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Abstract

Background: Tissue differentiation-inducing non-protein coding RNA (TINCR) has been shown to play a crucial role in
pathogenesis of various types of human cancer including breast cancer (BC). The purpose of this study was to determine the
potential prognostic value of serum IncRNA TINCR in BC. Methods: Quantitative reverse transcription PCR (qQRT-PCR) was
performed to detect serum IncRNA TINCR levels in 72 triple-negative BC (TNBC) patients, 105 non-TNBC patients, 60 benign
breast disease patients and 86 healthy subjects. Results: The results showed that serum IncRNA TINCR level was significantly
increased in BC, especially in TNBC. High circulating IncRNA TINCR was significantly correlated with worse clinicopathological
features and clinical outcome of TNBC. Multivariate analysis revealed that serum IncRNA TINCR was an independent prognostic
factor for overall survival of TNBC. However, little association was found between serum IncRNA TINCR and the prognosis of
non-TNBC. Conclusions: Taken together, our findings demonstrate that serum IncRNA TINCR might be a useful novel and

non-invasive biomarker for the prognosis prediction of TNBC.
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Introduction

Breast cancer (BC) is among the most frequent cancer in
women worldwide and the leading cause of cancer-related
death among women. The number of newly diagnosed BC
cases in 2018 reached 2.1 million, accounting for 24.2% of all
new female cancer cases.' The initiation and development of
BC is a result of the interplay between genetic, epigenetic and
lifestyle factors.>* The improvement of the early BC diagnosis
and the significant advances in the multidisciplinary treatment
methods have greatly improved the clinical outcome of BC.
However, the prognosis of triple-negative breast cancer
(TNBC) remains unsatisfactory. TNBC, accounting for about
10-15% of all breast cancer cases, refers to any breast cancer
that does not express the estrogen receptor (ER), progesterone
receptor (PR), or human epidermal growth factor receptor 2
(HER2). Considering the distinctive tumor biology of TNBC,
it is critical to develop novel biomarkers for effectively pre-
dicting the prognosis and the risk of recurrence for better man-
agement of TNBC.

Long non-coding RNAs (IncRNAs) are broadly defined as
non-coding RNA molecules longer than 200 nucleotides.*
Despite not being translated into proteins, accumulating evi-
dence has demonstrated that IncRNAs are key modulators of
many important biological processes such as proliferation, dif-
ferentiation, development, survival and apoptosis.” A normal
expression of IncRNAs is closely associated with the initiation
and development of many types of human cancer including
BC.%” For instance, LINC00673 was overexpressed in BC tis-
sues, and upregulation of LINC00673 was correlated with
unfavorable clinicopathological parameters. In addition,
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knockdown of LINC00673 suppressed cell proliferation and
metastasis of BC cells, and vice versa, indicating LINC00673
might play a tumor suppressive role in BC.® Recently, circulat-
ing IncRNAs has become attractive biomarkers for the diagnosis
and prognosis of BC. The levels of plasma H19 was significantly
increased in BC patients, and it showed great promise for the
early detection and prognosis prediction of BC.”

LncRNAs have also been shown to be closely involved in
TNBC tumorigenesis and exhibits great potential for predicting
the prognosis of TNBC. For instance, Mitobe et al reported that
knock-down of IncRNA TMPO-AS1 inhibited the proliferation
and migration of TNBC cells in vitro as well as suppressed
tumor growth and metastasis in vivo, indicating TMPO-ASI
might be a potential therapeutic target of TNBC.'® Similarly,
the expression level of LINC00993 was significantly decreased
in TNBC, and reduced LINC00993 was associated with better
survival of TNBC patients, suggesting that LINC00993 acts as
a tumor suppressor in TNBC.!!

