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Fig. 1 BCAR4 expression was significantly increased in CRC cells and ALDH+ cells. a, b gRT-PCR results revealed that expression of BCAR4 in CRC
tissues and several CRC cell lines (HCT-116, SW480, HCT-8). ¢, d gRT-PCR was used to examine the expression of ALDH, CD133, SOX2, NANOG, OCT4,
CD44, Lgr5 and BCAR4 in ALDH+ or ALDH— CRC cells. *P < 0.05, **P < 0.01, ***P <0.001 vs. control

knock down of BCAR4 impaired CSCs stemness (Fig. 3b).
Then migration assay indicated inhibition of BCAR4
impaired the migration capacity of ALDH+ cells rather
than ALDH+ CRC cells. Consistently, knock down of
BCAR4 showed vast effect on ALDH positive CRC cells
viability but not ALDH- cells. 4-Diethylaminobenzalde-
hyde (DEAB), an inhibitor of ALDH, was also applicable
to down-regulate ALDH activity. Similarly, DEAB signifi-
cantly inhibited ALDH+ CRC cells viability and migra-
tion. However, DEAB treatment seems to have no effect
on CRC cells with BCAR4 inhibition. It could be the
activity of ALDH had been inhibited by PLKO.1-BCAR4
(Fig. 3c). Besides, expression of CSCs markers was also
down-regulated by BCAR4 inhibition in ALDH+ cancer
cell (Fig. 3d—f).

BCAR4 regulates the malignancy of CRC through miR-665/
STAT3 signaling

To further investigate the downstream signaling regu-
lating CRC malignancy, we screened the target genes

of BCAR4 using Starbase v2.0 and found that miR-665,
which is a critical regulator in cancers (23,24), was a
promising target of BCAR4 (Fig. 4a). RNA pull down
assay confirmed the interaction of BCAR4 and miR-665
(Fig. 4b). Furthermore, in CRC cells with BCAR4 over-
expression or inhibition, miR-665 expression was nega-
tively regulated by BCAR4 and confirmed the inhibited
efficiency of BCAR4 in miR-665 expression (Fig. 4c).
Next, Targetscan was used to predict the target genes of
miR-665. Among all the target genes, we focused on the
stat3 (Fig. 4d). As we known, STAT3 is an important
transcription factor which is essential in maintenance
of the stem cells stemness and is also closely associ-
ated with colon cancer. Therefore, we hypothesized that
whether STAT3 is responsible for CSCs self-renewal.
Subsequently, in HCT-8 cells, luciferase reporter assay
and western blot assay both indicated STAT3 was a
direct target gene of miR-665 (Fig. 4e, f). Additionally,
in BCAR4-overexpressing cells, miR-665 was also effi-
ciently interacted with STAT3 and high expression of



