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For patients with clinically early-stage localized prostate cancer, radiotherapy is another treatment that can achieve
radical treatment in addition to radical prostatectomy. Despite this, there are still a large number of patients with prostate
cancer who have a biochemical recurrence after undergoing radiotherapy, or even clinical recurrence, leading to treatment
failure. Although the expression of the fructose-1,6-bisphosphatase 1 (FBP1) gene has been found to be absent in various
tumors and is associated with a poor prognosis in tumor patients. However, the expression and role of FBP1 in prostate
cancer are not clear. The purpose of this study was to investigate the role and mechanism of FBP1 in the radiotherapy
resistance of prostate cancer. By analyzing the microarray data of prostate cancer radiotherapy resistant cells and parental
cells (GSE53902), we found that FBP1 expression in DU145 radiotherapy resistant cells was significantly higher than in
the DU145 parental cells. In addition, we searched for the expression of FBP1 in 492 prostate cancer samples from TCGA
and found that its expression in prostate cancer was significantly higher than that in normal tissues. Knockdown of FBP1
expression significantly inhibited the proliferation of prostate cancer cells, promoted DNA damage-mediated apoptosis, and
enhanced the sensitivity of prostate cancer cells to radiotherapy. Further mechanism analysis revealed that FBP1 knock-
down could activate autophagy mediated by the AMPK-mTOR signaling pathway, while inhibition of the AMPK-mTOR
signaling pathway could reverse FBP1 knockdown-mediated autophagy and apoptosis, as well as radiosensitization. In
conclusion, this study clarified that FBP1 is an oncogene in prostate cancer, and the main mechanism for knockdown of
FBP1 to increase radiosensitivity is to enhance autophagy mediated by the AMPK-mTOR signaling pathway. Therefore,
FBP1 may be a potential target for enhancing prostate cancer radiotherapy.
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pathway

Prostate cancer (PCa) has the highest incidence among
males in western developed countries and its mortality
ranks second, behind only lung cancer, and is the second
in cancer-related mortality [1]. With the development of
the economy, changes in dietary structure, the increasing
proportion of the elderly population, and the continuous
improvement of medical standards, the incidence and
detection rate of prostate cancer in China is also increasing
[2]. From 2000 to 2011, both morbidity and mortality of
prostate cancer are on the rise [3]. At present, the treat-
ment of prostate cancer mainly includes surgical treatment
(radical prostatectomy), radiation therapy, and endocrine
therapy [4]. Radiation therapy is one of the most important
treatments for clinically early-stage localized prostate cancer
[5]. However, there are still many patients with prostate
cancer who have a biochemical recurrence after undergoing

radical radiotherapy, or even clinical recurrence, leading to
treatment failure [6]. Therefore, how to improve the radia-
tion sensitivity of prostate cancer cells, reduce the dose of
radiation therapy, effectively kill tumor cells, and improve
the efficacy of radiation therapy are still urgent problems for
clinicians and researchers.

Fructose-1,6-bisphosphatase 1 (FBP1) is a key rate-
limiting enzyme in the gluconeogenesis process. It has two
subtypes, one and two, which are expressed in the liver and
muscle. In the gluconeogenesis process, FBP1 can catalyze
the conversion of fructose-1,6-diphosphate to fructose-6-
phosphate, which acts as a gluconeogenesis rate-limiting
enzyme, inhibits FBP1 activity, and reduces endogenous
glucose production [7]. The intracellular glucose metabolism
state is closely related, and it cooperates with the rate-limiting
enzyme 6-phosphate fructokinase (PFK) in glycolysis to
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determine the dynamic transformation between intracellular
glucose, fructose and fructose 1,6-diphosphate [8]. Although
the expression of the FBP1 gene has been found to be absent
in various tumors and is associated with a poor prognosis in
tumor patients [9]. However, the expression and role of FBP1
in prostate cancer is not clear.

By analyzing the chip data (GSE53902) in prostate cancer
radiotherapy resistant cells and parental cells [8], we found
that FBP1 expression was significantly higher in radiation-
resistant DU145 cells than that in the DU145 parental cell. In
addition, we confirmed this observation for the expression of
FBP1 in 492 PCa samples in TCGA and found that its expres-
sion in PCa was significantly higher than that in normal
tissues. In combination with the above-mentioned chip
data, FBP1 is not only highly expressed in prostate cancer,
but also highly expressed in radiotherapy-resistant prostate
cancer. Therefore, we suspect that FBP1 may be involved in
the radiotherapy resistance of prostate cancer as a cancer-
promoting gene. The purpose of this study was to investigate
the role and mechanism of FBP1 in the radiotherapy resis-
tance of prostate cancer.

