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Background: LncRNAs have been shown to play critical roles in regulating tumorigenesis
and tumor progression. Using LncRNAs to predict prognosis and therapeutic response to
cancer treatment has been caused for concern, but the predictive value of lncRNAs
remains to be explored and underlying mechanisms have not been completely understood.

Methods: The Linc01315 expression level was detected in 282 breast cancer tissues by
using quantitative RT-PCR. The association between Linc01315 expression level and
clinicopathological features of these breast cancer patients was further analyzed. Multiple
regression analysis was used to evaluate Linc01315 predictive value of patients’ prognosis.

Results: Our study revealed that Linc01315 expression level was significantly correlated
with vessel invasion (P = 0.028) and tumor subtype (P = 0.039). The Kaplan–Meier survival
curves demonstrated that patients with lower Linc01315 expression level had significantly
longer disease free survival (DFS) (P = 0.002) and overall survival (OS) (P=0.019). Multiple
regression analysis showed that Linc01315 level could be an independent predictive
factor for DFS (hazards ratio = 0.613, 95% confidence interval = 0.375-1.003; P = 0.049)
and OS (hazards ratio = 0.439, 95% confidence interval = 0.228-0.845; P = 0.014).
Further analysis showed that low Linc01315 level patients with endocrine therapy could
benefit patients DFS (P=0.037) and OS (P=0.025).

Conclusion: Our results demonstrate that Linc01315 expression level is significantly
correlated with breast cancer patients’ prognosis. Linc01315 may represent an
independent prognostic marker and therapeutic target in breast cancer.
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INTRODUCTION

Breast cancer is the most common malignancy in women. The
overall survival and prognosis of some patients with breast
cancer remains poor despite therapeutic improvements in
cancer systemic treatment over the last several decades. Thus,
there is still a great challenge in exploring the underlying
mechanisms of breast carcinogenesis and progression, so as to
identify promising prognostic molecular markers that can benefit
the effect of appropriate therapeutic regimen.

Emerging evidence has indicated that long non-coding RNA
(lncRNA) could be involved in the occurrence and progression of
cancer. Long non-coding RNAs (lncRNAs), a subgroup of non-
protein-coding RNAs, are longer than 200 nucleotide (1, 2) and
generally show developmental stage-, tissue-, or disease-specific
expression patterns (3–7). Ectopic lncRNA expression levels have
been implicated invarious typesofcancerdevelopmentandmetastasis
through the downstream effector molecules dysregulation. lncRNA
expression profiling may act as prognostic markers and promising
therapeutic targets for human cancers intervention (8–12). Although
thousands of lncRNAs have been annotated, only a small number of
lncRNAs, such as homeobox transcript antisense RNA (HOTAIR)
and metastasis-associated lung adenocarcinoma transcript 1
(MALAT1), are widely studied in various tumors (13–16); however,
the functions of most lncRNAs remain unknown.

Previous studies have shown that TCGA lncRNome
information could be used to screen and find several lncRNA
candidates that associated with cancer genomic alterations, and
might be correlatedwith patient prognosis in breast cancer (17, 18).
Linc01315 located on chromosome 12 which has been reported to
be upregulated in triple-negative breast cancer (19). Moreover,
down-regulated expression of Linc01315 could suppress colorectal
carcinoma progression by spongingmiR-205-3p (20). In this study,
we investigated Linc01315 expression level in the cohort of 282
breast cancer patients from Fudan University Shanghai Cancer
Center and found that high Linc01315 expression level had a
significantly worse clinical outcome, and Linc01315 might be an
independent prognostic predictor in breast cancer.
MATERIAL AND METHODS

Cell Culture
The MCF-10A, MCF-7,SK-BR-3,T47D and BT474 cell lines were
obtained from American Type Culture Collection (ATCC)
(Manassas, VA). MDA-MB-231/LM2 was a subline of MDA-
MB-231 with high lung metastasis tendency. MCF-7,SK-BR-3,
T47D and BT474 cells were cultured in RMPI1640 medium.
MDA-MB-231/LM2 cell was cultured in DMEMmedium. MCF-
10A was cultured in F12/DMEM 1:1 medium. All cells were
cultured with 10% fetal bovine serum(FBS), 100 units/ml
penicillin, and 100 ug/ml streptomycin at 37°C and 5% CO2.

