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Abstract 

Objective To screen for miRNAs differentially expressed in prostate cancer and prostate hyperplasia tissues 
and to validate their association with prostate cancer.

Methods Patients diagnosed by pathology in the Department of Urology of the First Affiliated Hospital of Xinjiang 
Medical University from October 2021 to June 2022 were selected, and their general clinical information, blood sam-
ples, and prostate tissue samples were collected. miRNA microarray technology was performed to obtain differentially 
expressed miRNAs in prostate cancer and hyperplasia tissues, and miRNAs to be studied were screened by microarray 
results and review of relevant literature. The detection of miRNA expression in the patients’ blood and prostate tissue 
samples was measured. The miRNA-222-mimics were transfected into PC3 cells, and cell biology experiments such 
as CCK8, scratch, Transwell, and flow cytometry were performed to detect the effects of overexpressed miRNA-222 
on the growth and proliferation, invasive ability, apoptotic ability, and metastatic ability of prostate cancer cells.

Results The results of the miRNA microarray showed that there were many differentially expressed miRNAs in pros-
tate cancer and hyperplasia tissues, and four miRNAs, miRNA-144, miRNA-222, miRNA-1248, and miRNA-3651 were 
finally selected as the subjects by reviewing relevant literature. The results showed that the expression of miRNA-222 
in prostate cancer tissues was lower than that in prostate hyperplasia tissues (P < 0.05). The expression of miRNA-222, 
miRNA-1248, and miRNA-3651 in blood samples of prostate cancer patients was lower than that in prostate hyper-
plasia patients (P < 0.05). The analysis results indicated that the f/t ratio and the relative expression of miRNA-222 
and miRNA-1248 were independent influences of prostate cancer (P < 0.05), in which overexpression of miRNA-222 
decreased the proliferative, invasive, and metastatic abilities of PC3 cells and enhanced the level of apoptosis of can-
cer cells.

Conclusions Although there was no significant change in the overall incidence of prostate cancer in this study, 
significant changes occurred in the incidence of prostate cancer with different characteristics. In addition, the nomo-
gram prediction model of prostate cancer-specific survival rate constructed based on four factors has a high refer-
ence value, which helps physicians to correctly assess the patient-specific survival rate and provides a reference basis 
for patient diagnosis and prognosis evaluation.
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Introduction
Prostate cancer (PCa) is one of the leading causes of 
cancer-related deaths worldwide and is currently the 
second most common malignancy in men worldwide 
[1, 2]. Prostate cancer accounts for about one-third of 
malignant tumors in men, and 80–90% of patients have 
progressed to mid to late stage by the time they are first 
diagnosed with prostate cancer [3], mostly in older men. 
The elderly population not only has a high incidence of 
prostate cancer, but also has a high degree of malignancy 
and a low survival rate [4, 5]. In order to reduce the risk 
of prostate cancer and improve the quality of patient sur-
vival, patients with prostate cancer need to be detected 
and treated at an early stage. Therefore, finding indicators 
that can screen for prostate cancer at an early stage and 
treatments that can delay and stop the onset and progres-
sion of prostate cancer are the focus of current prostate 
cancer research [6].

Many recent studies have shown that micro RNA 
(miRNA), an important molecule proven to be closely 
related to tumorigenesis and development, has potential 
diagnostic, therapeutic, and prognostic values for tumors 
and is currently the focus of oncology research [7]. It has 
been found that there is some variation in the expression 
levels of some miRNAs in the plasma or serum of pros-
tate cancer patients, and the miRNAs in plasma or serum 
are in a stable form due to microbubble protection from 
most RNA degradation agents, which is the advantage 
that miRNA can be a new detection indicator for prostate 
cancer [8, 9]. Therefore, it can be concluded that miRNAs 
in the peripheral circulation of prostate cancer patients 
have stability, specificity, and sensitivity in the diagnosis 
of prostate cancer, and miRNAs in the circulating periph-
eral circulation of patients can be used as biomarkers for 
the diagnosis of prostate cancer.

In summary, miRNAs are of great value in prostate 
cancer diagnosis, treatment, and nausea progression. In 
this study, we screened differentially expressed miRNAs 
in prostate cancer tissues and prostate z hyperplasia tis-
sues by miRNA microarrays to analyze the potential of 
miRNAs in prostate cancer diagnosis, treatment, and 
tumor nausea progression.

Research content and methods
Study subjects and clinical samples
Source of tissue samples
Prostate tissue samples were collected from 37 patients 
with prostate cancer and 41 patients with prostate hyper-
plasia diagnosed by pathology in the Department of Urol-
ogy of the First Affiliated Hospital of Xinjiang Medical 
University from October 2021 to July 2022, and the sam-
ples were stored in a refrigerator at − 80℃. The collected 

tissue samples were used for miRNAs microarray and 
qRT-PCR assay to verify the expression of miRNAs.

Source of blood samples
Blood samples were collected from 52 patients with pros-
tate cancer and 58 patients with prostate hyperplasia 
diagnosed by pathology in the Department of Urology 
of the First Affiliated Hospital of Xinjiang Medical Uni-
versity from November 2021 to May 2022, and the sam-
ples were stored in a refrigerator at − 80℃. The collected 
blood samples were used for miRNAs microarray and 
qRT-PCR assay to verify the expression of miRNAs.

General clinical data
Nineteen general clinical data were collected on the 
above patients, including age, education, domicile, mari-
tal status, alcohol consumption, smoking, hypertension, 
body mass index (BMI), diabetes, PSA, free prostate 
antigen/total prostate antigen (f/t) ratio, triglycerides, 
potassium, calcium, low-density lipoprotein, testos-
terone, prostate volume, total cholesterol, and alkaline 
phosphatase.

Inclusion criteria include patients who underwent 
prostate puncture biopsy for the first time, patients with 
a clear diagnosis by pathological tissue biopsy, patients 
with complete clinical information, and patients who 
signed an informed consent form agreeing to participate 
in this study.

Exclusion criteria include patients who were not diag-
nosed with prostate cancer for the first time, patients 
with other malignant tumors in combination, patients 
who had received oncological treatment or treatment for 
prostate-related diseases, and patients who did not want 
to participate in this study.

Experimental methods
MicroRNAs microarray assay
Tissues of 4 patients with prostate cancer and 4 patients 
with prostate hyperplasia were randomly selected. 
Extraction of total RNA, detection of RNA quality, library 
construction, removal of rRNA, RNA fragmentation, 
reverse transcription, amplification, and up-sequencing.

Detection of miRNA expression in tissue and blood samples 
by fluorescence real‑time quantitative PCR
Grinding of tissue samples using a tissue grinder (Extrac-
tion of lymphocytes from blood samples). Extraction 
of total RNA from tissue samples and lymphocytes by 
TRIzol method for RNA concentration and purity test-
ing. The miRNA reverse transcription reagent was used 
to configure the reverse transcription reaction solution 
and placed in a thermocycler with temperature and time 
settings: a warm bath at 37℃ for 60  min, followed by 
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heating at 85℃ for 5  min to inactivate the enzyme and 
reverse transcribe the RNA into cDNA. The miRNA fluo-
rescent quantitative PCR kit (dye method) reagents were 
used, and after configuring the PCR amplification reac-
tion solution, the PCR amplification program (Table  1) 
was designed and amplified in a fluorescent quantitative 
qRT-PCR instrument. Patients with prostate enlargement 
were used as controls, and the relative expression of miR-
NAs was calculated using  2−∆∆Ct (Table 2).

Cellular experiments
Cell source
Human prostate cancer PC-3 cells and human normal 
prostate wpmy-1 cells, purchased from Wuhan Pronosai 
Biological Company.

Cell culture
The complete medium for wpmy-1 cells contains 10% 
fetal bovine serum, DMEM high sugar basal medium, 
1% penicillin, and streptomycin mixture. The complete 
medium for PC-3 cells contains 10% fetal bovine serum, 
DME/F-12 basal medium, 1% penicillin, and streptomy-
cin mixture. Incubation was performed in an incubator 
at 37℃ with 5%  CO2. The medium can be changed after 
48–72 h of incubation in the incubator, the cells can be 
passaged when the cell fusion rate reaches 80–100%. 
The cells are frozen using 10% DMSO + 90% fetal bovine 
serum for cell freezing.

