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Introduction

Prostate cancer (PC), a malignancy arising in the male 
prostate tissue, has a high incidence rate. It accounts for 
14% of all tumor cases, and is common in middle-aged and 
elderly men (1). Early-stage PC typically presents without 
discernible clinical symptoms (2). With the development 
of the disease, its main manifestations include increased 
urinary frequency and urgency, and dysuria, which have a 
certain impact on the life of patients (3).

Radical prostatectomy is the prevailing clinical 
intervention for PC management (4). It has a good 
therapeutic effect; however, it can cause adverse events, 
such as urinary incontinence and abnormal urinary control 
function, which affect the work and life of patients (5).

PC has emerged as a significant public health concern, 
and poses a threat to human wellbeing (5). Regrettably, 
due to the lack of emphasis on the early screening of PC, 
it is often diagnosed at an advanced or metastatic stage (6). 
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Despite the diligent application of androgen deprivation 
therapy, patients with PC may develop treatment 
resistance, culminating in the manifestation of castration-
resistant PC (6).

The Warburg effect is a phenomenon observed in cancer 
cells where they preferentially undergo glycolysis, a process 
that produces energy in the form of adenosine triphosphate 
(ATP) through the breakdown of glucose, even in the 
presence of sufficient oxygen. This is in contrast to normal 
cells, which mainly rely on oxidative phosphorylation to 
generate ATP under aerobic conditions. The Warburg 
effect was first described by Otto Warburg in the 1920s and 
is considered one of the hallmarks of cancer. It is believed 
to occur due to several factors, including genetic mutations, 
alterations in metabolic enzymes, and changes in the tumor 
microenvironment.

The Warburg effect is a subject of considerable 
controversy; however, its significance in clinical tumor 
diagnosis, and innovative progress in related theories 
have renewed interest in the role of the Warburg effect 
in tumor development and treatment in PC (6,7). The 
rapid proliferation of tumor cells necessitates high glucose 
and oxygen consumption, resulting in relative nutrient 
depletion, and the creation of a hypoxic microenvironment. 
Physicochemical conditions, such as low oxygen levels, 
acidic potential hydrogen (pH), and nutrient scarcity, favor 
tumor cell proliferation (8-10).

Currently, research on ferroptosis in PC in China is 
limited, and most studies have focused on the cytotoxic 
effects of ferroptosis inducers in PC cells (11,12). Thus, 
the pathogenesis of PC requires further investigation. The 
induction of ferroptosis is a promising anti-cancer strategy, 
and it provides new therapeutic targets (13-15). Calcium 

ion homeostasis is closely linked to proliferation, migration, 
apoptosis, drug resistance, and associated autophagy 
pathways in PC cells.

Cancer cells mainly obtain energy through aerobic 
glycolysis (16). Gluconeogenesis and glycolysis are two 
nearly opposite processes in PC. Inhibiting fructose-
1,6-bisphosphatase 1 (FBP1) may potentially suppress 
the Warburg effect (17). Therefore, research on FBP1 
in cancer is highly valued (18). Research has revealed 
that the mechanism of FBP1 in cancer inhibition may 
involve blocking the cell cycle (19). FBP1 is localized 
in the cytoplasm, nucleus, and extracellular vesicles. 
Gene Ontology analysis has indicated that the molecular 
functions of FBP1 include adenine nucleotide binding. 
As a pivotal enzyme in gluconeogenesis, FBP1 controls 
the rate of glucose production in the liver and kidneys. It 
is ubiquitously expressed across various prokaryotic and 
eukaryotic organisms with the liver and kidneys serving as 
the primary sites of expression in mammals (19).