Materials and methods

Human tissue. From September 2015 to September 2018,
we collected tissue samples from patients undergoing radical
prostatectomy combined with radiotherapy from the Depart-
ment of Urology, the Second Xiangya Hospital. According
to the patient’s efficacy, the cases with complete or partial
remission were classified as a radiotherapy-sensitive group,
while the cases with disease stabilization and progression
were classified as a radiotherapy-resistant group. A total of 3
patients with sensitive and 3 cases of radiotherapy-resistant
prostate cancer were collected, and 3 cases of benign prostatic
hyperplasia (BPH) were collected as a control group. The
study has been approved by the Ethics Committee of the
Second Xiangya Hospital, and all the subjects in the study
have signed informed consent.

Western blot. Tissue samples or treated cells were
collected and 200 pl of RIPA was added for 30 min incuba-
tion at room temperature. The supernatant was aspirated by
centrifugation at 12,000xg for 5 min at 4°C. The BCA kit
was used to quantify the protein concentration. The final
protein concentration of the sample was adjusted to 4 mg/
ml by RIPA after adding 5x reducing sample buffer. Protein
samples were separated on 12% SDS/PAGE and blotted on
NC membranes. The membrane was completely immersed
in 3% BSA-TBST and shaken at room temperature for 30
min for blocking. The primary antibody was diluted with 3%
BSA-TBST (FBP1, 1:500, cat no. 12842-1-AP, Proteintech,
Wuhan, China; GAPDH, 1:2000, cat no. ab128915, Abcam,
Shanghai, China; Phospho-AMPKa (Thr172), 1:1000, cat
no. 2535, CST, Danvers, MA, USA; AMPKa, 1:1000, cat no.
2532, CST; Phospho-mTOR (Ser2448), 1:1000, cat no. 2971,
CST; mTOR, 1:1000, cat no. 2972, CST; Beclin 1, 1:1000,

cat no. ab210498, Abcam; LC3B, 1:1000, cat no. ab221794,
Abcam; p62, 1:1000, cat no. ab155686, Abcam; y-H2AX,
1:1000, cat no. ab81299, Abcam), for 10 min incubation at
room temperature and at 4°C overnight. The membrane
was washed with TBST 5 times, each time 3 minutes. The
membrane was incubated with secondary antibody (goat
anti-rabbit IgG (H+L) HRP, 1:10000, cat no. 7074S, CST)
diluted with 5% skim milk-TBST, and gently shaken at
room temperature for 40 min. After washing with TBST 6
times, each time for 3 minutes, the membrane was incubated
with the ECL for 3 min, and the exposed film was scanned
directly. The Total Lab Quant V11.5 (Newcastle upon Tyne,
UK,) software was used to read the integrated optical density
(IOD) value of the bands.

Cell culture and transfection. The prostate cancer cell
lines PC-3 and DU145 were purchased from Icell Biosci-
ence (Shanghai, China). The PC-3 cells were cultured in 1640
medium supplemented with 10% fetal bovine serum and
cultured at 37°C under 5% CO,. DU145 cells were selected
from DMEM medium supplemented with 10% fetal bovine
serum and cultured at 37 °C under 5% CO,.

For cell transfection, after overnight cell culture in a
six-well plate, the cell confluence was approximately 60-70%.
The medium was removed and 2 ml of serum-free fresh 1640
medium was added. 150 pl of 1640 nutrient diluted 10 pl
Lipofectamine 2000 was added to each well and incubated
for 5 min at room temperature. 5 pl of siRNA-1, siRNA-2,
siRNA-scramble, and 150 pl of 1640 medium were added to
each well and mix gently. The diluted Lipofectamine 2000
was gently mixed with the diluted siRNA and allowed to
stand at room temperature for 20 min. The siRNA-trans-
fection reagent mixture was added to the wells containing
the cells and the culture solution, and the well plates were
gently shaken to mix. After 6 h, the medium containing
the transfection reagent was discarded and replaced with
a serum-containing medium. The cells were cultured in a
CO, incubator at 37°C, and the transfection efficiency was
measured by fluorescence microscopy 48 h later.

