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Introduction: Long intergenic non-protein coding RNA 665 (LINC00665) has been 
revealed to contribute cancer progression in many cancer types including liver and gastric 
cancer. However, the roles of LINC00665 in breast cancer (BC) remain to be explored.
Methods: We explored LINC00665 expression in BC tissues and normal tissues at GEPIA. 
Then, its expression in BC cells (HCC-1937, MDA-MB-231, and MCF-7) and normal 
cells (MCF10A) was analyzed with qRT-PCR. In addition, the mechanisms of LINC00665 
in BC were explored using bioinformatic analyses, luciferase activity reporter assay, RNA 
pull-down assay, and rescue experiments.
Results: We showed LINC00665 expression was significantly increased in both BC tissues 
and cells. The knockdown of LINC00625 significantly inhibits BC cell growth and promotes 
cell apoptosis in vitro, while the overexpression of LINC00625 has the opposite effects 
on BC progression. LINC00665 could affect BC progression via regulating miR-551b-5p.
Discussion: Taken together, our study showed that the LINC00665/miR-551b-5p axis was 
involved in the progression of BC.
Keywords: LINC00665, miR-551b-5p, breast cancer, progression

Introduction
Breast cancer (BC) is the major health threat for women worldwide and with an 
increasing trend.1 The prognosis of BC patients varies depending on the cancer 
diagnosis stage and molecular subtype.2 In the past few decades our understanding 
of the pathogenesis of BC has greatly improved but the prognosis is still not 
optimistic.3,4 Therefore, a deeper understanding of the mechanisms behind BC 
progression is still needed.

Mounting evidence has pointed out the importance of non-coding RNAs (ncRNAs) 
such as circulating RNA (circRNA), long non-coding RNA (lncRNA), and microRNA 
(miRNA) in BC.5–7 lncRNAs are genomic transcripts at the length of over 200 
nucleotides with limited protein coding capacity but which play crucial roles in normal 
cellular functions maintenance and cell malignant transformation.8 For instance, 
growth arrest-specific 5 (GAS5) is a tumor suppressive lncRNA and suppresses BC 
progression.6 LINC00160 may affect the response of BC cells to chemical 
reagents including paclitaxel and doxorubicin by regulating TFF3 expression.9 

LncRNA DLX6-AS1 could regulate the epithelial-mesenchymal transition process 
of BC cells and their sensitivity to cisplatin via regulating miR-199b-5p.10

Long intergenic non-protein coding RNA 665 (LINC00665) is reported to 
stimulate cancer progression. Increased LINC00665 expression could promote 
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gastric cancer tumorigenesis and can be used as a predictor 
for late TNM stage and poorer prognosis.11 Moreover, 
LINC00665 was found to accelerate the malignancy beha-
viors of hepatocellular carcinoma.12 In BC, LINC00665 
plays an oncogenic role in affecting epithelial- 
mesenchymal transition-like phenotype via regulating the 
miR-379-5p/LIN28 axis.13 Although the carcinogenesis 
role of LINC00665 has been reported in BC, its detailed 
mechanism in BC remains to be explored.

We aimed to investigate the mechanisms of 
LINC00665 in BC. The impact of LINC00665 on BC 
cellular processes was analyzed using loss-of-function 
and gain-of-function experiments. Moreover, in vivo 
experiments were conducted to analyze the impact of 
LINC00665 on tumor growth.

Materials and Methods
Patient Samples
36 pairs of BC tumor tissues and adjacent tissues were 
obtained from the Cancer Institute and Cancer Hospital, 
Chinese Academy of Medical Sciences and Peking Union 
Medical College. The study protocol was approved by the 
ethic committee of the Cancer Institute and Cancer 
Hospital, Chinese Academy of Medical Sciences and 
Peking Union Medical College. Tissues were treated with 
RNAprotect reagent (Qiagen, Germany), frozen using 
liquid nitrogen and stored at −80 °C until usage. 
Informed written consent was obtained from all patients.