Forkhead box proteins (FOXOs) participate in the 
β-catenin signaling pathway, while other molecules 
are involved in cell growth, apoptosis, and antioxidant 
defense, which mediate the cellular stress response in 
PC (20). Phosphorylated protein kinase B (Akt) inhibits 
the transcriptional activity of forkhead box protein O1 
(FOXO1), reducing its regulation of key enzymes in 
gluconeogenesis, thus regulating glycogen synthesis, 
glycogen breakdown, and gluconeogenesis (20-22). 
The functional state of osteoblasts in the bone marrow 
microenvironment is crucial for maintaining the normal 
expression of hematopoietic stem cells, and the up-
regulation of FOXO1 expression can disrupt osteoblast 
function and involve downstream cells, leading to the 
occurrence of precancerous states (23).

The tripartite motif (TRIM) family consists of numerous 
members with diverse and complex functions (24,25). These 
members can mediate pancreatic cancer proliferation, 
invasion, epithelial mesenchymal transition, and resistance 
to chemotherapy drugs through the ubiquitination 
of cancer proteins and tumor-related factors, post-
transcriptional regulation, cellular glycolysis metabolism, 
and the phosphatidylinositol-4,5-bisphosphate 3-kinase 
(PI3K)/AKT/mammalian target of rapamycin (mTOR) 
signaling pathway in PC (26,27). Wu et al. showed that 
the over-expression of TRIM44 increased ferroptosis (28). 
Liu et al. reported that TRIM59 mediated ferroptosis in 
neuroblastoma therapy (29). Zhang et al. reported that 
TRIM59 promoted ferroptosis in non-alcoholic fatty liver 
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disease (30). Liu et al. showed that TRIM22 inhibited 
osteosarcoma progression through the Warburg effect (31).  
TRIM47 is stably activated through protein kinase C-e/
protein kinase D3/nuclear factor-kappa B signaling, and 
contributes to endocrine therapy of drug-resistant PC 
patients (32). Thus, TRIM47 might regulate ferroptosis or 
the Warburg effect in PC.

In this article, we explored the role of TRIM47 in the 
progression of PC and its underlying mechanism. A protocol 
was prepared before the study, which was not registered. 
We present this article in accordance with the MDAR 
and ARRIVE reporting checklists (available at https://tau.
amegroups.com/article/view/10.21037/tau-23-605/rc). 

Methods

Clinical samples of PC

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). All the subjects 
signed informed consent forms. This study was approved by 
the Ethics Committee of Shenzhen People’s Hospital (No. 
20180815017).

The pathological evaluation was performed according to 
the classification system of the World Health Organization. 
Paracancerous tissue (>3 cm from the cancer tissue) was 
acquired and served as the control tissue. The survival 
analysis was performed using the Kaplan-Meier method, and 
the log-rank test was used to examine the survival curves.

Cell culture and transfection

A normal cell line (RwPE-2, the control), and human 
PC cell lines (LNCaP, PC-3, DU145, and LAPC-4)  
were treated in accordance with the American Type 
Culture Collection (ATCC) protocols and incubated in 
an atmosphere of 5% carbon dioxide at 37 ℃. TRIM47 
(sc-432202, Santa Cruz Biotechnology, Shanghai, China) 
or small interfering (si)-TRIM47 (sc-93720, Santa Cruz 
Biotechnology) plasmids were transfected into the cells 
using Lipofectamine 2000 (Thermo Fisher Scientific Inc., 
Shanghai, China).

Quantitative polymerase chain reaction (qPCR)

Total RNAs were isolated with total RNA extraction 
reagent (Takara, Dalian, China) and complementary 
DNA was synthesized using the PrimeScipt RT Master 
Mix (Takara). qPCR was performed using the ABI 

Prism 7500 sequence detection system (Applied Bio-
systems, Shanghai, China). Relative expression levels of 
the sample messenger RNA (mRNA) were calculated, 
and expressed as 2−ΔΔCt. The primers used in this study: 
Actb-F: 5'-TGTTACCAACTGGGACGACA-3', Actb-R: 
5'-CTGGGTCATCTTTTCACGGT-3'; Trim47-F: 
5'-GGTAAACACAGTCGCTAAGAGGTCAAA-3', 
Trim47-R: 5'-TGGTCTAGGGATGCCAGGGTTCT-3'.