MTT. Each group of prostate cancer cells (5x10° in each
well) was seeded into a 96-well plate, and 200 pl of the
medium was added to each well. After the cells were attached
to the wall, the True Beam electron linac X-ray was used for
radiation treatment with different doses (6 MV X-rays at a
dose gradient of 2 Gy, 4 Gy, and 6 Gy). One plate was not
irradiated and served as a control group. After the radiation,
cells were further cultured at 37°C and 5% CO,. After 48 h
culture, 20 pl of MTT solution (5 mg/ml) was added into
each well and incubated for 4 hours. The culture medium was
carefully aspirated from each well, and 150 ul of DMSO was
added to dissolve the crystals completely. The absorbance at
570 nm of each well was measured by a microplate reader
(MK3, Thermo).

Clonal formation. After cell transfection and irradia-
tion, the PC-3 and DU145 cells were trypsinized and the
individual cell suspension was prepared for seeding into a
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60 mm culture dish at the density of 1000 cells/dish. The cells
were cultured for 1-2 weeks at 37 °C 5% CO, in an incubator.
When macroscopic clones appeared in the culture dish, the
culture was terminated. The supernatant was discarded and
washed 3 times with PBS. The cells were fixed with 1 ml of 4%
paraformaldehyde for 15 minutes and then incubated with
crystal violet for 20 min. After wash with PBS 3 times, the
clones were counted directly in a microscope (low magnifi-
cation). Finally, the clone formation rate was calculated as:
(number of clones / number of cells inoculated) x 100%.

Apoptosis assay. Apoptosis was measured by Annexin
V-FITC/PI double staining apoptosis assay kit (cat no. 640914,
Biolegend). After transfection with FBP1 siRNA and 2 Gy for
48 hours, the cells were digested with trypsin without EDTA
and centrifuged at 1,500xg for 5 min. 500 pl of Binding Buffer
was added to resuspend the cells and Annexin V-FITC 5 pl
was added. After mixing, 5 ul of Propidium Iodide was added
and incubated at room temperature in the dark for 15 min.
Apoptotic cells were detected by flow cytometry (CytoFlex,
Beckman).

Immunofluorescence staining. After cell transfection,
the cells were digested, counted, and cultured overnight in a
12-well plate containing cell slides. The medium of each well
was aspirated, and the cells were washed 3 times with PBS
for 5 min each time. The cells were fixed with 4% parafor-
maldehyde at room temperature for 20 minutes. 200 ul
of 0.5% Triton X-100 was added to the wells for 20 min at
room temperature. The cells were blocked with goat serum
for 60 min. Primary antibody (y-H2AX, diluted 1:250, cat
no. ab81299, Abcam) was added to each well and incubated
overnight in a wet box at 4°C. Secondary antibody (goat
anti-rabbit IgG H&L (FITC), diluted 1:1000, cat no. ab6717,
Abcam) was added to the well and incubated for 1 hour at
room temperature in the dark. DAPI was added dropwise to
the well and incubated for 4 min in the dark. The fluores-
cence staining was observed and photographed under the
fluorescence microscope.

Autophagosome observation. After transfection, the
cells were seeded into 24-well plates and cultured until the
cell fusion degree was 50-70%. The cells were infected with
GFP-LC3 Adenovirus (MOI = 40, Genomeditech, Shanghai,
China) and the virus infection efficiency was observed under
the microscope after 48 h. Then, the cells were subjected to
X-ray irradiation treatment at an irradiation dose of 2 Gy,
and the intracellular autophagosome was observed under a
fluorescence microscope at 48 hours.

Statistical analysis. All statistical analyses were performed
using GraphPad Prism (version 7.04). Continuity variables
are expressed as mean * standard deviation. Students t test
was used for comparison between the two groups; one-way
ANOVA was used for three or more comparisons, and if
there were differences between groups, the Tukey method
was used for post hoc comparison. All statistical analyses
were performed using a two-sided test, p<0.05 indicating
that the difference was statistically significant.

