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Abstract

Background
As the critical regulators for tumorigenesis and progression, long-noncoding RNAs (lncRNAs) are
becoming novel prognostic biomarkers for tumor patients. By the levels of lncRNAs expression, the
patients with breast carcinoma may be divided into subgroups with different risk scores. Nevertheless,
there is limited evidence to evaluate the role of lncRNAs in the prognosis of breast carcinoma. The
present study aimed to construct lncRNA signatures for prognostic analysis and assist clinicians in
choosing optimal therapies.

Methods
Abnormal expression pro�les of breast cancer-associated lncRNAs were analyzed based on the TCGA
datasets. Univariate and multivariate Cox regression analysis was used to build a prognostic risk
signature according to the lncRNAs expression. The prognostic ability of this signature was veri�ed in
various subgroups. Functional enrichment analysis was employed to reveal the potential roles of these
predictive lncRNAs in cancer-related biological processes and pathways.

Results
Compared with normal breast tissues, the differential analysis demonstrated that 286 lncRNAs were
abnormally expressed in breast carcinoma. A four-lncRNA signature (RP1-193H18.2, AL022341.3,
WDR86-AS1, LINC00511) was found to be closely related to the prognosis of breast carcinoma. The four-
lncRNA signature could also qualify the magnitude of treatment bene�ts for different breast cancer
subtypes. Additionally, it was an independent risk factor out of other clinicopathological parameters
based on the multivariate Cox analysis. We also uncovered that the four predictive lncRNAs are involved
in multiple cellular progression and pathways of breast cancer.

Conclusions
The four-lncRNA signature could be an essential reference for prognostic prediction and making
therapeutic strategies.

Background
Breast carcinoma is a heterogeneous illness characterized by its various manifestations, morphologies
and behaviors[1]. Currently, clinical characteristics, histomorphological properties and
immunohistochemical markers are the primary references for the treatment decisions of breast
carcinoma. However, response variability to certain types of treatment and chemoresistance are still
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puzzling clinical staff. According to various investigations, the genetic heterogeneity of breast carcinoma
is a crucial impediment in the achievement of satisfactory results[2]. Gene expression is varied due to the
interaction among countless regulators, such as chromatin regulators, transcription factors and non-
coding RNAs (ncRNAs)[3]. Over the past few decades, the exploitation of genome-wide transcriptomic
and epigenetic screening approaches has resulted in developing predictive tools, allowing breast cancer
prognosis and monitoring therapy e�cacy[4]. However, up to 75% of patients diagnosed with early breast
cancer �nally relapse and develop metastatic disease[5]. Meanwhile, a large proportion of patients with
breast cancer are overtreated, suffering from the toxic effects of adjuvant treatments without deriving
bene�ts [6]. Therefore, the accuracy of prognostic prediction and the availability of systemic treatment
options can be prompted by further exploring the genome pathogenesis of breast carcinoma.

As a major type of ncRNAs, long non-coding RNAs (lncRNAs) refer to RNA transcripts longer than 200
nucleotides [7]. LncRNAs are usually expressed in an illness-, organism- or growth phase-speci�c manner
leading these molecules to compelling therapy targets and pointing toward particular functions for
lncRNAs in development and diseases[8]. With the signi�cance of lncRNAs in neoplasm uncovered, the
contributions of lncRNAs to the progression of breast cancer have been identi�ed. Accumulating studies
have exhibited the critical functions of lncRNAs that support the hallmarks of breast cancer. This
repertoire includes maintaining genomic instability, sustaining proliferative signaling, inducing invasion
and metastasis, evading growth suppressors or possessing stem cell properties[9, 10]. Previous
investigations also demonstrated that lncRNAs speci�cally expressed or silenced in human cancer could
play an essential role in these cancer entities and therefore make them as ideal candidates for breast
cancer diagnosis[8]. Such as, FAM83H-AS1 and lncRNA-ATB were found to be overexpressed in patients’
sera and could serve as noninvasive tools for the diagnosis of breast carcinoma[11]. Besides, speci�c
lncRNAs could interact with estrogen receptor (ER), progesterone receptor (PR) and human-epidermal
growth factor receptor type 2 (HER-2) and be used as biomarkers for different subclasses of breast
carcinoma [12]. However, there are still many challenges that should be addressed before their
application in the clinic. Thus, further exploring the involvement of lncRNAs in breast cancer may
facilitate this progression.

