
Regular paper
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Previous reports indicated that ong intergenic non-pro-
tein coding RNA 662 (LINC00662) plays a crucial role in 
several human cancers. Here, we studied the expression 
pattern of LINC00662 and explored its function in hu-
man breast cancer. The expression level of LINC00662 
was determined in human breast cancer cell lines and 
tissues by real-time quantitative polymerase chain reac-
tion (RT-qPCR). Cytoplasmic and nuclear RNA from MDA-
MB-157 cells were extracted to analyze the subcellular 
location of LINC00662. Moreover, the MTT assay, wound-
healing assay, colony-forming assay and transwell assay 
were employed in MDA-MB-157 cells to detect the effect 
of LINC00662 on cell apoptosis, invasion, migration and 
proliferation, respectively. LINC00662-specific miRNA 
and miRNA-gene axis were examined in a dual-lucif-
erase reporter assay and Western blot. We found that 
LINC00662 was overexpressed in both breast cancer cell 
lines and tissue compared to normal breast cell lines and 
healthy breast tissue. Analysis of subcellular localization 
revealed that LINC00662 was mainly found in the cyto-
plasm. Furthermore, LINC00662 silencing reduced cell 
viability and inhibited the proliferation, migration and 
invasion of MDA-MB-157 cells. Bioinformatics analysis 
predicted that LNC00662 binds to miR-497-5p. A series 
of studies confirmed that LINC00662 directly interacted 
with miR-497-5p and downregulated its expression in 
MDA-MB-157 cells. MiR-497-5p knockdown significantly 
reversed the inhibitory effect of shLINC00662. Moreover, 
egl-9 family hypoxia inducible factor 2 (EglN2) was veri-
fied as a target of miR-497-5p. Overall, our results dem-
onstrated that overexpression of LINC00662 accelerated 
the malignant growth of breast cancer cells via sponging 
miR-497-5p and upregulating EglN2 expression, and in-
dicate that targeting LINC00662 may represent a novel 
strategy for breast cancer therapy.
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INTRODUCTION

Breast cancer is the most common malignant tumor 
and the sixth leading cause of death from cancer among 
women around the world (Bray et al., 2018). In China, 
breast cancer ranks the third among female malignant 
tumors (Chen et al., 2016). In recent years, due to the 
continuous development of treatment technology and 
the popularization of cancer prevention measures, the 
incidence of breast cancer is on the decline. But glob-
ally, the number of new cases still continues to grow at 
a rate of about two million a year (Li et al., 2012). In 
western developed countries, breast cancer is the most 
common malignant tumor in women. With the continu-
ous progress of medicine, the 5-year survival of breast 
cancer patients can be improved with surgical treatment. 
However, the prognosis and long-term survival rate in 
breast cancer patients are still not ideal due to a vari-
ety of factors (Fasih et al., 2012). Therefore, it is urgently 
needed to develop an effective strategy to improve early 
detection of breast cancer. However, despite increasing 
reports on the molecular mechanisms of breast cancer 
development, still little is known about the exact molec-
ular mechanisms of breast cancer pathogenesis.

Long non-coding RNAs (lncRNAs) belong to a wider 
group of RNAs that do not code proteins. The length 
of lncRNAs is over 200 base pairs, which differenti-
ates them from the other non-coding RNAs (Qiu et al., 
2013). During the past few decades, a great amount of 
reports has shown that lncRNAs can act as scaffolds 
or sponges to modulate gene expression (Lalevee & 
Feil 2015), which allows them to play some vital roles 
in cell proliferation, differentiation or apoptosis (Xue et 
al., 2017; DiStefano 2018). Numerous studies (Lv et al., 
2019; Sun et al., 2019) have provided clear evidence that 
the aberrant lncRNA played an oncogenic or tumor-sup-
pressive roles in breast cancer and lncRNAs dysregula-
tion could serve as a potential prognostic and diagnostic 
biomarker for breast cancer, as well as a potential thera-
peutic target. Long intergenic non-protein coding RNA 
662 (LINC00662) was first identified in lung squamous 
cell carcinoma (Liu et al., 2017). Next, LINC00662 was 
observed in several other tumors, including lung cancer 
(Gong et al., 2018) and gastric cancer (Liu et al., 2018). 
The loss-of-function and gain-of-function strategies con-
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firmed the tumor-promoting roles of LINC00662 (Li et 
al., 2019).