Detection of miRNA expression in cells
Cells with 80–100% fusion rate were washed 1–2 times 
with PBS and centrifuged after cell digestion with 
trypsin. TRIzol was added to the precipitated cells and 
transferred to a 1.5-ml centrifuge tube and blown and 
mixed. The subsequent RNA extraction, cDNA synthe-
sis, and qRT-PCR steps were performed for tissue and 
blood samples, using wpmy-1 cells and control PC-3 
cells as control groups. The relative expression of miRNA 
was calculated in the same way as for tissue and blood 
samples.

Construction of prostate cancer transfected cells to interfere 
with miRNA expression
Design and synthesis of siRNAs. The miRNA-222-mim-
ics and negative controls were designed and synthesized 
by Jima Genetics, Shanghai, China (Table 3).

Cells were transfected in three groups: miRNA-
222-mimics group, NC group, and control group. 
miRNA-222-mimics is the group in which miRNA-222 is 
overexpressed in cells. NC group is used to exclude cells 
from the effect of transfection reagent. The control group 
is the same batch of cells as miRNA-222-mimics and the 
NC group without transfection. These three groups were 
cultured simultaneously. Since the medium and reagents 
used in the transfection process did not add double anti-
bodies (penicillin and streptomycin mixture), an aseptic 
operation was required to avoid contamination of the 
cells. Before transfection, cells with 80–100% fusion were 
digested and inoculated in six-well plates with antibody-
free medium, and when the fusion of cells in the six-well 
plates reached 50–70%, transfection could be performed:

1) Dilute miRNA-222-mimics and NC with DEPC 
water and adjust to a concentration of 10 µM.

2) Add 12 µl of transfection reagent to 240 µl of DME/
F-12 basal medium, add 6  µl of diluted miRNA-
222-mimics and NC to 120  µl of DME/F-12 basal 
medium respectively, and leave at room temperature 
for 5 min.

3) Add 126  µl of miRNA-222-mimics and NC dilu-
tions respectively from transfection reagent dilutions 
and mix by blowing, leave at room temperature for 
20–25 min. Wash the cells in six-well plates with PBS 

Table 1 miRNA real-time fluorescence quantification reaction 
conditions

The melting curve analysis should be performed according to the recommended 
procedure of the fluorescence PCR instrument used

Steps Temperature Time Number of cycles

Predegeneration 95℃ 30 s

Degeneration 95℃ 5 s 40 cycles

Annealing/Extension 60℃ 30 s

Table 2 PCR primer sequences

Genes Primer sequences

U6 F CGT CAA CAC TTG CTGGT 

R CTC GCT TCG GCA GCACA 

miRNA-144 F TAC AGT ATA GAT GAT GTA CT

miRNA-222 F AGC TAC ATC TGG CTA CTG GGT 

miRNA-1248 F ACC TTC TTG TAT AAG CAC TGT GCT AAA 

miRNA-3651 F CAT AGC CCG GTC GCT GGT ACA TGA 

Table 3 Transfection sequence of siRNA

Gene names Sequence

miRNA-222-mimics Sense AGC UAC AUC UGG CUA CUG GGU 

Antisense CCA GUA GCC AGA UGU AGC UUU 

NC Sense UUC UCC GAA CGU GUC ACG UTT 

Antisense ACG UGA CAC GUU CGG AGA ATT 



Page 4 of 22Abudoubari et al. World Journal of Surgical Oncology          (2023) 21:270 

in advance and add 2 ml of antibody-free medium to 
each well.

4) Add 252 µl of miRNA-222-mimics and NC mixture 
to each well in a six-well plate and incubate in an 
incubator for 48–72  h for subsequent experiments 
after successful transfection.

CCK8 assay for cell proliferation

1) The 3 groups of successfully transfected cells were 
washed with PBS, and the cells were collected and 
counted after digestion.

2) 96-well plates are added with media containing 6000 
cells at 100 µl per well. For each group, 18 replicate 
wells were set up, and a negative control well with 
only medium was designed.

3) After 24, 48, and 72 h of cell walling, 10 µl of CCK-8 
was added into 6 replicate wells of each group of cells 
for 2 h, the OD of each well at 450 nm was measured 
by Microplate Reader, the average OD of each repli-
cate well was taken, the average OD of the negative 
control group was subtracted from the average OD 
of each group, the proliferation inhibition rate of 
miRNA-222-mimics group and NC group was calcu-
lated according to the CCK-8 reagent instructions.

Scratching experiment

1) Before transfection, use a marker to draw 5 marker 
lines on the back of the six-well plate before transfec-
tion. After successful transfection, when the fusion 
of transfected cells reaches 80–100%, use a 200-µl 
pipette to scratch in each well of cells, and scratch 
perpendicular to the marker lines.

2) After scratching, wash several times with PBS, add 
low-serum medium, and record each scratch area 
with microscope photos at 0, 24, and 48  h after 
scratching, and take photos of the same scratch area 
at different times and record the location.

3) The images were analyzed using Image J software, 
and when calculating the relative area of scratches at 
24 and 48  h, the scratch area at 0  h for each group 
was used as a reference value to evaluate the migra-
tion ability of each group of cells.

Transwell experiments

1) Before starting the experiment, pre-chill the centri-
fuge tubes, pipettes, and tips on ice to avoid solidi-

fication of the Matrigel matrix gel at room tempera-
ture.

2) Dilute Matrigel base gel with DME/F-12 basal 
medium at a ratio of 1:8 and add 60 µl to the upper 
layer of Transwell (be careful to avoid foaming when 
adding Matrigel base gel), leave in the incubator for 
1–2  h to form a film and discard any excess liquid 
that has not solidified.

3) The 3 groups of successfully transfected cells were 
washed using PBS, digested and centrifuged, and 
then suspended in serum-free medium and counted. 
Two hundred microliters of serum-free medium con-
taining 30,000 cells was inoculated in the upper layer 
of Transwell, and 600 µl of medium containing 10% 
serum was added to the lower layer and placed in the 
incubator for 36 h.

4) After washing the removed Transwell with PBS, 
aspirate the excess liquid in the upper chamber, add 
600  µl of 4% paraformaldehyde for fixation to the 
wells in the upper chamber, and fix for 20–30 min.

5) After fixation, the upper chamber of Transwell was 
washed several times with PBS, and the upper cham-
ber was transferred to the wells stained with 600 µl of 
0.1% crystal violet staining solution added in advance 
for 5–10 min.

6) After staining, the Transwell upper chamber was 
washed several times with PBS, and the background 
color was removed and air-dried for 10  min. After 
wiping the unsuccessful cells on the bottom surface 
of the upper chamber with a wet cotton swab, five 
fields of view were randomly selected and photo-
graphed under the microscope, and the successfully 
invaded cells were counted using Image J software.

Flow cytometry

1) After the supernatant of each group of cells and the 
digested cells were collected, they were centrifuged 
together, the supernatant was discarded, and the cell 
precipitate was washed several times with PBS.

2) Add 100 µl of 1 × binding buffer to each group of cell 
sediment and transfer to a 1.5-ml centrifuge tube, 
add 5 µl of PI staining solution and stain for 3 min, 
then add 5  µl of lAnnexinV-FITC staining solution 
for co-staining for 5  min, and finally, add 400  µl of 
1 × binding buffer to each group of cells to termi-
nate staining (all experimental steps after the start of 
staining need to be operated under light-proof condi-
tions).

3) After filtering each group of cells into a single dis-
persed state with a filter membrane, apoptosis detec-
tion was performed using flow cytometry.
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4) The percentages of the Q1, Q2, Q3, and Q4 will 
appear in the test results. The percentage of the Q1 
area represents the percentage of mechanically dam-
aged cells caused by operation errors in the total cell 
count. The percentage of the Q2 area represents the 
percentage of necrotic or late apoptotic cells in the 
total cell count. The percentage of the Q3 area rep-
resents the percentage of early apoptotic cells in the 
total cell count. The percentage of the Q4 area rep-
resents the percentage of normal cells in the total cell 
count.

