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Abstract. The aim of the present study was to investigate
the expression of aldo-keto reductase family 1 member B10
(AKR1B10) in benign prostatic hyperplasia (BPH) and its
related mechanism. In total, 142 BPH patients admitted from
March 2017 to March 2019 at the First Hospital of Hunan
University of Chinese Medicine and 140 healthy people
undergoing physical examination were selected as the research
subjects. The clinical value of AKR1B10 in BPH was analyzed.
Twenty clean SD rats were selected, and 10 were selected to
establish the prostate hyperplasia model, while the remaining
10 were set as the control group. Ten days after the model
was established, AKR1B10 and NF-xB expression in prostate
tissues of rats in both groups was detected by PCR and immu-
nohistochemistry. The primary cells in prostate hyperplasia
were cultured, and then they were transfected with AKR1B10
to observe the changes of cell biological behavior. AKR1B10
and NF-kB mRNA significantly increased in peripheral
blood of BPH patients and prostate tissue of BPH model rats
(P<0.001), and AKR1B10 had good diagnostic value for BPH
(P<0.001). In addition, it was positively correlated with PSA,
EGF, IL-6 and TNF-a (P<0.001). After transfection with
AKRI1BI10-inhibitor, it was revealed that the proliferation of
prostate hyperplasia cells decreased, while the apoptosis of
prostate hyperplasia cells increased and the NF-kB protein
expression decreased (P<0.001). Collectively, high expression
of AKR1B10 in BPH promoted the proliferation of prostate
cells and reduced their apoptosis, and the mechanism may be
through regulation of NF-«B.
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Introduction

Benign prostatic hyperplasia (BPH) is prostate hyperplasia,
which is one of the most common diseases of middle-aged
and elderly males clinically at present (1). Currently, the global
lifetime prevalence rate of BPH is 26.2%, and the morbidity
in urban areas is markedly higher than that in rural areas (2).
However, with the change of disease incidence, a great number
of studies have revealed that BPH is diagnosed at younger
ages (3,4). BPH is a benign disease with a slow progression;
however, it is possible to have a worsening crisis if it is not
properly controlled (5). It can cause bladder neck contracture,
and repeated attacks cause urinary tract infection and lower
urinary tract obstruction. Symptoms of BPH patients include
obvious urination abnormalities and urinary incontinence (6).
More serious cases may lead to prostate cancer, endangering
the life and health of patients (7). At present, conservative
treatment is mainly adopted for BPH clinically, and the
most commonly used drugs include Sa-reductase inhibitor,
al-receptor blocker and M receptor antagonist, which can
achieve certain efficacy for moderate and severe cases (8).
However, patients who fail to receive conservative treatment
and meet surgical criteria select surgery for treatment. After
prostatectomy, patients are likely to experience dysuria,
paruria, epididymitis, and some may experience erectile
dysfunction, interfering with their sexual activity, which
seriously affects their quality of life (9). Therefore, timely
treatment in the early stage of BHP progression has a crucial
impact on the prognosis of patients. However, the diagnosis of
BHP requires a series of examinations including rectal digital
examination, B-ultrasound, residual urine and urinalysis (10)
that are not conducive to early diagnosis. Therefore, fully
understanding the pathogenesis of BPH is the key to prevent
and treat BPH in the future.

Aldo-keto reductase family 1 member B10 (AKR1B10) is
located in the human chromosome 7q33 region. It can encode
a protein consisting of 316 amino acid residues, belonging
to a member of the aldo-keto reductase superfamily (11). To
date, research on AKR1B10 has mainly focused on liver and
breast cancer. Research has revealed that the mRNA level of
AKRI1BIO had a certain predictive value for the recurrence of
hepatitis B virus-related liver cancer patients, and the positive
rate of AKR1BI10 in red blood cells of breast cancer patients
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was markedly higher than that of healthy individuals (12,13).
However, its influence on BPH remains unclear. AKR1B10
is a secretory protein belonging to a lysosome-mediated
non-classical protein-secretion pathway (14). Khan et al (15)
considered that the aberrant expression of nonclassical
secretory proteins may be the key to BPH. Therefore, it was
theorized that AKR1B10 may be a key gene affecting BPH,
with marked significance for future clinical diagnosis and
treatment. In order to verify this theory, the present study
provided a reliable basis for future clinical study by exploring
the effect and mechanism of AKR1B10 in BPH.

