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Long non-coding RNA (IncRNA) is involved in the regulation of tumorige-
nesis and metastasis. In this study, we focused on the clinical relevance, bio-
logical effects, and molecular mechanisms of the IncRNA differentiation
antagonizing non-protein coding RNA (DANCR) in breast cancer. We
compared the expression of DANCR between breast cancer and normal tis-
sues, and between breast cancer cell lines and normal breast epithelial cells
using quantitative real-time PCR (qRT-PCR) analysis. By knocking down
and overexpressing DANCR, we assessed its significance in regulating via-
bility (MTT assay), migration/invasion (Transwell assay), epithelial-
mesenchymal transition (western blot), stemness (mammosphere formation
assay and western blot), and production of inflammatory cytokines (QRT-
PCR and ELISA) of breast cancer cells in vitro, as well as xenograft growth
in vivo. Furthermore, using ChIP and RNA immunoprecipitation, we exam-
ined the reciprocal regulation between DANCR and suppressor of cytokine
signaling 3 (SOCS3) in breast cancer. DANCR was significantly up-regu-
lated in tissue samples from patients with breast cancer, as well as in breast
cancer cell lines, as compared with normal tissues and breast epithelial cells,
respectively. The highest DANCR expression levels were associated with
advanced tumor grades or lymph node metastasis. DANCR was necessary
and sufficient to control multiple malignant phenotypes of breast cancer
cells in vitro and xenograft growth in vivo. Mechanistically, DANCR pro-
moted the binding of enhancer of zeste homolog 2 (EZH2) to the promoter
of SOCS3, thereby epigenetically inhibiting SOCS3 expression. Function-
ally, SOCS3 up-regulation or EZH2 inhibition could rescue multiple malig-
nant phenotypes induced by DANCR. Our data indicate that DANCR is a
pleiotropic oncogenic IncRNA in breast cancer. Boosting SOCS3 expression
may reverse the oncogenic activities of DANCR and thus provide a thera-
peutic strategy for breast cancer treatment.
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1. Introduction

Breast cancer is a highly heterogeneous disease that
remains the most common malignancy and the second
leading cause of cancer-related death (after lung can-
cer) in women worldwide (Torre et al., 2015). Develop-
ment in gene expression profiling classified breast
cancer into five intrinsic subtypes associated with dis-
tinct clinical features and thus different treatment
strategies. Of these subtypes, ~ 12.3% of total breast
cancer cases are made up of the basal subtype, which
is characterized by negative expressions of estrogen
receptor, progesterone receptor, and human EGF
receptor 2 [thus commonly referred to as triple-nega-
tive breast cancer (TNBC)], and is associated with a
high chance of metastasis and the poorest prognosis
(Dai et al., 2015). Overall, tumor metastasis is the
major cause of death in breast cancer patients.

Many biological processes contributed to the malig-
nant development and metastatic spread of breast can-
cer, such as epithelial-mesenchymal transition (EMT)
(Wang and Zhou, 2011), cancer stemness (Velasco-
Velazquez et al., 2011), and dysregulated immune
responses (Janssen et al., 2017). Interestingly, these
biological processes do not act alone but rather
through intricate communications collectively, and
sometimes synergistically stimulate the malignant pro-
gression of breast cancer (Reiman er al., 2010). For
example, overexpression of EMT-related biomarkers
such as Snail, Twist, and FoxC2 endows breast cancer
cells with stem features (Hollier er al., 2013; Mani
et al., 2008). Many signaling pathways regulating stem
cell renewal and differentiation, such as transforming
growth factor f (TGF-B), Wnt, Notch, and Hedgehog,
are also important EMT inducers (Wang et al., 2015).
Inflammation-regulating cytokines such as TGF-f and
interleukin-6 (IL-6) are potent inducers of EMT and
cancer stem cells (CSC) in breast cancer (Barcellos-
Hoff and Akhurst, 2009; Xie et al., 2012). Therefore,
understanding mechanisms controlling the crosstalk
among EMT, cancer stemness, and inflammation will
benefit the development of therapeutic options simulta-
neously targeting all three malignant phenotypes, and
significantly improve the prognosis of breast cancer
patients.

Long non-coding RNA (IncRNA) is a class of non-
coding RNA molecules containing > 200 nucleotides
and regulating gene expression through a variety of
mechanisms, including chromatin remodeling, regula-
tion of gene expression on transcriptional, post-tran-
scriptional, translational, and post-translational level,
modulation of other RNA species such as microRNA,
and generation of small interfering RNA (Fang and
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Fullwood, 2016). Functionally, IncRNA critically regu-
lates the pathogenesis of human diseases, including
tumorigenesis and cancer progression (Chen er al.,
2017; Dou et al., 2017; Qian et al., 2017; Wang et al.,
2017; Zuo et al., 2017). The differentiation antagoniz-
ing non-protein coding RNA (DANCR) is a newly
identified IncRNA dysregulated and presenting multi-
ple oncogenic activities in many human cancers (Thin
et al., 2018). The functions and mechanisms of
DANCR in breast cancer, however, have only been
minimally explored. One study by Sha er al. (2017)
showed that DANCR was up-regulated in TNBC tis-
sues and cell lines, associated with worse TNM stages
and overall survival, essentially contributing tumor cell
growth and metastasis, and by regulating the promoter
binding of enhancer of zeste homolog 2 (EZH2), stim-
ulating the expressions of CSC markers, ATP Binding
Cassette Subfamily G Member 2 (ABCG2), and alde-
hyde dehydrogenase 1 (ALDHI). Although Sha et al.’s
study supports the oncogenic nature of DANCR in
breast cancer, it is not known whether DANCR essen-
tially regulates the crosstalk among EMT, cancer stem-
ness, and inflammation, and if so, what mechanisms
are involved.

In the present study, we specifically examined the
functional roles of DANCR in regulating EMT, cancer
stemness, and inflammation, and explored the molecu-
lar mechanisms mediating the actions of DANCR. We
report for the first time that DANCR essentially con-
tributed to all three malignant phenotypes of breast
cancer, which, on the molecular level, was mediated
through EZH2-controlled epigenetic regulation of sup-
pressor of cytokine signaling 3 (SOCS3) via H3K27
trimethylation. Therefore, inhibiting DANCR or up-
regulating SOCS3 may simultaneously target all three
metastasis-related phenotypes and improve the prog-
nosis of breast cancer patients.

