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associated with bone metastasis of breast
cancer based on an integrated analysis
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Abstract

Background: Bone is the most common site of metastatic breast cancer, and it is a leading cause of breast cancer-
related death. This study aimed to explore bone metastasis-related long non-coding RNAs (IncRNAs) in breast cancer.

Methods: Four mRNA datasets and two IncRNA datasets of bone metastasis, lung metastasis and liver metastasis

of breast cancer were downloaded from Gene Expression Omnibus (GEO) database. The differentially expressed
MRNAs (DEmRNAs) and IncRNAs (DEINcRNAs) in group of bone metastasis vs lung metastasis and bone metastasis

vs liver metastasis, as well as the overlap of the two groups, were identified. Gene ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway analysis and protein—protein interaction (PPI) network construction of
DEmMRNAs were conducted. The cis nearby-targeted DEmRNAs of DEINcRNAs were obtained. Quantitative real-time
polymerase chain reactions (QRT-PCR) was used to detect the expression levels of selected DEmRNAs and DEINCRNAs.
LOC641518-lymphoid enhancer-binding factor 1 (LEF1) pair was selected to verify its role in migration and invasion
capability of breast cancer cells by wounding healing assay and transwell invasion assay.

Results: A total of 237 DEmRNAs were obtained in bone metastasis compared with both lung metastasis and liver
metastasis. A total of three DEINCRNAs in bone metastasis compared with both lung metastasis and liver metasta-

sis were obtained. A total of seven DEIncRNA-nearby-targeted DEmMRNA pairs and 15 DEIncRNA-nearby-targeted
DEmMRNA pairs in group of bone metastasis vs lung metastasis and bone metastasis vs liver metastasis, were detected,
respectively. Four cis LncRNA-mRNA interaction pairs were identified, which are LOC641518-LEF1, FLJ35024-Very Low
Density Lipoprotein Receptor (VLDLR), LOC285972-Retinoic Acid Receptor Responder 2 (RARRES2) and LOC254896-
TNF receptor superfamily member 10c (TNFRSF10C). gRT-PCR using clinical samples from our hospital confirms the
bioinformatics prediction. siRNA knocking down LOC641518 down-regulates LEF1 mRNA expression, and reduces the
migration and invasion capability of breast cancer cells.

Conclusions: We concluded that four LncRNA-mRNA pairs, including LOC641518-LEF1, may play a central role in
breast cancer bone metastasis.
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Introduction

Globally, breast cancer is the most common malignancy
in women [1]. Bone is the most common site of meta-
static breast cancer, accounting for nearly three-quar-
ters of patients with metastatic breast cancer [2]. Bone
metastasis is often accompanied by bone pain and skel-
etal-related events, leading to increased mortality and
seriously affecting the quality of life of patients [3]. The
clinical complications of breast cancer bone metasta-
sis bring heavy burden to the individual and society [4].
Bone metastases secondary to breast cancer are incur-
able, and the molecular mechanisms are complex and
involved in multiple process [4].

Over the past few decades, a great deal of information
about IncRNAs has been generated, which facilitated the
studies on diverse cancer etiology, including breast can-
cer [5]. Increasing evidence demonstrated that IncRNAs
participate in many cellular process, such as cell fate
decision, immune response, cancer cells proliferation and
metastasis [6]. Gooding et al. indicated that the IncRNA
BORG drives breast cancer metastasis to lung and dis-
ease recurrence [7]. Metastasis associated lung adeno-
carcinoma transcript 1 (MALAT1), previously described
as a metastasis-promoting IncRNA, was reported to
suppress breast cancer metastasis [8]. HOXA11-AS was
demonstrated to promote breast cancer invasion and
lymph node metastasis through affecting epithelial-mes-
enchymal transition [9]. However, there are few studies
on bone metastasis-related IncRNAs in breast cancer. Li
et al. reported that IncRNA MAYA (MST1/2-Antago-
nizing for YAP Activation) promoted breast cancer bone
metastasis by activating ROR1-HER3 and Hippo-YAP

Table 1 List of MRNA/INCRNA study samples from GEO database

pathways, which indicated important role of IncRNA in
breast cancer bone metastasis [10]. Currently, there is
also lack of systemic LncRNA-mRNA network analysis
based on human database, so it is necessary to explore
important IncRNAs associated with breast cancer bone
metastasis.

In this present study, a comprehensive integrated anal-
ysis of IncRNAs and mRNAs expression profiles of bone
metastasis, lung metastasis and liver metastasis of breast
cancer downloaded from GEO database were performed.
The differentially expressed mRNAs (DEmRNAs) and
IncRNAs (DEIncRNAs) were acquired. The cis nearby-
targeted DEmRNAs of DEIncRNAs were obtained as
well. Finally, we established in vitro cell based assay to
investigate and confirm the role of novel LncRNA-mRNA
axis in tumor metastasis. This study aimed to provide
additional knowledge on the molecular mechanisms of
breast cancer bone metastasis, especially the role of pro-
bone metastasis LncRNAs.