Materials and methods

General data. In total, 142 BPH patients (51.2+11.6 years
old) and 140 healthy individuals (50.8+8.9 years old) under-
going physical examination from March 2017 to March 2019
were selected as the research subjects. BPH patients were
selected as the research group and healthy people undergoing
physical examination were regarded as the control group. This
experiment was approved by the Ethics Committee of the First
Hospital of Hunan University of Chinese Medicine. All the
aforementioned subjects signed informed consent forms.

Inclusion and exclusion criteria. The inclusion criteria were
as follows: i) patients aged 20-70; ii) patients conforming to
the clinical manifestation of BPH and diagnosed with BPH
after examination at the First Hospital of Hunan University
of Chinese Medicine; iii) patients with complete medical case
data; and iv) patients who agreed to cooperate and participate
in the investigation and study of the First Hospital of Hunan
University of Chinese Medicine. The exclusion criteria were
as follows: i) patients with tumor, cardiovascular and cerebro-
vascular diseases, as well as other autoimmune and infectious
diseases; ii) patients with liver and renal insufficiency due
to organ failure; iii) patients with gastrointestinal dysfunc-
tion; iv) patients without neurogenic bladder dysfunction;
v) diabetics; vi) patients who received surgery, radiotherapy
or chemotherapy, or drugs that affect the function of bladder
exfoliation or cause LUTS within half a year before admission;
vii) patients with nervous system diseases; viii) patients with
enuresis; ix) patients with a drug allergy; x) patients with phys-
ical disabilities unable to take care of themselves, bedridden;
xi) patients with mental disorders and low treatment compli-
ance; xii) patients transferred from one hospital to another.
Inclusion and exclusion criteria in the control group were as
follows: 1) all the results from the physical examination at the
First Hospital of Hunan University of Chinese Medicine were
normalj; ii) no previous major medical historys; iii) patients who
agreed to cooperate and participate in the investigation and
study of the First Hospital of Hunan University of Chinese
Medicine.

Animal data. Twenty clean-grade 6-week-old male
Srague-Dawley rats were used as experimental subjects and
purchased from Beijing Charles River Laboratory Animal
Technology Co., Ltd. with certification number SCXK
(Beijing) 2016-0011. weighing (210+20) g, were kept in cages
(5 in one cage) and maintained at a temperature of 29+2°C, a
humidity of 40-50% and a 12-h light/dark cycle. Food and water

were provided ad libitum. This experiment was approved by
the Animal Ethics Committee of the First Hospital of Hunan
University of Chinese Medicine.

Cell data. Human prostate hyperplasia cells line BPH-1 was
purchased from BeNa Culture Collection (BNCC339850).
It was adjusted to 1x10° cells/ml, transfected and cultured
at 37°C under 95% oxygen and 5% CO,.

