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ABSTRACT
To probe into the efffects of miR-101-3p via regulating CUL4B within PI3K/AKT/mTOR signaling 
pathway on progression of prostate cancer (PCA). Western blot and qRT-PCR were adopted to 
detect CUL4B and miR-101-3p expressions in 75 cases with PCA . The cellular strains of PCA 
(LNCaP and PC3) were chose as the objects to check the targeting correlation between CUL4B and 
miR-101-3p through dual-luciferase reporter experiments. LNCaP cells and PC3 cells were ran-
domly divided into the blank group, miR-101-3p mimic group, siRNA negative control (NC) group, 
CUL4B siRNA group and CUL4B siRNA plus the miR-101-3p inhibitor group. Cellular bioactivity 
measurement was done via Cell-Light EDU, MTT, Annexin-V-FITC/PI, scratch-heal experiments and 
invasion tests of Transwell. MiR-101-3p expression was decreased more signally in tumor tissues 
than in normal tissues adjacent to the cancer. MiR-101-3p inhibited cellular proliferating, migrat-
ing and invasion. Nevertheless, it promoted cellular apoptosis, up-regulated apoptotic proteins as 
well as down-regulated anti-apoptotic proteins. CUL4B siRNA and miR-101-3p simulation were 
similar in terms of their outcomes. Nonetheless, these results could be reversed through the miR- 
101-3p inhibitor. Besides, CUL4B siRNA and the simulation halted a serious of PI3K signal in PCA 
cells. MiR-101-3p expression was down-regulated in PCA patients. CUL4B was upregulated in PCA 
patients. Moreover, miR-101-3p suppressed cellular invasion, migration, proliferation and led to 
cellular apoptosis, which might be related to the PI3K/AKT/mTOR signaling pathway suppression. 
Finally, we found, MiR-101-3P suppressed PCA progression via aiming for CUL4B, which may offer 
the new molecular target for PCA clinical treatment.
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1. Introduction

It was estimated that there were more than 
1.2 million cases of prostate cancer (PCA) and 

359,000 deaths in 2018, which lead to PCA as 
the second most common tumors among males 
[1]. Although surgerieswith chemotherapy achieve 
huge progress, the PCA incidence all over the 
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world rises steadily. Other than that, relapse rate 
or metastatic rate are relatively high, which leads 
to a decrease in treatment results and survival 
rate [2].

The prostate-specific blood test has been used in 
various stages of prostate cancer management, 
including screening and the assessment of future 
risk of prostate cancer development, detection of 
recurrent disease after local therapy and in the 
management of advanced disease. However, there 
were some arguments in terms of the PSA test 
nowadays. It has been suggested that PSA detec-
tion decreases PCA mortality while the test pos-
sesses low specificity, causing unnecessary prostate 
biopsy and over-diagnosis. These outcomes bring 
about more severe side effects in males [3–6]. 
Thus, it is pivotal for developing specific biomar-
ker and therapy to explore PCA mechanism.

It is reported that miRNAs, one group of 
non-coding small and conservative RNAs, can 
combine with 3�UTR in the arm of mRNA to 
modulate genetic expression [7]. Many miRNAs 
played a vital role of anti-cancer genes or pro- 
cancer genes effects in different types of tumor 
cells, including the cells of PCA. These miRNAs 
also take part in lots of biological processes 
such as apoptosis, proliferation as well as 
metastasis [8]. MiR-101-3p has been reported 
to function as a tumor suppressor in various 
types of cancer [9]. One study indicated that 
over-expressing miR-101-3p inhibited the pro-
gress in bladder urothelial [10]. And the glio-
blastoma metastasis as well as proliferation can 
be suppressed by miR-101-3p [11]. However, 
the biological function and underlying mechan-
isms of miR-101-3p in PCA are largely 
unknown.

Cullin4B(CUL4B), the compound construc-
tion in terms of the E3 ligase in Cullin 4B 
circle, exerts significant role in protein hydro-
lysis [12]. It has been reported that the muta-
tion in CUL4B is related to brain malformation 
[13]. Other studies also found the correlation 
between CUL4B and the mechanism in AIA 
[14]. Recently, researchers found that CUL4B 
has a certain relationship with cancer develop-
ment and progression including PCA [15–18]. 

In addition, nowadays much attention has 
focused on developing targeted therapies that 
inhibit the PI3K/AKT/mTOR signaling network 
which is dysregulated in many cancer types. 
The PI3K/AKT/mTOR pathway regulates cell 
proliferation, growth, cell size, metabolism, 
and motility. Component genes of this pathway 
have been extensively studied and found to be 
commonly activated in human cancer. 
Inhibition of this pathway has been shown to 
lead to regression of human tumors and has 
been studied in preclinical setup and evaluated 
in many clinical trials at various levels [19].