To systematically distinguish prognosis-related lncRNAs that are involved in breast carcinoma, 577
patients from The Cancer Genome Atlas (TCGA) were employed. Dependence on the sample splitting
method and Cox regression analysis, a four-lncRNA signature with effective survival risk strati�cation
was successfully established. Besides, it could also be used to assess the degree of bene�t from
chemotherapy and hormonotherapy. The functional enrichment analysis suggested that the four lncRNAs
also participate in multiple biological processes and pathways of breast carcinoma. In short, the present
study con�rmed the underlying roles of lncRNAs in the prognosis, evaluation of treatment bene�t and
pathogenesis of breast carcinoma.

Methods
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The lncRNA expression patterns and clinicopathological data of breast carcinoma patients were derived
from the TCGA database (https://portal.gdc.cancer.gov/). After �ltering the information, a total of 577
patients with adequate clinical information (including age, survival status, survival time, AJCC stage, PR
status, HER2 level, ER status, treatment measures, radiotherapy and subtypes) were enrolled in the
present project. The 577 patients were further randomly subdivided into the training (n=289) and testing
(n=288) sets by applied the R package “survival”.

Acquisition of lncRNA expression pro�le for breast cancer patients

The RNA-seq data of breast cancer was acquired from the TCGA data portal. A total of 15,878 lncRNAs
were obtained after adding annotation using the human genome (Ensemble database v72 assembly).
The reads per kilobase of exon model per million mapped reads (RPKM) was employed to normalize the
expressed values of lncRNAs and mRNAs, and RPKM ≥ 0.1 was used as the threshold for adding
lncRNAs into the lncRNA expression pro�les. Finally, a total of 5,884 lncRNAs were retained for further
analysis. Subsequently, the R package ‘DESeq2’[13] was applied to screen out the differently lncRNAs by
de�ning the cut-off value of log2 fold change and P-value < 0.05 as the threshold.

Construction of the prognostic lncRNA signature

In the training set, the univariate Cox regression analysis was employed to evaluate the association
between the abundantly expressed lncRNAs and the OS of breast cancer patients, which was achieved by
performing the R package ‘survival’ (http://cran.r-project.org/package=survival). Those lncRNAs were
considered as candidate variables if the p-value was less than 0.001. Subsequently, the Random Survival
Forest (RSF) method[14] was used to select a smaller number of lncRNAs further to construct the Cox
regression analyzed models. The risk index was calculated based on the expression of lncRNAs and
coe�cients obtained from the multivariate Cox model. The risk-score formula was presented above.
Relying on the risk-score formula, the breast cancer patients in the training set were classi�ed into a high-
risk and a low-risk subgroup. Then, Kaplan-Meier survival analyses and log-rank test analyses were
performed to reveal the differences in patients’ survival time between these two subgroups, and the
interactions with treatment therapies. The two-sided log-rank test compared differences in survival times
between the low-risk and high-risk groups in each set, a P-value < 0.05 was statistically signi�cant.
Besides, multivariate Cox regression analysis was also carried out to evaluate whether the four-lncRNA
signature was an independent factor for patients’ survival. Meanwhile, to assess the sensitivity and
speci�city of the survival prediction based on the risk score, the time-dependent receiver operating
characteristic (ROC) curve was performed using the R package ‘timeROC’ (version: 0.4)[15] to calculate
the area under the curve (AUC).

Functional enrichment analyses

To reveal the functional implications of the four prognosis-related lncRNAs, Pearson correlation
coe�cients were carried out to reveal the correlation between the prognostic lncRNAs and PCGs, and the
genes with a Pearson's correlation coe�cient > 0.40 were deemed as lncRNA-associated PCGs.
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Thereafter, GO and KEGG pathway enrichment analyses were performed for the lncRNA-associated PCGs
using the clusterPro�ler package (version 3.12.0)[16], and P-values <0.05 were treated as the threshold for
GO and KEGG pathway enrichment analyses. The enrichment results were visualized using the ggplot2
package in R language[17].

Results
Identi�cation and selection of prognostic-related lncRNAs

Compared with 36 normal specimens, 69 downregulated and 217 upregulated lncRNAs were discovered
in 578 breast carcinoma specimens by performing the DESeq2 package[13] (Fig. 1a, b). In all, 577
samples with whole follow-up data were randomized to the training or testing set. For the training set, the
lncRNAs were subjected to the univariate Cox regression model. Thirty-two lncRNAs were screened out
that dramatically correlated with overall survival (OS, P < 0.001) among the 286 differentially expressed
lncRNAs (Supplementary Table1).

