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Abstract. Long non-coding RNAs (lncRNAs) have been 
demonstrated to be aberrantly expressed in several types of 
tumor, and dysregulated lncRNAs are suggested to play a 
prognostic role in breast cancer (BC). Estrogen receptor (ER) 
status is a prognostic factor in patients with ER-negative BC, 
which is associated with poor prognosis. Thus, the present 
study developed a prognostic lncRNA signature specifically 
for ER-negative BC, in order to predict the risk of post-surgery 
relapse and improve patient prognosis. A gene expression profile 
containing 1,631 lncRNAs was obtained by investigating and 
integrating publicly available cohorts of BC. Subsequently, a 
nine-lncRNA signature was developed and validated in two 
independent cohorts via the Cox regression model. Using the 
nine-lncRNA signature, patients in the discovery cohort were 
divided into high- and low-risk groups, with significantly 
different disease-free survival [DFS; hazard ratio (HR)=2.718, 
95% confidence interval (CI)=2.115-3.494, P<0.0001]. 
Receiver operating characteristic curve analyses demonstrated 
that the area under the curve reached 0.908. Similar results 
were obtained in the two independent cohorts (HR=1.499, 95% 
CI=0.950-2.365, P=0.04; HR=1.262, 95% CI=1.056-1.510, 

P=0.01), respectively. Furthermore, the nine lncRNAs were 
demonstrated to play important roles in the cell invasion 
and metastasis of different types of tumor. The differentially 
expressed genes (DEGs) identified between the high- and 
low-risk groups were consistently high in the discovery and 
validation cohorts. Functional analysis indicated that these 
DEGs, as well as genes co-expressed with the nine lncRNAs, 
were involved in cancer-associated signaling pathways, all of 
which provide further evidence for the predictive ability of the 
nine-lncRNA signature. Overall, the present study developed a 
novel prognostic biomarker for ER-negative BC.

Introduction

Breast cancer (BC) is the one of the most common malig-
nancies in women worldwide, and the leading cause of 
cancer-associated mortality (1). In 2018, ~40,000 people died 
of breast cancer (2). Long-term survival rates decrease from 
90 to 5% following the development of distant metastasis or 
recurrence, thus leading to poor prognosis in patients with 
BC (3). Tamoxifen monotherapy poses as an anti-estrogen 
agent in the mammary tissue and is considered effective in 
decreasing the recurrence rate and improving the overall 
survival (OS) of patients with BC (4). For patients with estrogen 
receptor (ER)-positive BC, the response rate of tamoxifen 
monotherapy decreased by 50-70 and 5-10% for patients with 
ER-negative BC. Thus, the development of novel prognostic 
biomarkers is critical in order to accurately assess the outcome 
and provide individualized treatment strategies for patients 
with ER-negative BC.

Long non‑coding RNAs (lncRNAs) are defined as RNA 
transcripts >200 base pairs in length (5). Accumulating 
evidence demonstrates lncRNA dysregulation have in multiple 
human diseases, particularly different types of cancer (6-8), 
and their expression is associated with cancer develop-
ment and metastasis (9). For example, lncRNA Inhibiting 
Metastasis is upregulated in BC and is associated the inhibi-
tion of cell proliferation and metastasis (10). Furthermore, 
lncRNA HOXA transcript induced by TGFβ plays important 
roles in regulating the epithelial-to-mesenchymal transition 
(EMT), invasion and metastasis of BC (11). Several lncRNA 
signatures have been developed for specific BC subtypes, 
based on the aberrant expression of these lncRNAs in BC (12). 
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The results of these studies have demonstrated the potential 
role of lncRNAs as biomarkers for the clinical outcome of 
ER-negative BC (13,14).

A number of prognosis-associated lncRNAs have been 
identified as effective biomarkers via systematic, and subse-
quently used as lncRNA signatures for the prognosis of 
BC (15). For example, Wang et al (16) developed an 11-lncRNA 
signature using Cox regression analysis. Furthermore, 
Sun et al (17) developed an eight-lncRNA signature based on 
a weighted co-expressed network and competing endogenous 
RNA. Li et al (15) developed a five‑lncRNA signature using 
the microarray re-annotation method. The aforementioned 
studies predominantly focused on all of the BC subtypes or 
patients with triple negative BC; however, very few focused 
on the identification of prognostic biomarkers for patients with 
ER-negative BC.