Cell Lines
Normal breast epithelial cell line (MCF10A) and BC cells 
(HCC-1937, MDA-MB-231, and MCF-7) were purchased 
from ATCC (Manassas, VA, USA). DMEM supplemented 
with 10% FBS (Invitrogen, Thermo Fisher Scientific, 
Waltham, MA, USA) was used to incubate BC cells, 
while MEGM supplemented with cholera toxin was used 
to incubate MCF10A cells. All these cells were kept at the 
condition of 37 °C and 5% CO2.

Cell Transfection
Specific siRNA against LINC00665 (si-LINC00665) and 
negative control (si-NC), as well as miR-551b-5p mimic, 
miR-551b-5p inhibitor and negative control (mi-NC) were 
all available RiboBio (Guangzhou, Guangdong, China). 
Sequence of LINC00665 was inserted into pcDNA3.1 to 
overexpress LINC00665 by RiboBio. Cells incubated in 
a 24-well plate were subjected to transfection of these 

molecules in the presence of Lipofectamine 2000 
(Invitrogen). Cells were collected for following analyses 
after 48 h transfection.

RNA Isolation and RT-qPCR Analysis
Tissues and cells were treated with a Trizol reagent 
(Invitrogen) to isolate RNA samples according to the pro-
vided protocols. cDNA was synthesized from RNA 
samples using a Reverse Transcription kit (Takara, Dalian, 
Liaoning, China). SYBR Green (Takara) and ABI 7900HT 
(Applied Biosystems, Foster City, CA, USA) were used to 
quantify gene expression levels with GAPDH and U6 
snRNA as internal controls for LINC00665 and miR-551b- 
5p, respectively. Primers were: LINC00665: 5ʹ-GGTGC 
AAAGTGGGAAGTGTG-3ʹ (forward), 5ʹ-CGGTGGACGG 
ATGAGAAACG-3ʹ; GAPDH: 5ʹ-GGAGCGAGATCCCTC 
CAAAAT-3ʹ (forward), 5ʹ-GGCTGTTGTCATACTTC 
TCATGG-3ʹ (reverse); miR-551b-5p: 5ʹ-GTCGTATCCA 
GTGCAGGGTCCGAGGTATTCGCACTGGATACGAC-
GGTCTC-3ʹ (forward), 5ʹ-GCAGGGTCCGAGGTATTC-3ʹ 
(reverse); U6 snRNA: 5ʹ-CTCGCTTCGGCAGCACA-3ʹ 
(forward), 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ (reverse). 
Relative gene expression level was calculated with the 2 
−ΔΔCt method.

MTT Assay
Cell proliferation rate was measured with (3-(4,5-dimethyl- 
thiazol-2-yl) 2,5-diphenyl tetrazolium bromide) (MTT) 
assay. Cells were collected and seeded in a 96-well plate at 
the density of 4 × 103 cells/well. After 24, 48, 72 
h transfection, MTT solution was added to each well and 
incubation was done for another 4 h. Then, the medium was 
discarded before the addition of DMSO reagent to dissolve 
formazan crystals. Optical density was measured with 
a microplate reader at the wavelength of 490 nm.

Colony Formation Assay
1000 cells were grown in the above-described medium and 
all were grown for 14 days. The visible colonies were fixed 
with ethanol, and stained with crystal violet. Numbers of 
colonies were counted using Image J software.

Cell Apoptosis Analysis
1 × 105 cells were collected and digested using trypsin. 
Then, cells were double stained with Annexin V and PI 
(Beyotime, Haimen, Jiangsu, China) in darkness for 15 
min. Then, apoptosis rate was measured using flow cyto-
metry (BD Biosciences, San Jose, CA, USA). Both the 
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early stage and late stage apoptosis cells were counted as 
apoptosis cells.

