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Abstract: Paeonol, derived from Paeonia suffruticosa, is a potent ingredient known for its diverse benefits such as
anti-tumor, antioxidant, and cardiovascular system protection. Currently, there is uncertainty about the impact of
paeonol on prostate cancer (PCa). This research aims to explore how paeonol affects the PCa development and its
specific mechanism. To screen the optimal concentration, the impact of paeonol on cell viability was examined via
Cell Counting Kit-8 assay. The biological behaviors of PCa cells were evaluated via multiple approaches, including
colony formation, Transwell, wound healing assay, and flow cytometry. MiR-145-5p level in PCa cells was assessed
using quantitative real-time polymerase chain reaction (QRT-PCR), subsequently explored the impact of miR-145-5p
overexpression on the biological properties of PCa cells. Bioinformatics analysis predicted the downstream target
mRNA of miR-145-5p, while the dual-Luciferase reporter gene assay confirmed the targeting connection between
the two. A subcutaneous xenograft tumor model was established to explore how paeonol may impact tumor growth
by modulating miR-145-5p/Golgi membrane protein 1 (GOLM1). Results showed that Paeonol exerted suppressive
effects on the malignant biological properties of PCa cells, along with induced apoptosis. PCa cells exhibited lower
miR-145-5p level as opposed to normal cells, and paeonol treatment up-regulated miR-145-5p. GOLM1 was highly
expressed in PCa cells, while miR-145-5p could directly target and downregulate GOLM1 expression. miR-145-5p
overexpression suppressed the malignant biological properties of PCa cells, but GOLM1 overexpression reversed
this effect. Silencing of miR-145-5p or GOLM1 overexpression both weakened the anti-tumor impacts of paeonol.
Additionally, tumor growth was suppressed and apoptosis was induced in tumor cells in vivo by paeonol. In conclu-
sion, Paeonol suppresses the malignant progression of PCa, and promotes cell apoptosis via regulating the miR-
145-5p/GOLM1 axis.
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Introduction affected by the body’s androgen levels, trans-
forming into castration-resistant prostate can-

According to the latest statistical analysis in cer [6, 7]. Once progressed to this stage, the

USA, more than 313,780 new cases of Prostate
cancer (PCa) are expected to occur in 2025,
leading the list of malignant tumors in men, and
more than 35,000 new deaths [1]. In the early
stages of PCa, the progression could be effec-
tively controlled by surgical resection and radio-
therapy [2-4]. However, recurrence or metasta-
sis after radical prostatectomy occurs in about
30% of patients, whereas for these individuals,
androgen deprivation therapy (ADT) remains
the main clinical strategy, typically including
gonadotropin-releasing hormone agonists or
surgical gonadectomy [5]. However, the majori-
ty of patients deteriorate again after 10-15
months of ADT, and the tumor is no longer

patient’s therapeutic space will be very limited
and the mortality rate will increase dramatically
[8, 9]. Therefore, in-depth investigate the mech-
anisms of PCa progression and search for novel
and efficient treatment options are particularly
important for the management of PCa patients.

Researchers are increasingly focused on the
anti-tumor properties of herbal extracts be-
cause of their excellent safety profile, minimal
toxic effects, and ability to target multiple path-
ways [10, 11]. Paeonol, the main bioactive con-
stituent isolated from the dried root bark of
Paeonia suffruticosa, which has a wide range
of antioxidant, neurological and cardiovascular
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system protection effects [12-14]. Notably,
paeonol has shown excellent inhibitory effects
on several types of cancers, including lung [15],
pancreatic [16], and ovarian [17]. Paeonol can
achieve anti-tumor effects by mediating multi-
ple signaling pathways and targets, and can
effectively rise the sensitivity of cancer cells
to chemotherapy and radiotherapy [18, 19].
Previous study has shown that paeonol induces
apoptosis in HelLa cervical cancer cells through
the Phosphatidylinositol 3-Kinase/AKT Serine
pathway, and causes mitochondrial dysfunc-
tion, demonstrating its potential for the treat-
ment of cervical cancer [20]. However, while
paeonol has shown promise in other cancer
types, its specific role and molecular mecha-
nism in regulating the malignant progression of
PCa are poorly understood.

With approximately 20-24 nucleotides in size,
microRNAs (miRNAs) are involved in controlling
gene expression in plants and animals at the
post-transcriptional level [21, 22]. Numerous
studies have indicated that abnormal miRNA
expression is linked to the pathological pro-
cesses of various cancers, and miRNAs can
function as either tumor suppressors or onco-
genes [23, 24]. Positioned on chromosome 5
(5032), miR-145-5p is transcribed from the
MIR145 in the human genome [25]. Existing
studies have indicated that miR-145-5p acts as
an anticancer factor in various cancers, like
pancreatic cancer [26] and breast cancer [27].
Notably, miR-145-5p is reduced in tumor tis-
sues from individuals with PCa bone metasta-
ses, implying that low miR-145-5p level serves
as an indicator of PCa metastasis and invasion
[28]. At present, the specific action mechanism
of miR-145-5p in regulating PCa malignant pro-
gression remains poorly understood.