Construction of a lncRNA-based prognostic prediction system and validation in the training group

Stepwise random survival forests analysis and the multivariate Cox regression model was further used to
screen for the best prognostic assessment indexes in the 32 candidate lncRNAs. Based on the calculation
results, a �nal four lncRNAs presented with an independent statistically signi�cant association with
survival prognosis (Fig. 2a). Three of them (RP1-193H18.2, AL022341.3, WDR86-AS1) had negative
coe�cients, representing an inverse relationship between the expression of lncRNAs with survival. The
positive coe�cients for the remaining one lncRNA (LINC00511) indicated a positive correlation between
lncRNA expression with survival.

Dependence on the levels of four lncRNAs, a risk scoring equation weighted by their regression
coe�cients for breast cancer patients’ survival prediction was constructed as below: risk score= (-0.858 ×
expression level of RP1-193H18.2) + (-0.684 × expression level of AL022341.3) + (-0.720 × expression
level of WDR86-AS1) + (0.466 × expression level of LINC00511). In the training subset, the risk scoring
equation was performed to calculate the risk scores for all patients, and the median value of risk scores
was regarded as a threshold to divide the set into a high-risk (n=144) and a low-risk group (n=145). The
Kaplan Meier curve con�rmed that the prognosis of the high-risk subset was prominently worse than that
of the low-risk subset. The median survival times for the high-risk and the low-risk groups were 10.85 and
17.27 months, respectively (P-value=2.38e-04, Fig. 2b). Furthermore, the high-risk group’s 3- and 6-year
survival rate was 81.4% and 75.1%, whereas the corresponding survival rates were 100% and 91.7%,
respectively, in the low-risk group. We applied the time‐dependent receiver operating characteristic (ROC)
curves to evaluate the four-lncRNA signature's prognostic accuracy. AUCs of the four-lncRNA signature
were 0.78, 0.82 and 0.80 at 1‐, 3‐ and 5‐year survival times, respectively, which indicated excellent
performance in predicting the prognosis (Fig. 2c). The risk score distribution and survival status for every
patient were plotted as a separate dot in the diagram (Fig. 2d). Patients with high-risk score had more
signi�cant mortality than those with low-risk score. A heat map demonstrated the expression pattern of
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these four lncRNAs in the training set, and the expression pattern was clustered depend on the risk score
(Fig. 2e). Among the four lncRNAs, LINC00511 displayed a positive coe�cient derived for the multivariate
Cox regression model, indicating that LINC00511could be a risk predictor, as its overexpression signi�ed
a shorter OS time of patients. However, the other three lncRNAs, including RP1-193H18.2, AL022341.3,
and WDR86-AS1, which are negative coe�cients, were observed in the multivariate Cox regression model.
As their expression levels were higher for the low-risk subset vs. high-risk subset, these three lncRNAs
could be protective factors.

Veri�cation of the ability of the four‐lncRNA signature to predict the prognosis in the testing set

We further estimated whether the four-lncRNA signature maintains its prognostic value in the testing
subset. In conformity with the same algorithm used in the training subset, every patient's risk score in the
testing subset was computed and subdivided into the low-risk (n=128) and high-risk subset(n=160) by
the same threshold point used in the training set. The Kaplan-Meier analysis demonstrated that the high-
risk group gets a worse survival time than that of the low-risk group in the testing subset (11.52 months
vs. 14.62 months; P value= 0.0058; Fig. 3a). The 3- and 6-year survival rates were 86.2% and 79.2% in the
high-risk group, 98.4% and 91.9% in the low-risk group. The AUC score at 1, 3 and 5 years also indicated
that the four-lncRNA signature could maintain excellent predictive accuracy in the testing subset (Fig. 3b).
Additionally, Fig. 3c presents the risk score and survival status for each patient in the testing subset. Not
surprisingly, the high-risk lncRNA had the tendency to be upregulated in patients with a high-risk score. By
contrast, the protective lncRNAs were highly expressed in patients with a low-risk score (Fig. 3d).