LINC00662 has been studied as biomarker in several 
kinds of human tumors, but its involvement in breast 
cancer is still unknown. In the present study, we found 
that LINC00662 may play an important role as a poten-
tial oncogene in breast cancer. First, we show the func-
tion of LINC00662 in breast cancer cells. Then, with a 
series of experiments we demonstrate that LINC00662 
could upregulate EglN2 expression by sponging miR-
497-5p, indicating that LINC00662 may take part in the 
inactivation of the miR-497-5p-EglN2 pathway. Our re-
sults indicate t lncRNA LINC00662 is a new potential 
biomarker for breast cancer.

MATERIALS AND METHODS

Tissue samples. The present study was approved by 
the Ethics Committee of The First Affiliated Hospital 
of Wannan Medical College. A total of 47 breast can-
cer samples and 20 adjacent normal tissue samples were 
obtained from the patients. All cases were validated by 
histological examination for breast cancer according to 
World Health Organization criteria. The tissue specimens 
were formalin fixed immediately after surgical excision 
from patients. For clinical information on patients, see 
Table 1.

Cell lines. Human breast cancer cell lines (MDA-
MB-468, MCF-7 and MDA-MB-157) and human breast 

fibroblast cell line (CCD-1095Sk) were purchased from 
American Type Culture Collection (ATCC, Manas-
sas, VA, USA). MDA-MB-468 and MDA-MB-157 cells 
were cultured in Leibovitz’s L-15 Medium (Gibco, MA, 
USA) supplemented with 10% fetal bovine serum (FBS, 
Gibco). MCF-7 and CCD-1095Sk cells were cultured in 
Minimum Essential Medium (MEM, Gibco) supplement-
ed with 10% FBS.

Nuclear and cytoplasmic fractionation. Cytoplas-
mic and Nuclear RNA Purification Kit (Norgen Biotek 
Corp. Thorold, Canada) were used to extract the cyto-
plasm and nuclear RNAs from MDA-MB-157 cells. Af-
ter that, RT-qPCR was performed to measure the RNA 
expression levels.

Cell transfection. LINC00662 shRNA constructs 
were generated by inserting the LINC00662-targeting 
shRNA sequences into pENTR/U6 plasmids. The miR-
497-5p mimics, its inhibitor and corresponding negative 
controls (NC) were purchased from RiboBio (Guang-
zhou, China). Transfection of MDA-MB-157 cells was 
performed by using cell electroporation system operator 
H1 (Suzhou Etta Biotech Co. Ltd., Suzhou, China.) ac-
cording to the manufacturer’s manual. After transfection, 
the cells were seeded into appropriate cell culture plates 
for the further assays.

MTT assay. After transfection, MDA-MB-157 cells 
were seeded in 96-well plates at 5×103 per well, and 
cultured for the next 48 hours. An MTT assay was per-
formed to measure the cells viability. MTT powder was 
dissolved in phosphate-buffer saline (PBS) at 10 mg/mL 

Table 1 Relationship between LINC00662 and clinico-pathological parameters

Parameters Number of patients
LINC00662 expression

Low (<median) High (≥median) P value

Number 47 23 24

Age (years)