Ouyang et al. Cancer Cell Int (2019) 19:72

Page 6 of 12

a HCT116 HCTB b HCT116 HCTS
W pBABE-puro W pBABE-puro [0 pBABE-puro- BCAR4 35 W pLKO.1 @ pLKO.1-BCAR4 3.5
3 |:| BABE Bire-BcARs 0 PKoA-BcARe s S 2
5 1.2 2 28 £ 2
3s15 gT E224
@8 55 21 28
Zc10 Lo £1.4
s o & 14 oE
o n ouw o
£8 s s 07 s o7
= 7]
£g ® o0 0.0
&9 4
[T}
o
Cc d HCT116 e
M pBABE-puro B pBABE-puro-BCARY . » B pBABE-puro HCT116 HCT8
g O pBABE-puro-BCAR4 M pBABE-puro H pLKO.1
g >3 x @ pBABE-puro-BCAR4 [ pLKO.1-BCAR4
e E10 £4 0 e M o
£ 3 %3 ] 2 T
2 o5 2 28 ﬁ
2 3 81 S S 08
o e I <o 3 6 a
@ M pLKO.1 [ pLKO.1-BCAR4 HCT8 o g
g - 25 W pLKO.1 E 4 e 8
2 S @ pLKO.1-BCAR4 ° ek o 0.4
o ~ 3 >
@20 1.5 e - 2
© 3 52 K]
S5 £1.0 K] e
4
o @ . i 0 00
T 505 o > 9 > FURS
- g5 = O & K L & o K
S 3 o0 & o 2 O & o P &
FL1-H
HCT116 HCT8 HCT116 HCT8
f m O O B pBABE-puro g E O O B pBABE-puro
[0 pBABE-puro-BCAR4 [0 pBABE-puro-BCAR4
NANOG | e ‘1 | — | O bokoq CD44| —— | | -_ O pLKO.1
< 5 1,58 PLKO.1-BCAR4 5 158 PLKO.1-BCAR4
= £ 1. £ 1.
OCT4 | e e % 5 kiid o wkk cD133 !! g 3 o -
2510 ' ag 1o "
SOX2 | s s |.-. . |g'g 5 Lgr5|-. -I |--—o .g'ﬁo.s Ak gk e
e 52
. ° 2 . e % 0.0
B-actin | w— w— ‘ I o —I x ¥ 0.0 NANOG ocT4 SOX2 B-actin | ”| | ..I [ CDas CD133 Lars
Fig. 2 Over-expression of BCAR4 facilitated the maintenance of CSCs stemness in CRC. a HCT116 cells and HCT-8 cells were transfected with
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BCAR4 promoted STAT3 expression and phosphoryla-
tion. On the contrary, BCAR4 inhibition also restricted
the expression of STAT3 and phosphorylation of
STAT3 (Fig. 4g, h). As expected, in ALDH+ colon can-
cer cells, miR-665 was down-regulated but STAT3 and
p-STAT3 was up-regulated (Fig. 4i). FLLL32 which is an
inhibitor of STAT3 signaling was supplemented in the
HCT8 and SW480 cells during the tumorsphere forma-
tion assay. Results showed inhibition of STAT3 signal-
ing repressed the capacity of CSC stemness (Fig. 5a).

To further confirm that miR-665 was negatively reg-
ulated by BCAR4, we constructed the stable ALDH+
colon cancer cells with BCAR4 inhibition. After exog-
enous expression of miR-665 inhibitor, the capaci-
ties of colon cancer cells sphere formation, viability
and migration were reversed (Fig. 5b—d). In addition,
expression of CSC markers was also increased after
miR-665 inhibition and indicated BCAR4 occupied the
inhibited effect on miR-665 expression (Fig. 5e, f).

Loss-of-function (LOF) BCAR4 inhibited colorectal cancer
malignancy in vivo
Evidence so far suggested that BCAR4 inhibited miR-
665 expression and further promoted STAT3 expres-
sion, this signaling cascade was essential to colon
cancer cells survival, self-renewal and migration.
Therefore, we collected 60 CRC samples to confirm this
network is work in vivo. Results showed in CRC tissues,
BCAR4 is negatively correlated with miR-665 and posi-
tively correlated with STAT3 (Fig. 6a, b). In addition,
in vivo tumor formation assay showed BCAR4 inhibi-
tion could effectively restricted in vivo tumor growth
(Fig. 6¢c—e). Further, knockdown of BCAR4 decreased
the expression and phosphorylation of STAT3 in vivo.
Overall, these results indicated BCAR4 and STAT3
could be the novel target for CRC therapy.
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Discussion

Colorectal cancer was a devastating disease with poor
prognosis and increased mortality. Diagnostic markers of
early detection and later therapy process were extremely
urgent to identify. Peluso et al. [18] indicated that there
were three biomarkers for CRC, i.e., microsatellite insta-
bility (MSI), insulin-like growth factor binding protein
2 (IGFBP2), telomerase and pyruvate kinase M2 were

responsible early CRC detection. KRAS and BRAS muta-
tions might indicate higher risk of CRC [19]. Addition-
ally, identification of Activated protein C (APC), P53,
epidermal growth factor receptor (EGFR) and vascular
endothelial growth factor (VEGF) was valuable for CRC
prognosis [20]. Recent studies revealed that IncRNA
BCAR4 was highly expressed in the CRC tissues. Over-
expression of BCAR4 promoted CRC cells proliferation