Statistical method
Graphpad Prism 5 and SPSS 25.0 software were used for 
graphing and analysis. The measurement data obeying 
normal distribution were expressed as mean ± standard 
deviation ( (x ± s) and those not obeying normal distri-
bution were expressed as quartiles M(P25, P75), and the 
count data were described as percentages (%). For single-
factor analysis, data obeying normal distribution were 
analyzed by t-test, data not obeying normal distribution 
were analyzed by rank sum test, and count data were ana-
lyzed by chi-square test. For multi-factor analysis, uncon-
ditional logistic regression was used for the analysis. The 
test level was 0.05.

Results
Prostate tissue miRNA microarray results
To explore the expression of miRNAs in prostate can-
cer and prostate hyperplasia tissues, four cases of pros-
tate cancer tissues (Ca2, Ca4, Ca5, Ca14) and four cases 
of prostate hyperplasia tissues (N7, N11, N15, N16) 
were selected, all of which were obtained from puncture 
samples from the Department of Urology of the First 
Affiliated Hospital of Xinjiang Medical University from 
October 2021 to January 2022.

Sequencing data quality
The percentages of pure sequences in the original 
sequences of the four prostate cancer tissue samples were 
Ca2 96.69%, Ca4 96.27%, Ca5 96.40%, and Ca14 93.62%, 
all of which were greater than 90%. The percentages 
of pure sequences in the original sequences of the four 
prostate hyperplasia tissue samples were N7 96.80%, N11 
97.23%, N15 95.72%, and N16 96.68%, all of which were 
greater than 90%. The pure sequence ratio and Q30 of the 
eight tissue samples were greater than 90%, which can 
indicate the good quality of sequencing data (Table 4).

Sequence length distribution characteristics
In the data analysis, the sequences with length < 17  bp 
or > 35  bp were removed. Four cases of prostate cancer 

tissues with Small RNA pure sequences were mainly 
distributed in the length of 20 ~ 24  bp, mainly concen-
trated in 22  bp, and the percentage of pure sequences 
with length in 22 bp were Ca2 41.87%, Ca4 31.75%, Ca5 
30.72%, and Ca14 41.97%. Four cases of prostate can-
cer tissues with small RNA pure sequences were mainly 
distributed in the length of 20 ~ 24  bp, mainly concen-
trated in 22  bp, and the percentage of pure sequences 
with length in 22  bp were Ca2 41.87%, Ca4 31.75%, 
Ca5 30.72%, and Ca14 41.97%. The percentages of pure 
sequences with 22 bp were N7 38.61%, N11 31.76%, N15 
32.43%, and N16 38.42%, respectively. Compared with 
prostate cancer tissue samples, the distribution of pure 
sequence lengths in prostate hyperplasia tissue samples 
was more uniform.

Taxonomic annotation of small RNA sequences
Using blastn software, we compared the pure sequences 
with Rfam (version 10.0) database and extracted the 
results with p-value less than or equal to 0.01. The num-
ber of successful sequences among the pure sequences 
in the four prostate cancer tissues was Ca2 78.55%, Ca4 
74.38%, Ca5 70.70%, and Ca14 72.92%, among which the 
percentages of miRNAs in pure sequences in the four 
prostate hyperplasia tissues were N7 83.97%, N11 74.68%, 
N15 67.80%, and N16 72.67%, of which miRNAs were 
N7 77.12%, N11 74.68%, N15 67.80%, and N16 72.67%, 
respectively. N7 77.12%, N11 62.49%, N15 55.76%, and 
N16 61.06%, respectively, are shown in eTable 1.

Expression of total miRNA
In small RNA sequencing analysis, we can estimate the 
miRNA expression levels by the counts of newly pre-
dicted miRNA sequences in different samples (Fig.  1A). 
miRNA expression levels of samples in the cancer and 
hyperplasia groups were not significantly different, and 

Table 4 Original and post-quality control sequence information 
in prostate cancer tissue and prostate cancer hyperplasia tissue

Sample 
name

Number 
of original 
sequences 
(n)

Number 
of pure 
sequences 
(n)

Pure 
sequence 
ratio (%)

Q30 (%)

Ca2 12,231,830 11,827,333 96.69% 94.64%

Ca4 15,529,734 14,950,214 96.27% 97.08%

Ca5 13,979,225 13,475,826 96.40% 96.33%

Ca14 11,507,052 10,772,859 93.62% 96.09%

N7 14,999,205 14,448,964 96.33% 96.80%

N11 18,063,727 17,452,607 96.62% 97.23%

N15 14,306,038 13,662,588 95.50% 95.72%

N16 13,362,300 12,693,394 94.99% 96.68%



Page 6 of 22Abudoubari et al. World Journal of Surgical Oncology          (2023) 21:270 

Fig. 1 A Box plot of miRNA expression levels in prostate cancer tissue and prostate cancer hyperplasia tissue. B PCA images of prostate cancer 
tissue and prostate cancer hyperplasia tissue. C Cluster analysis graph between samples
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the expression was mainly concentrated in 1 ~ 3. The 
similarity between different samples can be explained by 
PCA and the PCA distance between samples or sample 
clustering. The closer the distance, the higher the simi-
larity between samples. For each group of samples dis-
tributed in different regions of two-dimensional space, 
samples in the same group were relatively concentrated 
in spatial distribution. In this study, PCA could be seen 
that the prostate cancer group was concentrated in the 
lower part of the two-dimensional space, and the prostate 
hyperplasia group was concentrated in the upper part 
of the two-dimensional space (Fig.  1B). When examin-
ing the similarity between different samples, the distance 
between different samples was calculated by the clus-
tering method, and in this study, the clustering method 
could see that the distance between the samples of the 
prostate cancer group was more similar (Fig. 1C).

Identification of differential miRNAs
A negative binomial distribution test was used to test 
the significance of differences in sequence numbers. 
Base mean values were used to estimate miRNA expres-
sion, and miRNAs with P < 0.05 and with more than two-
fold change were screened. A total of 13 miRNAs were 
screened for differential expression in prostate cancer 
and prostate hyperplasia tissues, of which 10 were upreg-
ulated in expression miRNAs (hsa-miRNA-1248, hsa-
miRNA-144-3p, hsa-miRNA-182-3p, hsa-miRNA-3609, 
hsa-miRNA-3651, hsa-miRNA-449c-5p, and four 
unknown miRNAs were expressed significantly higher 
in prostate cancer tissues compared with prostate hyper-
plasia tissues), and three miRNAs with down-regulated 
expression (hsa-miRNA-1299, hsa-miRNA-205-3p, and 

hsa-miRNA-222-3p were significantly lower in prostate 
cancer tissues compared with prostate hyperplasia tis-
sues) (Table 5). The gray dots in the volcano plot repre-
sent miRNAs that were not differentially expressed in 
prostate cancer and prostate hyperplasia tissues, and the 
red and green dots represent miRNAs that were differ-
entially expressed in prostate cancer and prostate hyper-
plasia tissues, with the red dots indicating miRNAs that 
were screened out with P < 0.05 and more than twofold 
change (Fig. 2A). In order to visualize the miRNAs differ-
entially expressed in prostate cancer and prostate hyper-
plasia tissues, cluster analysis was performed on the data, 
and the clustering analysis plot with green dots indicat-
ing low expression and red dots indicating high expres-
sion showed that the expression levels of the screened 
miRNAs in prostate cancer and prostate hyperplasia tis-
sues were different (Fig. 2B).