≥Mean (48) 25 13 12
0.654

<Mean (48) 22 10 12

Pathologic grade 

I 15 10 5
0.096

II–III 32 13 19

Clinical stage

I–II 32 19 13
0.037*

III 15 4 11

Lymph node status 

Metastasis 26 9 17
0.029*

No metastasis 21 14 7

HER2 status

Positive 26 13 13
0.871

Negative 21 10 11

ER status

Positive 26 12 14
0.671

Negative 21 11 10

PR status

Positive 23 10 13
0.464

Negative 24 13 11

*p<0.05
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as stock solution, and diluted to 1.0 mg/ml in the cell 
medium as working concentration. Briefly, 20 μl of MTT 
working solution was added to each well and the plates 
were incubated for 4 hours at 37°C. Then the medium 
was removed 200 μL of dimethyl sulfoxide (DMSO) was 
added to each well and the plate was shaken carefully. 
Finally, the absorbance at 570 nm was measured for 
each well using the Microplate Reader (ELX800, BIO-
TEK Instruments. INC). The effect of shNC on MDA-
MB-157 cells viability was assessed. Viability of the blank 
control was expressed as 100%.

Colony formation assay. Cell proliferation of trans-
fected MDA-MB-157 cells was measured with colony 
formation assay according to the method described 
by Horibata (Horibata et al., 2015). Briefly, the MDA-
MB-157 culture medium was replaced with growth me-
dium enriched in 0.3% agarose. Then the cell suspension 
was seeded into 0.7% agarose-precoated-6-well cell cul-
ture plates. After another 14 days culture, the cells were 
fixed and stained with 0.1% crystal violet. Finally, the 
colonies were counted under a light microscope.

Wound healing assay. To study the migration of 
MDA-MB-157 cells transfected with different reagents. 
the wound healing assay was performed as described in 
(Rodriguez et al., 2005) Briefly, 5×105 transfected MDA-
MB-157 cells were seeded into each well in a 6-well 
plate. When the cells were cultured to 90% confluence, a 
wound was made by a 100 μl size pipette tip. After an-
other 48 hours, the wound recovery area was evaluated 
under a light microscope.

Transwell assay. Transwell assay was performed to 
determine the invasive capacity of MDA-MB-157 cells 
according to the method established by Marshall (Mar-
shall 2011). Briefly, 3×104 transfected MDA-MB-157 
cells were seeded into the upper chamber of Matrigel-
precoated transwell and cultured in L-15 medium. The 
lower chamber contained 10% FBS growth medium. Af-
ter 48 hours of culture, the transwelled cells present in 
the lower chamber were fixed and stained with crystal 
violet. The pictures were taken under a light microscope. 
and individual cell colonies were counted.

Luciferase reporter assay. The Dual-Luciferase sys-
tem was generated by inserting the cDNA fragments 
containing the putative miR-497-5p binding site from 
LINC00662 or EglN2 3’-UTR into pmirGLO Dual-
Luciferase miRNA Target Expression Vectors (Promega, 
Madison, WI, USA). PmirGLO/LINC00662 or pmir-
GLO/ EglN2 3’-UTR constructs along with miR-497-
5p mimics were co-transfected into MDA-MB-157 cells, 
then the cells were seeded into a 24-well plate for about 
48 hours culture. Finally, the cells were lysed to measure 
the Dual-Luciferase Reporters’ luciferase activity accord-
ing to the manufacturer’s protocol.

RNA pull-down. Biotin RNA Labeling Mix (Roche 
Diagnostics, Indianapolis, IN, USA) was used for bioti-
nylating the LINC00662, LINC00662-MUT mimics and 
NC mimics, which were subsequently transfected into 
MDA-MB-157 cells. After about 48 hours culture. the 
cells were harvested to get the lysates. Next, streptavi-
din-coated magnetic beads were added to the lysates 
and incubated at 4°C for 3 hours. Then the beads were 
washed and bound RNAs was isolated using RNeasy 
Mini Kit (Qiagen). Finally, RT-qPCR was performed to 
measure the abundance of miRNA-497-5p in the bound 
RNA.