In order to develop an lncRNA signature for prognosis, 
the present study obtained samples from patients with 
ER-negative BC from multiple datasets archived in the Gene 
Expression Omnibus (GEO) database (https://www.ncbi.nlm.
nih.gov/geo/). The nine-lncRNA signature was developed 
using the Cox regression model, and validated in independent 
cohorts using the lncRNA expression profiles obtained using 
the microarray re-annotation method. Functional analyses 
demonstrated that these signature lncRNAs play important 
roles in tumor development and metastasis, which provides 
further evidence for the predictive ability of the signature.

Materials and methods

Data acquisition and pre‑processing. A total of three data-
sets, GSE21653 (18,19), GSE58812 (20) and GSE19615 (21) 
were retrieved from the GEO database and measured using 
the Affymetrix Human Genome U133 Plus 2.0 Array 
platform (https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GPL570). The GSE21653 dataset contained 266 BC 
samples, among which 110 were ER-negative BC samples and 
used as the discovery cohort. The GSE58812 and GSE19615 
datasets contained 107 and 45 ER-negative BC samples, 
respectively, which were used as the validation cohorts. In 
the present study, the gene expression profiles (CEL. files) 
for each dataset, and the corresponding clinical information, 
were downloaded. The robust multichip average algorithm 
was used for background adjustment of the gene expression 
profiles. Each probe‑set ID was mapped to its Entrez gene ID 
using the corresponding platform annotation files. In the case 
of multiple probes being mapped to the same gene, the expres-
sion value for the gene was summarized as the arithmetic 
mean value of the multiple probes. In the instance that a probe 
was mapped to multiple or no genes, this probe was deleted.

lncRNA probe re‑annotation. Using the BLASTn tools 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn& 
PAGE_TYPE=BlastSearch&LINK_LOC=blasthome), the 
probe annotation sequences supported by Affymetrix were 
aligned to the human long non-coding transcript sequences 
and protein-coding transcript sequences from the GENCODE 
database (Release 30; https://www.gencodegenes.org/human/), 
respectively. The results of the sequence alignment were 
filtered as follows: Only the probes that matched to one long 

non-coding transcript were reserved, and each transcript should 
identically match with more than six probes. Gene expression 
profiles containing 15,942 mRNAs and 1,631 lncRNAs were 
obtained using the re-annotation method.

Survival analysis. The univariate Cox proportional hazards 
regression model was used to identify lncRNAs significantly 
associated with disease-free survival (DFS) of patients in 
the discovery cohort (22), with P<0.05 as the threshold. 
Subsequently, the multivariate Cox proportional hazards 
regression model was used to obtain robust prognosis-asso-
ciated lncRNAs, which were used to develop the risk-score 
model according to the following equation:

Where n is the number of prognostic lncRNAs, Expk is the 
expression value of the prognostic lncRNAs and eHR

k is 
the estimated regression coefficient of the lncRNAs in the 
multivariate Cox regression analysis.

The present study used a stepwise regression method (23) 
in order to perform multivariate regression analysis on 16 
lncRNAs, from which nine stable molecules were obtained. 
Stepwise regression is commonly used to introduce variables, 
one by one, into the model. Following each introduction of an 
explanatory variable, an F-test is performed, and the explana-
tory variables that have been selected are subjected to a 
t-test, respectively. When an explanatory variable is no longer 
significant due to the introduction of a subsequent explanatory 
variable, the former is deleted in order to ensure that only the 
significant variables are included in the regression equation 
prior to the introduction of each new variable. This procedure 
is an iterative process until neither a significant explanatory 
variable is selected into the regression equation, nor an insig-
nificant explanatory variable is removed from the regression 
equation, in order to ensure that the resulting set of explana-
tory variables is optimal. The present study used the R step 
function to implement the stepwise regression process.

