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Abstract: Objective: To investigate the specific roles of linc00662 and miR-199a-5p in bladder cancer (BC). Meth-
ods: A total of 104 cases of BC tissues and 52 cases of normal para-cancerous tissues were included to detect the 
expression of linc00662 and miR-199-5p by real-time quantitative PCR. The expression of linc00662 and miR-199a-
5p in BC cells T24 was regulated to observe the changes in apoptosis, proliferation, adhesion, invasion, and migra-
tion. The nude mice bearing a BC cell transplanted xenograft was constructed, and the expression of linc00662 in 
rats was regulated. Tumor size and quality were observed within 24 days. The relationship between linc00662 and 
patients’ survival was observed. The targeting relationship between linc00662 and miR-199a-5p was verified by 
dual luciferase reporter gene assay. Results: Linc00662 was enhanced and miR-199a-5p was decreased in BC pa-
tients. Linc00662 targeted and negatively regulated the expression of miR-199a-5p. Down-regulation of linc00662 
could reduce proliferation, migration, invasion, and adhesion activities of BC cells, but enhance the apoptosis. 
Down-regulation of miR-199a-5p counteracted the cell biological changes caused by linc00662. Down-regulating 
linc00662 cinduced the expression of miR-199a-5p in BC and suppressed tumor growth. Conclusion: Linc00662 
plays an oncogenic role in BC by sponging miR-199a-5p.

Keywords: Bladder cancer, linc00662, miR-199a-5p, oncogene

Introduction

BC (bladder cancer) is the tenth most perva- 
sive cancer in the world and the second most 
pervasive in the urinary tract [1]. According to 
statistics, approximately 550,000 patients we- 
re diagnosed with BC in 2018 [2]. Worldwide, 
the incidence of BC in men is four times higher 
than that in women [3]. BC is a heterogeneous 
disease, challenging in diagnosis, therapy, and 
prognosis [4]. Non-coding RNAs have attracted 
more and more attention in tumor research 
because of their regulatory role and evaluation 
value. MicroRNA (miRNA) and long-chain non-
coding RNA (lncRNA) are the main types of  
non-coding RNA.

miRNA, a non-coding RNA, can participate in 
the operation of cell biologic functions by regu-
lating target genes, while abnormally express- 
ed miRNA may participate in the formation, 
growth, metastasis, and invasion of malignan- 

cy as oncogenes or tumor suppressor genes 
[5]. Abnormally expressed miRNAs are widely 
found in BC tissues, urine and blood samples, 
and they are closely related to the pathologic 
characteristics and chemical sensitivity of BC 
[6]. miR-199a-5p is a mature splice variant of 
miR-199a, that plays a role as gene epigenetic 
regulator in a variety of diseases. Chen et al.  
[7] believe that the imbalance of miR-199a-5p 
in TNBC (triple negative breast cancer) is 
involved in regulating epithelial-mesenchymal 
transition and cell stemness. Wang et al. [8] 
have revealed that miR-199a-5p suppresses 
the excessive proliferation of hemangioma  
cells by down-regulating the HIF1A gene. miR-
199a-5p may be an inhibitor in the progression 
of BC. Zhou et al. [9] have proposed that the 
down-regulation of miR-199a-5p causes malig-
nant metastasis of BC cells. In addition, miR-
199a-5p may inhibit the formation and growth 
of malignant tumors through the MLK3/NF-κB 
pathway [10]. Although studies have revealed 
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the role of miR-199a-5p in BC, its value in BC is 
still uncertain.

LncRNA can bind to the target gene through 
3’-UTR, thus regulating the target gene. The 
downstream target gene of lncRNA can be 
either miRNA or mRNA. Generally, the targeted 
regulation between lncRNA and miRNA is re- 
ferred as sponging. LncRNA is involved in ch- 
romatin remodeling, transcription process and 
post-transcriptional regulation. LncRNA is in- 
volved in chromatin remodeling, transcription 
process, and post-transcriptional regulation, 
and plays an indispensable role in carcinoma 
[11]. Linc00662 is an important member of the 
long-chain non-coding RNA family, that plays a 
vital role in the development and progression 
of liver carcinoma, gastric carcinoma, and pros-
tate carcinoma [12-14]. Recent studies have 
shown that linc00662 is highly expressed in  
BC and has a ceRNA (competing endogenous 
RNAs) relationship with miR-199-5p [15]. It is 
unclear whether linc00662 can regulate miR-
199-5p in BC.

