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Keywords: As the malignant tumor with the highest incidence in male, prostate cancer poses a significant
Prostate cancer threat to the reproductive health of elderly men. Our previous studies have shown that promoting
Necroptosis

necroptosis of cancer cells can effectively inhibit cancer cell proliferation. This study includes
lentivirus-mediated knockdown of p2AR which resulted in stable transfectants that exhibited an
increased ability to form clones compared to that of the negative control group. In the protein and
mRNA levels, necroptosis associated RIP and mixed lineage kinase domain-like (MLKL) were
significantly higher in the treatment group than they were in the control group. Furthermore,
cells treated with propranolol exhibited necrotic morphology as observed by transmission elec-
tron microscopy. The combination of f2AR suppression and necroptosis inhibitors resulted in a
more potent suppression of cell proliferation compared to that observed in the control and
negative control groups. Additionally, it elevated in the necrosis rate as determined by flow
cytometry. Immunofluorescence staining revealed enhanced RIP and MLKL expression in the sh-
B2AR group compared to levels in the negative control group. Co-immunoprecipitation experi-
ments detected an interaction between $2AR and RIP. MLKL and RIPK3 levels were significantly
higher in xenograft tumor sections from the sh-f2AR group compared to levels in the sh-NC
group. To conclude, our research indicates the proliferation of PC-3 and DU-145 cprostate can-
cer cells can be suppressed by inhibiting p2AR, and this occurs through the RIP/MLKL-mediated
pathway of necroptosis.

B2AR

1. Introduction

Prostate cancer is the predominant malignant neoplasm affecting males worldwide [1,2]. Extensive studies have confirmed the role
of the autonomic nervous system [3] in regulating prostate cancer cell growth and metastasis [4]. Previous studies have demonstrated
considerable suppression of cancer cell growth and promotion of cell death by using inhibitors of the p2AR [5] or by reducing the
expression of p2AR. Historically, necrosis has been considered to be an uncontrollable [6-9] (B2AR) and unplanned method of cell
death. p2AR regulates different types of cell death, including non-programmed and programmed, it has been supported by literatures
that B2AR can regulate apoptosis [10,11], pyroptosis and autophagy [12] in various cancer cells.

Historically, necrosis has been seen as an uncontrollable [13], non-planned way of cell death. In 2005, Degterev et al. [14] first
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Abbreviations

B2AR 2 adrenergic receptor

Nec-1 necrostatin-1

RIP receptor-interacting protein
MLKL mixed lineage kinase domain-like
PRO Propranolol

presented the idea of necroptosis, a unique form of cellular death that cannot be stopped by general caspase inhibitors but can be
inhibited explicitly by necrostatin-1(Nec-1). Necroptosis shares morphological characteristics with necrosis, including compromised
cell membrane integrity and nuclear dissolution; however, it is genetically regulated. The main components of the necroptotic pathway
are RIP [15] and MLKL [16,17]proteins. Feng, X et al. have reported that necroptosis suppresses colorectal cancer [18]. Furthermore,
deficiency of RIP in breast tumor cells had been testified that it was positively selected during tumor development and growth [19].

However, it remains unclear whether p2AR inhibits or promotes the progression of prostate cancer cell. We aim to investigate the
anti-tumor effects of f2AR inhibition and examine its mechanisms linked to necroptosis.

2. Materials and methods
2.1. Regents

The culture medium (DMEM/F12) was purchased from Gbico(NY, USA). Fetal bovine serum was provided by Biological Industries
(Kibbutz Beit Haemek, Israel). SP-0023 immunohistochemistry and DAB staining kits were purchased from ZSGB (Beijing, China).
Propranolol hydrochloride (PRO), necrostatin-1 (Nec-1), Rabbit anti-p2AR, anti-RIP antibody and Protein A/G immunoprecipitation
magnetic beads were obtained from Selleck (Selleck Chemicals, Houston, USA). The TSZ(C1058S) method for inducing cell nec-
roptosis, penicillin-streptomycin solution, rabbit IgG, and WB and IP lysis buffers were obtained from Beyotime (Beyotime Institute of
Technology, Beijing, China). The antibodies against RIPK3 and MLKL were obtained from Abcam (Cambridge, MA, USA). Tsingke
(Beijing, China) provided the RT-PCR primers Table 1, while Shanghai Genechem (China) conducted the f2AR RNAi and lentivirus
packaging.