In this study, we aim to explore the role of 
CUL4B and miR-101-3p in PCA cells, as well as 
the mechanism of miR-101-3p/CUL4B/axis reg-
ulating PCA cells, and propose a hypothesis 
that miR-101-3p targets CUL4B expression can 
inhibit PCA progression through PI3K/AKT/ 
mTOR signaling pathway.

2. Approaches and materials

2.1. Ethics statement

This study was approved by the ethics committee 
in Wuxi Traditional Chinese Medicine Hospital 
while all patients were informed and then signed 
the informed papers.

2.2. Research subjects

Seventy-five cases of patients with PCA con-
firmed in Wuxi Traditional Chinese Medicine 
Hospital from June 2015 to June 2017. 
Surgically excised tissues were acquired from 
75 patients, all the experimental specimens 
were quickly snap-frozen and kept −150°C for 
future use. The average age of them were 
(50.4 ± 6.3) years. The inclusion standard was 
as followed: (A) over 18 years old, (B) diag-
nosed as PCA via imaging and pathology tests 
and (C) without receiving chemotherapy, sur-
gery, radiotherapy before their admitting to the 
hospital. The exclusion standard was as fol-
lowed: (A) prostate tumor with a good prog-
nosis, (B) hemopathy, (C) coagulation 
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dysfunction or (D) liver, kidney and heart dys-
function. miR-101-3p and clinicopathological 
characteristics of prostate cancer shown in 
Table 1.

2.3. Cellular culture

Prostatic epithelial cells (RWPE-1) and PCA 
cellular system (LNCaP, DU145 and PC3) 
were taken from USA tissue culture bank 
(MANASSAS, VA). Culture medium 1640 with 
10% fetal bovine serum (Atlanta Biologicals, 
Atlanta, GA), 1% penicillin (Baomanbio) as 
well as 1% streptomycin (Baomanbio, 
Shanghai, Chinese Mainland) from Roswell 
Park Memorial Institute (RPMI) was adopted 
to cultivate all cellular systems mentioned 
above. All the cells grew under 37°C in incuba-
tor with 5% CO2.

2.4. Cellular transfection

LNCaP cells and PC3cells were cultivated in 
6-well plates. Then, the small interfering RNA 
targeting CUL4B, the overexpressed plasmid, 
miR-101-3p mimic/inhibitor and the corre-
sponding NC were transfected into the cells by 
liposome. The plasmids mentioned above were 
styled and projected by Gene Pharma from 
Shanghai in China. Blank plasmids were used 
as the control. After mixed the Opti-MEM and 
plasmids, 2000 liposome reagent (Thermo 
Fisher Science, Waltham, MA, USA) was 

adopted for cellular transfection under instruc-
tions from the manufacturer. After standing the 
mixture for 20–30 minutes, cells that were 
transfected steadily were picked up via 
Geneticin (Sigma-Aldrich, StLouis, MO, USA).

2.5. Dual-luciferase reporter test

The experiment work was grouped into miR-NC 
plus CUL4B-WT, miR-101-3p MIMICS plus 
CUL4B-WT, miR-101-3p inhibitor plus CUL4B- 
WT, miR-NC plus CUL4B-MUT, miR-101-3p 
MIMICS plus CUL4B-MUT and miR-101-3p inhi-
bitor plus CUL4B-MUT. According to the direc-
tions of these manufacturers, our team used 2000 
liposome transfection reagent (Thermo Fisher 
Science) to transfect PC3 cells and LNCaP cells 
on the exponential phase (1 × 106/ml). After 
2 days, dual-luciferase reporter gene detected the 
luciferase activity from Photinus Pyralis. The luci-
ferase activity from Photinus Pyralis was utilized 
to represent relative luciferase activity. We 
repeated these experiments three times.

2.6. Real-time reverse transcription PCR 
(qRT-PCR)

Total RNA from cell and human tissue samples of 
76 cases was extracted by the Trizol approach 
(No. 16,096,020, Thermo Fisher Scientific, 
Waltham, MA, USA). The specific process is as 
follows: 1) First, we quickly ground the tissue in 
liquid nitrogen, transferred it to a 1.5 mL 

Table 1. Correlation between miR-101-3p or CUL4B and clinicopathological characteristics of prostate cancer.