Methods

Reverse transcription-quantitative (RT-q)PCR detection
method. In total, 5 ml fasting venous blood was drawn from
patients in the research group and the control group before
treatment. The blood was left 30 min at room temperature and
centrifuged 10 min (1,505 x g, 4°C), and the upper serum was
obtained and stored in a refrigerator at -80°C for later use. The
PCR method was used to detect the expression of AKR1B10
and NF-«B in the serum of patients. The collected serum was
extracted with an EasyPure miRNA kit (cat. no. ER601-01;
Beijing TransGen Biotech Co., Ltd.) according to the manufac-
turer's instructions, and purity, concentration and integrity of
the extracted total RNA was tested by ultraviolet spectropho-
tometer and agarose gel electrophoresis. The total RNA was
reverse transcribed using TransScript® miRNA RT Enzyme
Mix and 2xTS miRNA Reaction Mix (cat. no. AQ321-01;
Beijing TransGen Biotech Co., Ltd.), and the operation steps
were strictly in accordance with the manufacturer's kit.
Then, PCR amplification was carried out. The PCR reaction
system was as follows: 1 ul cDNA, 0.4 ul each of upstream
and downstream primers, 10 1 2xTransTaq® Tip Green qPCR
SuperMix, 0.4 ul Passive Reference Dye (50X), ddH,O supple-
mented to 20 ul. The PCR reaction conditions were as follows:
Pre-denaturation at 94°C for 30 sec, denaturation at 94°C for
5 sec, annealing at 60°C for 30 sec, 40 cycles in total. Each
sample was assessed in triplicate, and the experiment was
carried out 3 times. GAPDH was used as an internal reference
and the 242°9 method was used for data analysis (16). Primer
sequences are presented in Table I.

Detection of serum markers. Prostate specific antigen (PSA),
epidermal growth factor (EGF), interleukin (IL)-6 and tumor
necrosis factor (TNF)-a in peripheral blood of patients in the
research group were detected. PSA was tested by the laboratory
of the First Hospital of Hunan University of Traditional Chinese
medicine and EGF, IL-6 and TNF-a were measured through
enzyme-linked immunosorbent assay (ELISA). The EGF kit
(cat. no. EHO009) was provided by Wuhan Fine Biotech Co.,
Ltd., the IL-6 kit (cat. no. SEKH-0013) was purchased from
Solarbio Life Sciences, and the TNF-a kit (cat. no. JLC7047)
was purchased from Shanghai Jingkang Bioengineering Co.,
Ltd., and were used according to the manufacturer's instructions.

Diagnostic value prediction. The levels of AKR1B10 and
NF-kB of both groups were analyzed by ROC curve, and the
area under curve (AUC) and the sensitivity and specificity of
the two methods for predicting BPH were analyzed.

Modeling method. Twenty rats were randomized into
two groups (n=10), and one group was employed as the normal
group and the other group was used as the model group to carry
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Table I. Primer sequences.

Reverse Forward
AKR1B10 CAACACGTTACAGGCCCTCC ACCAGCACGCATTGTTGAGA
NF-xB TGAGAAGAGGGAGAGCAAGGAAGTC ACAGAAGCAGGCTGGAGGTAAGG
GAPDH GCGTCAAAGGTGGAGGAGTG TCAAGAAGGTGGTGAAGCAGG

AKR1B10, aldo-keto reductase family 1 member B10.

out BPH modeling; the method was carried out according to a
study from Ishola er al (17): 10% chloral hydrate was injected
intraperitoneally at 350 mg/kg for anesthesia. After complete
anesthesia, the rat hair was removed; after routine disinfec-
tion, the abdominal cavity was opened, bilateral testicles
were removed through the scrotum, and the skin was sutured
after ligation and hemostasis at the stump. Rats recovered on
their own 7 days after castration, and testosterone propionate
(5 mg/kg/time) was injected subcutaneously on day 8, once a
day, for 28 days. On day 29, the rats were anesthetized by intra-
peritoneal injection of chloral hydrate (as aforementioned) and
then euthanized by cervical dislocation.

Immunohistochemical detection method. The prostate tissues
of the rats were obtained after they were sacrificed, and
one part was fixed in 4% paraformaldehyde (4°C, 24 h) and
the other part was frozen in liquid nitrogen. Then, routine
sampling, dehydration, paraffin embedding with 4-ym thick
sections, and THC staining (37°C, 1-2 h) were carried out
(cytoplasmic staining; AKR1B10 monoclonal antibody; 1:500;
cat. no. HO0057016; Abnova). The pathological changes of
tissues were observed under an optical microscope and images
were captured for analysis. Positive cell markers were revealed
in tissue sections with pale yellow to tan cells. The staining
intensity was scored based on the staining characteristics of
most cells (the staining depth was compared with the back-
ground staining): O for non-staining, 1 point for pale yellow,
2 points for yellow-brown and 3 for tan. The percentage of
positive cells referred to the average number of positive cells in
3 fields (x200) of certain cells: 0-5% was 0, 6-25% was 1 point,
26-50% was 2 points, 51-75% was 3 points, and >75% was
4 points.