Expressed mainly in epithelial cells, Golgi mem-
brane protein 1 (GOLM1) is associated with
tumor development, metastasis, and immuno-
suppression, and has emerged as a new focus
in cancer research in recent years [29]. Arecent
study revealed that GOLM1 drives epithelial
mesenchymal transition in PCa cells and is a
key oncogene in PCa malignant development
[30]. We discovered that GOLM1 is a potential
target mRNA of miR-145-5p through bioinfor-
matics analysis. On this basis, we postulated
that paeonol could suppress PCa progression
through modulating miR-145-5p/GOLM1 axis.
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Based on this postulation, this research was
designed to explore the influence of paeonol,
miR-145-5p or GOLM1 overexpression on the
malignant properties of PCa cells. Additionally,
to investigate the impact of paeonol on tumor
growth, we established a mouse model with
subcutaneously transplanted tumors. This stu-
dy is the first to investigate the link between
paeonol and the miR-145-5p/GOLM1 axis, and
aims to elucidate the specific mechanisms by
which paeonol inhibits PCa progression, so as
to provide a novel theoretical basis and experi-
mental evidence for the clinical translation of
paeonol in the treatment of PCa.

Materials and methods
Cell culture

Human normal prostate epithelial cells RWPE1
(SNL-569), PCa cells LNCaP (SNL-356) and
C4-2 (SNL-160) were obtained from Sunncell
Biotechnology (Hubei, China). Before testing,
the culture of RWPE-1 cells was carried out in
Keratinocyte-SFM medium (17005042, Invitro-
gen, Carlsbad, CA, USA). Meanwhile, PCa cells
were grown in a mixture of 1640 complete
medium (SNM-001E, Sunncell Biotechnology)
at 37°C with 5% CO, (v/v).

Cell counting kit-8 (CCK-8) assay

LNCaP and C4-2 cells were plated in 96-well
plates (1.5x10*/well) and left to culture for 24
h. After the cell adhesion, 200 yL of medium
containing paeonol (0, 5, 10, 20, 40, or 80
pug/mL, A423049, Sangon Biotech, Shanghai,
China) was dispensed into each well [31]. After
treatment for 48 h, 20 yL of CCK-8 reagent
(C917226, Macklin Inc., Shanghai, China) was
introduced. After a 2-hour incubation under
the condition of avoiding light, to screen the
optimal concentration of paeonol, the optical
density (OD),.. values of the cells were de-
termined.

450

Cell transfection

mMiR-145-5p mimic (mimic), miR-145-5p inhibi-
tor (inhibitor), GOLM1 overexpression plasmid
(OE-GOLM1, without the 3'UTR of GOLM1
mRNA), or negative control (mimic NC, inhibitor
NC, and OE-NC) were obtained by Sangon
Biotech. The seeding density for LNCaP and
C4-2 cells in 24-well plates was set at 1x10*
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cells/well. At 50%-60% cell confluence, trans-
fection was performed using Lipofectamine
3000 reagent (L3000150, Invitrogen) for 48 h.
Subsequently, miR-145-5p and GOLM1 levels
was analyzed to evaluate the transfection
efficiency.

Colony formation assay

LNCaP and C4-2 cells were taken, phosphate
buffer saline (PBS)-washed, digested with
0.25% trypsin (T917499, Macklin Inc.). The
cells were then plated into 6-well culture plate
(500 cells/well), and incubated for 14 days
at 37°C. The culture medium with or without
paeonol was changed every 2-3 d. Cell culture
was terminated once visible cell colonies had
formed. The culture supernatant was remo-
ved, fixation was performed by adding 4% pa-
raformaldehyde (P885233, Macklin Inc.) for
30 min. The fixative was then removed, and
cells were exposed to crystal violet (A600331,
Sangon Biotech) for 10 min. Cells were viewed
using a microscope (CX33, Olympus, Tokyo,
Japan), and the colony formation rate was sub-
sequently calculated.

Wound healing assay

1 mL of LNCaP and C4-2 cell suspension (3%
10° cells/mL) was placed in 6-well cell culture
plates. After the cells were fully adherent and
grown to approximately 90% confluence, the
culture medium was removed, and a sterile 20
uL pipette tip was employed to produce a
straight line and evenly in the center of the cell
monolayer. The detached cells in the scratched
region were gently washed off with PBS, and
the serum-free medium containing 5 pg/mL
mitomycin C (HY-13316, MedChemExpress,
Monmouth Junction, NJ, USA) was introduced
to the wells and incubated for 2 h at 37°C. The
medium containing mitomycin C was discard-
ed, and then the medium containing 40 pyg/mL
paeonol was added, and the scratch width was
immediately photographed under a microscope
and recorded as O h. After 24 h, the width of the
scratch was assessed with Imagel) software
(National Institute of Mental Health, USA), so as
to determine the cell migration ability.