Materials and methods

Dataset collection

To acquire the mRNA and IncRNA expression profiles
of bone metastasis, lung metastasis and liver metastasis
of breast cancer tissues, datasets in GEO database with
the following criteria were retrieved: datasets should be
whole-genome mRNA/IncRNA expression profile by
array; these data were derived from bone metastasis,
lung metastasis and liver metastasis of breast cancer tis-
sues; datasets were normalized or original. After screen-
ing, four mRNA datasets and two IncRNA datasets were
enrolled in this study and shown in Table 1.

GEO accession Platforms Liver Lung Bone Year country
metastasis metastasis metastasis

mRNA

GSE14020 GPL96 [HG-U133A] Affymetrix human genome U133A array 5 16 8 2009 USA
GPL570[HG-U133_Plus_2] Affymetrix human genome U133 plus 2.0 array 0 4 10
GSE54323 GPL570[HG-U133_Plus_2] Affymetrix human genome U133 plus 2.0 array 7 14 2015 Sweden
GSE46141 GPL10379 Rosetta/Merck human RSTA custom Affymetrix 2.0 microarray 16 5 2013 Sweden
[HURSTA-2a520709]

INncRNA
GSE14020 GPL570[HG-U133_Plus_2] Affymetrix human genome U133 plus 2.0 array 0 10 2009 USA
GSE54323 GPL570[HG-U133_Plus_2] Affymetrix human genome U133 plus 2.0 array 7 14 2015 Sweden
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Differential expression analysis

MetaMA [11] and limma [12] package in R were utilized
to acquire the DEmRNAs and DEIncRNAs. P-values were
calculated using a significance threshold of p-value <0.05.
With R package “pheatmap’, hierarchical clustering anal-
ysis of DEmRNAs and DEIncRNAs were performed.

GO and pathway analysis of DEmRNAs

GeneCodis3 (http://genecodis.cnb.csic.es/analysis) was
applied to perform GO and KEGG pathway enrichment
analysis of DEmRNAs. The threshold was set as false dis-
cover rate (FDR) <0.05.

Protein-protein interaction (PPI) network construction
Top 50 up- and down-regulated DEmRNAs were
searched with the BioGrid (http://www.uniprot.org/
database/DB-0184), and PPI network was constructed
with Cytoscape software (version 3.6.1, http://www.cytos
cape.org).

Cis nearby-targeted DEmRNAs of the DEIncRNAs
DEmRNAs transcribed within a 100-kb window
upstream or downstream of DEIncRNAs were searched,
which were defined as cis nearby-targeted DEmRNAs of
DEIncRNAs, to obtain the targeted DEmRNAs of DEl-
ncRNAs with cis-regulatory effects.

Quantitative real-time polymerase chain reaction
(gqRT-PCR) validation
Twenty-five patients with bone metastasis of breast can-
cer, 25 patients with lung metastasis of breast cancer,
and 25 patients with liver metastasis of breast cancer
were incorporated in our study. Meanwhile, 25 primary
breast cancer patients without metastasis were enrolled,
and their adjacent non-cancer breast tissues was consid-
ered as normal tissue to be used as control in the present
study. Their tumor tissues from metastatic sites were
used for RNA isolation. Ethical approval was obtained
from the ethics committee of the First People’s Hospital
of Chengdu and informed written consent was obtained
from all of subjects. All the patients in the current study
were same as described in the previous publication [13].
Total RNA of the tumor tissues from metastatic sites
was extracted using the RNA liquid Reagent (TIAN-
GEN Bio, Beijing, China) according to the manufacturer’s
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protocols. One microgram RNA was applied to synthe-
size cDNA by Fast Quant Reverse Transcriptase (TIAN-
GEN Bio). Then real-time PCR was performed in an
ABI 7300 Real-time PCR system with SYBR R Green
PCR MasterMix (TIANGEN). All reactions were car-
ried out in triplicate. GAPDH was used for the internal
reference. Relative gene expression was analyzed by fold
change method. And all the primer sequence was shown
in Additional file 1: Table S1.