Luciferase Activity Assay
DIANA LncBase Predicted V.2 (http://carolina.imis. 
athena-innovation.gr/diana_tools/web/index.php?r=lncba 
sev2%2Findex-predicted) was used to detect the interac-
tions of lncRNA and miRNA. LINC00665 covered the 
wild-type or mutant miR-551b-5p binding sites were 
synthesized by RiboBio and inserted into pmirGLO dual- 
luciferase vector (Promega, Madison, WI, USA) to gener-
ate LINC00665-WT/MT. The above luciferase constructs 
were co-transfected with miR-551b-5p mimic or NC- 
mimic into BC cells using Lipofectamine 2000 for 48 
h. Finally, relative luciferase activity was measured using 
a dual-luciferase activity reporter system (Promega).

RNA Pull-Down Assay
A RNA pull-down assay was employed to investigate the 
connection of LINC00665 and miR-551b-5p. The biotin 
labeled miR-551b-5p-WT, miR-551b-5p-MT, or mi-NC 
were synthesized by RiboBio. Cells which were trans-
fected with these three molecules, respectively. 48 
h later, the cells were lysated with RIPA lysis buffer and 
incubated with streptavidin conjugated with magnetic 
beads. Finally, the RNA of the pellets was isolated with 
Trizol reagent and subjected to RT-qPCR analysis.

Analysis of LINC00665 and miR-551b-5p 
in BC Tissues
Expression levels of LINC00665 in BC tissues and normal 
tissues were detected at GEPIA and ENCORI. In addition, 
the levels of miR-551b-5p in tissues were analyzed at 
UALCAN.

In vivo Tumor Growth Model
SPF grade 4-week-old BALB/c nude mice (n = 6 for each 
group, Shi Laike Company, Shanghai, China) were 
injected with LINC00665 stable knockdown MCF-7 
cells at the right flank. Stable LINC00665 knockdown 
cells were generated by transfecting sh-LINC00665 con-
taining pGPH1/Neo plasmid into cells, treated with anti-
biotic and isolating a single clone to obtain the stable 
transfected cells. Successful transfection was validated 
by RT-qPCR. The cells with sh-NC transfection were 
injected into mice and used as control. After injection, 
tumor volume was recorded every 7 days for a total of 4 

times. 28 days later, mice were sacrificed to weigh the 
tumor tissues. Animal study protocol was approved by the 
animal ethic committee of the Cancer Institute and Cancer 
Hospital, Chinese Academy of Medical Sciences and 
Peking Union Medical College and performed in accor-
dance with the National Laboratory Animal Welfare 
ethics.

Statistical Analysis
Experiments were repeated for three times. Data analysis 
was conducted using GraphPad Prism 6.0 (La Jolla, CA, 
USA) and expressed as mean ± SD. ANOVA and Tukey 
post hoc tests were used to analyze differences among 
multiple groups, while Student’s t-test was used for com-
parison in two groups. Correlation between LINC00665 
and miR-551b-5p was analyzed using the Person test. The 
survival curve was drawn using the Kaplan-Meier method, 
and the difference was analyzed using log rank test. 
A P value less than 0.05 was believed to indicate signifi-
cant statistical differences.

Results
LINC00665 Expression Was Expression 
in BC
LINC00665 expression was a significantly upregulated 
expression in BC tissues compared with normal tissues 
(Figure 1A, P < 0.001). GEPIA and ENCORI analyses of 
LINC00665 in large numbers of BC patients showed 
LINC00665 had an increased expression in BC tissues 
compared with normal tissues (Figure 1B and C, P < 
0.05). To explore the correlation of LINC00665 expression 
and the prognosis of BC patients, a Kaplan-Meier curve 
was conducted and we found high LINC00665 could pre-
dict poor overall survival of BC patients (Figure 1D, P = 
0.016). In addition, we found high LINC00665 levels were 
correlated with TNM stage and lymph node metastasis 
of BC patients enrolled in this study (Table 1). 
Furthermore, we showed LINC00665 could be a possible 
biomarker to predict the overall survival of BC patients 
using univariate and multivariate analyses (Table 2).

