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Abstract: There is now considerable evidence supporting the view that macrophage infiltration is playing a critical 
role in the proliferation and progression of breast cancer but the underlying molecular mechanisms remain largely 
unknown. To this end, using long non-coding RNA (lncRNA) expression profiling, we examined changes in lncRNA 
expression in breast cancer cells treated with conditioned medium (CM) from cultured human THP-1 macrophages. 
We found that treatment with macrophage CM induced the expression of numerous lncRNAs, including urothelial 
cancer associated 1 (UCA1). Knockdown of UCA1 using shRNA inhibited AKT phosphorylation and abolished inva-
siveness of tumor cells induced by macrophage CM. Consistent with these results; we further showed that UCA1 
level was significantly enhanced in human primary breast tumors and correlated with advanced clinical stage, sup-
porting its role in promoting carcinogenesis and progression of breast cancer. Together, these results suggest that 
macrophage could promote invasiveness of breast cancer cells by enhancing expression of lncRNA UCA1. 
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Introduction

A malignant tumor is comprised of tumor cells 
and the tumor microenvironment. It is now 
clear that the tumor microenvironment plays a 
critical role in regulating the fate and behavior 
of tumor cells. Among all cell types associated 
with the tumor microenvironment, tumor-asso-
ciated macrophages (TAMs) are the major com-
ponent of the leucocytic infiltration in tumors 
[1, 2]. It is well established that TAMs could 
enhance tumor progression by promoting tumor 
invasion, migration and angiogenesis. For 
example, cytokines, chemokines, and growth 
factors secreted by the inflammatory cells 
might also induce malignant transformation 
and/or promote tumor cell survival by regulat-
ing expression of genes involved in apoptosis, 
proliferation and cell-cycle control [3-5]. Free 
radicals produced by host leukocytes might 
cause DNA damage and induce somatic muta-
tions in tumor cells. Indeed, a large variety of 
TAMs have been frequently observed to be 
associated with breast tumor, and their interac-
tion with the surrounding tumor cells has just 
begun to be unveiled.

Derived from circulating monocytic precursors, 
TAMs are recruited within the tumor microenvi-
ronment by tumor-derived signals and differen-
tiate into mature macrophages. They could 
change their properties in response to different 
signals and display a phenotypic plasticity with 
two major types of macrophages, M1 and M2, 
which have antitumorigenic or protumorigenic 
functions, respectively [6, 7]. In most cases, 
activated macrophages act in an inflammatory 
microenvironment are M2 type and promote 
tumorigenesis. It has also been suggested that 
a dynamic switching from M1 phenotype to 
M2-like one might occur during tumor develop-
ment. Previous studies indicate that macro-
phage infiltration is significantly correlated with 
metastasis and poor prognosis in breast can-
cer. After polarized with specific inducers, mac-
rophages could produce a distinctive set of 
cytokines and chemokines such as Tumor 
necrosis factor (TNFα) and Transforming Growth 
Factor β (TGF-β) [7], which may enhance the 
activity of several transcription factors such as 
Transducer and Activator of Transcription 3 
(STAT-3) and downstream signal cascade includ-
ing Protein Kinase B Alpha (AKT) signaling and 
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Extracellular-signal-Regulated Kinases (ERK) 
pathways, to control expression of target genes 
involved in tumor development and progression 
[8-10]. 

Long non-coding RNAs (lncRNAs) are evolution-
arily conserved non-coding RNAs that are lon-
ger than 200 nucleotides in length [11, 12]. 
They are playing critical roles in co-transcrip-
tional and post-transcriptional regulation of 
protein-coding genes expression. Growing evi-
dence suggests that deregulated expression of 
lncRNAs is closely linked to tumor progression 
and drug resistance in different tumors [9, 
13-15]. Although recent studies have identified 
many molecular changes in tumor cells trig-
gered by tumor microenvironment, however, 
how macrophage filtration regulates expression 
of lncRNAs in breast cancer remains unknown. 
Here we ask whether macrophage filtration 
could facilitate breast tumor carcinogenesis by 
regulating expression of lncRNAs with oncogen-
ic or tumor suppressing functions. To this end, 
we mimicked a tumor microenvironment by co-
culturing breast cancer cells with conditioned 
medium from differentiated THP-1 macro-
phages. Changes in expression profiling of 90 
major lncRNAs in these cells were then exam-
ined using LncProfiler qPCR Array. We identify 
UCA1 as the most significantly induced lncRNA 
by macrophage CM in breast cancer cell lines. 
Further functional assay support an important 
link between UCA1 and macrophage-induced 
invasiveness of breast cancer cells via regulat-
ing AKT signaling.

