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Abstract 

Mutations in TP53, particularly the p.R248Q variant, contribute to the progression of 
castration-resistant prostate cancer (CRPC) by reshaping the tumor microenvironment (TME). This 
study examined the impact of p.R248Q (mutp53) on immune suppression and CRPC progression. 
We introduced the Trp53 p.R245Q mutation into RM-1 mouse prostate cancer (PCa) cells via 
CRISPR/Cas9, which mimics human TP53 p.R248Q. These cells were implanted into C57BL/6 mice 
to model tumor progression and immune interactions. Mice were treated with JAK2 and STAT3 
inhibitors to assess immune and tumor responses. Tumor behavior and immune responses were 
analyzed via histology, immunofluorescence, flow cytometry, Enzyme-linked immunosorbent assay 
(ELISA), and bioinformatics. Findings were validated in the C4-2 human PCa cell line. Compared 
with wild-type p53, TP53 mutations were present in 27% of PCa patients and were significantly 
correlated with reduced overall survival (p < 0.001, HR = 1.97) and recurrence-free survival (p = 
0.02, HR = 1.62). The p.R248Q mutation was most prevalent. Gene-edited mutp53 cells exhibited 
increased proliferation and tumorigenicity. Screening and validation confirmed that IL6/JAK2/STAT3 
pathway activation in mutp53 tumors led to immune microenvironment alterations. Flow cytometry 
and immunofluorescence revealed an immunosuppressive profile, with decreased proinflammatory 
cytokines and elevated anti-inflammatory factors. Coimmunoprecipitation revealed that mutp53 
competes with SHP1 for STAT3 binding, sustaining its activation. Inhibition of STAT3 reduced 
mutp53-driven immune suppression and tumor progression. Mutp53 promotes an 
immunosuppressive TME and facilitates CRPC progression through the STAT3 pathway, 
underscoring its potential as a therapeutic target. 
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1. Introduction 
Prostate cancer (PCa) poses a major health 

challenge for middle-aged and elderly men, ranking 
as the third most common malignancy in males. Its 
burden has been steadily increasing, correlating with 
economic development [1-3]. PCa exhibits significant 
heterogeneity, with cases varying from slow-growing 
to highly aggressive forms [4]. The emergence of 

castration-resistant prostate cancer (CRPC) poses a 
significant therapeutic obstacle, with accumulating 
evidence highlighting the pivotal contribution of TP53 
gene alterations in this transformation [5-10]. In PCa, 
TP53 mutations frequently coincide with 
TMPRSS2-ERG fusions, jointly accelerating 
malignancy through the activation of 
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β-catenin-mediated pyrimidine biosynthesis [8]. 
Furthermore, EZH2 has been shown to associate with 
the internal ribosome entry site (IRES) of p53 mRNA, 
selectively enhancing the translation of 
gain-of-function (GOF) p53 variants, thereby 
facilitating tumor progression and metastatic 
potential [9]. In addition, mutant p53 (Mutp53) 
suppresses DAB2IP, a known tumor suppressor, 
leading to amplified insulin-stimulated AKT1 
signaling, which in turn augments cellular 
proliferation and invasiveness in PCa [10]. 

In cancer research, nearly 80% of TP53 mutations 
are missense variants that impact the DNA-binding 
domain, frequently accumulating at distinct hotspot 
regions [11-14]. These mutations produce a 
full-length p53 protein but disrupt its native 
tumor-suppressive function [15, 16]. Additionally, 
many p53 missense mutant lose their 
tumor-suppressive function and simultaneously GOF 
properties [12, 17]. Findings from both in vitro and in 
vivo mouse studies suggest that these missense 
mutations exhibit stronger oncogenic potential 
compared to p53-null variants [15, 17-19]. Mutp53 
disrupts normal transcriptional regulation by 
aberrantly interacting with other transcription factors, 
thereby driving tumor-promoting gene expression 
programs [8, 20-24]. An alternative theory suggests 
that the persistence of TP53 missense mutations might 
be explained by their dominant-negative effects, 
which compromise the function of any remaining 
wild-type allele [25-29]. A significant focus has been 
placed on the role of Mutp53 in driving cell migration, 
invasion, and metastasis in epithelial cancers such as 
PCa [29], and the impact of TP53 missense mutations 
on cancer progression via modulation of the tumor 
microenvironment (TME) has yet to be fully explored. 
TME plays a critical role in PCa progression and 
therapeutic resistance, with increasing evidence 
highlighting the impact of immune suppression, 
stromal interactions, and cytokine-mediated signaling 
in shaping tumor aggressiveness [30-32]. In a 
comprehensive cohort analysis of 1,557 PCa patients, 
we identified three immune subtypes: 
immune-activated, immune-suppressed, and 
nonimmune [33]. Notably, TP53 p.R248Q mutations 
were predominantly found in immune-suppressed 
and nonimmune subgroups but were absent in the 
immune-activated subgroup, indicating a potential 
role in shaping the immune landscape. This 
observation led us to hypothesize that p.R248Q 
contributes to an immunosuppressive TME by 
disrupting immune surveillance mechanisms, thereby 
facilitating tumor progression. The mouse sourced 
Trp53 mutated cell lines or models were widely 

applied in the experimental to represent the impact of 
TP53 mutation in human beings [34, 35]. Several 
published studies also reported that Trp53p.R245Qare 
homologous to human common TP53p.R248Q mutation. 
In this study, we established Trp53p.R245Q mouse cell 
lines, which correspond to the human hotspot mutant 
TP53p.R248Q [36-38]. This mutation intensified immune 
suppression by enhancing JAK2/STAT3 signaling, 
thereby facilitating tumor progression. These insights 
are crucial for refining and advancing 
immunotherapeutic approaches for PCa treatment. In 
our study, we focused on the TP53 p.R248Q mutation, 
which has greater gain-of-function than the other 
mutants do, as it was found to be more prevalent in 
both the immunosuppressive and nonimmuno-
suppressive subgroups (Table S1). Targeting the 
JAK2/STAT3 pathway in patients with TP53 p.R248Q 
mutations may increase the efficacy of immuno-
therapies by reversing the immunosuppressive 
environment, offering a promising therapeutic 
strategy for advanced CRPC. 