Consistency evaluation of DEGs. The reproducibility of the 
DEGs identified in the different datasets (GSE21653, GSE58812 
and GSE19615) was evaluated using consistency analysis. The 
concordance score was calculated as k/n x 100% for several 
DEG lists extracted separately randomly from two of the three 
datasets (GSE21653, GSE58812 and GSE19615) which shared 
n genes, of which k genes demonstrated the same deregulation 
directions (up- or down-regulation). The score evaluates the 
consistency of DEGs by randomly extracting two independent 
datasets from two of the three datasets (GSE21653, GSE58812 
and GSE19615).

The probability of observing a concordance score of 
k/n by chance was evaluated using the cumulative binomial 
distribution model as follows:

Where P0 (here, 0.5) is the probability of one gene having 
the concordant association between the two lists of genes by 
chance.
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Kyoto encyclopedia of genes and genomes (KEGG) enrich‑
ment analysis. KEGG pathway enrichment analysis was 
performed using the R package clusterProfiler (24) for DEGs 
and genes associated with the signature lncRNAs, and visu-
alized using the R package DOSE (25). For both analyses, 
P<0 .05 was considered to indicate a statistically significant 
difference.

Statistical analysis. The median risk-score evaluated in each 
dataset by the signature for ER-negative BC samples was used 
as the cut-off (median score=26.1) in order to classify these 
samples into high- and low-risk groups. Kaplan-Meier (KM) 
plots were generated in order to assess DFS, followed by the 
log-rank test for the statistical comparison of the two groups. 
The predictive performance of the signature was further 
assessed using the pROC package (version 1.15.3). All statis-
tical analyses were performed using the R software package 
(version 3.1.2;).

Results

Identification of prognosis‑associated lncRNAs. For the 
present study, the gene expression profiles and clinical 
follow-up data of datasets GSE21653, GSE58812 and GSE19615 
were downloaded, resulting in a total of 262 ER-negative BC 
samples. Subsequently, gene expression profiles containing 
15,942 mRNAs and 1,631 lncRNAs were obtained via the 
probe re-annotation method. The univariate Cox proportional 
hazards regression model identified 16 prognosis‑associated 
lncRNAs in the GSE21653 dataset, among which five were 
protective factors and 11 were risk factors (P<0.05; Table I). 
A number of lncRNAs have been reported to be associ-
ated with the invasion and metastasis of various types of 
cancer. For example, lncRNA Long Intergenic Non-Protein 
Coding RNA, P53 Induced Transcript (LINC-PINT) has 
been reported to inhibit cancer cell proliferation, inva-
sion and migration in osteosarcoma by downregulating 
micro (miR)-21 (26). Furthermore, LINC-PINT is known 
to inhibit tumor cell invasion through a highly conserved 
sequence element (27). The lncRNA LINC00324 has been 
demonstrated to promote cell proliferation in gastric cancer 
by binding with human antigen R and stabilizing FAM83B 
expression (28). In addition, the lncRNA Homeobox A11 
antisense (HOXA11-AS) regulates the JAK-STAT signaling 
pathway via the miR-15a-3p/STAT3 axis in order to promote 
liver cancer growth and metastasis (29).

Development of the nine‑lncRNA signature. Using the multi-
variate Cox proportional hazards regression model, a total of 
nine lncRNAs were identified from the 16 DFS-associated 
lncRNAs with optimal predictive performance in the 
discovery cohort, which were defined as the nine-lncRNA 
signature. The multivariate regression results of the nine 
identified lncRNAs are presented in Table II. Subsequently, 
the risk-score equations were formulated as follows: 
Risk-score=2.4651*exp (CPS1-IT1) + 0.5640*exp (FOXD2-AS1) 
+ 0.8631*exp (HOXA11-AS)-1.4586*exp (LINC00324) + 
0.8866*exp (CKMT2-AS1)-0.6698*exp (BISPR) + 1.3965*exp 
(SNAP25-AS1) + 1.1144*exp (LOC101929340) + 0.4768*exp 
(LINC02544). The risk-score for each ER-negative BC sample 

in the discovery cohort was calculated for the nine-lncRNA 
signature. Receiver operating characteristic (ROC) curve 
analysis demonstrated that the 3-year area under curve reached 
0.908 (Fig. 1A). Samples were divided into high- and low-risk 
groups for the nine-lncRNAs signature, with the median 
risk-scores as threshold. The 53 patients in the high-risk group 
had significantly worse DFS compared with the 57 patients in 
the low‑risk group [hazard ratio (HR)=2.718, 95% confidence 
interval (CI)=2.115-3.494, P<0.0001; Fig. 1B].