Results

The expression of FBP1 in prostate cancer. By searching
NCBI GEO database, we obtained GSE53902 expression
profile, including three parental DU145 cells (GSM1303309,
GSM1303310, GSM1303311) and radiotherapy-resistant
DU145 cells (GSM1303318, GSM1303319, GSM1303320).
Using the GEO2R analysis in the GEO database, we found
that FBP1 expression levels were significantly higher in the
radiation-resistant cells than in the parental cells, approxi-
mately 5.48 times that of the parent (Figure 1A). In addition,
we further verified the expression of FBP1 in prostate
cancer in the GEPIA (Gene Expression Profiling Interac-
tive Analysis) database and found that the expression level
of FBP1 in prostate cancer was significantly higher than
in normal tissues (Figure 1B). We collected tissue samples
from patients undergoing radical prostatectomy combined
with radiotherapy. We collected 3 cases of sensitive, 3 cases
of radiotherapy-resistant prostate cancer, and 3 cases of
benign prostatic hyperplasia (BPH) as a control group. The
expression of FBP1 in prostate cancer tissues was detected by
western blot. In prostate cancer tissues, the expression level
of FBP1 was significantly higher than that of prostate prolif-
erative tissue. At the same time, the expression level of FBP1
in the radiotherapy-resistant prostate cancer tissues was
significantly higher than that in the radiotherapy-sensitive
patients (Figure 1C). These results suggest that FBP1 may
play an oncogenic role in prostate cancer.

Effect of FBP1 knockdown on radiosensitivity of
prostate cancer. We analyzed the expression of FBP1 in
three prostate cancer cell lines LNCaP, PC-3, and DU145
by western blot. FBP1 was expressed in all three cell lines,
and the expression level of FBP1 was significantly higher
in PC-3 and DU145 cells than in LNCaP (Figure 1D). We
selected PC-3 and DU145 cells to study the function of FBP1.
To investigate the effect of FBP1 on the radiosensitivity of
prostate cancer, we interfered with the expression of FBP1 in
PC-3 and DU145 cells by transfecting siRNA. We designed
two pairs of specific siRNAs, named siRNA-1 and siRNA-2,
and transfected them into PC-3 and DU145 cells, respec-
tively. Finally, the expression level of FBP1 was detected by
western blot. As shown in Figure 2A, after transfecting FBP1
siRNAs into two cell lines, the expression level of FBP1 was
significantly lower than that of the scramble control group,
and the siRNA-1 interference efficiency was better than that
of siRNA-2. We used siRNA-1 for subsequent transfection
experiments.

The prostate cancer cells transfected with FBP1 siRNA
were treated with different doses of radiation for 48 h, and
the survival of prostate cancer cells was detected by MTT
assay. The cell survival rate of PC-3 and DU145 decreased
with the increase of radiation dose. Under the same radia-
tion dose, the cell survival rate of the FBP1 interference
group was significantly lower than that of the control group
(Figure 2B). This result suggests that inhibition of the FBP1
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Figure 1. The expression of FBP1 in prostate cancer. A) The expression of FBP1 in GSE53902 expression profile, including three parental DU145 cells
(GSM1303309, GSM1303310, GSM1303311) and radiation-resistant DU145 cells (GSM1303318, GSM1303319, GSM1303320). B) The expression of
FBP1 in prostate cancer in the GEPIA (Gene Expression Profiling Interactive Analysis) database. Red color stands for the tumor group, grey stands
for the normal group. TPM, Transcripts Per Million. C) The expression of FBP1 in prostate cancer tissue, including 3 cases of sensitive, 3 cases of
radiotherapy-resistant prostate cancer, and 3 cases of benign prostatic hyperplasia (BPH) as a control group. D) The expression of FBP1 in prostate

cancer cells. *p<0.05. All experiments were repeated at least three times.

expression enhances the sensitivity of prostate cancer cells
to radiation treatment.

We used the plate cloning assay to assess the effect of
FBP1 on radiation-induced cell death. The number of cell
clones decreased gradually with the increase of the dose of
the reflection line in PC-3 and DU145 cells. Under the same
radiation dose, the number of colonies in the FBP1 interfer-
ence group was significantly lower than that in the control
group (Figure 2C). This result suggests that inhibition of
FBP1 expression can inhibit the ability of cell clone forma-
tion, thereby enhancing the sensitivity of prostate cancer
cells to radiation treatment.