Materials and methods

Differentiation of THP-1 monocytes to macro-
phages

THP-1 monocytes were seeded at a density of 
40,000 cells/cm2 onto 6-well plates (BD 
Biosciences, Franklin Lakes, NJ, USA) in RPMI-
1640 medium (Life Technologies, Inc., 
Rockville, MD) containing 10% FCS and 10 mM 
HEPES. Cells were induced to differentiate  
into macrophages with 100 ng/ml 12-O-te- 
tradecanoylphorbol-13-acetate (TPA, Sigma-
Aldrich, St. Louis, MO, USA) for differentiation. 
After 24 h, differentiated cells were thoroughly 
washed 5 times with fresh medium and then 
cultured for 24 h in 3 ml RPMI-1640 medium 
containing 10% FCS and 10 mM HEPES. After 
centrifuge, the supernatant of the culture con-
taining factors released from macrophage was 

collected as macrophage conditioned medium 
(macrophage CM).

LncRNA expression profiling

Total RNA was prepared from MCF-7 cells treat-
ed with macrophage conditioned medium or 
ordinary medium using Trizol (Invitrogen, 
Carlsbad, CA, USA). The expression of 90 
lncRNA was performed using the LncProfiler™ 
qPCR Array Kit (System Biosciences, Mountain 
View, CA). Three biological replicates were per-
formed for each group. LncRNA expression pro-
filing and data analysis were performed accord-
ing to the manufacturer’s instructions.

Reverse transcription-PCR

Total RNA from cells was isolated using Trizol 
(Invitrogen, Carlsbad, CA, USA). 200 ng of RNA 
was reverse-transcribed to cDNA using 
SuperScript First Strand cDNA System 
(Invitrogen, Carlsbad, CA, USA) and gene spe-
cific primers. PCR was performed using a 
S1000™ Thermal Cycler (BIO-RAD Laboratories, 
Inc., Hercules, CA). 

The following primers were used: UCA1: F 
5’-CTCTCCATTGGGTTCACCATTC-3’; R 5’-GCGG- 
CAGGTCTTAAGAGATGAG-3’. 18 s RNA: F 5’-GTAA- 
CCCGTTGAACCCCATT-3’; R 5’-CCATCCAATCGG- 
TAGTAGCG-3’. F, forward primer; R, reverse 
primer.

Quantitative real-time PCR

Total RNA from cells or tissues was isolated 
using Trizol (Invitrogen, Carlsbad, CA, USA). 200 
ng of RNA was reverse-transcribed to cDNA 
using SuperScript First Strand cDNA System 
(Invitrogen, Carlsbad, CA, USA) and gene spe-
cific primers. Quantitative real-time PCR was 
performed using a CFX96 Connect system 
(BIO-RAD Laboratories, Inc., Hercules, CA) and 
SYBR Green Supermixes (BIO-RAD Laboratories, 
Inc., Hercules, CA). The gene glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was 
used as internal control. A dissociation curve 
was produced and relative gene expression 
was calculated by using the 2-ΔΔCT method. 
Experiments were performed in triplicates. 