Ouyang et al. Cancer Cell Int (2019) 19:72 Page 8 of 12
a b HCT116 HCTS8
H Control W pBABE-puro pLKO.1
‘g 15 O BCAB*:i - 1.2 [@ pBABE-puro-BCAR4 - 2.0 \:I pLK01 -BCAR4
BCAR4 781 5 - CCTCCAT(|3'|I'(|:(|3'I|'G‘(TGTTCAA-3’ E 8; H 32 3 15 i
510 EC-o0s8 e
miR-665 3’ - UCCCCGGAGUCGGAGGACCA-5' S cs = E2 10
<5 2 804 29
= © = s = 0.5
= 3 £ s g
E o & 300 © 390
d e W NC
Position 461-467 of STAT3 3’'UTR &’ UUCUUAGACAAGUG(|:(|:l|J(|2(|:l|J| (|3U g 1.2 @ miR-665
o
hsa-miR-665 3’ UCCCCGGAGUCGGAGGACCA § >08
=3 %
[~
Position 531-537 of STAT3 3'UTR 5 ..ACCUAUAGCUACAUACUCCUGGC...... *_E S 04
[}
©
hsa-miR-665 3’ UCCCCGGAGUCGGAGGACCA 00 3-UTR-WT 3-UTR-MUT
f g B PLKO.1
[
=12 - 1.2 ] [ pLKO.1-BCAR4
<3 miR665 - * 53 g 12
=z 9 - o= = >
"E‘ § 0.8 NC + gé 0.8 % g 0.8
(3 o
s s 2 kK K]
[T o X [}
X o,y B-actin EI ® 0.0 o 3'-UTR-WT 3' UTR-MUT
: miR-665 NC miR-665
&
& >
h HCT116 HCT8 O O ov?'
O O
< B pBABE-puro < M pLKO.1 KR KN R
£ , 0 PBABE-puro-BCAR4 2 5 ., [ pLKO.1-BCAR4 R4 E & B pBABE-puro
£ u>, 3 Sk € 3 Qe Q@ Q\l Q\/ pBABE-puro-BCAR4
©c ©c c @ pLKOA1 ke
0.8 ——| | — — O C LKO.1-BCAR4
F psars [— =|[=—]5 |+
”n 9 » 9 il ‘5_3
251 (LY STAT3 | -—-||-—--—-|ﬂ>,21
) 89 oot £2 T
€ 0 g 00 Bactml ” _|%5 e khk
x 0 =
HCT116 HCT8 P-STAT3 STAT3
i SW480 HCT8 . x . x SW480
|
1.2 1.2 0‘2‘ O‘z‘ OQ\ OQ‘ B ALDH @ ALDH*
o c \% \ \% \% 0 8 dededk
QS 29 v ¢ e v o 3 =
n © -— :
2% 08 5038 P-STAT3| —||-— ‘| 383:‘51 - N
s= o= =00 . -,J:l_
55 e B Y p—
_g; 0.4 2 % 0.4 STAT3| ; || l .2“5’ 3, ek
s 3 83 . % 2 =
2 5 2 B-act|n|— —-”— —IE 1
00 . — L * 00 . . e M
ALDH  ALDH ALDH"  ALDH SW480 HCT8 P-STAT3 STAT3
Fig. 4 BCAR4-miR-665-STAT3 ceRNA network was functioned in CRC cells. a Starbase v2.0 was used to screen the potential interaction between
BCAR4 and miR-665. b RNA pull down and gRT-PCR assay showed the enrichment of miR-665. ¢ gRT-PCR was applicable to test the expression of
miR665. d Targetscan was used to predict the interaction of miR-665 and STAT3. e Luciferase reporter assay was used to examine the interaction
between miR-665 and STAT3. f gRT-PCR and western blot revealed the expression of STAT3 after miR-665 overexpression g luciferase reporter assay
indicated the interaction between miR-665 and STAT3 after BCAR4 inhibition. h In CRC cells, gRT-PCR and western blot showed BCAR4 inhibition
impaired the expression and phosphorylation of STAT3. i In ALDH+ CRC cells, gRT-PCR and western blot indicated miR-665 was down-regulated
and STAT3 expression and phosphorylation was enhanced. *P <0.05, **P <0.01, ***P < 0.001 vs. control

and migration through activating wnt/p-catenin signaling
pathway [16]. However, the underlying mechanisms of
BCAR4 dysfunction in CRC were still unclear.