2. Materials and methods

2.1. Human tissues and cell lines

The protocols for the use of human tissues in this
study were approved by the Ethics Committee of Cen-
tral South University (Hunan, China) and were con-
ducted in accordance with the Declaration of Helsinki.
Written consent was obtained from all participants. A
total of 46 women diagnosed with breast cancer and
admitted into our hospital between 2016 and 2018
were recruited into this study. A cohort of 46 pairs of
breast cancer tissues and matching para-tumor normal
tissues was acquired during surgery and confirmed by
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pathological examinations. All tissues were snap-frozen
in liquid nitrogen till further use.

The normal human breast epithelial cell line
MCFI10A, and breast cancer cell lines MCF7, T47D,
MDA-MB-231, and MDA-MB-468, were purchased
from the Cell Bank of Type Culture Collection (Chi-
nese Academy of Sciences, Shanghai, China).
MCFI10A cells were cultured in Dulbecco’s modified
Eagle’s medium/F12 (DMEM/F12; Invitrogen, Carls-
bad, CA, USA) containing 5% horse serum (Invitro-
gen), 20 ngmL~' recombinant human EGF
(PeproTech, Rocky Hill, NJ, USA), 0.5 mg-mL™'
hydrocortisone (Sigma, St. Louis, MO, USA),
100 ng-mL~" cholera toxin (Sigma), 10 pg-mL~" insu-
lin (Sigma), and 1% penicillin/streptomycin (Invitro-
gen). The four breast cancer cell lines were cultured in
DMEM (Invitrogen) containing 10% FBS (Invitrogen)
and 1% penicillin/streptomycin. All cells were main-
tained in a sterile humidified atmosphere containing
5% CO, at 37 °C.

2.2. Reverse transcription followed by qRT-PCR

TRIzol reagent (Invitrogen) was used to extract total
RNA from frozen tissues or cultured cells. The Takara
reverse transcription system (Dalian, China) was used
to synthesize ¢cDNA from total RNA. Quantitative
real-time PCR (qRT-PCR) was performed using iQTM
SYBR® Green Supermix (Bio-Rad, Hercules, CA,
USA) on an ABI-7500 thermocycler. Primer sequences
used for qRT-PCR analysis are listed in Table 1. The
relative expression of a target gene to that of the inter-
nal control was calculated following the 2 4A¢
method (Livak and Schmittgen, 2001).

2.3. Construction of lentivirus and generation of
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The target sequences of shRNA are listed in Table 2,
and shRNA#3 was used for all follow-up experiments.
For virus packaging, the pLKO.1-shDANCR plasmid
was then transfected into HEK293T cells with psPAX2
packaging plasmid and pMD2.G envelope plasmid
using Lipofectamine 3000 (Invitrogen). At 48 h after
the transfection, the supernatant containing lentivirus
was harvested from the culture and centrifuged at
500 g for 5 min to remove any cell debris. For lentivi-
ral infection, target cells were incubated with lentivirus
in the presence of polybrene (8 ug-mL™~'; Sigma) over-
night. Then, the cells were cultured in fresh complete
growth medium for 48 h and selected.

To overexpress SOCS3, the human SOCS3 cDNA
was cloned into pcDNA3.1 vector and transiently
transfected into target cells using Lipofectamine 3000
(Invitrogen) following the manufacturer’s instruc-
tions.

2.4. Cell viability assay

The MTT assay was performed to measure cell via-
bility. Briefly, 2 x 10° cells growing in log phase
were seeded into 96-well plates and incubated for 6,
12, 24, 48, or 72 h, respectively. MTT solution
(20 pL-well™!, 5 mgmL™" in PBS; Sigma) was added
to each well, and cells were incubated at 37 °C for a
further 3 h. Cells were then incubated with 100 uL
of DMSO (Sigma) in the dark for 2 h. Finally, the
Agop from each well (proportional to the number of
live cells) was measured with a Microplate Reader
Bio-Rad 550.

Table 2. Target sequence of DANCR shRNA.

stable cells ShRNA No. Target sequence
Differentiation antagonizing non-protein coding RNA shRNA#1 GCTGGTAAAGAAATGGATTAG
shRNA and negative control shRNA were synthesized ShRNA#2 GCCCTGAATACACACCCAAGC
by GenePharma (Shanghai, China). For virus con- ShRNA#S GGATGACCGCTTTGCACATCA
. . shRNA#4 GCTCTTGATATGTCATCACCG
struction, shRNA were subcloned into pLKO.1 vector.
Table 1. Primer sequences used for gRT-PCR analysis.
Gene Forward primer (5'-3') Reverse primer (5'-3)
DANCR GCGCCACTATGTAGCGGGTT TCAATGGCTTGTGCCTGTAGTT
CD44 TTACAGCCTCAGCAGAGCAC TGACCTAAGACGGAGGGAGG
CD133 CAGAGTACAACGCCAAACCA AAATCACGATGAGGGTCAGC
OCT3/4 ATGTGGTCCGAGTGTGGTTC ACAGTGCAGTGAAGTGAGGG
NANOG CTCCAACATCCTGAACCTCAGC CGTCACACCATTGCTATTCTTCG
IL-6 AGACAGCCACTCACCTCTTCAG TTCTGCCAGTGCCTCTTTGCTG
TGF-B TACCTGAACCCGTGTTGCTCTC GTTGCTGAGGTATCGCCAGGAA
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2.5. Cell-cycle analysis with propidium iodide
(P1)

Cells were collected, washed with PBS three times,
and fixed in 70% ethanol overnight. For cell-cycle
analysis, fixed cells were stained using FxCycle™ PI/
RNase Staining Solution (Thermo Fisher Scientific,
Waltham, MA, USA) according to the manufac-
turer’s instructions and analyzed using a FACSCal-
ibur flow cytometer (BD Biosciences, San Jose, CA,
USA).

2.6. Transwell migration/invasion assay

Transwell inserts (pore size: 8.0 um; Corning, Lowell,
MA, USA) coated with or without Matrigel (BD Bio-
sciences) were used to measure the migration and inva-
sion of cells, respectively. Briefly, 1 x 10° target cells
in serum-free DMEM medium were seeded into the
top well and 500 uL. of DMEM containing 10% FBS
was added to the lower chamber. After 24 h, the non-
migrating or non-invading cells from the upper side of
the membrane were cleared using cotton swabs, and
the invaded cells were fixed in 95% methanol at room
temperature for 10 min and stained with 1% crystal
violet for 5 min. Images of migrating or invading cells
were taken under an inverted microscope (x100), with
the number counted and averaged from at least five
random fields.

