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A B S T R A C T

Prostate cancer is a high burden on society worldwide due to its high morbidity and mortality. Growing evidence
has implicated microRNAs (miRNAs or miRs) in the occurrence and progression of prostate cancer. The present
study was conducted with main emphasis put on the possible effect of hypoxia-induced miR-301b-3p on prostate
cancer by targeting low-density lipoprotein receptor-related protein 1B (LRP1B). Firstly, the differentially ex-
pressed genes were identified by conducting microarray-based gene expression profiling of prostate cancer. Next,
the expression of miR-301b-3p in prostate cancer cells was examined in cells treated with 1% oxygen or di-
methyloxalylglycine (DMOG), and the cell line with the highest miR-301b-3p expression was selected for sub-
sequent experiments. Subsequently, the target relationship between miR-301b-3p and LRP1B was identified. The
effect of miR-301b-3p and LRP1B on cell proliferation, migration and invasion as well as tumorigenicity of
transfected cells was examined using the gain- and loss-of-function approaches. Hypoxia induced miR-301b-3p
was highly expressed while LRP1B was poorly expressed in prostate cancer. Moreover, miR-301b-3p could
down-regulate LRP1B by interacting with LRP1B, which acted to promote the proliferation, migration and in-
vasion abilities of prostate cancer cells in addition to tumor growth in vivo. In addition, up-regulation of LRP1B
can reverse the promoting effect of miR-301b-3p on the aforementioned factors. Collectively, up-regulation of
miR-301b-3p induced by hypoxia could potentially accelerate proliferation, migration and invasion of prostate
cancer cells via the inhibitory effect on LRP1B expression, highlighting that miR-301b-3p may be instrumental
for the therapeutic targeting of prostate cancer.

1. Introduction

Prostate cancer represents the most frequently occurring non-cuta-
neous cancer accompanied by the highest morbidity and the second
highest mortality among males (von Eyben et al., 2018). According to a
previous study, there was little change in the mortality rates of prostate
cancer in a period of 25 years from 1989 to 2014 (Chen et al., 2014).
Due to the high mortality, prostate cancer remains to be one of the most
serious burdens in health care (Huang et al., 2018). The challenges
faced in the study of prostate cancer are also partially due to the in-
volvement of large-scale multicenter genomics projects; therefore, the
dissection of prostate tumor requires careful guidance from pathologists
for its relatively smaller tumor size and the specialty of admixing with
stroma (Taylor et al., 2010). Radiation therapy remains to be the main
treatment option for localized prostate cancer, but radio-resistance of

cancer cells makes recurrence a common event following treatment
(Chang et al., 2014). Therefore, there's an urgent need to come up with
novel diagnostic and prognostic biomarkers for prostate cancer that can
distinguish mild and aggressive forms of prostate cancer, and thereby
aid the management and provide more effective therapeutic options
(Fort et al., 2018).

Low-density lipoprotein receptor-related protein 1B (LRP1B) forms
a member of the low-density lipoprotein receptor gene family, which is
a group of membrane receptors that have been the center of multiple
researches in recent years, as they play multiple roles in cell signaling,
developmental processes, and lipoprotein trafficking (Dietrich et al.,
2010). LRP1B is one of the ten most largely missed genes in 3312
specimens of human cancer (Prazeres et al., 2011). The poor expression
of LRP1B has been found in several primary cancers, making it a po-
tential tumor suppressor (Ni et al., 2013; Wang et al., 2017). In the
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present study, the results from the Targetscan website and dual luci-
ferase reporter gene assay revealed that there is a specific binding re-
gion between LRP1B gene sequence and microRNA-301b-3p (miR-
301b-3p) sequence. LRP1B was also identified as the target gene of
miR-301b-3p. MicroRNAs (miRNAs or miRs) are small non-coding
RNAs that have been found to play crucial roles in multiple biological
processes, including host defense, cell development and proliferation
(Li et al., 2016; Xiang et al., 2018). The miR-130 gene family is com-
posed of miR-301b, along with miR-130b, miR-301a and miR-130a
(Fort et al., 2018). As an oncomiR with major involvement in cancer,
miR-301b levels change in response to hypoxia and can be dramatically
up-regulated in the event of hypoxia in prostate cancer cells (Wang
et al., 2016a,b). A previous study revealed that hypoxia induces au-
tophagy, which then promotes cell survival in the presence of hypoxia,
protecting the prostate cancer cells and therefore, facilitating their
proliferation (Chhipa et al., 2011; Ma et al., 2014). In addition, hypoxia
has the ability to up-regulate the expression of miR-301b, thus pro-
moting the autophagy and viability of prostate cancer cells (Guo et al.,
2016). On the basis of aforementioned evidence, we hypothesize that
hypoxia-induced miR-301b-3p might be involved in the development of
prostate cancer via interaction with LRP1B.