Bioluminescence imaging

All the experiments related to animals were approved by 
the Animal Care and Use Committee of Shenzhen People’s 
Hospital (No. 20210814M14) and were performed in 
compliance with the national guidelines for the care and use 
of animals. The LNCaP-hFBP1P-Luc transgenic mice and 
the LNCaP-h FOXO1-Luc transgenic mice were treated 
as previously described (15,33). Bioluminescent imaging 
was performed using an invasive live imaging system (IVIS) 
imaging system (Bio-Real, QuickView3000, Austria).

Immunofluorescent staining

The cells were fixed with 4% paraformaldehyde for 15 min 
and incubated with 0.15% Triton X-100 for 15 min at room 
temperature. The cells were incubated with TRIM47 (1:500, 
Abcam, Shanghai, China), FBP1 (1:500, Cell Signaling 
Technology, Inc., Shanghai, China), FOXO1 (1:500, 
Abcam) at 4 ℃ overnight after blocking with 5% bovine 
serum albumin (BSA) for 1 h. The cells were incubated with 
goat anti-rabbit IgG-cFL 488 or anti-rabbit IgG-cFL 555 
antibody (1:100, HA1117) for 2 h at room temperature, 
stained with 4',6-diamidino-2-phenylindole (DAPI) for  
15 min, and washed with phosphate buffer solution for 
15 min. Images of the cells were obtained using a Zeiss 
Axioplan 2 fluorescent microscope (Carl Zeiss AG, 
Oberkochen, Germany).

The extracellular acidification rate (ECAR), oxygen 
consumption rate (OCR), glucose consumption rate, lactate 
production level, and ATP level were measured. The 
ECAR and OCR were determined using a Seahorse XFe96 
analyzer (Seahorse Bioscience, Agilent, Shanghai, China). 
The glucose consumption rate was determined using a 
glucose assay kit (Sigma, St-Louis, MO, USA). The lactate 
level was measured using a lactate colorimetric/fluorometric 
assay kit (BioVision, Mountain View, CA, USA) The ATP 
level was determined using an ATP determination kit 
(Thermo Fisher Scientific, Waltham, MA, USA).

https://tau.amegroups.com/article/view/10.21037/tau-23-605/rc
https://tau.amegroups.com/article/view/10.21037/tau-23-605/rc


Zhao et al. TRIM47 promotes the Warburg effect1994

© AME Publishing Company.   Transl Androl Urol 2024;13(9):1991-2004 | https://dx.doi.org/10.21037/tau-23-605

Proliferation assays and ethynyl deoxyuridine (EdU) staining

After 48 h of transfection, approximately 2×103 cells/well were 
seeded in a 96-well plate. After culturing for the indicated 
time, cellular proliferation was detected using cell counting kit-
8 (CCK-8) in accordance with the manufacturer’s instructions 
(C0037, Beyotime, Nanjing, China).

EdU (10 mM) was added to each well, and the cells were 
fixed with 4% formaldehyde for 30 min. After washing, EdU 
was detected using an EdU Kit, and the images were visualized 
by fluorescent microscopy (Olympus, Shanghai, China).

Transwell migration assays

The migration assays were performed using the Costar 
Transwell Invasion chamber (Merck KgaA, Shanghai, China) 
in accordance with the manufacturer’s instructions (34,35). 
Cells (2×104) were added to the upper chamber in a volume 
of serum-free Dulbecco’s modified Eagle medium (DMEM), 
and the invasion assays were performed using Millicell cell 
culture inserts (Millipore, Shanghai, China). Images were 
visualized using fluorescent microscope (Olympus).