The following PCR primers were used: UCA1: F 
5’-CTTCTGCATAGGATCTGCAATCAG-3’; R 5’-TTTT- 
GTCCCCATTTTCCATCATACG-3’. lincRNA-ROR: F 
5’-AGGAAGCCTGAGAGTTGGC-3’; R 5’-CTCAGTG- 
GGGAAGACTCCAG-3’. Y RNA-1: F 5’-GCTGGTCCG- 
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Figure 1. Changes in lncRNA expression profile in response to macrophage CM treatment. (A) Changes in expression 
of 90 lncRNAs between MCF-7 cells treated with macrophage CM or control medium for 24 h. Fold change were log2 
transformed and the data presents the average from three biological replicates. Macrophage-induced changes of 
four most significantly induced lncRNA, including (B) UCA1, (C) Y RNA-1, (D) lincRNA-RoR and (E) L1PA16 were vali-
dated in MCF-7 cells as well as two additional breast cancer cell lines, T47D and BT474. Data represent the mean 
± s.d. of three biological replicates; *P < 0.05. Statistical analysis was performed by t-test.
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Table 1. Significantly changed lncRNAs by 
treatment with macrophage CM in MCF-7 
cells
LncRNA Fold Change Adjusted P-value
UCA1 6.66 8.52E-03
Y RNA-1 6.05 9.80E-04
LINCRNA-ROR 4.43 1.67E-03
L1PA16 3.47 4.36E-03
EGOA 2.89 2.75E-02
HOTAIRM1 2.53 1.19E-02
ZEB2NAT 2.49 1.02E-02
21A 2.31 8.25E-03
Nespas 2.21 1.57E-02
HAR1A 2.07 3.89E-02
AIR 1.77 1.39E-02
HULC 1.62 2.91E-03
H19 UPSTREAM 0.65 8.91E-03
SAF 0.64 2.99E-02
HOXA3AS 0.61 1.02E-02
PRINS 0.49 1.02E-02
ALPHA 250 0.37 2.91E-03
LINCRNA-SFMBT2 0.33 1.31E-02
Expression of lncRNAs of MCF-7 cells treated with mac-
rophage CM or control medium for 24 h were measured 
using lncRNA qPCR array with three biological replicates. 
Differentially expressed lncRNAs were identified using 
t-test followed by multiple comparison correction using 
Benjamini-Hochberg procedure. LncRNAs with fold 
change > 1.5 and adjusted p-value < 0.05 was consid-
ered significantly changed.

AAGGTAGTGAG-3’; R 5’-AAGTGCAGTAGTGAGA- 
AGGGG-3’. L1PA16: F 5’-CCCCACATAGCTTCCA- 
GTGT-3’; R 5’-CAACTTGAGGCCATCATCCT-3. GAP- 
DH: F 5’-AGGTCGGAGTCAACGGATTTG-3’; R 
5’-GTGATGGCATGGACTGTGGT-3’. F, forward pri- 
mer; R, reverse primer.

UCA1 knockdown and overexpression

Sequences of siRNA targeting UCA1 and the 
non-specific control were as previously 
described (ref). They were converted into 
shRNA cassettes and cloned into the pRNAT-
U6.1/Neo vector. ShRNA cassettes used:

pRNAT-U6.1/Neo-shUCA1 (UCA1 KD) 5’-gat- 
ccGTTAATCCAGGAGACAAAGAttcaagagaTCTTT- 
GTCTCCTGGATTAAttttttggaaa-3’; pRNAT-U6.1/
Neo-CTL (control KD) 5’-gatccTTCTCCGAACGTG- 
TCACGTttcaagagaACGTGACACGTTCGGAGA- 
Attttttggaaa-3’.

ShRNA constructs were transfected into MCF-7 
or T47D cells using lipofectamine2000 reagent 

(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. After 24 h cells 
was selected with 200 μg/ml neomycin (G418) 
(Invitrogen, Carlsbad, CA, USA) for 3 weeks, and 
knockdown efficiency was confirmed by RT-PCR 
and real-time PCR.

Cell proliferation assay

Cells were seeded in the 96-well plate at a con-
centration of 3 × 103 cells per well and incu-
bated for 24 h. Then the medium was changed 
to macrophage CM or control medium and cells 
were incubated for up to 24 h. Cell growth via-
bility was measured using Vybrant MTT Cell 
Proliferation Assay Kit (Invitrogen, Carlsbad, 
CA, USA). Absorbance was then recorded using 
an Elx800 Reader (Bio-Tek Instruments Inc., 
Winooski, VT). Three biological replicates were 
obtained for each sample. 

Cell Invasion assay

The invasion assay was conducted using 
Transwell cell culture chambers (Millipore Corp., 
Billerica, MA). The invading cells were counted 
at 400 × magnification in 10 different fields for 
each insert. The experiment was repeated 
three times. For AKT inhibitors study, cells were 
treated with 20 μM PI3 Kinase Inhibitor 
LY294002 (Cell Signaling Technology, Beverly, 
MA) in the cell culture medium.