2.7. In vivo mouse models

Protocols for animal experiments were approved by
the Institutional Animal Care and Use Committee of
Central South University, China. Male Balb/c nu/nu
mice (4-5 weeks old, 14-16 g) were purchased from
SLAC Laboratory Animal Co. Ltd (Hunan, China)
and housed in a specific-pathogen-free facility. To
establish the xenograft model, target cells were subcu-
taneously injected into the dorsal flank region of each
mouse on Day 0 (I x 10°cells per injection in
100 uL. of saline). From Day 15, we measured the
length (L) and width (W) of each xenograft tumor
using a Vernier caliper every 4 days, and calculated
the tumor volume (V) as V=1/2 x L x W All
mice were sacrificed on day 35 after the initial inocu-
lation of cells. To study lung metastasis, target cells
were intravenously injected into the tail vein of each
mouse on Day 0 (2 x 10° cells per injection in
100 pL of saline). On day 35, all mice were sacrificed,
with lungs isolated, fixed in 10% formalin, and
counted for surface metastatic nodules under a dis-
secting microscope.
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2.8. Mammosphere formation assay

The mammosphere formation assay was performed as
described previously (Lombardo et al., 2015). Briefly,
single-cell suspensions of target cells were seeded into
six-well ultra-low attachment plates (Corning) and cul-
tured in mammosphere media [DMEM/F12 supple-
mented with 2 mm L-glutamine, 100 U-mL~" penicillin,
100 UmL~" streptomycin, 20 ngmL™' recombinant
human EGF, 10 ngmL~" recombinant human basic
fibroblast growth factor (PeproTech) and 1 x B27
supplement (Thermo Fisher Scientific)] for 10 days.
The number of spheroids with a diameter of > 40 um
was counted under an inverted microscope (x40). To
examine the self-renewal capability of the cells, the
first-generation spheroids were collected, dissociated,
and re-plated under the same conditions for three
more generations.

2.9. Western immunoblots

RIPA buffer (Thermo Fisher Scientific) was used to
extract total proteins from cells. Upon electrophoresis
on 10% SDS/PAGE gel and transferral to a
polyvinylidene difluoride membrane, target proteins
were detected using the following primary antibodies
(all from Cell Signaling Technology, Danvers, MA,
USA, unless otherwise indicated) against Snaill
(1 :1000; #3879), Slug (1 :1000; #9585), MMP2
(1 : 1000; #409994), MMP9 (1 : 1000; #13667), E-cad-
herin (1 : 1000; #14472), Vimentin (1 : 1000; #5741),
CD44 (1 : 1000; #37259), CDI133 (1 : 1000; #64326),
OCT3/4 (1 : 1000; sc-5279; Santa Cruz Biotechnology,
Santa Cruz, CA, USA), NANOG (1 : 1000; #8822), p-
p65 (1 : 1000; #3033), p65 (1 : 1000; #8242), Phospho

STAT3 (I : 1000; #9145), and STAT3 (1 : 1000;
49139), SOCS3 (1 : 1000; #2923), Ezh2 (1 : 1000;
4#5246), H3K27me3 (1 : 1000; #9733), H3 (1 : 1000;

#4499) or GAPDH (1 : 5000; #5174; internal control)
at 4 °C overnight. After incubation with horseradish
peroxidase-conjugated secondary antibodies, the signal
was detected using the enhanced chemiluminescence
system (Beyotime, Jiangsu, China).

2.10. ChIP assay

ChIP assay was performed using SimpleChIP Kit (Cell
Signaling Technology) according to the protocols pro-
vided by the manufacturer. Briefly, cells were cross-
linked with 1% formaldehyde and lysed to prepare
nuclei. Chromatin was then partially digested in micro-
coccal nuclease followed by sonication to generate
DNA /protein fragments of 150-900 base pairs (bp) in
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length. Upon incubating the digested chromatin with
anti-EZH2 antibody (#5246), anti-H3K27me3 anti-
body (#9733) or normal rabbit IgG (negative control;
all from Cell Signaling Technology) at 4 °C overnight,
the immune complexes were pulled down using ChIP-
grade protein G magnetic beads. After eluting chro-
matin from the antibody/protein G magnetic beads,
DNA was purified using the spin column provided
with the kit and examined using PCR with the follow-
ing primers: SOCS3 forward CGCTTCGGGAC
TAGGTAGGA, and SOCS3 reverse AGAAACC
GGGAAAAGCTCCC.

2.11. RNA immunoprecipitation (RIP assay)

The interaction between DANCR and EZH2 was mea-
sured using EZ-Magna RNA immunoprecipitation
(RIP assay) RNA-Binding Protein Immunoprecipita-
tion Kit (Sigma) following the manufacturer’s proto-
cols. Antibody for RIP assays of EZH2 (#5246) was
from Cell Signaling Technology.

2.12. Statistical analysis

All data were analyzed using GRAPHPAD PRISM 6.0
(Graphpad, San Diego, CA, USA) and presented as
the mean + SD of at least three independent experi-
ments (for in vitro assays) or multiple mice within each
group (for in vivo xenograft model). Differences
between experimental groups were assessed by Stu-
dent’s z-test or one-way ANOVA. A P-value of < 0.05
was considered statistically significant.

3. Results

3.1. DANCR was up-regulated in breast cancer
tissues and cell lines, specifically in cancers of
advanced pathological grades or associated with
lymph node metastasis

We collected 46 pairs of human breast cancer tissues
and the matching adjacent normal tissues to assess the
expression of DANCR in breast cancer. qRT-PCR
analysis showed that DANCR was significantly up-
regulated in breast cancer tissues compared with normal
tissues (P = 0.009; Fig. 1A). Further classification of
breast cancer tissues according to the TNM stages
revealed that the expression of DANCR was markedly
elevated in advanced tumors (P < 0.05, comparing
tumors of stage III/IV (n = 26) with those of stage I/I1
(n = 20); Fig. 1B) and also in those positive for lymph
node metastasis (n = 32; P < 0.05, when compared with
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tumors negative for lymph node metastasis (n = 14);
Fig. 1C). Consistently, when examining DANCR
expression in breast epithelial cells of different malig-
nancy, we found that DANCR was minimally expressed
in normal breast epithelial cells MCF10A, increased in
breast cancer cells of low malignancy, MCF7 and T47D
(P < 0.05, when compared with MCF10A cells), and
was further up-regulated in highly malignant TNBC
cells, MDA-MB-231 and MDA-MB-468 (P < 0.05,
when comparing MDA-MB-231 with MCF10A, MCF7
or T47D cells, and comparing MDA-MB-468 with
MCF10A or MCF7 cells; P> 0.05, when comparing
T47D with MDA-MB-468 cells; Fig. 1D). These find-
ings support the pro-malignant and pro-metastatic
activities of DANCR in breast cancer.