2.2. Cell culture

Human prostate cancer cells The PCa cell lines PC-3(RRID: CVCL_0035) and DU-145(RRID: CVCL_0105) were obtained from the
Shanghai Institute of Life Sciences (Shanghai, CHINA). The cell lines were authenticated by Prcella STR profiling, and all experiments
were performed with mycoplasma-free cells. Prostate PC-3 and DU-145 cells were grown in DMEM/F12 medium containing 10 % fetal
bovine serum at 37 °C in an environment with 5 % CO; and saturated humidity. Subsequent experiments used cells in the logarithmic
growth phase. The study was separated into control and Pro treatment groups (150 pmol/L for 24, 48, and 72 h).

2.3. Lentiviral infection

In a six-well plate, PC-3 and DU-145 cells (1 x 10° cells/well) were distributed and then separated into two groups that included the
negative control group (transfected with negative control) and the sh-p2AR group (transfected with p2AR-RNAi). Each group
comprised three replicates. Upon reaching 40-50 % confluence, the cells were transfected according to the guidelines provided by the
lentivirus transfection kit. After 12 h, the medium was replaced with a fresh complete medium to continue the culture. Passage culture
was performed 72 h after transfection, and puromycin (15 pg/mL) was used for stable cell clone selection.

2.4. Cell proliferation assay

PC3 and DU-145 cells (3 x 10° cells/well) were seeded into 96-well plates. Following a 24-h incubation period, cells were subjected
to various doses of Pro (ranging from 50 to 250 pmol/L) for 24, 48, or 72 h. Next, the culture medium was substituted, and each well

Table 1
Sequences of primers for RT-PCR
Genes Primers
RIPK1 Forward TTACATGGAAAAGGCGTGATACA
Reverse AGGTCTGCGATCTTAATGTGGA
MLKL Forward GACCAAGGAAAGAGGAGCGT
Reverse GCTTCCTGTTCACGTCCTTG
p-Actin Forward CGGCACCACCATGTACCCT

Forward ACACGGAGTACTTGCGCTCAG
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received 90 pL of medium along with 10 pL of CCK-8 solution. Cell viability was determined by measuring the absorbance at 450 nm
(A) after incubating at 37 °C for 1-4 h. Cell viability (%) was calculated as (A of experimental well - A of blank well)/(A of control well -
A of blank well) *100 %. GraphPad Prism 9 software calculates the ICso (half-maximal inhibitory concentration).

2.5. Cell clone formation assay

A six-well plate was used to seed the cell suspensions at a density of 500 cells per well. Following cell attachment, wells were treated
with varying concentrations (0 and 150 pmol/L) of Pro for 72 h. Then, the medium was then replaced, and the cells were incubated for
14 days. When visible clones appeared in the wells, the culture was terminated. The liquid was discarded and treated with 4 %
polyformaldehyde solution for 30 min. After removing the fixative, 5 % crystal violet staining solution was added for 10-30 min. After
washing with phosphate buffered solution (PBS), the plates were imaged on a white surface. ImageJ software was used to quantify the
colony retina, and statistical analysis was conducted using GraphPad Prism 9 software.

2.6. Flow cytometry for PI/Annexin V-FITC

A six-well plate was used to seed cells at a density of 1 x 10° cells per well. Following treatment, cells were collected, rinsed twice
with PBS, and transferred to flow tubes. Centrifugation was performed on the tubes at a temperature of 4 °C and a speed of 1000 rpm
for 5 min, and the supernatant was then removed. The final solution contains the isolated cells, and 1 mL of PBS and 5 pL of Annexin V-
FITC was introduced. Following a 15-min incubation in a dimly lit environment at ambient temperature, 5 pL of PI was added and
thoroughly mixed in the dark for 5 min, and the reaction was then detected by flow cytometric analysis.

2.7. Western blot

Cells were seeded into a six-well dish at 1 x 10° cells per well. Following various procedures, the cells were lysed in Radio
Immunoprecipitation Assay (RIPA) lysis buffer to extract the total proteins. A BCA assay was used to determine protein concentration.
The gels for electrophoresis and transfer were prepared according to the procedures for 10 % SDS-PAGE. Antibodies against RIP, MLKL,
and B2AR were added at a dilution of 1:1,000, and incubation was performed overnight at 4 °C. Next, the proteins were exposed to a
1:50,000 dilution of goat anti-rabbit secondary antibody or a 1:5000 dilution of goat anti-mouse secondary antibody for 1h at RT. An
ECL chemiluminescence system was used to develop the membranes in the ChemiDoc imaging system.