Tumor tissues

A total of 71 patients who were diagnosed as 
breast cancer and had undergone resection in 
Lishui Central Hospital & Zhejiang University 
Lishui Hospital from 2011 to 2013 were includ-
ed in this study. None of these patients had 
received preoperative radiotherapy or chemo-
therapy prior to surge. Tumor and adjacent nor-
mal tissues were snap-frozen in liquid nitrogen 
and stored at -80°C until used for RNA extrac-
tion. The project protocol was approved by the 
Institutional Review Board of Lishui Hospital. 
Informed consent for clinical research was 
obtained from each patient and all experiments 
were performed in accordance with relevant 
guidelines.

Results

Changes in lncRNA expression profile induced 
by macrophage CM

In this study, we focused our work on the chang-
es in lncRNA expression induced by macropage. 
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To mimick an inflammatory microenvironment, 
we exposed breast cancer cell MCF-7 to macro-
phage CM, which contained the soluble factors 
derived from THP-1 macrophages, for 24 h. 
MCF-7 cells treated with the same medium 
without macrophages were used as a control. 
We then used LncProfiler qPCR Array to profile 
in expression of 90 major lncRNAs with three 
biological replicates (Figure 1A). Differentially 
expressed lncRNAs were identified using t-test 
followed by multiple comparison correction 
using Benjamini-Hochberg procedure. This 
allowed us to identify 12 significantly upregu-
lated lncRNAs and 6 significantly downregulat-
ed lncRNAs following macrophage CM treat-
ment with a fold change greater than 1.5 fold 
(Table 1). 

We then validated changes of four most signifi-
cantly induced lncRNAs by macrophage CM, 
namely, UCA1, Y-RNA-1, lincRNA-RoR and 
L1PA16 in two additional breast cancer cell 
lines T47D and BT474. As shown in Figure 1B-E, 

expression of UCA1 and lincRNA-RoR were con-
sistently enhanced in all three cell lines. 
Notably, recent studies have shown that UCA1 
is significantly up-regulated in several human 
cancers [16], including bladder cancer, breast 
cancer and liver cancer, and is linked to 
enhanced proliferation and drug resistance of 
tumor cells [8, 17, 18]. This suggested that 
cytokine/chemokine produced by macrophage 
may induce the expression of a subset of 
lncRNAs to promote the proliferation and pro-
gression of breast cancer cells. We thus 
focused our efforts on UCA1 in the following 
functional studies. 

Macrophage CM promotes breast cancer inva-
sion 

We then examined whether macrophage CM 
may enhance proliferation or invasiveness of 
breast cancer cells in vitro. Two breast cancer 
cell lines (MCF-7 and T47D) were treated with 
macrophage CM for 24 h and their invasion and 

Figure 2. Macrophage CM activates cancer cell invasion via AKT signaling. A. MCF-7 or T47D cells were treated with 
macrophage CM or control medium (N.C) for 24 h and the invasion ability was obtained with transwell assay. Data 
represent the mean ± s.d. of three biological replicates. B. MCF-7 or C. T47D cells were treated with macrophage 
CM or control medium for up to 24 h and cell viability was measured using MTT assay. Data represent the mean ± 
s.d. of three biological replicates. D. MCF-7 or E. T47D cells were treatment with macrophage CM containing 20 μM 
PI3 Kinase Inhibitor LY294002 or DMSO, respectively, and the invasion ability was obtained with transwell assay. 
Data represent the mean ± s.d. of three biological replicates. 
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proliferation abilities were examined, respec-
tively. Significantly, both MCF-7 and T47D cells 
treated with macrophage CM showed increased 
number of invading cells as compared with con-
trols (Figure 2A, P < 0.001, t-test). However, no 
significant change in cell proliferation was 
observed during this time window (Figure 2B 
and 2C), suggesting that enhanced invasive-
ness of the tumor cells were not associated 
with their proliferation ability. Consistent with 
previous findings that macrophages may stimu-
late invasion of gastric and colorectal cancer 
through activation of AKT signaling in vivo [16, 
19, 20], inhibition of AKT signaling using 
LY294002 impaired the function of macro-
phage CM to promote invasion of MCF-7 and 
T47D cells (Figure 2D and 2E). These results 
established that the soluble factors derived 
from macrophages may activate AKT signaling 
to mediate invasion of breast cancer cells.