In this study, 104 cases of BC tissues and 52 
cases of normal para-cancerous tissues were 
included, and the expression of linc00662 was 
detected by real-time quantitative PCR. The 
results showed that linc00662 was abnormally 
up-regulated in BC tissues, and the 3-year sur-
vival rate of patients with high expression of 
linc00662 was obviously worse than that of 
patients with low expression of linc00662. This 
suggests that linc00662 may be related to the 
development and progression of BC. At the 
same time, it was found that miR-199a-5p 
might be a downstream target gene of linc- 
00662 through the bioinformatics tool. There- 
fore, this study was designed to investigate the 
specific role of linc00662 and miR-199a-5p in 
the progression of BC.

Methods

Inclusion and exclusion criteria of BC

A total of 104 cases of BC (bladder cancer) tis-
sues and 52 cases of normal para-cancerous 
tissues were collected.

Inclusion criteria: The patient was diagnosed 
with BC according to frozen section or patho-
logical examination.

Exclusion criteria: The patient was accompa-
nied by tumors other than BC. The patient had 
a history of radiotherapy and chemotherapy or 
surgical resection of BC. The patient also had 
other chronic bladder diseases.

In the study, all participants provided their 
informed consent, and this research was rati-
fied by the hospital ethics committee. Tissue 
samples were sliced and stored at -80°C for 
testing. In this research, all patients were fol-
lowed up by telephone and electronic patholo-
gy review in the outpatient department. They 
were followed up every 3 months in the first 
year and every 4 months in the second and 
third years.

Cell culture and transfection

Human BC cell strains 5637 and T24 were ob- 
tained from American Type Culture Collection 
(ATCC) and cultivated in Dulbecco’s modified 
eagle medium (DMEM) medium comprising 
10% fetal bovine serum and 1% streptomycin-
penicillin. This was cultured in an incubator at 
37°C and 5% CO2 until it grew well. Cell trans-
fection: The cells were inoculated into 6-hole 
plates at 1 × 105 cells/hole. Cell strains were 
transfected with Lipofectamine 3000 trans- 
fection kit (Invitrogen, USA). The procedure fol-
lowed the kit specifications. After transfection 
for 8 h, the fresh medium was replaced. The NC 
Small interfering RNA (siRNA, 5’-CCTAGGCGTA- 
CAACGCTAA-3’), NC mimics (5’-CCCAGUGUUC- 
AGACUACCUGUUC-3’), NC inhibitor (5’-CAGU- 
ACUUUUGUGUAGUACAA-3’), linc00662 siRNA 
(5’-CCTGCAGGCGTACAACTAA-3’), miR-199a-5p 
mimics (5’-CCCAGUGUUCAGACUACCUGUUC-3’) 
and miR-199a-5p inhibitor (5’-GAACAGGUAG- 
UCUGAACACUGGG-3’) plasmids were purchas- 
ed from Solarbio company.

Tumor formation of BC in nude mice

T24 cells (1 × 105) stably expressing sh-linc- 
00662 were injected subcutaneously into the 
right side of 4-week-old male nude mice. T24 
cells (1 × 105) were injected subcutaneously 
into the left side of nude mice as negative con-
trol. The tumor size (0.5 × length × width2) of 
mice was measured every 7 days for 21 days, 
and then every 3 days. After inoculation for 4 
weeks, the mice were killed, and the tumors 
were removed and photographed. A 4% para-
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formaldehyde solution was used to immobilize 
for immunohistochemistry. All animal studies 
were ratified by the hospital ethics committee.