Transwell assay

Prior to experimentation, Matrigel matrix gel
(356234, Corning, MA, USA) was thawed over-
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night at 4°C, and then diluted with serum-free
medium in a 1:8 proportion. The diluted mix-
ture (100 pL) was introduced to the upper
chamber of each Transwell insert (Corning) at
37°C for 2 h. 200 yL of LNCaP or C4-2 cell
suspension (5x10* cells/mL, resuspended in
serum-free medium) was plated into the upper
section, and complete medium (600 uL) was
placed in the lower chamber. After a 24-hour
incubation, the non-invading cells on the mem-
brane surface were gently removed with a cot-
ton swab. Subsequently, the invaded cells were
fixed in 4% paraformaldehyde for 25 min, and
then dyed with 0.1% crystal violet staining solu-
tion. Five random fields per insert were cap-
tured under a microscope, and the number of
invasive cells was quantified using Image)
software.

In the Transwell migration assay, Matrigel was
not needed in the Transwell chamber, and other
procedures were consistent with the invasion
assay.

Flow cytometry

Following various treatments, PCa cells were
gathered, and then mixed with 500 pL of 1x
Binding Buffer (C1062S, Beyotime). Subse-
quently, Annexin V-Fluorescein Isothiocyanate
(FITC) reagent (5 uL) and propidium iodide (PI)
solution (5 yL) were added into the cell suspen-
sion at 25°C in darkness for 15 min. After
washing with Annexin V Binding Buffer, the
apoptosis rate of PCa cells was detected and
quantitatively analyzed using a flow cytometer
(BD FACSCalibur™, BD Biosciences, CA, USA).

Bioinformatics analysis

To identify the potential target genes of miR-
145-5p, we conducted bioinformatic analysis
utilizing Gene Expression Profiling Interactive
Analysis (GEPIA) (http://gepia.cancer-pku.cn/),
miRWalk (http://mirwalk.umm.uni-heidelberg.
de/), and miRDB (https://mirdb.org/) databas-
es. Candidate target genes that were screened
from the three databases were subsequently
subjected to intersection analysis, and GOLM1
was ultimately identified as the core target
gene of miR-145-5p.

Dual-luciferase reporter assay

Dual-luciferase reporter plasmids targeting
the 3’ untranslated region (3'UTR) of GOLM1,
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including wild-type (Wt) and mutant (Mut) ver-
sions, were synthesized by Sangon Biotech.
Utilizing the Lipofectamine 3000, GOLM1 Wt
and mimic NC, GOLM1 Wt and mimic, GOLM1
Mut and mimic NC, GOLM1 Mut and mimic
were co-transfected into PCa cells, respective-
ly. Following a 48-hour incubation period, cells
were gathered and the luciferase activity of
PCa cells was assessed utilizing the Dou-
ble-Luciferase Reporter Assay Kit (E608006,
Sangon Biotech).

Subcutaneous tumor model in nude mice

Male BALB/c nude mice (14-18 g, 4-6 weeks
old), were acquired from Vitalriver (Beijing,
China) and housed at 22°C with 45%-55% re-
lative humidity. LNCaP cells (untransfected, or
transfected with miR-145-5p inhibitor or inhibi-
tor NC) were resuspended in a pre-cooled mix-
ture of serum-free 1640 medium and Matrigel
matrix gel at a 1:1 volume ratio. After a 7-day
acclimatization period, each mouse received a
single subcutaneous injection of 100 L cell
suspension (1x10°% cells/each) into the right
axilla. One week later, the mice injected with
untransfected LNCaP cell suspension were ran-
domly divided into the control group (0.3 mL
normal saline daily via intraperitoneal injection)
and the paeonol-treated group (50 mg/kg/d
paeonol daily via intraperitoneal injection)
using a random number table; mice injected
with LNCaP cell suspension transfected with
inhibitor NC or inhibitor were divided into the
paeonol+inhibitor NC group and paeonol +
miR-145-5p inhibitor group (both received 50
mg/kg/d paeonol daily) (n=6). All animals re-
ceived daily intraperitoneal injections for 14
days. Tumor dimensions were monitored daily
using vernier calipers, and tumor volume was
then calculated. After the last administration,
mice were anesthetized by inhalation of isoflu-
rane (3%), and euthanization by cervical dislo-
cation. Tumor tissues were fully excised using
tissue scissors, and photographed for record-