UCA1 knockdown abolished invasiveness of 
breast cancer cells induced by macrophage 
CM

To investigate the function of UCA1 in mediat-
ing macrophage-induced invasiveness, we 

established stable UCA1 knockdown cell lines 
using shRNA. As shown in Figure 3A, reverse 
transcription polymerase chain reaction 
(RT-PCR) result showed that shRNA-mediated 
silencing resulted in dramatic reduction in 
UCA1 mRNA expression. This result is validated 
by quantitative real-time PCR (q-PCR), that 
UCA1 expression in both cell lines were reduced 
by about 90% under normal condition (Figure 
3B and 3C). As expected, following treatment 
with macrophage CM, UCA1 abundance was 
potently elevated in both MCF-7 and T47D cells, 
while only slight increase was observed in sta-
ble knockdown cell lines (Figure 3B). 

We then examined whether UCA1 was required 
for activation of AKT signaling in cells activated 
by macrophage CM. In line with results in blad-
der tumor cells [8, 18], knockdown of UCA1 in 
both MCF-7 and T47D cells resulted in potent 
decrease in AKT phosphorylation (Figure 3C). 
Moreover, UCA1 knockdown resulted in signifi-
cantly reduced invasiveness of both cell lines 
treated with macrophage CM. This is consistent 
with established role of UCA1 in regulating 
bladder cancer metastasis and supports the 

Figure 3. UCA1 knockdown abolished macrophage-induced invasion of breast cancer cells. A. Semiquantitative RT-
PCR analysis of UCA1 expression in MCF-7 and T47D cells with stable UCA1 or control knockdown. B. Quantitative 
real-time PCR analysis of UCA1 expression in MCF-7 or C. T47D cells with stable UCA1 or control knockdown, treated 
with macrophage CM or control medium, respectively. Data represent the mean ± s.d. of three biological replicates. 
D. Western-blot analysis of AKT, phosphorylated AKT and β-actin in MCF-7 or T47D cells with stable knockdown of 
UCA1 or control treated with macrophage CM for 24 h. E. Relative invasion ability of MCF-7 or F. T47D cells with 
stable UCA1 knockdown or control knockdown treated with macrophage CM or control medium, respectively. Data 
represent the mean ± s.d. of three biological replicates. 
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hypothesis that macrophage infiltration may 
promote invasiveness of tumor cells via activat-
ing UCA1. 

Enhanced expression of UCA1 in breast tu-
mors

To further investigate the role of UCA1 in vivo, 
we performed quantitative PCR (q-PCR) to 
examine the expression of UCA1 in 71 pairs of 
human primary breast tumors and the corre-
sponding adjacent non-tumorous tissues. As 
shown in Figure 4A, consistent with previous 
studies, UCA1 expression was significantly 
enhanced in breast tumors as compared with 
normal tissues (P = 1.51E-12, paired student’s 
t-test). Of note, high UCA1 expression was 
associated with advanced clinical stage of the 
disease (Figure 4B, P = 6.03E-6, student’s 
t-test), supporting the notion that UCA1 plays a 
pivotal role in the progression of breast 
cancer.

Discussion

Breast cancer is a good example of inflamma-
tion-related cancer which represents a para-
digm of the crosstalk between tumor-immune 
microenvironment and tumorigenesis. The exis-
tence of activated inflammatory cells in tumor 
tissue is well established and they may influ-
ence various aspects of carcinogenesis.

Macrophage is a major component of leukocyte 
infiltration in the majority of tumors, which pro-
duces a myriad of factors to promote tumor 

growth and invasiveness. The major focus of 
this study was to investigate the influence of 
tumor microenvironment on expression of 
lncRNAs in breast cancer cells and how this is 
able to affect tumor progression. To this end, 
we mimicked a tumor microenvironment by 
exposing breast cancer cells to macrophage 
CM and used LncRNA qPCR array to identify dif-
ferentially expressed lncRNAs. 

With this systematic approach, we identified 
several lncRNAs that are significantly induced 
by macrophage CM. We identified UCA1 as the 
most significantly induced lncRNA by macro-
phage CM in various breast cell lines. Previous 
studies suggest that UCA1 is an oncogenic 
lncRNA highly expressed in bladder transitional 
cell carcinoma [18, 19, 21, 22]. It regulates cell 
cycle progression of bladder cancer cells via 
PI3K-AKT signaling pathway [8] and may 
increase the cisplatin resistance of bladder 
cancer cells by enhancing the expression of 
Wnt6 [19]. There is also evidence showing that 
lncRNA UCA1 promotes breast tumor growth by 
suppression of p27 [23]. Enhanced expression 
of UCA1 was likewise observed in colorectal 
cancer, which is reported to have marked influ-
ence on proliferation, apoptosis and cell cycle 
progression [20]. Consistent with these stud-
ies, we observed that the expression of UCA1 in 
breast tissues was conspicuously higher than 
that observed in pair-matched adjacent normal 
tissues. Our functional assay also supports the 
role of UCA1 as an oncogenic lncRNA and high-
lighted its function in mediating macrophage-
induced tumor invasion.