Western blot

Total proteins were separated by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) and 

transferred onto polyvinylidene difluoride membranes. 
After blocking with 5% BSA in tris buffered saline (TBS), 
the membranes were incubated with the following primary 
antibodies: TRIM47 (ab72234, 1:2,000, Abcam), FBP1 
(ab109732, 1:2,000, Abcam), FOXO1 (ab312326, 1:2,000, 
Abcam), glutathione peroxidase 4 (GPX4) (ab125066, 
1:2,000, Abcam), and β-Actin (GB11001-100, 1:5,000, 
Servicebio, Wuhan, China). The membranes were then 
incubated with peroxidase-conjugated secondary antibodies 
(GB23303, 1:5,000, Servicebio). The signals were detected 
with the ECL system and exposed using the ChemiDoc XRS 
system with Image Labsoftware (Bio-rad, Shanghai, China).

Statistical analysis

Graphad Prism 6 (GraphPad Software) was used for 
the statistical analysis. A P value <0.05 was considered 
statistically significant. Data between groups were compared 
using the Student’s t-test or, a one-way analysis of variance, 
followed by Tukey’s post-hoc test.

Results

TRIM47 expression in PC model

The expression of the TRIM47 mRNA in patients with 
PC or PC cells was up-regulated (Figure 1A,1B). The 

Nor
m

al

Nor
m

al Nor
m

al

RwPE-2

RwPE-2

RwPE-2

TRIM47 

β-actin

70 kDa 

42 kDa

PC-3
PC-3

PC-3

LN
CaP

LN
CaP

LN
CaP

DU14
5

DU14
5

DU14
5

LA
PC-4

LA
PC-4

LA
PC-4

R
el

at
iv

e 
ex

pr
es

si
on

 
of

 T
R

IM
47

 m
R

N
A

R
el

at
iv

e 
ex

pr
es

si
on

 
of

 T
R

IM
47

 p
ro

te
in

R
el

at
iv

e 
ex

pr
es

si
on

 
of

 T
R

IM
47

 m
R

N
A

TR
IM

47
 p

ro
te

in
 e

xp
re

ss
io

n
D

is
ea

se
-f

re
e 

su
rv

iv
al

, %

O
ve

ra
ll 

su
rv

iv
al

, %

8

6

4

2

0

4

3

2

1

0

15

10

5

0

5

4

3

2

1

0

100

50

0

100

50

0
0 20 40 60

Time, months
0 20 40 60

Time, months

P=0.018 P=0.012

High TRIM47 High TRIM47

Low TRIM47 Low TRIM47

Pro
sta

tic
 

ca
nc

er

Pro
sta

tic
 

ca
nc

er
Pro

sta
tic

 

ca
nc

er

TRIM47 

β-actin

70 kDa 

42 kDa

**

**

**
**

**
**

**
**

**

**

B DA

C E F

Figure 1 TRIM47 expression in a model of PC. TRIM47 expression levels in patients with PC (A) or in the PC cell line (B); TRIM47 
protein expression in patients with PC (C) or the PC cell line (D); disease-free survival (E) and overall survival (F). **, P<0.01 versus the 
normal or RwPE-2 group. TRIM47, tripartite motif 47; PC, prostate cancer. 



Translational Andrology and Urology, Vol 13, No 9 September 2024 1995

© AME Publishing Company.   Transl Androl Urol 2024;13(9):1991-2004 | https://dx.doi.org/10.21037/tau-23-605

 Vector TRIM47

Vector

TRIM47

 Vector TRIM47

 Vector TRIM47

 Si-nc Si-TRIM47

 Si-nc Si-TRIM47

 Vector TRIM47

Si-nc

Si-TRIM47

Vector

TRIM47

 0 6 12 24 48
Hours

 0 6 12 24 48
Hours

 DAPI DEU Merged

 DAPI DEU Merged

 Si-nc Si-TRIM47

Si-nc

Si-TRIM47

Si-n
c

Si-T
RIM

47
-2

Si-T
RIM

47
-1

Si-T
RIM

47
-3

TR
IM

47
 m

R
N

A
 e

xp
re

ss
io

n 
(fo

ld
 o

f v
ec

to
r)

M
ig

ra
tio

n 
ra

te
 

(fo
ld

 o
f v

ec
to

r)
M

ig
ra

tio
n 

ra
te

 
(fo

ld
 o

f v
ec

to
r)