2. Materials and methods 
2.1 Cell culture and maintenance 

Human HEK293T cell cultures were maintained 
in DMEM (Shanghai VivaCell Biosciences, Ltd., 
Shanghai, China; cat. no. C3103-0500) supplemented 
with 10% fetal bovine serum (FBS) (Shanghai VivaCell 
Biosciences, Ltd., Shanghai, China; cat. no. 
C04001-500) and 1% penicillin/streptomycin 
(Proteintech Group, Inc., Wuhan, China; cat. no. 
PR40022). The human PCa cell line C4-2 and the 
murine cell line RM-1 were cultured in RPMI-1640 
medium (Shanghai VivaCell Biosciences, Ltd., 
Shanghai, China; cat. no. C3001-0500) supplemented 
with 10% fetal bovine serum and 1% penicillin‒
streptomycin. HEK293T cells were grown in DMEM 
supplemented with the same supplements. All 
cultures were maintained at 37°C in a 5% CO2 
humidified atmosphere. The cell lines were obtained 
from the Cell Bank of the Chinese Academy of 
Sciences, located in Shanghai, China, and were 
verified to be mycoplasma free via routine 
polymerase chain reaction (PCR) testing. The cells 
were maintained within a passage number range of 5 
to ensure consistency across experiments. The culture 
media of the RM-1 cells were changed every day, and 
those of the C4-2 and 293T cells were changed every 
48 h to maintain optimal growth conditions and cell 
viability. 

2.2 CRISPR/Cas9 gene editing techniques 
We employed CRISPR/Cas9-mediated point 

mutagenesis to introduce the Trp53 p.R245Q mutation 
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(analogous to human TP53 p.R248Q) in PCa cells via 
the Ubigene Biosciences platform. The cells were 
electroporated with CRISPR-U™ and Donor 
plasmids, followed by neomycin selection. Genomic 
DNA was extracted, and PCR was performed to 
verify genetic modifications, with successful edits 
confirmed by sequencing. Clones were expanded and 
cryopreserved. Additionally, CRISPR/Cas9-mediated 
knockout of the TP53 gene in C4-2 cells was 
performed via the YCas-LV002 vector, with three 
specific sgRNAs inserted into the 
YKO-LV003-hTP53-neomycin vector. After 
transduction, the cells were selected with G418, and 
p53 protein depletion was confirmed through western 
blotting. Supplementary Table 1 contains the primer 
details, whereas the sgRNA sequences can be found in 
the Supplementary Materials and Methods. 

2.3 Molecular biology techniques 

Plasmids, transfections, and viral infections: 
siRNAs were obtained from Sangon Biotech and 
introduced into the cells via the Lipofectamine 3000 
reagent (Invitrogen Corporation, Carlsbad, CA, USA; 
cat. no. L3000001) according to the manufacturer’s 
protocols (for primer sequences, see Supplementary 
Table 2). The assays were conducted in triplicate 
across independent experiments, each confirming the 
observed protein interactions and expression levels. 
The overexpression plasmid for flag-STAT3 
(NM_139276) was constructed via the Ubi-MCS- 
3FLAG-SV40-EGFP-IRES-Hygromycin vector, 
whereas the wild-type TP53 [NM_000546 (HA tag)] 
and mutant TP53 [NM_000546 (R248Q) (HA tag)] 
plasmids were built into a CMV 
enhancer-MCS-SV40-puromycin vector. Enzymatic 
digestion, followed by PCR amplification, gel 
electrophoresis, and Sanger sequencing, was 
conducted to confirm the successful construction of 
these plasmids, which were generated by GeneChem 
(GeneChem Co., Ltd., Shanghai, China). The 
successful integration of these plasmids was 
confirmed via western blotting. 

Western Blotting and Co-Immunoprecipitation 
(Co-IP): Cell lysates from C4-2, RM-1, and HEK293T 
cells were prepared on ice using lysis buffer (Cell 
Signaling Technology, MA, USA; cat. no. 9803) 
supplemented with protease and phosphatase 
inhibitors (Beyotime Biotech, Beijing, China; cat. no. 
P1008 and P1081). Protein samples (10 µg per lane) 
were separated using SDS-PAGE (180 V, 40 min), then 
transferred onto PVDF membranes (Merck, NJ, USA; 
cat. no. IPVH00010) via a wet blotting system 
(Bio-Rad, CA, USA; 350 mA, 90 min). Membranes 
were blocked in 5% BSA (TBST containing 0.1% 

Tween-20) for 20 min at room temperature and 
incubated overnight at 4°C with primary antibodies 
(1:1000 dilution). After washing with TBST, 
membranes were incubated with HRP-conjugated 
secondary antibodies (1:5000 dilution), and protein 
bands were detected using chemiluminescence on a 
Chemiscope 5600 analyzer (Clinx Science 
Instruments, Shanghai, China). 

Co-IP: Co-IP experiments were performed using 
a commercial kit (Thermo Fisher Scientific, San Diego, 
CA, USA; cat. no. 26147) according to the 
manufacturer's instructions. Briefly, total protein 
(1000 µg per sample) was precleared with control 
agarose beads at 4°C for 50 min. Protein A/G Plus 
agarose beads were incubated with antibodies (10 µg 
each) against STAT3, phosphorylated STAT3, SHP1, 
HA, or Flag at room temperature with gentle agitation 
for 30 min. IgG served as a negative control. 
Antibodies were crosslinked onto beads using 450 µM 
disuccinimidyl suberate under rotation at room 
temperature for 50 min to ensure stability. 
Subsequently, precleared protein lysates were 
incubated overnight at 4°C with antibody-conjugated 
beads to facilitate antigen immunoprecipitation. The 
following day, the antigens were eluted, and the 
associated proteins were characterized via western 
blotting. Additional details on the antibodies utilized 
are provided in Supplementary Table 3. The assays 
were performed in three independent experimental 
replicates, each confirming the observed protein 
interactions and expression levels. 

