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Circulating lncRNAs acting as diagnosis  
fingerprints for predicting triple negative breast cancer
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Abstract: The long non-coding RNAs (lncRNAs) has been identified as non-invasive markers in both diagnosis and 
predicting the prognosis of human malignant tumors. Here we mainly focused on the circulating expressed lncRNAs 
in triple negative breast cancer patients (TNBC) to screen potential lncRNAs as diagnosis fingerprint. All the studies 
focusing on the lncRNA in TNBC, we found 14 lncRNAs whom has been identified with significant increased level in 
TNBC tumor tissues. According to previously report, we enrolled 14 lncRNAs whom has been identified with signifi-
cant increased level in TNBC tumor tissues, as candidate based on their aberrant expression in TNBC patients. The 
screening phase revealed that ANRIL, SOX2OT and ANRASSF1 presenting with increased level (p<0.05) in 20 paired 
TNBC patients, non-TNBC patients and controls. Further validation set also confirmed the increasing level of these 
three lncRNAs by Quantitative real-time PCR (qRT-PCR). The risk score analysis presenting by receiver operating 
characteristic curve (ROC) indicating ANRIL, SOX2OT and ANRASSF1 could distinguish TNBC patients from the non-
TNBC patients. Among this, ANRIL provided the highest diagnostic performance with an area under ROC curve value 
(AUC) of 0.918. Further combination with the three factors indicated a higher power (AUC, 0.959; sensitivity, 92.8%; 
specificity, 90.5%). In conclusion, circulating lncRNAs ANRIL, SOX2OT and ANRASSF1 might act as fingerprints for 
predicting triple negative breast cancer.
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Introduction 

Breast cancer is the leading cause of cancer 
mortality among women worldwide. The inci-
dence of breast cancer has been increasing  
by 3% per year in China, which has threatened 
the health of women and created a great bur-
den on society [1, 2]. One of the most aggres-
sive breast cancer subtypes is triple-negative 
breast cancer (TNBC), which lacks estrogen 
receptor (ER) and progesterone receptor (PR) 
expression and human epidermal growth factor 
receptor 2 (HER2) amplification [3, 4]. A TNBC 
represents approximately 10-20% of all breast 
cancers and has a larger tumor size, higher 
grade, more positive lymph nodes, and poorer 
prognosis than other subtypes of breast can- 
cer [4]. Because TNBC patients lack effec- 
tive therapeutic targets, such as tamoxifen in 
ER-positive BC and Herceptin in HER2-positive 

BC, they often have significantly lower rates of 
disease-free survival (DFS), overall survival (OS) 
and 5-year survival [5, 6]. The early diagnosis 
and the timely treatment might increase the 
prognosis of TNBC patients.

LncRNAs, which have been a focus of study 
recently, are segments of RNA that are more 
than 200 nucleotides in length with little trans-
lation capacity [7]. Recent studies have indicat-
ed that altered expression levels of lncRNAs  
are important regulatory molecules at every 
level of cellular physiology, and the alterations 
of which are related to multiple diseases, 
including cancers [8]. LncRNAs were reported 
as a biomarker for diagnosis multiple diseases 
[9, 10]; Researchers have recently identified 
that circulation long non-coding RNA (lncRNA) 
might act as biomarker for the early diagnosis 
of multiple human cancers such as hepatocel-

http://www.ijcem.com


Plasma lncRNA in TNBC

8140 Int J Clin Exp Med 2018;11(8):8139-8145

lular carcinoma [11, 12], gastric cancer [13, 
14] and prostate cancer [15, 16]. However,  
the systematic investigation regarding circulat-
ing lncRNA in TNBC was little conducted. Here 
we enrolled 14 identified lncRNAs including 
TCONS_l2_00003938, HOTAIR, MALAT1, ANR- 
IL, UCA1, ENST00000460164, ENST000004- 
25295, HIF1A-AS2, C17orf76-AS1, CTC-338M- 
12.3, XR_250621.1, SOX2OT, PTPRG-AS1 and 
ANRASSF1 which was different expression in 
the tumor tissues of patients with TNBC. We 
hypothesized that these TNBC-related lncRNAs 
might be released into the circulation during 
TNBC initiation and could be utilized to detect 
and monitor TNBC. We aimed to explore the 
potential lncRNA acting as fingerprint for the 
early identification of TNBC. 

Materials and methods

Samples and screening phase

All plasma samples were obtained from pa- 
tients diagnosed with TNBC between August 
2014 and September 2016 at Zhejiang Uni- 
versity of Traditional Chinese Medicine. Con- 
trols were from healthy volunteers without any 
health problems during their health check-ups 
at the Zhejiang University of Traditional Chinese 
Medicine. The research protocol was approved 
by the Institutional Ethics Committee of the 
Zhejiang University. Written informed consent 

were enrolled while the validation set contained 
two cohorts.  