Characteristics Group

miR-101-3p expression level

P

CUL4B expression level

PCases High (n = 37) Low (n = 38) Cases High (n = 37) Low (n = 38)

Age < 60 27 12 15 0.5253 45 20 25 0.3506
≥60 48 25 23 30 17 13

Tumor size (cm) <5 cm 36 25 11 0.0008 38 13 25 0.0111
≥5 cm 39 12 27 37 24 13

Histological grade Moderate 31 17 14 0.8005 43 23 20 0.4861
Low 44 20 24 32 14 18

TNM staging I+ II 48 19 29 0.0243 50 30 18 0.0036
III+IV 29 18 9 27 7 20

Gleason score <7 29 19 10 0.0339 44 17 27 0.0358
≥7 46 18 28 31 20 11

Preoperative PSA (ng/mL) ≥10 49 29 20 0.0286 42 14 28 0.0025
<10 26 8 18 33 23 10
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centrifuge tube, added 1 mL of Ltrisol per 100 mg 
of tissue, and blew evenly with a pipette to fully 
lyse the tissue; 2) Added 300uL of chloroform to 
the tube, and shook it upside down vigorously for 
30 s. After left it at room temperature for 5 min-
utes, centrifuged it at 12000 rpm/min, 4°C for 
10 min. It can be seen that there were three dif-
ferent layers in the centrifuge tube, and slowly 
placed it on ice; 3) Carefully sucked colorless aqu-
eous phase on the upper layer to transfer to the 
Rnase-free 1.5 mL EP tube, added an equal volume 
of isopropanol, and placed it at room temperature 
for 5 min, 12000 rpm/min to centrifuge at 4°C for 
10 min. A small amount of precipitation can be 
seen at the bottom; 4) Carefully discarded the 
supernatant and used 75% to wash 2 times with 
alcohol, 1 mL each time, gently blew up the pre-
cipitation with a pipette to centrifuged at 
12000 rpm/min at 4°C for 5 min; 5) Let the ultra- 
clean workbench 1 to dry it for 5–10 min, added 
an appropriate amount of DEPC water to dissolve, 
and stored at −20°C or −80°C for later use. 
5cDNAg was taken to be reversely transcribed to 
cDNA under the guide of qRT-PCR kits from ABI 
Company in NY state. The inter reference of rela-
tive miR-101-3p expression and relative CUL4B 
expression was U6 and β-Actin, respectively. 
Takara bio-tech limited company designed and 
synthesized U6, miR-101-3p, β-Actin and CUL4B 
primers(Dalian, Liaoning, China) (Table 1). The 
2-ΔΔCt approach was adopted to calculate fold 
changes. The formula was as follows: 
ΔΔCT = ΔCt (the experiment ones)-ΔCt (the con-
trol ones), ΔCt = CtmiRNA-CtU6. CT was ampli-
fication numbers till when the intensity of 
fluorescence RT reached the setting doorsill. At 
that time the logarithmic amplification appeared. 
Primer sequences for RT-qPCR (Table 2).

2.7. Western blotting

Cells from PCA were collected two days after 
transfection. Total protein was collected after 
10-minute dissociation. After quantifying 
through BCA, the total protein was set in 
lanes with 20 µg each. Total proteins were 
deviated under SDS-PAGE using 
100 V. Afterward, those stuff were transferred 
to cellulose nitrate membranes for 120 minutes 
under 30 mA condition. Later, the membrane 
was incubated with the primary antibodies: Bcl2 
(1:1000, ab59348), CUL4B (1:1000, ab76470), 
AKT(1:500, ab8805), Bax(1:1000, ab32503), 
PI3K(1:1000, ab151549), p-mTOR(1:2000, 
ab137133), mTOR(1:2000, ab2732), p-AKT 
(1:1000, ab38449), p-PI3K(1:1000, ab182651), 
Caspase-3(1:1000, ab2303). Our crew bought 
all the monoclonal antibodies from the Abcam 
company (Cambridge, UK). Then, the mem-
brane and anti-rabbit antibodies from the 
goats in terms of IgGL&H were incubated for 
two hours under the room temperature (horse-
radish peroxidase-conjugated, ab205718, 
1:10,000). We developed fluorescence detection 
kits for ECL. The Image J software was 
employed to set the gray scale of aim protein 
band as well as the band of β-Actin used as the 
relative level in terms of proteins.