2.8. Real-time fluorescent quantitative PCR

The concentration was measured after extracting the total RNA using an RNA extraction kit. The RNA was converted to cDNA by
reverse transcription using a reverse transcription kit. SYBR reagent (5 pL), F/R primers (0.2 pL each), DEPC water (3.6 pL), and cDNA
(1 pL) were mixed and added to the reaction. The conditions for real-time PCR included initial denaturation at 95 °C for 5 min that was
followed by 41 amplification cycles (10 s at 95 °C, 30 s at 58 °C, and 20 s at 72 °C). The Bio-Rad CFX Maestro software was used to
analyze the results.

2.9. Transmission electron microscopy

Cells were seeded into culture dishes (6 cm). Following treatment, the cells were collected and spun in 15 mL centrifuge tubes at
800 rpm for 5 min. Next, the liquid was removed, and the cells were resuspended in 1 mL of PBS. They were centrifuged in 1.5 mL
Eppendorf tubes at 1200 rpm for 10 min. A solution of glutaraldehyde at a concentration of 2.5 % was carefully introduced along the
inner surface of the tube for overnight fixation. After treatment with 1 % osmium tetroxide for 2 h, the specimens were dehydrated in
ethanol and acetone. Subsequently, they were infiltrated with epoxy resin 812, embedded, polymerized, and sectioned. After staining
with uranyl acetate and lead citrate, the sections were examined using a JEOL JEM-1400PLUS transmission electron microscope.

2.10. Immunofluorescence staining

Atotal of 2 x 10% cells per well were plated into 24-well plates with coverslips. Following this procedure, the cells were rinsed with
PBS, treated with 4 % paraformaldehyde for 20 min, and subsequently washed three times with PBS for 5 min per wash. The cells were
then incubated in permeabilization buffer for 15 min at room temperature. For blocking, 5 % goat serum was used for 1 h, and the
primary antibody (1:200) against the target protein was then incubated overnight at 4 °C. Using an appropriately diluted fluorescent
secondary antibody, cells were gently shaken in the dark for 1 h after washing with PBS. Nuclear staining was performed by adding
DAPI for 5 min, and this was followed by rinsing with PBS. After retrieving and mounting the coverslips, the cells were observed under
a fluorescence microscope.

2.11. CO-immunoprecipitation

The cells were distributed into sh-NC and sh-p2AR groups after being plated in 10 cm culture dishes. WB and IP lysis buffers
containing protease inhibitors were used for protein extraction to obtain total proteins. The input group (whole cell lysate) consisted of
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100 pL of supernatant mixed with 25 pL of 5 x SDS loading buffer that was then boiled at 95 °C for 10 min. The IP group (target protein
group) consisted of 400 pL of supernatant mixed with anti-RIPK3 (rabbit) antibody, while the IgG group consisted of 200 pL of su-
pernatant mixed with the same amount of anti-IgG (rabbit). Both groups were incubated overnight in a rotator at 4 °C. After pre-
treatment, the protein A/G magnetic beads were introduced to the protein-antibody compound that had undergone overnight incu-
bation at 4 °C. The mixture was then placed on a rotator at the same temperature for 2 h. The beads were washed five times with a cold
wash buffer to remove the supernatant. Next, the beads were combined with an equivalent amount of 1 x loading buffer, heated at
95 °C for 10 min, and examined by western blotting. The antibody dilutions included rabbit anti-RIPK3, f2AR antibody (1:1000) and
rabbit anti-human GAPDH polyclonal antibody (1:2000).