Training set

All candidates were tested in an independent 
cohort of 20 plasma samples obtained from 
patients. All the patients were diagnosed with 
BC pathologically at the Zhejiang University of 
Traditional Chinese Medicine. The expression 
levels of these candidates were analyzed in all 
samples, and comparative 2-ΔΔCt method algo-
rithms were used to analyze the difference 
between patients and health controls. 

Validation set 

A case-control study was designed to validate 
the obvious difference of relative expression 
levels of the selected potential biomarkers can-
didates in another two independent cohort 
including 100 TNBC patients, 100 non-TNBC 
patients and 100 healthy controls and was 
named as cohort I and II, respectively. 

Quantitative real-time PCR (qRT-PCR)

Total RNAs were obtained from plasmic sam-
ples using TRIzol reagent as described by the 
manufacturer (Invitrogen Life Technologies Co, 
Carlsbad, CA, USA). For mRNA detection, total 
RNAs (500 ng) were reverse transcribed using 
the reverse transcription kit (Takara, Tokyo, 

Table 1. Clinicopathological features analysis of Triple Negative 
Breast Cancer (TNBC) patients, Non-TNBC patients and healthy 
control

TNBC Non-TNBC Control P value
N 120 120 120
Age Mean (SE) year1 41.31 (0.36) 41.77 (0.51) 42.01 (0.42) 0.22a

Metastasis2

    No 33 77 77 <0.001b

    Yes 87 43 43
Tumor Size (cm)2 0.19b

    ≤2 cm 76 66
    >2 cm 44 54
Tumor grade2 0.43b

    ≤II 51 45
    >II 69 75
Ki67, %2 <0.001b

    ≤14 42 74
    >14 78 46
aStudent t-test, bChi-square test, 1continuous variable, 2categorical variable.

was obtained from every par-
ticipant. Peripheral blood sam-
ples of patients were collected 
before surgery. Blood samples 
were collected in a separate 
vacuum cube, followed by cen-
trifugation at 3,000 rpm for 10 
min. All samples were stored  
at -80°C until further analysis. 
The relevant clinical data of  
all patients were available. All 
patients were diagnosed by his-
tological examination. The de- 
tailed information of patients 
and healthy controls was sum-
marized in Table 1.

The screening phase was di- 
vided into training set and vali-
dation set. Twenty pair’s sam-
ples including 20 patients with 
TNBC and 20 healthy controls 
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Japan). The quality of RNA samples was as- 
sessed by a UV spectrophotometer (Bio-Rad, 
Hercules, CA, USA), and the 260/280 nm 
absorbance ratio of samples were limited to 
1.8-2.0. QRT-PCR was performed by using ABI 
Prism 7900HT (Applied Biosystems, CA, USA). 
The detailed primer information has been 
added in Table 2.

Risk score analysis

Risk score analysis was performed to evaluate 
the associations between the concentrations 
of the plasma lncRNA expression levels. The 
upper 95% reference interval of each lncRNA 
value in controls or non-metastasis group was 
set as the threshold to code the expression 
level of the corresponding lncRNA for each 
sample as 0 and 1 in the training set. A risk 
score function (RSF) to predict TNBC group was 

trols. Analysis of area under the ROC curve 
(AUC) was used to estimate the effectiveness 
of lncRNAs for prediction. Statistical analysis 
was performed using softwares of STATA 9.2 
and GraphPad prism. In all cases, P<0.05 was 
considered to be significant. All P values were 
two-sided.

Results

Selection TNBC-associated lncRNAs in training 
set

We first detected 14 candidate lncRNAs in 20 
plasma samples of TNBC patients, 20 plasma 
samples of non-TNBC patients and 20 healthy 
controls. As present in Figure 1, three lncRNA 
including ANRIL, SOX2OT and ANRASSF1 were 
identified as significant upregulation in plasma 
from TNBC patients which was consistence 

Table 2. Primers for Quantitative RT-PCR
Gene name Sequence
TCONS_l2_00003938 Forward GTGACCTGATGGAGACAGCC