2.8. Cellular proliferation measurement

Those cells on the exponential phase and their 
suspension were placed in environment of 37°C 
and 5% CO2. Then, 10 μL blue thiazole bromide 
was added for 12, 24,36 and 48 hours. 100 μL 
DMSO was added into supernatant after centri-
fugation. The absorbance was estimated under 
450 nm and our crew repeated these steps three 
times. Besides, we also used EDU cellular pro-
liferation detection kits to verify these data. 
One day after transfection, EDU (50μ/L) was 
adopted for incubation within 2 hours. Apollo 
dye marked EDU positive cells (red, 653 nm). 
DAPI was employed to mark cell nuclei (blue 
color, 350 nm). The number of EDU positive 
cells and the total cells were calculated using 
image pro plus software. Proliferation rate was 

Table 2. Primer sequences for RT-qPCR.
Gene Primer sequences

miR-101-3p Forward:5ʹ-ACGGGCGAGCTACAGTACTGTG-3ʹ,
Reverse: 5ʹ-CCAGTGCAGGGTCCGAGGTA-3ʹ;

CUL4B Forward:5ʹ-GGGAAAGGAATGGTGAA-3ʹ
Reverse:5ʹ-TGCATAGAGCCGGTTAG-3ʹ

U6 Forward:5ʹ-CGCTTCGGCAGCACATATAC-3ʹ,
Reverse: 5ʹ-TTCACGAATTTGCGTGTCAT-3ʹ.

ʹ-Actin Forward:5ʹ-ATAGCACAGCCTGGATAGCAACGTAC-3ʹ,
Reverse:5ʹ-CACCTTCTACAATGAGCTGCGTGTG-3ʹ;
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calculated by number of EDU positive cells 
dividing total cell number.

2.9. Cellular migration tests

Cells were inoculated in the 6-well plate. The 
P10 pipette tip was used for the artificial wound 
after cellular adherence(0 h). After one day, we 
took the photo of cells under an inverted 
microscope (100×). The software ImagePro 
Plus 6.2 was used to calculate the percentage 
number of healing within the scratch area in 
24 hours compared with 0 hour. The experi-
ments were repeated three times.

2.10. Transwell invasion tests

We added Matt Riegel gel(100 μL) into serum- 
free culture medium prepared with ice. The 
whole system was added Transwell tiny cham-
ber under 37°C, conserving for 30 minutes. 
100 μL cellular suspension and 200 μL serum- 
free culture fluid were added into Transwell 
upper chamber. Transwell lower chamber and 
complete culture medium with 500 μL 0.05% 
fetal bovine serum were incubated together for 
two days with 5% CO2. The upper chamber was 
fixed for half an hour via 4% paraformaldehyde 
and was dyed for 1 minute via crystal violet. 
Ethanol was adopted to dehydrate this system 
by gradient. The xylene was used to clear the 
samples. Polyester films were cut from the 
upper room base. Our team placed neutral 
resin seals on the PPT. We counted six fields 
randomly. The average field was chosen under 
high magnification (×400). We repeated these 
experiments three times.

2.11. Annexin-V-FITC/PI dye

Cells were digested by 0.25% trypsin. Cell col-
lection was done after centrifugation and 
remove the supernatant. PBS liquid was 
employed to clean cells three times followed 
by centrifugation. With the help of Annexin 
series of cellular apoptosis estimation kits 
(K201-100, Biovision), the right-lower quadrant 
was the site for early apoptotic cells. The right- 
upper quadrant was the place for late apoptotic 

cells. The left-upper quadrant was the location 
for dead apoptotic cells. Apoptotic rate (%) was 
equal to the sum of early apoptosis percentage 
and late apoptosis percentage.

2.12. Statistical analysis

All the analyses were performed by version 21.0 
SPSS (Inc, Chicago, Illinois). The measurement 
data were expressed in the form of mean ± stan-
dard deviation (X± SD) and were analyzed 
through t-test between different groups. We uti-
lized one-way ANOVA to understand differences 
among groups. Turkish HSD tests were used to 
test results between different groups. *P value < 
0.05, **P value < 0.01 and ***P value < 0.001 were 
regarded statistically significant.

3. Results

Here, we aim to explore the role of CUL4B and 
miR-101-3p in PCA cells, and the regulatory 
mechanism of miR-101-3p/CUL4B/axis in PCA 
cells. We conducted a series of in vitro experi-
ments and found that miR-101-3p can inhibit 
PCA progression through PI3K/AKT/mTOR 
signaling pathway by targeting and regulating 
CUL4B expression. Therefore, our data is the 
first to study the function and mechanism of 
CUL4B and miR-101-3p in PCA, providing new 
insights into PCA pathogenesis.