Western blot detection methods. The total protein was
extracted from frozen prostate tissue by lysis method
(cat. no. R0010; Solarbio Life Sciences), and its concentration
was assessed by BCA method and adjusted to 4 ug/ul. The
protein was separated by 12% SDS-PAGE electrophoresis
and then transferred to a PVDF membrane (Molecular weight
standard: Lanes 1, 3, 5 and 7; calf liver lysate: Lanes 2, 4,
6 and 8; loading amount per lane 20 ug; at 4°C for 10 min). The
membrane was stained with 0.2% Ponceau S working solution
for 10 min at 4°C), immersed 5 min in PBST and then washed,
blocked for 2 h at 25°C with 5% skimmed milk powder, and
finally sealed overnight at 4°C after adding caspase-3 (1:1,000;
cat. no. R-1344-100; Biosensis, Ltd.), caspase-9 (1:1,000;
cat. no. 3016-30T; BioVision, Inc.), and GPD1 (1:1,000;
cat. no. HO0002819-A01; Abnova) primary antibodies.

Subsequently, after it was washed to remove the primary
antibody, horseradish peroxidase-labeled goat anti-rabbit
secondary antibody (1:5,000) was added (cat. no. A-11034;
Thermo Fisher Scientific, Inc.), and the protein was incubated
for 1 h at 37°C. Then, the membrane was rinsed 3 times with
PBS, 5 min each time. The protein bands on the membrane
were developed in a dark room using an enhanced chemi-
luminescence reagent (product no. BL523B; Biosharp
Life Sciences), and the excess liquid on the membrane was
absorbed with a filter paper. The luminescent protein bands
were scanned and the gray value was analyzed using Quantity
One (v4.6.6; Bio-Rad Laboratories, Inc.). The relative expres-
sion of each protein was calculated as follows: Relative protein
expression=the gray value of the target protein band/the
[-actin protein band.

Cell culture. The BPH-1 cell line was placed in a culture medium
containing 90% RPMI-1640 medium+10% FBS and cultured
at 37°C and 5% CO,. When the adherent growth and fusion
reached 85%, 25% pancreatin was added for digestion. Then,
the BPH-1 cell line was placed in a culture medium for contin-
uous culture to complete passage. The concentration of the
primer sequences was 10 gmol/l, and AKR1B10-mimics (over-
expression sequence: Forward, 5-CGGGGTACCAGATTC
AACCAAAGCCAACTCATC-3' and reverse, 5'-CCGCTC
GAGGTAGAAGTCTCACGTCCTGCTCTC-3'); AKR1B10-
mimics-NC (forward, 5'-CCAACTTTTGGCTGTGTTGAA
TTTGAAGAGTGAGCATGAACAAGCAGAAACTCCAAT
GATAC-3' and reverse, 5'-GTATCATTGGAGTTTCTGCTT
GTTCATGCTCACTCTTCAAATTCAACACAGCCAAAA
GTTGG-3'"); and AKR1BI10-inhibitor (inhibitory expres-
sion sequence: Forward, 5'-CGGGGTACCATGATGGAC
TTGGAGCTGC-3' and reverse, 5'-CCGCTCGAGCTAGTT
TTTCTTAACATCTGGCTTC-3"); AKR1BI10-inhibitor-NC
(forward, 5'-CAACAGAGAGCAGGACGTGAGACT-3' and
reverse, 5'-GCATCTTGGCTTTGGTACTGAGCTC-3')
were used to transfect cells with a Lipofectamine 2000 kit
(cat. no. 11668019; Thermo Fisher Scientific, Inc.), and the
operation steps were strictly carried out in accordance with
the kit instructions. The primer sequences were designed by
Thermo Fisher Scientific, Inc. and their size was ~1,100 bp. The
transfection temperature was 37°C, and 36 h after transfection,
the endogenous peroxidase was cleared by hydrogen peroxide
disinfector (PCR laboratory hydrogen peroxide disinfector;
Shenzhen Runlian Huanbao Technology Co., Ltd.).