Tissue differentiation-inducing non-protein coding RNA
(TINCR) is a 3.7-kb IncRNA that located at human chromo-
some 19. It plays a crucial role in the induction of key differ-
entiation genes.'> Recently, aberrant expression of IncRNA
TINCR has been demonstrated to be associated with progres-
sion of various types of cancer such as BC, hepatocellular
carcinoma and cervical squamous cell carcinoma.'*'> How-
ever, the clinical significance of serum IncRNA TINCR in
BC remains poorly known. Our preliminary findings showed
that serum IncRNA TINCR was especially higher in TNBC
than non-TNBC. Therefore, we aimed to determine the prog-
nostic value of serum IncRNA TINCR in TNBC and non-
TNBC separately.

Materials and Methods

Study Population

This study included 177 patients with histological diagnoses
of BC, 60 patients with benign breast disease (BBD) and 86
healthy individuals. A total of 105 BC cases were in the non-
TNBC group, while the remaining 72 BC patients were in the
TNBC group. We classified the BC into 4 subtypes according
to ER, PR, and HER2/neu status: 1) TNBC, 2) luminal A, 3)
luminal B, 4) HER2-positive. For non-TNBC, there were 61
cases in the luminal A subgroup, 23 cases in the luminal B
subgroup and 21 cases in the HER2-positive group. All the
TNBC and non-TNBC patients received surgical resection, and
modified radical mastectomy was the most common type of
surgery. The radiotherapy, chemotherapy or targeted therapy
were given based on the patients’ clinical conditions. The basic
characteristics of BC cases including age, menopause, smoking,
histological subtype, tumor size, lymph node metastasis, TNM
stage and grade were retrieved from the patients’ medical
records. The detailed information of the participants of this study
cohort was summarized in Table 1. Overall survival (OS) was
defined as the time from treatment initiation to death from any
cause. Recurrence-free survival (RFS) was defined as the time

Table 1. The Basic Characteristics of the Study Cohort.

TNBC, Non-TNBC, BBD, HCs,
Parameters n=72 n =105 n=60 n=286
Age
<50 46 62 38 53
>50 26 43 22 33
Menopause
No 44 59 36 48
Yes 28 46 24 38
Smoking
No 43 72 38 49
Yes 29 33 22 27
Histological subtype / /
Ductal 61 85
Lobular 11 20
Tumor size (cm) / /
<2 29 36
>2 and <5 29 59
>5 14 10
LNM / /
Negative 37 56
Positive 35 49
TNM / /
I-I1 42 59
I-1v 30 46
Grade / /
Gl 27 30
G2 31 37
G3 14 38

Note: TNBC, triple-negative breast cancer; TNM, tumor, node, metastasis;
LNM, lymph node metastasis; BBD, benign breast disease; HCs, healthy
controls.

from treatment initiation to first recurrence (loco-regional or
distant metastasis) or death due to any cause. The study was
approved by the Ethics Committee of the First Affiliated Hos-
pital of Dalian Medical University, and written Informed consent
was obtained from all participants.

Serum Sample Collection

The serum samples were collected before receiving any treat-
ment including surgery. A venous blood sample (at least 6 mL)
was collected into a serum tube and centrifuged at 3,000 rpm
for 5 min at 4°C to separate the serum from cellular compo-
nents. Serum was then immediately frozen and stored at —80°C
until further use.

RNA Extraction and Quantitative Reverse Transcription
PCR (RT-gPCR)

Total RNA was extracted from the serum samples using TRIzol
reagents (Thermo Fisher Scientific, Inc., Waltham, MA, USA)
following the manufacturer’s instructions. The RNA concen-
trations were determined using a NanoDrop 2000 spectrophot-
ometer (Thermo Fisher Scientific, Inc.). Complementary DNA
(cDNA) was obtained by the process of reverse transcription
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Figure 1. Serum IncRNA TINCR was increased in BC. (A) The expression level of serum IncRNA TINCR was significantly in BC, especially in
TNBC (Kruskal-Wallis test, ¥*P < 0.05, ***P < 0.0001). (B) Serum IncRNA TINCR discriminated TNBC from non-TNBC with good

performance (ROC curve analysis, AUC = 0.797).

using a cDNA Reverse Transcription Kit (Promega, Madison,
WI, USA). The cDNA samples were amplified on an ABI 7500
system (Applied Biosystems, Foster City, CA, USA) using
SYBR Green under the following conditions: 2 min at 95°C,
followed by 40 cycles of 95°C for 10 s, 60°C for 35 s, and 72°C
for 30 s. The relative expression levels of serum IncRNA
TINCR were calculated using the comparative cycle threshold
(27 *A€T) method. GAPDH was chosen as the endogenous con-
trol for data normalization in our study.