Functional analysis of differential miRNA target genes

Functional analysis of differential miRNA target 
genes GO functional significance enrichment analy-
sis was performed on the target genes of 13 all miR-
NAs differentially expressed (Fig.  3A), 10 miRNAs 
highly expressed in prostate cancer (Fig.  3B), and 3 
miRNAs low expressed in prostate cancer (Fig.  3C), 
respectively. The results of GO functional signifi-
cance enrichment analysis of 13 miRNAs differentially 
expressed in the cellular processes indicated that these 
miRNAs were enriched in carnitine metabolic process 
(CoA-related), negative regulation of fatty acid oxi-
dation, regulation of cholesterol metabolic process, 
arterial development, venous vascular development, 

Table 5 Differential expression of miRNAs in prostate cancer tissues and prostate cancer hyperplasia tissues

miRNA Expression of miRNA after standardization Fold change P Up/down

Prostatic hyperplasia Prostate cancer

chr15_14511 1.393 10.815 7.766 0.002 Up

chr20_17438_star 0.986 19.151 19.426 0.000 Up

chr20_17674 95.176 312.417 3.283 0.033 Up

chr4_5055 1.746 73.182 41.914 0.034 Up

hsa-miR-1248 136.837 305.092 2.230 0.039 Up

hsa-miR-1299 150.420 51.888 0.345 0.019 Down

hsa-miR-144-3p 2.542 10.421 4.099 0.038 Up

hsa-miR-182-3p 1.519 9.926 6.534 0.012 Up

hsa-miR-205-3p 3.165 0.000 0.000 0.032 Down

hsa-miR-222-3p 601.264 217.983 0.363 0.034 Down

hsa-miR-3609 0.866 6.053 6.993 0.048 Up

hsa-miR-3651 6.945 22.302 3.211 0.018 Up

hsa-miR-449c-5p 0.537 4.576 8.514 0.028 Up
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neuroretinal development, amyloid precursor protein 
catabolic process, negative regulation of ubiquitin-
protein transferase activity, regulation of resting mem-
brane potential, “de novo.” The molecular functions 
include interleukin-8 binding, long-chain acyl-coen-
zyme A dehydrogenase activity, transmembrane recep-
tor protein serine/threonine kinase activity, transform-
ing growth factor beta receptor activity (type I), activin 
receptor activity (type I), fructose binding, AMP deam-
inase activity, DNA-dependent protein kinase activity, 
copper ion transmembrane transporter protein activity, 
and superoxide dismutase copper chaperone activity. 

The cellular composition includes γ-secretase complex, 
myoglycan complex, death-inducing signaling complex, 
CD95 death-inducing signaling complex, senescence-
associated heterochromatin foci, nucleotide excision 
repair complex, type IV collagen trimer, type V col-
lagen trimer, synthetic nutrient complex, and insulin 
receptor complex.

KEGG pathway analysis After obtaining the differ-
entially expressed miRNAs between the four prostate 
cancer tissues and the four prostate hyperplasia tissues, 
the target genes were predicted by KEGG enrichment 

Fig. 2 A Volcano plot of miRNA differential expression profiles in prostate cancer tissue and prostate cancer hyperplasia tissue. B Heat map 
of miRNA differential expression profiles in prostate cancer tissue and prostate cancer hyperplasia tissue
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Fig. 3 Results of GO analysis of miRNA target genes differentially expressed in prostate cancer tissue and prostate hyperplasia tissue. A All miRNAs. 
B Highly expressed miRNA. C Lowly expressed miRNA
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analysis for the 13 differentially expressed all miRNAs 
(Fig.  4A), the 10 miRNAs that were highly expressed 
in prostate cancer (Fig.  4B) and the three miRNAs that 
were lowly expressed in prostate cancer (Fig. 4C), respec-
tively. The results of KEGG enrichment analysis of 13 dif-
ferentially expressed all miRNAs indicated that the tar-
get genes of these miRNAs were mainly involved in the 
tumor-associated protein pathway, miRNAs-associated 
protein pathway in tumor, cAMP signaling pathway, and 
Rap1 signaling pathway.

Results of miRNA relative expression in tissue samples
By reviewing the literature, we selected four known 
miRNAs that have rarely been studied in prostate can-
cer. Three miRNAs with up-regulated levels were hsa-
miRNA-144, hsa-miRNA-1248, and hsa-miRNA-3651, 
and one miRNA with down-regulated levels was hsa-
miRNA-222 for the next study.

Thirty-three patients with prostate cancer, with 
a mean age of (69.30 ± 7.72) years, and 37 patients 
with prostate hyperplasia group, with a mean age of 
(66.46 ± 7.77) years, were included in this study. The 
results showed that the relative expression of miRNA-
144, miRNA-1248, and miRNA-3651 was not statis-
tically significant between the prostate cancer and 
prostate hyperplasia groups. miRNA-222 was statis-
tically significant between the prostate cancer and 
prostate hyperplasia groups, and miRNA-222 was sig-
nificantly low expressed in the tissues of prostate can-
cer patients (P < 0.05) (Table 6).

Results of miRNA relative expression in blood samples
Fifty-two patients with prostate cancer and 58 
patients with prostate hyperplasia were included in 
this study. miRNA-144 had no statistically significant 
relative expression in the blood of patients with pros-
tate cancer and prostate hyperplasia. miRNA-222, 
miRNA-1248, and miRNA-3651 were significantly low 
expressed in the blood of patients with prostate cancer 
(P < 0.05) (Table 7).

Blood miRNA expression in different clinical T‑stages, 
Gleason scores and metastatic conditions
Comparing the expression of miRNA-144, miRNA-222, 
miRNA-1248, and miRNA-3651 in the blood of patients 
with different clinical T-stage, Gleason score, and 

metastatic status. The results showed that the expres-
sion of miRNA-144, miRNA-222, miRNA-1248, and 
miRNA-3651 in the blood of patients with different clini-
cal T-stage, Gleason score, and metastatic status was not 
statistically different (P > 0.05) (Table 8).

Prostate cancer risk factors
Univariate analysis of risk factors for prostate cancer
General clinical data of 52 patients with prostate cancer 
and 58 patients with prostate hyperplasia were changed 
to categorical data for univariate analysis of prostate 
cancer. Among them, the PSA value was divided into 
dichotomous variables by 10  ng/ml, age by 65  years, 
and BMI by 24  kg/m2. f/t ratio, alkaline phosphatase, 
prostate volume, testosterone, miRNA-144 relative 
expression, miRNA-222 relative expression, miRNA-
1248 relative expression, and miRNA-3651 relative 
expression were divided into dichotomous variables by 
the median. Total cholesterol was divided into dichot-
omous variables with the mean as the cut-off. Low-
density lipoprotein, blood calcium, blood potassium, 
and triglycerides were divided into two groups with 
the lower limit of the normal range of each index as the 
boundary value.

The analysis showed that there were no statistically 
significant differences (P > 0.05) when comparing the 
education level, household registration, alcohol con-
sumption, marital status, smoking, hypertension, dia-
betes, BMI, LDL, blood calcium, blood potassium, 
triglycerides, testosterone, prostate volume, total cho-
lesterol, alkaline phosphatase, and miRNA-144 between 
patients with prostate hyperplasia and prostate cancer. 
Age, PSA, f/t ratio, miRNA-222, miRNA-1248, and 
miRNA-3651 relative expression were statistically dif-
ferent (P < 0.05) (Table 9).

Unconditional logistic regression analysis
The presence or absence of prostate cancer was used 
as the dependent variable, and the factors with statis-
tical differences in univariate analysis, age, PSA, f/t 
ratio, miRNA-222, miRNA-1248, and miRNA-3651 
were used as independent variables (Table  10). The 
stepwise backward method was used for the selec-
tion and exclusion of independent variables, setting 
α exclusion = 0.10 and α entry = 0.05. The results of 
multivariate analysis showed that a total of three indi-
cators/variables, such as f/t ratio, miRNA-222, and 
miRNA-1248, were retained into the regression equa-
tion and were independent influencing factors for 
prostate cancer (P < 0.05), and f/t ratio > 0.18, miRNA-
222 relative expression > 0.69 and miRNA-1248 relative 
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Fig. 4 Results of KEGG analysis of miRNA target genes differentially expressed in prostate cancer tissue and prostate hyperplasia tissue. A All 
miRNAs. B Highly expressed miRNA. C Lowly expressed miRNA
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expression > 0.94 were protective factors for prostate 
cancer (Table 11). The ROC curve area was 0.941 with 
a 95% confidence interval of 0.900 to 0.982 when the 
three indicators/variables of f/t ratio, miRNA-222, and 
miRNA-1248 were used as reference values to differen-
tiate prostate hyperplasia from prostate cancer.

Cell experiment
Expression of miRNA‑222 in PC3 and wpmy‑1 cells
In the previous study, it was found that only miRNA-222 
expression in blood samples and tissue samples matched 
with microarray results, and the results of miRNA-222 
expression in blood samples showed the largest fold rela-
tionship between the prostate cancer group and prostate 
hyperplasia group, therefore, the role of miRNA-222 in 
prostate cancer was further investigated at a later stage. 
We examined the expression of miR-222 in wpmy-1 and 
PC-3 cells using the qRT-PCR technique. The results 
showed that the expression of miRNA-222 in PC-3 can-
cer cells (0.40 ± 0.14) was significantly lower than that in 
wpmy-1 normal cells (1.14 ± 0.22) (P < 0.05) (Fig. 5A).

