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Objective: Studying the prognosis of breast cancer (BRCA) is of great
significance for clinical treatment. LncRNA has been shown to
be significantly important in breast cancer, but only few studies
exist that relate to the prognosis of lncRNA. This study aimed to
build a lncRNA-based breast cancer prognosis risk model using
the data from TCGA datasets. Methods: we used the TCGA public
database to explore the differential expression of lncRNA and
cancer prognosis in breast cancer patients. The RNA-Seq data and
clinical data pertaining to 1090 BRCA patients in the TCGA database
were downloaded and analyzed. The prognosis-related lncRNAs
in BRCA patients were identified in the training set and validated
in the test set and the complete data set. ROC was performed to
determine the optimal cut-off point for patient risk classification,
and survival analysis was performed to determine its significance in
prognosis prediction. Results: A total of 19 prognosis-associated dif-
ferentially expressed lncRNAs (LSINCT5, TRG-AS1, CH17-189H20.1,
RP11-1399P15.1, RP11-344P13.6, RP5-1028K7.2, AL022344.7, USP30-
AS1, RP11-522I20.3, AL122127.25, BHLHE40-AS1, CHRM3-AS2,
LINC00704, RP5-1073O3.2, RP11-316M21.6, CTA-384D8.31, RP11-
10J5.1, RP11-426L16.3, RP11-344B5.2) were screened out. The BRCA
prognosis risk assessment model based on 19-lncRNA can predict
the survival rate of breast cancer patients. Conclusion: This model
can predict the prognosis of breast cancer patients and these 19
lncRNAs can be used as potential molecular markers for breast
cancer prognosis prediction.
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1. Introduction
Breast cancer is one of the most common malignant

tumors that threaten women’s health worldwide. With
the continuous development of surgery, radiotherapy and
chemotherapy, as well as the wide application of molecular
diagnostics and genomics, the survival rate of breast cancer
patients has, to some extent, increased. However, there are
still about 20%–30% of early stage breast cancer patients that
experience recurrence of the cancer or development of dis-
tant metastasis [1, 2]. Therefore, even though it is challeng-
ing to identify molecular markers that affect or predict the
prognosis of breast cancer, it is of great significance to do so;

moreover, this is necessary to improve its accuracy of early
diagnosis and prognosis [3]. The development of breast can-
cer is the result of multi-factor, multi-stage, multi-gene in-
teractions and long non-coding RNA (lncRNA) is among the
factors involved in the development of cancer [4].

The lncRNAs, a class of RNA with a length greater than
200 nt, are thought to be an important regulatorymolecule of
gene expression. While their mechanisms of action are not
fully understood, the past 10 years of research led to a more
comprehensive picture [5–7]. It can affect apoptosis, signal-
ing pathways, tumor invasion and metastasis of tumor cells,
and plays a key role in tumorigenesis [8]. At present, nu-
merous studies have found that the expression of lncRNAs in
breast cancer patients significantly change during the devel-
opment of breast cancer [9, 10]; however, there are few stud-
ies related to lncRNA in terms of prognosis estimation. K. P.
Sørensen found that HOTAIR could be used as an indepen-
dent risk factor for breast cancer metastasis and poor prog-
nosis, since the tumor-free survival and overall survival of
patients with high expression of HOTAIR were significantly
lower than those with low expression of HOTAIR [11]. In
breast cancer cells, the reduced expression of NBAT1 is asso-
ciatedwithmetastasis and poor prognosis of cancer cells, sug-
gesting that NBAT1 is expected to be a prognostic biomarker
andmetastatic therapeutic target for breast cancer [12]. High
expression of EPB41L4A-AS2 can inhibit tumor cell prolifer-
ation; moreover, breast cancer patients with overexpression
of EPB41L4A-AS2 have a good prognosis [13]. However,
few models exist that systematically predict the prognosis of
breast cancer using lncRNA.

In this study, we intend to explore the TCGA public
database to identify the ability of differentially expressed
lncRNA in breast cancer patients to predict the prognosis of
breast cancer, and to establish a lncRNAs-based model that
predicts the prognosis of breast cancer.