Further analysis of The Cancer Genome Atlas
(TCGA, https://www.cancer.gov/tcga) database
showed consistent results; DANCR was up-regulated
in breast cancer tissues, whereas SOCS3 was down-reg-
ulated (Fig. 1F,G). IHC representative images showed
that SOCS3 is down-regulated in cancer tissue com-
pared with normal tissue (Fig. 1H).

3.2. In malignant breast cancer cells, DANCR
essentially controlled cell viability and migration/
invasion in vitro, as well as xenograft growth

in vivo

To understand the functional significance and explore
the underlying mechanisms of DANCR in breast
cancer, we adopted both loss-of-function and gain-of-
function strategies. For loss-of-function strategy, we
stably reduced the endogenous DANCR level in highly
malignant MDA-MB-231 and MDA-MB-468 cells
using shRNA-mediated gene silencing. Figure 2A
showed that shDANCR lowered the expression of
DANCR in these cells by ~ 30-50% (P < 0.05, when
compared with the parental control or shNC-express-
ing cells. Although the knockdown of DANCR by
shDANCR was not ideal, by comparing several malig-
nant phenotypes between ShDANCR and shNC cells,
we found that knocking down DANCR significantly
reduced the viability (Fig. 2B,C), induced cell-cycle
arrest at GO/G1 phase (Fig. S1), and inhibited both
the migration (Fig. 2D.E) and the invasion (Fig. 2F,
G) of both MDA-MB-231 and MDA-MB-468 cells,
suggesting that DANCR essentially maintained multi-
ple malignant behaviors of breast cancer cells.

In addition to examining the effects of DANCR on
malignant breast cancer cells cultured in vitro, we estab-
lished xenograft models using shDANCR or shNC
malignant breast cancer cells (MDA-MB-231 and
MDA-MB-468) and monitored the growth of xenograft
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Fig. 1. DANCR was up-regulated in breast cancer tissues or cells. The expression of DANCR was examined by gRT-PCR and is presented
as a relative ratio to that of U6 (internal control). The expression of DANCR was compared between 46 pairs of breast cancer tissues and
the matching para-tumor normal tissues (A), between breast cancer tissues of low (stage I/ll, n = 20) and high (stage IlI/IV, n = 26)
pathological grades (B), between breast cancer tissues showing negative (n = 14) and positive (n = 32) lymph node metastasis (C), and
between indicated breast epithelial cell lines (D). (E) The expression of SOCS3 was examined by gRT-PCR and compared between 46 pairs
of breast cancer tissues and matching normal tissues. (F,G) Analysis of the TCGA database showed that DANCR was up-regulated,
whereas SOCS3 was down-regulated in breast cancer. (H) The expression of SOCS3 was examined by immunohistochemistry in breast
cancer vs. matching normal tissues. Representative images from three pairs of matching tissues (N for normal and C for cancer) are shown.
n = 3, data are shown as mean + SD. Student's t-test was used to determine statistical significance: *P < 0.05, **P < 0.01, ***P < 0.001.

tumors in vivo. Consistent with the growth-inhibitory displayed significantly slower growth than those derived
effect of sShDANCR in vitro, xenografts derived from from shNC cells (P < 0.05; Fig. 2H-K). To assess the
shDANCR (MDA-MB-231 and MDA-MB-468) cells effects of DANCR on cancer metastasis in vivo, we

Fig. 2. DANCR was essential for maintaining in vitro viability, migration, and invasion, and in vivo xenograft growth of malignant breast
cancer cells. sShDANCR was stably transfected into MDA-MB-231 and MDA-MB-468 cells; non-transfected (control) or shNC-transfected
cells were examined in parallel. (A) qRT-PCR shows reduction of DANCR in shDANCR cells. (B,C) MTT assay showed shDANCR
significantly reduced the viability of indicated breast cancer cells. Transwell migration (D,E) and invasion (F,G) assay showed shDANCR
potently inhibited the migration and invasion of breast cancer cells. Representative images of migrated (D) or invaded (F) cells are shown on
the left and the quantification on the right (E,G). (H-K) Xenograft tumors (n = 5/group) were generated from shNC or shDANCR cells. (H,J)
Photographs for xenografts from indicated groups. (I,K) The growth curve of xenografts from indicated groups. n = 3, data are shown as
mean + SD. Student’s t-test was used to determine statistical significance: *P < 0.05, **P < 0.01.
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injected shDANCR or shNC malignant breast cancer
cells (MDA-MB-231 and MDA-MB-468) through the
tail vein and found that knocking down DANCR in
malignant breast cancer cells significantly reduced the
number of metastatic nodules formed in lung (Fig. S2A,
B). Taken together, these data support oncogenic and
pro-metastatic activities of DANCR in vivo.

3.3. DANCR critically regulated EMT and cancer
stemness of malignant breast cancer cells

Epithelial-mesenchymal transition is closely associated
with cancer stemness, and both phenotypes contribute
significantly to tumor metastasis, recurrence, and drug
resistance (Wang et al., 2015). To assess whether
DANCR regulates EMT or cancer stemness of malig-
nant breast cancer cells, we first examined the expres-
sions of EMT-related biomarkers, including SNAILI,
SLUG, MMP-2, MMP-9, E-cadherin, and Vimentin in
shDANCR vs. shNC (MDA-MB-231 and MDA-MB-
468) cells. As shown in Fig. 3A,B, shDANCR mark-
edly reduced the levels of mesenchymal biomarkers
SNAILI1, SLUG, MMP-2, MMP-9, and Vimentin, but
elevated the level of the epithelial biomarker E-
cadherin (P < 0.05, when compared with shNC cells).
To investigate the impact of DANCR on CSC activity,
we performed the mammosphere formation assay and
found that shDANCR significantly reduced the size
(Fig. 3C) and number (Fig. 3D) of mammospheres
formed (P < 0.05, when compared with shNC cells).
The inhibition of targeting DANCR on self-renewal of
CSCs was not limited to the first generation of mam-
mospheres, but persisted till at least the 4th generation
(Fig. S3A.B). Consistently, the expressions of CSC-
related biomarkers CD44, CDI133, OCT3/4, and
NANOG were all remarkably reduced on both mRNA
and protein levels in shDANCR cells (P < 0.05, when
compared with shNC cells; Fig. 3E-H). These data
suggest that DANCR critically regulates both EMT
and stemness of malignant breast cancer cells.