Results of transfection of PC‑3 cells with miRNA‑222‑mimics
After transfection of PC-3 cells, qRT-PCR assay was used 
to verify the transfection effect after transfection, and 
the results showed that the expression of miRNA-222 in 
the cells of NC group and control group was statistically 
lower than that in the cells of miRNA-222-mimics group 
(P < 0.01). There was no significant difference between the 
expression of miRNA-222 in the cells of the NC group 
and control group (P > 0.05) (Table 12). It suggested that 
the miRNA-222 overexpression cell model was success-
fully constructed, and subsequent experiments for cell 
biological function detection could be performed.

Effect of overexpression of miRNA‑222 on the migration 
ability of PC‑3 cells
The scratch area of cells in the control group at 0 h was 
calculated using Image J software as a reference value 
and the relative areas of the remaining groups at differ-
ent time periods were calculated. The results showed 
that there was no statistical difference between the rela-
tive area of scratches in the control (0.70 ± 0.05) and NC 
(0.68 ± 0.06) groups at 24  h (P > 0.05). The relative area 
of scratches of cells in the miRNA-222-mimics group at 
24 h (0.86 ± 0.03) was greater than the area of the control 
and NC groups (P < 0.05). There was no statistical differ-
ence between the relative area of scratches in the control 
(0.42 ± 0.04) and NC (0.43 ± 0.06) groups at 48 h (P > 0.05). 
The relative area of scratches in the cells of the miRNA-
222-mimics group at 48  h (0.58 ± 0.05) was larger than 
that of the control and NC groups (P < 0.05) (Fig. 5B, C). 
It was suggested that overexpressed miRNA-222 could 
effectively inhibit the migration ability of PC-3 cells.

Effect of overexpression of miRNA‑222 on the proliferative 
capacity of PC‑3 cells
The results of the CCK-8 assay showed that the pro-
liferation inhibition rate of miRNA-222-mimics 

Table 6 miRNA expression in tissues of patients with prostate 
hyperplasia and prostate cancer

miRNA Prostate cancer Prostate hyperplasia Z P

miRNA-144 1.91 (0.65,3.19) 2.30 (0.52,5.80)  − 0.747 0.455

miRNA-222 0.65 (0.52,1.34) 1.28 (0.85,1.70)  − 2.700 0.007

miRNA-1248 1.17 (0.54,1.83) 1.06 (0.43,2.01)  − 0.076 0.939

miRNA-3651 0.84 (0.64,1.25) 1.10 (0.69,1.25)  − 1.018 0.309

Table 7 miRNA expression in the blood of patients with prostate 
cancer and prostate hyperplasia

miRNA Prostate Cancer Prostate 
hyperplasia

Z P

miRNA-144 0.90 (0.48,1.36) 1.33 (0.63,1.55)  − 1.701 0.089

miRNA-222 0.56 (0.43,0.63) 0.95 (0.74,1.31)  − 8.263  < 0.001

miRNA-1248 0.90 (0.77,0.98) 0.97 (0.87,1.19)  − 2.994 0.003

miRNA-3651 0.87 (0.79,0.98) 1.00 (0.86,1.15)  − 3.209 0.001

Table 8 miRNA expression in the blood of patients with 
different clinical T-stage, Gleason score, and metastatic status

Variables miRNA‑144 miRNA‑222 miRNA‑
1248

miRNA‑3651

Clinical T-stage

  ≤ 2 0.73 
(0.40,1.06)

0.54 (0.43,0.59) 0.84 
(0.75,0.96)

0.87 
(0.83,1.00)

  > 2 1.00 
(0.65,2.31)

0.56(0.35,0.62) 0.91 
(0.78,1.02)

0.80 
(0.63,0.95)

 Z  − 1.665  − 0.333  − 0.916  − 1.498

 P 0.096 0.739 0.360 0.134

Gleason score

  ≤ 7 0.91 
(0.44,1.29)

0.54 (0.42,0.57) 0.79 
(0.88,0.96)

0.88 ± 0.06

  > 7 0.80 
(0.48,1.36)

0.56 (0.45,0.63) 0.89 
(0.77,0.98)

0.93 ± 0.29

 Z/t  − 0.547  − 1.300  − 0.684  − 0.650

 P 0.584 0.194 0.494 0.518

metastatic status

 No 0.90 
(0.33,1.34)

0.54 (0.42,0.65) 0.82 
(0.71,0.95)

0.86 
(0.79,0.95)

 Yes 0.80 
(0.68,1.35)

0.56 (0.42,0.58) 0.96 
(0.82,0.99)

0.87 
(0.76,1.06)

 Z  − 0.423  − 0.962  − 1.347  − 0.038

 P 0.672 0.336 0.178 0.969
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Table 9 Univariate analysis of risk factors for prostate cancer

Variables Prostate hyperplasia
n (%)

Prostate cancer
n (%)

χ2 P

Age 6.298 0.012

  ≤ 65 24 (41.4) 10 (19.2)

  > 65 34 (58.6) 42 (80.8)

Education level 2.713 0.100

 Junior high school and below 38 (65.5) 26 (50.0)

 High school and above 20 (34.5) 26 (50.0)

Place of residence 0.717 0.397

 Urban 48 (82.8) 46 (88.5)

 Rural 10 (17.2) 6 (11.5)

Marital status 0.495 0.482

 Married 54 (93.1) 50 (96.2)

 Divorced or widowed 4 (6.9) 2 (3.8)

Smoking 0.073 0.787

 No 48 (82.8) 42 (80.8)

 Yes 10 (17.2) 10 (19.2)

Drinking 2.661 0.103

 No 56 (96.6) 46 (88.5)

 Yes 2 (3.4) 6 (11.5)

High blood pressure 1.624 0.203

 No 36 (62.1) 26 (50.0)

 Yes 22 (37.9) 26 (50.0)

Diabetes 3.248 0.072

 No 52 (89.7) 40 (76.9)

 Yes 6 (10.3) 12 (23.1)

BMI 0.340 0.560

  ≤ 24 28 (48.3) 28 (53.8)

  > 24 30 (51.7) 24 (46.2)

PSA 14.237  < 0.001

  ≤ 10 34 (58.6) 12 (23.1)

  > 10 24 (41.4) 40 (76.9)

f/t ratio 6.639 0.010

  ≤ 0.18 26 (44.8) 36 (69.2)

  > 0.18 32 (55.2) 16 (30.8)

Triglycerides 0.033 0.857

  ≤ 1.7 28 (48.3) 26 (50.0)

  > 1.7 30 (51.7) 26 (50.0)

Blood potassium 3.216 0.073

  ≤ 3.5 20 (34.5) 10 (19.2)

  > 3.5 38 (65.5) 42 (80.8)

Blood Calcium 0.019 0.889

  ≤ 2.25 32 (55.2) 28 (53.8)

  > 2.25 26 (44.8) 24 (46.2)

Low-density lipoprotein 0.026 0.873

  ≤ 3.4 54 (93.1) 48 (92.3)

  > 3.4 4 (6.9) 4 (7.7)

Testosterone 0.019 0.889

  ≤ 17.08 32 (55.2) 28 (53.8)

  > 17.08 26 (44.8) 24 (46.2)
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group cells, at 24, 48, and 72 h, was higher than that 
of NC group cells (P < 0.05), respectively (Table  13, 
Fig.  6C). It was suggested that overexpressed 

miRNA-222 could effectively inhibit the proliferation 
rate of PC-3 cells.

Effect of overexpression of miRNA‑222 on the invasive ability 
of PC‑3 cells
Using Image J software to count the successfully 
invaded cells in the three groups of cells after 36  h, 
the results showed that there was no statistical differ-
ence between the number of successfully invaded cells 
in the control (380.67 ± 15.50) and NC (402.00 ± 27.51) 
groups of cells (P > 0.05), and the number of success-
fully invaded cells in the miRNA-222-mimics group 
of cells (263.00 ± 21.00) was smaller than the number 
of successfully attacked cells in control and NC group 
cells (P < 0.05) (Fig. 6A, D). It was suggested that over-
expressed miRNA-222 could effectively inhibit the inva-
sive ability of PC-3 cells.