Patients’ Samples
A series of 282 primary breast cancer tissues of stage I to III invasive
carcinoma were collected at Fudan University Shanghai Cancer
Center. The exclusion criteria were: (i) advanced breast cancer, (ii)
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neo-adjuvant chemotherapy received prior to surgery, (iii)
recurrent breast cancer diagnosed upon surgery, and (iv)
noninvasive ductal carcinoma. Patients’ clinical data and tumor
pathology are summarized (Table 1). Pathology, including
histological type and grade; ER, PR, and HER2 status; and Ki-67
expressionwere assessedby two academic pathologists according to
the World Health Organization (WHO) classification and
American Society for Clinical Oncology (ASCO) guidelines. The
study was approved by the Ethical Committee of Fudan University
Shanghai Cancer Center for Clinical Research (NO. 050432-4-
1911D). All patients gave written informed consents.

RNA Isolation and Quantitative RT−PCR
Total RNA was extracted with Trizol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
instructions. DNase I was used to digest genome DNA before
cDNA Synthesis. qRT-PCR was performed to quantitate the
mRNA expression levels. To analyze Linc01315 expression, we
used the SYBRGreen method with primers listed below:
Linc01315 forward 5′ CTGCTGAGCGATGAAGTGGA 3′ and
Linc01315 reverse 5′ CTACAGCTGGAGGGAAACCG 3′. Their
relative expression were quantified to GAPDH by 2−△Ct values.

Statistical Analysis
All statistical analyses were performed using SPSS 22.0 software
(SPSS Inc, Chicago, IL, USA). Comparisons among groups were
done by the independent sample t-test. TheWilcoxonmatchedpairs
test was used to examine Linc01315 expression in breast cancer
tissues versus adjuvant normal tissues. Pearson’s c2 test was
performed to evaluate the correlation between Linc01315
expression and breast cancer clinicopathological characteristics. In
survival analysis, Kaplan–Meier analysis and the Cox proportional
hazardsmodel were used to examine whether Linc01315 expression
level impactedprognosis.Two-tailedP-valueswereadopted,P-value
0.05 was considered as statistically significant. We used SPSS 22.0
software (SPSS Inc, Chicago, IL, USA) to draw survival curve.
RESULTS

Linc01315 Expression in Breast
Cancer Cell Lines
Linc01315 expression levels were examined in seven breast
cancer cell lines and one normal breast cell MCF10A. As
shown in Figure 1, compared with MCF-10A. Linc01315
expression was up-regulated in MDA-MB-231/LM2, MCF-7
and SK-BR-3, however, down-regulated in MDA-MB-231,
MDA-MB-468, T47D and BT474.

Relationship Between Linc01315
Expression Level and Clinicopathological
Characteristics
Expression of Linc01315 in 44 paired of breast cancer tissues and
their adjacent normal tissues were then detected. The data
showed that a little bit higher of Linc01315 was in normal
tissues than in breast cancer tissues, but the difference was not
October 2021 | Volume 11 | Article 562378
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significant (P=0.1038) (Supplementary Figure 1). To identify
the clinical relevance of Linc01315 in breast cancer, association
between Linc01315 expression level and clinicopathological
features such as age, ER/PR, Her-2, Ki67, vessel invasion,
tumor size, lymph node status, tumor grade and TNM stage
were examined (Table 1). According to the ROC curve
assessment which was constructed using patient Linc01315
levels to establish a sensitivity-specificity relationship of the
measured prognostic marker, the expression of Linc01315 in
tumor tissues was divided into 167 low expression and 115 high
expression. Chi square test was used to determine the cutoff value
of Linc01315 in this study. Linc01315 expression level in breast
cancer was significantly correlated with TNM stage (p=0.003),
vessel invasion (p = 0.028) and tumor subtype (p = 0.039). TNM
stage I-II patients seemed to have lower Linc01315 expression.
Vessel invasion negative patients show significant correlation
Frontiers in Oncology | www.frontiersin.org 3
with low Linc01315 expression level. Moreover, Her-2 positive
subtype patients tended to have high Linc01315 expression level,
while luminal A and B subtype patients seemed to have low
Linc01315 expression (Table 1). The expression levels of
Linc01315 were higher in Luminal A and Her-2 subtype than
in Luminal B and basal like subtype (Supplementary Figure 2).