3.1. The expression of CUL4B and miR-101-3p of 
PCA patients

We detected CUL4B as well as miR-101-3p 
expression in PCA patients through qRT-PCR. 
The results showed that less miR-101-3p 
expressed in PCA tissues as well as PCA cells 
compared with those from tissues adjacent to 
tumors as well as prostatic epithelial cells 
(P < 0.01 or P < 0.001, Figure 1a and b). In 
addition, we tested the correlation between 
miR-101-3p and CUL4B and clinicopathological 
characteristics of PCA. As shown in Table 2, 
miR-101-3p and CUL4B expressions are highly 
correlated with PCA TNM staging, Gleason 
scores of tumor size, and preoperative PSA; in 
addition, based on the median value of the 
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relative miR-101-3p and CUL4B expression 
levels, PCA patients were divided into two 

groups: low expression group and high expres-
sion group. Kaplan–Meier was employed to 

Figure 1. CUL4B as well as miR-101-3p expression among Pca tissues plus cells (a) MiR-101-3p expression among Pca tissues was 
analyzed through qRT-PCR. (b) The miR-101-3p expression from normal prostatic epithelial cells was measured through qRT-PCR. (c) 
Kaplan–Meier was used to analyze the relationship between miR-101-3p expression and the survival and prognosis of esophageal 
cancer patients. (d) Kaplan–Meier was used to analyze the relationship between CUL4B expression and the survival and prognosis of 
esophageal cancer patients. (e) miRNA expression of CUL4B from Pca tissues was measured through qRT-PCR. (f) mRNA expression of 
CUL4B in normal prostatic epithelial cells and Pca cells were tested through qRT-PCR. **P < 0.01, ***P < 0.001.

Figure 2. miR-101-3p has combination correlation with CUL4B. (a) We found combination sites between CUL4B and miR-101-3p. (b– 
c) Dual-luciferase reporter experiments showed that CUL4B from LNCaP cells and PC-3 cells was aimed by miR-101-3p. ***P < 0.001.
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analyze the effects of miR-101-3p and CUL4B 
expression levels on the survival and prognosis 
of PCA patients. The results showed: patients 
with low miR-101-3p expression had worse 
prognosis than that of patients with high, but 
the prognosis of patients with high CUL4B 
expression was worse than that of patients 
with low (P < 0.01, Figure 1c and d). The out-
comes showed that more CUL4B conveyed in 
PCA tissues as well as PCA cells compared with 
those from tissues adjacent to tumors as well as 
prostatic epithelial cells (P < 0.01 or P < 0.001, 
Figure 1e and f).

3.2. MiR-101-3p targeted CUL4B

In Figure 2a, we found that the combination 
site of miR-101-3p was located in CUL4B- 
3�UTR through website Targetscan (http:// 
www.targetscan.org/vert_72/). Then, the lucifer-
ase reporting test implied that there were no 
significant differences between miR-NC groups, 

miR-101-3p simulation groups and miR-101-3p 
inhibitor groups in terms of CUL4B-mutation 
groups. The simulation suppressed correspond-
ing luciferase action in LNCaP cells and PC3 
cells while its inhibitors helped increase the 
relative luciferase action among LNCaP as well 
as PC3 cells in terms of CUL4B-WT groups 
(P < 0.001, Figure 2b–c)

3.3. MiR −101-3p had an influence in CUL4B 
expression in human PCA cells

From Figure 3a and b, we found that miR101- 
3p level was increased after miR101-3p mimic 
treatment and CUL4B level was decreased after 
CUL4B siRNA treatment both in PC3 and 
LNCaP cells (P < 0.001). Although CUL4B 
siRNA did not influences the level of miR101- 
3p, miR101-3p inhibitor decreased the miR101- 
3p expression significantly (P < 0.001). Other 
than that, miR101-3p mimic decreased the level 
of CUL4B obviously (P < 0.001). And compared 

Figure 3. miR-101-3p effects on CUL4B in human Pca cells (a–b) qRT-PCR was adopted to detect CUL4B and miR-101-3p expression 
among LNCaP as well as PC3 cells. (c–d) Protein CUL4B that expressed in LNCaP as well as PC3 cells was estimated through WB. 
***P < 0.001.
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with the CUL4B siRNA group, miR101-3p inhi-
bitor dramatically increased the level of CUL4B 
(P < 0.001). We were able to find that the 
change of CLUB protein expression was consis-
tent with the CLUB mRNA from 
Figure 3c and d.