RT-qPCR analysis. Total RNA from the tissue sam-
ples and cultured cells was extracted using RNeasy Mini 
Kit (Qiagen, Dusseldorf, Germany). The miRNA was 
isolated using miRNeasy Mini kit (Qiagen). RNA was 

reverse transcribed using High Capacity cDNA Reverse 
Transcription kit (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) according to the manufacturer’s proto-
cols. PCR amplifications were performed using Power 
SYBR Green PCR Master Mix (Applied Biosystems) 
with the synthesized cDNA as the template. Primers of 
miR-497-5p, U6, EglN2 and GAPDH were as described 
in previous studies (Muratsu-Ikeda et al., 2012; Gong 
et al., 2018; Huang et al., 2019). The PCR primers for 
miR-497-5p were 5′-CCTTCAGCAGCACACTGTGG- 
3′ (forward) and 5’-CAGTGCAGGGTCCGAGGTAT-3′ 
(reverse); and those for U6 were 5′-CTCGCTTCG-
GCAGCACA-3′ (forward) and 5′-AACGCTTCAC-
GAATTTGCGT-3′ (reverse). The PCR primers for 
LINC00662 were 5′-ACACGCTTCTGAAACTGG-3′ 
(forward) and 5’-GTCAACATGGTGAAACCC-3′ (re-
verse). Primers for EglN2 were 5′-GGCGATCCCGC-
CGCGC-3′ (forward) And 5′-CCTGGGTAACACGCC 
-3′ (reverse). Primers for GAPDH were 5′-CGAGCCA-
CATCGCTCAGACA-3′ (forward) and 5′-GTGGTGAA-
GACGCCAGTGGA-3′ (reverse). The expression levels 
of EglN2 and LINC00662 were normalized to GAPDH, 
while miR-497-5p expression was normalized to U6 sn-
RNA. The expression levels were analyzed according to 
the 2-∆∆cq method.

Western blot. The cultured cells were harvested in 
lysis buffer and incubated on ice for 30 min. The su-
pernatant was collected by centrifugation with 15 000×g 
for 5 min at 4°C. Then the proteins (40 μg) were sepa-
rated on 12% SDS-PAGE and transferred onto PVDF 
membranes (Millipore) using a MiniGenie blotting sys-
tem (Bio-Rad). Next, the membranes were blocked for 
1 hour with TBST containing 1% skimmed milk powder 
and then incubated overnight at 4 °C with rabbit mono-
clonal antibodies against human EGLN2/PHD1 (1:1000; 
cat. no. ab108980; Abcam) or GAPDH (1:1000; cat. no. 
5174S; Cell Signaling Technology). Next, the membranes 
were washed with TBST and incubated with goat-anti-
rabbit secondary antibody (1:10000; cat. no. 14708S; Cell 
Signaling Technology). Finally, the protein bands on the 
membranes were visualized with an enhanced chemilu-
minescence (ECL) system. Densitometric analysis of the 
bands was done using The ImageJ (National Institutes of 
Health, Bethesda, MD).

Statistical Analysis. GraphPad Prism (Version 6.01 
for Windows) statistical software was used to perform 
statistical analysis. Student t tests were employed to iden-
tify the significant differences between groups. Statistical 
significance difference was set at p<0.05.

RESULTS

LINC00662 is overexpressed in breast cancer tissues 
and cell lines

To confirm whether LINC00662 takes part in breast 
cancer, we compared its expression level in breast tis-
sues with the expression level in adjacent normal tis-
sues from patients with breast cancer using RT-qPCR. 
The expression level of LINC00662 in different breast 
cancer cell lines was detected simultaneously. The results 
demonstrated that LINC00662 was significantly upregu-
lated in breast cancer tissues compared to the adjacent 
normal tissue (Fig. 1A). Similarly, LINC00662 level was 
significantly increased in MDA-MB-157, MDA-MB-468 
and MCF-7 cell lines compared with the control CCD-
1095Sk cell line (Fig. 1B). To explore the subcellular lo-
calization of LINC00662 in breast cancer cells, we de-
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termined its level in the cytoplasmic and nuclear RNA 
fractions of MDA-MB-157 cells. The results showed 
that LINC00662 was mainly located in the cytoplasm 
(Fig. 1C). These data confirm that LINC00662 is overex-
pressed in breast cancer.