2. Methods and materials

2.1. Ethics statement

The study protocol was approved by the Ethics Committee of The
Affiliated Hospital of Inner Mongolia Medical University. The clinical
data of all patients were obtained from the medical records, and in-
formed written consent was obtained from each patient. All experi-
ments in the present study were conducted in strict accordance with the
Helsinki declaration. Extensive efforts were made to ensure minimal
suffering of the animals when conducting this study.

2.2. Microarray-based analysis

The prostate cancer microarray dataset GSE30994 was retrieved
from the Gene Expression Omnibus (GEO) database (https://www.ncbi.
nlm.nih.gov/geo/) with “prostate cancer” used as the key word. R
language was used to perform differential analysis, and the differen-
tially expressed genes (DEGs) were screened with |log2 fold change
(FC)| > 2 and p value < .05 used as threshold values. Afterwards, the
DEGs heat map was plotted.

2.3. Study subjects

A total of 124 human prostate cancer tissue specimens were ob-
tained from patients admitted to the Affiliated Hospital of Inner
Mongolia Medical University between December 2014 and October
2016 for the present study. The patients with the following conditions
were excluded: (1) history of other malignancies, (2) severe infection,
(3) cognitive impairment, (4) poor compliance. The tissue specimens
were divided into two parts, with one part stored in liquid nitrogen at
−80 °C and subjected to RNA and protein extraction, while the other
part was fixed with paraformaldehyde and embedded in paraffin for

subsequent experiments. All patients had not undergone radiotherapy
or other treatments prior to the surgery.

2.4. Cell treatment

Human prostate cancer cell lines (DU145, PC-3, LNCaP and IA8)
and human prostatic hyperplasia cell line (BPH-1) were purchased from
BeNa Biology (Beijing, China). BPH-1 cells were cultured in LHC-9
(Biofluids Inc., Rockville, MD, USA) containing 0.5 ng/mL recombinant
epidermal growth factor (EGF), 500 ng/mL hydrocortisone, 0.035 ng/
mL bovine pituitary extract, 500mmol/L ethanolamine, 500 nmol/L
phosphoethanolamine, 0.01mg/mL epinephrine and 0.1 ng/mL re-
tinoic acid. In addition, DU145 cells were cultured in Roswell Park
Memorial Institute (RPMI) 1640 medium (Gibco Company, Grand
Island, NY, USA) containing 10% 0.11 g/L sodium pyruvate, 1.5 g/L
NaHCO3 and 2.5 g/L glucose. All cell lines were cultured in 5% CO2 at
37 °C. When cell confluence reached 90%, the cells were counted,
passaged, and screened with the use of reverse transcription quantita-
tive polymerase chain reaction (RT-qPCR).

The cells with induced hypoxia were cultured in the Billups-
Rotenburg room (Billups-Rothenberg, Inc., Del Mar, CA, USA) con-
taining 1% O2, 94% N2 and 5% CO2.

Next, the cells were transfected with plasmids of miR-301b-3p in-
hibitor, miR-301b-3p mimic, miR-301b-3p mimic+ LRP1B-over-
expression (OE), and miR-301b-3p inhibitor + si-LRP1B as well as their
corresponding controls. Plasmids of miR-301b-3p inhibitor, miR-301b-
3p mimic, si-LRP1B, and LRP1B-OE were all purchased from
Guangzhou, RiboBio Co., Ltd. (Guangdong, China). The cells were then
inoculated in a 24-well plate in accordance with the instructions pro-
vided on the Lipofectamine™ (Invitrogen, Carlsbad, California, USA).