2.4 Cell proliferation and colony formation 
assays 

Cell proliferation was determined by performing 
an MTT assay (3-[4,5-dimethyl-2-thiazolyl]- 
2,5-diphenyl-2-H-tetrazolium bromide) according to 
the manufacturer's protocol (Beyotime Biotech, 
Beijing, China; cat. no. C0009S). Briefly, control and 
treated C4-2 and RM-1 cells were cultured in 24-well 
plates and incubated with MTT reagent (50 µL, 5 
mg/ml) for 2 h. After incubation, cells were 
transferred into 96-well plates, and absorbance 
(optical density, OD) was measured at 570 nm using a 
TECAN spectrophotometer (Tecan Group Ltd., 
Männedorf, Switzerland). Each experiment was 
independently repeated three times in triplicate. 

For the colony formation assay, control and 
treated RM-1 and C4-2 cells were seeded in 6-well 
plates and cultured for eight days at 37°C. Colonies 
were then fixed with 4% paraformaldehyde, stained 
using 0.1% crystal violet, and counted microscopically 
if colonies contained over 50 cells. All experiments 
were independently replicated three times. 
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2.5 Animal studies and histological techniques 
Mouse and Tumor Model Studies: Six-week-old 

male C57BL/6 mice from GemPharmatech Co., Ltd. 
(Nanjing, China) were used in this study. All animals 
were maintained in specific pathogen-free conditions 
at accredited facilities, and the study adhered to 
ARRIVE guidelines [39]. Mice were randomly 
allocated to experimental groups, ensuring age 
matching and the absence of statistically significant 
differences in body weight among the groups. For the 
second batch, mice with established Mutp53 tumors 
were further randomized into treatment and control 
groups, and the tumor size was considered before 
randomization to ensure comparability. All animal 
handling, including husbandry and weighing, was 
performed by technicians blinded to the group 
assignments, with the final data compiled for analysis 
by the researchers. 

For the RM-1 PCa model, 1 × 10⁶ RM-1 cells 
suspended in 100 μL of a 1:1 mixture of Matrigel 
(Shanghai Nova Pharmaceutical Technology Co., Ltd., 
Shanghai, China; cat. no. 0827045) and 
phosphate-buffered saline (PBS) were injected 
subcutaneously into the right flank of C57BL/6 mice. 
Mice were chosen from both the WTp53 and mutp53 
groups to ensure similar tumor sizes of approximately 
100 mm3. Subsequent treatment procedures were 
subsequently initiated. The respective treatments 
included a STAT3 inhibitor (10 mg/kg, orally 
administered every other day for 7 days; 
MedChemExpress LLC., NJ, USA; cat. no. HY-100753) 
and a Jak-2 inhibitor (20 mg/kg, orally administered 
daily for 13 days; MedChemExpress LLC., NJ, USA; 
cat. no. HY-131906). The treatment was terminated on 
day 21. The mice were then sacrificed, and the tumors 
were excised, photographed, and weighed. 

Histological analysis was conducted using 
hematoxylin and eosin (H&E) staining on 
paraffin-embedded tissues, followed by dewaxing 
and sequential rehydration in xylene and graded 
alcohol solutions. Immunohistochemistry (IHC) was 
performed with p-JAK2 (1:50, Affinity Biosciences 
Group Ltd., Changzhou, China, cat. no. AF3024) and 
p-STAT3 (1:50; Cell Signaling Technology, Cell 
Signaling Technology, Inc., MA, USA; cat. no. # 9145) 
antibodies. Additionally, immunofluorescence 
staining was performed with primary antibodies 
against CD86 (1:1000; Cell Signaling Technology, Inc., 
MA, USA; cat. No. 91882), CD163 (1:1000; Abcam plc, 
Cambridge, UK; cat. EPR19518), CD45 (1:1000; 
Affinity Bioscience Ltd., Jiangsu, China; cat. No. 
DF6839), and IFN-γ (1:500; Wuhan Servicebio 
Technology Co., Ltd., Wuhan, China; cat. No. 
GB11107-1). 

Flow cytometry: Single cells were isolated from 

subcutaneous tumor tissues and stained sequentially 
with fluorescently labeled antibodies. The primary 
antibodies used included those against IFN-γ (BD 
Biosciences, San Jose, CA, USA; cat. no. 554412), 
F4/80 (BioLegend, San Diego, CA, USA; cat. no. 
123116), and CD11b (BioLegend, San Diego, CA, USA; 
cat. no. 101206). Additionally, antibodies against 
CD86 (Elabscience, Wuhan, China; cat. no. 213111) 
and CD206 (BD Biosciences, San Jose, CA, USA; cat. 
no. 565250) were utilized. Data acquisition was 
conducted via a CytoFLEX LX flow cytometer 
(Beckman Coulter, Brea, CA, USA), and the data were 
analyzed with FlowJo software (version 10.0, FlowJo 
LLC, Ashland, OR, USA). The flow cytometry 
experiments were conducted three times 
independently, with each experiment including 
samples from separate biological replicates. 

Enzyme-linked immunosorbent assay (ELISA): 
Cytokine levels in prostate tumor tissue homogenate 
samples were detected via ELISA kits specific for 
IFN-γ (Elabscience, Wuhan, China; cat. no. 
E-EL-M0048), IL-10 (Servicebio, Wuhan, China; cat. 
GEM0003-96T), TGF-β (Elabscience, Wuhan, China; 
cat. no. E-UNEL-M0099), and IL-1β (Elabscience, 
Wuhan, China; cat. no. E-EL-M0037). The cytokine 
measurements via ELISA were also independently 
replicated three times, with each replicate including 
technical duplicates to confirm consistency. 