3.4. Knocking down DANCR in malignant breast
cancer cells reduced the production of
inflammatory cytokines, blocked the binding of
EZH2 to SOCS3 promoter, and up-regulated
SOCS3

Several signaling pathways, including IL-6/JAK2/
STAT3 and TGF-B/Smad (Katsuno er al., 2013), as
well as the crosstalk between them (Liu et al., 2014),
contributed to EMT and cancer stemness. As knocking
down DANCR inhibited EMT and stemness of malig-
nant breast cancer cells, we examined the effect of

K.-J. Zhang et al.

shDANCR on the production of IL-6 and TGF-B
from these cells. First, the secretion of IL-6 and TGF-
B into the conditioned medium of shDANCR (both
MDA-MB-231 and MDA-MB-468) cells was signifi-
cantly lower than secretion into the conditioned med-
ium of shNC cells (P < 0.05; Fig. 4A,B). Consistently,
shDANCR significantly reduced the steady-state
mRNA levels of both IL-6 and TGF-f§ in MDA-MB-
231 and MDA-MB-468 cells (P < 0.05, when com-
pared with the corresponding shNC cells; Fig. 4C,D).

Next, we measured the expressions of several inflam-
mation-related signaling molecules in MDA-MB-231 and
MDA-MB-468 cells (Fig. 4E,F). We found that the acti-
vation of NF-kB (as represented by p-p65 level) and
STATS3 (as represented by p-STATS3 level) were strongly
reduced, whereas the expression of SOCS3 was signifi-
cantly increased in shDANCR cells compared with shNC
cells, with a more prominent increase observed in MDA-
MB-468 than in MDA-MB-231 cells (P < 0.05). To
understand the molecular mechanisms elevating SOCS3
expression, we focused on EZH2, a lysine methyltrans-
ferase that synergizes with DANCR to silence target
genes epigenetically through methylation of H3K27me3
(Jia et al., 2016). When examining ShDANCR vs. shNC
(both MDA-MB-231 and MDA-MB-468) cells, we found
that although the total level of EZH2 was not altered,
the level of H3K27me3 was potently reduced in
shDANCR cells to a level comparable to that achieved
by the EZH2 inhibitor GSK-126 (P < 0.05; Fig. 4G,H).
Consistently, ChIP-qPCR analysis showed that in both
shDANCR- and GSK-126-treated MDA-MB-231 and
MDA-MB-468 cells, the binding of EZH2 or H3K27me3
to the promoter of SOCS3 was markedly reduced
(P < 0.05, when compared with the control or shNC
cells; Fig. 41,J), although the overall binding between
SOCS3 and EZH2 or H3K27me3 was relatively low, as
indicated by the percentage of input. Furthermore, RIP
assay showed that in both MDA-MB-231 and MDA-
MB-468 cells, DANCR bonded to EZH2 (Fig. 4K).
These data suggest that by binding with EZH2, DANCR
participated in EHZ2-mediated epigenetic repression of
SOCS3 in malignant breast cancer cells.

3.5. Up-regulating DANCR in normal breast
epithelial cells or breast cancer cells of low
malignancy stimulated the viability and
migration/invasion in vitro, and xenograft
growth in vivo

In addition to knocking down DANCR in malignant
breast cancer cells, we also stably increased its level in
normal breast epithelial cells, MCF10A, or breast can-
cer cells of low malignancy, MCF7, using lentivirus-
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Fig. 3. DANCR essentially regulated EMT and cancer stemness of malignant breast cancer cells. (A,B) Western blot on EMT-related
biomarkers SNAIL1T, SLUG, MMP-2, MMP-9, E-cadherin, and Vimentin showed that shDANCR inhibited EMT in MDA-MB-231 and MDA-
MB-468 cells. Representative western images are shown on the left and the quantification on the right. (C,D) Mammosphere assay showed
that shDANCR significantly inhibited mammosphere formation. Representative images of mammosphere formed in each group are shown
in (C) and the quantification on the number of mammospheres in (D). (E-H) gRT-PCR (E,F) and western blot (G,H) show shDANCR inhibited
the expression of stemness-related biomarkers CD44, CD133, OCT3/4, and NANOG, on mRNA and protein level in indicated breast cancer
cells. n = 3, data are shown as mean + SD. Student’s t-test was used to determine statistical significance: *P < 0.05, **P < 0.01.

mediated gene expression. When compared with paren-
tal (control) cells or cells infected with lentivirus from
empty vector (vector), DANCR-expressing (DANCR)
cells presented an approximately twofold higher
expression of DANCR (P < 0.05; Fig. 5A). Corre-
sponding to the increase in DANCR in these cells,
in vitro viability (Fig. 5B,C), migration (Fig. 5D,E),
and invasion (Fig. 5F,G) were significantly stimulated
(P < 0.05, when compared with vector cells), as was
the xenograft growth (Fig. SH-K) and lung metastasis
(Fig. S2C,D) in vivo (P < 0.05, when compared with

vector cells), suggesting that DANCR was sufficient to
induce malignant transformation of normal breast
epithelial cells and boost the malignancy of breast can-
cer cell lines of low malignancy.

3.6. DANCR was sufficient to promote EMT and
cancer stemness in normal breast epithelial cells
or breast cancer cells of low malignancy

When it comes to EMT, we found that DANCR over-
expression up-regulated the expression of mesenchymal
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Fig. 4. DANCR critically controlled inflammation and targeted SOCS3 expression through EZH2-mediated epigenetic regulation. ELISA assay
showed that shDANCR potently reduced the secretions of IL-6 (A) and TGF-B (B) into the conditioned medium of indicated breast cancer
cells. gRT-PCR revealed reduced expressions of IL-6 (C) and TGF-B (D) in shDANCR cells. (E,F) Western blot showed that shDANCR
markedly inhibited the activations of p65 and STAT3, but increased the expression of SOCS3 in malignant breast cancer cells. (G,H)
Western blot on EZH2, H3K27me3, H3, and Hsp60 revealed specific reductions of H3K27me3 in shDANCR or GSK-126-treated cells. ChIP
assay showed that the binding of EZH2 (I) and H3K27me3 (J) to the promoter of SOCS3 was significantly reduced in shDANCR or GSK-126-
treated cells. (K) RNA immunoprecipitation assay revealed the specific interaction between DANCR and EZH2 in malignant breast cancer
cells. 1I9G was used as the negative control. n = 3, data are shown as mean + SD. Student’s ttest (A-F) and one-way ANOVA (G-K) were
used to determine statistical significance: *P < 0.05, **P < 0.01, ***P < 0.001.

biomarkers SNAIL1, SLUG, MMP-2, MMP-9, and
Vimentin, while down-regulating the expression of E-
cadherin (P < 0.05, when compared with vector cells;
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Fig. 6A,B). Furthermore, DANCR-expressing cells
generated larger (Fig. 6C) and more mammospheres
(Fig. 6D), which corresponded to the elevations of
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CSC Dbiomarkersg CD44, CDI133, OCT3/4, and
NANOG (on both mRNA and protein levels;
P < 0.05, when compared with vector cells; Fig. 6E—
H), suggesting the potency of DANCR in promoting
EMT and cancer stemness in normal breast epithelial
cells or breast cancer cells of low malignancy. The
induction of overexpressing DANCR on self-renewal
of CSC was not limited to the first generation of mam-
mospheres, but persisted till at least the third genera-
tion, although the ability decayed. For the fourth
generation of mammospheres, we detected no signifi-

DANCR facilitates breast cancer via targeting SOCS3

DANCR induced generation of mammospheres lost in
subculture.