2.5. RNA isolation and quantitation

Prostate cells at logarithmic growth phase were collected in order to
conduct total RNA extraction with the use of Trizol (15596026,
Invitrogen, Carlsbad, California, USA). The extracted RNA was reverse
transcribed into complementary DNA (cDNA) according to the in-
structions provided on the PrimeScript reverse transcription reagent kit
(RR047A, Takara Bio Inc., Otsu, Shiga, Japan). Primers (Table 1) were
synthesized by Shanghai Sangon Biotechnology Co., Ltd. (Shanghai,
China). RT-qPCR experiments were performed using 7500-type real-
time PCR (ABI Company, Oyster Bay, NY, USA). The fold changes were
then calculated using the 2−△△Ct method.

2.6. Western blot analysis

Cells were lysed by radioimmunoprecipitation assay (RIPA) lysis
(P0013B, Beyotime Biotechnology Co., Shanghai, China) and the total
protein was collected. The protein quantity was determined with the
use of a Bio-Rad Dc protein assay kit (Yuwei Biotechnology Instrument
Co., Ltd., Guangzhou, China). Next, the protein was separated using
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred onto a polyvinylidene fluoride membrane.
Subsequently, the membrane was immersed in 1× tris-buffered saline
with tween 20 (TBST) containing 5% skimmed milk powder and shaken

Table 1
Primer sequence for RT-qPCR.

Gene Forward primer Reverse primer

miR-301b-3p 5′-TGCTGCTAACGAATGCTCTGA-3′ 5′-CTCTGCTTTCAGATGCTTTGAC -3′
LRP1B 5′-TTCCCTTCTTACGCAACGGT-3′ 5′-GGGAAATGGTTTCCTCGGCT-3′
GADPH 5′-TGGGTGTGAACCACGAGAA-3′ 5′-GGCATGGACTGTGGTCATGA −3′
U6 5′-TGC GGGTGCTCGCTTCGGCAGC-3′ 5′-CAGTGCAGGGTCCGAGGT-3′

Note: RT-qPCR, reverse transcription quantitative polymerase chain reaction; miR-301b-3p, microRNA-301b-3p; LRP1B, lipoprotein
receptor-related protein 1B; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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gently at room temperature for 2 h. The membrane was then incubated
overnight at 4 °C with the following primary antibodies purchased from
Abcam Inc. (Cambridge, MA, USA): LRP1B (ab162688, 1:2000), HIF1-α
(ab51608, 1:1000), matrix metalloproteinase (MMP) 2 (ab92536,
1:1000), MMP9 (ab38898, 1:1000), vascular endothelial growth factor
(VEGF) (ab32152, 1:1000) and GAPDH (ab128915, 1:5000). After that,
the membrane was incubated with secondary goat anti-rabbit im-
munoglobulin G (IgG) (ab6721, 1:20000, Abcam Inc., Cambridge, MA,
USA) at room temperature for 1 h. Enhanced chemiluminescence (ECL)
reagent and band intensities were quantified using Image J software
(NIH free software) in order to visualize the immunocomplexes on the
membrane.

2.7. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay

The cells were seeded in a 96-well plate at a density of 3×103

cells/well. Next, 20 μL of MTT solution (5mg/mL; Sigma-Aldrich
Chemical Company, St Louis, MO, USA) was added to the plate and
incubation was carried out for 4 h. Next, 200 μL of dimethyl sulfoxide
(DMSO) (Sigma-Aldrich Chemical Company, St Louis, MO, USA) was
added and the absorbance was measured at 490 nm with the use of a
microplate reader (Bio Tek Instruments, Inc., Winooski, VT, USA).

2.8. Scratch test

The cell suspension (2×105 cells/mL) was placed in a 6-well plate
(2 mL/well), with the solution changed after 6 h. Prior to the solution
being changed, a straight line was made in the center of each well.
Next, the plate was washed 3 times by buffer for the removal of the
suspended cells. Finally, each well was added with fresh pure
Dulbecco's modified eagle's medium (DMEM). Photographs of the mi-
gration of cells were obtained at each time point under a microscope,
and the healing rate of the scratches was recorded.