Statistical Analysis

The statistical analyses were performed with the GraphPad Prism
8 (GraphPad Software, San Diego, CA, USA). The Mann-
Whitney U test and Kruskal-Wallis test were used to compare
differences of serum IncRNA TINCR in different groups. The
discriminative power of serum IncRNA TINCR between TNBC
and non-TNBC was assessed using the receiver operating char-
acteristic (ROC) curve. The Kaplan-Meier method and log-rank
test were used to evaluate the correlation between serum IncRNA
TINCR level and survival of TNBC or non-TNBC. Multivariate
analysis was performed to identify the independent prognostic
factors. P < 0.05 was considered statistically significant.

Results

Serum IncRNA TINCR Was Significantly Increased
in BC, Especially in TNBC

The expression levels of serum IncRNA TINCR were measured
in the clinical samples of 105 patients with non-TNBC, 72

patients with TNBC, 60 patients with BBD and 86 healthy
controls. The results showed that serum IncRNA TINCR was
markedly higher in non-TNBC patients and TNBC patients
than in patients with BBD and healthy controls. In addition,
significant higher level of serum IncRNA TINCR was observed
in TNBC compared to non-TNBC. No dramatic significance
was found for serum IncRNA TINCR between patients with
BBD and healthy controls (¥*P <0.05, ***P <0.001) (Figure 1).
As revealed in Figure 1B, the area under the curve (AUC) value
of serum TINCR for identifying TNBC cases from non-TNBC
cases was 0.797.

Association Between Serum TINCR Expression and
Clinicopathological Features of Non-TNBC and TNBC

As shown in Figure 2, no significant difference was detected
for serum IncRNA TINCR in non-TNBC patients stratified by
different clinicopathological parameters including age, meno-
pause, smoking, histological subtype, tumor size, lymph node
metastasis, grade and ER/PR/HER2 status. The non-TNBC
patients at the advanced clinical stages had higher serum
IncRNA TINCR level than those at the early clinical stages
(*P <0.05). For the TNBC patients, the cases with larger tumor
size, or with lymph node metastasis, or at the advanced clinical
stage or with higher tumor grade had higher serum IncRNA
TINCR levels than their respective controls (*P < 0.05,
*¥*P <0.01, ¥**P < 0.001). However, no obvious correlations
were observed between serum IncRNA TINCR expression lev-
els and age, menopause, smoking, and histological subtype
(Figure 3).
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Figure 2. The correlation between serum IncRNA TINCR and clinicopathological parameters in non-TNBC (Mann-Whitney U test,

*P < 0.05).

The Pre-Treated Serum IncRNA TINCR Level Was
Strongly Associated With Recurrence in TNBC

The median expression of serum IncRNA TINCR in all the
TNBC cases was used to divided the TNBC patients into
high (n = 36) and low (n = 36) serum IncRNA TINCR
group. Similarly, the median expression of serum IncRNA
TINCR in all the non-TNBC cases was used to divided the
non-TNBC patients into high (n = 53) and low (n = 52)
serum IncRNA TINCR group. For non-TNBC, 12 cases
(23.08%) and 13 cases (24.53%) relapsed in the low and
high serum IncRNA TINCR group, respectively
(Figure 4A). For TNBC, 12 cases (33.33%) and 24 cases
(66.67%) relapsed in the low and high serum IncRNA
TINCR group, respectively (Figure 4B).