Cell Counting Kit-8 (CCK-8) detection. Cells were collected
24 h after transfection, adjusted to 4x10° cells/well and
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Table II. Comparison of general data between research group and control group [n (%)].

Research group (n=142) Control group (n=140) tory? P-value
Age (years) 0.744 0.458
56.6+7.6 57.3+8.2

BMI (kg/cm?) 0918 0.360
24.62+2.16 24 87+2 .41

Smoking 0919 0.338
Yes 95 (66.90) 86 (61.43)
No 47 (33.10) 54 (38.57)

Drinking 0.689 0.407
Yes 92 (64.79) 84 (60.00)
No 50 (35.21) 56 (40.00)

Exercise habits 0.982 0.322
Yes 22 (15.49) 28 (20.00)
No 120 (84.51) 112 (80.00)

Place of residence 1.735 0.188
Cities and towns 118 (83.10) 124 (88.57)
Countryside 24 (16.90) 16 (11.43)

Nationality 0.13 0.719
Han 138 (97.18) 135 (96.43)
Minority 4 (2.82) 5 (3.57)

Family medical history 1.151 0.283
Yes 36 (25.35) 28 (20.00)
No 106 (74.65) 112 (80.00)

inoculated on 96-well plates. Then, after being cultured for 0,
24,48 and 72 h, 10 pul CCK-8 (product no. BS350B; Biosharp
Life Sciences) solution and 90 ul basic medium (DMEM) were
added to each well, and cultured for 2 h at 37°C. Finally, the
OD values in each group were measured at an absorbance of
450 nm using an enzyme reader.

Flow cytometry. The transfected cells were digested with
0.25% trypsin, washed twice with PBS, added using 100 pl
binding buffer and prepared into 1x10° cells/ml suspension.
Annexin V-FITC and PI (product no. 40302ES20; Shanghai
Yeasen Biotechnology Co., Ltd.) used according to the
manufacturer's instructions, were sequentially added, and
incubated 5 min at room temperature under dark conditions.
Detection was performed using a FC500MCL flow cytom-
eter and CytExpert software (version 2.0; Beckman Coulter,
Inc.). FlowJo version 10.0 (Tree Star, Inc.) was also used for
analysis. The experiment was repeated 3 times and data were
averaged.

Outcome measures. The outcome measures were as follows:
i) the AKR1B10 and NF-«B levels in peripheral blood and the
levels of PSA, EGF, IL-6 and TNF-a in the two groups; ii) the
correlation between AKR1B10 and PSA, EGF, IL-6, TNF-a
in the research group; iii) the AKR1B10 and NF-«B levels in
peripheral blood and prostate tissue of rats; iv) the prolifera-
tion and apoptosis of transfected cells and the NF-kB protein
expression.

Statistical analysis. The results were analyzed by SPSS 24.0
(Shanghai Yuchuang Network Technology Co., Ltd.) and all
graphical results were drawn using GraphPad 8 (Shenzhen
Qiruitian Software Technology Co., Ltd.). The counting data
were expressed in the form of a rate, and the chi-square test
was used for comparison between groups. The measurement
data were expressed in the form of the mean + standard
deviation (SD). Inter-group comparisons were analyzed by
Mann-Whitney U test, multi-group comparisons were assessed
by one-way ANOVA and LSD post hoc test, and multiple
time-points were compared using repeated measures ANOVA
and Bonferroni post hoc test. The diagnostic predictive value
was analyzed by receiver operating characteristic (ROC)
curve, and Pearson correlation coefficient was used for correla-
tion analysis. P<0.050 was considered to indicate a statistically
marked difference.