Reverse CGTGAGGTCCCTTGTTGTGT
ENST00000460164 Forward AAGTCTGCCCACATGTACCG

Reverse ACGTTGCAGGTGTAGGTCTG
ENST00000425295 Forward CTCCCAGACCTCACGTCAAC

Reverse TCACCAGGCGGGTGTATCTA
MALAT1 Forward GTCATAACCAGCCTGGCAGT

Reverse CGAAACATTGGCACACAGCA
HOTAIR Forward TTGCCCCCAGCAAGAATCAT

Reverse GTTCCGGAAATCAGGGCAGA
ANRIL Forward GCGCCGGACTAGGACTATTT

Reverse GCCAGGACGGAGATCAGATG
HIF1A-AS2 Forward GTCTTTCCTCTCCGTCCCAG

Reverse CAGACACCCGATCTCCGTG
UCA1 Forward CAACCCTTAAGCTCCTGGCA

Reverse GTGGCGGTCTGAATGGAGAA
C17orf76-AS1 Forward TGGCAGCTGAGTATTGGAGC

Reverse CTGATGGCAGCTACTGGTCC
CTC-338M12.3 Forward TGGCAGCTGAGTATTGGAGC

Reverse CTGATGGCAGCTACTGGTCC
XR_250621.1 Forward AGCGTCAACTGCTTTTGTGT

Reverse AGGTAGAGCCGTTACTCCCG
SOX2OT Forward AACACCCTGATCTGGCATGG

Reverse ATATGGCTGTTGCCTGGCTT
PTPRG-AS1 Forward GGGTAAGCGATCTACGCCC

Reverse GTGGTTGCCCTCCTTAGGTC
ANRASSF1 Forward CGCGCAGAATTAGCCTCTCT

Reverse ACCCACTGAGATAGGTCGGG

defined according to a linear com- 
bination of the expression level for 
each lncRNA. For example, the RSF for 
sample i using information from three 
lncRNAs was: rsfi=∑3j-1Wj.sij. In the 
above equation, sij is the risk score for 
lncRNA j on sample i, and Wj is the 
weight of the risk score of lncRNA j.  
The risk score of three lncRNAs was 
calculated using the weight by the re- 
gression coefficient that was derived 
from the univariate logistic regression 
analysis of each lncRNAs. Multivariate 
logistic regression was also conducted 
to identify the candidate lncRNAs for 
their contribution. Samples were rank- 
ed according to their RSF and then 
divided into a high-risk group, repre-
senting the TNBC patients, and a low-
risk group, representing the predicted 
control individuals or non-metastasis 
patients. Frequency tables and ROC 
curves were then used to evaluate the 
diagnostic effects of the profiling and 
to find the appropriate cutoff point, and 
to validate the procedure and cutoffs 
in the next validation sample set.

Statistical analysis

Data were presented as mean (S.E.M.). 
The Student’s t-test and Mann-Whit- 
ney unpaired test analysis of variance 
were used to evaluate statistical dif- 
ferences between patients and con-



Plasma lncRNA in TNBC

8142 Int J Clin Exp Med 2018;11(8):8139-8145

with the relative expression level in tumor 
tissues. 

Validation of candidates lncRNAs in cohort I 
and II

We next examined the expression of these 
lncRNA levels through a larger individual sam-
ples including 100 cases (100 TNBC and 100 

non-TNBC) and 50 controls. As shown in Fi- 
gure 2, we found that ANRIL, SOX2OT and 
ANRASSF1 were consisted with the results in 
training set. The cohort I and II indicated sam-
ples obtained from different institutions.

Further experiment was conducted to explore 
the accuracy and specificity of these 3 lncRNA 
as a TNBC potential signature. Throughout the 

Figure 1. Relative expression of 14 candidate lncRNAs. Total 20 paired plasma from TNBC patients, 20 for, non-
TNBC patients and 20 cancer-free controls were used in RT-qPCR analysis. Data was presented as mean ± SEM. 
Data was analyzed with student t test. *indicated p<0.05 and **indicated p<0.01.

Figure 2. Validation of three different expressed lncRNA in cohort I. Plasma from 100 TNBC patients, 100 non-TNBC 
patients and 50 cancer-free controls were enrolled. Data were presented as plot of the median and range of log-
transformed relative expression level and was analyzed with student t test. **indicated p<0.01.
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multiphase testing and analysis, a profile of 
three lncRNAs might be considered to be the 
potential signature for the diagnosis of TNBC.

The risk score formula was applied to evaluate 
the diagnostic value of the three lncRNAs. 
Firstly, we divided the control group and case 
group in training set according to the upper 
95% credibility interval (95% CI) in control 
group. The risk score was calculated based on 
the Logistic regression analysis. All plasma 
samples were then divided into a high-risk 
group which indicating the possible TNBC 
group, and a low-risk group, representing the 
predicted controls. We defined the cut-off value 
(9.113) as the maximal value of sensitivity + 
specificity. The positive predictive value (PPV) 
and negative predictive value (NPV) was cal- 
culated as 75% and 86% in the training set, 
respectively. We further applied the same  
value to calculate the risk score of samples  
in the validation sets, the PPV and NPV were 
89%, 88%, respectively.

cycles. We found that neither the expression 
level of the three lncRNAs was alternated indi-
cated that ANRIL, SOX2OT and ANRASSF1 was 
stably expressed and detectable in human 
plasma.