Silencing of LINC00665 Suppresses BC 
Cell Growth
LINC00665 expression was extremely high in BC cells 
relative to MCF-10A cells, especially the HCC-1937 
and MCF-7 cells (Figure 2A, P < 0.001). Then, loss-of- 
function experiments were conducted to investigate the 
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influence of LINC00665 on cell growth. The introduc-
tion of si-LINC00665 significantly decreased 
LINC00665 expression in HCC-1937 and MCF-7 cells 
(Figure 2B, P < 0.001). MTT assay showed cell prolif-
eration ability declined after the silencing of 
LINC00665 (Figure 2C, P < 0.001). We also showed 
knockdown of LINC00665 inhibits colony formation 
(Figure 2D, P < 0.01). By contrast, cell apoptosis per-
centage (Q2+Q4 quadrants) was elevated after the 
knockdown of LINC00665 (Figure 2E, P < 0.01).

In addition, gain-of experiments were also conducted 
in this work. LINC00665 levels were revealed to be sig-
nificantly elevated by pLINC00665 (Supplementary 
Figure 1A, P < 0.001). Subsequently, we found that for-
cing the expression of LINC00665 could augment cell 
proliferation (P < 0.001) by regulating colony formation 

(P < 0.01) and cell apoptosis (P < 0.01) (Supplementary 
Figure 1B-D).

LINC00665 Served as miR-551b-5p 
Sponge in BC
Through DIANA LncBase Predicted V.2 analysis, miR- 
551b-5p was found as a potential target of LINC00665 
(Figure 3A, P < 0.001). miR-551b-5p mimic transfec-
tion increased, while miR-551b-5p inhibitor transfec-
tion decreased miR-551b-5p expression levels in BC 
cells (Figure 3B and C, P < 0.001). A luciferase activ-
ity reporter assay showed miR-551b-5p overexpression 
could decrease the relative luciferase activity of BC 
cells transfected with LINC00665-WT (P < 0.001), 
but not those with LINC00665-MT (Figure 3D). An 
RNA pull-down assay showed LINC00665 was 

Figure 1 LINC00665 was upregulated in BC samples and cell lines. (A) LINC00665 was upregulated in BC samples collected compared with normal samples. (B) 
LINC00665 was upregulated in BC tissues compared with normal sample detected at GEPIA. (C) LINC00665 was upregulated in BC tissues compared with normal sample 
detected at ENCORI. (D) High LINC00665 was a predictor for poorer overall survival of BC patients. * P < 0.05 compared with normal tissues. 
Abbreviations: BC, breast cancer.
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enriched in the complexes pulled down by bio-miR 
-551-5p-WT compared with other groups (Figure 3E, 
P < 0.001). Moreover, we found miR-551b-5p expres-
sion level was increased by si-LINC00665 in BC cells 
(Figure 3F, P < 0.01). Thereafter, we found 
LINC00665 and miR-551b-5p was negatively corre-
lated in BC tissues (Figure 3G).

miR-551b-5p Expression Was Decreased 
in BC

Then, we detected the importance of miR-551b-5p in BC. 
miR-551b-5p expression was decreased in BC tissues (P < 
0.001) and cells (P < 0.001 in HCC-1937 and MCF-7 
cells; P < 0.01 in MDA-MB-231 cells) (Figure 4A-C). 
Importantly, low miR-551b-5p level was an indicator for 
poorer overall survival of BC patients. (Figure 4D, P = 
0.012) 

LINC00665 Regulated BC Cell Growth 
via miR-551b-5p
To investigate the function of the LINC00665/miR-551b-5p 
axis in BC, we carried out rescue experiments. We validated 
the stimulation effect of si-LINC00665 on miR-551b-5p 
expression which could be abolished by miR-551b-5p inhi-
bitor (Figure 5A). Expectedly, CCK-8 assay, colony forma-
tion and flow cytometry assay validated that the stimulation 
effects of si-LINC00665 on BC cell growth were counter-
acted by miR-551b-5p inhibitor (Figure 5B-D).