Cell culture and transfection with plasmid and siRNA
Human breast cancer cell line MCF-7 and MDA-
MB-231, and non-carcinoma human breast epithe-
lial cell line MCF-10A were purchased from ATCC
(Manassas, VA, USA) and were cultured in RPMI 1640
medium (Invitrogen, CA, USA) supplemented with 10%
fetal bovine serum (Invitrogen) and incubated at 37 °C
and 5% CO,. Commercial RNA interfering sets target-
ing LOC641518 were purchased from Ribobio tech-
nology (Shenzhen, Guangdong, China), and scramble
siRNA was also transfected into breast cancer cells to
regard it as control. Exogenous human full-length LEF1
plasmid vectors were purchased from Sino biological
Inc. (Beijing, China); and empty vector was also trans-
fected as negative control. Lipofectamine 3000 (Invitro-
gen) was used for all transfection studies by following
the manufacturer’s protocol. Transfection efficiency
was examined using qRT-PCR. Briefly, total RNA was
extracted from cells using Trizol (Invitrogen, CA, USA)
and further purified by RNAeasy mini kit plus DNase I
treatment (Qiagen, Germany). The relative mRNA level
for each gene was quantified by real-time RT-PCR with
SYBR Green (Applied Biosystems, CA, USA), using
GAPDH as a control.

Wound healing assay

The migration ability of cells was measured by wound-
healing assay. Briefly, 2 x 10* cells were inoculated in
6-cm tissue culture dishes, cultured overnight, scratch
was performed when cell growth fusion reached to
90%. Migration images were captured 24 and 48 h after
scratching, the migration rate (width) of cells were
calculated.


http://genecodis.cnb.csic.es/analysis
http://www.uniprot.org/database/DB-0184
http://www.uniprot.org/database/DB-0184
http://www.cytoscape.org
http://www.cytoscape.org
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Transwell migration

Corning " BioCoat = Matrigel Invasion Chamber with
Corning ~ Matrigel Matrix (Thermo Fisher Scientific,
Waltham, MA, USA) was used for cell invasion assay.
One hundred microliters of cells with concentration
of 5x 10°/mL were added in the upper chamber with
(8 pm pore), 600 pL medium containing 10% serum
was added in the lower chamber. After cultured for 6 h,
medium in the chamber were removed and unmigrated
cells were swabbed. Cells was fixed by 4% polyformalde-
hyde for 10 min, stained with crystal violet for another
10 min. The filter membrane was photographed under
the inverted microscope (200x) after sealed with the
neutral gum. Cells were counted by Image Pro Plus Ver-
sion 6, three wells in each group and five vision fields of
each well were randomly selected to calculate the average
number of cells.

Results

Identification of DEmRNAs in tumor tissues from bone
metastatic sites compared with other metastatic sites

of breast cancer

Compared with lung metastatic sites, a total of 1280
DEmRNAs (645 up- and 635 down-regulated mRNAs)
were detected in tumor tissues from bone metastatic sites
of breast cancer. Compared with liver metastatic sites, a
total of 1482 DEmRNAs (851 up- and 631 down-regu-
lated mRNAs) were detected in tumor tissues from bone
metastatic sites of breast cancer. Hierarchical clustering
analysis of top 100 up- and down-regulated DEmRNAs
was exhibited in Fig. 1A, B, respectively. Top 10 up- and
down-regulated DEmRNAs were displayed in Table 2.
After overlapped these 1280 DEmRNAs and 1482 DEm-
RNAs, a total of 237 DEmRNAs (149 up- and 88 down-
regulated mRNAs), which were differentially expressed in
bone metastasis compared with both lung metastasis and
liver metastasis, were obtained (Fig. 1C, D, Additional
file 2: Table S2, Additional file 3: Table S3).

GO and KEGG pathway analysis of DEmRNAs

GO analysis indicated that DEmRNAs in group of
bone metastasis vs lung metastasis were significantly
enriched in negative regulation of cell proliferation (GO:
0008285; FDR=5.43E—15), cytoplasm (GO: 0005737;
FDR=3.82E—65) and protein binding (GO: 0005515;
FDR=9.71E-76) (Fig. 2A); DEmRNAs in bone metasta-
sis vs liver metastasis group were significantly enriched
in blood coagulation (GO: 0007596; FDR =2.81E—26),
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extracellular region (GO: 0005576; FDR=15.82E—104)
and protein binding (GO: 0005515; FDR=4.33E—51)
(Fig. 2B); the common DEmRNAs in two group men-
tioned above were significantly enriched in cell adhesion
(GO: 0007155; FDR=2.35E—07), extracellular region
(GO: 0005576; FDR=6.22E—22) and protein binding
(GO: 0005515; FDR=3.35E—08) (Fig. 2C), respectively.
All the top 10 GO list between these two groups were
shown in Additional file 4: Table S4.