In this study, we further investigate the target cells
subpopulation and downstream effectors of BCAR4.
Wang et al. [21] reported that BCAR4 increased cisplatin
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Fig. 5 BCAR4 promoted CRC cells proliferation, migration and self-renewal through repressing miR-665. a Tumorsphere formation assay was used
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check the capacity of self-renewal, proliferation and migration after BCAR4 inhibition or miR-665 inhibition plus BCAR4 defect. e, f QRT-PCR and
western blot showed the difference in expression of CSC markers and STAT3 after BCAR4 inhibition or loss of function of both BCAR4 and miR-665

resistance in gastric cancer and predicted poor survival
in several cancer types. As we known, CSCs, unlike the
adult or embryonic stem cells, are thought to initiate
tumor growth and cause the recurrence of cancer after
chemotherapy and/or radiation therapy. Thus we hypoth-
esized that whether BCAR4 regulated cancer progres-
sion through affecting CSC capacity and how. CSCs,
depended on cancer types, occupied different markers,
such as, SOX2, CD133, epithelial cell adhesion mol-
ecule (EpCAM), CD166, CD24, CD29, Lgr5, Kruppel-
like factor 4 (KIf4) and ALDH [22]. We sorted ALDH
positive CRC stem-like cells and examined the expres-
sion of BCAR4. Interestingly, we found that BCAR4 was

significantly upregulated in the ALDH+ cells and the
expression level of BCAR4 was consistent with CD133
and SOX2 which were the markers of CSC in CRC. This
result indicated that BCAR4 might be closely associ-
ated with CSC stemness. Therefore, we next investigate
the effect of BCAR4 on CSC tumorsphere formation and
markers expression. Expectedly, after over-expression of
BCAR4 in CRC cells, the capacity of sphere formation
and CSCs markers expression were significantly up-regu-
lated. In contrast, inhibition of BCAR4 impaired the self-
renewal of CSCs. Yang et al. [23] indicated that BCAR4
promoted lung cancer cells viability and migration, so we
subsequently examined the effect of BCAR4 on CRC cells
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viability and migration. Results showed that BCAR4 also
promoted CSCs viability and migration in CRC. Given
the important role of BCAR4 in CRC, we intended to find
the target genes of BCAR4 in colon cancer. We screened
several target genes of BCAR4 and found miR-665 was
most attractive. MiR665 was proved to be involved in
the several cancer types including prostate cancer and
gastrointestinal stromal tumors [24, 25]. Moreover,
recent studies revealed that IncRNA-associated compet-
ing endogenous RNA network, ie., IncRNA-miRNA-
mRNA ceRNA network, participated into the progress
of CRC [26]. This concept provided further understand-
ing in CRC pathogenesis and diagnosis. Therefore, we
first examined the interaction between BCAR4 and miR-
665 and found miR-665 was a target of BCAR4. Then
we screened the functional genes of miR-665 and found
STAT3 can function as a target of miR-665. STAT3, an
important transcription factor, is closely associated with
stem cells stemness [27]. In this study, we further dem-
onstrated that STAT3 was also critical to CSCs stemness.
Inhibition of STAT3 significantly inhibited the sphere
formation of CSCs in colon cancer.

Evidence so far suggested that BCAR4-miR-665-STAT3
ceRNA network is responsible CRC malignancy in vitro.
Therefore, we intended to investigate whether this net-
work is work in vivo. Correlation analysis revealed that
BCAR4 is negatively correlated with miR-665 and posi-
tively correlated with STAT3. In addition, inhibition of
BCARA4 significantly prevented tumor growth.

Conclusion

Overall, for the first time, we revealed that BCAR4 was
essential in CRC through regulating CSC capacities.
In addition, BCAR4-miR-665-STAT3 ceRNA network
might also function and could be a diagnostic marker
of CRC as well as provided a therapeutic target in colon
cancer treatment.

Abbreviations

BCAR4: breast cancer anti-estrogen resistance 4; CRC: colorectal cancer; ALDH:
acetaldehyde dehydrogenase; STAT3: activators of transcription; CSCs: cancer
stem cells; ABCB5: ATP-binding cassette sub-family B member 5; BCG: Bacillus
Calmette—Guérin; LncRNAs: long non-coding RNAs; EPICT: epigenetically-
induced IncRNAT; IGF2BP1: insulin-like growth factor 2 mRNA-binding protein
1; Lgr5: Leucine-rich repeat-containing G-protein coupled receptor 5; DEAB:
4-diethylaminobenzaldehyde; MSI: microsatellite instability; APC: activated
protein C; EGFR: epidermal growth factor receptor; VEGF: vascular endothelial
growth factor; EpCAM: epithelial cell adhesion molecule; KIf4: Kruppel-like
factor 4.