LINC00662 promoted the proliferation, migration and 
invasion of breast cancer cells

Since LINC00662 was upregulated in breast cancer 
cell lines, we conducted further studies in MDA-MB-157 
cells as a cell model to explore biological function of 
LINC00662 in vitro. MDA-MB-157 cells were transfected 

Figure 1. Relative expression of LINC00662 in BC tissues and cell lines.
(A) RT-qPCR analysis was used to determine the relative expression of LINC00662 in breast cancer tissues (n=47) and adjacent normal 
tissues (n=20). The results were normalized to GAPDH expression. (B) Relative LINC00662 expression in four breast cancer cell lines and 
one normal human breast fibroblast cell line CCD-1095Sk. (C) After nuclei and cytosol separation, RNA expression levels were measured. 
GAPDH was used as a cytosol marker and U6 was used as a nucleus marker. Three independent experiments were performed. The graph 
shows the mean ± S.D. calculated for at least three experiments. **p<0.01.

Figure 2. LINC00662 knockdown inhibits proliferation, migration and invasion of MDA-MB-157 cells.
(A) RT-qPCR was used to assess the expression of LINC00662 in MDA-MB-157 cells transfected with different shLINC00662or shNC 
RNA. MTT assay (B), colony formation assay (C), wound healing assay (D), and transwell assay was (E), were performed to assess the 
viability, colony formation, migration and invasion of MDA-MB-157 cells transfected with shLINC00662-2# (hereinafter referred to as 
shLINC00662) or shNC. Three independent experiments were performed. The graphs show the mean ± S.D. of at least three experi-
ments. * p<0.05, **p<0.01.
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with shLINC00662-1#, shLINC00662-2# or shNC. RT-
qPCR showed that both shLINC00662 RNAs significantly 
downregulated the expression of LINC00662 in MDA-
MB-157 cells, with shLINC00662-2# (hereinafter referred 
to as shLINC00662) causing the maximum decrease in 
LINC00662 expression (Fig. 2A, p<0.01). MTT assay 
showed that shLINC00662 remarkedly reduced the viabil-
ity of MDA-MB-157 cells as compared to shNC (Fig. 2B, 
p<0.01). Next, a colony formation assay was applied to 
evaluate the effect of LINC00662 on cell proliferation. As 
show in Fig. 2C, the decreased expression of LINC00662 
led to a significant reduction in MDA-MB-157 cell prolif-
eration (p<0.05). Subsequently, the effect of LINC00662 
on cell invasion and migration was examined using wound 
healing assay and transwell assay. The wound healing as-
say showed that the reduced level of miR-497-5p remark-
ably repressed the migratory ability of MDA-MB-157 cells 
compared to the control (Fig. 2D, p<0.05). The transwell 
assay showed that shLINC00662 markedly inhibited the 
invasion of MDA-MB-157 cells compared to shNC (Fig. 
2E, p<0.05). Taken together, these findings demonstrate 
that LINC00662 promotes breast cancer cells prolifera-
tion, migration and invasion in vitro.

LINC00662 regulated miR-497-5p expression via direct 
interaction

Since one way lncRNAs regulates gene expression is 
to act as a miRNA sponge, we employed bioinformat-
ics analysis to predict the potential miRNAs targets of 
LINC00662. The result showed one of the potential 
targets was miR-497-5p (Fig. 3A). Then, dual-luciferase 
reporter assay was performed to verify this relation-
ship, and the results indicated that miR-497-5p mimic 
significantly downregulated the luciferase activity of the 
LINC00662-wt reporter vector(Fig. 3B). In addition, the 
downregulation of the luciferase activity of LINC00662 

reporter vector was abrogated when the predicted bind-
ing site was mutated (Fig. 3B). The results of RNA 
pull-down assay indicated that LINC00662 directly inter-
acted with miR-497-5p in MDA-MB-157 cells (Fig. 3C). 
Moreover, our results show that LINC00662 knockdown 
upregulated miR-497-5p expression in MDA-MB-157 
cells (Fig. 3D). Overall, these results demonstrated that 
LINC00662 directly interacted with miR-497-5p and in-
fluences its expression in breast cancer cells.