2.12. Immunohistochemical staining of subcutaneous tumors in nude mice

One million shNC and shf32-AR shRNA cells of PC-3 were suspended in phosphate-buffered saline and injected into one subaxilla of
each 4-week-old male BALB/c-nude mouse (HFK Bio, China) to generate xenografts. Tumor tissues from the animal experiments (sh-
NC and sh-B2AR groups) were embedded and sectioned. The segments were placed in a 60 °C oven for 1 h, deparaffinized, and
subsequently transferred to sodium citrate buffer for antigen retrieval by subjecting them to intense heat for 5 min followed by mild
heat for 20 min. Endogenous peroxidases were removed by heating. After rinsing with phosphate buffered saline (PBS), the sections
were blocked with 10 % goat serum for 30 min. The primary antibodies that included RIPK3 and MLKL (1:50) were added and left to
incubate overnight at 4 °C. The following day, the sections were incubated at ambient temperature for 30 min, rinsed with PBS, and
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Fig. 1. The effects of propranolol on the viability, proliferation, and protein expression in PC-3 and DU-145 cells. A. Using the CCK-8 assay
determined the survival rate of PC-3 and DU-145 cells exposed to different concentrations and durations of propranolol. B. The CCK-8 assay
measured the IC50 values of PC-3 and DU-145 cells after being treated with various concentrations of propranolol for 72 h. C. The ability of PC-3
and DU-145 cells to form colonies was significantly decreased when treated with 150 pM propranolol, compared to the control group (P < 0.01). D.
The expression levels of RIP and MLKL proteins were increased in PC-3 and DU-145 cells when treated with propranolol at concentrations of 100 and
150 pM, in comparison to the control group. Full, non-adjusted gels were include in Figure Supplementary materials. E. Treatment using 150 pM
propranolol led to a significant rise in the PI-positive rate of PC-3 and DU-145 cells (P < 0.05). Each data represents the mean of three independent
experiments (n = 3). P-value was calculated by Student’s t-test. *p < 0.05, **p < 0.01,****p < 0.0001.
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treated with goat anti-rabbit IgG. The segments were then cultured in a working solution labeled with horseradish peroxidase. After the
PBS washes, the sections were treated with DAB, rinsed with flowing water to eliminate any extra staining, and finally counterstained
with hematoxylin. Afterwards, the segments were dehydrated, clarified, air-dried, and mounted. Three fields were examined and
photographed to determine the number of positive cells in each section. To determine the percentage of positive cells, the number of
positive cells was divided by the total cell count and multiplied by 100.

2.13. Statistical analysis

Statistical analyses were performed Using GraphPad Prism 9 software. Comparisons between two groups were conducted using an
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Fig. 2. Necroptosis in PC-3 and DU-145 cells was reduced by inhibiting or suppressing f2AR. A. Knocking down B2AR led to necroptosis, which
caused a significantly greater number of PI-positive cells (indicating necrosis) compared to the control group (P < 0.05). B. Compared to the control
group, the expression levels of RIP and MLKL proteins in PC-3 and DU-145 cells were elevated by suppression of 2AR and additional stimulation of
necroptosis. Full, non-adjusted gels were include in Figure Supplementary materials. C. After 2AR inhibition (PRO treated), cells displayed distinct
signs of necrosis, including membrane rupture, swelling, and dissolution. All data was presented as mean + SD from three independent experiments
and calculated by Student’s t-test. Error bars represent SD. *p < 0.05, **p < 0.01.p-Actin was used as a loading control in Fig2B.
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independent sample t-test. Comparisons among multiple groups were conducted using one-way analysis of variance (ANOVA). The
significance level was set at p = 0.05.

3. Results
3.1. Reducing or suppressing the effect of f2AR on the activity and growth rate of PC-3 and DU-145 cells

The results obtained from the CCK-8 test suggest that the survival rate of PC-3 and DU-145 cells decreased in a dose- and time-
dependent manner after treatment with propranolol at concentrations of 50, 100, 150, 200, and 250 pmol/L for 24, 48, to 72 h (P
< 0.05, Fig. 1A). Significant disparities in cell viability were observed at various concentrations of propranolol at 24, 48, and 72 h. The
ICs¢ values for PC-3 and DU-145 cells after 72 h were observed to be 174.4 pmol/L (with a 95 % confidence interval of 152.6-196.1
pmol/L) and 158.1 pmol/L (with a 95 % confidence interval of 140.4-175.2 pmol/L), respectively (P < 0.05, Fig. 1B). Based on these
results, the subsequent experiments opted for the administration of propranolol at a concentration of 150 pmol/L for 72 h.

The colony formation assay results revealed a substantial decrease in clone formation rate in PC-3 and DU-145 cells that were
treated with 150 pmol/L of PRO compared to the control group (P < 0.01, Fig. 1C).