Authors’ contributions

SO, XZ, XZ and MX: study design, data analysis, writing of the article, and final
approval of the article. ZC, MW: data collection, data analysis, writing of the
article and final approval of the article. All authors read and approved the final
manuscript.

Page 11 of 12

Acknowledgements
The authors would like to thank the patients and the supporting staff in this
studly.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
All data generated or analyzed during the present study are included in this
published article.

Consent for publication
All the participants provided signed informed consent before the study.

Ethics approval and consent to participate

This project got the permission of the patients and was approved by the
ethics committee of the Affiliated Hospital of Zunyi Medical College (Approval
No. 2018. 1-140). All procedures performed in the studies involving human
participants were in accordance with 1964 Helsinki declaration and its later
amendments or comparable ethical standards. Animal experiment were used
under conditions approved by The Affiliated Hospital of Zunyi Medical college
(Approval No. 2018. 2-251).

Funding
This study was supported by Guizhou province science and technology fund
plan, Ref No. [2016]1178.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 14 November 2018 Accepted: 15 March 2019
Published online: 27 March 2019

References

1. O'Brien CA, Pollett A, Gallinger S, Dick JE. A human colon cancer cell
capable of initiating tumour growth in immunodeficient mice. Nature.
2007,445:106-10.

2. Papadopoulos N, Nicolaides NC, Wei YF, Ruben SM, Carter KC, Rosen
CA, et al. Mutation of a mutL homolog in hereditary colon cancer. Sci-
ence. 1994;263:1625-9.

3. CicchiD, Lecce F, Via BD, Raffele ED, Mirarchi M, Cola B. Multimodal
treatment of recurrent pelvic colorectal cancer. Mortal Morb.
2016;36:2049.

4. Young A, Rea D. ABC of colorectal cancer: treatment of advanced
disease. BMJ. 2000;321:1278-81.

5. Harris JE, Ryan L, Hoover HC, Stuart RK, Oken MM, Benson AB, et al.
Adjuvant active specific immunotherapy for stage Il and Il colon
cancer with an autologous tumor cell vaccine: Eastern Cooperative
Oncology Group Study E5283. J Clin Oncol. 2000;18:148-57.

6. Uyl-de Groot CA, Vermorken JB Jr, Hanna M Jr, Verboom P, Groot MT,
Bonsel GJ, et al. Immunotherapy with autologous tumor cell-BCG vac-
cine in patients with colon cancer: a prospective study of medical and
economic benefits. Vaccine. 2005;23:2379.

7. Ottaiano A, Palma AD, Napolitano M, Pisano C, Pignata S, Tatangelo
F, et al. Inhibitory effects of anti-CXCR4 antibodies on human colon
cancer cells. Cancer Immunol Immunother. 2005;54:781-91.

8. Kozovska Z, Gabrisova V, Kucerova L. Colon cancer: cancer stem
cells markers, drug resistance and treatment. Biomed Pharmacother.
2014,68:911-6.

9. Vermeulen L, Melo FDSE, Heijden MVD, Cameron K, Jong JHD, Borovski
T, et al. Wnt activity defines colon cancer stem cells and is regulated by
the microenvironment. Elife. 2010;4:468-76.

10. Xiang JF, Yin QF, ChenT, Zhang Y, Zhang XO, Wu Z, et al. Human colo-
rectal cancer-specific CCAT1-L IncRNA regulates long-range chromatin
interactions at the MYC locus. Cell Res. 2014;24:513-31.



Ouyang et al. Cancer Cell Int

(2019) 19:72

. Chen G, Wang Z, Wang D, Qiu C, Liu M, Chen X, et al. LncRNADisease: a

database for long-non-coding RNA-associated diseases. Nucleic Acids
Res. 2013;41:983-6.

Naoshad Muhammad, Sourav Bhattacharya, Robert Steele, et al. Anti-
miR-203 suppresses ER-positive breast cancer growth and stemness by
targeting SOCS3. Oncotarget. 2016;7:58595-605.

Yang G, Lu X, Yuan L. LncRNA: a link between RNA and cancer. Biochem
Biophys Acta. 2014;1839:1097.

Caesar-Johnson SJ, Demchok JA, Felau |, Kasapi M, Ferguson ML, Hutter
CM, et al. IncRNA epigenetic landscape analysis identifies EPICT as an
oncogenic INcRNA that interacts with MYC and promotes cell-cycle
progression in cancer. Cancer Cell. 2018;33:706-20.