MiR-497-5p regulated EglN2 expression in MDA-MB-157 
cells

We next explored the target genes of miR-497-5p. Bio-
informatics analysis showed that one of the target genes 
of miR-497-5p was EglN2 (Fig. 4A). We performed a 
dual-luciferase reporter assay to verify this interaction. 
The result indicated that the overexpression of miR-497-
5p significantly downregulated EglN2-wt reporter vector’s 
luciferase activity (Fig. 4B, p<0.01). Meanwhile, overex-
pression miR-497-5p with a mutation within the predicted 
LINC00662 binding site did not influence luciferase activ-
ity of the EglN2 reporter vector (Fig. 4B). We determined 
the expression level of EglN2 in breast cancer tissues and 
adjacent normal tissues from breast cancer patients with 
RT-qPCR. The results demonstrated that EglN2 was sig-
nificantly upregulated in breast cancer tissues compared 
to adjacent normal tissues (Fig. 4C). Notably, the expres-
sion level of EglN2 was positively associated with the ex-
pression level of LINC00662 in breast tissues (Fig. 4D, 
r=0.6397, p<0.001). These data confirmed that miR-497-
5p could regulate EglN2 expression in breast cancer.

Knockdown of miR497-5p reversed the effect of 
LINC00662 knockdown in MDA-MB-157 cells

To confirm the interaction of miR497-5p and 
LINC00662 in breast cancer, we co-transfected MDA-

Figure 3. MiR-497-5p is a direct target of LINC00662.
(A) StarBase was employed to predict the target microRNA regulated by LINC00662. Binding region between miR-497-5p and LINC00662 
was predicted, and a LINC00662-mut sequences were constructed. (B) The luciferase reporter constructs containing the wild type 
(LINC00662-wt) or mutant LINC00662 (LINC00662-mut) sequences were co-transfected into MDA-MB-157 cells with miR-497-5p mimic or 
the corresponding negative control (NC mimic), followed by detecting of the relative luciferase activity. (C) An RNA pull-down assay was 
performed using biotinylated LINC00662-probe, LINC00662-mut-probe or NC-probe, and the level of miR-497-5p was measured with RT-
qPCR. (D) RT-qPCR analysis was used to determine the expression of miR497-5p in MDA-MB-157 cells transfected with shLINC00662-2# 
or shNC. Three independent experiments were performed. The graph shows the mean ± S.D. calculated for at least three experiments. 
**p<0.01.
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MB-157 cells with shLINC00662 or shNC along with 
miR-497-5p inhibitor or its negative control (NC in-
hibitor). RT-qPCR showed that miR-497-5p was signifi-
cantly up-regulated in the cells co-transfected with sh-
LINC00662 and NC inhibitor (p<0.01), while miR-497-
5p was significantly down-regulated in the cells co-trans-
fected with shNC and miR-497-5p inhibitor, as com-
pared to the control cells co-transfected with shNC and 
NC inhibitor (p<0.01). However, co-transfection of sh-
LINC00662 along with miR-497-5p inhibitor remarkedly 
lowered the expression of miR-497-5p compared to the 
cells co-transfected with shLINC00662 and NC inhibi-
tor (p<0.01), but still, miR-497-5p expression level was 
similar to the control cells co-transfected with shNC and 
NC inhibitor (Fig. 5A). MTT assay showed that transfec-
tion of shLINC00662 along with miR-497-5p inhibitor 
markedly improved the viability of MDA-MB-157 cells 
compared with the shLINC00662 and NC inhibitor co-
transfection (Fig. 5B, p<0.05). A colony formation assay 
was applied to further evaluate the effect of miR-497-5p 
on cell proliferation. As shown in Fig. 5C, downregula-
tion of miR-497-5p led to a significant increase in the 
proliferation of the MDA-MB-157 cells with LINC00662 
knockdown (p<0.05). Furthermore, the wound healing 
assay showed that downregulation of miR-497-5p re-
markably improved the migration ability of the MDA-
MB-157 cells with LINC00662 knockdown, as compared 
to the cells co-transfected with shLINC00662 and NC 
inhibitor (Fig. 5D, p<0.05). Similarly, the transwell assay 
showed that the downregulation of miR-497-5p mark-
edly improved the invasion of MDA-MB-157 cells with 
LINC00662 knockdown (Fig. 5E, p<0.05). Western blot 
showed that LINC00662 knockdown was enough to 
decrease the expression level of EglN2 in the MDA-
MB-157 cells. However, the expression level of EglN2 