Effect of overexpression of miRNA‑222 on apoptosis of PC‑3 
cells
The apoptosis rate of cells can be obtained by calcu-
lating Q2 + Q4 in the flow cytometry assay results, 
and the results showed that there was no statisti-
cal difference between the apoptosis rate of cells in 

Table 9 (continued)

Variables Prostate hyperplasia
n (%)

Prostate cancer
n (%)

χ2 P

Prostate volume 0.294 0.587

  ≤ 94.16 26 (44.8) 26 (50.0)

  > 94.16 32 (55.2) 26 (50.0)

Alkaline phosphatase 0.033 0.857

  ≤ 66.41 28 (48.3) 26 (50.0)

  > 66.41 30 (51.7) 26 (50.0)

Total cholesterol 0.340 0.560

  ≤ 4.11 30 (51.7) 24 (46.2)

  > 4.11 28 (48.3) 28 (53.8)

miRNA-144 0.892 0.345

  ≤ 0.92 26 (44.8) 28 (53.8)

  > 0.92 32 (55.2) 24 (46.2)

miRNA-222 61.167  < 0.001

  ≤ 0.69 8 (13.8) 46 (88.5)

  > 0.69 50 (86.2) 6 (11.5)

miRNA-1248 4.458 0.035

  ≤ 0.94 24 (41.4) 32 (61.5)

  > 0.94 34 (58.6) 20 (38.5)

miRNA-3651 8.269 0.004

  ≤ 0.93 22 (37.9) 34 (65.4)

  > 0.93 36 (62.1) 18 (34.6)

Table 10 Logistic regression variable assignment

Factors Assignments

Age  ≤ 65:1  > 65:2

PSA  ≤ 10:1  > 10:2

f/t ratio  ≤ 0.18:1  > 0.18:2

miRNA-222  ≤ 0.69:1  > 0.69:2

miRNA-1248  ≤ 0.94:1  > 0.94:2

miRNA-3651  ≤ 0.93:1  > 0.93:2

Table 11 Multi-factor logistic regression

Factors B Wald OR (95% CI) P

Age 1.190 2.804 3.289 (0.816–13.247) 0.094

f/t ratio  − 1.771 6.483 0.170 (0.044–0.655) 0.011

miRNA-222  − 4.331 35.166 0.013 (0.003–0.055)  < 0.001

miRNA-1248  − 1.526 5.070 0.217 (0.058–0.821) 0.024

Constant 2.622 9.437 0.002



Page 15 of 22Abudoubari et al. World Journal of Surgical Oncology          (2023) 21:270  

the control (15.13 ± 3.2) and NC (14.93 ± 3.8) groups 
(P > 0.05), and the apoptosis rate of cells in the 
miRNA-222-mimics group was (37.25 ± 3.54) greater 

than that of cells in control and NC groups (P < 0.05) 
(Fig.  6B, E). It was suggested that overexpression of 
miRNA-222 could effectively increase the apoptosis 
level of PC-3 cancer cells.

Fig. 5 A Differential expression of miRNA-222 in wpmy-1 normal cells and PC-3 prostate cancer cells, * P < 0.05. B Relative scratch area of cells 
in different groups, ** P < 0.01. C Scratch area map of different groups of cells

Table 12 Transfection effect of miRNA-222

a Compared to the miRNA-222-mimics group (P<0.01)
b Compared to the blank group (P<0.01)
c Compared to the NC group (P<0.01)

Different groups of cells miRNA‑222 F P

Control 1.07 ± 0.06a

NC 1.16 ± 0.20a 157.161 0.001

miRNA-222-mimics 699.52 ± 78.79b, c

Table 13 Proliferation inhibition rate of cells in each group at 
different time periods (%)

Time (h) NC miRNA‑222‑mimics t P

24 11.97 ± 3.79 21.19 ± 2.03  − 4.288 0.005

48 17.85 ± 8.26 43.96 ± 5.39  − 5.296 0.002

72 21.03 ± 6.87 57.94 ± 8.22  − 10.892 0.000
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Fig. 6 A Number of infestations in different groups in Transwell infestation assay, ** P < 0.01. B Apoptosis levels in different groups of cells, ** 
P < 0.01. C Proliferation inhibition rate of different groups of cells. D Results of Transwell invasion assay on different groups of cells. E Apoptosis levels 
in different groups of cells
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Discussion
Most prostate cancer patients are already in an advanced 
cancer stage or even metastatic state at the time of initial 
diagnosis [10], and the treatment options for advanced 
prostate cancer are limited all patients turn drug resist-
ant after a period of treatment, resulting in a poor prog-
nosis for prostate cancer patients [11]. Early detection of 
prostate cancer is of great significance for prostate can-
cer treatment and prognosis. therefore, more accurate 
detection indexes for prostate cancer screening should be 
studied to achieve strategies such as early detection and 
early treatment of prostate cancer as a way to improve 
the early detection rate and survival of prostate cancer 
patients and to improve the prognosis of prostate cancer 
patients [12].

The role played by miRNAs as a non-coding RNA in 
tumors has become a hot research topic in recent years 
[13]. Starting with the first discovered miRNAs-lin-4 in 
1993, many researchers subsequently started to explore 
the generation, structure, and function of miRNAs. Stud-
ies on a variety of tumors such as chronic lymphocytic 
leukemia, breast cancer, colorectal cancer, and lung can-
cer revealed that miRNA expression is abnormal in most 
tumor cells [14]. It is believed that miRNAs can play an 
important role in the diagnosis of many tumors [15]. It 
has been found that miRNAs are closely related to the 
occurrence and progression of prostate cancer, and it is 
believed that miRNAs are important in both the early 
diagnosis and malignant progression of prostate cancer 
[16]. Therefore, in this study, we screened miRNAs with 
differential expression in prostate cancer by miR micro-
array, and verify the potential of the miRNAs in prostate 
cancer diagnosis and explore the role of the validated 
miRNAs in the malignant progression of prostate cancer 
to open a new path for miRNA-based treatment of pros-
tate cancer.

Prostate cancer risk factors and biomarkers
The gold standard for the diagnosis of prostate cancer is 
puncture biopsy of prostate tissue, but puncture biopsy 
is a costly and invasive test, which has an impact on 
patients’ lives [17]. In fact, in case of transrectal biopsy, 
the risk of complications requiring hospital admission 
ranges from 0.1 to 2.5% [18] being in most of the cases 
secondary to urinary tract infection (UTI), fever or sep-
sis. Loeb et  al. [19] reported a cumulative increase in 
the risk of having a complication where each additional 
biopsy was associated with a 1.7-fold increase in overall 
hospitalizations and a 1.7-fold increase in serious infec-
tious complications. Clinical complications and hos-
pital admissions following transrectal prostate biopsy 
have increased during the last years primarily due to an 
increasing rate of infections [20]. Carignan et al. [21] in 