Validation of the nine‑lncRNA signature. Risk-scores 
for samples in the validation cohort of the GSE19615 
dataset were calculated using the nine-lncRNA signature. 
Subsequently, 23 and 22 samples were divided into low- and 
high-risk groups, respectively, with the median risk-score as 
the threshold. The DFS of patients in the high-risk group was 
significantly worse than that of the patients in the low‑risk 
group (HR=1.499, 95% CI=0.950-2.365, P=0.025; Fig. 2A). 
Similarly, in the validation cohort of the GSE58812 dataset, 
54 and 53 samples were classified into low‑ and high‑risk 
groups, respectively. The OS rate of patients in the high-risk 
group was significantly worse compared with patients in the 
low-risk group (HR=1.316, 95% CI=1.094-1.582, P=0.0035; 
Fig. 2B). Furthermore, patients in the high-risk group demon-
strated significantly worse DFS than those in the low‑risk 
group (HR=1.262, 95% CI=1.056-1.510, P=0.015; Fig. 2C). 
Overall, the nine-lncRNA characteristic risk-score κ had 
a good prognostic stratification in both the training set 
(GSE21653) and the independent validation sets.

Association between risk‑score and the expression levels of 
the signature lncRNAs. The distribution of risk-scores for 

Table I. LncRNAs associated with risk of post-surgery 
recurrence in ER-negative breast cancer.

lncRNA_ID Symbol Coefficient HR P‑value

101929340 LOC101929340 1.1931 3.2973 1.61x10-04

100131067 CKMT2-AS1 0.9910 2.6939 1.77x10-04

378805 LINC-PINT -0.7932 0.4524 1.85x10-04

284029 LINC00324 -1.4682 0.2303 3.23x10-04

101929504 LINC02544 0.6051 1.8314 4.35x10-04

221883 HOXA11-AS 1.5265 4.6020 6.36x10-04

105221694 BISPR -0.6952 0.4990 7.27x10-04

29034 CPS1-IT1 3.6059 36.8160 8.83x10-04

102724105 ZNF528-AS1 1.0762 2.9335 1.25x10-03

100507463 PSMB8-AS1 -0.4446 0.6411 1.80x10-03

727915 AGBL1-AS1 1.0646 2.8996 1.87x10-03

100131208 SNAP25-AS1 1.9705 7.1743 2.33x10-03

84793 FOXD2-AS1 0.9001 2.4599 4.14x10-03

100506211 MIR210HG 0.5215 1.6845 4.40x10-03

114614 MIR155HG -0.5074 0.6020 4.56x10-03

284930 LOC284930 0.6582 1.9314 4.92x10-03

lncRNA, long non-coding RNA; ER, estrogen receptor; HR, hazard 
ratio.
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each patient calculated by the nine-lncRNA signature were 
analyzed. Together with patients' survival status, this identi-
fied a total of seven risk‑associated lncRNAs (CKMT2‑AS1, 
HOXA11-AS, CPS1-IT1, LOC101929340, FOXD2-AS1, 
SNAP25-AS1 and LINC02544), which were demonstrated to 
be overexpressed in patients with high risk-scores, and two 
protective lncRNAs (BISPRL and INC00324) were expressed 
at a lesser degree in patients with low risk-scores (Fig. 3A). 
Furthermore, eight of the nine lncRNAs were demonstrated 
to be significantly differentially expressed between the high‑ 
and low‑risk groups classified by the nine‑lncRNAs signature 
(Fig. 3B, C and E-J); only HOXA11-AS exhibited marginally 
differential expression (P=0.057; Fig. 3D).