2.6 Clinical data acquisition and bioinformatics 
analysis 

We conducted a comprehensive retrospective 
analysis via cBioPortal [40] to assess the prevalence of 
TP53 mutations in PCa, analyzing data from 7,678 
patients across 19 studies, with follow-up data for 671 
patients. Expression profiles and prognostic data from 
the GSE25236 [41] and GSE107299 [42, 43] cohorts 
were examined to evaluate SHP1 gene expression 
correlations. Transcriptomic sequencing was 
performed on murine xenografts of RM-1-derived 
WTp53 and mutp53 cells, followed by RNA isolation, 
mRNA enrichment, cDNA synthesis, library 
construction, and sequencing on an Illumina 
HiSeqTM 2500 platform [44, 45]. Differential gene 
expression and relevant enrichment analyses were 
conducted via the "limma" and "ClusterProfiler" 
packages in R [46-49], and immune cell infiltration 
was assessed via the seq-ImmuCC platform [50]. The 
methods are described in the Supplementary 
Methods. 

2.7 Statistical analysis 
Cox regression models were employed to 

evaluate survival rates and recurrence-free survival 
across different patient cohorts. Kaplan–Meier 
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analysis was conducted to visualize patient survival 
outcomes [51], while the Weibull hazard model 
assessed the impact of TP53 mutations in PCa 
patients. Pathway activities among subgroups were 
illustrated using the "ComplexHeatmap" package 
[52]. Pearson correlation coefficients and chi-square 
tests were utilized to analyze continuous and 
categorical variables, respectively. Student’s t-test and 
Kruskal-Wallis analyses were applied for subgroup 
comparisons involving two or multiple groups. All 
statistical tests were two-tailed, and significance was 
set at p < 0.05. 

3. Results 
3.1 Prevalence and clinical implications of TP53 
mutations in PCa 

In our comprehensive synthesis of genetic data 
from 7,678 PCa patients across 19 studies, we 
documented a TP53 mutation prevalence of 
approximately 27% (Figure 1A-B, Supplementary 
Table 4), with missense mutations being most 
frequent. This difference was especially pronounced 
in relation to patient survival and recurrence rates. 
Patients with TP53 mutations exhibited markedly 
reduced survival rates (Figure 1C) and higher 
recurrence rates (Figure 1D). A meta-analysis 
confirmed the association between TP53 mutations 
and increased severity of advanced PCa (Figure 1E, 
Supplementary Table 5). These mutations were also 
correlated with more advanced PCa, as evidenced by 
higher Gleason scores (Figure 1F) and pathological T 
stages (Figure 1G). Among the TP53 mutations, 
hotspot mutations at codons 273, 248, and 175 were 
especially prevalent (Figure 1H). Specifically, at the 
R248 site, the most frequent substitution was amino 
acid Q (Figure 1I). 

On the basis of our recent study [33], we 
categorized PCa patients into three immune subtypes 
and observed an obvious prevalence of TP53 
mutations, particularly the p.R248Q variant, within 
the immunosuppressed and nonimmune/ 
immuneless subgroups. Interestingly, this variant was 
entirely absent in the immune-activated phenotype. 
These findings indicate a potential link between this 
mutation and the development of an immune-evasive 
tumor microenvironment. 

3.2 CRISPR/Cas9 gene editing-enabled 
functional exploration of the Trp53 p.R245Q 
point mutation in a mouse PCa model 

We examined the structural features of the 
human p53 protein, with a particular focus on the 
p.R248Q amino acid site (Figure 2A). To investigate 
interactions between tumor and immune cells within 

the tumor microenvironment, we employed 
CRISPR/Cas9 gene editing to introduce the 
mouse-equivalent R245Q mutation-corresponding to 
the human p.R248Q variant, referred to as mutp53 
(Figure 2B) into the RM-1 mouse PCa cell line. 
Successful integration of this mutation was verified 
through Sanger sequencing and gel electrophoresis 
following enzyme-specific digestion, as shown in 
Figure 2C-E. Functional assays of RM-1 cells revealed 
increases in both cell proliferation and colony 
formation capabilities due to this mutation, as 
demonstrated in Figure 2F-G. 

To validate the effect of the TP53 p.R248Q 
variant in a human PCa cell line, we knocked out the 
TP53 gene in C4-2 cells, which naturally express 
wild-type p53. Reintroducing wild-type p53 markedly 
suppressed cancer cell growth and colony formation, 
which aligns with observations from previous studies 
[53]. In contrast, introducing mutp53 resulted in 
marked increases in both cell growth and colony 
formation, similar to the effects observed in RM-1 
cells (Figure 2H-J). These findings emphasize the 
critical role of the TP53 p.R248Q variant in PCa 
progression and its potential as a therapeutic target. 

3.3 Exploring the oncogenic function of 
Mutp53 in PCa progression 

To investigate the role of mutp53 in PCa, we 
performed subcutaneous tumor implantation 
experiments in C57BL/6 mice. In vivo analysis 
revealed that tumors in the mutp53 group were 
significantly larger and heavier than those in the 
wild-type p53 (WTp53) group were, highlighting the 
increased tumorigenic capacity of mutp53-bearing 
cells (Figure 3A-C). 

Subsequent RNA sequencing of samples from 
both groups helped identify critical genes or 
pathways potentially activated during tumor 
progression. The expression of key genes, including 
ARHGEF15, KIF26A, DNAJC22, GJA3, and SCN8A, 
was significantly upregulated in the mutp53 group, 
indicating enhanced tumor proliferation, invasion, 
migration, and antiapoptotic activities; conversely, 
the downregulation of genes such as PPP1R9A, 
DLGAP1, GABRE, CASD1, and LINGO2 in the same 
group suggested disruptions in synaptic signaling, 
cellular architecture, and apoptosis in tumors 
expressing mutp53 (Figure 3D and Supplementary 
Table 6). 