Correlation between the four-lncRNA signature and standard clinicopathologic characteristics

To illustrate the four-lncRNA signature's clinical relevance in breast carcinoma, all the patients were
divided into a high-risk and low-risk group in accordance with the median risk score obtained from the
training subset. Given this criterion, associations between the four-lncRNA signature and
clinicopathologic characteristics of breast carcinoma were evaluated. The �ndings demonstrated that the
four-lncRNA signature has strong a�nities with PR status, ER status, treatment therapies and the
subtypes of breast cancer (table1). As the four-lncRNA signature is associated with breast carcinoma
subtypes, the relationship between the four-lncRNA signature with the prognosis of luminal -type, Her2-
type and triple negative-type patients was estimated by the Kaplan-Meier analysis. The �ndings exhibited
that luminal-type patients in the high-risk subset had shorter OS than those in the low-risk subset, the 3-
and 6-year OS of the high-risk subset was 88.7% and 79.0%, whereas the corresponding OS was 100%
and 94.7% in the low-risk group, respectively (Fig. 4a). However, in the Her2-type and triple negative-type
breast carcinoma, no statistical difference in OS was observed between the high-risk and low-risk subset
(Fig. 4b, c).

Effect of chemotherapy for patient groups de�ned by the four-lncRNA signature

In light of the strong associations between the four-lncRNA signature and treatment therapies, we
assessed whether it could be utilized to estimate chemosensitivity in patients with breast carcinoma. The
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patients were categorized into four main subgroups, depending on whether to accept chemotherapy or
not and the risk grades of the four-lncRNA signature. For the subgroup with low signature risk, the 3- and
6-year OS of the patients who received no chemotherapy were 100% and 100%, as compared with the 3-
and 6-year OS were 99.0% and 90.5% among the patients who received chemotherapy (P=0.369) (Fig.
4d). Besides, for the subgroup with high signature risk, we observed a remarkable difference between the
no-chemotherapy and the chemotherapy group concerning OS (P=0.030), the 3- and 6-year OS was 73.6%
vs. 88.3% and 58.3% vs. 85.5%, respectively (Fig. 4d). We further validate whether the four-lncRNA
signature has a similar role in the subtypes of breast carcinoma. For the luminal type, no statistical
difference in OS was identi�ed between the no-chemotherapy and chemotherapy group in patients with
high or low signature-risk (Supplementary Fig. 1a-c). We further divided the luminal type into ER+/ PR+
and ER+/ PR- subsets. For the ER+/ PR+ subset, the results con�rmed that OS of chemotherapy vs. no
chemotherapy was not different for patients with high signature-risk (Fig. 4e); however, the OS of
chemotherapy vs. no chemotherapy was much longer for patients with high signature-risk in the ER+/ PR-
subset (P=0.001) (Fig. 4f). The triple-negative type, with or without chemotherapy did not affect the OS of
the low-risk subgroup (Supplementary Fig. 1d). By contrast, chemotherapy could prolong the survival time
of the high-risk subgroup (Fig. 4g). Thus, the four-lncRNA signature could act as a predictor for
chemotherapy bene�t.

Effect of hormonotherapy for patient groups de�ned by the four-lncRNA signature

Since the four-lncRNA signature has a close relationship with hormone receptors and treatment therapies,
we also assessed whether it could be applied to direct the uses of hormonotherapy in the luminal type of
breast carcinoma. The outcomes of Kaplan-Meier analysis exhibited that the application of
hormonotherapy does not affect the survival time of the low-risk subgroup (Fig. 5a); on the contrary, the
application of hormonotherapy could conspicuously prolong the OS time of the high-risk subgroup (Fig.
5b). Moreover, in the subset of luminal type without chemotherapy, the OS rate of the high-risk subgroup
was worse than the low-risk subgroup (Fig. 5c). In the high-risk group of the luminal type without
chemotherapy, the results demonstrated that these patients’ OS rate was conspicuously increased by
applying hormonotherapy (Fig. 5d). Herein, the four-lncRNA signature could be a reference tool when
counseling patients about hormonotherapy options.

Independence of the four-lncRNA signature and other clinical characteristics

To verify the independence of the four-lncRNA signature from other clinicopathological features
containing age, AJCC stage, progesterone receptor, HER2 level, estrogen receptor, treatment therapy,
radiotherapy and subtypes, the Univariate and Multivariate Cox regression analysis was performed.
Univariate Cox regression exhibited that the four-lncRNA signature, AJCC stage, progesterone receptor,
estrogen receptor, treatment therapy, radiotherapy and subtype could e�ciently predict the outcomes of
patients with breast carcinoma (table2). As the multivariate Cox regression analysis demonstrated,
con�rmed factors with independent prognostic signi�cance for breast carcinoma patients were four-
lncRNA signature and AJCC stage (table2). To explore whether the four lncRNA signature could maintain
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its prognostic capacity at the same AJCC stage, strati�ed analysis was employed. In the light of their
AJCC stage, patients were categorized into two stratums: the early-stage (stage I/II, n=429) and late-stage
(stage III/IV, n=148). Dependence on the threshold point for the training set, the four-lncRNA signature
was utilized to further divide breast carcinoma patients into high-risk and low-risk subgroups within each
stratum. Kaplan-Meier plots exhibited that the survival rate of the high-risk group was signi�cantly poorer
than that of the low-risk group (Fig. 6a-c). Taken together, the four-lncRNA signature was an independent
clinical prognostic biomarker for patients with breast carcinoma.