KEGG pathway enrichment analysis indicated that
DEmRNAs in group of bone metastasis vs lung metas-
tasis were significantly enriched in Focal adhesion
(FDR=3.08E—06), Pathways in cancer (FDR=1.22E—05)
and ECM-receptor interaction (FDR=1.73E—05)
(Fig. 3A); DEmRNASs in bone metastasis vs liver metasta-
sis group were significantly enriched in complement and
coagulation cascades (FDR=3.77E—41), Drug metab-
olism-cytochrome P450 (FDR=2.63E—16) and Retinol
metabolism (FDR=1.07E—14) (Fig. 3B); the common
DEmRNAs in two group mentioned above were sig-
nificantly enriched in Focal adhesion (FDR=7.32E—06),
ECM-receptor interaction (FDR=1.39E—05) and
Fatty acid metabolism (FDR=3.61E—04) (Fig. 3C),
respectively.

PPl network construction

The PPI network constructed with DEmRNAs in group
of bone metastasis vs lung metastasis included 147 nodes
and 121 edges. TRIM24 (degree=9), FGB (degree=38)
and FAM189A2 (degree=7) were three hub proteins of
the PPI network (Fig. 4A). The PPI network constructed
with DEmRNAs in group of bone metastasis vs liver
metastasis included 231 nodes and 228 edges. TNFAIP6
(degree=26), ACAN (degree=21) and ADHIC
(degree =14) were three hub proteins of the PPI network
(Fig. 4B).

Identification of DEIncRNAs in tumor tissues from bone
metastatic sites compared with other metastatic sites

of breast cancer

Compared with lung metastatic sites, a total of 71 DEI-
ncRNAs (38 up- and 33 down-regulated IncRNAs) were
detected in tumor tissues from bone metastatic sites of
breast cancer (Additional file 5: Table S5). Compared
with liver metastatic sites, a total of 91 DEIncRNAs (40
up- and 51 down-regulated IncRNAs) were detected in
tumor tissues from bone metastatic sites of breast can-
cer (Additional file 6: Table S6). Hierarchical cluster-
ing analysis of DEIncRNAs was exhibited in Fig. 5A, B,
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Fig. 1 Identification of DEmRNAs. A Hierarchical clustering analysis of the top 100 DEmRNAs in tumor tissues from bone metastatic sites compared
with lung metastatic sites of breast cancer. B Hierarchical clustering analysis of the top 100 DEmRNAs in tumor tissues from bone metastatic sites
compared with liver metastatic sites of breast cancer. Row and column represented DEmRNAs and tissue samples, respectively. The color scale
represented the expression levels. The red and green color represented the up- and down-regulated. C Venn diagram of up-regulated DEmRNAs in
bone metastatic sites, lung metastatic sites and liver metastatic of breast cancer. D Venn diagram of down-regulated DEmRNAs in bone metastatic
sites, lung metastatic sites and liver metastatic sites of breast cancer. Purple represented DEmRNAs in tumor tissues from bone metastatic sites
compared with lung metastatic sites of breast cancer, and yellow represented DEmRNAs in tumor tissues from bone metastatic sites compared with
liver metastatic sites of breast cancer
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Table 2 Top 10 up- and down-regulated DEMRNAs/DEINcRNAs in bone metastasis vs lung/liver metastasis

mRNA IncRNA

ID Symbol p-value Regulation ID Symbol p-value Regulation

Bone metastasis vs lung metastasis
25903 OLFML2B 4.24E—-08 Up 284688 LOC284688 0.001117 Up
2042 EPHA3 6.89E—08 Up 100192378 LOC100192378 0.001644 Up
4322 MMP13 2.04E—07 Up 286411 RP1-177G6.2 0.001895 Up
7424 VEGFC 3.50E—07 Up 100505881 LOC100505881 0.002948 Up
57125 PLXDC1 3.59E—07 Up 220070 Cl1orf76 0.00331 Up
2200 FBN1 4.61E—-07 Up 29034 CPST-IT 0.003648 Up
1301 COLT1A1 6.15E—07 Up 642852 LOC642852 0.00492 Up
2028 ENPEP 7.09E—07 Up 378938 MALAT1 0.005842 Up
1513 CTSK 7.73E—07 Up 100126793 GHRLOS 0.006006 Up
3381 IBSP 8.25E—07 Up 100289509 LOC100289509 0.006176 Up
6439 SFTPB 142E-08 Down 255480 LOC255480 1.05E-05 Down
6440 SFTPC 5.58E—-08 Down 401491 FLJ35024 0.001445 Down
6441 SFTPD 8.85E—08 Down 643650 LOC643650 0.002133 Down
28959 TMEM176B 2.57E-07 Down 100132741 LOC100132741 0.002262 Down
91316 LOC91316 4.73E—07 Down 154822 LOC154822 0.00236 Down
54101 RIPK4 6.18E—07 Down 100131551 LOC100131551 0.002396 Down
91353 IGLL3P 1.22E—-06 Down 100128511 LOC100128511 0.003006 Down
745 C11orf9 2.20E—06 Down 100505601 LOC100505601 0.00489 Down
718 a3 3.17E-06 Down 84847 MGC16075 0.005031 Down
3507 IGHM 4.77E—06 Down 339789 C2orf46 0.005971 Down