Pathway enrichment analysis revealed that 
mutations triggered the activation of several 
oncogenic pathways, notably KRAS signaling, 
IL6/JAK2/STAT3 signaling, and epithelial–
mesenchymal transition (EMT) (Figure 3E). Given the 
pivotal role of the IL6/JAK2/STAT3 axis in 
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promoting tumor progression and shaping an 
immunosuppressive microenvironment, we 
performed immunohistochemical analysis of 
phosphorylated JAK2 and STAT3 in tumor tissues 
from the mouse model to validate pathway activation. 
This analysis revealed a significant increase in 
staining scores in tumors harboring mutp53 (Figure 
3F). Western blotting further validated these findings, 

demonstrating elevated levels of phosphorylated 
JAK2 and STAT3 in mutp53 cells following IL-6 
stimulation, thereby confirming the mutation’s role in 
activating the STAT3 signaling pathway. The data in 
Figure 3 and the supplementary materials 
demonstrate the oncogenic role of mutp53 in PCa, 
which is facilitated by the activation of the 
JAK2/STAT3 signaling pathway. 

 

 
Figure 1. Comprehensive analysis of TP53 mutations in prostate cancer (PCa). A. Overview of TP53 mutation prevalence in 7,678 PCa patients from 19 different 
studies. B. Visualization of the frequency of various genetic alterations—such as mutations, structural variants, amplifications, deep deletions, and complex alterations—across 
multiple studies. C. Weibull distribution curve comparing the survival probability over time between patients with wild-type and altered TP53 (p < 0.001, hazard ratio (HR) = 
1.97, 95% CI = 1.381--2.818). D. Weibull distribution curve depicting recurrence rates over time for patients with and without TP53 alterations (p = 0.02, hazard ratio (HR) = 
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1.62, 95% CI = 1.08--2.433). E. Meta-analysis of combined hazard ratios from various studies reinforcing the association between TP53 mutations and the severity of PCa (HR = 
2.15, 95% CI = 1.74–2.66, p < 0.01). F‒G. Analysis of Gleason scores (chi-square test, p = 1.332e‒07; F) and pathological T stages (chi-square test, p = 4.083e‒02; G) comparing 
distributions between the wild-type and mutant TP53 patient groups. H. Examination of the distribution and prevalence of specific TP53 mutations within the PCa patient cohort. 
I. Detailed breakdown of alterations in the R248 allele of TP53, providing insights into the impact of the mutation within the study cohort. 

 
Figure 2. Deciphering the impact of Mutp53 in prostate cancer (PCa) via CRISPR/Cas9 gene editing. A. Illustration of the p53 protein structure highlighting the 
p.R248Q amino acid site, marked with a green arrow to emphasize its significance. B. Comparison of human and mouse TP53 (Trp53) coding amino acid sequences, illustrating 
genetic engineering techniques with a focus on the introduction of the mouse-equivalent R245Q mutation, corresponding to the human R248Q mutation. C. Detailed schematic 
of the CRISPR/Cas9 gene editing process, from the wild-type allele through the donor vector to the targeted mutation. D-E. Confirmation of the Trp53-R245Q mutation in RM-1 
mouse cells via Sanger sequencing and gel electrophoresis. F-G. Functional assays showing increased cell proliferation (F) and colony formation (G) in RM-1 cells with the 
Trp53-R245Q mutation. H. Western blotting confirming the effective knockout of p53 and subsequent effects on the expression efficacy of wild-type (WTp53) and mutant p53 
(mutp53) in human C4-2 PCa cells. Knocking out (ko) TP53 in C4-2 cells via CRISPR/Cas9 technology. oe represents the reintroduction of wild-type TP53 after knockout, 
whereas oe-Mutp53 represents the overexpression of the TP53 p.R248Q mutant after knockout. The p53 protein bands were detected via a rabbit polyclonal antibody against 
p53 (Affinity, #AF0879). I-J. Comparative functional assays in C4-2 cells showing enhanced proliferation (I) and colony formation (J) with the TP53-R248Q mutation compared 
with the vector control and wild-type TP53 sets. Note: To compare two groups, a t test was used. Comparisons among the four groups were conducted via one-way ANOVA. 
The values are mean ± SD of three independent experiments. Significance levels are represented as follows: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. 

 
3.4 Mutp53 fosters an immunosuppressive 
TME in PCa 

To investigate the immunological impact of 
mutp53 on PCa, we initially conducted a 
histopathological examination of the TME via H&E 
staining. This assessment revealed significantly 
greater lymphocyte infiltration in mutant tumors than 
in wild-type tumors (Figure 4A-B). Furthermore, we 
analyzed the infiltration of immune cells within 
murine tumorigenic tissues via the seq-ImmuCC 
platform (Figure 4C). Figure 4D shows that the 
mutp53 group exhibited greater infiltration of CD4+ T 
cells, neutrophils, Tregs, and granulocytes, whereas 