Functional characteristics of four prognostic lncRNAs

For the purpose of revealing the precise mechanism of the four lncRNAs in the tumorigenesis of breast
carcinoma, functional category enrichment analysis was applied. Because lncRNAs can act as cis-
regulators to modulate their neighboring polycomb group genes (PCGs), Pearson correlation analysis was
applied to calculate the correlations between the four lncRNAs and PCGs. The results exhibited that 1,446
genes are closely related to at least one of the four lncRNAs (Pearson's correlation coe�cient 0.4
P<0.05). Functional enrichment analysis suggested that lncRNA correlated PCGs were mainly enriched in
362 gene ontology (GO) terms and 17 Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways
(P<0.005); these GO terms were further clustered into different functional categories (Fig. 7a, b). Not only
the distribution but also the expression changes of these genes in functional categories (top 10) and
KEGG pathways (top 10) were displayed in Fig. 7c and d. Collectively, the four prognostic lncRNAs could
be crucial regulatory factors for breast carcinoma-related signal pathways by interacting with PCGs.

Discussion
Breast cancer is a kind of tumor with very complex biological behavior due to its molecular heterogeneity
[18]. Traditionally, breast cancer has been primarily strati�ed according to the AJCC staging system,
hormone receptor, Her-2 and Ki-67[19, 20]. However, patients’ variable clinical endpoints in the same
subgroup re�ect that conventional predictors are insu�cient to predict the outcomes of breast carcinoma
patients precisely. Thus, it is desperate to seek innovative predictors, especially the genetic hallmarks, to
more accurately classify breast carcinoma, which may promote the precision of individualized treatment,
and enhance the prediction of survival rate and disease recurrence after comprehensive treatment.

Recent technological advancements in gene expression pro�ling have shed light on numerous diagnostic
parameters and help us to differentiate between various subsets of breast carcinoma, which would
enable the recommendation of personalized systemic therapies for the particular breast carcinoma
subtypes. Currently, multi-gene signatures have been extensively studied to provide prognostic
information for breast cancer patients[21]. Multiple signatures have been approved by the FDA for clinical
use or recommended by ASCO and NCCN guidelines to assist clinicians in making therapeutic
strategies[21]. Whereas their clinical applicability was con�ned due to their high cost. In recent years,
most of the emphasis has been placed on the involvement of Protein Coding Genes (PCGs) in
oncogenesis, and the majority of the signatures were composed by PCGs. It should be noted that PCGs
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account for only 2% of all transcribed genes in eukaryotes[22], so there is a limitation of �tting in survival
modeling of PCGs-based signatures, characterized by the reduced accuracy of predictors when applied to
independent cohorts. With the booming advancement of genome and transcriptome sequencing
technology, an abundance of non-coding RNAs have been considered as crucial biomarkers in the
diagnosis, treatment, and prognosis of breast cancer, and their status in tumors is not inferior to that of
PCGs[23, 24]. LncRNAs, a novel and crucial component of non-coding RNAs, emerged as an up-dated
layer of cancer-associated procedures[25, 26]. Thus, lncRNAs have great potential to become noninvasive
hallmarks for the diagnosis or prognosis of breast carcinoma.

The Cancer Genome Atlas (TCGA) is an open-access database containing complete genomic information
derived from 33 cancer types by high-throughput sequencing technology[27]. Such diverse data provide
an excellent opportunity to further solve the problems related to tumor heterogeneity. In this project,
comprehensive research was carried out to explore lncRNA expression pro�les and corresponding clinical
information of a large set of breast carcinoma patients acquired from the TCGA database. A four-lncRNA
prognostic signature was identi�ed by performing univariate Cox regression analysis and multivariate
Cox regression analysis in the training subset, stratifying patients into distinct risk subgroups with a
statistically signi�cant difference in the prognosis. Time-dependent ROC curve analysis also displayed
the excellent predictive capability of the four-lncRNA signature. Furthermore, the predictive performance
of the four-lncRNA signature was well veri�ed in the testing set, which conformed the satisfactory
repeatability of the four-lncRNA signature. Above all, our project provides innovative insight into
constructing an original prognostic model based on the multi-marker signature for patients with breast
carcinoma. As only four members of lncRNA construct the signature, it could be a cheap as well as
accurate molecular test and suitable in the clinic prognostication.