Results

Comparison of general data. There was no obvious differ-
ence in age, BMI, smoking, drinking, exercise habits, place of
residence, nationality and family medical history between the
research group and the control group (P>0.050; Table IT)

Comparison of AKRIBI0 and NF-xB expression in peripheral
blood. AKR1B10 and NF-«B in the peripheral blood of the
research group were markedly higher than those of the control
group (P<0.001). ROC curve analysis revealed that when
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Figure 1. Effects of AKR1B10 and NF-«B in peripheral blood. (A) The AKRIB10 expression in the peripheral blood was compared. It was revealed that its
level in the research group was markedly higher than that in the control group ("P<0.001). (B) The NF-kB expression in the peripheral blood is compared.
It was revealed that its level in the research group was markedly higher than that in the control group ("P<0.001). (C) ROC curve analysis of AKR1BI10 for
predicting BPH occurrence. (D) ROC curve analysis of NF-kB mRNA for predicting BPH occurrence. AKR1B10, aldo-keto reductase family 1 member B10;

BPH, benign prostatic hyperplasia; ROC, receiver operating characteristic.

Table III. Diagnostic values of AKR1B10 and NF-«B for BPH.

Parameters AKR1B10 NF-«B
Cut-off 0.955 0.840
Sensitivity (%) 71.83 75.35
Specificity (%) 97.86 98.57
AUC 0.857 0.831
Std. Error 0.025 0.029
95% CI 0.809-0.906 0.774-0.888
P-value <0.001 <0.001

AKRI1B10, aldo-keto reductase family 1 member B10; BPH, benign
prostatic hyperplasia; AUC, area under the curve; Std., standard;
CI, confidence interval.

the cut-off value was 0.955, AKR1B10 had a sensitivity of
71.83% and a specificity of 97.86% for predicting BPH; when
the cut-off value was 0.840, the sensitivity and specificity of
NF-kB mRNA were 75.35 and 98.57% (Table III and Fig. 1).

Correlation between AKRIBIO in peripheral blood and
clinical indicators. PSA, EGF, IL-6 and TNF-a in the periph-
eral blood of the research group were dramatically higher than
those of the control group (P<0.001). Pearson correlation coef-
ficient analysis demonstrated that AKR1B10 in the research

group was positively correlated with PSA, EGF, IL-6 and
TNF-a (r=0.704, 0.415, 0.745, 0.742, respectively; P<0.001;
Fig. 2).

Comparison of AKRIBI0 and NF-xB expression in rats. For
the 10 modeling rats, all were successfully modeled, with a
modeling rate of 100.0%. There was no peritonitis observed
in the rats. AKR1B10 and NF-kB mRNA levels in the prostate
tissue of rats in the model group were obviously higher than
those in the normal group (P<0.001). The positive rates of
AKRI1BI10 and NF-«B in tissues were also markedly higher
than those in the normal group (P<0.001). Semi-quantitative
analysis of tissue sections revealed that the model group was
higher than the control group (P<0.001; Figs. 3 and 4).

Effect of AKRIBIO on the biological behavior of pros-
tate hyperplasia cells. AKR1B10 was transfected into the
BPH-1 cell line and the expression in AKR1B10-mimics,
AKRI1B10-inhibitor and AKR1B10-NC was detected. It was
revealed that the AKR1B10-mimics group was dramati-
cally higher than the other two groups (AKR1B10-NC and
AKRI1BI10-inhibitor), while the AKR1B10-inhibitor group
exhibited the lowest expression (P<0.001). According
to the CCK-8 experiment, the cell proliferation of the
AKRIB10-mimics group was the highest among the three
groups (P<0.001). Flow cytometric analysis revealed that
the apoptosis rate in the AKR1B10-mimics group was the
lowest among the three groups, and the apoptosis rate in
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Figure 2. Correlation between AKRI1BI0 in peripheral blood and clinical indicators. (A) The PSA expression in the peripheral blood was compared. It was
revealed that its level in the research group was significantly higher than that in the control group ("P<0.001). (B) The EGF expression in the peripheral blood
was compared. It was revealed that its level in the research group was significantly higher than that in the control group ("P<0.001). (C) The IL-6 expression
in the peripheral blood was compared. It was revealed that its level in the research group was significantly higher than that in the control group ("P<0.001).
(D) The TNF-a expression in the peripheral blood was compared. It was revealed that its level in the research group was significantly higher than that in
the control group ("P<0.001). (E) The correlation analysis between AKR1B10 and PSA in peripheral blood revealed a positive correlation (r=0.704). (F) The
correlation analysis between AKR1B10 and EGF in peripheral blood revealed a positive correlation (r=0.415). (G) The correlation analysis of AKR1B10 and
IL-6 in peripheral blood revealed a positive correlation (r=0.745). (H) The correlation analysis of AKR1B10 and TNF-a in peripheral blood revealed a positive
correlation (r=0.742). AKR1BI10, aldo-keto reductase family 1 member B10; PSA, prostate specific antigen; EGF, epidermal growth factor; IL, interleukin;