Association between the nine‑lncRNA signature and clinical 
features. It has been reported that lymph node status, age, 
histodifferentiation, progesterone receptor (PR) status and 
human epidermal growth factor receptor 2 (HER-2) status may 
influence the prognosis of patients with BC (30,31). Using the 

multivariate Cox regression model, the present study demon-
strated that the predictive performance of the nine-lncRNA 
signature was independent of the aforementioned clinical 
features. The results of the univariate and multivariate analyses 
for the nine-lncRNA signature and other clinical features are 
presented in Table III.

Nine‑lncRNA signature‑associated biological processes. 
The present study identified 1,276 DEGs between the 57 
low‑risk samples and the 53 high‑risk samples classified 
by the nine-lncRNA signature in the discovery cohort 
(Table SI). As predicted, hierarchical clustering analysis of 
the top 30 most significant DEGs (Fig. 4A) demonstrated 
that samples in the high- and low-risk groups were divided 
into two clusters, respectively. Furthermore, KEGG pathway 
function analysis demonstrated that these DEGs were 
significantly enriched in 32 signaling pathways (Table SII), 
including signaling pathways associated with cancer cell 
growth, proliferation, migration and angiogenesis. The 

Figure 1. Prediction performance of the nine-lncRNA signature in the discovery cohort. (A) The 3-year AUC of the nine-lncRNA signature. (B) KM estimates 
of DFS for the high‑ and low‑risk groups classified by the nine‑lncRNA signature. Calibration lines on KM curves represent censored samples. lncRNA, long 
non-coding RNA; AUC, area under curve; DFS, disease-free survival; KM, Kaplan-Meier.

Table II. Multivariate Cox regression analysis of the nine lncRNAs.

lncRNA Coefficient HR z P‑value Lower 0.95 Upper 0.95

CPS1-IT1 2.465 11.765 2.286 0.022 1.421 97.373
FOXD2-AS1 0.564 1.758 1.682 0.093 0.911 3.391
HOXA11-AS 0.863 2.371 1.577 0.115 0.811 6.931
LINC00324 -1.459 0.233 -2.879 0.004 0.086 0.628
CKMT2-AS1 0.887 2.427 2.768 0.006 1.295 4.546
SNAP25-AS1 1.397 4.041 2.080 0.038 1.084 15.064
LOC101929340 1.114 3.048 2.681 0.007 1.350 6.882
LINC02544 0.477 1.611 2.345 0.019 1.081 2.400
BISPR -0.670 0.512 -2.480 0.013 0.301 0.869
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associated signaling pathways in the present study included 
‘cytokine-cytokine receptor interaction’ and ‘cell adhesion 
molecules’ (CAMs), and signaling pathways associated 
with the immune system, such as ‘T-cell receptor signaling 
pathway’, ‘NF-κB signaling pathway’, ‘Th17 cell differentia-
tion’, and ‘Th1 and Th2 cell differentiation’. Immune escape 
mechanisms have been reported to play an important role 
in the development and metastasis of cancer (32), which 
indicated the dysregulation of important carcinogen-
esis‑associated biological processes between the classified 
high- and low-risk groups in the present study. With regards 
to the 110 samples assessed in the discovery cohort of the 
present study, the expression levels of 4,195 mRNAs were 
demonstrated to be significantly associated with the nine 
lncRNAs, among which 3,159 mRNA-lncRNA pairs were 

positively associated and 1,036 mRNA-lncRNA pairs 
were negatively associated (Pearson's correlation analysis, 
FDR<0.01) (Table SIII). These mRNAs were predicted to 
be co-expressed with the corresponding lncRNAs. The 
present study performed KEGG pathway function analysis 
using the co-expressed mRNAs, for each lncRNAs. A total 
of 37 KEGG pathways (Table SIV) were obtained for six 
lncRNAs (Fig. 4C), including cancer-associated signaling 
pathways, such as ‘cell cycle’, ‘DNA replication’ and ‘p53 
signaling pathway’, and immune-associated signaling path-
ways including, ‘Th1 and Th2 cell differentiation’, ‘B-cell 
receptor signaling pathway’ and ‘T-cell receptor signaling 
pathway’. Overall, the nine lncRNAs were associated 
with the carcinogenesis and development of patients with 
ER-negative BC.