For optimal therapeutic strategy making in breast cancer patients, precisely predicting the outcome and
sensitivity to treatment therapy will be substantially helpful. Clinicopathological variables are traditional
predictive factors that have been employed to achieve this goal. For example, Rouzier developed
prediction models that relied on clinical and pathologic characteristics to estimate the probability of pCR
and metastasis-free survival of breast carcinoma patients[28]. Nevertheless, these traditional factors are
still insu�cient for personalized treatment decisions. With the development of the sequencing
technology, several multigene panels, including the Oncotype DX (21 genes) and the Amsterdam 70-gene
signature (70 genes), have been shown to provide additional prognosis value beyond that provided by
clinicopathological factors[29]. However, these signatures are limited to HR+/HER2 − breast cancer but no
other subtypes of breast cancer. Recently, prognostic models depended on lncRNAs had been
manufactured to predict prognosis in patients with breast carcinoma[30, 31]. Even so, most of the lncRNA
signatures are focus on the prognosis of patients, rarely could guide clinical treatment decision-making.
This project created a prognostic signature that relied on four lncRNAs expression, which demonstrated
an accurate forecast performance. Moreover,strong correlations were found between the four-lncRNA
signature with hormone receptors, cancer subtypes and treatment therapies, which indicated that the
four-lncRNA signature was not just about predicting prognosis. It might have the potential to guide
treatment. Chemotherapies are vital weapons for us to restrain cancer recurrence and progression.
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However, the heterogeneous clinical endpoints of patients in the same subtype treated by chemotherapy
re�ect that part of the patients were undertreated, while others were suffering from the toxicity of over-
treatment. Thus, novel signatures are wanted to improve the precision of chemotherapy application. Our
investigations veri�ed that for high-risk patients, especially in ER+/PR- and triple-negative subsets, the
magnitude of the chemotherapy bene�t was greater than that of low-risk patients. The clinical
implications of these results for breast cancer patients are relatively straightforward. For the ER+/PR-
subset with a low-risk score, the anticipated bene�t of adding chemotherapy to hormonotherapy may not
exceed hormonotherapy alone. Patients with triple-negative breast carcinoma in the low-risk subgroup got
the opportunity not to undergo chemotherapy or decrease the dose and cycles of chemotherapy. For the
high-risk subgroup, chemotherapy combined with hormonotherapy may be a critical strategy to improve
the prognosis of ER+/PR- subset; and the dose-dense or multiagent chemotherapy regimens could be the
primary choice for the treatment of triple-negative breast cancer.

Hormonotherapy is the mainstay of adjuvant treatment for the luminal type of breast cancer.
Traditionally, the decision and strategies for hormonotherapy in the treatment of hormone-receptor-
positive breast cancer are based on pathological features and clinical trials. However, there is still a lack
of trustworthy markers that predict who will bene�t from extended adjuvant endocrine therapy, or de�ne a
subset of patients with luminal A-type tumors can be safely treated with hormonotherapy alone[32]. Our
results showed that the four-lncRNA signature could also be used to make the strategies of
hormonotherapy. Dependence on the four-lncRNA signature, the patients with a high-risk score, especially
those without chemotherapy, should be treated by hormonotherapy, and combination therapy, including
aromatase inhibitors (AI) or tamoxifen plus ovarian function suppression (OFS), might be the primary
choices. Patients with a low-risk score might be safely treated with simple hormonotherapy like
tamoxifen alone, and the time span of hormonotherapy might not need to be prolonged. In brief, the four-
lncRNA signature could be used to guide the formation of systematic treatment strategies for breast
carcinoma.