Radiation generates DNA-damaging oxygen free radicals
by ionization, causing DNA damage, thereby killing tumor
cells. Histone H2AX has the function of responding to DNA
molecular damage. When the body is exposed to radiation,
DSBs are produced. H2AX 139 serine residue can be rapidly
phosphorylated to form y-H2AX. The amount of foci formed
by y-H2AX in the nucleus is proportional to the number of
DSBs in the nucleus and can be used to indicate DNA damage.
We transfected prostate cells with FBP1 siRNA and irradiated
with 2 Gy for 48 h. Then, IF and western blot were performed
to detect y-H2AX expression. In the FBP1 siRNA group, the
number of y-H2AX foci and the expression of y-H2AX were
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Figure 2. Effect of FBP1 knockdown on radiosensitivity of prostate cancer. A) The expression of FBP1 in prostate cancer cells after siRNA transfec-
tion. B) MTT was performed to measure cell viability after siRNA transfection and radiation. C) The clonal formation was performed to measure cell
proliferation after siRNA transfection and radiation. *p<0.05. All experiments were repeated at least three times.

significantly increased compared with the scramble group

enhance the sensitivity of cells to radiation.

In addition, we transfected prostate cells with FBPI
(Figures 3A, 3B). The results indicate that inhibition of siRNA, irradiated with 2 Gy doses of radiation, and 48 h later,
FBP1 expression can aggravate the degree of DNA damage the apoptosis of prostate cancer cells was detected by flow
in prostate cancer cells after radiation exposure, and thus  cytometry. After radiation exposure, PC-3 and DU145 cells

showed significant apoptosis, while the apoptosis rate of the
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FBP1 interference group was significantly higher than that Effect of FBP1 on autophagy of prostate cancer cells. In
of the scramble group (Figure 3C). The results indicate that  prostate cancer, it has been reported that activation of the
the expression of FBP1 can promote the apoptosis of prostate  autophagy pathway can increase the radiosensitivity of cells
cancer cells after radiation exposure and enhance the sensi-  to radiation [10]. Therefore, in this study, we performed a
tivity of cells to radiation. corresponding test for autophagy in prostate cancer after

Figure 3. Effect of FBP1 knockdown on prostate cancer cell apoptosis. A) Inmunofluorescence staining was performed to determine the DNA dam-
age (y-H2AX) after siRNA transfection and radiation. Magnification 400x; bar 100 pm. B) The expression of y-H2AX in prostate cancer cells after
siRNA transfection and radiation. C) The flow cytometry was performed to measure the cell apoptosis after siRNA transfection and radiation. *p<0.05;
**p<0.01. All experiments were repeated at least three times.
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interference with FBP1. When GFP-LC3B adenovirus infects
cells, under normal conditions, GFP-LC3B can be observed
to diffuse more uniformly in the cytoplasm under fluores-
cence microscope; when autophagy occurs, GFP-LC3B
accumulates on the autophagosomal membrane. Fluores-
cent spots (punctate) were observed under a fluorescence
microscope. In this study, after 2 Gy treatment of PC-3 and
DU145 cells, obvious fluorescent spots were observed in the
cells. At the same time, in the FBP1 interference group, the
fluorescent spots in the cells were significantly higher than
those in the control group (Figure 4A). In addition, FBP1
knockdown increased the expression level of autophagy

substrate Beclinl, promoted the conversion of LC3B from
type I to type II, and inhibited the expression of p62 (Figure
4B). This result indicates that autophagy occurs in cells after
radiation treatment and can be enhanced by the inhibition
of FBPI.

In order to explore the potential molecular mechanism
of FBP1-mediated radioresistance of prostate cancer, we
based on GSE53902 microarray expression data, significant
differential gene expression between DU145 parental cells
and radiation-resistant cells (Fold Change >2 and p<0.05).
By searching the KEGG database, Fisher’s exact test and
chi-square test were used to analyze the pathway of differ-
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ential gene participation, and p<0.05 was set to obtain a
significant difference. We found that FBP1 is involved in
the AMPK (Adenosine 5’-monophosphate (AMP)-activated
protein kinase) signaling pathway (Figure 4C). Many studies
have reported that the AMPK signaling pathway is involved
in the regulation of autophagy. Western blot analysis
showed that knocking down FBP1 did not change the total
protein of AMPK and mTOR but increased the expression
of phosphorylated AMPK and decreased the expression of
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tion (Figure 5A), reduced FBP1 siRNA-mediated increase in
vy-H2AX foci and y-H2AX protein expression (Figures 5B,
5C), and fluorescent spots (punctate) that inhibit GFP-LC3B
formation (Figure 5D). These results suggest that FBP1 exerts
an oncogenic effect through the AMPK-mTOR signaling
pathway.