2. Materials andmethod
2.1 Data collection and preprocessing

14371 lncRNA sequencing data (Supplementary Table
1) and corresponding clinical information of 1090 breast
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cancer patients were downloaded from the TCGA public
database (https://portal.gdc.cancer.gov/projects/TCGA-B
RCA) on September 20, 2018. Clinical information includes
survival status and survival time (see Supplementary
Table 2). The data used in this study meets the requirements
of the official TCGA published data and is publicly available.
Standardization of the 14371 lncRNAs was performed by
log2 (x + 1). Then, lncRNAs with expression levels >0 and
expressed in more than 50% of the samples were selected
as enriched expression lncRNAs. A total of 7272 enriched
expression of lncRNAs were obtained.

2.2 Selection of prognosis-related lncRNAs

Using random number generation, 1090 breast cancer pa-
tients were randomized into a training set (n = 545) and a test
set (n = 545). The training set is used to learn sample features,
screen lncRNA and build the model. And the test set is used
as an internal validation to verify the prognostic effect of the
model. Univariable Cox regression analysis of lncRNAs and
survival time in the training population was performed us-
ing the Survival Package of R software [14]. LncRNAs with
significant differences in expression (p ≤ 0.05) were selected
as target lncRNAs. Then Rbsurv package of R were used to
screen the prognostic-related lncRNAs by Robust likelihood-
based survival analysis [15].

The specific protocols are as follows: (1) Randomly divide
1090 breast cancer patients into training set (N*(1-P)) and
test set (N*P) (p = 1/3); (2) each target lncRNA is fitted to
the univariable cox regression model of the training set, and
obtained the corresponding parameter estimation, and then
the log-likelihood of the parameter estimation of each target
lncRNA is calculated in the test set; (3) repeating step (2) 10
times, ten log-likelihoods of one gene were obtained, and the
mean valueswere calculated; (4) steps (2) and (3)were used to
search for each target lncRNA, and the gene with the highest
log-likelihood was selected as the optimal gene; (5) Subse-
quently, we searched the next best gene by evaluating every
two-gene model and selected an optimal one with the largest
mean log likelihood; (6) continued this forward gene selec-
tion procedure, resulting in a series of models. Akaike’s in-
formation criterions (AICs) for all the candidate models were
computed and an optimal model with the smallest AIC was
selected finally. Using this model, prognostic-related lncR-
NAs were screened out.

2.3 Establishment and verification of risk assessment formula

All prognostic-related lncRNAs were included in the risk
assessment formula and then weighted according to the esti-
mated regression coefficients of the multivariate cox regres-
sion analysis of the training set. Use this formula to calculate
the risk scores of patients in the training set, and the patients
are divided into high risk group and low risk group according
to the median risk score. The ROC (receiver operating char-
acteristic) curve was plotted using survival ROC package of R
and the optimal cut-off pointwas selected based onmaximum
sensitivity and specificity. The training set patients were re-

Table 1. Top 20 lncRNAs associatedwith the survival time of
patients in the training set (N = 545).

lncRNA HR Cox.p.value

LINC00704 4.852630796 1.05E-05
AL022344.7 6.454117481 1.19E-05
RP11-344B5.2 1.856484282 4.79E-05
RP11-247C2.2 4.555215339 0.000145897
RP11-426L16.3 0.093780312 0.000192581
LSINCT5 7.786037821 0.000299324
LINC01451 13.275238 0.000393814
WARS2-IT1 2.054981475 0.000464166
RP11-129I19.2 1.900054628 0.000478849
STXBP5-AS1 10.79819638 0.000620234
AC002454.1 2.717891361 0.000736211
RP11-553A10.1 2.112912895 0.000788281
RP5-1073O3.2 8.61E-06 0.000935167
LINC00163 11.37727408 0.001096781
RP11-522I20.3 2.100554809 0.00114148
RP11-879F14.2 2.281790457 0.001449614
RP11-732A21.2 1788.258101 0.001569148
RP11-1260E13.3 6.108488937 0.001737004
RP11-316M21.6 0.053647998 0.001991235
RP11-598F7.3 0.174805023 0.002052405

grouped (high risk group and low risk group) according to the
optimal cut-off point and evaluated by KaplanMeier method
and compared by log-rank test. The risk assessment formula
is then validated in the test set and the entire data set.