3.2. When B2AR expression is inhibited or suppressed, there is a significant rise in the rate of cell necroptosis, which is further enhanced
when combined with the necroptosis inducer TSZ

To establish stable transgenic clones with reduced p2AR expression, f2AR RNAI lentivirus was used to infect PC-3 and DU-145 cells.
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Fig. 3. The impact on cell proliferation and the expression of mRNA and proteins related to necroptosis, with suppression of f2AR and the induction
or inhibition of necroptosis. A.p2AR protein expression levels in PC-3 and DU-145 cells following a knockdown. Full, non-adjusted gels were include
in Figure Supplementary materials. B. The knockdown of p2AR resulted in an elevation of necrosis-related protein expression specific to the cells.
Concurrent blocking of f2AR and stimulation of necroptosis led to elevated levels of RIP and MLKL protein expression. The expression levels of RIP
and MLKL proteins remained unchanged in cells treated with both B2AR inhibition and necroptosis induction, as compared to the NC group. C.
Knocking down p2AR resulted in elevated levels of cell-specific mRNA expression linked to necrosis (P < 0.05). D. Knockdown of f2AR decreased
the colony formation rate. The colony formation rate was further reduced when p2AR inhibition was combined with necroptosis induction in
comparison to the control group. Concurrent suppression of f2AR and necroptosis led to a reduction in cellular proliferation ability in comparison to
the control cohort. All data was presented as mean + SD from three independent experiments and calculated by Student’s t-test. Error bars represent
SD. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. p-Actin was used as a loading control in Fig3A.GAPDH was used as a loading control
in Fig3B.
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The sh-p2AR group exhibited a marked decrease in the levels of p2AR mRNA as determined by RT-PCR analysis compared to levels in
the negative control (NC) group (P < 0.01, Fig. 3C). The Western blot analysis demonstrated a notable reduction in levels of p2AR
protein in the sh-p2AR group compared to levels in the NC group (P < 0.01, as shown in Fig. 3A). The results indicate that the f2AR
gene was effectively suppressed in the cancer cells, thus demonstrating evidence of successful knockdown.

In the colony formation experiment, cells with decreased p2AR expression exhibited a notable decline in clone formation rate in
comparison to that of the control group. This effect was more pronounced when combined with the necroptosis inducer TSZ. In
contrast, the use of the necroptosis suppressant Nec-1 along with TSZ resulted in an increase in the rate (P < 0.05, Fig. 3D).

The effects of treating prostate cancer cell lines with 150 pmol/L of propranolol (Fig. 1E) and sh-2AR knockdown (Fig. 2A) were
evaluated using flow cytometry analysis. Necrosis identification involved Annexin V-FITC and PI dual staining. These findings
demonstrated a notable increase in the proportion of PI-positive cells in both experimental cohorts, thus suggesting the occurrence of
necrosis. Moreover, necrosis was notably diminished in cells undergoing sh-p2AR knockdown after necroptosis induction, thus
indicating a significant influence on the necrosis rate.

3.3. Inhibition or knockdown of f2AR promotes the expression of RIP and MLKL, subsequently inducing necroptosis

After administering propranolol or suppressing p2AR in the two cell lines, we observed an increase in MLKL and RIP (P < 0.05,
Fig. 3C), both of which are acknowledged indicators of necroptosis. There was a notable increase in RIPK1 and MLKL mRNA levels. The
cells possessed increased levels of MLKL and RIP when 2AR was inhibited (Fig. 1D) or knockdown was performed as revealed by
Western blot analysis (Fig. 3B). Moreover, the addition of the TSZ necroptosis stimulant further increased the levels of MLKL and RIP
proteins (Figs. 2B and 3B). However, the simultaneous suppression of p2AR and the necroptosis inhibitor Nec-1 did not result in a
reduction in the levels of MLKL and RIP proteins (Fig. 3B).

Further immunofluorescence experiments revealed a consistent trend of RIPK3 and MLKL protein changes (Figs. 4 and 5).
3.4. Necrotic alterations occur when 2AR is inhibited in PC-3 and DU-145 cells

Transmission electron microscopy demonstrated analysis that following propranolol treatment, the majority of cells in both cell
lines displayed characteristic morphological indications of cell necrosis such as cell membrane rupture, cytoplasmic vacuole forma-
tion, nuclear condensation, fragmentation, and dissolution (Fig. 2C).

3.5. Interaction of f2AR and the necroptosis-specific protein

Co-IP and Western blot analysis revealed the presence of f2AR and the necroptosis-specific protein RIPK3 in PC-3 and DU-145 cells
and also indicated their interaction. Nevertheless, there were no notable alterations that were observed in the interaction between
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Fig. 4. The levels of RIPK3 and MLKL expression in control and PRO treated groups. A. Fluorescence intensity were considerably elevated in PC-3
cells when blocking 2AR led to a notable rise in the levels of RIPK3 and MLKL expression versus the control group. B. Fluorescence intensity was
detected in DU-145 cells as PC-3 cells.
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Fig. 5. The levels of RIPK3 and MLKL expression in NC and sh groups. A. Fluorescence intensity were considerably elevated in PC-3 cells when p2AR
was suppressed and/or necroptosis was induced, in comparison to the sh-NC group. B. Fluorescence intensity was detected in DU-145 cells as PC-3
above TSZ refers to necroptosis inducer drug.

f2AR and RIPK3 following f2AR depletion (Fig. 6A).