ing.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Total RNA was isolated from RWPE1, LNCaP,
C4-2 cells and tumor tissues via TRIzol rea-
gent (15596026, Invitrogen). Subsequently,
complementary DNA (cDNA) was synthesized
by reverse transcription using AMV reverse
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transcriptase (2621, TAKARA, Tokyo, Japan).
Using the prepared cDNA as the amplification
template, PCR was carried out with TB Green
FAST gPCR kit (CN830S, TAKARA) to detect the
levels of target genes. The 25 uL gRT-PCR reac-
tion system was configured as follows: 12.5 yL
TB Green FAST qPCR Mix, 1 uL forward primer
(0.4 uM), 1 uL reverse primer (0.4 uyM), 2.5 uL
cDNA template, and 8 yL RNase-free water. The
gRT-PCR reaction conditions were set as: pre-
denaturation at 95°C for 30 s; followed by 40
cycles of denaturation at 95°C for 5 s and
annealing/extension at 60°C for 30 s; finally,
melting curve analysis was performed to verify
the specificity of amplification. U6 and GAPDH
were separately employed as the internal re-
ference genes for miR-145-5p and GOLM1,
respectively. The relative expression level of
target genes was calculated using the 244ct
method.

Primer sequences utilized in this experiment:
miR-145-5p: F: 5-TGTCCAGTTTTCCCAGGAATC-
3’; R: 5-CTCAACTGGTGTCGTGGAGTC-3'. U6: F:
5-CTGGTGAAGGGGAGGGGATA-3’; R: 5'-ACAGG-
ATAGGGGGACCACTC-3". GOLM1: F: 5-CCGGA-
GCCTCGAAAAGAGAT-3’; R: 5-CTGCTGTCTCTG-
GTCGTTGT-3'. GAPDH: F: 5-TCGGCAGGATGTA-
GGGCTAAAAGC-3’; R: 5-GTAGCCCATGGGTTTT-
AGCCC-3.

Terminal deoxynucleotidyl transferase dUTP
nick end labeling (TUNEL) staining

Excised tumor tissues were fixed in paraformal-
dehyde (4%, w/v) for 24 h at room temperature,
and then dehydrated through a graded ethanol
series. After that, tumor tissues were embed-
ded in paraffin and sectioned (5 um thick),
dewaxed using xylene (X820584, Macklin), and
then rehydrated through a graded ethanol
series. The sections were incubated with 20
pug/mL of Proteinase K (DNase-free, ST532,
Beyotime) for 30 min at 25°C, and then cov-
ered with TUNEL assay solution (C1086,
Beyotime) at 37°C for 60 min in darkness.
The sections were then counterstained with
4’ 6-diamidino-2-phenylindole (DAPI) solution
(C1005, Beyotime) for 10 min in the dark, and
then imaged under a fluorescence microsco-
pe.

Immunohistochemistry

Tumor tissue sections were dewaxed using
xylene, rehydrated through a graded ethanol
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series, and then subjected to antigen retrieval
via microwave irradiation in sodium citrate buf-
fer. After that, they were placed in 3% H,0,
solution for 30 min, then rinsed thoroughly with
PBS, and blocked with 5% bovine serum albu-
min (BSA, A351835, Sangon Biotech) for 30
min. After incubating the sections at 37°C with
primary antibody Ki67 (ab21700, prediluted,
Abcam, MA, USA) for 90 min, they were incu-
bated with goat anti-rabbit IgG (31466, 1:500,
Invitrogen) for 30 min in darkness at 25°C.
Color development was performed using 3,3'-
Diaminobenzidine (DAB) solution (E670035,
Sangon Biotech), and the reaction was termi-
nated with distilled water. The sections were re-
stained with hematoxylin solution (H913272,
Macklin) for 3 min, mounted with neutral bal-
sam (N861409, Macklin), and then viewed with
an optical microscope.

Western blot

RWPE1 cells, PCa cells, and mouse tumor tis-
sues were fully lysed with Radio immunopre-
cipitation assay lysate buffer (PO013B, Beyo-
time) to extract proteins, and protein concen-
trations were quantified using the Bicinchoni-
nic Acid (BCA) Assay kit (PO012, Beyotime).
Following protein separation was completed by
gel electrophoresis, the proteins were trans-
ferred to Polyvinylidene Fluoride membranes
(Invitrogen), which were blocked for 3 h using
5% BSA. The membranes were treated over-
night with primary antibody GOLM1 (PA5-
30622, 1:2000, Invitrogen) at 4°C. After be-
ing rinsed with Tris-Buffered Saline Tween-20
(TBST), membranes were incubated with goat
anti-rabbit 1gG (31466, 1:5000, Invitrogen) for
2 h. Enhanced Chemiluminescence working
solution (34577, Invitrogen) was evenly applied
to the membranes, and then scanned using an
Amersham ImageQuant™ 800 gel imaging sys-
tem (Cytiva, Shanghai, China). The gray inten-
sity of each protein band was analyzed via
Image) software, with Glyceraldehyde-3-Pho-
sphate Dehydrogenase (GAPDH) (MA5-15738,
1:1000, Invitrogen) as an internal reference.