Adhesion experiment

Cell adhesion detection kit (BestBio, Nanjing, 
China) was used to detect the adhesion of BC 
cells. First, the 96-hole plates were taken out, 
and the coating solution was added into the 
holes with the specification of 100 μL per hole 
for 2-8°C overnight. Then, the cells were inocu-
lated at 5 × 104 per hole, and cultured at 37°C 
in 5% CO2 for 1 hour. Finally, the dye solution 
was added to the plate at 10 μL per hole, and 
the cells were cultured at 37°C in 5% CO2 for 30 
min. The absorbance value was detected at the 
peak of 450 nm, and the cell adhesion rate was 
calculated. Cell adhesion rate = (absorbance of 
the hole in the experimental group - blank hole 
absorbance)/(absorbance of the hole in the 
control group - blank hole absorbance) × 100%.

Cell invasion and migration experiment

The cells (2 × 104 cells/hole) were inoculated in 
the upper Transwell chamber (200 μL of mixed 
solution comprising 10% fetal bovine serum 
and 1% DMEM medium was added into the 
upper chamber in advance), and DMEM medi-
um (comprising 10% fetal bovine serum, with a 
total volume of 500 μL) was added into the 
lower chamber. The migration pool was cul-
tured in 5% CO2 at 37°C for 24 h, and then the 
liquid in the upper chamber was removed and 
the parietal cell was wiped off. Cells in the tran-
swell chamber were fixed with 4% paraformal-
dehyde for 20 min. The cells were stained wi- 
th crystal violet for 15 min, and the Transwell 
chamber was washed with PBS buffer solution. 
The photographs of cell migration were collect-
ed under a 200-fold microscope, and the num-
ber of cells was calculated by randomly select-
ing three fields of vision. Next, the average 
value was calculated as the number of trans-
membrane cells. The experiment was redupli-
cated three times. Invasion: on the basis of the 
above steps, 8% matrigel was placed, and the 
number of cells per well was increased to 5 × 
104.

Cell proliferation experiment

4-hole plates were taken out. Then, BC cells 
were inoculated into 24-hole plates, and cul-

tured in 5% CO2 at 37°C. Next, one-hole plate 
was taken out every 24 h, and the cells we- 
re dyed with 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) reagent kit. 
Finally, the absorbance of the sample was 
detected at the peak of 570 nm by spectropho-
tometer, and the cell proliferation activity was 
assessed by the absorbance value.

Apoptosis experiment

The apoptosis of BC cells was detected by 
Annexin V-FITC/PI fluorescence double staining 
cell apoptosis detection kit (Procell, Wuhan, 
China) and flow cytometry (BD Biosciences, 
USA). First, the cell suspension was prepared 
and centrifuged for 5 min, and then the super-
natant was discarded. Then, 1 × Annexin V 
Binding buffer (500 μL), Annexin V-FITC (5 μL) 
and propidium iodide (5 μL) were added in 
sequence and cultured for 20 min at ambient 
temperature in the dark. Finally, the apoptosis 
rate was analyzed by flow cytometry and Cell- 
Quest (BD Biosciences).

Real-time quantitative PCR

Tumor tissue samples were milled and prepar- 
ed into homogenate before real-time quantifi-
cation of linc00662 and miR-199a-5p expres-
sion. The cancer cells in each group were pre- 
pared into cell suspension. Total RNA in sam-
ples was extracted by Trizol reagent, and its 
RNA purity was detected by ultraviolet spectro-
photometer. Then, the samples with proper 
purity were selected as subsequent quantita-
tive objects. The fluorescence of linc00662 
and miR-199a-5p was quantified by TaqMan 
One Step RT-qPCR kit (Solarbio, Beijing, China), 
and the primers were constructed by Solarbio 
company. The reaction system and program 
settings were referenced from the kit speci- 
fications. After obtaining Ct values, the expres-
sion level was standardized by 2-ΔΔCt method. 
GAPDH was used as lncRNA and mRNA con- 
trol and U6 as miRNA control. Linc00662 up- 
stream primer was 5’-TGGACATCTGTCTGGAGG- 
3’, and downstream primer was 5’-GGCTGAG- 
GCATAAGAATCG-3’. miR-199a-5p upstream pri- 
mer was 5’-GCCAAGCCCAGTGTTCAGAC-3’, and 
downstream primer was 5’-GTGCAGGGTCCGA- 
GGTATTC-3’. GAPDH upstream primer was 5’- 
CGACTTATACATGGCCTTA-3’, and downstream 
primer was 5’-TTCCGATCACTGTTGGAAT-3’. U6 
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upstream primer was 5’-CTCGCTTCGGCAGCA- 
CA-3’, and downstream primer was 5’-AACG- 
CTTCACGAATTTGCGT-3’.