Discussion

In this study, we analyzed the NCBI GEO database to
find a significant increase in FBP1 in prostate cancer cells
resistant to radiation therapy and validated this result in
prostate cancer tissues and cells. Further functional experi-
ments demonstrated that the knockdown of FBP1 expression
significantly inhibited the proliferation of prostate cancer
cells, promoted apoptosis, and enhanced the sensitivity of
prostate cancer cells to radiation therapy.

In recent years, FBP1’s role in tumors has received
increasing attention. The expression of the FBP1 gene is
absent in a variety of tumors including colon cancer, liver
cancer, lung cancer, and gastric cancer, and is associated with
poor prognosis in cancer patients [11-15]. The reason for
this phenomenon is that FBP1 is related to the Warburg effect
of tumor cells, and the downregulation of FBP can promote
the survival and development of tumors by enhancing the
Warburg effect. FBP1 acts as a tumor suppressor by inhib-
iting the glycolysis of cells and inhibiting the growth of tumor
cells. However, there are contradictory reports in breast
cancer. Li et al. analyzed the Oncominde data and found
that the FBP1 expression level in all types of breast cancer is
higher than that in adjacent tissues. Interfering with FBP1 in
MCEF-7 and BT474 cells can inhibit the level of glycolysis in
breast cancer cells. Mechanism studies have found that FBP1
can negatively regulate Wnt/B-Catenin to play an oncogene
function [11]. In addition, Chen et al. found that the expres-
sion level of FBP1 in breast cancer tissues with brain metas-
tasis was significantly higher than that of local breast cancer
tissues and inhibited the expression of FBP and inhibited
brain metastasis of breast cancer. Overexpression of FBP1
can increase the level of gluconeogenesis to accommodate
the low glucose environment in the metastatic space of the
metastases [16]. In this present study, we found that FBP1 is
highly expressed in prostate cancer, and knockdown of FBP1
enhances radiosensitivity. Therefore, FBP1 is an oncogene
in prostate cancer. The function of FBPI is tissue and cell
specific and is a tumor suppressor gene in intestinal cancer,
liver cancer, lung cancer, and gastric cancer, and an oncogene
in breast cancer and prostate cancer.

In this study, further experiments confirmed that FBP1
knockdown could activate autophagy mediated by the
AMPK-mTOR signaling pathway. Autophagy is a protec-
tive mechanism of cells, it can stabilize the intracellular
environment when the cells are under stress and provide the
necessary energy support for the cells to help to overcome
stress [17]. As a common physical toxic stress, radiation

therapy can play a role in treating tumors by inducing gene
mutations, chromosomal mutations or directly killing cancer
cells [18]. Autophagy, also known as type II programmed cell
death, is a caspase-independent reversible cell death pathway
[19]. Therefore, autophagy induced by cancer cells during
radiotherapy often increases cancer cell radiosensitivity to
obtain a better therapeutic effect. In lung cancer, both in vitro
and in vivo experiments have confirmed that increasing the
autophagy level of cancer cells can enhance the sensitivity
of cells to radiation [20-22]; the latest report shows that
ionizing radiation induces autophagy in colorectal cancer
cells, promoting cancer cell death [23]; in prostate cancer
cells, radiation can induce autophagy, and combined use of
autophagic inhibitors can affect cell survival [24]. Further
experiments have shown that activation of the intracel-
lular autophagy pathway can increase the cells’ radiosensi-
tivity [10]. Therefore, autophagy plays an important role in
regulating the radiation sensitivity of tumor cells [25]. In
this study, the knockdown of FBP1 was found to enhance
radiation-induced autophagy and promote prostate cancer
cell death. Moreover, the inhibition of the AMPK-mTOR
signaling pathway reverses the FBP1 knockdown-mediated
autophagy and apoptosis, as well as radiosensitization.

In conclusion, this study clarified that FBP1 is an oncogene
in prostate cancer, and the main mechanism for knockdown
of FBP1 to enhance radiosensitivity is to enhance autophagy
mediated by the AMPK-mTOR signaling pathway. Therefore,
FBP1 may be a potential target for enhancing prostate cancer
radiotherapy.
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