Up to now, multiple gene signatures have been developed to predict breast carcinoma prognosis and
responses to treatments beyond what can be accomplished by traditional factors. However, many gene
signatures were constructed by selecting genes whose expression levels are related to clinical outcomes
without any concern for gene functions. The clinical outcomes are the external appearance of gene
functions. We assumed that the lncRNAs in this signature are functionally associated with breast cancer,
either directly or indirectly. Increasing studies suggest that lncRNAs can serve as master regulators for
gene expression at the levels of chromosome remodeling and transcriptional and posttranscriptional
control[33, 34]. Therefore, the PCGs which were closely linked with lncRNAs provided a feasible way to
expound the underlying function of lncRNAs[35–37]. For this investigation, 1,446 PCGs were found to
have interspeci�c relations with at least one of the four lncRNAs. Besides, these genes were also found to
be enriched in 362 GO terms and 17 KEGG pathways. All the GO terms and KEGG pathways are essential
physiological events for cell survival, and their deregulation is frequently observed in oncogenesis [38,
39]. So, the four lncRNAs could be regarded as the key nodes for PCGs to regulate signal pathways.
Meanwhile, functional enrichment analyses demonstrated that PCGs have something to do with
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immunization and in�ammation. According to the evidence that the immunity system and in�ammation
participate in malignant transformation [40, 41], and lncRNAs acted as the signal transducers that are
transmitted between immune and tumor cells to provoke chemoresistance[42]. These �ndings a�rmed
that the four prognostic lncRNAs might be involved in tumor immunity. They re�ected the genomic
changes in patients on chemotherapy, which may help us understand the potential pathogenesis of
resistance. Our study provided preliminary insights into the immune-associated roles of the four
prognostic lncRNAs in breast carcinoma. Further functional annotation and experimental validations are
needed to illustrate how the four lncRNAs implicate the biological processes and de�ne the
chemosensitivity of breast carcinoma.

There are still several de�ciencies in this study that need to be remedied. First, our investigation's sample
size was �nite. Large-scale cohort studies are required in order to further assess the predictive value of
this four-lncRNA signature and its guiding signi�cance for planning individual comprehensive strategies.
Furthermore, multicenter prospective researches are also necessary to validate the prognostic stability of
the four-lncRNA signature. Second, the discovery of the targets of lncRNAs plays a vital role in revealing
the speci�c functions of lncRNAs. Although our study displayed the co-expressed genes and the enriched
pathways of the four lncRNAs, the mechanism of how lncRNAs interact with these genes warrants a more
in-depth study. Identifying the targets of lncRNAs will be of considerable importance in enhancing our
understanding of lncRNA-mediated pathways and broadening our views of lncRNA functions.

Conclusions
To summarize, a four-lncRNA signature was successfully constructed to predict the prognosis of breast
carcinoma patients. And this signature was proven to be reproducible and robust, and its predictive ability
was demonstrated to be independent of other clinicopathological variables and certi�ed to be reliable and
stable. Additionally, it could also predict the magnitude of chemotherapy and hormonotherapy bene�ts.
Hence, the four-lncRNAs signature has potential clinical implications as a useful predictive tool for
guiding the formation of synthetical therapies in patients with breast carcinoma.
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  four‐lncRNA signature

Characteristics low risk(n=305) high risk(n=272) P-value

age     0.055

≤50 102 71

>50 203 201

AJCC stage    

54 45 0.587

180 150

65 71

6 6

Progesterone receptor    

Negative 68 118 <0.0001

Positive 237 154

HER2 level      

0 29 30 0.23

1+ 131 119

2+ 109 79

3+ 36 44

Estrogen receptor      

Negative 44 84 <0.0001

Positive 261 188

Treatment therapy      

No treatment 45 60 <0.0001

Hormonotherapy 67 48

Chemotherapy 45 72

Hormonotherapy+Chemotherapy 122 60

Targeted therapy+Chemotherapy 7 12

Hormonotherapy+Chemotherapy+Targeted therapy 17 20

Targeted therapy+Hormonotherapy 2 0
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Radiotherapy      