Western blot

The cell sample to be detected was prepared 
into cell suspension, and RIPA lysis buffer was 
used to lyse the cells for 20 min. After centrifu-
gation, the precipitate was discarded, and the 
supernatant was obtained. BCA protein kit was 
used to detect the protein concentration in the 
supernatant, and the sample volume was cal-
culated according to the protein concentration. 
Separation gel and concentrated gel were pre-
pared before electrophoresis. The total pro-
teins were isolated by SDS-PAGE (SolarBio) 
electrophoresis at 90 V constant pressure for 
45 min, followed by 110 V constant pressure 
for 60 min. The gel was carefully taken down 
and moved to the film transfer clip. The film  
was transferred to an ice bath at 100 V for 1 h. 
After the film transfer, the sealing solution was 
added for 2 h. After that, the antibodies of the 
protein to be detected and the internal refer-
ence protein were added and cultured over-
night at 4°C. After washing with PBS solution, 
the second antibody was supplemented and 
cultured for 1 h at ambient temperature. Final- 
ly, PBS solution was used to clean the transfer 
film, and ECL luminescent agent was used to 
visualize the protein bands on the film. The  
strip was analyzed by Bio-Rad gel imaging sys-
tem. The internal reference protein was GAP- 
DH protein. E-cadherin (ab40772, 1:1000), N- 
cadherin (ab76011, 1:1000), β-catenin (ab32- 
572, 1:5000), Bax (ab32503, 1:1000), Bcl-2 
(ab32124, 1:1000), Caspase 3 (ab32150, 
1:1000) and Cleaved Caspase 3 (ab32042, 
1:1000) were the proteins to be detected. The 
above protein antibodies were all from Abcam. 
Caspase 9 (mAb 9508, 1:1000) and Cleaved 
Caspase 9 (mAb 9508, 1:1000) were from Cell 
Signaling Technology.

Statistics and analysis

The results of all experimental indicators were 
in the form of mean ± standard deviation (Mean 
± SD). K-S test was used to verify the normal 
distribution of experimental results. The data 
between the two groups were compared by 
independent sample T-test. The data between 

multiple groups were compared by one-way 
ANOVA followed with Dunnett-t test. The confi-
dence interval used in this paper was 95%. 
P<0.05 indicated a statistical difference.

Results

Expression of linc00662 and miR-199a-5p in 
BC

In this research, 104 cases of BC tissues were 
included, including 43 cases of stage I/II BC  
tissues and 61 cases of III/IV BC tissues. 
Another 52 cases of normal para-cancerous 
tissues were selected as control. Figure 1 
shows that linc00662 was enhanced in BC tis-
sues, and the expression of linc00662 in stage 
III/IV tumor was higher than that in stage I/II 
tumor. However, miR-199a-5p was decreased 
in BC, and its expression in stage III/IV tumor 
was lower than that in stage I/II tumor. The 
results showed poor 3-year survival outcomes 
in patients with low expression of miR-199a-5p 
and high expression of linc00662. In addition, 
by analyzing the relationship between linc- 
00662, miR-199a-5p and clinical data, it was 
found that patients with high expression of 
linc00662 and low expression of mir-199a-5p 
had high TNM stage and increased probability 
of lymph node metastasis (Table 1). The above 
results indicated that up-regulated linc00662 
and down-regulated miR-199a-5p might be in- 
volved in the progression of BC.

miR-199a-5p was the downstream target gene 
of linc00662

In this research, Pearson analysis was used  
to study the internal relationship between linc- 
00662 and miR-199a-5p in 104 patients with 
BC. The results revealed that there was a nega-
tive correlation between linc00662 and miR-
199a-5p. The two base sequences were com-
pared by Starbase3.0, and the results unco- 
vered that there was a binding site between 
miR-199a-5p in the 3’-UTR of linc00662. The- 
refore, the linc00662 mutant was constructed 
according to this prediction site, and the target-
ing relationship between the two was verified 
by RNA co-immunoprecipitation method and 
dual luciferase reporter gene assay using the 
linc00662 wild type as the control. The results 
indicated that miR-199a-5p could be enrich- 
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Table 1. Relationship between Linc00662 and miR-199a-5p and clinical data of patients with blad-
der cancer