the infiltration of B cells, memory B cells, 
plasmacytoid dendritic cells (pDCs), and plasma cells 
decreased. Pathway enrichment analysis revealed a 
decrease in signaling activities related to cytokine 
interactions, the immune system's innate and 
adaptive components, B-cell receptor signaling, the 
CD8 TCR pathway, the monocyte pathway, and 
leukocyte transendothelial migration in the mutant 
groups. In contrast, activation of the 
WNT-beta-catenin, TGF-beta signaling, and 
extracellular matrix (ECM) pathways was noted 
(Figure 4E), indicating the establishment of an 
immunosuppressive microenvironment in PCa 
tumors with mutp53 mutations. 
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Figure 3. Oncogenic potential and altered molecular signaling in Mutp53 prostate cancer (PCa). A. Graphical representation comparing tumor sizes between 
mutant p53 (mutp53) and wild-type p53 (WTp53) mouse models (n = 7 per group). B. Time-course curves of tumor volume measurements for both the WTp53 and mutp53 
groups (t test, p < 0.05). C. Comparative analysis of tumor weights between the mutp53 and WTp53 groups (t test, p < 0.001). D. Overview of genes differentially expressed 
in mutp53 versus WTp53 tumors. E. Hallmark pathway enrichment analysis of the differentially expressed genes revealed key signaling pathways altered in mutp53 tumors 
compared with WTp53 tumors. F-H. Immunohistochemical staining (F) and quantification of p-JAK2 (G) and p-STAT3 (H) expression in tumor tissues between the p53-mutated 
and p53-nonmutated groups. I. Western blotting assays showing increased levels of phosphorylated JAK2 and STAT3 in mutp53 PCa cells following IL-6 stimulation. Note: To 
compare two groups, a t test was used. The values are mean ± SD of three independent experiments. Significance levels are represented as follows: *p < 0.05, **p < 0.01, ***p 
< 0.001, ****p < 0.0001. 
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Figure 4. Immunosuppressive tumor microenvironment in prostate tumors with Mutp53. A. Histopathological comparison of lymphocyte infiltration in PCa 
tumors via H&E staining between mutp53 and WTp53 tumors (t test, p < 0.05). B. Quantitative analysis of H&E staining to assess lymphocyte density (t test, p < 0.05). C. 
Quantitative evaluation of immune cell infiltration within murine tumorigenic tissues via the seq-ImmuCC platform. D. Detailed quantification of differential immunocyte 
infiltration across tumor types. E. Analysis of immune-related pathways was performed by comparing WTp53 and mutp53 tumors to identify activated or suppressed signaling 
pathways. F-I. Flow cytometry analyses and quantification of immune cell subsets: F4/80+CD86+ M1 macrophages are shown in panel F with quantification in panel G, and 
F4/80+CD206+ M2 macrophages are shown in panel H with quantification in panel I. These panels compare the proportions of each cell type in tumors from both the WTp53 
and mutp53 groups (t test, p = 0.002 and p < 0.001, respectively). J. Immunofluorescence staining showing the distribution of CD4+Foxp3+ Treg cells and macrophage 
phenotypes (CD86+M1 and CD163+M2) within tumors from the WTp53 and mutp53 groups. K. Enzyme-linked immunosorbent assay (ELISA) was used to measure the levels 
of the cytokines IFN-γ, IL-10, and TGF-β in mutp53 tumors compared with those in WTp53 tumors. Note: T tests were employed for comparisons between two groups, 
whereas one-way ANOVA was used for comparisons among the four groups. The values are mean ± SD of three independent experiments. Significance levels are denoted as 
*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. 

 
 
Moreover, flow cytometry analysis demonstra-

ted a significant reduction in proinflammatory M1 
macrophages and an increase in tumor-promoting M2 
macrophages in mutp53 tumors compared to WTp53 
tumors, indicating a shift in macrophage function 
(Figure 4F-I). Immunofluorescence assays 
corroborated these findings, revealing a reduced 
percentage of CD86+ M1 macrophages and an 
increased percentage of CD163+ M2 macrophages 
and CD4+Foxp3+ Treg cells in mutated tumor tissues 
(Figure 4J). Additionally, the levels of 
proinflammatory cytokines, including IFN-γ, IL-10, 
and TGF-β, were significantly lower in mutp53 
tumors than in WTp53 tumors (Figure 4K). 
Collectively, these findings indicate that mutp53 
promotes an immunosuppressive microenvironment, 
which may contribute to tumor growth. 

3.5 Elucidating the mechanism of STAT3 
activation by Mutp53 via SHP1 interaction 

We analyzed a collection of pathways associated 
with JAK/STAT signaling and, on the basis of the 
TCGA-PRAD cohort, observed that the activity of 
KEGG_JAK_STAT_SIGNALING_PATHWAY was 
greater in samples with the p.R248Q mutation than in 
those with WTp53 or other TP53 mutations 
(Supplementary Figure 1). To further explore the 
oncogenic role of mutp53 in activating the STAT3 
signaling pathway in PCa, we systematically analyzed 
genes associated with or regulated by this pathway 
and found that most of these genes were activated 
following mutation (Figure 5A). Subsequent in vitro 
experiments involved treating RM-1 cells with 
JAK2/STAT3 pathway inhibitors. Cell proliferation 
was assessed via the MTT assay, which revealed a 
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significant decrease in the proliferation of mutp53 
cells following treatment (Figure 5B). Additionally, 
cell colony formation assays indicated that the use of 

these inhibitors markedly reversed the ability of the 
mutp53 tumor cells to form colonies (as illustrated in 
Figure 5C). 

 

 
Figure 5. Impact of Mutp53 on JAK2/STAT3 signaling activation in prostate cancer (PCa). A. Heatmap illustrating the differentially activated pathways associated 
with JAK2 and STAT3 signaling in mutp53 versus WTp53 tumors. B-C. Assays for cell viability (B) and colony formation (C) comparing the proliferation of WTp53 and mutp53 
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RM-1 cells treated with JAK2 and STAT3 inhibitors. D-E. Coimmunoprecipitation assay demonstrating variations in the binding of the STAT3 and p-STAT3 proteins to mutp53 
compared with WTp53 in RM-1 cells (edited via CRISPR/Cas9) and 293T cells (expressing ectopic flag-STAT3 along with HA-tagged WTp53 and Mutp53, respectively). F-G. 
Western blotting (F) and quantification (G) showing differences in protein stability between mutp53 and WTp53 in RM-1 cells treated with cycloheximide (CHX, a protein 
synthesis inhibitor). H. Kruskal‒Wallis test comparing SHP1 expression across low-risk, intermediate-risk, and high-risk PCa patients. I‒J. Survival analyses correlating SHP1 
expression with recurrence-free survival in PCa patients derived from the GSE25136 and GSE107299 cohorts (GSE25136: p = 0.012, HR = 0.42, 95% CI=0.213‒0.827; 
GSE107299: p = 0.012, HR = 0.42, 95% CI=0.213‒0.827). K. Western blotting assay demonstrating the efficacy of small interfering RNAs targeting SHP1 in KO-TP53 C4-2 cells 
expressing WTp53 or mutp53 and interference with the expression of p-STAT3. L. Coimmunoprecipitation showing variations in the binding between SHP1 and p-STAT3 in 
TP53-KO C4-2 cells expressing either vector or mutp53, with immunoprecipitation targeting SHP1 and p-STAT3. M. Coimmunoprecipitation showing changes in SHP1 and 
p-STAT3 binding after mutp53 expression was reduced in TP53-KO C4-2 cells re-expressing mutp53, and SHP1 and p-STAT3 were immunoprecipitated. Note: T tests were 
employed for comparisons between two groups, whereas one-way ANOVA was used for comparisons among the four groups. The values are mean ± SD of three independent 
experiments. Significance levels are denoted as *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. 