3.7. Elevating DANCR in normal breast epithelial
cells or breast cancer cells of low malignancy
increased the production of inflammatory
cytokines, stimulated the binding of EZH2 to
SOCS3 promoter, and down-regulated SOCS3

To assess the significance and mechanisms of
DANCR in regulating inflammation, we compared
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Fig. 5. DANCR was sufficient to promote in vitro viability, migration, and invasion, and in vivo xenograft growth of normal breast epithelial
cells or breast cancer cells of low malignancy. DANCR was overexpressed in MCF10A and MCF-7 cells; parental (control) or vector-
transfected cells (vector) were examined in parallel. (A) RT-gPCR showed elevation of DANCR level in shDANCR cells. (B,C) MTT assay
showed that DANCR significantly boosted the viability of indicated cells. Transwell migration (D,E) and invasion (F,G) assay showed that
DANCR stimulated the migration and invasion of indicated cells. Representative images of migrated (D) or invaded (F) cells are shown on
the left and the quantification on the right (E,G). (H,K) Xenograft tumors (n = 5/group) were generated from vector or DANCR cells. (H,J)
Photographs for xenografts from indicated groups. (I,K) The growth curve of xenografts from indicated groups. n = 3, data were shown as
mean + SD. Student’s t-test was used to determine statistical significance: *P < 0.05, **P < 0.01.
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DANCR-expressing and vector MCF10A or MCF7
cells. As shown in Fig. 7A-D, both of their secretions
into the conditioned medium of and the mRNA
levels in MCFI0A or MCF7 cells were strikingly
induced by DANCR overexpression (P < 0.05, when
compared with vector cells). On the molecular level,
we found that DANCR expression potently activated
NF-kB and STAT3 (as represented by p-p65 and p-
STAT3, respectively) but decreased SOCS3 level
(P < 0.05, when compared with vector cells; Fig. 7E,

K.-J. Zhang et al.

gqPCR assay showed the enhanced binding of the
EZH2 or H3K27me3 to the promoter of SOCS3
[Fig. 71,J; the overall binding was even lower than in
the highly malignant MDA-MB-231 and MDA-MB-
468 cells (Fig. 41,J), as indicated by the percentage of
input]. RIP assay showed an interaction between
DANCR and EZH2 (Fig. 7K). These results suggest
that in normal breast epithelial cells or breast cancer
cells of low malignancy, overexpression of DANCR
is capable of down-regulating SOCS3 via interaction

F). The reduction in SOCS3 was associated with an
increased level of H3K27me3 (Fig. 7G,H). CHIP-

with EZH2, which is consistent with that of malig-
nant cell lines.
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Fig. 6. DANCR stimulated EMT and cancer stemness of normal breast epithelial cells or breast cancer cells of low malignancy. (A,B)
Western blot on EMT-related biomarkers SNAIL1, SLUG, MMP-2, MMP-9, E-cadherin, and Vimentin showed that DANCR stimulated EMT
in MCF-10A and MCF-7 cells. Representative western images are shown on the left and the quantification on the right. (C,D)
Mammosphere assay showed that DANCR significantly promoted mammosphere formation. Representative images of mammosphere
formed in each group are shown in (C) and the quantification on the number of mammospheres in (D). (E-H) qRT-PCR (E,F) and western
blot (G,H) showed DANCR increased expressions of stemness-related biomarkers CD44, CD133, OCT3/4, and NANOG, on mRNA level and
protein level in indicated cells. n = 3, data are shown as mean + SD. Student's ttest was used to determine statistical significance:
*¥*P<0.05 **P<0.01.
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Fig. 7. DANCR sufficiently stimulated inflammation and targeted SOCS3 expression through EZH2-mediated epigenetic regulation in normal
breast epithelial cells or breast cancer cells of low malignancy. ELISA assay showed that DANCR overexpression potently stimulated the
secretions of IL-6 (A) and TGF-B (B) into the conditioned medium of indicated cells. RT-gPCR revealed increased expressions of I1L-6 (C) and
TGF-B (D) in DANCR cells. (E,F) Western blot showed that DANCR markedly promoted the activation of p65 and STAT3, but reduced the
expression of SOCS3 in indicated cells. (G,H) Western blot on EZH2, H3K27me3, H3, and Hsp60 revealed specific increases of H3K27me3
in DANCR cells. ChlP assay showed that the binding of EZH2 (I) and H3K27me3 (J) to the promoter of SOCS3 was significantly increased in
DANCR cells. (K) RNA immunoprecipitation assay revealed the specific interaction between DANCR and EZH2 in MCF-10A and MCF-7. I1gG
was used as the negative control. n = 3, data are shown as mean + SD. Student’s ttest (A-F) and one-way ANOVA (G-K) were used to
determine statistical significance: *P < 0.05, **P < 0.01, ***P < 0.001.

et al., 2009). Our finding that DANCR negatively reg-
ulated the expression of SOCS3 through the epigenetic
regulation by EZH2 and H3K27me3 suggests that
down-regulating SOCS3 may mediate the oncogenic
activities of the former. To address the biological
significance of SOCS3 and EZH2 in DANCR-in-
Suppression of cytokine signaling 3 was demonstrated duced malignant phenotypes, we overexpressed
to be a tumor suppressor in breast cancer (Barclay SOCS3 (DANCR + SOCS3) or inhibited EZH?2

3.8. Overexpression of SOCS3 or inhibition of
EZH2 reversed the malignant phenotypes
induced by elevating DANCR in normal breast
epithelial cells or breast cancer cells of low
malignancy
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(DANCR + GSK-126) in DANCR-expressing
MCF10A or MCF7 cells. By monitoring the pheno-
types of these cells, we found that overexpression of
SOCS3 rescued multiple malignant phenotypes induced
by DANCR in both MCFI0A and MCF7 cells,
including cell viability (Fig. 8A,B), migration (Fig. 8C,
D), invasion (Fig. 8E,F), EMT (Fig. 8G,H), and can-
cer stemness (Fig. 81-L). A similar rescue was also
observed in DANCR + GSK-126 cells.