%
 o

f E
dU

 p
os

iti
ve

 c
el

ls
%

 o
f E

dU
 p

os
iti

ve
 c

el
ls

O
D

 (4
50

 n
m

)
O

D
 (4

50
 n

m
)

TR
IM

47
 m

R
N

A
 e

xp
re

ss
io

n 
(fo

ld
 o

f v
ec

to
r)

15

10

5

0

100

80

60

40

20

0

60

40

20

0

30

20

10

0

50

40

30

20

10

0

1.5

1.0

0.5

0.0

2.0

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

**

**

**

**

**

**

**

**

**

****

B CA

D

E

H

F G
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expression of the TRIM47 protein in patients with PC or 
PC cells was also increased (Figure 1C,1D). The survival 
analysis revealed that PC patients with high expression 
levels of TRIM47 had poorer survival rates than those 
with low expression levels (Figure 1E,1F). Taken together, 
these findings suggest that the TRIM47 gene plays an 
activator role in PC.

The TRIM47 gene promoted cell growth in PC cells

This study examined the role of TRIM47 in cell growth in PC 
cells. As Figure 1 shows, the expression level of TRIM47 was 
the lowest in the LNCaP cells, and the highest in the LAPC-
4 cells. TRIM47 plasmid was transfected into the LNCaP 
cells, and the LNCaP cells were used to conduct the relevant 
experiments. Si-TRIM47 plasmid was transfected into the 
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LAPC-4 cells. The over-expression of TRIM47 increased the 
expression of TRIM47 mRNA, promoted cell growth and 
migration, and facilitated 5-Ethynyl-2’-deoxyuridine (Edu)-
positivity in the in vitro model (Figure 2A-2D). In contrast, the 
knockdown of TRIM47 decreased the expression of TRIM47 
mRNA, reduced cell growth and migration, and reduced Edu-
positivity in the in vitro model (Figure 2E-2H).

The TRIM47 gene promoted the Warburg effect in PC cells

Next, the up-regulation of TRIM47 elevated glucose 
consumption, lactate production, and ATP levels in the PC 
cells (Figure 3A-3C). Conversely, the down-regulation of 
TRIM47 decreased glucose consumption, lactate production, 
and ATP quantity in the PC cells (Figure 3A-3C). Moreover, 

the up-regulation of TRIM47 promoted the ECAR, and 
reduced mitochondrial respiratory capacity in the PC cells  
(Figure 3D,3E). Conversely, the down-regulation of TRIM47 
reduced the ECAR, and reduced mitochondrial respiratory 
capacity in the PC cells (Figure 3D,3E). Our findings suggest 
that TRIM47 promotes the cell proliferation of PC cells by 
activating the Warburg effect.

The TRIM47 gene reduced ferroptosis in PC cells via 
mitochondrial damage

The experiment investigated the potential mechanism by 
which TRIM47 regulates cell growth in PC cells. The up-
regulation of TRIM47 reduced lactate dehydrogenase 
(LDH) activity levels and the number of propidium-
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Figure 4 The TRIM47 gene reduced ferroptosis in PC cells via mitochondrial damage. LDH activity levels (A), PI positive cells (B), 
iron content (C), GPX4 protein expression (D,E), MPT (calcein AM/CoCl2 assay) (F), JC-1 disaggregation (G), mitochondrial damage 
(electron microscopy) (H,I). **, P<0.01 compared with the Vector or Si-nc group. TRIM47, tripartite motif 47; PC, prostate cancer; LDH, 
lactate dehydrogenase; PI, propidium-iodide; GPX4, glutathione peroxidase 4; MPT, mitochondrial permeability transition pore; JC-1, 
5,5',6,6'-tetrachloro-1,1',3,3'-tetramethylbenzimidazolylcarbocyanine iodide.