TNF, tumor necrosis factor.
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Figure 3. Comparison of AKR1B10 and NF-«B expression levels in rats. (A) Compared with the normal group, AKR1B10 in the prostate tissues of rats was
significantly higher in the model group ("P<0.001). (B) The mRNA of NF-xB in the prostate tissues of rats was compared. It was revealed that the NF-xB
mRNA in the model group was significantly higher than that in the control group ("P<0.001). (C) The positive staining rate of AKR1BI10 in prostate tissues of
rats was compared. It was revealed that the rate in the model group was significantly higher than that in the control group ("P<0.001). (D) The positive staining
rate of NF-xB in prostate tissues of rats was compared. It was revealed that the rate in the model group was significantly higher than that in the control group
("P<0.001). (E) The semi-quantitative result staining scores of prostate tissue sections were compared. It was revealed that the score of the model group was
significantly higher than that of the control group (‘P<0.001). AKR1BI10, aldo-keto reductase family 1 member B10.

The arrow shows brown-yellow positive signals

Normal group

Model group

Figure 4. Results of tissue section examination (x200). The upper images reveal the tissue from rats in the normal group, and the lower images reveal the tissue of rats
in the model group (two sections are presented for both the normal and model groups). AKR1B10 was mainly expressed in the cytoplasm of prostate epithelial cells
in this sample. Among them, only a small number of brown-yellow positive signals (black arrows) were found in the epithelial cells of the normal group, and a large
number of brown-yellow positive signals (red arrows) were found in the epithelial cells of the model group. AKR1BI10, aldo-keto reductase family 1 member B10.
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Figure 5. Effects of AKR1B10 on proliferation, apoptosis and NF-xB protein of BPH cells. (A) AKR1B10 expression after transfection of AKR1B10-mimics,
AKRI1BI10-inhibitor and the corresponding AKR1B10-NC groups into the BPH-1 cell line. (B) Cell proliferation after transfection of AKR1B10-mimics,
AKRI1B10-inhibitor and the corresponding AKR1B10-NC groups into the BPH-1 cell line. (C) Apoptosis after transfection of AKR1B10-mimics,
AKR1B10-inhibitor and the corresponding AKR1B10-NC groups into the BPH-1 cell line. (D) NF-«B protein expression after transfection of AKR1B10-mimics,
AKRI1BI10-inhibitor and the corresponding AKR1B10-NC groups into the BPH-1 cell line. "P<0.05, compared with AKR1B10-mimics group; “P<0.05,

compared with AKR1B10-inhibitor group.

the AKR1B10-inhibitor group was the highest (P<0.001).
Western blotting revealed that the NF-kB protein expression
in the AKR1B10-mimics group increased, while that in the
AKR1BI10-inhibitor group decreased (P<0.001; Fig. 5).