2.9. Transwell assay

The stem cells transfected for 24 h were washed by 200 μL serum-
free 1640 medium, resuspended in serum-free DMEM medium, counted
and diluted to a density of 3×105 cells/mL. The apical chamber coated
with Matrigel (1:10, BD Biosciences, Franklin Lakes, NJ, USA) was
dispensed with 100 μL cell suspension, while the basolateral chamber
was added with 600 μL DMEM medium containing 10% serum (serum
functions as chemokine). The experiment was performed in accordance
with the instructions provided on the Transwell chamber and crystal
violet was used for staining. Three fields of view were randomly se-
lected and the number of cells across the membrane was counted.

2.10. Dual luciferase reporter gene assay

The 3′-untranslated region (3′UTR) of LRP1B was cloned and in-
troduced into pmirGLO (E1330, Promega Corporation, Madison, WI,
USA) luciferase vector. The correctly sequenced luciferase reporter
plasmids LRP1B-wild type (WT) and LRP1B-mutant (MUT) were re-
spectively co-transfected with miR-301b-3p into HEK-293T cells
(Beinuo Biotechnology Co., Ltd., Shanghai, China). The cells were
subsequently collected and lysed following a 48 h transfection. The
luciferase activity was detected using a luciferase assay kit.

2.11. Tumor xenograft in nude mice

Human prostate cancer cell line DU145 was collected, and made
into single cell suspension, followed by resuspension by the mixture of
PBS and Matrigel (1:1) with the final cell concentration diluted to
1× 106 cells/200 μL. A total of 42 nude mice were injected with cells
transfected with miR-301b-3p mimic, miR-301b-3p inhibitor, miR-

301b-3p mimic + LRP1B-OE, miR-301b-3p inhibitor + si-LRP1B, miR-
301b-3p inhibitor + LRP1B-OE or corresponding controls. A total of
1× 106 (200 μL) cells were subcutaneously inoculated into the back of
the right hind leg of nude mice, after which the mice were kept in the
same environment and observed every 7 days. The length and width of
the tumor were recorded with the tumor volume calculated using the
following formula: tumor volume= length×width 2/2. Afterwards, a
curve illustrating tumor growth was plotted. Finally, the nude mice
were euthanized on the 35th day and the tumors were dissected, with
three tumors obtained from each group.

2.12. Statistical analysis

SPSS 21.0 statistical software (IBM Corp. Armonk, NY, USA) was
employed for of statistical analysis. The measurement data were ex-
pressed as mean ± standard deviation. Paired t-test was used for the
comparisons between two paired groups with normal distribution and
inhomogeneity of variance, while unpaired t-test was used for the
comparison between two unpaired groups. Data comparisons among
multiple groups were performed using one-way analysis of variance
(ANOVA), followed by a Tukey multiple comparisons posttest. Pearson's
correlation coefficient was used for the analysis of the correlation be-
tween the expression of miR-301b-3p and LRP1B. Statistical analysis in
relation to time-based measurements was conducted using ANOVA of
repeated measurements, followed by a Bonferroni post hoc test for
multiple comparisons. A value of p < .05 was considered as statisti-
cally significant.

3. Results

3.1. Expression of LRP1B is altered in prostate cancer

Analysis of microarray data GSE30994 revealed that LRP1B was the
most obvious DEG and was down-regulated in prostate cancer (Fig. 1A).
LRP1B has been identified to be one of the 10 most significant genes
that have been found to be absent in human cancer samples (Prazeres
et al., 2011), but its upstream regulatory mechanisms remain unclear.
We employed TargetScan (http://www.targetscan.org/vert_71/), star-
Base (http://starbase.sysu.edu.cn/index.php) and miRWalk (http://
mirwalk.umm.uni-heidelberg.de/) to predict the potential miRNAs
binding to LRP1B and we found that there were three intersections
(hsa-miR-301b-3p, hsa-miR-3666 and hsa-miR-454-3p) (Fig. 1B).
Among them, miR-3666 and miR-454-3p were anti-oncogenes, while
miR-301b was significantly up-regulated in cancer (Egawa et al., 2016).
Therefore, miR-301b-3p was selected for subsequent experiment. A
study has verified that hypoxia can enhance miR-301b expression
(Yuile and Tran, 2002). The aforementioned results suggested that
hypoxia-induced miR-301b-3p affects the development of prostate
cancer by regulating LRP1B.