iodide (PI) positive cells, inhibited the iron content, 
and induced GPX4 protein expression in the PC cells  
(Figure 4A-4D). The down-regulation of TRIM47 increased 
the LDH activity level and the number of PI positive cells, 
promoted iron content, and suppressed GPX4 protein 
expression in the PC cells (Figure 4A-4C,4E). Further, 
the up-regulation of TRIM47 increased the calcein levels 
and 5,5',6,6'-Tetrachloro-1,1',3,3'-tetraethylbenzimid
azolylcarbocyanine iodide (JC-1) disaggregation, and 
the down-regulation of TRIM47 reduced calcein levels 
and JC-1 disaggregation in the PC cells (Figure 4F,4G). 
Electron microscopy showed that the up-regulation of 
TRIM47 mitigated mitochondrial damage, while the down-
regulation of TRIM47 exacerbated mitochondrial damage 
in the PC cells (Figure 4H-4I). These results suggest that 
mitochondrial damage mediated by pyroptosis accounts for 

the effects of TRIM47-reduced ferroptosis in PC cells.

TRIM47 gene induced FBP1 and FOXO1 protein 
expression in PC cells

Next, we confirmed the effect of TRIM47 on the Warburg 
effect and ferroptosis in PC cells. The up-regulation of 
TRIM47 increased TRIM47, FBP1, and FOXO1 protein 
expression in PC cells (Figure 5A). Conversely, the down-
regulation of TRIM47 suppressed TRIM47, FBP1, and 
FOXO1 protein expression in PC cells (Figure 5B).

In vivo imaging showed that the up-regulation of 
TRIM47 increased FBP1 expression in the prostate tissue 
of the mice model (Figure 5C). Additionally, the up-
regulation of TRIM47 also increased FOXO1 expression 
in the prostate tissue of the mice model (Figure 5D). We 
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Figure 5 The TRIM47 gene induced FBP1 and FOXO1 protein expression in PC cells. TRIM47, FBP1, and FOXO1 protein expression (A,B), 
FBP1 expression (C, bioluminescence imaging), FOXO1 expression (D, bioluminescence imaging). Vector, negative control group; TRIM47, 
over-expression of TRIM47 group; Si-nc, si-negative control group; Si-TRIM47, down-regulation of TRIM47 group. **, P<0.01 compared with 
the Vector or Si-nc group. TRIM47, tripartite motif 47; FBP1, fructose-1,6-bisphosphatase 1; FOXO1, forkhead box O1; PC, prostate cancer. 

also found that si-FBP1 reduced FBP1 protein expression, 
inhibited cell growth, and the Warburg effect in PC cells 
via the up-regulation of TRIM47 (Figure 6). These results 
suggest that TRIM47 promotes the Warburg effect in PC 
cells via the activation of FBP1.

Further, we examined the potential role of TRIM47 
in regulating ferroptosis in PC cells via mitochondrial 
damage. FOXO1 inhibitor (20 μM of JY-2) reduced the 
expression of the FOXO1 and GPX4 proteins, suppressed 
cell growth, and enhanced ferroptosis in PC cells via the 
up-regulation of TRIM47 (Figure 7). These results suggest 
that TRIM47 activates the FOXO1 axis to mitigate 
ferroptosis in PC cells.