Bone metastasis vs liver metastasis
4318 MMP9 2.77E—08 Up 255031 FLJ35390 0.002272 Up
5396 PRRX1 4.19E—-08 Up 10984 KCNQ1OT1 0.002645 Up
1292 COL6A2 6.77E—08 Up 84815 MGC12916 0.003608 Up
1464 CSPG4 1.31E—07 Up 200197 Clorf126 0.007723 Up
1291 COL6A1T 948E—07 Up 149830 PRNT 0.007785 Up
1749 DLX5 1.38E—06 Up 400999 FLJ42351 0.008556 Up
4322 MMP13 4.08E—06 Up 100131814 NCRNA00271 0.009051 Up
1301 COL11A1 5.77E—06 upP 255512 LOC255512 0.010037 Up
7431 VIM 7.59E—-06 Up 641518 LOC641518 0.01096 Up
169611 OLFML2A 8.39E—-06 Up 283547 LOC283547 0.011532 Up
2266 FGG 0 Down 140828 NCRNAO00261 0.000205 Down
2244 FGB 3.11E=15 Down 100507008 LOC100507008 0.000512 Down
350 APOH 133E-14 Down 791114 PWRN1 0.001197 Down
2638 GC 5.75E—13 Down 283120 H19 0.002122 Down
2243 FGA 6.04E—13 Down 399806 FLJ41350 0.004141 Down
338 APOB 1.40E—12 Down 644246 LOC644246 0.004277 Down
259 AMBP 535E—12 Down 285972 LOC285972 0.004303 Down
1571 CYP2E1 5.65E—12 Down 255167 LOC255167 0.004445 Down
3273 HRG 857E—12 Down 149134 LOC149134 0.006425 Down
345 APOC3 1.18E—11 Down 619423 FAM85A 0.00673 Down

DEmRNASs differentially expressed mRNAs, DEIncRNAs differentially expressed IncRNAs
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respectively. Top 10 up- and down-regulated DEIncRNAs
were displayed in Table 2. After overlapped these 71 DEI-
ncRNAs and 91 DEIncRNAs, a total of three DEIncRNAs
(two up- and one down-regulated IncRNAs), which were
differentially expressed in bone metastasis compared
with both lung metastasis and liver metastasis, were
obtained (Fig. 5C, D, Table 3).

Correlation study of DEIncRNAs and DEmRNAs

The correlation study between DELncRNA and DEm-
RNA expression was analyzed by Person’s test, the cor-
relation coefficient and p-value were shown in Table 4
(bone metastasis vs lung metastasis and bone metasta-
sis vs liver metastasis), only pairs whose P value was less
than 0.05 were shown.

Cis nearby-targeted DEmRNAs of the DEIncRNAs

A total of seven DEIncRNA-nearby-targeted DEmRNA
pairs in group of bone metastasis vs lung metastasis,
involving in seven DEIncRNAs and seven DEmRNAs,
were detected (Table 5). A total of 15 DEIncRNA-nearby-
targeted DEmRNA pairs in group of bone metastasis
vs liver metastasis, involving in 12 DEIncRNAs and 15
DEmRNAs, were detected (Table 5). Combined with
correlation study, total 8 pairs were selected with sig-
nificant correlation, and four pairs had correlation
coefficient higher than 0.7, which were LOC641518-
LEF1, FLJ35024-VLDLR, LOC285972-RARRES2 and
LOC254896-TNFRSF10C respectively.

gRT-PCR validation

These four pairs whose correlation coefficient was above
0.7 were selected for verification by qRT-PCR using
clinical samples from our hospital. As shown in Fig. 6A,
results showed that the relative expression of LEFI,
VLDLR, RARRES2 and TNFRSF10C were significantly
up-regulated compared to adjacent non-tumor tissues
and other metastatic sites (P <0.05). As shown in Fig. 6B,
RNA levels of LncRNA LOC641518 and FLJ35024
showed same trend with bioinformatics data. Although
RNA levels of LOC285972 and LOC254896 in the bone
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metastasis were also higher than adjacent non-tumor
tissues, they were not different compared with lung and
liver metastasis. All the mRNA and LncRNA levels of
tested genes from adjacent non-tumor breast cancer was
significantly lower than metastasis tumor tissues (Fig. 6).
After that, we used the RNA relative levels of each pair
LncRNA-mRNA from metastatic bone tumor tissues
to perform a correlation analysis, which was shown in
Fig. 6C. Results demonstrated all the four LncRNA pairs
had significantly positive correlation, although the coef-
ficient is not high as bioinformatics prediction. The vali-
dation test by qRCR proved that most of bioinformatics
predictions were reliable.