5.798 submitted to transrectal prostate biopsy demon-
strated an increased incidence of infections from 0.52% 
in 2002–2009 to 2.15% in 2010–2011. Pietro Pepe et  al. 
[22] retrospectively evaluated the clinical complica-
tions of 8500 patients who underwent prostate biopsy 
in more than 20 years of clinical practice and found that 
clinical complications followed by prostate biopsy bio-
logically involved 35.9% of the patients. Urinary tract 
infection with over was the most frequent cause of hos-
pital recovery (33.4% of the cases). Loeb et  al. [23] in a 
random sample of Medicare participants in Surveil-
lance, Epidemiology, and End Results (SEER) regions 
from 1991 to 2007 found that prostate biopsy was asso-
ciated with a 2.65-fold increased risk of hospitaliza-
tion secondary to infections within 30  days compared 
to the control population. Therefore, there is a need to 
accurately include patients for puncture biopsy. Cur-
rently, the indications for prostate puncture biopsy are 
mainly PSA, rectal examinations, and imaging examina-
tions, among which PSA, as a clinically common pros-
tate cancer-specific marker, is widely used in the fields 
of early tumor diagnosis, prediction of recurrence, and 
clinical monitoring [24]. However, the indications for 
prostate puncture biopsy in clinical practice are still 
controversial. Since 1997, Catalona et al. [25] advocated 
prostate biopsy for men with a PSA value in the 2.5- to 
4.0-ng/ml range, believing that the use of this param-
eter increases the detection rate of curable forms of PCa. 
More recently [26], they reported on 6691 men who 
underwent PSA-based screening for PCa, using a math-
ematical model to adjust for verification bias, they esti-
mated that 82% of the cancers in younger men and 65% 
of those in older men would be missed with a PSA cutoff 
value of 4.1 ng/ml. The considerable number of clinically 
significant cases with PSA ≥ 4  ng/ml has led to suggest 
that the PSA cut-off value should be lowered to 2.5 ng/
ml in order to increase its sensitivity [27], although this 
increases the risk of overdiagnosis [28]. F. Aragona et al. 
[29] found that when PSA ≥ 10 is used as the diagnostic 
standard for prostate cancer, it can only detect 48.2% of 
prostate cancer patients. If PSA ≥ 4 is used as the diag-
nostic standard for prostate cancer, it can detect 91.2% of 
prostate cancer patients, but its specificity for diagnos-
ing prostate cancer is particularly low. Some studies [30] 
have shown that elevated peripheral circulating PSA con-
centrations are not only seen in prostate cancer, but they 
may also be caused by the effects of indwelling catheteri-
zation, urethral manipulation, prostatitis, and urinary 
tract infection. Therefore, the specificity and sensitivity 
of PSA in the peripheral circulation for the diagnosis of 
prostate cancer is poor, and it is prone to misdiagnosis 
and underdiagnosis, which affects the early diagnosis and 
treatment of prostate cancer. Digital rectal examination 
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is also an important method in the examination of pros-
tate cancer, especially for asymptomatic prostate cancer 
patients, which is of great significance in the diagnosis 
and staging of prostate cancer. However, a digital rectal 
examination is difficult to reach tumors in the central 
and transitional regions, especially smaller tumor lesions, 
and has strong subjectivity. Due to the fact that rectal 
digital examination can only detect changes in prostate 
volume and larger palpable tumor masses, 80–90% of 
prostate cancer detected are advanced prostate cancer 
in T3 and T4 stages, and the accuracy of reported results 
is inconsistent. Aragona et  al. [29] found that out of 36 
patients with abnormal rectal digital examination, only 8 
(22.8%) were diagnosed with prostate cancer, out of 779 
patients with abnormal rectal digital examination and 
PSA, 589 (75.6%) were diagnosed with prostate cancer. 
Some studies suggest that for early prostate cancer with 
a PSA of 2.5–10 ng/ml, rectal digital examination is not 
correlated with prostate biopsy and pathological staging. 
Multi-parameter magnetic resonance imaging technol-
ogy and other imaging examinations have the ability to 
perform multi-parameter, multi-sequence, and non-inva-
sive imaging and have been widely applied in the detec-
tion and evaluation of prostate cancer. A study found 
that the detection rate for prostate cancer [31] increased 
with the use of mpMRI reducing the risk of overdiagno-
sis in comparison with systematic prostate biopsy (17 
vs. 28%). The use of mpMRI in clinical practice allowed 
to reduce the number of needle biopsy cores performed 
during prostate biopsy, the reduction of needle cores 
could reduce prostate biopsy complications. A study [22] 
showed that complications following transrectal pros-
tate biopsy were directly correlated with the number of 
needle cores resulting equal to 17.4% (235 cases), 38.7% 
(1.751 cases), and 55.3% (1.455 cases) in patients who 
underwent 12 vs. 18 vs. > 24 cores (p = 0.001), respec-
tively; however, Hajdinjak [32] and Borofsky et  al. [33] 
found that mpMRI can also miss clinically significant 
prostate cancer and may underestimate the volume of 
prostate cancer tissue. Underestimating the size of the 
lesion is also a serious issue, especially when doctors rely 
solely on targeted puncture results for nerve preservation 
surgery, which may result in residual tumors or positive 
margins. In addition, mpMRI single fixation of the lesion 
cannot guarantee that the rest of the prostate is tumor 
free. Therefore, in addition to PSA, rectal digital exami-
nation, and imaging examination, it is necessary to dis-
cover new indications for prostate puncture biopsy, to 
screen patients suitable for prostate puncture biopsy, and 
to reduce the harm caused by overtreatment.

The results of this study showed that f/t ratio ≤ 0.18, 
miRNA-222 ≤ 0.69, and miRNA-1248 ≤ 0.94 are inde-
pendent risk factors for prostate cancer, and it is 

considered that f/t ratio ≤ 0.18, miRNA-222 ≤ 0.69, and 
miRNA-1248 ≤ 0.94 can be used as one of the reference 
indicators for patients before puncture biopsy, when 
patients are stratified into low-risk and high-risk by 
these factors. High-risk patients can be considered for 
puncture biopsy, and low-risk patients can avoid unnec-
essary invasive tests such as puncture biopsy to reduce 
the impact of puncture biopsy on patients’ lives to some 
extent.

The f/t ratio refers to the ratio of free prostate-specific 
antigen to total prostate-specific antigen. Previous stud-
ies have shown [34] that the risk of prostate cancer is 
negatively correlated with the f/t ratio and increases 
with a decrease in the f/t ratio. A study [35] showed that 
patients with f/tPSA < 0.2 were 3.84 (1.28–11.56) times 
more likely to develop prostate cancer than those with 
f/tPSA > 0.2. It has been shown [36] that f/tPSA < 0.16 is 
an independent influence on prostate cancer, when 0.16 
was used as a diagnostic criterion for prostate cancer, 
the sensitivity and specificity of f/t ratio were 71.64% 
and 67.57%. The results of this study are consistent with 
them, and patients with f/t ratio < 0.18 are more likely to 
develop prostate cancer than those with f/t ratio > 0.18.

miRNA-222 is a member of the miRNA family, which 
plays different roles in different cellular microenviron-
ments and tumors [37–40]. Most studies suggest that 
miRNA-222 is a “cancer-promoting factor” that plays a 
pro-cancer role in different tumors. miRNA-222 expres-
sion levels are significantly elevated in colon, kidney, 
gastric, breast, pancreatic, bladder, liver, and multiple 
myeloma tumors [41–46]. Although miRNA-222 plays a 
pro-cancer role in most tumors, it has also been reported 
that miRNA-222 expression levels are significantly 
reduced in certain tumor tissues and play a cancer-sup-
pressive role. Liu et al. [47] found that overexpression of 
miRNA-222 inhibited metastasis and invasion of tongue 
squamous carcinoma cells and played a cancer-sup-
pressive role. O’Hara et  al. [48] found that miRNA-222 
expression levels were downregulated in Kaposi’s sar-
coma and exudative lymphoma. The results of the present 
study are consistent with them, and patients with low 
miRNA-222 expression levels were more likely to develop 
prostate cancer than those with high miRNA-222 expres-
sion levels. Zohreh Heydari et al. [49] found in their latest 
study that miRNA-222 was significantly upregulated in 
the circulating plasma of prostate cancer patients, but not 
significantly upregulated in prostate hyperplasia patients. 
The results of our study are the opposite, possibly because 
prostate biopsy may affect the expression of miRNA in 
the peripheral blood circulation. A study comparing the 
expression profiles of miRNAs in the circulation before 
and after tumor resection in lung squamous cell carci-
noma found that the expression levels of miRNA-205 
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in plasma significantly decreased 7–10 days after tumor 
resection [50]. Analysis shows that among 46 miRNAs 
with different expressions in peripheral blood mono-
cyte of non-small cell lung cancer patients, 42 miRNAs 
are down regulated after tumor resection of lung cancer 
[51]. It is controversial that some scholars have reported 
only slight differences in the preoperative and postopera-
tive levels of miRNA-34a in non-small cell lung cancer, 
with let-7c expression levels increasing after surgery, 
while miRNA-202 and miRNA-769p showed no signifi-
cant changes before and after surgery. Follow-up obser-
vation of miRNA expression in the plasma of lung cancer 
patients was conducted from preoperative to postop-
erative 18 months, it was found that the miRNA expres-
sion profile showed specific fluctuations, and the level 
of miRNA expression was correlated with postoperative 
time [52]. Therefore, these studies suggest that miRNAs 
in the circulation may originate from the release of tumor 
cells [53]. However, the source of miRNA in peripheral 
blood is not yet fully understood. In our study, the sub-
jects were all divided into groups after the results of the 
prostate biopsy were obtained, and then blood was drawn 
to test the expression level of miRNA-222. Other stud-
ies may include patients who underwent prostate biopsy 
before taking blood to test the expression of miRNA-
222, some patients who met the inclusion criteria first 
take blood samples and undergo prostate biopsy before 
grouping, without considering the changes in miRNA-
222 expression before and after biopsy. Other reasons for 
the differences in the results of these studies may be that 
some patients with different disease progression may be 
included as the research subjects, and the miRNA expres-
sion levels of patients with different disease progression 
may also be different. Michele Salemi et al. [54] found an 
increased expression of miRNA-132 and miRNA-212 in 
the index case of prostatic adenocarcinoma compared 
to normal prostate tissue and a lower expression of miR-
132 and miR-212 in metastatic lymph nodes compared 
to primitive PCa and normal prostate tissue. Further-
more, some limitations in our work might influence the 
results, which may reduce the credibility of our findings, 
including the low sample size, and one center sampling. 
Further studies are required to investigate the diagnostic 
value of plasma miRNA-222-3p in prostatic hyperplasia 
and prostatic cancer patients at a larger scale, combined 
with PSA as a known marker for prostatic cancer. There 
are also reports that miRNA-222-3p is downregulated in 
metastatic prostate cancer tissue compared to local pros-
tate cancer tissue [55]. However, another study showed 
that miRNA-222-3p was upregulated in metastatic pros-
tate cancer tissue [56]. Therefore, the research results of 
miRNA-222 in prostate cancer are still contradictory. 
In addition, the release control of miRNA-222-3p in the 