The Prognostic Significance of Serum IncRNA TINCR
in Non-TNBC and TNBC

As displayed in Figure 5A, for non-TNBC, no significant dif-
ference was observed for OS and RFS between high and low
serum IncRNA TINCR group. We have also analyzed the prog-
nostic impact of serum IncRNA TINCR in different subtypes of
non-TNBC. The results showed that no strong association was
found between serum IncRNA TINCR and OS/RFS in different
subtypes of non-TNBC (Supplementary Figure 1). For TNBC,
the patients in the high serum IncRNA TINCR group had
poorer OS (P < 0.001) and RFS (P = 0.006) than those in the
low serum IncRNA TINCR group (Figure 5B). For non-TNBC,
the multivariate analysis showed that TNM stage and grade
were independent prognostic factors (Table 2). For TNBC,
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Figure 3. The correlation between serum IncRNA TINCR and clinicopathological parameters in TNBC (Mann-Whitney U test, *P < 0.05,
**P < 0.01, ¥**P < 0.0001).
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Figure 4. The level of serum IncRNA TINCR in the pre-treated samples was strongly associated with recurrence in TNBC. (A) No significant
difference for the percentage of recurrent cases was found between high and low serum IncRNA TINCR group in non-TNBC. (B) A higher
percentage of recurrent cases was found in the high serum IncRNA TINCR group compared to the low serum IncRNA TINCR group.
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Figure 5. The correlation between serum IncRNA TINCR and OS/RFS in non-TNBC and TNBC. (A) No significant difference for OS (P =
0.564) and RFS (P = 0.476) was found between high and low serum IncRNA TINCR group in non-TNBC (Kaplan-Meier method + log-rank
test). (B) The TNBC patients in the high serum IncRNA TINCR group had worse OS (P < 0.001) and RFS (P = 0.006) than those in the low

serum IncRNA TINCR group (Kaplan-Meier method + log-rank test).

Table 2. Multivariate Analysis Results of the Prognostic Factors in
Non-TNBC.

Parameters HR 95% CI P

Age 1.172 0.758-2.142 0.578
Menopause 0.894 0.632-1.471 0.669
Smoking 1.423 0.926-2.709 0.501
Histological subtype 0.995 0.712-2.250 0.743
Tumor size 1.496 0.931-2.840 0.324
Lymph node metastasis 1.732 0.982-3.725 0.102
TNM stage 2.608 1.327-6.529 0.008
Grade 2.228 1.163-4.876 0.021
Serum TINCR 1.669 0.965-3.558 0.157

Note: HR, hazard ration.

lymph node metastasis, TNM stage and serum IncRNA TINCR
(HR = 2.540, 95%CI = 1.348-5.527, P = 0.003) were inde-
pendent prognostic factors (Table 3).

Discussion

The prognosis of TNBC remains unfavorable, thus it is very
important to identify novel and reliable biomarkers for predict-
ing the clinical outcome of TNBC. In this study, we first time
demonstrated that serum IncRNA TINCR was obviously upre-
gulated in BC, especially in TNBC. In addition, serum IncRNA
TINCR differentiated TNBC from non-TNBC with relatively
good performance. These findings suggest that serum IncRNA
TINCR might be a promising biomarker for predicting the
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Table 3. Multivariate Analysis Results of the Prognostic Factors in

TNBC.

Parameters HR 95% CI P
Age 0.931 0.825-2.041 0.771
Menopause 1.001 0.843-2.355 0.341
Smoking 1.438 0.923.3.210 0.796
Histological subtype 1.180 0.868-2.519 0.373
Tumor size 1.628 0.964-3.841 0.251
Lymph node metastasis 1.916 1.054-4.236 0.042
TNM stage 3.249 1.621-7.532 <0.001
Grade 1.842 0.992-3.968 0.075
Serum TINCR 2.540 1.348-5.527 0.003

Note: HR, hazard ration.

prognosis of TNBC. Then we found that serum IncRNA
TINCR was strongly associated with unfavorable clinicopatho-
logical variables and survival of TNBC. Moreover, serum
IncRNA TINCR served as an independent prognostic factor
of TNBC. However, little correlation was found between serum
IncRNA TINCR and the prognosis of non-TNBC. Taken
together, serum IncRNA TINCR might be a robust prognostic
biomarker for TNBC.