LOC641518 promotes breast cancer metastasis

via activation LEF1

Due to LEF1 has been long considered as a metastasis
mediator [14, 15], in the current study, the Loc641518-
LEF1 axis was selected to investigate whether Loc641518
regulates LEF1 expression to promote breast cancer
metastasis by in vitro study, which can help to confirm
the speculation from bioinformatics data mining.

The RNA levels of LOC641518 and LEF1 in non-car-
cinoma human breast epithelial cell line MCF-10A and
two breast cancer cell lines, MCF-7 and MDA-MB-231,
were examined by qRT-PCR (Fig. 7A, B), which could
find that RNA levels of LOC641518 and LEF1 is higher
in cancer cells than non-carcinoma cells, and highest in
MDA-MB-231.

siRNA was used to knock down the expression of
LOC641518 in both MCF7 and MDA-MB-231 cells. As
shown in Fig. 7C, the expression of LOC641518 was sig-
nificantly reduced by siRNA compared with scramble
siRNA control. Meanwhile, the LEF1 mRNA level was
also reduced in siRNA-LOC641518 groups compared
with scramble groups (Fig. 7D). The wound healing assay
and migration assay both demonstrated that knocking
down LOC641518 significantly reduced capability of
migration and invasion (Fig. 7E, F), and exogenous over-
expression of LEF1 could reverse these phenomena.

(See figure on next page.)

Fig. 3 Significantly enriched KEGG pathways of DEmRNAs in tumor tissues from bone metastatic sites compared with other metastatic sites
of breast cancer. A Bone metastasis vs lung metastasis; B Bone metastasis vs liver metastasis; C Common DEmRNAs in bone metastasis vs lung
metastasis and bone metastasis vs liver metastasis. The x-axis shows counts of DEmMRNAs enriched in KEGG pathways and the y-axis shows KEGG

pathways. The color scale represented -lg (adj p-value)
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Fig. 4 Protein—protein interaction (PPI) networks of DEmRNAs. A Bone metastasis vs lung metastasis; B Bone metastasis vs liver metastasis. The red
and green circles represented proteins encoded by up- and down-regulated DEmRNAs. Circles with black border were DEmMRNAs derived from top
10 down- and up-regulated DEMRNAs
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the expression levels. The red and green color represented the up- and down-regulated. C Venn diagram of up-regulated DEINCRNAs in bone
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with lung metastatic sites of breast cancer, and yellow represented DEINCRNAS in tumor tissues from bone metastatic sites compared with liver
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Table 3 The common DEINcRNAs in bone metastasis vs lung/
liver metastasis

ID Symbol log,FC p-value Regulation
Bone metastasis vs lung metastasis

641518 LOC641518 0.505116  0.012121 Up

127841 LOC127841 0.146866  0.038941 Up

285972 LOC285972 —0.12832 0.043165 Down
Bone metastasis vs liver metastasis

641518 LOC641518 0.204756  0.01096 Up

127841 LOC127841 0.163088  0.029473 Up

285972 LOC285972 —0.21251 0.004303 Down

DEIncRNAs differentially expressed IncRNAs, FC fold change

Discussion

Bone is a primary site for breast cancer metastases, and
patients often suffer from osteolytic bone metastases,
which is incurable [16]. Previously, we conducted inte-
grated bioinformatics analysis to find several possible
key genes which are related with bone metastasis [13].
Currently, we used same gene dataset, expanding to find
differential LncRNAs which are associated with bone
metastasis, and further elucidate more possible LncRNA-
mRNA interaction pairs. The purpose of this study is to
introduce a broaden vision that more complicated gene
networks are involved into the bone metastasis of breast
cancer.
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Table 4 The correlation study between DEINncRNAs and

DEmRNAs in bone metastasis vs lung/liver metastasis

mRNA IncRNA Coefficient P value

Bone metastasis vs lung metastasis
CLCC LOC642864 063860351 0.013967298
VLDLR LOC642864 0.541350812 0.045579809
CLcc LOC100131551 0.547584484 0.04267076
LEF1 LOC100131551 — 0.549536925 0.041788266
CLCCT LOC641518 — 0.573563483 0.03199397
LEFT LOC641518 073627139 0.00267603
CLCCT LOC100505881 — 0.541529321 0.045494545
LEF1 LOC100505881 0.88603087 246E—05
CLcC FLJ35024 0623038869 0.017302791
VLDLR FLJ35024 0.846602729 0.000134025
LEF1 LOC285972 — 0.622215761 0.017494612
VLDLR LOC255480 0.579893836 0.029724979
RARRES2 LOC255480 0703951313 0.004954559