No 130 135 0.092

Yes 175 137

Subtype      

Luminal type 265 190 <0.0001

Her2 type 10 17

Triple negative type 30 65

Table 2 Univariate and multivariate Cox regression analysis in the entire set

  Univariable model   Multivariable model  

Variables HR 95% CI of HR P-value HR 95% CI of HR P-value

Four-lncRNA signature 1.028 1.021-1.034 <0.001 1.023 1.016-1.031 <0.001

Age 2.288 0.916-5.716 0.076      

AJCC stage 2.571 1.594-4.148 <0.001 2.507 1.483-4.237 0.001

Progesterone receptor 0.272 0.124-0.595 0.001 0.272 0.124-1.288 0.124

HER2 level 1.200 0.784-1.837 0.402      

Estrogen receptor 0.344 0.161-0.736 0.006 0.765 0.051-11.547 0.847

Treatment therapy 0.678 0.531-0.865 0.002 0.819 0.621-1.082 0.160

Radiotherapy 0.334 0.150-0.744 0.007 0.491 0.200-1.203 0.120

Subtype 1.837 1.239-2.723 0.002 1.038 0.242-4.457 0.960

Figures
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Figure 1

The differentially expressed long non-coding RNAs between breast cancer tissues and peritumoral normal
breast tissues. a The unsupervised hierarchical clustering of heatmap exhibits a distinguishable lncRNA
expression pro�le between the breast cancer tissues and normal tissues. b Volcano plot showed the
distribution of novel differential lncRNAs. Log2 fold changes are displayed on the X-axis, vertical dotted
lines: Log2 fold changes ≥ 2 or ≤ -2. The Y-axis indicates the –log10 P-value, smaller P-value have a
greater –log10 P-value, and lncRNAs with a -log10 P-value greater than 1.3 (corresponding to a P-value
less than 0.05) are above the dashed horizontal line.
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Figure 2

Recognition and performance evaluation of the four-lncRNA signature in the training set. a The forest plot
presents the coe�cient, hazard ratio and P-value of the four prognosis-associated lncRNAs. b Kaplan-
Meier survival curve analysis for the overall survival of breast cancer patients with high or low risk based
on the four-lncRNA signature in the training dataset. The P-value represents the differences among the
two curves from the results of two-sided log-rank tests. c Time‐dependent ROC curve analysis of the four-
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lncRNA signature in the training set. d The distribution of four-lncRNA-based risk score and patients’
survival status in the training set. e Heatmap of the four-lncRNA expression pro�les in the high-risk and
low-risk subgroups for the training set.

Figure 3

Validation of the prognostic value of the four-lncRNA signature for the breast cancer patients in the
testing set. a Kaplan-Meier survival curve analysis for the overall survival of breast cancer patients with
high or low risk based on the four-lncRNA signature in the testing set. The differences between the two
curves were determined by the two-sided log-rank test. b Time‐dependent ROC curve analysis of the four-
lncRNA signature in the testing set. c The distribution of four-lncRNA-based risk score and patients’
survival status in the testing set. d Heatmap of the four-lncRNA expression pro�les in the high-risk and
low-risk subgroups for the testing set.
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Figure 4

Kaplan–Meier plot for subtypes of breast cancer. a-c Kaplan–Meier survival curves of OS between high-
risk and low-risk patients of luminal type, Her2 type and triple-negative type. d The impact of
chemotherapy treatments on the OS rate of breast cancer patients in different risk subgroups de�ned by
the four-lncRNA signature. e-g The impact of chemotherapy treatments on the OS rate of the high-risk
patients in the ER+/PR+ subset, ER+/PR- subset and triple-negative type breast cancer. The P-value
represents the differences among the two curves from the results of two-sided log-rank tests.
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Figure 5

Performance evaluation of the four-lncRNA signature for OS of patients in luminal subtype treated by
different strategies. a-b The impact of hormonotherapy treatments on the OS rate of patients with luminal
breast cancer in different risk subgroups de�ned by the four-lncRNA signature. c Kaplan–Meier survival
curves of OS between high-risk and low-risk patients without chemotherapy in the luminal subgroup. d
The impact of hormonotherapy treatments on the OS rate of high-risk patients without chemotherapy in
the luminal subgroup. The P-value represents the differences among the two curves from the results of
two-sided log-rank tests.



Page 23/25

Figure 6

Strati�cation analyses of all patients adjusted to the AJCC stage using the four-lncRNA signature. a
Kaplan-Meier analysis of the early-stage patients’ overall survival in the high-risk and low-risk subgroups.
b Kaplan-Meier analysis of the late-stage patients’ overall survival in the high-risk and low-risk subgroups.
c The Kaplan-Meier plot of the entire patients with breast cancer. The P-value represents the differences
among the two curves from the results of two-sided log-rank tests.
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Figure 7

Functional enrichment analysis of the PCGs co-expressed with the four prognostic long non-coding RNAs.
a, b The bubble charts visualize the results of GO term and KEGG pathway enrichment analysis. The node
size represents the number of genes, and the color intensity represents the adjusted P-value of
enrichment analysis. c, d Heatmaps displays the expression changes of PCGs in functional categories
and KEGG pathways. The color intensity represents the fold change of PCGs.
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