3. Result
3.1 Screening for prognostic-related lncRNA

Data pertaining to the expression of 14371 lncRNAs from
1090 patients were obtained from the TCGA database. We
further screened the expression of 7272 lncRNAs in breast
cancer patients. See Supplementary Table 3 for screening
criteria. Subsequently, these 1090 patients were randomly di-
vided into a training set (SupplementaryTable 4) and a test
set (Supplementary Table 5). Multivariate Cox regression
analysis of the training set identified 326 lncRNAs with sig-
nificant differences in expression (p < 0.05) as target lncR-
NAs. The top 20 lncRNAs where the p value was the smallest
were selected and listed in Table 1. Robust likelihood-based
survival analysis of target lncRNAs screened 19 prognostic-
related lncRNAs (Table 2).

3.2 Risk prediction model for breast cancer prognosis based on 19
lncRNAs

To comprehensively study the relationship be-
tween the above 19 lncRNAs and breast cancer
prognosis, we developed a risk prediction formula
based on these 19 lncRNAs according to the cox
coefficient. Risk score = (-0.401903149297177*
BHLHE40-AS1) + (-0.552395828746267* TRG-AS1) +
(0.353788296439561* RP11-10J5.1) + (3.34553443422715*
LSINCT5) + (-0.184362518238646* CTA-384D8.31) + (-
4.07228858077052* RP5-1073O3.2) + (0.354513130938573*
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Fig. 1. LncRNA risk score analysis of the training set (N = 545). (A) The distribution of 19-lncRNA based risk core, patients’ survival and heat-map of
the lncRNA expression signature. Rows represent lncRNAs, and columns represent patients. (B) Kaplan-Meier estimates of patients’ survival status and time
using the median lncRNA risk score cut-off which divided patients into low-risk and high-risk groups.

Table 2. Prognosis related lncRNA signature screened using
forward selection in the training set (N = 545).

lncRNA nloglik AIC

BHLHE40-AS1 380.47 762.94*
TRG-AS1 378.21 760.42*
RP11-10J5.1 377.48 760.95*
LSINCT5 372.75 753.51*
CTA-384D8.31 370.31 750.63*
RP5-1073O3.2 366.61 745.21*
RP11-522I20.3 364.22 742.43*
RP5-1028K7.2 364.2 744.41*
RP11-344B5.2 359.65 737.29*
AL122127.25 359.43 738.85*
RP11-1399P15.1 358.3 738.61*
CHRM3-AS2 357.7 739.39*
USP30-AS1 357.69 741.37*
RP11-316M21.6 354.99 737.97*
LINC00704 348.85 727.7*
RP11-426L16.3 347.33 726.66*
AL022344.7 344.1 722.2*
RP11-344P13.6 340.54 717.09*
CH17-189H20.1 332.51 703.02*

RP11-522I20.3) + (0.478673660175568* RP5-
1028K7.2) + (0.548011782590826* RP11-344B5.2)
+ (-0.226325070280744* AL122127.25) + (-
0.199054150971782* RP11-1399P15.1) + (-
2.25757571437516* CHRM3-AS2) + (0.269133951150645*
USP30-AS1) + (-3.36879822214685* RP11-316M21.6) +
(1.61141284580778* LINC00704) + (-1.15282439300655*
RP11-426L16.3) + (1.62700973053501* AL022344.7)
+ (-0.831276986176053* RP11-344P13.6) + (-

0.773367909620609* CH17-189H20.1)
We then calculated the risk score for each patient in the

training set, sorted them by risk score, and divided them into
high-risk groups (n = 272) and low-risk groups (n = 273).
Fig. 1A shows that the survival time of breast cancer patients
was negatively correlatedwith the risk value (PCC= -1.4783).
Most patients who died had higher risk scores, while patients
with better prognoses had lower risk scores. LINC00704 and
RP11-344B5.2 were highly expressed in the high risk group.
Kaplan-Meier curves and log-rank tests revealed longer sur-
vival times of patients in the low-risk group compared with
those in the high-risk group (Fig. 1B, p = 7.18e-12). The p
value of the log-rank test further indicates that the prognos-
tic ability of the risk formula is stronger than the predictive
ability of any lncRNAs that were identified alone.