Bone metastasis vs liver metastasis
TRAM2 PRNT 0.777508799 3.36E—05
HOXD10 PRNT 0.512329942 0.017570208
OR1F2P PRNT 0.680044011 0.000694447
TNFRSF10C PRNT 0.504008236 0.019825478
TRAM?2 LOC730101 —0.591048808 0.00477898
TNFRSF10C LOC730101 — 0518705367 0.015985969
HOXC13 HOTAIR 0.670342938 0.000883421
TNFRSF10C HOTAIR — 0.577130521 0.006157548
RARRES2 LOC200772 0.770322238 441E-05
TRAM2 LOC285972 — 061211127 0.003185745
HAND1 LOC285972 — 0.535398257 0.01237707
OR1F2P LOC285972 — 0.595499878 0.004396446
KCNJ15 LOC283547 0.546337212 0.010394044
HOXC13 LOC283547 —0.515360281 0.016802157
TNFRSF10C LOC283547 0592506067 0.004650814
KCNJ15 FLJ39639 0.501750419 0.020475731
TRAM2 FLJ39639 0.551831814 0.009500612
OR1F2P FLJ39639 0.638119484 0.001854382
TNFRSF10C FLJ39639 0.592733856 0.00463104
RASSF2 LOC254896 0722097721 0.000218972
KCNJ15 LOC254896 0.688928451 0.00055273
TRAM2 LOC254896 0.593599355 0.004556544
HOXC13 LOC254896 — 0.661378297 0.001095227
OR1F2P LOC254896 0613681346 0.003087407
TNFRSF10C LOC254896 0.823070336 4.61E—-06
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The most merit of the current study is that 71 DEIncR-
NAs (bone metastatic vs lung metastasis) and 91 DEI-
ncRNAs (bone metastasis vs liver metastasis) have been
identified. By correlation study between these DEIncR-
NAs and DEmRNAs, combined with cis nearby-targeted
analysis, total nine LncRNA-mRNA interaction pairs
were identified. By qRT-PCR study using clinical samples
from our hospital, we confirm that most predictions are
accurate and reliable. All these enriched data provide a
landscape for researcher to clarify the role of LncRNA in
breast cancer bone metastasis.

By knocking down the LOC641518, we observed
reduced migration and invasion ability which was con-
sistent with lower mRNA levels of LEF1, and over-
expression of LOC641518 reversed its effect. LEF],
a member of the T cell Factor (TCF)/LEF1 family of
high-mobility group transcription factors, is a down-
stream component of the Wnt signaling pathway [17].
LEF1 and HOXB9, two Wnt target genes, are identi-
fied as promoters of lung adenocarcinoma metastasis,
and WNT/TCF pathway is identified as a determinant
of metastasis to bone in lung adenocarcinoma [14]. In
addition, it was reported that LEF1 was implicated in
cell invasion and metastasis of breast cancer [18, 19].
LEF1 antisense RNA 1 (LEF1-AS1/LOC641518) is an
antisense IncRNA encoded in the LEF1 locus, which
is related to the metastasis in various tumors, includ-
ing colorectal cancer and esophageal squamous cell
carcinoma [20, 21]. Current study identified that
LOC641518 cis-regulated the expression of LEF1 in
group of bone metastasis vs lung metastasis, which
might indicate that LOC641518 involved in breast can-
cer bone metastasis through regulating LEF1.

LOC285972-RARRES2, is another interaction pair
identified in the current study. RARRES2, also known
as chemerin, was considered as a chemoattractant and
an adipokine [22]. The correlation between RARRES2
and cancers has been reported. Reduced expression
of RARRES2 is observed in human hepatocellular
carcinoma [23]. Lu et al. indicate RARRES2 that pro-
motes tumorigenesis and metastasis in oral squamous
cell carcinoma [24]. In addition, RARRES2 is identi-
fied as a potential biomarker for chordoma which is
a rare, low-malignant bone tumor [25]. Low level of
LINCO00996 was report to be associated with colorectal



Zhang et al. Cancer Cell Int (2021) 21:372

Page 13 of 17

Table 5 Nearby targeted DEmRNAs of DEINcRNAs in tumor tissues from bone metastatic sites compared with lung/liver metastatic

sites of breast cancer

DEIncRNA Nearby targeted DEmRNA

chr Symbol Start — 100 kb End + 100 kb Symbol Start End

Bone metastasis vs lung metastasis
1 LOCe42864 108757217 108958524 CLcC 108929508 108963457
3 LOC100131551 194196465 194412803 LRRC15 194355247 194369743
4 LOC641518 108067525 108356836 LEF1 108047545 108168956
7 LOC100505881 79352877 79571208 MAGI2 78017057 79453574
9 FLJ35024 2321597 2743359 VLDLR 2621834 2660053
7 LOC285972 150333654 150548140 RARRES2 150338317 150341674
12 LOC255480 114308191 114512831 TBX5 114353931 114408442