3.4. MiR-101-3p inhibited PCA cellular 
proliferation through targeting CUL4B

According to the MTT assay, we found that OD 
value in miR-101-3p mimic group and CUL4B 
siRNA group were significantly lower than 
other groups both in PC3 and LNCaP cells 
(P < 0.001), which means that miR-101-3p 
and CUL4B siRNA inhibited the cellular prolif-
eration (Figure 4a and b). On the other hand, 
miR-101-3p mimic decreased positive number 
in terms of EDU. And miR-101-3p inhibitor 
reversed EDU positive index repression caused 

by CUL4B siRNA both in PC3 and LNCaP cells 
(P < 0.001, Figure 4c–e).

3.5. MiR-101-3p induced PCA cellular apoptosis 
via targeting CUL4B

The flow cytometry suggested that LNCaP as 
well as PC3 cellular apoptosis rate were signifi-
cantly higher in miR-101-3p mimic groups than 
that in miR-NC group. On the contrary, the 
apoptosis rate was lower in the inhibitor plus 
CUL4B siRNA groups and NC siRNA groups 
than that of siRNA group (P < 0.001, Figure 5). 
Western Blot was used to detect the protein 
levels of Bcl-2, Bax and Cleaved Caspase-3/ 
Caspase-3 (Figure 6). The results of Western 
Blot demonstrated that miR-101-3p increased 
the Bax and Cleaved Caspase-3/Caspase-3 
ratio, whereas Bcl-2 expression was inhibited. 
In addition, the similar results were found in 
siRNA of CUL4B groups (P < 0.001). 

Figure 4. Pca cellular proliferation was suppressed through miR-101-3P aiming for CUL4B. (a–b) MTT approaches were used to 
detect LNCaP and PC3 cellular proliferation from different groups. C The inverted fluorescence microscope observed growth situation 
of LNCaP and PC3 cells. Cellular nuclei were dyed through DAPI staining (blue). Red dye meant that cells were proliferating. (d–e) 
PC3 cells were compared with LNCaP cells in terms of EDU positive index. The positive number in terms of EDU was shown in the 
form of the percentage number, which was a positive number/total cellular number in details. ***P < 0.001.
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Nonetheless, miR-101-3p inhibitor reversed 
changes mentioned above through siRNA of 
CUL4B.

3.6. MiR-101-3p inhibited PCA cellular invasion 
as well as migration through targeting CUL4B

We conducted scratch-healing experiments 
(Figure 7) and transwell invasion experiments 
(Figure 8) on LNCaP cells and PC3 cells to 
detect cellular migration and invasion abilities 
in vitro. The over-expression and decrease in 
CUL4B lessened cellular migration and invasion 
abilities. Closure percentage in scratch areas 
and cellular invasion numbers declined 
(P < 0.001). However, no evident differences 
existed in siRNA negative Control groups, miR- 
NC group, siRNA of CUL4B and miR-101-3p 
inhibitor groups in terms of cellular invasion 
and migration abilities (P > 0.05). There was no 
statistical difference among miRNAs of NC 
groups, miR-NC groups and siRNA of CUL4B 

plus miR-101-3p inhibitors groups in terms of 
cellular invasion and migration abilities 
(P > 0.05).

3.7. PI3K/AKT/mTOR pathway in PCA cells was 
halted through miR-101-3p targeting CUL4B

As shown in Figure 9, miR-101-3p mimic simu-
lation as well as siRNA of CUL4B repressed 
PI3K/AKT/mTOR pathway in PC3 as well as 
LNCaP cells and they decreased p-AKT/total 
AKT, p-mTOR/total mTOR and p-PI3K/total 
PI3K expression (P < 0.001). Nonetheless, 
miR-101-3p inhibitor reversed the effects of 
siRNA of CUL4B.

3.8. Inhibition of CUL4B further enhanced the 
inhibitory effect of up-regulated miR-101-3p on 
PCA progression

In order to further explore the axial relation-
ship between miR-101-3p and CUL4B, we 

Figure 5. Cellular apoptosis situation in LNCaP and PC3 cells (a-d) We employed Annexin V-FITC/PI dye to display cellular apoptosis 
situation in LNCaP and PC3 cells. ***P < 0.001.
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further knocked down CUL4B in cells trans-
fected with miR-101-3p mimic. And qPCR and 
Western Blot were employed to detect that 
mRNA and protein expression of CUL4B were 
significantly decreased (Figure 10, P < 0.001). 
Next, through CCK8 and EDU experiments, it 
was found that compared with the miR-101-3p 
mimic+NC siRNA group, the proliferation abil-
ity of the miR-101-3p mimic+CUL4B siRNA 
group was significantly reduced (Figure 11, 
P < 0.001). Flow cytometry and Western Blot 
found that inhibition of CUL4B further 
enhanced the inhibitory effect of up-regulated 
miR-101-3p’s on PCA apoptosis (Figure 12, 
P < 0.001). In Figure 13, it was found that the 

migration and invasion ability of miR-101-3p 
mimic+CUL4B siRNA group was further inhib-
ited. Finally, CUL4B siRNA also further inhib-
ited the PI3K/AKT/mTOR pathway in PC3 and 
LNCaP cells (Figure 14, P < 0.001).