3.3 Effective indicators of breast cancer prognosis

We performed ROC analysis to evaluate the sensitivity
and specificity of the risk formula. Fig. 2A shows thatmost of
the cut-off points were well classified, and the ROCAUCwas
0.83. The optimal cut-off point was -0.075, at which point
the sensitivity and specificity were optimal. According to this
cut-off point, breast cancer patients can be reclassified: high-
risk group (n = 92) and low-risk group (n = 453). Kaplan-
Meier curves and log-rank test analyses of these two groups
showed significant differences in survival time between the
high-risk group and the low-risk group (Fig. 2B, p = 8.70e-
18, p < 0.0001).

3.4 Effectiveness of breast cancer prognosis risk prediction model

Subsequently, we verified the sensitivity and specificity of
the risk formula for 19 lncRNAs in the entire data set and
test set. Using the optimal cut-off point of the risk formula,
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Fig. 2. (A) Receiver operating characteristic (ROC) analysis of the sensitivity and specificity of the survival time by the 19-lncRNA signature based risk score.
(B) Kaplan-Meier estimates of the survival time of patients from the training set using the 19-lncRNA signature based risk score.

Fig. 3. (A) Kaplan-Meier estimates of the survival time of patients from the complete set using the 19-lncRNA signature based risk score. (B) Kaplan-Meier
estimates of the survival time of patients from the testing set using the 19-lncRNA signature based risk score.

breast cancer patients in the entire data set were divided into
high-risk groups (n = 153) and low-risk groups (n = 937),
and survival time differences amongst the high risk group and
low-risk group were determined (Fig. 3A, p< 0.0001). Sim-
ilarly, patients in the test set were classified according to the
optimal cut-off point of the risk formula: 61 breast cancer
patients were divided into high-risk groups, and 464 breast
cancer patients were divided into low-risk groups. Survival
analysis showed significant differences in survival between
the high-risk group and the low-risk group (Fig. 3B, p <

0.01).

4. Discussion
In this study, 19 breast cancer prognostic-related

lncRNAs were identified from the training set, namely:
LSINCT5, TRG-AS1, CH17-189H20.1, RP11-1399P15.1,
RP11-344P13.6, RP5-1028K7.2, AL022344.7, USP30-AS1,
RP11-522I20.3, AL122127.25, BHLHE40-AS1, CHRM3-
AS2, LINC00704, RP5-1073O3.2, RP11-316M21.6, CTA-
384D8.31, RP11-10J5.1, RP11-426L16.3, and RP11-344B5.2.
Based on the cox coefficient of multivariate regression anal-
ysis, we developed a prognostic risk formula for breast
cancer. In addition, we obtained the optimal cut-off
point by ROC analysis and re-grouped the training set
data. Subsequently, we verified the risk formula and the
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optimal cut-off point in the test set as well as the entire
data set. It was found that patients in the high-risk group
had shorter survival days and a higher mortality rate.
RP11-10J5.1, RP11-522I20.3, LSINCT5, RP5-1028K7.2,
RP11-344B5.2, USP30-AS1, LINC00704 and AL022344.7
are highly expressed in high-risk breast cancer patients with
a poor prognosis and BHLHE40-AS1, TRG-AS1, CTA-
384D8.31, RP5-1073O3.2, AL122127.25, CHRM3-AS2,
RP11-316M21.6, RP11-426L16.3, RP11-344P13.6, RP11-
1399P15.1 and CH17-189H20.1 are highly expressed in
low-risk breast cancer patients with a good prognosis. These
results demonstrated that lncRNAs could be prognostic
markers of breast cancer.