3.6. Immunohistochemistry revealed significant expression of RIPK3 and MLKL in sh-f2AR xenografts of prostate cancer

We performed immunohistochemical analysis and detected the expression of necroptosis associated markers in xenograft tissues, in
xenograft tumors derived from 2-AR knockdown cells of PC-3, we found significant upregulations of RIPK3 and MLKL (P < 0.05,
Fig. 6B).

4. Discussion

The autonomic nervous system has been observed to exert a considerable impact on the development and progression [20]of
prostate cancer. Studies have demonstrated a significant increase in sympathetic nerve activity [21,22]n tissues linked to high-risk
prostate cancer, with p2AR [6,7,23,24] playing a vital role in the sympathetic nervous system signaling pathway. The analysis of
the results revealed that patients who used propranolol for a long period of time experienced prolonged periods of survival [8,9,25,26].
Previous studies have also suggested that p2AR can augment the migratory and invasive abilities [27,28] of prostate cancer cells while
also influencing cell death.

Necroptosis, a type of programmed cell death, differs from typical necrosis by its capacity to induce necroptosis via the control of
specific genes and the classical RIP/MLKL pathway [29]. Necroptosis is initiated when RIPK3 [15] is activated by binding to RIPK1
[30] that then associates with its substrate MLKL [31]. Previous studies have confirmed the substantial participation of necroptosis in
tumor progression [32], where suppressed necroptosis results in a particularly adverse prognosis for Acute myeloid leukemia (AML)
[33], bladder cancer [34],and breast cancer [35]. The initiation of necroptosis is important for the treatment of ovarian cance [36] and
colorectal carcinoma [37].

This study determined that the growth and multiplication of prostate cancer cells was significantly reduced by blocking p2AR with
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Fig. 6. Evidence for the interaction between p2AR and RIPK3 proteins. A. Proteins were obtained through co-immunoprecipitation experiments.
The Input group was the cell lysate, as the positive control group, the IgG group was the protein similar to the target protein but did not bind, as the
negative control group. The IP group is the protein of interest. Full, non-adjusted gels were include in Figure Supplementary materials. B.
Furthermore, immunohistochemical analysis revealed that the depletion of $2AR resulted in an increase in the levels of RIPK3 and MLKL expression
within the tissue. All data was presented as mean =+ SD from three independent experiments and calculated by Student’s t-test. Error bars represent
SD. *p < 0.05, **p < 0.01. GAPDH was used as a loading control in Fig6A.

propranolol. Furthermore, this inhibitory effect was further suppressed in cells treated with a necroptosis inhibitor, whereas cell death
was enhanced when a necrosis inducer was used. Propranolol treatment led to the identification of necrotic morphology in prostate
cancer cells by transmission electron microscopy. Significantly, we determined that necroptosis was not induced by external physical
factors and could be controlled by administering our drugs. Using flow cytometry, Annexin V-FITC and PI dual staining demonstrated a
significant increase in the percentage of PI-positive cells in two types of prostate cancer cells when B2AR was inhibited or knocked
down. This increase signified an increase in the rate of cell necrosis after treatment.

Moreover, the necroptosis markers RIP and MLKL were upregulated after treatment, and this could be counteracted by adminis-
tering a necroptosis inhibitor (albeit without complete restoration to pre-drug application levels). However, the simultaneous sup-
pression of p2AR and promotion of necroptosis resulted in a notable increase in the growth of prostate cancer cells. Our previous cell
experiments align with the results of animal experiments, where the immunohistochemical staining of tumor tissues in nude mice
revealed a significant increase in the expression levels of RIPK3 and MLKL after suppression of p2AR.
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5. Conclusion

To summarize, our research has demonstrated that blocking p2AR can trigger necroptosis in prostate cancer, thus providing a more
detailed understanding of the regulatory function of f2AR in prostate cancer. Moreover, our discoveries indicate the possible use of
propranolol, a blocker of 32AR, for the medical treatment of cancer. However, the regulation of necroptosis involves various pathways,
thus necessitating further research to elucidate the underlying mechanisms.
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