 
Mutp53 impacts p53 function through 

modifications in protein structure, DNA binding, 
transcriptional activity, and stability. We 
hypothesized that the activation of STAT3 by mutp53 
occurs via physical interactions. 
Coimmunoprecipitation revealed increased binding 
of both STAT3 and p-STAT3 to mutp53 compared 
with that in WTp53 cells (Figure 5D). This finding 
was corroborated in human 293T cells ectopically 
expressing wild-type HA-tagged TP53, mutant 
HA-tagged TP53, or FLAG-tagged STAT3, where the 
interaction between STAT3/p-STAT3 and mutp53 
was stronger than that between STAT3 and WTp53 
(Figure 5E). Additionally, we analyzed the 
degradation kinetics of p53 following mutation. 
Western blotting via a CHX chase assay revealed that 
mutp53 is more stable than WTp53 (Figure 5F-G). 

We next investigated the mechanism by which 
mutp53 enhances STAT3 signaling, focusing on its 
effect on STAT3 phosphorylation levels. Since SHP1 
and SHP2, both protein tyrosine phosphatases, are 
known to negatively regulate STAT3 via 
dephosphorylation, we assessed their roles in PCa. 
Our analysis identified SHP1 as a protective factor, 
supporting the tumor-suppressive implications 
highlighted in our study. Analysis of the GSE25136 
and GSE107299 datasets revealed that elevated SHP1 
expression correlated with improved recurrence-free 
survival (RFS) in PCa patients (Figure 5H-I). 
Furthermore, Kruskal–Wallis analysis showed that 
individuals in the low-risk category exhibited higher 
median SHP1 levels compared to those at high risk 
(Figure 5J). In addition, we assessed the association 
between SHP1 expression and key antitumor 
cytokines. Patients with higher SHP1 levels 
demonstrated significantly increased expression of 
immune mediators such as IL-12B, TNF, CXCL10, 
IFNB1, HLA-DRA, and CCL5, compared to the low 
SHP1 group (Supplementary Figure 2), suggesting a 
potential link between SHP1 expression and enhanced 
antitumor immunity. 

In-depth mechanistic studies revealed that 
knocking down the SHP1 gene in TP53-KO C4-2 cells 
expressing either WTp53 or mutp53 resulted in the 

upregulation of p-STAT3 (Figure 5K). We then 
ectopically expressed the vector and mutp53 in 
TP53-KO C4-2 cells. Coimmunoprecipitation assays 
indicated that SHP1 could bind to p-STAT3, but 
mutp53 disrupted this interaction by competitively 
binding with p-STAT3, thereby sustaining STAT3 
phosphorylation (Figure 5L). To further validate these 
findings, we silenced mutp53 expression in TP53-KO 
C4-2 cells reexpressing mutp53. Subsequent 
coimmunoprecipitation assays targeting SHP1 and 
p-STAT3 demonstrated that reducing mutp53 
expression increased the interaction between SHP1 
and p-STAT3 (Figure 5M). Collectively, these results 
indicate that mutp53 enhances STAT3 signaling 
activation in PCa by competitively binding to 
p-STAT3, inhibiting its dephosphorylation by SHP1 
and thus promoting oncogenic processes. 

3.6 Preclinical assessment of JAK2 and STAT3 
blockade in controlling Mutp53-driven CRPC 

In our preclinical in vivo mouse model, we 
investigated the therapeutic potential of inhibiting 
JAK2 and STAT3 signaling to mitigate CRPC 
progression driven by Mutp53. Mice bearing mutp53 
tumors received treatment with inhibitors specifically 
targeting the JAK2 and STAT3 pathways. The 
treatment led to a substantial reduction in tumor 
weight and volume, as shown in Figure 6A–D. 
Immunofluorescence assays confirmed that JAK2 and 
STAT3 inhibition increased the infiltration of 
CD4+Foxp3+ Treg cells and CD86+ M1 macrophages 
while decreasing the proportion of CD163+ M2 
macrophages, as shown in Figure 6E. Additionally, 
ELISA demonstrated that IFN-γ levels were 
significantly greater in the posttreatment group than 
in the mutp53 group, as depicted in Figure 6F. 
Moreover, the levels of the cytokines IL-10 and TGF-β, 
which are elevated in mutant tumors, were 
significantly reduced after treatment, as detailed in 
Figure 6G-H. Collectively, these findings validate the 
efficacy of JAK2 and STAT3 inhibitors in suppressing 
tumor growth and modulating the immune landscape 
in a mouse model of mutp53-driven CRPC. 
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Figure 6. Preclinical assessment of JAK2 and STAT3 blockade in controlling Mutp53-driven CRPC. A. Schematic illustrating the treatment timeline for mice with 
wild-type p53 (WTp53) and mutant p53 (mutp53) tumors treated with JAK2 and STAT3 inhibitors, respectively (n = 5 per group). B. Graphical representation comparing tumor 
sizes between the WTp53 and mutp53 mouse models, including those treated with JAK2 and STAT3 inhibitors. C. Time‒course curves depicting tumor volume measurements 
for mouse models expressing WTp53, mutp53, and mutp53 treated with JAK2 and STAT3 inhibitors. D. Comparative analysis of tumor weights across mouse models expressing 
WTp53, mutp53, or mutp53 and treated with JAK2 or STAT3 inhibitors. E. Immunofluorescence staining showing the infiltration of CD4+Foxp3+ Treg cells, CD86+ M1 
macrophages, and CD163+ M2 macrophages in WTp53, mutp53, and mutp53 model mice treated with JAK2 or STAT3 inhibitors, respectively. F-H. Enzyme-linked 
immunosorbent assays (ELISAs) showing the levels of the cytokines IFN-γ, IL-10, and TGF-β in different mouse models, including the WTp53, mutp53, and mutp53 mouse models 
treated with JAK2 or STAT3 inhibitors. Note: T tests were employed for comparisons between two groups, whereas one-way ANOVA was used for comparisons among the 
four groups. The values are mean ± SD of three independent experiments. Significance levels are indicated as *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. 
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4. Discussion 
Here, we systematically demonstrated that TP53 