Statistical analysis

Each independent experiment was conducted
with a minimum of three biological replicates,
and results were presented as the mean +
standard deviation. Figures were drawn with
Prism software (GraphPad 9.0), and statistical
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analyses were conducted using SPSS 26.0
(IBM SPSS Statistics). Student’s t-test was
employed to evaluate differences between
two groups. For comparisons among multiple
groups, one-way ANOVA followed by Tukey's
post-hoc multiple comparison test was per-
formed. For comparisons among multiple
groups with time-dependent variables (tumor
volume monitored at consecutive time points),
repeated measures ANOVA was applied, fol-
lowed by Bonferroni post-hoc test for pairwise
comparisons between groups. One-way ANOVA
was performed. *P<0.05 was considered sig-
nificant difference.

Results

Paeonol inhibits malignant biological proper-
ties of PCa cells

Following different doses of paeonol treated for
48 h, both 40 and 80 pg/mL of paeonol treat-
ment caused a marked decrease in cell viabili-
ty, with the impact increasing with higher doses
(Figure 1A, 1B). Paeonol at 40 ug/mL had
already shown a significant suppressive effect
on cell viability, we determined this concen-
tration of paeonol as suitable for the subse-
quent studies. The colony formation experi-
ment results indicated that the colony forma-
tion rate of PCa cells was significantly de-
creased after paeonol treatment (Figure 1C).
After treatment with paeonol, cell migration
rate of PCa cells was notably reduced (Figure
1D). Transwell assay results showed that the
number of migratory and invasive LNCaP and
C4-2 cells was also reduced after paeonol
treatment (Figure 1E, 1F). In addition, paeonol
treatment resulted in markedly higher apopto-
sis rates (Figure 1G). These findings indicated
that paeonol treatment effectively inhibited the
malignant biological properties of PCa cells.

Paeonol up-regulates miR-145-5p in PCa cells

miR-145-5p expression in LNCaP, C4-2, and
RWPE1 cells was examined via RT-qPCR. There
was a notable difference in miR-145-5p level
between LNCaP, C4-2, and RWPE1 cells, with
RWPEL cells exhibiting higher levels (Figure
2A). Not only that, following paeonol treatment,
miR-145-5p expression showed a notable in-
crease in PCa cells, indicating that paeonol
up-regulates miR-145-5p level (Figure 2B, 2C).
To investigate the role of miR-145-5p overex-
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Figure 1. Paeonol inhibits malignant biological properties of PCa cells. A, B. CCK-8 assay was performed to examine
the viability of PCa cells, to screen the optimal concentration of paeonol treatment. C. Colony formation assay was
used to evaluate the impact of 40 pg/mL of paeonol treatment on colony formation rate. D. Wound healing assay de-
termined migration after paeonol treatment, and the cell migration rate was subsequently computed (10x, 200 ym).
E, F. Cell migration and invasion abilities of cells were examined using Transwell assay (20x, 100 ym). G. Annexin
V-FITC/PI assay was performed to detect the apoptosis rate after paeonol treatment. PCa: Prostate Cancer; CCK-8:
Cell Counting Kit-8; PI: Propidium lodide; FITC: Fluorescein Isothiocyanate. (*P<0.05, **P<0.01, ***P<0.001).

pression on cell malignant biological proper-
ties, we transfected mimic in PCa cells. After

malignant biological behaviors by up-regulating
miR-145-5p.

transfection with miR-145-5p mimics, miR-

145-5p level was notably upregulated in PCa
cells, indicating a high transfection efficiency

miR-145-5p directly targets and negatively
regulates GOLM1

and its suitability for subsequent experiments

(Figure 2D). miR-145-5p overexpression nota-
bly reduced the colony formation rate (Figure
2E) and migration rate (Figure 2F) of PCa cells.
Furthermore, transfection with miR-145-5p mi-
mics resulted in a decline in the number of
migratory and invasive cells (Figure 2G, 2H), as
well as an increase in apoptosis rate (Figure
2I). Altogether, these outcomes indicated that
miR-145-5p is up-regulated by paeonol, and
miR-145-5p overexpression suppresses PCa
malignant biological behaviors, suggesting that
paeonol may exert its inhibitory effect on PCa
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To delve into the specific mechanism underly-
ing the inhibition of PCa malignant biological
behaviors by up-regulating miR-145-5p, bioin-
formatic prediction of the downstream target
mRNAs of miR-145-5p was carried out. After
analyzing the overlapping candidate genes
from the three datasets, GOLM1 was ultimately
screened out as the key target gene (Figure
3A). Additionally, the direct binding sequence
between miR-145-5p and the 3'UTR region of
GOLM1 was acquired from the miRWalk data-
base (Figure 3B). Based on the analysis of the
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Figure 2. Paeonol up-regulates miR-145-5p in PCa cells. A. gRT-PCR was performed to detect miR-145-5p level
in RWPE1, LNCaP and C4-2 cells. B, C. RT-qPCR was used to analyze miR-145-5p level following a 48-hour expo-
sure to 40 ug/mL paeonol in LNCaP and C4-2 cells. D. MiR-145-5p level was analyzed by qRT-PCR to validate the
transfection efficiency. E. Colony formation assay was performed to evaluate the colony formation rate of cells after
transfected with mimic NC or mimic. F. Following transfection, cell migration rate was determined via wound heal-
ing assay (10x%, 200 ym). G, H. Transwell was performed to assess the number of migratory and invasive cells after
transfection (20x, 100 uym). I. Annexin V-FITC/PI assay detected the apoptosis rate after transfection. PCa: Prostate
Cancer; gRT-PCR: Quantitative Real-Time Polymerase Chain Reaction; PI: Propidium lodide; FITC: Fluorescein Iso-