Figure 2. Validation of the nine‑lncRNA signature. Efficiency of the nine‑lncRNA signature for the risk stratification of patients with ER‑negative BC was 
assessed in both the discovery and validation cohorts. (A) High risk group n=22, low risk group n=23. (B) High risk group n=53, low risk group n=54. (C) High 
risk group n=53, low risk group n=54. lncRNA, long non-coding RNA; ER-negative BC, estrogen receptor-negative breast cancer.
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Figure 3. Gene expression analysis for the nine signature lncRNAs. (A) The distribution of risk-scores for each patient calculated using the nine-lncRNA 
signature (upper), survival status for each patient (middle) and the heatmap of expression levels for the nine lncRNAs (lower); High risk group n=23, low risk 
group n=22. (B-J) Box-plots of the expression levels for the nine lncRNAs in the high- and low-risk groups. lncRNA, long non-coding RNA.
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Figure 4. Function analysis for the nine‑lncRNA signature. (A) Heatmap of the expression levels of the top 30 most significant DEGs between samples in the 
high‑ and low‑risk groups. Red and blue refer to high‑ and low‑risk samples, respectively. (B) The top 10 most significant KEGG pathways enriched by DEGs 
identified between high‑ and low‑risk groups. X‑axis represents the percentage of DEGs to pathway genes. The size of the dots represents the number of DEGs, 
and the color represents the significance level. (C) KEGG pathways enriched by genes co‑expressed with lncRNAs. X‑axis represents the nine lncRNAs. 
Color and number represents -log10 (FDR). lncRNA, long non-coding RNA; DEGs, differentially expressed genes; KEGG, Kyto Encyclopedia of Genes and 
Genomes; FDR, false discovery rate; NA; pathways insignificantly enriched by genes co‑expressed with the corresponding lncRNAs.

Table III. Univariate and multivariate Cox regression analyses in the training set.

 Univariate model Multivariate model
 ------------------------------------- ---------------------------------------------------------------------------
Factor Sample, n HR P-value HR 95% CI P-value

Nine-lncRNA risk score, high risk vs. low risk 55 vs. 55 2.7180 5.7x10-77 16.5578 4.908-55.854 4.05E-06
Stage, N1 vs. N0 50 vs. 58 2.9203 0.0011 2.6189 1.1417-6.007 0.023
Grade, G3 vs G1 and G2 78 vs. 33 1.2295 0.0444 1.0540 0.7268-2.805 0.874
Age, ≥ 50 vs. <50 years 70 vs. 40 1.1959 0.5981 1.0051 0.9761‑1.035 0.734
PR, Pos vs. Neg 6 vs. 104 2.7364 0.0481 0.9480 0.2733-3.546 0.981
HER-2, Pos vs. Neg 15 vs. 89 1.3656 0.4579 1.2110 0.3727-3.935 0.750

lncRNA, long non‑coding RNA; HR, hazard ratio; CI, confidence interval; lncRNA, long non‑coding RNA; PR, progesterone receptor; 
HER-2, human epidermal growth factor receptor 2; Pos, positive; Neg, negative.
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Discussion

In recent years, a number of studies have demonstrated that 
dysregulated lncRNAs play an important role in the carci-
nogenesis, development and metastasis of different types of 
tumor (33-35). A number of lncRNAs have been reported to 
be associated with the recurrence, metastasis and resistance 
to adjuvant therapy of patients with BC (36,37). For example, 
lncRNA HOX Transcript Antisense Intergenic RNA has been 
demonstrated to enhance ER signaling and confer tamoxifen 
resistance in BC (38). Furthermore, upregulation of the lncRNA 
SRY-box 2 has been demonstrated to promote BC cell growth 
and invasion by activating the expression of the lncRNA 
Plasmacytoma variant translocation 1 (39). The degradation 
of the histone-lysine N-methyltransferase EZH2, mediated by 
lncRNA Antidifferentiation noncoding RNA, has been indi-
cated to decrease the invasion and metastasis of BC (40). With 
the development of genomic diagnostic tests such as Oncotype 
DX (41) and Coloprint (42), high-throughput gene expression 
profiles have become the principle method of identifying novel 
prognostic biomarkers of cancer. Although several lncRNA 
signatures have been developed for the prognosis of patients with 
BC (43,44), there are currently none in use for clinical practice, 
particularly for ER-negative BC. Thus, the present study used 
publicly available gene expression profiles, together with the 
probe re-annotation method, in order to develop a DFS-associated 
nine-lncRNA signature, using the correlation analysis of the 
lncRNA expression data and clinical information from patients 
with ER‑negative BC. The nine‑lncRNA signature classified 
patients with ER-negative BC into high- and low-risk groups with 
significantly different DFS, which was validated in independent 
datasets. The results of the present study provide evidence for the 
repeatability and clinical value of the nine-lncRNA signature.