The TRIM47 protein is interlinked with the FBP1 protein 
or FOXO1 protein

We next investigated the mechanism by which TRIM47 
regulates FBP1 or TRIM47 in the PC model. Three-
dimensional (3D) model prediction and IP showed TRIM47 
at 30-His, 33-GLN, 34-PHE combined with FBP1 at 
284-GLN, 299-ARG, and 357-LEN (Figure 8A,8B). 
Immunofluorescence staining demonstrated that the up-
regulation of TRIM47 increased TRIM47 and FBP1 
expression in PC cells (Figure 8C). Additionally, 3D model 
prediction showed TRIM47 at 77-THR, 84-THR, 86-
TYR combined with FOXO1 at 251-VAL, 499-ALA, and 
501-ASP (Figure 8D,8E). Immunofluorescence staining 
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Figure 6 Si-FBP1 reduced the effects of TRIM47 on the Warburg effect in PC cells. FBP1 protein expression (A), cell growth (B), 
migration rate (C), EdU assay (D), glucose consumption (E), lactate production (F), lactate-induced acidification (G), mitochondrial 
respiratory capacity (H). Vector, negative control group; TRIM47, over-expression of TRIM47 group; Si-TRIM47, down-regulation 
of TRIM47 group. **, P<0.01 compared with the Vector group; ##, P<0.01 compared with the TRIM47 group. FBP1, fructose-1,6-
bisphosphatase 1; TRIM47, tripartite motif 47; PC, prostate cancer; ECAR, extracellular acidification rate; 2-DG, 2-deoxy-d-glucose; EdU, 
5-ethynyl-2'-deoxyuridine.

showed that the TRIM47 protein was interlinked with the 
FOXO1 protein in the PC cells (Figure 8F). These results 
suggest that the TRIM47 protein interacts with either the 
FBP1 protein or TRIM47 protein in PC cells.

Discussion

At present, PC is the second most common cancer in middle-
aged and elderly men, and the third and sixth most common 
cause of cancer-related death in developed and developing 
countries, respectively (36). The etiology of PC is complex, and 
PC has various risk factors, including genetic and environmental 
factors (37). With changes in lifestyle and the production 
mode of the Chinese population, the incidence of PC has also 
increased in younger patients (38).

Interestingly, we showed for the first time that TRIM47 
mRNA expression was up-regulated in patients with PC 
or in PC cells. The survival rate of PC patients with high 
expression levels of TRIM47 was lower than that of those with 
low expression levels of TRIM47. Azuma et al. showed that 
TRIM47 is a significant predictor of a poor prognosis in both 
breast cancer and PC (27). The findings from this study indicate 
that TRIM47 participates in the disease progression of PC.

As a typical manifestation of malignant tumor glucose 

metabolism disorder, the Warburg effect promotes the use 
of aerobic glycolysis instead of oxidative phosphorylation 
in malignant tumors, allowing them to undergo glycolysis, 
even under conditions of sufficient oxygen, thereby rapidly 
obtaining ATP for rapid growth and metabolism (39).  
With the advancement and refinement of medical practices, 
radical prostatectomy has gained widespread acceptance 
in clinical settings, particularly laparoscopic radical 
prostatectomy, which is renowned for its minimal invasiveness 
and high safety profile (39). However, the efficacy of routine 
rehabilitation training following radical prostatectomy for 
PC remains limited due to a lack of standardization (40).

In our study, we found that the TRIM47 gene promoted 
cell growth in PC cells. While Si-TRIM47 reduced 
cell growth in PC cells. Li et al. showed that TRIM47 
accelerates tumor progression in pancreatic cancer (41). 
Our results showed that the TRIM47 gene promoted PC 
cell proliferation. However, this study only analyzed the 
effects of TRIM47 on cell growth in PC cells in an in vitro 
model, which was one limitation of this study. We intend to 
use more models to validate our conclusion in the future.

Abnormal metabolism represents a crucial hallmark of 
tumorigenesis (42). Tumor cells exhibit a propensity to 
derive energy via glycolysis, even in the presence of ample 
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oxygen, instead of relying on the citric acid cycle and 
oxidative phosphorylation (42). This phenomenon is one 
of the most basic metabolic changes in the process of cell 
malignant transformation, and is called ‘Warburg effect’ (43).

PC is often characterized as a metabolic disease due to 
its propensity to alter nutrient absorption and metabolic 
pathways in tumor cells via metabolic reprogramming. 
This reprogramming includes the activation of aerobic 
glycolysis (the Warburg effect), the modulation of fatty 
acid metabolism, and modifications in the tricarboxylic 
acid cycle to fulfill the biosynthetic and energetic demands 
of tumors (44). Notably, heightened glucose uptake and 
lactate production stand out as significant hallmarks of the 
Warburg effect in tumors (45).