thiocyanate. (**P<0.01, ***P<0.001).

GEPIA database, GOLM1 level was markedly
elevated in PCa in comparison to normal tis-
sues (Figure 3C). To further validate the tar-
geted interaction between miR-145-5p and
GOLM1, a dual-luciferase reporter assay was
performed. miR-145-5p overexpression evi-
dently reduced the luciferase activity of GOLM1
Wt, but no significant alteration was detected
in the Mut group, suggesting that GOLM1 is
a direct downstream target of miR-145-5p
(Figure 3D, 3E). Furthermore, overexpression
of miR-145-5p significantly reduced the protein
level of endogenous GOLM1, while inhibition of
miR-145-5p markedly upregulated endogenous
GOLM1 protein expression in both LNCaP and
C4-2 cell lines, indicating that miR-145-5p had
a negative regulatory impact on GOLM1 (Figure
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3F). Additionally, GOLM1 expression was nota-
bly higher in PCa cells (LNCaP and C4-2) than
in normal cells (RWPE1), which was consistent
with the expression trend revealed by the GEPIA
database (Figure 3G, 3H).

GOLM1 overexpression partially attenuates
the suppressive impact of miR-145-5p overex-
pression on the malignant phenotypes of PCa
cells

To investigate the influence of GOLM1 overex-
pression on PCa cells, we transfected PCa cells
with OE-GOLM1 and determined its overexpres-
sion efficiency. After PCa cells were transfected
with OE-GOLM1, GOLM1 mRNA and protein lev-
elsin PCa cells were notably upregulated, which

Am J Cancer Res 2026;16(5):1776-1790
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Figure 3. GOLM1 is regulated by miR-145-5p, causing its downregulation. A, B. miRWalk, miRDB and GEPIA data-
bases predicted the target mRNA of miR-145-5p, and the binding site between miR-145-5p and GOLM1 was predict-
ed via miRWalk database. C. Analysis based on the GEPIA database showed that GOLM1 was highly expressed in
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regulates GOLM1. F. Western blot was performed to detect the level of GOLM1 protein after transfection with mimic/
mimic NC or inhibitor/inhibitor NC. G, H. The levels of GOLM1 in RWPE1, LNCaP and C4-2 cells were detected via
gRT-PCR and Western blot. GOLM1: Golgi Membrane Protein 1; GEPIA: Gene Expression Profiling Interactive Analy-
sis; PCa: Prostate Cancer; gRT-PCR: Quantitative Real-Time Polymerase Chain Reaction. (***P<0.001).

satisfied the requirements of subsequent
experiments (Figure 4A, 4B). We noticed that
GOLM1 overexpression weakened the suppre-
ssion of miR-145-5p overexpression on colony
formation in LNCaP and C4-2 cells (Figure
4C). Furthermore, GOLM1 overexpression also
weakened the suppression of miR-145-5p
overexpression on cell migration and invasion
(Figure 4D, 4E). GOLM1 overexpression im-
paired the pro-apoptotic effect of miR-145-5p
overexpression (Figure 4F). Taken together, the
inhibitory effects of miR-145-5p overexpres-
sion on cell colony formation, migration, inva-

1783

sion of PCa cells was weakened by GOLM1
overexpression, suggesting that miR-145-5p
exhibited its anti-tumor effect by downregulat-
ing GOLM1.