Figure 4. Enhanced expression of UCA1 in breast tumor tissues. A. UCA1 expression was examined by quantitative 
real-time PCR in 71 pairs of breast tumor tissues (T) and adjacent normal tissues (N). Expression of UCA1 in normal 
tissues was normalized to 1 to control for patient-patient variations, and UCA1 expression in each tumor was nor-
malized based on the corresponding adjacent normal tissue. P-value was calculated using paired student’s t-test. 
B. Relative expression of UCA1 in 43 stage I + II tumors vs. 27 stage III + IV tumors. P-value was calculated using 
student’s t-test.
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As a proof-of-concept, we only focused on the 
function of UCA1 in the current study. However, 
other lncRNAs induced by macrophage CM may 
also play critical roles in tumorigenesis of 
breast cancer. Linc-ROR is highly expressed in 
embryonic stem cells (ESCs) and induced plu-
ripotent stem cells (iPSCs) [24]. It may facilitate 
maintaining the high expression of stem cell 
factors OCT4, SOX2 and Nanog via function as 
a molecular sponge for mir-145 [24]. There is 
also evidence supporting its role as p53 repres-
sor in response to DNA damage. Recent stud-
ies show that linc-RoR expression is induced by 
transforming growth factor b (TGF-β) and modu-
lates chemotherapy resistance in tumor cells 
[9]. This is consistent with our data as TGF-β is 
also released by macrophage in tumor microen-
vironment. Another induced lncRNA, SOX2OT, 
is reported to play a key role in regulating SOX2 
expression in breast cancer and is involved in 
cancer stem cell maintenance [25]. It would be 
interesting to examine whether macrophage 
could induce these lncRNAs to mediate prolif-
eration and drug resistance in breast cancer 
cells in the future. 

We recognize, however, that our approach has 
several limitations. First, given the complexity 
of the signals in microenvironment in determin-
ing macrophage subtype and function, a mixed 
phenotype-expressing macrophage population 
may exist in vivo. Accordingly, our in vitro sys-
tem is simplified as only one kind of macro-
phage cell was used. We plan to test the effect 
of more macrophage cell types as well as 
patient-derived macrophages. Second, some 
signaling transduction might require direct 
interaction between macrophage and the tar-
get tumor cells. However, in our assay breast 
cancer cells were treated with only soluble fac-
tors in the conditioned medium derived from 
macrophages. It would be interesting to exam-
ine the lncRNA expression profiles of tumor cell 
lines directly co-cultured with macrophages. 
Third, treatment with macrophage CM may 
remodel gene expression profiling and signal 
transduction in the target tumor cells in a highly 
dynamic manner. As gene expression is regu-
lated at multiple levels with various compensa-
tion mechanisms [26-32], some lncRNAs might 
not change their expression in a timely manner 
in response to macrophage stimuli. In this 
study, however, we didn’t perform a time course 
analysis. In the future it would be interesting to 
examine how different lncRNAs may response 

to CM treatment overtime differently [33]. Last 
but not least, our lncRNA profiling is limited to 
the 90 lncRNA available in the qPCR array. 
Further genome-wide studies using, e.g., RNA-
Seq, may largely expand the lncRNA expression 
profile and identify more novel lncRNAs that are 
regulated by tumor microenvironment and 
linked to tumor progression [33, 34]. 

Nevertheless, despite all these limitations, to 
our knowledge our analysis is the first system-
atic study that links inflammation to lncRNA 
expression profile in tumor cells. As a proof-of-
concept, we provide robust evidence that tumor 
microenvironment could regulate tumor devel-
opment and progression via remodeling of 
lncRNAs expression. As the roles of more and 
more lncRNA in regulating carcinogenesis are 
discovered, we suggest that this connection 
may be widespread and these lncRNAs pro-
vides promising new targets for therapeutic 
intervention for breast cancer.
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