Association Between Linc01315
Expression and Patient Prognosis
Furthermore, analyzing the disease free survival (DFS) and overall
survival (OS) of these 282 breast cancer patients revealed that
patients with lower Linc01315 expression level had significantly
longer DFS (P = 0.002) and OS (P=0.019) (Figures 2A, B).
Interestingly, the tumor stage, lymph node stage, TNM stage and
vessel invasion also showed significant correlation with patients
DFS and OS, as patients with lower tumor stage (P = 0.036,
TABLE 1 | Clinical information and demographics of the 282 patients included in the study.

Characteristics LINC01315 Number of patients (%) p value

Low N (%) High N (%)

Total 167 (59.2) 115 (40.8) 282
Age 0.903
<50 74 (26.2) 52 (18.5) 126 (44.7)
≥50 93 (33.0) 63 (22.3) 156 (55.3)
Tumor size (cm) 0.061
≤2 cm 60 (21.3) 43 (15.2) 103 (36.5)
>2, ≤5 cm 105 (37.2) 65 (23.1) 170 (60.3)
>5 cm 2 (0.7) 7 (2.5) 9 (3.2)
Node status 0.15
N0 89 (31.6) 50 (17.7) 139 (49.3)
N1 43 (15.2) 27 (9.6) 70 (24.8)
N2 15 (5.3) 16 (5.7) 31 (11.0)
N3 20 (7.1) 22 (7.8) 42 (14.9)
Tumor Grade 0.134
DCIS-IDC I 10 (3.5) 5 (1.8) 15 (5.3)
IDC II 85 (30.1) 47 (16.7) 132 (46.8)
IDC III 69 (24.5) 66 (23.4) 135 (47.9)
TNM Stage 0.003*
I-II 133 (47.2) 74 (26.2) 207 (73.4)
III 31 (11.0) 44 (15.6) 75 (26.6)
ER status 0.181
Negative 70 (24.8) 58 (20.6) 128 (45.4)
Positive 97 (34.4) 57 (20.2) 154 (54.6)
PR status 0.274
Negative 72 (25.5) 58 (20.6) 130 (46.1)
Positive 95 (33.7) 57 (20.2) 152 (53.9)
Her-2 status 0.376
Negative 112 (39.7) 71 (25.2) 183 (64.9)
Positive 55 (19.5) 44 (15.6) 99 (35.1)
Ki67 0.395
Negative 79 (28.0) 48 (17.0) 127 (45.0)
Positive 88 (31.2) 67 (23.8) 155 (55.0)
Vessel invasion 0.028*
Negative 100 (35.5) 53 (18.8) 153 (54.3)
Positive 67 (23.7) 62 (22.0) 129 (45.7)
Subtype 0.039*
Luminal A 51 (18.1) 31 (11.0) 82 (29.1)
Luminal B 48 (17.0) 26 (9.2) 74 (26.2)
Her-2 28 (9.9) 36 (12.8) 64 (22.7)
Basal like 40 (14.2) 22 (7.8) 62 (22.0)
October 2021 | Volume 11 | Article
Fisher’s exact test was used to analyze categorical variables. *P < 0.05.
ER, estrogen receptor; PR, progesterone receptor; Her2, human epidermal growth factor receptor 2; DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma.
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P=0.046), lower lymph node stage (P<0.001, P=0.041), lower
TNM stage (P<0.001, P=0.003) or negative vessel invasion
(P<0.001, P=0.002) tended to achieve longer DFS and OS.
Furthermore, Her-2 positive patients displayed worse OS
(P=0.042). Multiple regression analysis showed that the
Linc01315 level could serve as an independent predictive factor
for DFS (hazards ratio = 0.613, 95% confidence interval = 0.375-
1.003; P = 0.049) and OS (hazards ratio = 0.439, 95% confidence
interval = 0.228-0.845; P = 0.014) (Table 2). Statistical analysis
also showed that lymph node stage and TNM stage could predict
Frontiers in Oncology | www.frontiersin.org 4
patients DFS (hazards ratio = 1.644, 95% confidence interval =
1.344-2.010; P<0.001) (hazards ratio = 2.413, 95% confidence
interval = 1.648-3.531; P<0.001) and vessel invasion status could
predict patients OS (hazards ratio = 2.590, 95% confidence
interval = 1.303-5.149; P = 0.007) (Table 2).