Paeonol inhibits malignant phenotypes of PCa
cells by modulating the miR-145-5p/GOLM1
axis

After PCa cells were transfected with miR-
145-5p inhibitor, miR-145-5p level was nota-
bly decreased, which confirmed the success-
ful transfection of the inhibitor (Figure 5A).
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Paeonol treatment led to a notable reduction in
GOLM1 expression, whereas silencing of miR-
145-5p or GOLM1 overexpression both caused
a marked increase in GOLM1 expression, sug-
gesting that paeonol could regulate the miR-
145-5p/GOLM1 axis (Figure 5B, 5C). Paeonol
treatment markedly reduced the colony forma-
tion rate (Figure 5D) and migration rate (Figure
5E) of PCa cells, whereas silencing of miR-145-
5p or GOLM1 overexpression both weakened
the suppressive effects of paeonol treatment
on the cell colony formation and migration. Not
only that, paeonol significantly reduced the
number of invasive PCa cells (Figure 5F) and
notably increased the cell apoptosis rate
(Figure 5G), whereas silencing of miR-145-5p
or GOLM1 overexpression was both able to
attenuate the anti-tumor effects of paeonol.
The above findings suggested that paeonol
inhibits PCa cell colony formation, migration,
invasion and promotes apoptosis via modulat-
ing the miR-145-5p/GOLM1 axis.

miR-145-5p inhibition attenuated the in vivo
antitumor effect of paeonol and was accompa-
nied by altered GOLM1 expression

Compared with inhibitor NC group, miR-145-5p
was significantly down-regulated in tumor tis-
sues of nude mice injected with LNCaP cells
transfected with miR-145-5p inhibitor (Figure
6A). From the 6th day of administration, the
paeonol group showed a notable decrease in
tumor volume; while silencing of miR-145-5p
reduced the tumor suppressive effect of pae-
onol, resulting in an increase in tumor volume
(Figure 6B). After 14 d of continuous adminis-
tration, the tumor weight of the paeonol group
was significantly reduced, while silencing of
miR-145-5p significantly attenuated this inhibi-
tory effect of paeonol, leading to a notable
increase in tumor weight (Figure 6C, 6D).
Through TUNEL staining, we found that paeonol
injection led to a notable rise in the number of
TUNEL-positive cells, indicating that paeonol
promoted apoptosis of PCa cells; while silenc-
ing of MiR-145-5p decreased TUNEL-positive
cells (Figure 6E). After paeonol administration,
immunohistochemical findings demonstrated
that Ki67 level in PCa tissues was markedly
decreased, which indicated that paeonol in-
hibited cell proliferation; but silencing of miR-
145-5p caused Ki67 levels to increase again
(Figure 6F). In line with the in vitro results, pae-
onol markedly increased miR-145-5p level and
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down-regulated GOLM1 in tumor tissues, and
this regulatory effect was markedly attenuated
by miR-145-5p silencing (Figure 6G, 6H). These
findings suggested that miR-145-5p inhibition
attenuated the in vivo antitumor effect of pae-
onol and was accompanied by altered GOLM1
expression.

Discussion

The focus on herbal extracts and their ability to
halt the progression of tumors has received
widespread attention in recent years. Paeonol
exhibits a range of pharmacological effects.
Liu et al. noticed that paeonol induced cycle
arrest of colorectal cancer cells, reduced cell
proliferation, and stimulated apoptosis [32]. In
the current research, we identified that paeonol
decreased the viability of PCa cells, inhibited
their colony formation, migration and invasion,
and induced apoptosis. Not only that, paeonol
also showed efficient anti-tumor activity in nu-
de mice tumors, confirmed that paeonol might
be a new therapeutic option for managing PCa.

miRNAs are known to be crucial in the progres-
sion of tumors, participating in key processes
including cell proliferation, migration, differen-
tiation and tumor angiogenesis [33-35]. miR-
145-5p expression is downregulated in a range
of cancer types, such as breast [36], ovarian
[37], and colorectal [38] cancers, and it is wide-
ly recognized as a tumor suppressor miRNA.
The findings of Sun et al. revealed that miR-
145-5p overexpression caused PCa cell cycle
arrest, induced apoptosis, and functioned as a
cancer suppressor gene [39]. In this work, com-
pared to normal cells, miR-145-5p expression
was downregulated in PCa cells, aligning with
previous research findings. Notably, paeonol
treatment up-regulated miR-145-5p expres-
sion. Additionally, miR-145-5p overexpression
also suppressed colony formation, reduced cell
migration and invasive abilities, and promoted
apoptosis, providing evidence that paeonol
might play an anti-tumor role by increasing miR-
145-5p level. It is worth noting that wound
healing assay and Transwell assay are only
used to evaluate the migration and invasion
phenotypes of cells in vitro, and cannot directly
represent the metastasis of tumors in vivo.