3.2. miR-301b-3p is highly expressed in prostate cancer

RT-qPCR was performed to test the expression of miR-301b-3p in
124 prostate cancer tissues and normal adjacent tissues to investigate
the changes in the expression of miR-301b-3p in prostate cancer. The
results revealed that miR-301b-3p expression was significantly higher
in prostate cancer tissues than that in normal adjacent tissues (p < .05;
Fig. 2A). In addition, further experiment verified that compared with
normal prostatic hyperplasia cell line BPH-1, there was a high expres-
sion in miR-301b-3p in prostate cancer cell lines DU145, PC-3, LNCaP
and IA8 (p < .05) (Fig. 2B), among which DU145 presented with the
highest miR-301b-3p expression. The above results suggest that the
expression of miR-301b-3p was up-regulated in prostate cancer and
hence, DU145 and PC-3 cell lines were selected for subsequent ex-
periments.
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3.3. Hypoxia induces a higher expression of miR-301b-3p in prostate cancer
cells

It has been reported that hypoxia can lead to an increase in the
expression of miR-301b (Wu et al., 2016). HIF1-α is the major tran-
scription factor that regulates the expression of downstream target
genes in response to hypoxia (Wang et al., 2016a,b). In our experiment,
prostate cancer cells DU145 and PC-3 received treatment with 1%
oxygen or dimethyloxalylglycine (DMOG) (a mature drug used to
mimic hypoxic conditions). Next, the protein content of HIF1-α in each
group was analyzed using western blot analysis. As shown in Fig. 3A,
the protein content of HIF1-α in DU145 and PC-3 cells treated with
hypoxia or DMOG was higher than that in normal prostatic hyperplasia
cells (p < .05). This was indicative of the successful establishment of
the hypoxia model.

Subsequently, RT-qPCR was conducted to measure the expression of
miR-301b-3p (Fig. 3B) and LRP1B (Fig. 3C) in DU145 and PC-3 cells,
the results of which demonstrated that in DU145 and PC-3 cells treated
with hypoxia or DMOG, there was an increase in the expression of miR-
301b-3p (p < .05) and a decrease in LRP1B mRNA expression

(p < .05) when compared with normal prostatic hyperplasia cells.
Next, the expression of HIF1-α in DU145 and PC-3 cells was down-
regulated with the use of shRNA under hypoxic conditions. Following
western blot analysis, it was found that the HIF1-α protein content in
DU145 and PC-3 cells treated with shRNA was much lower than that in
normal prostatic hyperplasia cells under hypoxic conditions (p < .05;
Fig. 3D). Finally, the expression of miR-301b-3p in DU145 and PC-3
cells after HIF1-α knockdown was detected using RT-qPCR under hy-
poxic conditions. The results showed that the expression of miR-301b-
3p was decreased in DU145 and PC-3 cells treated with sh-HIF1-α
(p < .05; Fig. 3E). It was demonstrated that there was a significant
reduction in the expression of miR-301b-3p when HIF1-α was down-
regulated. Collectively, these results provided verification that hypoxia
can lead to the enhancement of miR-301b-3p expression in prostate
cancer cells.

3.4. Up-regulated miR-301b-3p accelerates the viability, migration and
invasion of prostate cancer cells

To clarify the effect of miR-301b-3p on the biological function of
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prostate cancer cells, we conducted a series of experiments in prostate
cancer cell lines DU145 and PC-3. Firstly, the viability of DU145 and
PC-3 cells was detected with the use of MTT assay. The results showed
(Fig. 4A) that there was an increase in the number of cells in each group
with time. However, at 24, 48, and 72 h, the viability of cells trans-
fected with miR-301b-3p mimic was increased (p < .05) and that of
cells transfected with miR-301b-3p inhibitor was markedly decreased
(p < .05).

The migration ability of DU145 and PC-3 cells was then tested by
scratch test. The results showed that there was an increase in the

migration ability of cells transfected with miR-301b-3p mimic
(p < .05), while that of cells transfected with miR-301b-3p inhibitor
was inhibited (p < .05; Fig. 4B).