A number of signature lncRNAs have been reported to be 
associated with different types of tumor (45,46). For example, 
CPS1 Intronic Transcript 1 has been demonstrated to suppress 
cell proliferation, invasion and metastasis in colorectal, 
ovarian, lung and liver cancer (28-31,47-50). Furthermore, 
upregulation of FOXD2 Adjacent Opposite Strand RNA 1 
has been associated with poor prognosis in various types of 
tumor (51-53). HOXA11-AS has been indicated to promote BC 
invasion and metastasis by regulating EMT (54). Furthermore, 
LINC00324 acts as an oncogene involved in the tumorigenesis 
and progression of gastric and lung cancer (55). The lncRNA 
BST2 Interferon Stimulated Positive Regulator has been 
demonstrated to promote the progression of thyroid papillary 
carcinoma by regulating miR-21-5p (56). Despite numerous 
studies, the biological functions of several lncRNAs remain 
unclear, thus further research is required.

In the present study, DEGs between the high- and 
low‑risk groups were identified in the discovery and valida-
tion cohorts, and high consistency scores were obtained 
between these cohorts (Table SV). KEGG pathway function 
analysis demonstrated that these DEGs were significantly 
enriched in signaling pathways associated with cancer cell 
growth, proliferation, migration and angiogenesis, such as 
‘cytokine-cytokine receptor interaction’ and ‘CAMs’, and 
signaling pathways associated with the immune system, such 
as ‘T-cell receptor signaling pathway’, ‘NF-κB signaling 
pathway’, ‘Th17 cell differentiation’ and ‘Th1 and Th2 cell 

differentiation’. Furthermore, genes co-expressed with these 
signature lncRNAs were significantly enriched in signaling 
pathways associated with cancer cell proliferation, migration 
and angiogenesis, such as ‘cell cycle’, ‘DNA replication’ and 
‘p53 signaling pathway’, and signaling pathways associated 
with the immune system, such as ‘Th1 and Th2 cell differenti-
ation’, ‘B-cell receptor signaling pathway’ and ‘T-cell receptor 
signaling pathway’. Altogether, the nine lncRNAs assessed 
in the present study were associated with the carcinogenesis 
and development of tumors, which provides evidence for the 
prognostic ability of the nine-lncRNA signature.

Although candidate lncRNA biomarkers involved in 
tumorigenesis were identified by bioinformatics analysis, some 
limitations exist in the present study. Firstly, since clinical 
follow-up information was missing, certain factors, including 
the presence of patient's other health status, including ER, 
PR and HER2 expression, were not considered to determine 
prognostic biomarkers. Secondly, the signature obtained by 
bioinformatics analysis was insufficient for clinical prac-
tice and requires external experimental verification, such 
as in vitro/in vivo validation. Therefore, further work with 
complete clinical information and a larger sample size is 
required for future genetic and experimental studies.

Overall, the present study used the available microarray 
data and clinical information to develop a nine-lncRNA signa-
ture, in order to promote personalized treatment for patients 
with ER-negative BC. Functional analysis demonstrated that 
this signature was involved in several signaling pathways asso-
ciated with cancer recurrence and metastasis, which provides 
evidence for the prediction of post-surgery relapse risk for 
patients with ER-negative BC. Large-scale prospective studies 
are required in the future, in order to further evaluate and 
validate the robustness of the signature prior to its clinical 
application. Furthermore, future studies are required in order 
to understand the molecular mechanisms underlying the 
nine-lncRNA signature.
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