Factor
Linc00662

P
miR-199a-5p

P
High expression Low expression High expression Low expression

Age 0.311 0.156
    ≥60 years old (n=65) 35 30 29 36
    <60 years old (n=39) 17 22 23 16
Gender 0.152 0.539
    Male (n=67) 30 37 35 32
    Female (n=37) 22 15 17 20
Tumor stage 0.001 0.001
    I/II (n=43) 15 28 30 13
    III/IV (n=61) 37 24 22 39
Lymph node metastasis 0.039 0.010
    Metastasis (n=79) 44 35 34 46
    Non-metastasis (n=25) 8 17 18 7
Tumor size 0.676 0.403
    ≥3 cm (n=70) 36 34 33 37
    <3 cm (n=34) 16 18 19 15

Figure 1. Expression of linc00662 and miR-199a-5p in bladder cancer (BC). A. Linc00662 was up-regulated in BC 
tissues (Normal =52, Tumor =104). B. The expression of linc00662 was the highest in stage III/IV BC tissues (Nor-
mal =52, Stage I/II =43, Stage III/IV =61). C. The overall 3-year survival outcome of patients with high expression of 
linc00662 was worse than that of patients with low expression of linc00662 (Low =52, High =52). D. miR-199a-5p 
was down-regulated in BC tissues (Normal =52, Tumor =104). E. The expression of miR-199a-5p was the lowest 
in stage III/IV BC tissues (Normal =52, Stage I/II =43, Stage III/IV =61). F. The overall 3-year survival outcome of 
patients with low expression of miR-199a-5p was worse than that of patients with high expression of miR-199a-5p 
(Low =52, High =52).

ed on linc00662 by predicting sites, and linc- 
00662 could negatively regulate miR-199a-5p. 
The above results revealed that miR-199a-5p 

was the downstream target gene of linc00662 
and it was negatively regulated by it. Detailed 
results are shown in Figure 2.
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Figure 2. miR-199a-5p is a downstream target gene of linc00662. A. Starbase3.0 database predicted that miR-
199a-5p was a target gene of linc00662. B. The relative luciferase activity decreased when linc00662 wt was co-
transfected with miR-199a-5p mimics (n=3). C. miR-199a-5p was enriched on linc00662 (n=3). D. Linc00662 was 
negatively correlated with miR-199a-5p in BC (n=3). *P<0.05; ns means P>0.05.

Linc00662 promoted migration and invasion 
of BC cells through sponging miR-199a-5p

Cell migration and invasion are important basis 
for cancer cell metastasis. In this part, the reg-
ulatory effects of linc00662 and miR-199a-5p 
on cell migration and invasion were studied, 
and the results are shown in Figure 3. The 
down-regulation of linc00662 resulted in the 
up-regulation of miR-199a-5p, which was offset 
by miR-199a-5p in this research. The down-
regulation of linc00662 resulted in the de- 
crease of cell migration and invasiveness, and 
the down-regulation of miR-199a-5p could co- 
unteract this trend. Cell adhesion is an impor-
tant condition for cell migration and invasive-
ness. Down-regulation of linc00662 decreased 
cell adhesion activity, while down-regulation of 
miR-199a-5p offset this change. E-cadherin, 
N-cadherin and β-catenin are important protein 
molecules in cell invasion and migration. Down-
regulation of linc00662 could lead to the up-
regulation of E-cadherin and the down-regula-
tion of N-cadherin and β-catenin, while miR- 
199a-5p could counteract this process. The 
above results indicated that linc00662 pro- 
moted the migration and invasion of BC cells 
through miR-199a-5p.