4. Discussion

As the second most common reasons relating to 
death from cancers in males, PCA is still 
regarded as the most common malignant can-
cers bothering males even though its incidence 
and mortality continuously decline [20]. People 
should try hard to deepen their understanding 
about PCA. Many researchers paid the 

Figure 6. Western blotting approaches were adopted to detect proteins related to apoptosis (cleaved Caspase-3/Caspase-3, Bcl-2 and 
Bax) expression in LNCaP cells and PC3 cells. Noting: 1. the blank groups, 2. the miR-negative control groups, 3. the miR-101-3p 
simulation groups, 4. the Negative Control SiRNA groups 5. the siRNA of CUL4B groups 6. siRNA of CUL4B plus the inhibitors of miR- 
101-3p groups ***P < 0.001.
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emphasis on miRNAs in modifying mechanism 
of malignant cancers pathogenesis especially 
including miR-26a and miR-128 during PCA 
[21,22]. In this study, our findings offer the 
convincing evidence that implied miR-101-3p 
might be an anti-tumor factor for PCA. PCA 
cellular invasion, migration and proliferation 
could be halted through miR-101-3p inhibiting 
PI3K/AKT/mTOR signaling pathway by aiming 
for CUL4B.

We chose human PCA cellular system 
(LNCaP and PC3) to conduct the experiments 
in vitro. The results displayed that PCA cellular 
invasion, migration and proliferation could be 
prominently ceased by siRNA of CUL4B. It 
could promote its apoptosis, which was in great 
agreement with the paper that reached the same 
conclusion. Besides, it was found that CUL4B 

could mediate the PI3K/AKT/mTOR pathway. 
So it could exert some effects in terms of PCA. 
For instance, ZEB1-AS1 mediated the PI3K/ 
AKT/mTOR pathway through miR-342-3p/ 
CUL4B axis. ZEB1-AS1 modified PCA progres-
sion through miR-342-3p/CUL4B axis playing 
one role in PI3K serious pathway, which offered 
possible tactics for PCA therapy [23]. In this 
paper, all the expressions of p-mTOR, p-AKT 
as well as p-PI3K declined after CUL4B inhibi-
tion, indicating this pathway was suppressed. 
Some evidence said that CUL4B up-regulation 
in tumor cells might be regulated through 
miRNAs. miRNA-708 might halt osteogenic sar-
coma progression through aiming for CUL4B 
[24]. Our research found that miR-101-3p 
expressed less in cancer tissues compared with 
that from other adjacent tissues, implying that 

Figure 7. miR-101-3p inhibited Pca cellular migration through aiming for CUL4B. (a–c) The wound-healing experiments observed 
cellular migration in different groups. The closure rates (%) in scratch areas from different groups of LNCaP and PC3 cells were 
compared. ***P < 0.001.

BIOENGINEERED 4729



Figure 9. Western blotting methods were used to detect protein expression related to PI3K/AKT/mTOR signal in LNCaP as well as 
PC3 cells from different groups. Noting: 1. the blank groups, 2. the miR-negative control groups, 3. the miR-101-3p simulation 
groups, 4. the negative control SiRNA groups 5. the siRNA of CUL4B groups 6. siRNA of CUL4B plus the inhibitors of miR-101-3p 
groups ***P < 0.001.

Figure 8. miR-101-3p suppressed Pca cellular invasion through aiming for CUL4B. (a–c) Transwell invasion experiments were used to 
observe invasion ability in LNCaP cells and PC3 cells. ***P < 0.001.
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for PCA tissues, little miR-101-3p expressed 
among PCA tissues than that from normal per-
ipheral tissues. What attracted us was that the 
mutation of guanine to cytosine in 3�-UTR from 
CUL4B damaged combination with miR-101-3p, 
causing over-expression of CUL4B. Those data 
displayed that there were some possibilities of 
miR-101-3p playing a role in translation modifi-
cation in terms of CUL4B. Besides, we forecast 
that the combination site exists in 3�-UTR of 
CUL4B via online website and dual-luciferase 
reporter experiments affirmed our assumption.