Consistent with our findings, IncRNA TINCR has been
shown to be a key player in the tumorigenesis of BC. For
instance, Xu et al identified a cluster of overall survival-
related IncRNAs in BC tissues, and bioinformatic analysis of
these oncogenic IncRNAs revealed that many importance can-
cer related pathways were significantly affected. Downregula-
tion of IncRNA TINCR, DSCAM-AS1 or HOTAIR suppressed
the oncogenic activities of BC cells.'® A IncRNA-based prog-
nostic model which included HOTAIR, SNHG16, HCP5, and
TINCR demonstrated good performance for risk assessment of
BC."” Liu et al reported that IncRNA TINCR was overex-
pressed in both BC tissues and cell lines. In addition, high level
of tissue IncRNA TINCR was significantly correlated with
poor prognosis of BC."* LncRNA TINCR overexpression pro-
moted trastuzumab resistance by directly targeting HER-2 and
inducing epithelial-mesenchymal transition process via target-
ing Snail-1. High expression of IncRNA TINCR was associated
with shorter survival time in BC receiving trastuzumab
therapy.'®

Similarly, IncRNA TINCR also plays a tumor promoting
role in other types of cancer. For example, Xu et al showed
that the expression of IncRNA TINCR was significantly upre-
gulated in gastric cancer (GC) tissues and cell lines, and might
serve as a prognostic marker in GC."> LncRNA TINCR was
overexpressed in esophageal squamous cell carcinoma (ESCC)
tissues. Ectopic expression of IncRNA TINCR enhanced ESCC
cell proliferation, migration and invasion.”’ On the contrary, it
has also been reported that IncRNA TINCR might function as
tumor suppressor in cancer development. LncRNA TINCR was
decreased in prostate cancer tissues and cell lines. In addition,
reduced IncRNA TINCR expression was closely correlated
with unfavorable clinical outcome of prostate cancer.”' Zhang
et al showed that IncRNA TINCR was reduced in colorectal

cancer (CRC) tissues and cell lines compared with their coun-
terparts. Loss of IncRNA TINCR promoted CRC proliferation
and metastasis.”

Intriguingly, the alteration of IncRNA TINCR expression in
lung cancer remains controversial. Liu et al showed that the
expression level of IncRNA TINCR was significantly
decreased in lung cancer tissues and cell lines.>* However, Zhu
and He reported that IncRNA TINCR was overexpressed in
non-small cell lung cancer tissues and cell lines.** Such differ-
ences may be due to the heterogeneity of lung cancer, which
may lead to the upregulation or downregulation of IncRNA
TINCR in different subtypes or stages of the same cancer.
Further studies are warranted to elucidating the contradictory
findings.

A limitation of our study was the relatively small sample
size. Further studies in a larger cohort are urgently needed to
validate the clinical significance of serum IncRNA TINCR in
TNBC. In addition, the underlying molecular mechanisms for
the tumor promoting role of IncRNA TINCR in TNBC war-
rants deeper investigation. Admittedly, although serum
IncRNA TINCR shows great promise for the predicting the
prognosis of TNBC, a single biomarker is not sufficient for
accurately monitoring the progression of TNBC. Therefore,
combining serum IncRNA TINCR, other known biomarkers
and clinicopathological information might help robustly pre-
dicting the prognosis of TNBC and improve its clinical
management

In summary, our study has shown that that serum IncRNA
TINCR expression was significantly higher in BC patients,
especially in TNBC. In addition, high serum IncRNA TINCR
is strongly associated with unfavorable clinicopathological fea-
tures and survival of TNBC. Moreover, serum IncRNA TINCR
is an independent prognostic factor in TNBC. Taken together,
serum IncRNA TINCR might be a promising and robust bio-
marker for predicting the prognosis of TNBC.
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