body fluids (serum, plasma, and urine) of prostate can-
cer patients is still unclear, and there are still some unre-
solved issues.

miRNA-1248 is also a member of the miRNA family, 
and it plays different roles in different tumors [57]. Yuhao 
et al. [58] found that miRNA-1248 was significantly dif-
ferent in intrahepatic cholangiocarcinoma tissues and 
paraneoplastic tissues by miRNA microarray, and qRT-
PCR was used to detect the expression of miRNA-1248 
in 139 cancer and normal patient tissues, verifying that 
miRNA-1248 expression was upregulated in intrahepatic 
cholangiocarcinoma tissues. Tanic M et  al. [59] found 
that miR-1248 can be used as a genetic test standard in 
hereditary breast cancer. A study [60] showed that miR-
1248 could inhibit the proliferation of gastric cancer cells 
and induce apoptosis of gastric cancer cells for cancer 
suppression purposes. Xiaoyuan et al. [61] found that the 
expression of miRNA-1248 in the plasma of liver can-
cer and non-hepatocellular carcinoma patients differed 
by high-throughput sequencing. qRT-PCR was used to 
detect the expression of miRNA-1248 in the plasma of 
139 cancer and normal patients, and it was verified that 
miRNA-1248 expression was down-regulated in the 
plasma of liver cancer patients. The results of this study 
were consistent with it, and patients with low miRNA-
1248 expression levels were more likely to develop pros-
tate cancer than those with high miRNA-1248 expression 
levels.

Regulation of prostate cancer by miRNA‑222
It has been found that certain miRNAs can promote or 
inhibit the metastatic and invasive ability of tumor cells. 
Also, some miRNAs affect the apoptosis of tumor cells 
by promoting or inhibiting the proliferation ability of 
cells. It plays a crucial role in the malignant progression 
of prostate cancer [62]. It has been reported that antago-
nists and agonists of miRNAs have been synthesized to 
affect the biological function of prostate cancer cells by 
blocking or restoring the function of specific miRNAs 
[63]. Alternatively, miRNA or anti-miRNA molecules 
can be delivered into the body through a vector vehicle, 
and these small molecules can induce changes in the bio-
logical functions of the targeted cells by systemic or local 
administration. If these antitumor molecules specifically 
alter the biological specificity of tumor cells, then these 
molecules may be harmless to normal cells. The appli-
cation of these antitumor molecules in  vivo opens new 
paths for miRNA-based therapy for prostate cancer.

In this study, miRNA microarray technology was used 
to identify 13 miRNAs that differ in prostate cancer tis-
sues from non-prostate cancer tissues. By reviewing the 
literature, we selected four known miRNAs that have 
rarely been studied in prostate cancer (hsa-miRNA-1248, 
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hsa-miRNA-144-3p, hsa-miRNA-3651, hsa-miRNA-222), 
the present study found that the expression of hsa-
miRNA-222 among the above four miRNAs was con-
sistent in microarray results, tissue samples, and blood 
samples. In addition, although miRNA-222 has been 
shown to be one of the cancer suppressor or cancer-
promoting miRNAs in malignant tumors such as colon 
cancer, kidney cancer, gastric cancer, breast cancer, 
pancreatic cancer, bladder cancer, liver cancer, multiple 
myeloma, tongue squamous carcinoma, Kaposi’s sarcoma 
and exudative lymphoma, its role in prostate cancer is 
unclear. Bin Gui et al. [64] found in their latest study that 
miRNA-222, as a carcinogenic gene for prostate cancer, 
promotes the proliferation of prostate cancer cells and 
the development of castration-resistant prostate cancer 
(CRPC) in the early stages, indicating that miRNA-222 
has a cancer-promoting effect. Other studies have shown 
that miRNA-222 expression is downregulated in meta-
static prostate cancer and CRPC specimens, indicating 
that miRNA-222 has tumor-inhibitory effects [65–67]. 
The expression and biological function of miRNA-222 
in prostate cancer are still controversial. Therefore, in 
this study, miRNA-222 was used as a research target to 
explore the regulation of miRNA-222 in prostate cancer 
and to provide a new basis for miRNA-222-based treat-
ment of prostate cancer.

Previous studies have indicated that miRNA-222 has a 
complex function in different tumors and has important 
applications in the early diagnosis, treatment, and prog-
nosis prediction of malignant tumors. Overexpressed 
miRNA-222 is associated with invasive ability, apoptosis, 
and cell proliferation in a variety of tumor cells [43, 44]. 
It was found that upregulation of miRNA-222 expression 
can cause increased invasion, growth, and metastatic 
ability of tumor cells and even lead to conditions such 
as drug resistance [68, 69]. Zhang et  al. [70] found that 
overexpressed miRNA-222 in gastric cancer increased 
the invasion and proliferation ability of gastric cancer 
cells by regulating the expression of PTEN. It was also 
found that miRNA-222 overexpressed in gastric cancer 
cells increased the proliferative ability of gastric can-
cer cells by regulating the expression of RECK [71]. The 
above studies suggest that miRNA-222 expression in gas-
tric cancer may become a biomarker and target for tar-
geted therapy in gastric cancer. Liu et al. [47] found that 
miRNA-222 overexpressed in tongue squamous cell car-
cinoma exerted cancer-suppressive effects by reducing 
the expression of peroxisome 2 and matrix metallopro-
teinase 1 and inhibiting the metastatic and invasive abil-
ity of cells. The results of the present study are consistent 
with this finding. The invasive, proliferative, and migra-
tory abilities of miRNA-222 overexpressed PC-3 cells 
were significantly inhibited, and the apoptosis rate was 

significantly increased. It can be concluded that miRNA-
222 plays an important role in inhibiting the malignant 
progression of prostate cancer, which provides a new 
direction and basis for the study of new therapeutic tar-
gets and new biomarkers for prostate cancer.

Innovations in research
In this study, we compared the expression of four miRNAs 
(hsa-miRNA-1248, hsa-miRNA-144-3p, hsa-miRNA-3651, 
and hsa-miRNA-222) that have not been studied in pros-
tate cancer in Xinjiang prostate cancer patients and pros-
tate hyperplasia patients. Although there are more studies 
related to these miRNAs in other malignancies, most of 
them mainly compare the expression of miRNAs in tumor 
and non-tumor tissues. In this study, in order to control 
for the bias that prostate hyperplasia also leads to miRNA 
expression, we mainly compare the expression of miRNAs 
in tissues and blood of patients with prostate cancer and 
prostate hyperplasia and find that these miRNAs play a 
role in prostate cancer diagnosis and inhibition of malig-
nant progression.
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