On the molecular level, overexpression of SOCS3 or
supplementation of GSK-126 in DANCR overex-
pressed cells significantly reduced the expression of IL-
6 (Fig. 9A) and TGF-B (Fig. 9B), and inhibited the
activation of NF-«kB and STAT3 signaling (Fig. 9C,
D). Correspondingly, although overexpressing SOCS3
failed to alter the level of H3K27me3, whereas GSK-
126 significantly reduced it, both treatments signifi-
cantly elevated the level of SOCS3, suggesting that tar-
geting SOCS3 is an essential mechanism by which
DANCR could present pleiotropic oncogenic activities.

4. Discussion

In this study, we presented pleiotropic oncogenic activ-
ities of IncRNA DANCR on multiple levels. First,
DANCR was up-regulated in breast tissues (specifi-
cally in those associated with advanced pathological
grades or positive lymph node metastasis) as well as in
highly malignant and metastatic TNBC cells, support-
ing the clinical relevance of DANCR in breast cancer.
Secondly, in TNBC cells, knocking down DANCR sig-
nificantly reduced EMT, cancer stemness, and inflam-
mation, suggesting its essential role in maintaining
these malignant phenotypes of advanced breast cancer
cells. Thirdly, in normal breast epithelial cells or breast
cancer cells of low malignancy, overexpression of
DANCR was sufficient to promote EMT, cancer stem-
ness, and inflammation, indicating its potency in
inducing tumorigenesis and malignant transformation
during breast cancer oncogenesis. Lastly, on the

K.-J. Zhang et al.

molecular level, the activities of DANCR in normal,
early- or late-stage breast cancer cells were achieved by
EZH2-mediated epigenetic down-regulation of SOCS3.

Cancer stemness, EMT, and inflammation are three
closely interrelated mechanisms regulating the malig-
nant phenotypes of cancer. Cancer stem cells are the
driving force for cancer metastasis and recurrence,
leading to more than 90% of breast cancer-related
death (Baccelli et al., 2013; Peitzsch et al., 2017).
Phenotypically, breast CSC are identified by elevated
expressions of stem-cell biomarkers such as CD44,
CD133, ALDH, OCT3/4, Nanog, and SOX2 (Ling
et al., 2012; Pattabiraman and Weinberg, 2014). Sev-
eral reports showed that DANCR stimulates cancer
stem-cell features (Jiang et al., 2017, Yuan et al.,
2016). For breast cancer, Sha et al. (2017) used MDA-
MB231 cells as the model system and demonstrated
that knocking down DANCR was sufficient to reduce
the expression of CSC markers, CD44, ALDH, and
ABCG?2, which correlated with inhibited xenograft for-
mation in vivo. Consistent with Sha ez al’s findings,
we showed that knocking down DANCR in TNBC
cells potently reduced the endogenous expressions of
CD44, CD133, OCT3/4, and Nanog, which was corre-
lated with inhibited mammosphere formation in vitro
and xenograft formation in vivo from shDANCR-
targeting TNBC cells. Furthermore, we showed for the
first time that overexpressing DANCR in normal
MCF10A or low-malignant MCF7 cells significantly
up-regulated the expression of multiple CSC biomark-
ers, leading to increased mammosphere formation
in vitro and stimulated tumor formation in mice, sug-
gesting that DANCR not only was essential to main-
tain cancer stemness in late-stage breast cancer cells
but also was sufficient to transform normal breast
epithelial cells into tumor-forming cancer cells and to
boost further the stemness of low-malignant cancer
cells.

Mechanistically, EMT is closely linked to cancer
stemness (Wang et al., 2015). The key EMT-inducer

Fig. 8. Overexpressing SOCS3 or inhibiting EZH2 rescued MCF-10A or MCF-7 cells from DANCR-stimulated viability, migration, invasion,
EMT or cancer stemness. (A,B) MTT assay showed that overexpressing SOCS3 in DANCR cells (DANCR + SOCS3) or treating these cells
with EZH2 inhibitor (DANCR + GSK-126) reduced DANCR-stimulated cell viability. Transwell migration (C,D) and invasion (E,F) assay showed
overexpression of SOCS3 or inhibition of EZH2 inhibited DANCR-stimulated migration and invasion of indicated cells. (G,H) Western blot on
EMT-related biomarkers, E-cadherin, and Vimentin showed that although DANCR stimulated EMT in MCF-10A and MCF-7 cells,
overexpression of SOCS3 or treatment of cells with GSK-126 was sufficient to abolish the effect of DANCR. Representative western
images are shown in (G) and the quantification in (H). (I,J) Mammosphere assay showed that DANCR significantly promoted mammosphere
formation, which was reversed by overexpression of SOCS3 or inhibition of EZH2. Representative images of mammosphere formed in each
group are shown in () and the quantification on the number of mammospheres in (J). (K,L) Western blot showed DANCR increased the
expression of stemness-related biomarkers CD44, CD133, OCT3/4, and NANOG, which was inhibited by overexpressing SOCS3 or inhibiting
EZH2. n = 3, data are shown as mean + SD. One-way ANOVA was used to determine statistical significance: *P < 0.05, **P < 0.01.
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Fig. 9. SOCS3 and EZH2 essentially mediated the effects of DANCR on inflammation. (A) gRT-PCR showed that overexpression of SOCS3
or inhibition of EZH2 with GSK-126 reduced DANCR-stimulated mRNA of IL-6 of indicated cells. (B) gRT-PCR showed that overexpression of
SOCS3 or inhibition of EZH2 with GSK-126 reduced DANCR-stimulated mRNA of TGF-B of indicated cells. (C,D) Western blot showed that
SOCS3 and GSK-126 antagonized the effect of DANCR in activating p65 and STAT3. (E,F) Western blot on H3K27me3, H3, and SOCS3
showed that although overexpression of SOCS3 failed to alter the level of H3K27me3, whereas GSK-126 significantly reduced it, both
treatments significantly boosted the level of SOCS3 in DANCR cells. One-way ANOVA was used to determine statistical significance:
*P<0.01, **P < 0.05.
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TGF-B is sufficient to generate CSC (Asiedu et al.,
2011; Shuang et al., 2014). Although it is well demon-
strated that DANCR stimulates the migration, inva-
sion, and metastasis (all characteristic EMT
phenotypes) of multiple human cancers (Jin et al.,
2017; Mao et al., 2017; Pan et al., 2018; Shi et al.,
2018; Wang and Jiang, 2018; Wang et al., 2018a;
2018b), few studies have presented direct evidence that
DANCR regulates EMT. In this study, we presented
the correlation between high DANCR expression and
tumors positive for lymph node metastasis. More
importantly, we showed that knocking down endoge-
nous DANCR significantly reduced the migration/in-
vasion of TNBC cells, whereas overexpressing
DANCR in normal MCFI0A or low-malignant
MCF7 cells markedly stimulated their migration/inva-
sion. The changes in cell migration/invasion were asso-
ciated with alterations of EMT-related biomarkers,
including SNAILI, SLUG, MMP-2, MMP-9, E-cad-
herin, and Vimentin. These data demonstrate the cau-
sal relationship between DANCR and EMT in breast
cancer and support the promotion cancer stemness by
stimulation of EMT and DANCR.