Hosono Y, Niknafs YS, Prensner JR, lyer MK, Dhanasekaran SM, Mehra R,
et al. Oncogenic role of THOR, a conserved cancer/testis long non-coding
RNA. Cell. 2017;171:1559.

Ouyang S, Zheng X, Zhou X, Chen Z, Yang X, Xie M. LncRNA BCAR4 pro-
motes colon cancer progression via activating Wnt/B-catenin signaling.
Oncotarget. 2017;8:92815-26.

Cancer Genome Atlas Research Network. Integrated genomic and
molecular characterization of cervical cancer. Nature. 2017;543:378-84.
Peluso G, Incollingo P, Calogero A, Tammaro V, Rupealta N, Chiacchio G,
et al. Current tissue molecular markers in colorectal cancer: a literature
review. Biomed Res Int. 2017,2017:2605628.

Roth AD, Tejpar S, Delorenzi M, Yan P, Fiocca R, Klingbiel D, et al. Prognos-
tic role of KRAS and BRAF in stage Il and Il resected colon cancer: results
of the translational study on the PETACC-3, EORTC 40993, SAKK 60-00
trial. J Clin Oncol. 2010;28:466-74.

20.

21.

22.

23.

24.

25.

26.

27.

Page 12 of 12

Harris T, McCormick F. The molecular pathology of cancer. Nat Rev Clin
Oncol. 2010;7:251-65.

Wang L, Chunyan Q, Zhou Y, He Q, Ma Y, Ga Y, et al. BCAR4 increase cispl-
atin resistance and predicted poor survival in gastric cancer patients. Eur
Rev Med Pharmacol Sci. 2017;21:4064-70.

Hadjimichael C, Chanoumidou K, Papadopoulou N, Arampatzi P, Papam-
atheakis J, Kretsovali A. Common stemness regulators of embryonic and
cancer stem cells. World J Stem Cells. 2015;7:1150-84.

Yang H,Yan L, Sun K, Sun X, Zhang X, Cai K, et al. LncRNA BCAR4 increases
viability, invasion and migration non-small cell lung cancer cells by tar-
geting glioma-associated oncogene 2 (GLI2). Oncol Res. 2018;27:359-69.
Sadeghi M, Ranjbar B, Ganjalikhany M, Khan FM, Schmitz U, Wolkenhauer
O, et al. MicroRNA and transcription factor gene regulatory network
analysis reveals key regulatory elements associated with prostate cancer
progression. PLoS ONE. 2016;11:e0168760.

Chen J, Sun D, Chu H, Gong Z, Zhang C, Gong B, et al. Screening of
differential microRNA expression in gastric signet ring cell carcinoma
and gastric adenocarcinoma and target gene prediction. Oncol Rep.
2015;33:2963-71.

Saakshi J, Deeksha B, Kumar LM, Sridhar S, Vinod S. Systematic tran-
scriptome wide analysis of INcRNA-miRNA interactions. PLoS ONE.
2013;8:253823.

Gritsko T, Williams A, Turkson J, Kaneko S, Bowman T, Huang M, et al. Per-
sistent activation of stat3 signaling induces survivin gene expression and
confers resistance to apoptosis in human breast cancer cells. Clin Cancer
Res. 2006;12:11-9.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	LncRNA BCAR4, targeting to miR-665STAT3 signaling, maintains cancer stem cells stemness and promotes tumorigenicity in colorectal cancer
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Patients and tumor samples
	Cell culture
	RNA extraction and real-time PCR analysis
	Aldefluor assay
	Plasmid construction
	Cell transfection
	CCK8 assay
	Tumorsphere formation assay
	ALDH activity assay
	Transwell migration assay
	Pull down assay
	Luciferase reporter assay
	Western blot assay
	In vivo tumor xenograft study
	Data analysis

	Results
	BCAR4 was significantly up-regulated in the ALDH+ colorectal CSCs
	BCAR4 promoted the stemness of colorectal CSCs
	Inhibition of BCAR4 ameliorated CRC malignancy
	BCAR4 regulates the malignancy of CRC through miR-665STAT3 signaling
	Loss-of-function (LOF) BCAR4 inhibited colorectal cancer malignancy in vivo

	Discussion
	Conclusion
	Authors’ contributions
	References