Moreover, the results from the Transwell assay that was conducted
to test the invasive ability of DU145 and PC-3 cells (Fig. 4C) revealed
that there was an increase in invasion ability in the cells transfected
with miR-301b-3p mimic (p < .05), while that of cells transfected with
miR-301b-3p inhibitor was decreased (p < .05). The results from
western blot analysis (Fig. 4D) showed that there was an up-regulation
in the expression of migration- and invasion-related proteins (MMP2,
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Fig. 4. The viability, migration and invasion of prostate cancer cells are promoted by miR-301b-3p overexpression. The viability ability of DU145 and PC-3 cells
detected by MTT assay (A). The migration ability of DU145 and PC-3 cells detected by scratch test (B). The invasion ability of DU145 and PC-3 cells detected by
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MMP9, and VEGF) in DU145 and PC-3 cells transfected with miR-301b-
3p mimic (p < .05) while it was decreased in following transfection
with miR-301b-3p (p < .05). The aforementioned results verified that
overexpression of miR-301b-3p can promote the viability, migration
and invasion of prostate cancer cells.

3.5. LRP1B is a target gene of miR-301b-3p

The biological website TargetScan available at http://www.
targetscan.org/vert_71/ revealed a potential binding site between
miR-301b-3p and LRP1B (Fig. 5A), which was further verified by dual
luciferase reporter gene assay (Fig. 5B), which showed that the luci-
ferase activity of LRP1B-WT was inhibited by miR-301b-3p mimic
(p < .05), while that of LRP1B-MUT remained unaffected in response
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to miR-301b-3p mimic (p > .05). These results suggest that miR-301b-
3p can target LRP1B. In addition, the results from RT-qPCR showed that
there was a downregulation in LRP1B in prostate cancer tissues
(Fig. 5C). Correlation analysis showed that there exists a negative
correlation between miR-301b-3p and LRP1B (Fig. 5D).

Subsequently, DU145 and PC-3 cells were further transfected with
miR-301b-3p mimic, miR-301b-3p inhibitor or the corresponding con-
trols, and RT-qPCR was conducted in order to detect the expression of
miR-301b-3p following different transfections. As shown in Fig. 5E,
there was an increase in the expression of miR-301b-3p in miR-301b-3p
mimic-transfected cells (p < .05). In comparison with miR-301b-3p
mimic + LRP1B-OE transfection, there was no significant difference in
the expression of miR-301b-3p following miR-301b-3p mimic trans-
fection (p > .05), while the expression of miR-301b-3p in miR-301b-3p
inhibitor-transfected cells was decreased (p < .05).

Subsequent western blot analysis results (Fig. 5F–H) revealed that
there was an up-regulation in the expression of LRP1B protein in DU145
and PC-3 cells transfected with miR-301b-3p inhibitor (p < .05),
which was evidently down-regulated following miR-301b-3p mimic
transfection (p < .05). However, LRP1B protein expression in DU145
and PC-3 cells transfected with miR-301b-3p mimic + LRP1B-OE was
increased in comparison to that of the miR-301b-3p mimic transfection
(p < .05). The aforementioned findings provided evidence that the
overexpression of LRP1B can reverse the decrease of LRP1B expression
induced by up-regulated miR-301b-3p.

3.6. Overexpressed miR-301b-3p stimulates proliferation, migration and
invasion of prostate cancer cells through LRP1B inhibition

To elucidate whether LRP1B can reverse the effects of miR-301b-3p
on the proliferation, migration and invasion of prostate cancer cells,
DU145 and PC-3 cells were further transfected with inhibitor NC+ si-
NC, inhibitor NC+ si-LRP1B, miR-301b-3p inhibitor+ si-NC and miR-
301b-3p inhibitor+ si-LRP1B, after which RT-qPCR was conducted to
detect the expression of miR-301b-3p in prostate cancer upon different
transfections. The results showed no significant difference in miR-301b-
3p expression between inhibitor NC+ si-NC transfection and inhibitor
NC+ si-LRP1B transfection. However, following miR-301b-3p in-
hibitor+ si-NC and miR-301b-3p inhibitor+ si-LRP1B transfection,
there was a decrease in the expression of miR-301b-3p (p < .05;
Fig. 6A).