was upregulated by miR-497-5p inhibitor, as the level 
of EglN2 in the miR-497-5p knockdown cells both co-
transfected with shLINC00662 or shNC was significantly 
higher than the miR-497-5p negative control cells co-
transfected with shLINC00662 (Fig. 5F, p<0.05). Taken 
together, these results demonstrated that the knockdown 
of miR497-5p reversed the effect of LINC00662 knock-
down in MDA-MB-157 cells.

DISCUSSION

Breast cancer is one of the most common and aggres-
sive malignancies among women around the word. Both 
the incidence and mortality from breast cancer rank first 
among all cancers in women across 20 world regions 
(Bray et al., 2018). To reduce the harm of breast cancer 
to women, prevention strategies such as weight control, 
high-quality screening and diagnosis have been suggested 
(Zeng et al., 2014). As it is a multifactorial disease, many 
molecular changes associated with this cancer have been 
extensively studied in the past (Bertoli et al., 2015; Lou 
et al., 2018; Leithner et al., 2019; Pasha et al., 2019). In 
the present research, we demonstrated that LINC00662 
was up-regulated in breast cancer tissues and cell lines. 
Knockdown of LINC00662 dramatically inhibited the 
proliferation, migration and invasion of MDA-MB-157 
cells in vitro. This preliminary research indicated that 
LINC00662 might be a promising candidate in breast 
cancer diagnosis and therapy.

Increasing evidence indicates that dysregulation of 
lncRNAs plays an important role in tumorigenesis and 
metastasis in human cancer (Han et al., 2019; Sun et 
al., 2019). In breast cancer, several lncRNAs have been 
identified as indicators for patients’ prognosis. For ex-

Figure 4. EglN2 is a target gene of miR-497-5p.
(A) StarBase was employed to predict the target genes regulated by miR49-5p. Binding region between miR-497-5p and EglN2 was pre-
dicted, and an EglN2-mut sequence was designed. (B) The luciferase reporter constructs containing the wild type (EglN2-wt) or mutant 
EglN2 (EglN2-mut) sequences were co-transfected into MDA-MB-157 cells with miR-497-5p mimic or the corresponding negative control 
(NC mimic), followed by the detection of the relative luciferase activity. (C) RT-qPCR analysis was used to detect the expression level of 
EglN2 in breast cancer tissues (n=47) and adjacent normal tissues (n=20). The results were normalized to GAPDH expression. (D) The 
association between the levels of LINC006622 and EglN2 was analyzed with Spearman’s rank correlation test. Three independent experi-
ments were performed. The graph shows the mean ± S.D. calculated for at least three experiments. **p<0.01.
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amples, lncRNA AP000924.1, AC091043.1 and FOX-
CUT were reported to have strong diagnostic values for 
predicting the existence of human triple-negative breast 
cancer (TNBC), as they were upregulated in TNBC (Fan 
et al., 2019). Circulating long noncoding RNA GAS5 
was reported to have the potential to be used for as-
sessing the surgical effects and prognosis for breast can-
cer patients (Han et al., 2016). In the present research, 
we demonstrated that LINC00662 expression level was 
significantly higher in breast cancer tissues and cell lines 
(MDA-MB-157, MDA-MB-468 and MCF-7) compared 
to the adjacent normal tissue and human breast fibro-
blast cell line (CCD-1095Sk).