Further analysis showed that the ER/PR positive patients with
lower Linc01315 expression displayed longer DFS (P=0.013;
P=0.019) and OS (P=0.004; P=0.006) (Figures 3A, B;
Figures 4A, B), while OS and DFS analysis in HER2+ breast
cancer and triple negative breast cancer showed no significant
A B

FIGURE 2 | Low expression level of Linc01315 correlates with higher disease free survival (DFS) and overall survival (OS). (A) Kaplan-Merier curves of 282 breast
cancer patients after stratification by the level of Linc01315 were used for depicting Disease-free survival (DFS). (B) Kaplan-Merier curves of 282 breast cancer
patients after stratification by the level of Linc01315 were used for depicting Overall survival (OS).
FIGURE 1 | Linc01315 expression levels in 6 breast cell lines. Compared with normal breast cell line MCF-10A. Linc01315 expression was up-regulated in MDA-
MB-231/LM2, MCF-7 and SK-BR-3, down-regulated in T47D and BT474.
October 2021 | Volume 11 | Article 562378
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difference (Supplementary Figure 3). ER positive breast cancer
patients receive endocrine therapy to block estrogen action in the
tumor, consequently stop or slow the development of hormone-
sensitive tumors. Additionally, we investigated the prognosis of
patients treated with endocrine therapy (n = 131). The 131 ER
positive patients received Tamoxifen or Aromatase inhibitor for
5 years based on menopausal status at diagnosis. We found low
Linc01315 level patients with endocrine therapy could benefit
patients DFS (P=0.037) and OS (P=0.025) (Figures 5A, B).

Nevertheless, Her-2 negative patients with high Linc01315
expression showed poor DFS (P=0.005) and OS (P=0.002)
(Figures 3C, 4C). Ki67 gene encodes a nuclear protein
that is associated with and may be necessary for cellular
proliferation. Ki67 positive patients with lower Linc01315
expression seemed to benefit DFS (P=0.019) and OS (P=0.009)
(Figures 3D, 4D).
DISCUSSION

Increasing efforts to achieve effective personalized treatment
have emphasized the importance of applicable molecular
markers to predict patient prognosis and therapeutic effect.

Multiple studies have indicated that LncRNAs can function as
tumor suppressors or oncogenes through regulating coding
genes expression and epigenetic modification (21). Molecular
mechanisms of lncRNAs in various cancers may represent the
Frontiers in Oncology | www.frontiersin.org 5
key points for therapeutic intervention. Linc01315 is located in
chromosome 22q. LINC01315 has three variants, NR_120595,
NR_120596, and NR_120597, and the primers we designed could
recognize these three isoforms. A previous study speculated that
Linc01315 could promote the proliferation, migration and
invasion of nasopharyngeal carcinoma (NPC) cells, and
reduced the apoptosis of NPC cells, resulting in facilitating the
tumorigenesis of NPC (22). The study demonstrated that
Linc01315 might be used for the early diagnosis and treatment
of NPC. In our study, we identified that Linc01315 expression
level might be associated with breast cancer patients’ prognosis.
High Linc01315 expression in breast cancer significantly
correlated with worse DFS and OS (Figures 2A, B). Multiple
regression analysis displayed that the Linc01315 level could be an
independent predictive factor for DFS and OS in breast
cancer (Table 2).

To our knowledge, about 70% of breast cancer patients
presenting ER/PR positive (23). ER mediates the effects of
estrogen on the development and progression of breast cancer,
and it acts as an important therapeutic target for treatment.
Endocrine therapy resistance in breast cancer is a major
challenge in the treatment of hormone receptor positive breast
cancer. Several lncRNAs have been reported to play crucial roles
in the modulation of endocrine therapy responses in breast
cancer cells. Previous study showed that lncRNA UCA1 could
confer tamoxifen resistance by activating the mTOR signaling
pathway (24) and Wnt/b-Catenin signaling pathway (25).
TABLE 2 | Univariate and multivariate Cox regression analyses of DFS and OS in BC patients.

Covariates Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

DFS
Age (≤50 versus>50 years) 0.673 (0.418-1.084) 0.103 —

T stage (T2/3 versus T1) 1.780 (1.039-3.052) 0.036* 1.115 (0.700-1.775) 0.647
pN stage <0.001* 1.644 (1.344-2.010) <0.001*
N1 versus N0 0.196 (0.103-0.375) <0.001*
N2 versus N0 0.422 (0.223-0.798) 0.008*
N3 versus N0
Tumor Grade (DCIS/IDC I-II versus IDC III)
TNM Stage (I-II versus III)

0.781 (0.388-1.569)
1.108 (0.786-1.564)
2.626 (1.799-3.832)