In recent years, studies have found that lncRNA has a
variety of biological activities, involved in X chromosome
silencing, chromosome modification, transcriptional activa-
tion and inhibition, and RNA cleavage, and plays impor-
tant roles in cell differentiation, embryonic and tissue de-
velopment, and tumor progression [16–18]. But the num-
bers of lncRNA are many, and their biological functions are
not yet fully understood. This study identified 19 lncRNAs
and only 3 lncRNAs - LINC00704 (also known as MANCR),
AL022344.7, and RP11-344B5.2 (also known as lnc-PTPA-3)
have been previously reported, the other 16 lncRNAs have
not been reported before. This is the first time these lncR-
NAs have been found to be expressed in breast cancer pa-
tients, suggesting that these lncRNAs may be associated with
a poor prognosis in breast cancer patients. But this discov-
ery requires further experimental andmechanistic validation.
LINC00704 has been reported to be associated with recur-
rence andmetastasis of breast cancer patients and can be used
as a biomarker for predicting recurrence in breast cancer pa-
tients [19]. LINC00704was found to be upregulated in breast
cancer specimens and cells. Depletion of MANCR signif-
icantly inhibits triple-negative breast cancer cell prolifera-
tion with a concomitant increases in DNA damage and an
increase in the incidences of cytokinesis and cell apoptosis
by affecting the expression of>2000 genes that are enriched
in cell-cycle regulation pathways [20]. In addition, Lu W et
al. (2018) found that LINC00704 was upregulated in thy-
roid cancer, and that the shorter Overall Survival (OS) time
in thyroid cancer patients was associated with higher expres-
sion levels. Meanwhile knockdown of LINC00704 signifi-
cantly impaired proliferation and colony formation capacity
of thyroid cancer cells and induced cell G1/G0 phase arrest
and cell apoptosis, and inhibited a cells invasive ability in thy-
roid cancer [21]. These findings indicate that LINC00704
might play important roles in cancer tumorigenesis and pro-
gression. AL022344.7 has been reported to be upregulated
in NSCLC cell lines due to promoter hypomethylation [22].
RP11-344B5.2 has not been reported before, and this is the
first time it has been found to be highly expressed in breast
cancer patients.

Based on the identified lncRNAs, we developed a risk
model for breast cancer prognosis prediction. When apply-

ing it to the training set, we found significant differences
in survival curves between high-risk breast cancer patients
and low-risk breast cancer patients. Patients in the high-risk
breast cancer group had a poor prognosis and a shorter sur-
vival time, while patients in the low-risk breast cancer group
had a longer survival time. This study aims to develop a risk
model for predicting survival time in breast cancer patients.
The results of this study further emphasizes the importance
of lncRNA-based risk scores in cancer prognosis [23–25].
We optimized the risk classification of breast cancer patients
by identifying the optimal cut-off, and we obtained a more
significant difference in survival analysis. We validated the
model in the entire data set and test set, which indicates that
the model has great repeatability and stability. The limita-
tion of this paper is that it did not study the causal relation-
ship between lncRNAs and breast cancer patients; however,
this breast cancer prognosis prediction model can be used for
scientific research and subsequent clinical application.

HOTAIR and FSIP1 are two of the early identified lncR-
NAs and play significant roles in gene. However, in the uni-
cox of this study, the p-values of HOTAIR and FSIP1 are 0.80
and 0.92, respectively, which is not suitable for multi-factor
Cox regression analysis of this dataset. Therefore, this model
did not include inHOTAIR and FSIP1. Alternatively, the sig-
natures identified in this study may be more potentially as di-
agnostic markers than HOTAIR. The test data of this model
comes from the breast cancer tissue of TCGA. Because the ex-
pression of lncRNAs has tissue specificity, it is impossible to
evaluate the expression of lncRNA in blood. If it is applied to
clinic, the model based on blood samples is more meaningful.
The significance of this study is to provide method guidance
for model construction in blood.

5. Conclusions
We identified 19 prognostic related lncRNAs of breast

cancer patients. The target genes and related biological func-
tions of these lncRNAs provide a basis for studying the oc-
currence and development of breast cancer. In addition, we
also determined that the risk formula based on 19-lncRNAs
expression can predict the survival time of breast cancer pa-
tients, which is of great significance for prognosis prediction
and patient management of breast cancer patients.
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