LINC00662 was first reported in lung squamous 
cell carcinoma (Liu et al., 2017). After that, the role of 
LINC00662 was studied in several other tumors. In lung 

cancer H1299 and A549 cell lines, LINC00662 could in-
fluence cell invasion, metastasis and cancer stem cell-like 
phenotypes, (Gong et al., 2018). In gastric cancer cells, 
the knockdown of LINC00662 increased the chemo-
sensitivity and decreased GC cell proliferation (Liu et al., 
2018). Our study demonstrated that LINC00662 knock-
down could inhibit the proliferation, migration and inva-
sion of breast cancer cells (MDA-MB-157).

Increasing evidence suggests that lncRNAs could play 
a role of miRNA sponges to downregulate the activity 
of target miRNAs in many cancers (Li et al., 2019; Liao 
et al., 2019). LINC00662 has been reported to serve as 
a microRNA-340-5p sponge in acute myeloid leukemia 
cells (Liu et al., 2019). Here, bioinformatic analysis iden-
tified miR497-5p as the target miRNAs of LINC00662, 
as they have complementary binding sites.. The binding 

Figure 5. Knockdown of miR497-5p reversed the effect of LINC00662 knockdown in MDA-MB-157 cells.
shLINC00662 or shNC along with miR-497-5p inhibitor or NC inhibitor were co-transfected into MDA-MB-157 cells. After transfection, the 
cells were seeded into appropriate cell culture plates for further assays. (A) RT-qPCR was used to assess the expression of miR497-5p. 
MTT assay (B), colony formation assay (C), wound healing assay (D), and transwell assay (E) were performed to assess the viability, colony 
formation, migration and invasion of the MDA-MB-157 cells. (F) Western blot analysis was performed to measure the expression level 
of EglN2 in the MDA-MB-157 cells. Three independent experiments were performed. The graph shows the mean ± S.D. calculated for at 
least three experiments. *p<0.05, **p<0.01.
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sites of miR-497-5p were also found in the 3’-UTR of 
EglN2, and they were validated with the luciferase assay.

A previous study has shown that miR-497-5p was 
downregulated in human non-small-cell lung cancer tis-
sues and cell lines, and indicated that miR-497-5p could 
inhibit tumor cell growth and invasion by inhibiting the 
expression of SRY-box transcription factor 5 (Li et al., 
2019). Similarly, miR-497–5p was remarkably downregu-
lated in the clinical cancer samples as well as in colo-
rectal cancer cell lines, and it targets protein tyrosine 
phosphatase non-receptor type 3 (PTPN3) to inhibit cell 
proliferation and migration (Hong et al., 2019). Most im-
portantly, an independent study has shown that miR-497 
was downregulated in breast cancer cells (Li et al., 2019). 
As a prolyl hydroxylase, EGLN2 participates in suppres-
sion of mammary gland proliferation in vivo (Zhang et al., 
2009). Besides that, EglN2 could positively regulate mi-
tochondrial function through interaction with NRF1 and 
PGC1alpha in breast cancer (Zhu et al., 2016). With the 
regulation of long non-coding RNA NORAD- MIR-205 
axis, EglN2 could promote invasion and migration in 
malignant melanoma (Chen et al., 2019). We found that 
LINC00662 can downregulate the expression of miR-
497–5p via direct interaction and upregulate the expres-
sion of EglN2 in MDA-MB-157 cells. At the same time, 
we found that miR-497–5p decreased the expression of 
EglN2 and reversed the effect of LINC00662 knock-
down in MDA-MB-157 cells.

In summary, the present study provides evidence that 
LINC00662 modulates miR-497–5p / EglN2 pathway 
to facilitate breast cancer progression. Our data suggests 
that LINC00662- miR-497–5p - EglN2 signal axis may 
provide a new therapeutic target for breast cancer pre-
vention.
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