0.487
0.558

<0.001*

—

2.413 (1.648-3.531)
<0.001*

ER (positive versus negative) 1.321 (0.809-2.155) 0.266 —

PR (positive versus negative) 1.379 (0.845-2.250) 0.194 —

HER2 (positive versus negative) 0.668 (0.393-1.135) 0.136 —

Vessel invasion (positive versus negative) 2.655 (1.606-4.390) <0.001* 1.249 (0.641-2.434) 0.514
LINC01315 expression level (high versus low) 2.051 (1.267-3.320) 0.003* 0.613 (0.375-1.003) 0.049*
OS
Age (≤50 versus >50 years) 0.724 (0.386-1.357) 0.313 —

T stage(T2/3 versus T1) 2.136 (1.014-4.501) 0.046* 1.541(0.894-2.657) 0.120
pN stage 0.041* 1.028(0.735-1.438) 0.871
N1 versus N0 0.379 (0.160-0.899) 0.028*
N2 versus N0 0.648 (0.263-1.594) 0.345
N3 versus N0
Tumor Grade (DCIS/IDC I-II versus IDC III)
TNM Stage (I-II versus III)

1.230 (0.474-3.190)
1.342 (0.824-2.187)
2.095 (1.296-3.384)

0.670
0.237
0.003*

—

1.397 (0.787-2.481)
0.254

ER (positive versus negative) 1.008 (0.528-1.924) 0.980 —

PR (positive versus negative) 1.070 (0.561-2.039) 0.838 —

HER2 (positive versus negative) 0.446 (0.205-0.969) 0.042* 0.442 (0.203-0.964) 0.04*
Vessel invasion (positive versus negative) 2.982 (1.510-5.890) 0.002* 2.590 (1.303-5.149) 0.007*
LINC01315 expression level (high versus low) 1.893 (1.007-3.557) 0.048* 0.439 (0.228-0.845) 0.014*
O
ctober 2021 | Volume 11 | Article
CI, confidence interval; HR, hazard ratio; DFS,disease-free survival;OS, overall survival; BC, breast cancer. *P < 0.05.
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LncRNA HOTAIR was found to interact with ER, and then
enhance its transcriptional activity and promote tamoxifen-
resistant breast cancer progression (26). Our study showed that
Linc01315 expression level in breast cancer was significantly
correlated with tumor subtype, the expression level of Linc01315
was higher in Luminal A and Her-2 subtype than in Luminal B
and basal like subtype (Table 1 and Supplementary Figure 2).
However, previous study showed that the expression level of
Linc01315 was higher in triple negative breast cancer(TNBC)
tissues compared with non-TNBC tissues, and high Linc01315
expression associated with better DFS in TNBC patients (19).
Considering samples selection bias, we may need to expand the
sample size, and design a prospective trial in the further study.
Further analysis also revealed that ER/PR positive patients with
lower Linc01315 expression displayed longer DFS and OS
(Figures 3A, B; Figures 4A, B), and low Linc01315 level
patients treated with endocrine therapy could benefit patients
DFS and OS (Figures 5A, B). The results indicate that Linc01315
may be associated with endocrine therapy resistance in breast
Frontiers in Oncology | www.frontiersin.org 6
cancer, and represent a promising therapeutic target for
cancer treatment.

In the past decade, lncRNA research is booming. Therapeutics
based on targeting lncRNAs has evolving rapidly. It has been well
demonstrated that multiple RNA-based therapies, such as small
interfering RNAs (siRNAs), short hairpin RNAs (shRNAs),
antisense oligonucleotides (ASOs), as well as CRISPR-Cas13a
based RNA editing, showed promising results in preclinical
research. In the ASOs scenario, different chemical modifications
have been developed to enhance the stability of this kind of drug,
also the delivery efficiency to tumor cells. ASOs are single stranded
chemical ly modified DNA/RNA synthetic molecules
complementary to target mRNA, causing mRNA degradation
through RNase H cleavage or stabilizing the targets. We have
demonstrated the efficiency of ASOs in the treatment of triple-
negative breast cancer cells targeting LINC02273 in vivo (12).
Therefore, our study could also utilize this tool for future
translational study although it may need more mechanism and
animal studies.
A B

DC

FIGURE 3 | Disease-free survival curves according to breast cancer patients’ clinic pathological features and Linc01315 expression level. (A) DFS curve of ER
positive patients based on the level of Linc01315. (B) DFS curve of PR positive patients based on the level of Linc01315. (C) DFS curve of Her-2 negative patients
based on the level of Linc01315. (D) DFS curve of Ki67 positive patients based on the level of Linc01315.
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A B