MTT assay was performed to detect the viability of DU145 and PC-3
cells. As illustrated in Fig. 6B, the viability of cells was enhanced with
time. At 24 h, 48 h, and 72 h, the viability of cells transfected with in-
hibitor NC+ si-LRP1B was increased (p < .05), while it was reduced
upon miR-301b-3p inhibitor+ si-NC transfection (p < .05) in com-
parison with inhibitor NC+ si-NC transfection. There was no evident
difference observed in the viability of cells transfected with miR-301b-
3p inhibitor + si-LRP1B (p > .05).

The migration and invasion abilities of DU145 and PC-3 cells were
detected with the use of the Scratch test and Transwell assay. As de-
picted in Fig. 6C & D, in comparison with inhibitor NC+ si-NC trans-
fection, inhibitor NC+ si-LRP1B transfection resulted in an increase in
the number of migration and invasion cells while cells transfected with
miR-301b-3p inhibitor + si-NC showed reduced migration and inva-
sion abilities (p < .05). There were no significant changes observed
regarding migration and invasion abilities of cells following transfec-
tion with miR-301b-3p inhibitor+ si-LRP1B (p > .05). There was
more significant enhancement in the migration and invasion abilities of
cells in response to miR-301b-3p inhibitor+ si-LRP1B transfection
compared to transfection with miR-301b-3p inhibitor (p < .05).

The results from western blot analysis (Fig. 6E) revealed that in
comparison with inhibitor NC+ si-NC transfection, inhibitor NC+ si-
LRP1B transfection resulted in up-regulated expression of MMP2,
MMP9 and VEGF in DU145 and PC-3 cells transfected with inhibitor
NC+ si-LRP1B (p < .05) while miR-301b-3p inhibitor+ si-NC

transfection presented with reduced expression of MMP 2, MMP9 and
VEGF (p < .05). In cells transfected with miR-301b-3p inhibitor+ si-
LRP1B, there was no significant difference in the expression of MMP 2,
MMP9 and VEGF in comparison with inhibitor NC+ si-NC transfection
(p > .05). The aforementioned factors were all increased in miR-301b-
3p inhibitor+ si-LRP1B-transfected cells as compared with miR-301b-
3p inhibitor+ si-NC transfection (p < .05). These results verified that
overexpression of miR-301b-3p can promote proliferation, migration
and invasion abilities of prostate cancer cells through LRP1B suppres-
sion.

3.7. Overexpressed miR-301b-3p promotes tumor growth via suppressing
LRP1B in vivo

The results from the tumor xenograft in nude mice (Fig. 7) de-
monstrated that there was an increase in tumor weight and volume with
time (p < .05). Tumor weight and volume were increased in mice in-
jected with cells transfected with miR-301b-3p mimic and presented
with the fastest speed (p < .05), which was blocked by miR-301b-3p
mimic+ LRP1B-OE treatment (p < .05). Moreover, the mice injected
with miR-301b-3p inhibitor presented with a decrease in tumor volume
and weight and a slower speed (p < .05), while these factors were
increased in mice injected with cells transfected with miR-301b-3p in-
hibitor + si-LRP1B (p < .05). Both treatment of miR-301b-3p inhibitor
and LRP1B-OE resulted in the most significant reduction in tumor vo-
lume and weight (p < .05). These results indicate that overexpression
of miR-301b-3p could accelerate tumor growth in mice through the
negative regulation of LRP1B.

4. Discussion

Prostate cancer is one of the leading causes of cancer-related deaths
in adult men, which is partly due to its tremendous biological hetero-
geneity (Taylor et al., 2010; von Eyben et al., 2018). The incidence of
prostate cancer has raised worldwide concern in recent years, due to the
high mortality rate, which is continuously growing with time (Huang
et al., 2018). Previous studies have identified miRNAs as practicable
and promising biomarkers for prostate cancer (Fendler et al., 2011). In
the present study, a series of in vitro and in vivo experiments were
conducted with aims of investigating hypoxia-induced miR-301b-3p
and its influence on prostate cancer by targeting LRP1B. The findings
obtained suggested that hypoxia can up-regulate miR-301b-3p to an-
tagonize LRP1B, thereby promoting cell proliferation, migration and
invasion in prostate cancer.