Bone metastasis vs liver metastasis
20 PRNT 4631282 4840668 PRND 4721910 4728460
20 PRNT 4631282 4840668 RASSF2 4780023 4823645
21 DSCR8 38021451 38256511 KCNJ15 38155549 38307357
21 DSCR8 38021451 38256511 KCNJ6 37607376 38121345
6 LOC730101 52564366 52769155 TRAM2 52497402 52576915

LOC401022 176064051 176288958 HOXD9 176122720 176124937

2 LOC401022 176064051 176288958 HOXD10 176108790 176119942
12 HOTAIR 53862308 54074956 HOXC13 53938765 53946544
7 LOC285972 150333654 150548140 RARRES2 150338317 150341674
5 FLJ38109 154229437 154545850 HAND1 154474972 154478264
14 LOC283547 38649339 39048273 SEC23A 39031919 39109646
1 LOC127841 204268431 204469719 PLEKHA6 204218851 204377665
16 FLJ39639 3163743 3367567 ORTF2P 3215611 3216543
8 LOC254896 22984355 23203558 TNFRSF10C 23102590 23117437

DEmRNASs differentially expressed mRNAs, DEIncRNAs differentially expressed IncRNAs

carcinogenesis and metastasis [26]. In this study,
LOC285972 was found to be down-regulated in both
two groups and cis-regulate RARRES2 in the group of
bone metastasis vs lung metastasis. Hence, we hypoth-
esize that LOC285972-RARRES2 interaction pair is
associated with the development of breast cancer bone
metastasis.

Very low density lipoprotein receptor (VLDLR) has
been considered as a multiple function receptor due to
binding numerous ligands, causing endocytosis and reg-
ulating cellular signaling [27, 28]. Previous studies have
confirmed that high VLDLR expression is correlated with
lymph node and distant metastasis in gastric and breast

cancer patients, that VLDLR may be a clinical marker
in cancers, and has a potential link with p-catenin sign-
aling pathway [27]. In the current study, we predict that
FLJ35024 cis-regulate VLDLR, but very rare report about
FLJ35024 so far. Therefore, their interaction deserves fur-
ther study.

TNEFRSF10C copy number variation has been reported
that is associated with metastatic colorectal cancer [29],
and its hypermethylation was associated with NSCLC
[30]. One publication reports that TNFRSF10C plays
a role in triple-negative breast cancer cell survival
and metastasis regulated by SOX9 [31]. LOC254896
was expected to cis-regulate its expression by present
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Fig. 6 The gRT-PCR results of DEmRNAs and DEINcRNAs in tumor tissues from bone metastatic sites compared with other metastatic sites of breast
cancer. A Expression of LEF1, VLDLR, RARRES2 and TNFRSF10C in the tissue of patients with breast cancer bone metastasis, lung metastasis and

liver metastasis by qRT-PCR. The x axis and y axis presented gene name and relative expression, respectively. B Expression of LOC641518, FLJ35024,
LOC285972 and LOC254896 in the tissue of patients with breast cancer bone metastasis, lung metastasis, and liver metastasis by gRT-PCR. The x axis
and y axis presented gene name and relative expression, respectively. C Dot-plot graphic of correlation between LOC641518-LEF1, FLJ35024-VLDLR,
LOC200772-AGXT, LOC285972-RARRES2 and LOC254896-TNFRSF10C. #P < 0.05, adjacent non-tumor breast tissue compared with three site
metastases; *p < 0.05, bone metastasis compared with lung and liver metastasis

bioinformatics analysis, but LOC254896 is still mysteri-
ous and lack of detailed study.

One of limitation is that we only verify the role of
LOC641518-LEF1 interaction pair in migration and inva-
sion capability of breast cancer cells, and the remaining
interaction pairs also deserve further investigation. The
other limitation is that there is no in vivo data to be pro-
vided in the current study, further, the experimental bone

metastasis model should be established to investigate
their role in mice. These findings may make contribution
to understand the process of bone metastasis through
IncRNA regulation, and further be helpful to develop
new strategies that effectively predict occurrence of bone
metastasis, also provide novel targets for drug design in
the future clinical practice.
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its effect on wound closure. Cell migration was assessed by recover of the scratch. The area of the wound was measured at the two time points

in every group, and % reduction of initial scratch area was compared with scramble; and the results were expressed as percentage relative to the
corresponding scramble control. C Transwell invasion assay. MCF-7 and MDA-MB-231 cells penetrating the membrane were fixed and 0.1% crystal
violet stained after 24 h as described in experimental procedures, and cell number penetrating the membrane were counted for each group.
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Conclusion

In conclusion, four IncRNA-mRNA interaction pairs
were identified to be closely associated with breast can-
cer bone metastasis in this analysis, and Loc641518-LEF1
axis was confirmed by in vitro study. All these results
may provide the novel and additional therapeutic strate-
gies for breast bone metastatic patients.
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