DC

FIGURE 4 | Overall survival curves according to breast cancer patients’ clinic pathological features and Linc01315 expression level. (A) OS curve of ER positive
patients based on the level of Linc01315. (B) OS curve of PR positive patients based on the level of Linc01315. (C) OS curve of Her-2 negative patients based on
the level of Linc01315. (D) OS curve of Ki67 positive patients based on the level of Linc01315.
A B

FIGURE 5 | Low Linc01315 level patients with endocrine therapy could benefit patients DFS and OS. (A) DFS curve of patients treated with endocrine therapy
based on the level of Linc01315. (B) OS curve of patients treated with endocrine therapy based on the level of Linc01315.
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In conclusion, our data demonstrate that Linc01315
expression level is significantly correlated with breast cancer
patients’ prognosis. Lower Linc01315 expression level may
benefit patients DFS and OS, especially in ER/PR positive
patients treated with endocrine therapy. Linc01315 also has
prognostic effect in Her-2 negative or Ki67 positive breast
cancer patients. It is plausible that Linc01315 may represent an
independent prognostic marker and therapeutic target in
breast cancer.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

This study was approved by the Ethical Committee of Fudan
University Shanghai Cancer Center for Clinical Research.
Written informed consents were obtained from all the patients.
Frontiers in Oncology | www.frontiersin.org 8
AUTHOR CONTRIBUTIONS

YaC and JW designed the research study. JX, SH, and Y-zC
conducted the experiments. JX, SH and JC collected clinical data.
JX, JC and Z-mS analyzed the data. JX wrote the manuscript with
contribution from all authors. All authors contributed to the
article and approved the submitted version.
FUNDING

This work was supported by the National Key R&D Program of
China (2017YFC1311004) and National Natural Scientific
Foundation of China (81874115 to YaC, 81602324 to JX, and
81772815 to JW).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
562378/full#supplementary-material
REFERENCES
1. Tay Y, Rinn J, Pandolfi PP. The Multilayered Complexity of ceRNA Crosstalk

and Competition.Nature (2014) 505(7483):344–52. doi: 10.1038/nature12986
2. Wang KC, Chang HY. Molecular Mechanisms of Long Noncoding RNAs.

Mol Cell (2011) 43(6):904–14. doi: 10.1016/j.molcel.2011.08.018
3. Cesana M, Cacchiarelli D, Legnini I, Santini T, Sthandier O, Chinappi M, et al.

A Long Noncoding RNA Controls Muscle Differentiation by Functioning as a
Competing Endogenous RNA. Cell (2011) 147(2):358–69. doi: 10.1016/
j.cell.2011.09.028

4. Ng SY, Bogu GK, Soh BS, Stanton LW. The Long Noncoding RNA RMST
Interacts With SOX2 to Regulate Neurogenesis.Mol Cell (2013) 51(3):349–59.
doi: 10.1016/j.molcel.2013.07.017

5. Liu Y, Ferguson JF, Xue C, Ballantyne RL, Silverman IM, Gosai SJ, et al.
Tissue-Specific RNA-Seq in Human Evoked Inflammation Identifies Blood
and Adipose LincRNA Signatures of Cardiometabolic Diseases.
Arteriosclerosis Thromb Vasc Biol (2014) 34(4):902–12. doi: 10.1161/
ATVBAHA.113.303123

6. Ounzain S, Micheletti R, Beckmann T, Schroen B, Alexanian M, Pezzuto I,
et al. Genome-Wide Profiling of the Cardiac Transcriptome After Myocardial
Infarction Identifies Novel Heart-Specific Long Non-Coding RNAs. Eur
Heart J (2015) 36(6):353–68a. doi: 10.1093/eurheartj/ehu180

7. Cao C, Sun J, Zhang D, Guo X, Xie L, Li X, et al. The Long Intergenic
Noncoding RNA UFC1, A Target of MicroRNA 34a, Interacts With the
mRNA Stabilizing Protein HuR to Increase Levels of Beta-Catenin in HCC
Cells. Gastroenterology (2015) 148(2):415–26.e18. doi: 10.1053/j.gastro.
2014.10.012

8. Huang J, Zhou N,Watabe K, Lu Z,Wu F, XuM, et al. Long Non-Coding RNA
UCA1 Promotes Breast Tumor Growth by Suppression of P27 (Kip1). Cell
Death Dis (2014) 5:e1008. doi: 10.1038/cddis.2013.541