Role of LINC00665 on BC Tumor 
Growth in vivo
To determine the importance of LINC00665/miR-551b- 
5p axis in BC, we detected their effects in animal model. 
As expected, we discovered that LINC00665 knockdown 
hindered tumor growth in vivo (Figure 6A and B, P < 
0.001). Analysis of the expression of LINC00665 and 
miR-551b-5p in LINC00665 knockdown tissues verified 
the downregulation status of LINC00665 and the upregu-
lation status of miR-551b-5p (Figure 6C, P < 0.001).

Discussion
For a long period, lncRNAs were considered as noise in 
genomes, without biological roles.14 Increasingly evidence 
in recent years have indicated that lncRNAs are associated 
with tumor progression and drug resistance.6,9,10 Hence, 
studying lncRNA is useful to understand the mechanisms 
relevant to BC progression. This work focused on the 
regulatory mechanism of LINC00665 in BC with the aim 
to provide novel insights into the pathogenesis of BC.

Previous studies have shown LINC00665 has an onco-
genic role in BC.13,15 For instance, Ji et al pointed out the 
LINC00665/miR-379-5p/LIN28B regulatory network 
influences the tumorigenesis of BC.13 Zhou et al pointed 
out that knocking down the LINC00665 expression could 

Table 1 Correlations of LINC00665 Expression and 
Clinicopathological Features of Breast Cancer Patients

Variables n LINC00665 
Expression

χ2 P

High Low

Age, years

≥ 50 20 12 8 0.023 0.879
< 50 16 10 6

TNM stage
I–II 15 6 9 4.822 0.028
III 21 16 5

Menopause

Pre 17 10 7 0.071 0.790
Post 19 12 7

Lymph node metastasis
Negative 13 4 9 7.882 0.005
Positive 23 18 5

Table 2 Univariate and Multivariate Analyses of Overall Survival in Patients with BC

Variables Univariate Analysis Multivariate Analyses

HR 95% CI P value HR 95% CI P value

LINC00665 expression 4.448 1.725–11.46 0.018 3.977 1.402–11.28 0.034

miR-551b-5p expression 0.645 0.412–4.098 0.014 0.511 0.177–1.471 0.023
Age 2.889 1.062–7.912 0.099 – – –

TNM 2.978 1.184 −7.746 0.028 2.983 1.027–8.663 0.044

Menopause 2.938 0.939–9.198 0.138 – – –
Lymph node metastasis 4.816 1.92–12.08 0.016 4.421 1.617–12.09 0.025

Abbreviations: HR, hazard ratio; CI, confidence interval.
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inhibit BC metastasis via regulating the epithelial- 
mesenchymal transition processes.15 In this study, we 
found LINC00665 expression was increased in BC tissues 
and cells. We also showed high LINC00665 levels are 

a predictor for the poorer overall survival of BC patients. 
These results manifested that LINC00665 expressed at 
a high level, indicating it might be effective in the pro-
gression of BC.

Figure 2 Knocking down LINC00665 suppresses BC cell proliferation, but induces apoptosis. (A) LINC00665 was upregulated in BC cells compared with normal cells. (B) 
After si-LINC00665 transfection, LINC00665 expression in BC cells was down-regulated. (C) After LINC00665 knockdown, the proliferation of BC cells was inhibited. (D) 
After LINC00665 knockdown, the colony formation ability of BC cells was inhibited. (E) After LINC00665 knockdown, the apoptosis of BC cells was enhanced. ***P < 
0.001, **P < 0.01 compared with si-NC group. 
Abbreviations: BC, breast cancer; si-LINC00665, small interfering RNA against LINC00665; si-NC, negative control siRNA.