Binding of miRNAs to target genes leads to de-

gradation or inhibition of translation of target
MRNAs, thus exerting a regulatory effect on tar-
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was examined using gRT-PCR and Western blot. D. Colony formation assay was used to evaluate the impact of pae-
onol on cell proliferative ability after silencing of miR-145-5p or GOLM1 overexpression. E. The cell migration after
paeonol treatment was assessed by wound healing assay (10x, 200 ym). F. Transwell assays were performed to
examine the influence of silencing of miR-145-5p or GOLM1 overexpression after paeonol treatment on the number
of invasive cells (20%, 100 um). G. Apoptosis rates were detected by flow cytometry after paeonol treatment with
miR-145-5p silencing or GOLM1 overexpression. PCa: Prostate Cancer; GOLM1: Golgi Membrane Protein 1; qRT-
PCR: Quantitative Real-Time Polymerase Chain Reaction. (*P<0.05, **P<0.01, ***P<0.001).
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Figure 6. Paeonol suppresses tumor growth in vivo. (A) qRT-PCR was performed to detect the transfection efficiency
of miR-145-5p inhibitor or inhibitor NC. (B) Tumor volume was measured daily to evaluate tumor growth. After the
last administration, nude mice were humanely euthanized under anesthesia, and the tumors were excised and
weighed (C), and photographed for documentation (D). (E) TUNEL staining was performed to detectcell apoptosis in
tumor tissues, and the rate of TUNEL-positive cells was quantified (40%, 50 um). (F) Immunohistochemistry assay
was performed to detect Ki-67 expression in tumor tissues (40x, 50 um). (G) gRT-PCR was performed to detect miR-
145-5p level in tumor tissues. (H) Western blotting was performed to detect the protein expression level of GOLM1.
gRT-PCR: Quantitative Real-Time Polymerase Chain Reaction; TUNEL: Terminal Deoxynucleotidyl Transferase dUTP
Nick End Labeling; GOLM1: Golgi Membrane Protein 1. (*P<0.05, **P<0.01, ***P<0.001).

get mRNAs [40]. A single miRNA can target
numerous downstream genes, and multiple
miRNAs can influence a single gene. This intri-
cate regulatory network can control the ex-
pression of multiple genes using one miRNA
or finely tune the expression of a gene with a
combination of multiple miRNAs [41]. There-
fore, we postulated that miR-145-5p could
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potentially exert anti-tumor properties through
regulating downstream target genes. Using
miRWalk, miRDB and GEPIA databases, we
predicted that GOLM1 was a downstream tar-
get gene of miR-145-5p.

GOLM1, a transmembrane protein expressed
primarily in epithelial cells, plays a critical role
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in promoting the invasion and metastasis of
tumor cells [42]. According to Guan et al.,
GOLM1 showed high levels in ovarian cancer
patients and this elevated expression was
linked to unfavorable prognosis [43]. Further-
more, GOLM1 overexpression activates the
AKT/glycogen synthase kinase 3B pathway,
leading to increased invasive and metastatic
capacities of colorectal cancer cells [44]. These
research findings point to GOLM1 playing a
role as an oncogene across various cancer
types. In our research, there was a marked
elevation in GOLM1 expression in PCa cells in
contrast to normal cells, in line with the find-
ings of the GEPIA database. miR-145-5p over-
expression evidently decreased GOLM1 level,
confirming that miR-145-5p directly targets
and negatively regulates GOLM1. GOLM1 over-
expression reversed the suppression of miR-
145-5p overexpression on the PCa progres-
sion. Furthermore, paeonol treatment down-
regulated GOLM1 in PCa cells and tissues,
whereas silencing of miR-145-5p partially at-
tenuated the anti-tumor effects of paeonol and
accompanied by obvious GOLM1 upregulation.
In vivo data indicated that the anti-tumor action
of paeonol was closely correlated with the mo-
dulation of the miR-145-5p/GOLM1 axis.

This study has certain limitations. We mainly
explored the downstream mechanism by which
paeonol suppresses PCa progression via the
miR-145-5p/GOLM1 axis in vitro. Due to the
absence of in vivo GOLM1 overexpression res-
cue experiments, the causal relationship of this
regulatory axis in animal models cannot be fully
defined. We have not yet investigated whether
the elevation of miR-145-5p induced by pae-
onol stems from transcriptional activation, epi-
genetic modification, altered miRNA process-
ing and maturation, or enhanced RNA stabi-
lity. Additionally, we did not establish an in vivo
metastasis model in this research, and only
verified the anti-migration and anti-invasion
effects of paeonol through in vitro functional
assays. In subsequent studies, we will system-
atically explore the upstream molecular me-
chanism of paeonol regulating miR-145-5p ex-
pression from the perspectives of transcrip-
tional regulation, epigenetic modification and
non-coding RNA processing, to complete the
full regulatory network of paeonol against PCa.
Meanwhile, the anti-metastatic potential of
paeonol could be further verified using ortho-
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topic transplantation metastasis models or
experimental metastasis models.

Conclusion

Through up-regulating miR-145-5p and down-
regulating GOLM1, paeonol suppresses cell
viability, migratory and invasive phenotypes,
and induces apoptosis in PCa cells. In the
subcutaneous xenograft model, paeonol also
exhibited prominent anti-tumor effects, which
was closely associated with the modulation
of the miR-145-5p/GOLM1 axis. This research
uncovered the action mechanism of paeonol in
inhibiting the malignant progression of PCa by
in vitro cellular experiments and subcutaneous
xenograft tumor model, and provided new ref-
erences for the clinical application of paeonol.
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