Discussion

BPH is currently one of the most common male diseases among
middle-aged and elderly men in the world. With the increas-
ingly serious aging of the global population, the morbidity of
BPH is also rising (16). Understanding BPH pathogenesis is
quite marked for future prevention and treatment. AKR1BI10,
belonging to a class of carbonyl compounds that reduces
aldehydes and ketones, not only has a protective effect on
cells when they suffer from carbonyl toxicity damage, but can
also stabilize acetyl-CoA carboxylase a, block its degrada-
tion process through the ubiquitination pathway, and cause
lipid synthesis in tumor cells (17). Previous studies revealed
that AKR1B10 acted as a cancer-promoting factor in gastric
cancer and breast cancer (18,19). However, its role in BPH is
ambiguous. The present study is aimed to explore the role of

AKRI1BI10 in BPH and reveal its mechanism influencing the
biological behavior through NF-«B.

It demonstrated that the levels of AKR1B10 and NF-«B
mRNA in peripheral blood of BPH patients in the research
group were dramatically higher than those in the control group,
suggesting that the two may be involved in BPH development
and progression. In fact, when Ko ef al (20) and Hung ez al (21)
studied the effects of AKR1B10 on oral cancer and lung adeno-
carcinoma, they revealed that AKR1B10 was also markedly
overexpressed, which supports our present results. However,
Sinreih et al (22) demonstrated that AKR1B10 was markedly
reduced in endometrial cancer and speculated that it had
different effects in different diseases. AKR1BI10 is a soluble
monomer oxidoreductase in the cytoplasm, which can catalyze
various endogenous and exogenous aldosterone-dependent
NADH reduction reactions, mainly existing in embryonic
liver and hepatocellular carcinoma tissues (23). However, ROC
curve analysis revealed that AKR1B10 had a good predictive
value for BPH occurrence and was positively associated with
PSA, EGF, IL-6, TNF-a in the research group, which further
confirmed the important influence of AKR1B10 on BPH
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occurrence. PSA, as the most sensitive indicator to reflect
prostate state, is currently the preferred marker for diagnosing
prostate cancer (24), and its physiological function is mainly
to prevent semen coagulation. Usually the level in healthy
individuals is extremely low, but PSA markedly increases
once prostate disease or urogenital system disease occurs (25).
However, AKR1B10 was also revealed to increase with PSA
increase, which demonstrated that it had better monitoring
value for BPH development. Moreover, AKRIBIO is better
than PSA in that it has higher specificity and its increase is not
as marked as PSA, which also suggests that it can be used as a
reference indicator for future occurrence and development of
BPH clinically.

To further verify the relationship between AKR1BI10,
NF-xB and BPH, a BPH rat model was established and it was
observed by section staining that the prostate tissue of rats
exhibited a positive staining rate of AKR1B10 and NF-xB
compared to the tissue obtained from the normal group of rats.
In addition, it was also determined that the prostate tissue of
the BPH rat model had markedly higher mRNA expression of
AKRI1B10 and NF-xB than that of normal rats. Furthermore,
by transfecting AKR1BI10 into prostate hyperplasia cells,
we found that inhibiting AKR1B10 expression reduced the
proliferation and apoptosis rates of prostate hyperplasia
cells, and the protein expression of NF-«B also decreased.
Therefore, it was inferred that the mechanism involved in the
effect of AKR1B10 on BPH may be through NF-kB regula-
tion. Zhang et al (26) also demonstrated that NF-xB had
a promoting effect on prostate cancer, which supported our
experimental results.

The present study was designed to explore the influence and
mechanism of AKR1B10 on BPH. However, due to the limited
experimental conditions, deficiencies remain. The present
study focused on the influence of AKR1B10 on BPH through
NF-«B, but it does not exclude the possibility of other influ-
ences through other pathways, which will be a key direction of
our future research. Moreover, due to the short experimental
period, it is impossible to ascertain how AKR1BI10 affects the
long-term prognosis of BPH. We will conduct a more in-depth
and comprehensive analysis of the aforementioned limitations
to obtain more concrete experimental results.

In summary, high expression of AKRIB10 in BPH
promoted the proliferation and reduced the apoptosis of pros-
tate cells, and its mechanism might be through the regulation
of NF-kB.
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