Linc00662 regulated apoptosis and prolifera-
tion of BC cells through miR-199a-5p

Apoptosis and proliferation are prerequisites 
for malignant expansion of BC cells. Thus, the 
regulatory effects of linc00662 and miR-199a-
5p on cell proliferation and apoptosis were 
studied, and the results are shown in Figure 4. 
The down-regulation of Linc006662 could  
lead to the decrease of cell proliferation and 
the increase of apoptosis, while miR-199a-5p 
could counteract these changes. Caspase 3, 
Caspase 9, Bax and Bcl-2 proteins are impor-
tant proteins for apoptosis and proliferation. 
Down-regulation of linc00662 could lead to 
increased cleavage of Caspase 3 and Caspase 
9, up-regulation of Bax protein and down-regu-
lation of Bcl2 protein, but down-regulation of 
miR-199a-5p could offset this change. The 
above results indicated that linc00662 sup-
pressed apoptosis and promoted cell prolifera-
tion through sponging miR-199a-5p.

Linc00662/miR-199a-5p axis regulated the 
formation and growth of BC in vivo

In these experiments, the regulating effect of 
linc00662/miR-199a-5p axis on BC in vivo was 
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Figure 3. Linc00662 regulated the migration and invasion of BC cells through miR-199a-5p. A. Down-regulation 
of linc00662 led to the up-regulation of miR-199a-5p, which could be offset by a miR-199a-5p inhibitor (n=3). B. 
Down-regulation of linc00662 caused an up-regulation of E-cadherin protein, and the down-regulation of N-cadherin 
and β-catenin protein, while the down-regulation of miR-199a-5p could offset this change (n=3). C. Down-regulation 
of miR-199a-5p could offset the decrease of cell migration and invasion caused by down-regulation of linc00662, 
with scale =40 m (n=3). D. Down-regulation of miR-199a-5p could offset the decrease of cell adhesion activity 
caused by down-regulation of linc00662 (n=3). E. Down-regulation of linc00662 caused the up-regulation of E-
cadherin protein, and the down-regulation of N-cadherin and β-catenin protein, while the down-regulation of miR-
199a-5p offset this change. *P<0.05, **P<0.01; ns means P>0.05.

studied, and the specific results are shown in 
Figure 5. Down-regulation of linc00662 could 

lead to up-regulation of miR-199a-5p in BC, 
while inhibiting the size and mass transplant- 
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Figure 4. Linc00662 regulated proliferation and apoptosis of BC cells through miR-199a-5p. A. After inoculation for 
72 h, down-regulation of miR-199a-5p could offset the decrease of cell proliferation caused by down-regulation of 
linc00662 (n=3). B. Down-regulation of linc00662 caused increased cleavage of Caspase 3 and Caspase 9, up-
regulation of Bax protein, and down-regulation of Bcl2 protein, while down-regulation of miR-199a-5p offset this 
change (n=3). C. Down-regulation of miR-199a-5p offset the increase of apoptosis caused by down-regulation of 
linc00662 (n=3). *P<0.05.

Figure 5. Linc00662/miR-199a-5p axis regulates the formation and growth of BC in vivo. A. Linc00662 siRNA down-
regulated the expression of linc00662 in BC (n=6). B. Down-regulation of linc00662 caused the up-regulation of 
miR-199a-5p in BC tumor (n=6). C. Down-regulating linc00662 inhibited tumor quality (n=6). D. Down-regulating 
linc00662 inhibited an increase of tumor size (n=6). **P<0.01.
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ed tumors. This indicated that linc00662/miR-
199a-5p axis regulated the formation and 
growth of BC in vivo.

Discussion

BC (bladder cancer) is not only one of the most 
pervasive cancers, but also has a very high 
recurrence rate [16]. Therefore, there is an 
urgent need for a highly effective targeted ther-
apy to inhibit the progression of BC. Treatment 
strategies based on lncRNA and miRNA focus 
on regulating the growth and survival of carci-
noma cells from a molecular perspective.