9. Takahashi Y, Sawada G, Kurashige J, Uchi R, Matsumura T, Ueo H, et al.
Amplification of PVT-1 Is Involved in Poor Prognosis via Apoptosis
Inhibition in Colorectal Cancers. Br J cancer (2014) 110(1):164–71.
doi: 10.1038/bjc.2013.698

10. Ren S, Liu Y, Xu W, Sun Y, Lu J, Wang F, et al. Long Noncoding RNA
MALAT-1 Is a New Potential Therapeutic Target for Castration Resistant
Prostate Cancer. J Urol (2013) 190(6):2278–87. doi: 10.1016/j.juro.2013.07.001

11. Yuan SX, Yang F, Yang Y, Tao QF, Zhang J, Huang G, et al. Long Noncoding
RNA Associated With Microvascular Invasion in Hepatocellular Carcinoma
Promotes Angiogenesis and Serves as a Predictor for Hepatocellular
Carcinoma Patients' Poor Recurrence-Free Survival After Hepatectomy.
Hepatology (2012) 56(6):2231–41. doi: 10.1002/hep.25895

12. Xiu B, Chi Y, Liu L, Chi W, Zhang Q, Chen J, et al. LINC02273 Drives Breast
Cancer Metastasis by Epigenetically Increasing AGR2 Transcription. Mol
Cancer (2019) 18(1):187. doi: 10.1186/s12943-019-1115-y

13. Li X, Wu Z, Mei Q, Li X, Guo M, Fu X, et al. Long Non-Coding RNA
HOTAIR, a Driver of Malignancy, Predicts Negative Prognosis and Exhibits
Oncogenic Activity in Oesophageal Squamous Cell Carcinoma. Br J Cancer
(2013) 109(8):2266–78. doi: 10.1038/bjc.2013.548

14. Niinuma T, Suzuki H, Nojima M, Nosho K, Yamamoto H, Takamaru H, et al.
Upregulation of miR-196a and HOTAIR Drive Malignant Character in
Gastrointestinal Stromal Tumors. Cancer Res (2012) 72(5):1126–36.
doi: 10.1158/0008-5472.CAN-11-1803

15. Fan Y, Shen B, Tan M, Mu X, Qin Y, Zhang F, et al. TGF-Beta-Induced
Upregulation of Malat1 Promotes Bladder Cancer Metastasis by Associating
With Suz12. Clin Cancer Res an Off J Am Assoc Cancer Res (2014) 20(6):1531–
41. doi: 10.1158/1078-0432.CCR-13-1455

16. Svoboda M, Slyskova J, Schneiderova M, Makovicky P, Bielik L, Levy M, et al.
HOTAIR Long Non-Coding RNA Is a Negative Prognostic Factor Not Only
in Primary Tumors, But Also in the Blood of Colorectal Cancer Patients.
Carcinogenesis (2014) 35(7):1510–5. doi: 10.1093/carcin/bgu055

17. Yan X, Hu Z, Feng Y, Hu X, Yuan J, Zhao SD, et al. Comprehensive Genomic
Characterization of Long Non-Coding RNAs Across Human Cancers. Cancer
Cell (2015) 28(4):529–40. doi: 10.1016/j.ccell.2015.09.006

18. Chi W, Huang S, Xiu B, Zhang Q, Shao Z, Wu J, et al. High Expression of
Linc00959 Predicts Poor Prognosis in Breast Cancer. Cancer Cell Int (2019)
19:39. doi: 10.1186/s12935-019-0748-7

19. Naorem LD, Prakash VS, Muthaiyan M, Venkatesan A. Comprehensive
Analysis of Dysregulated lncRNAs and Their Competing Endogenous RNA
Network in Triple-Negative Breast Cancer. Int J Biol Macromol (2020)
145:429–36. doi: 10.1016/j.ijbiomac.2019.12.196

20. Liang R, Zhang J, Zhang RM, Qiu H. LINC01315 Silencing Inhibits the
Aggressive Phenotypes of Colorectal Carcinoma by Sponging miR-205-3p.
Biochem Biophys Res Commun (2021) 534:1033–9. doi: 10.1016/
j.bbrc.2020.10.041