Our results revealed that there was a higher expression in miR-
301b-3p in prostate cancer tissues and cells. It was concluded from a
comprehensive data analysis that has-miR-301b is highly expressed in
prostate cancer and involves in its pathogenesis (Fort et al., 2018). The
up-regulation in miR-301b expression has also been detected in lung
cancer cell lines and tissues, and a high expression in miR-301b results
in the acceleration of tumorigenesis in lung cancer (Wu et al., 2016).
Moreover, there is a high expression of both miR-301a and miR-301b in
prostate cancer (Nam et al., 2016). A previous study revealed that miR-
301b was up-regulated in bladder cancer tissues compared with normal
adjacent tissues (Yan et al., 2017).

Another finding from our study suggests that hypoxia leads to the
significant upregulation of miR-301b-3p in prostate cancer cells. This
was previously verified in a study, which showed that two co-existing
conditions of hypoxia and low androgen are always found in prostate
cancer tissues following medical or surgical castration (Chhipa et al.,
2011). miR-301a/b is one of the hypoxia-responsive miRNAs, and its
expression has been found to be dramatically promoted by hypoxia and
enhanced miR-301a/b could lead to the suppression of autophagy of
prostate cancer cells under a low oxygen condition and promote radio-
resistance of prostate cancer cells (Guo et al., 2016, Wang et al.,
2016a,b). All of the aforementioned studies verified that hypoxia can
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give rise to an increase in the expression of miR-301b in prostate cancer
cells.

Furthermore, the bioinformatics prediction website in combination
with dual luciferase reporter gene assay revealed that LRP1B was the
target gene of miR-301b-3p. Consistently, miR-603 down-regulates
LRPAP1 mRNA and protein levels by directly binding to the 3′-UTR of
LRPAP1 (Zhang et al., 2016). Moreover, the invasive and growth ca-
pacity of cancer cells can be conferred as the expression of LRP1B,

which is suppressed when there is a higher expression of miR-548a-5p,
which is promoted by genomic gain (Prazeres et al., 2011). Previous
studies have provided evidence that LRP1B has tumor suppressive
properties in several kinds of cancer. For example, the knock-down of
LRP1B by shRNA can significantly potentiate cell invasion and migra-
tion, as well as anchorage-independent growth in renal cancer cells 127
and HEK293 cells in vitro (Ni et al., 2013). In addition, down-regulated
levels of LRP1B in colon cancer promote the growth and migration of
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cancer cells (Wang et al., 2017). As illustrated in a previous study,
MMP2, MMP9 and VEGF genes have major involvement in cell mi-
gration and invasion in prostate cancer (Moroz et al., 2013; Kim et al.,
2013). miR-204-5p suppresses cell proliferation, migration and inva-
sion in melanoma through MMP9 inhibition (Luan et al., 2017). miR-
29b-3p-mediated MMP2 inhibition prevents the progression of arterial
calcification (Jiang et al., 2017). VEGF acts to disrupt the metastasis of
breast cancer cells and miR-20b has been found to reduce VEGF protein
expression (Cascio et al., 2010). Damodaran et al. suggested that the
overexpression of miR-301a leads to the activation of invasion and
migration of prostate cancer cells (Damodaran et al., 2016). Therefore,
we came to the conclusion that overexpressed miR-301b-3p can en-
hance proliferation, migration and invasion abilities of prostate cancer
cells through LRP1B inhibition.

The effect of miR-301b-3p on prostate cancer was further verified by
conducting an in vivo experiment, the results of which demonstrated
that miR-301b-3p promoted tumor growth in mice by downregulating
LRP1B. A previous study found the same results, indicating that a high
expression of miR-301a can potentiate the growth of xenograft tumors
by directly targeting the tumor suppressor p63 in prostate cancer (Nam
et al., 2016).

5. Conclusion

In conclusion, hypoxia induced miR-301b-3p up-regulation could
potentially antagonize the expression of LRP1B, thereby promoting
proliferation, migration and invasion of prostate cancer cells (Fig. 8).
This investigation yields a better understanding of the in-depth me-
chanisms regarding LRP1B and miR-301b-3p and their function in
prostate cancer cells, potentially providing important therapeutic im-
plications in prostate cancer.
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