Another mechanism critical for both EMT and can-
cer stemness is inflammation. Chronic inflammation,
by activating two major signaling pathways, NFkB
and STATS3, contributes critically to cancer initiation,
progression, and metastasis (Blaylock, 2015). In this
study, we focused on two inflammation-related cytoki-
nes, TGF-B and IL-6. TGF-f is a growth suppressor
during normal breast development and shifts to a cyto-
kine that essentially stimulates the motility, invasion,
and metastasis of cancer cells during oncogenesis (Bar-
cellos-Hoff and Akhurst, 2009). The malignant conver-
sion of TGF-pB is achieved by stimulating EMT and
cancer stemness within cancer cells, inducing an
immunosuppressive environment to minimize the elimi-
nation of cancer cells, and exacerbating the production
of itself from cancer as well as other stromal cells
(Barcellos-Hoff and Akhurst, 2009). IL-6 is another
well-demonstrated inducer of EMT and cancer stem
features in breast cancer (Xie er al., 2012). Yao et al.
(2010) showed that TGF-f, by activating IL-6 produc-
tion, not only induced EMT but provided a mecha-
nism leading to resistance to erlotinib. In this study,
we showed for the first time that DANCR essentially
controlled the expression of both TGF- and IL-6:
shDANCR in TNBC cells significantly reduced their
production, whereas DANCR overexpression in nor-
mal MCFI10A or low-malignant MCF7 cells potently
stimulated it. The regulation on TGF-f and IL-6 was
associated with the activation of NF-kB and STATS3
signaling in different cells. These data suggest that

DANCR facilitates breast cancer via targeting SOCS3

elevation of TGF-f and IL-6 production is a mecha-
nism by which DANCR promotes EMT and cancer
stemness. They also further corroborate the intricate
crosstalk among EMT, cancer stemness, and inflam-
mation, and its role in promoting malignant develop-
ment of cancer.

Cumulative evidence suggests the importance of the
NF-xB/STAT3/IL-6 positive feedback loop in linking
inflammation and cancer: to maintain the active state
of breast myofibroblasts (Hendrayani et al., 2016), to
stimulate vascular inflammation (Brasier, 2010), and
to promote the survival of cancer cells under stressed
conditions and tumor aggressiveness (McFarland
et al., 2013; Yoon et al., 2012). Concomitant with the
activation of NF-kB and STAT3 by DANCR overex-
pression or their deactivation by shDANCR in breast
epithelial cells of different malignancies, we observed
an opposing regulation between DANCR and
SOCS3: by forming a complex with EZH2, DANCR
promoted the binding of EZH2 to the promoter of
SOCS3 and up-regulated the level of H3K27me3,
which collectively and epigenetically silenced the
expression of SOCS3. SOCS3 is a negative regulator
of cytokine signaling, such as IL-6-activated STAT3
(Wang et al., 2013) or TGF-B-promoted Thl17 cell
development (Qin et al., 2009). Dhar et al. (2013)
showed that STAT3 and NFkB-p65 interacted, lead-
ing to hypermethylation of SOCS3 promoter, and
down-regulated SOCS3 in human coronary artery
smooth muscle cells. Kim et al. (2015) showed that in
PTEN- and pS53-inactivated TNBC cells, SOCS3
inhibited IL-6/STAT3/NF«B signaling. Considering
that inflammation impacts not only cancer cells but
also a variety of stromal cells, such as macrophages
and fibroblasts, within the tumor microenvironment,
it is interesting to explore the effects of DANCR on
these cells and how such effects may provide feedback
on the aggressive growth and metastasis of cancer
cells.

5. Conclusions

In summary, we identified IncRNA DANCR as the
master regulator of inflammation as well as inflamma-
tion-mediated EMT and cancer stemness. DANCR
not only essentially maintained these phenotypes in
late-stage TNBC but also sufficiently induced them in
normal breast epithelial cells or early-stage breast can-
cer cells. More importantly, we showed that the onco-
genic activities of DANCR were achieved by EZH2-
mediated epigenetic down-regulation of SOCS3. There-
fore, understanding the mechanisms controlling
DANCR expression during breast cancer development,
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effectively targeting these mechanisms, and developing
strategies to either suppress DANCR or up-regulate
SOCS3 may prevent tumorigenesis and suppress the
malignant progression of breast cancer.
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Fig. S1. DANCR was essential for maintaining cell-cy-
cle progression in highly malignant breast cancer cells.
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Cell-cycle progression of shDANCR or shNC MDA-
MB-231 (A) and MDA-MB-468 (B) was examined by
PI staining followed by flow cytometry. The percent-
age of cells in indicated cell-cycle phases was calcu-
lated as mean =+ SD from three independent
experiments and compared between shDANCR and
shNC cells. Student’s 7-test was used to determine sta-
tistical significance: **P < 0.01.

Fig. S2. DANCR critically controlled lung metastasis
in vivo. shDANCR or shNC MDA-MB-231 and
MDA-MB-468 cells (A,B), DANCR-overexpressing or
vector MCF-10A and MCF-7 cells (C,D) were injected
into mice through the tail vein (n = 5/group). At
5 weeks after the injection, all mice were sacrificed and
the lung tissues were isolated. The number of surface
metastases per lung was quantified under a dissecting
microscope and averaged from all five mice of the
same group. The representative lung images are shown
in (A) and (C), and the number of metastatic nodules
in (B) and (D). Student’s z-test was used to determine
statistical significance: *P < 0.05, **P < 0.01.

Fig. S3. DANCR persistently promoted the self-re-
newal of CSC. Self-renewal of CSC was examined in
shNC vs. shDANCR MDA-MB-231 (A) or MDA-
MB-468 (B), and vector vs. DANCR-overexpressing
MCF-10A (C) and MFC-7 (D) cells using mammo-
sphere formation assay for up to four generations. The
number of mammospheres is presented as mean + SD
from three independent experiments. Student’s ¢-test
was used to determine the statistical significance:
*P <0.05, **P < 0.01.
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