EDU and MTT staining results showed that the 
simulation had noticeable inhibition effects on 
human PCA cellular proliferation, which was simi-
lar to the outcomes from Doctor Zhang and other 
people. These outcomes suggested that inhibition 
effects from the simulation existed in human PCA 

cellular proliferation [25]. The downregulation of 
miR-101-3p might induce metastasis. We identi-
fied that it induced PCA cellular invasion as well 
as migration. The potential explanation was that 
miR-101-3p could halt angiogenesis in tumor cells 
while angiogenesis could not only provide the 
nutrition as well as excretion, but also transport 
tumor cells to the hosts, inducing their growth as 
well as metastasis. Besides, we found that miR- 
101-3p could promote LNCaP as well as pc3 cel-
lular apoptosis. There are two crucial modification 
genes we have already known during the process 
of cellular apoptosis regulation-gene bax and gene 
bcl-2 [26]. The family bcl-2 can regulate cyto-c 
releasing to medicate caspase activation through 
cyto-c [27]. caspase3 is the most vital apoptosis 
executive proteins [28]. This study improved that 
apoptosis protein bax and cracking caspase-3 

Figure 10. Verification of transfection efficiency of miR-101-3p and CUL4B. (a–b) qPCR to detect miR-101-3p and CUL4B expressions 
in PCA cells. (c–d) Western Blot to detect miR-101-3p and CUL4B expressions in PCA cells. ***P < 0.001.
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expression could be up-regulated through the help 
of miR-101-3p, which was consistent with results 
from Yong Lin and other researchers. And miR- 
101-3p could halt the PI3K/AKT/mTOR pathway 
in LNCaP and PC3 cells. The outcomes mentioned 
above suggested that miR-101-3p exerted the anti- 
cancer role in PCA through aiming for CUL4B.

5. Conclusion

In conclusion, our clinical outcomes displayed 
that PCA patients possessed less miR-101-3p 
and more CUL4B. The experiment in vitro 
indicated that PCA cellular migrating, invasion 
and proliferating were inhibited through miR- 
101-3p inducing PCA cellular apoptosis via 

aiming for CUL4B, which might be related 
with PI3K/AKT/mTOR suppression, providing 
a new perspective for the pathogenesis of PCA, 
and at the same time a promising target for the 
clinical treatment of PCA.

Research highlights

(1) miR-101-3p expression is low in prostate 
cancer, while CUL4B expression is high;

(2) Up-regulated miR-101-3p of inhibited 
CUL4B suppressed prostate cancer cells.

(3) miR-101-3p targets CUL4B to inhibit its 
expression;

(4) This work provides reference for mechan-
ism of treating prostate cancer.

Figure 11. Inhibition of CUL4B further enhances the inhibitory effect of up-regulated miR-101-3p on PCA cell proliferation. (a–b) MTT 
approaches were used to detect LNCaP and PC3 cellular proliferation from different groups. C The inverted fluorescence microscope 
observed growth situation of LNCaP and PC3 cells. Cellular nuclei were dyed through DAPI staining (blue). Red dye meant that cells 
were proliferating. (d) PC3 cells were compared with LNCaP cells in terms of EDU positive index. The positive number in terms of 
EDU was shown in the form of the percentage number, which was a positive number/total cellular number in details. ***P < 0.001.
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Figure 12. Inhibition of CUL4B further enhances the inhibitory effect of up-regulated miR-101-3p on PCA cell apoptosis. (a–b) We 
employed Annexin V-FITC/PI dye to display cellular apoptosis situation in LNCaP and PC3 cells. (c–f) Western blotting approaches were 
adopted to detect proteins related to apoptosis(Cleaved Caspase-3/Caspase-3, Bcl-2 and Bax) expression in LNCaP cells and PC3 cells. 
Noting:1. the miR-101-3p mimic+NC siRNA groups, 2. the miR-101-3p mimic+CUL4B siRNA groups,***P < 0.001.

Figure 13. Inhibition of CUL4B further enhances the inhibitory effect of up-regulated miR-101-3p on PCA cell migration and 
invasion. (a–b) The wound-healing experiments observed cellular migration in different groups. The closure rates (%) in scratch areas 
from different groups of LNCaP and PC3 cells were compared. (c–d) Transwell invasion experiments were used to observe invasion 
ability in LNCaP cells and PC3 cells. ***P < 0.001.
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