Discussion

Increasing evidence highlights that lncRNAs 
can serve as diagnostic biomarkers and thera-
peutic targets in solid tumors, including BC, 
however, their relative expression levels in vari-
ous subtypes of human BC, particularly the 
TNBC subtype, remain unknown [17, 18]. ncRNA 
signatures of normal cancer tissues and me- 
tastases are used to classify different cancer 
types, indicating the potential of these lnc- 
RNAs as biomarkers for diagnosis, prognosis, 
and therapy [11, 12]. 

Thus far, ANRIL upregulation is considered the 
primary feature of many carcinomas, including 
BC [19]. Researchers has found ANRIL expres-

Figure 3. ROC analysis of the three potential biomarkers for TNBC by using 
risk score analysis. The cutoff was 9.113. The sensitivity for ANRIL, SOX2OT, 
ANRASSF1 and the three merged were 0.873, 0.723, 0.573 and 0.928, 
respectively. The specificity for ANRIL, SOX2OT, ANRASSF1 and the three 
merged were 0.962, 0.852, 0.740 and 0.990, respectively. 

ROC curve analysis was used 
to evaluate the predicting 
diagnosis value of lncRNAs  
for TNBC. Areas under the 
ROC curves of the validated 
three lncRNAs signature were 
0.918, 0.788 and 0.657, re- 
spectively While the combina-
tion of the three factors pos-
sessed a moderate ability for 
discrimination between HCC 
patients and controls with an 
area under the ROC curve of 
0.959 (Figure 3). 

Stability detection of lncRNAs 
in human plasma

We next amplified the three 
lncRNAs in five healthy con-
trols, and detected the prod-
uct of amplification by agaro- 
se electrophoresis. The bands 
presented in Figure 4 indi- 
cated that both the three 
lncRNAs were detectable in 
human plasma. We further in- 
cubated human plasma obta- 
ined from three healthy con-
trols at room temperature for 
0 h, 12 h and 24 h and treat- 
ed with frozen-thawing for 5 
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sion was higher in nonsmall cell lung cancer  
tissues than adjacent nontumor tissues and 
was associated with high TNM stage and 
advanced lymph node metastasis. Similarly, 
ANRIL expression was higher in hepatocellular 
carcinoma tissues than in adjacent tumor-free 
tissues, and patients with high ANRIL expres-
sion showed significantly poor overall survival 
[20]. The lncRNA SOX2OT was also confirmed 
play important role in the pathogenesis of 
TNBC. For example, ectopic expression of 
SOX2OT led to an almost 20-fold increase in 
SOX2 expression, together with a reduced pro-
liferation and increased breast cancer cell 
anchorage-independent growth. We propose 
that SOX2OT plays a key role in the induction 
and/or maintenance of SOX2 expression in 
breast cancer [21]. For ANRASSF1, the endog-
enous expression is higher in breast and pros-
tate tumor cell lines compared with non-tumor. 
Researcher has found that the intronic long 
noncoding RNA ANRASSF1 could recruit PRC2 
to the RASSF1A promoter, reducing the expres-
sion of RASSF1A and increasing cell prolifera-
tion [22].

In this study, 14 lncRNAS were enrolled as  
candidates based on the important function 
reported previously. These tissues different 
expressed lncRNA might present an alternat- 
ed level in patients’ bodily fluid. Research has 
speculated that the aberrant expressed cir- 
culation lncRNA might be derived from the 
tumor. Thus, we examined the expression of 
the 14 lncRNA in patients and healthy con- 
trol. By employing a multiple screening phase 
including three cohorts, we found that only 
ANRIL, SOX2OT and ANRASSF1 were different 
expressed in TNBC with an increased level. In 
summary, we identified three lncRNAs, ANRIL, 
SOX2OT and ANRASSF1, as the potential bio-
marker for the tumorigenesis prediction of 
TNBC.
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Figure 4. The products of the amplification fragment were detected by RT-PCR. Data was presented as mean ± SEM. 
The human plasma samples obtained from three healthy controls were incubated at room temperature for 0 h, 12 
h and 24 h and treated with frozen-thawing for 5 cycles. A: The relative expression of lncRNAs by qRT-PCR. B: The 
band for AGE agarose gel electrophoresis.
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