Our results revealed that the TRIM47 gene promoted 
the Warburg effect in PC cells. We also showed that the 
inhibition of the TRIM47 gene reduced the Warburg 
effect in PC cells. Wang et al. demonstrated that TRIM47 
promoted cell proliferation in ovarian cancer (32). 
Therefore, TRIM47 increases the Warburg effect in PC 
cells and thus promotes cell proliferation in PC.

In recent years, a growing body of research has focused 
on cell death pathways in PC, which include apoptosis, 
autophagy, and ferroptosis (46). Numerous studies have 
noted the considerable research potential of ferroptosis in the 
onset, progression, and diagnosis of PC (47). Ferroptosis is 
primarily characterized by its dependence on iron and lipid 
peroxidation (47). The presence of iron ions precipitates 
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lipid peroxidation, culminating in organelle and cell 
membrane damage. Microscopically, this often manifests 
as mitochondrial aberrations, including mitochondrial 
condensation, the loss of cristae, and the rupture of the 
outer membrane, which ultimately disrupts cellular energy 
metabolism and leads to cell demise (48,49). In this study, 
we found that the TRIM47 gene reduced ferroptosis in PC 

cells via mitochondrial damage. Wang et al. showed that 
TRIM47 is partially localized in the mitochondria (50). 
Thus, these findings suggest that the TRIM47 gene reduces 
mitochondrial damage to inhibit the ferroptosis of PC cells, 
which in turn promotes cell growth in PC cells.

FBP1, a pivotal enzyme in the gluconeogenesis  
process (51), has garnered increasing attention for its role 
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in cancer in recent years (52). These results have promising 
implications for tumor molecular markers, targeted drug 
research, and prognosis-related investigations (53). We 
showed that the TRIM47 gene increased FBP1 and FOXO1 
protein expression in PC cells. TRIM47 was found at 30-
His, 33-GLN, 34-PHE combined with FBP1 at 284-GLN, 
299-ARG, and 357-LEN. Li et al. showed that TRIM47 
accelerated the Warburg effect via FBP1 in pancreatic 
cancer (41). Thus, TRIM47 induces the expression of 
FBP1, thereby enhancing the Warburg effect in PC cells.

FOXO1 serves as a pivotal regulatory factor in autophagy in 
the heart, skeletal muscles, liver, and brain. Its role in inhibiting 
inflammation and cellular apoptosis through deacetylation 
is crucial for maintaining autophagic degradation activity 
and promoting the morphological maturation of developing 
neurons (54). Moreover, FOXO1 activates TLR4 signaling by 
binding to multiple enhancer elements of the TLR4 gene (55).

Conversely, PI3K activation induces Akt activation, leading 
to the phosphorylation and inactivation of FOXO1, thereby 
inhibiting the TLR4 signaling pathway and forming a negative 
feedback regulatory mechanism of inflammation (56). We 
found TRIM47 at 30-His, 33-GLN, 34-PHE combined 
with FBP1 at 284-GLN, and 299-ARG, 357-LEN. We 
found TRIM47 at 77-THR, 84-THR, 86-TYR combined 
with FOXO1 at 251-VAL, and 499-ALA, 501-ASP. Wei  
et al. confirmed that TRIM47 promotes FOXO1 expression 
in glioma (57). Thus, these findings suggest that TRIM47 
promotes the expression of the FOXO1 protein in PC cells, 
leading to a decrease in ferroptosis in PC cells.

Conclusions

We found that TRIM47 induced the FBP1 and FOXO1 axis to 
promote the Warburg effect of PC through FBP1 and reduced 
the ferroptosis of PC by FOXO1. Our findings provide insights 
into the molecular mechanisms by which TRIM47 regulates 
the Warburg effect and ferroptosis of PC. Thus, TRIM47 plays 
a broad role in various aspects of the Warburg effect and the 
ferroptosis of PC, and the application of TRIM47 might benefit 
the treatment of PC at various stages of tumor progression.
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