21. Rinn JL, Chang HY. Genome Regulation by Long Noncoding RNAs. Annu
Rev Biochem (2012) 81:145–66. doi: 10.1146/annurev-biochem-051410-
092902
October 2021 | Volume 11 | Article 562378

https://www.frontiersin.org/articles/10.3389/fonc.2021.562378/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.562378/full#supplementary-material
https://doi.org/10.1038/nature12986
https://doi.org/10.1016/j.molcel.2011.08.018
https://doi.org/10.1016/j.cell.2011.09.028
https://doi.org/10.1016/j.cell.2011.09.028
https://doi.org/10.1016/j.molcel.2013.07.017
https://doi.org/10.1161/ATVBAHA.113.303123
https://doi.org/10.1161/ATVBAHA.113.303123
https://doi.org/10.1093/eurheartj/ehu180
https://doi.org/10.1053/j.gastro.2014.10.012
https://doi.org/10.1053/j.gastro.2014.10.012
https://doi.org/10.1038/cddis.2013.541
https://doi.org/10.1038/bjc.2013.698
https://doi.org/10.1016/j.juro.2013.07.001
https://doi.org/10.1002/hep.25895
https://doi.org/10.1186/s12943-019-1115-y
https://doi.org/10.1038/bjc.2013.548
https://doi.org/10.1158/0008-5472.CAN-11-1803
https://doi.org/10.1158/1078-0432.CCR-13-1455
https://doi.org/10.1093/carcin/bgu055
https://doi.org/10.1016/j.ccell.2015.09.006
https://doi.org/10.1186/s12935-019-0748-7
https://doi.org/10.1016/j.ijbiomac.2019.12.196
https://doi.org/10.1016/j.bbrc.2020.10.041
https://doi.org/10.1016/j.bbrc.2020.10.041
https://doi.org/10.1146/annurev-biochem-051410-092902
https://doi.org/10.1146/annurev-biochem-051410-092902
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Xue et al. LINC01315 Predicts Breast Cancer Prognosis
22. Nie GH, Li Z, Duan HF, Luo L, Hu HY, Yang WQ, et al. lncRNA C22orf32-1
Contributes to the Tumorigenesis of Nasopharyngeal Carcinoma. Oncol Lett
(2017) 13(6):4487–92. doi: 10.3892/ol.2017.6021

23. Osborne CK, Bardou V, Hopp TA, Chamness GC, Hilsenbeck SG, Fuqua SA,
et al. Role of the Estrogen Receptor Coactivator AIB1 (SRC-3) and HER-2/
Neu in Tamoxifen Resistance in Breast Cancer. J Natl Cancer Institute (2003)
95(5):353–61. doi: 10.1093/jnci/95.5.353

24. Wu C, Luo J, Long Non-Coding RNA. (lncRNA) Urothelial Carcinoma-
Associated 1 (UCA1) Enhances Tamoxifen Resistance in Breast Cancer Cells
via Inhibiting mTOR Signaling Pathway. Med Sci monitor Int Med J Exp Clin
Res (2016) 22:3860–7. doi: 10.12659/msm.900689

25. Liu H, Wang G, Yang L, Qu J, Yang Z, Zhou X. Knockdown of Long
Non-Coding RNA UCA1 Increases the Tamoxifen Sensitivity of Breast
Cancer Cells Through Inhibition of Wnt/beta-Catenin Pathway. PloS One
(2016) 11(12):e0168406. doi: 10.1371/journal.pone.0168406

26. Xue X, Yang YA, Zhang A, Fong KW, Kim J, Song B, et al. LncRNA HOTAIR
Enhances ER Signaling and Confers Tamoxifen Resistance in Breast Cancer.
Oncogene (2016) 35(21):2746–55. doi: 10.1038/onc.2015.340
Frontiers in Oncology | www.frontiersin.org 9
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Xue, Huang, Chen, Chen, Shao,Wu and Chi. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.
October 2021 | Volume 11 | Article 562378

https://doi.org/10.3892/ol.2017.6021
https://doi.org/10.1093/jnci/95.5.353
https://doi.org/10.12659/msm.900689
https://doi.org/10.1371/journal.pone.0168406
https://doi.org/10.1038/onc.2015.340
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Overexpression of Long Non-Coding RNA Linc01315 Predicts Poor Prognosis in Breast Cancer
	Introduction
	Material and Methods
	Cell Culture
	Patients’ Samples
	RNA Isolation and Quantitative RT&minus;PCR
	Statistical Analysis

	Results
	Linc01315 Expression in Breast Cancer Cell Lines
	Relationship Between Linc01315 Expression Level and Clinicopathological Characteristics
	Association Between Linc01315 Expression and Patient Prognosis

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