BC cells have strong diffusion, and this malig-
nant diffusion behavior is closely bound up with 
cell migration and invasion [17]. Many studies 
have revealed that non-coding RNA partici-
pates in the development and progression of 
carcinoma by regulating cell migration and in- 
vasiveness. For example, the novel lncRNA 
LINC00844 regulates migration and invasion 
of prostate cancer cells through AR signals, 
and microenvironment-regulated lncRNA-HAL 
is able to promote stemness in breast cancer 
cells [18, 19]. The results of this research sh- 
owed that linc00662 could act as the ceRNA  
of miR-199a-5p, and down-regulation of miR-
199a-5p could suppress the reduction of cell 
migration and invasion induced by down-regu-
lation of linc00662. Cell adhesion is responsi-
ble for supervising and regulating many cell 
processes [20], and the internal environment 
stability of tissues in vivo also depends on cell 
adhesion [21], so it controls the development 
and progression of many diseases. Cell adhe-
sion provides an important prerequisite for the 
outward migration and invasion of carcinoma 
cells. Collective migration and invasion of car- 
cinoma cells cannot be separated from the 
dynamic balance of cell-cell connection and 
cell-matrix adhesion [22, 23]. The results of 
this research revealed that down-regulation of 
Linc00662 caused a decrease of cell adhesion 
activity, while down-regulation of miR1-199a-
5p offset this decreasing tendency. E-cadherin, 
N-cadherin, and β-catenin are important pro-
tein molecules of cell adhesion, migration, and 
invasion [24-26], which can be used to evalu-
ate the changes in cell adhesion, migration, 
and invasion at the molecular level through 
expression levels of these three proteins. The 
above results indicated that linc00662 regu-
lates cell adhesion through sponging miR-

199a-5p in BC cells, thus promoting malignant 
migration and invasion of BC cells.

Metastasis of cancer cells mainly depends on 
the changes of apoptosis and proliferation 
activity. Apoptosis defects and excessive prolif-
eration may induce or promote cancer progres-
sion [27]. The results showed that down-regula-
tion of linc00662 resulted in an increase in 
apoptosis activity and a decrease in prolifera-
tion capacity, while down-regulation of miR-
199a-5p counteracted the above changes. 
Caspase 3, Caspase 9, Bax, and Bcl-2 proteins 
are important proteins for apoptosis and prolif-
eration. In order to evaluate the process of 
apoptosis and proliferation at the molecular 
level, the expression levels of these proteins 
were detected. The results revealed that down-
regulation of linc00662 resulted in increased 
cleavage of Caspase 3 and Caspase 9, up-reg-
ulation of Bax protein and down-regulation of 
Bcl-2 protein, while down-regulation of miR-
199a-5p could offset this change. These re- 
sults suggested that linc00662 regulated the 
apoptosis pathway mediated by Caspase 3 and 
Caspase 9 through sponging miR-199a-5p and 
promoted cell proliferation, ultimately leading 
to malignant diffusion of BC cells.

In this research, the relationship between lin- 
00662, miR-199a-5p, and the 3-year survival 
of BC was investigated and showed that high 
expression of Linc00662 and low expression of 
miR-199a-5p may lead to poor 3-year survival. 
This indicates that the high expression of 
Linc00662 and the low expression of miR-
199a-5p may be risk factors for the progres-
sion of BC, but the deficiency of this study is 
that the risk model cannot be used to evaluate 
the prognostic value of both. In cell processes, 
miRNA plays a role in gene regulation by regu-
lating the degradation or stabilization of down-
stream mRNA [28], so miR-199a-5p may have 
many target genes in BC. Linc00662 may indi-
rectly regulate a target gene through sponging 
miR-199a-5p, which will cause changes in re- 
lated cell biologic functions. Moreover, we only 
used 5637 cells for in vitro experiments in this 
study, which is less than optimal. The following 
research will be designed to discuss the down-
stream target genes of linc00662/miR-199a-
5p axis and explore the related genes and sig-
naling pathways. In addition, we can also stu- 
dy whether targeted therapy focused on linc- 
00662/miR-199a-5p axis can improve the che-
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motherapy effect of BC, and more cell lines will 
be used to verify our experimental results.

In sum, this research has revealed that linc- 
00662 is an oncogene of BC, that can promote 
the progression of malignant tumor through 
sponging miR-199a-5p. Linc00662 and miR-
199a-5p are potential targets for anti-cancer 
treatment of BC. It is feasible to use their ab- 
normal expression in BC for prognosis or early 
diagnosis, which is worthy of further study.
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