Figure 3 LINC00665 interacts with miR-551b-5p. (A) Potential targeting sites of LINC00665 and miR-551b-5p. (B) Transfection of miR-551b-5p mimic increased miR-551b- 
5p levels in BC cells. mi-NC group was used as control. (C) Transfection of miR-551b-5p inhibitor decreased miR-551b-5p levels in BC cells. mi-NC group was used as 
control. (D) Relative luciferase activity assay showed miR-551b-5p overexpression decreased relative luciferase activity in BC cells with LINC00665-WT transfection. mi-NC 
group was used as control. (E) RNA pull-down assay indicates the interactions of LINC00665 and miR-551b-5p. BIO-mi-NC group was used as control. (F) Transfection of 
si-LINC00665 increased miR-551b-5p levels in BC cells. si-NC group was used as control. (G) Negatively correlation of LINC00665 and miR-551b-5p in BC tissues. ***P < 
0.001. 
Abbreviations: BC, breast cancer; si-LINC00665, small interfering RNA against LINC00665; si-NC, negative control siRNA; WT, wild-type; MT, mutant; miR-551b-5p, 
microRNA-551b-5p; mi-NC, negative control miRNA.
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For the sake of exploring the functions of 
LINC00665 in BC, we performed in vitro and in vivo 
experiments. Our results showed that silencing 
LINC00665 suppresses BC cell proliferation by stimu-
lating cell apoptosis in vitro. On the contrary, the aug-
ment of LINC00665 expression has the opposite effects 
on BC cell behaviors as compared with the knockdown 
of LINC00665. Previous studies have indicated that 
LINC00665 could stimulate cancer cell proliferation, 
migration, invasion.11–13 Hence, our results presented 
here are in accordance with these previous results that 
LINC00665 could promote cell growth. The limitation 
of this work is that we analyzed the effects of 
LINC00665 on the malignant behaviors of HCC-1937 
and MCF-7, which belong to different subtypes of BC, 
but did not further analyze which LINC00665 has the 
most significant effects on which subtype of BC by 

analyzing more cells in vitro and also in vivo. 
Moreover, our in vivo analyses results using animal 
model also indicated that knockdown of LINC00665 
hinders BC tumor growth. Taken together, our results 
implied the importance of LINC00665 in regulating BC 
progression.

miRNAs are single strand RNA the length of 18–24 
nucleotides and can function as the downstream targets 
of lncRNAs.16 For example, miR-149-3p and miR-379- 
5p have been identified as the targets of LINC00665 in 
cancers.11,13 Jiang et al revealed that miR-551b-5p was 
strongly differentially expressed in gastric cancer and can 
efficiently distinguish healthy controls from gastric can-
cer patients.17 This time, miR-551b-5p was found to be 
a significantly decreased expression in BC and correlated 
with a worse overall survival of cancer patients. We also 
found that knockdown of miR-551b-5p significantly 

Figure 4 miR-551b-5p was down-regulated in BC samples and cell lines. (A) miR-551b-5p was downregulated in BC samples collected compared with normal samples. 
Normal tissues were used as control. (B) miR-551b-5p was downregulated in BC cells compared with normal cells. MCF10A cells were used as control. (C) miR-551b-5p 
was downregulated in BC tissues compared with normal sample detected at UALCAN. Normal tissues were used as control. (D) Low miR-551b-5p was a predictor for 
poorer overall survival of BC patients. ***P < 0.001, **P < 0.01. 
Abbreviations: BC, breast cancer; miR-551b-5p, microRNA-551b-5p.

Cancer Management and Research 2021:13                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1119

Dovepress                                                                                                                                                                Qi et al

http://www.dovepress.com
http://www.dovepress.com


stimulated BC cell growth, and partially abolished the 
effects of LINC00665 knockdown on BC malignant 
behaviors. Although we provided evidence for the roles 
of the LINC00665/miR-551b-5p axis in BC, there is still 
room for improvement. First of all, the effects of 
LINC00665 on BC cell behaviors were not fully investi-
gated. What is more, the downstream molecules or path-
ways regulated by LINC00665/miR-551b-5p were not 
investigated.

Conclusion
In conclusion, we propose the LINC00665/miR-551b-5p 
regulatory network that can mediate the progression 

of BC, which may be used as a target for cancer 
treatment.
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