gene mutations, particularly the p.R248Q variant, 
profoundly affect the progression of PCa by 
promoting an immunosuppressive TME. 
Furthermore, the use of JAK2 and STAT3 inhibitors 
has shown promising results in reversing these 
effects, significantly reducing the tumor burden and 
altering the immune landscape in a mutp53-driven 
CRPC mouse model. These findings are particularly 
significant because they align with emerging evidence 
suggesting that dysregulation of JAK/STAT signaling 
is a key factor in the immune suppression observed in 
various solid tumors, including PCa. As noted in 
previous studies of the TME, IL-6 trans-signaling 
promotes the interaction between GP130, soluble IL-6 
receptor (sIL-6R), and IL-6, driving 
JAK-STAT-dependent tumor cell migration. This 
signaling pathway also recruits neutrophils and 
macrophages via MCP-1 secretion, promotes M2 
macrophage polarization, inhibits dendritic cell 
activation, and enhances Treg differentiation, 
contributing to an immunosuppressive TME that 
supports tumor progression [54-58]. 

In our study, we observed that TP53 mutations 
are highly prevalent in PCa patients and are closely 
associated with an aggressive cancer phenotype 
characterized by poor survival and a high recurrence 
rate, which is consistent with pivotal prior studies. 
For example, Matthew P. Deek reported that patients 
harboring TP53 mutations exhibited a 
progression-free survival (PFS) that was six months 
shorter compared to those without such mutations. 
Donehower et al.’s analysis of data from The Cancer 
Genome Atlas (TCGA) identified TP53 as a critical 
mutation across multiple cancers, emphasizing its 
central role in cancer progression. These findings 
underscore the pivotal role of TP53 mutations in PCa 
and reinforce the necessity of targeting them for the 
advancement of effective therapeutic strategies 
[59-63]. Notably, we documented a correlation 
between mutp53 and the immunosuppressive or 
nonimmune or nonimmune microenvironment, 
further supporting this theory, which was 
corroborated by recent immunogenomic analyses by 
Rooney et al. [64] and our center [33]. Our previous 
study [33] on PCa highlighted the role of immune 
responses in shaping clinical outcomes, particularly 
the impact of immunosuppressive and immunoactive 
environments on patient prognosis. This finding 
aligns with earlier findings by Rooney et al., who 
reported immune cytolytic activity and key immune 
evasion mechanisms across multiple tumor types. 
Both studies underscore the importance of tumor–

immune interactions, especially in modulating 
treatment responses. Our current work further 
elucidates how specific mutations, such as TP53, 
influence the immunosuppressive TME and 
highlights the potential for targeted therapies such as 
JAK2/STAT3 inhibitors in CRPC. To further elucidate 
the effects of mutp53 on the immune 
microenvironment, we utilized CRISPR/Cas9 
technology to edit the RM-1 mouse PCa cell line 
genetically, introducing the p.R245Q mutation 
corresponding to the human p.R248Q mutation. 
Conducting tumor experiments in mice with normal 
immune functions allowed us not only to observe the 
immune response to tumor progression and the 
interplay between the tumor and the immune system 
but also to validate the results through a series of 
experiments, including RNA sequencing of immune 
cell components, flow cytometry, and 
immunofluorescence assays, which revealed that 
mutp53 orchestrates the formation of a suppressive 
tumor immune microenvironment. This environment 
significantly promotes tumor progression and 
metastasis [65-67]. In this research, the application of 
CRISPR/Cas9 technology proved to be highly 
important. Through precise genetic editing and 
permanent gene modification, this technique enables 
us to study the expression and regulation of specific 
mutations under nearly physiological conditions [68, 
69]. We systematically investigated tumor cell 
dynamics in immunocompetent mice harboring the 
Trp53 p.R245Q mutation, with emphasis on how these 
mutant cells interact with the immune system. 
Compared to WTp53 tumors, mutant epithelial cancer 
cells exhibited distinct communication patterns with 
CD86+ M1 macrophages, CD163+ M2 macrophages, 
and CD4+Foxp3+ regulatory T cells, fostering an 
immunosuppressive tumor microenvironment. In 
addition, ELISA assays revealed elevated 
concentrations of IL-10 and TGF-β, both key 
immunosuppressive cytokines, alongside a marked 
decrease in the proinflammatory mediator IL-1β in 
Mutp53 tumors. These results enhance our 
understanding of how this TP53 mutation shapes 
immune responses within tumors and inform the 
development of precision immunotherapies. 

Our analysis revealed significant activation of 
JAK/STAT3, KRAS signaling, epithelial-EMT, and 
IL2/STAT5 signaling in the Mutp53 group, 
highlighting the broad impact of the p.R248Q 
mutation in PCa. Mutp53 cooperates with KRAS 
mutations to enhance tumor progression by activating 
CREB1, which upregulates FOXA1 and WNT/ 
β-catenin, promoting metastasis [70]. Additionally, 
mutp53 maintains KRAS activity by regulating 
GTPase-activating proteins (GAPs), further 
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supporting its oncogenic effects [71]. Mutp53 also 
promotes EMT through factors such as ZEB1 and 
SNAIL, which drive invasion, and modulates 
IL2/STAT5 signaling, contributing to immune 
evasion and tumor progression. These findings 
underscore the role of p.R248Q TP53 mutations in 
driving PCa biology and highlight potential 
therapeutic targets for these interconnected pathways 
[72-74]. STAT3 signaling is crucial for cell 
proliferation, survival, and immune evasion in PCa. 
[75-77], significantly contributes to a tumor- 
permissive environment [57, 78, 79]. Its abnormal 
activation is driven by factors such as mutations in 
receptors, kinases, and transcription factors. Mutp53 
influences cytokine secretion, modulating levels of 
IL-6, IL-10, and IL-11 [71, 80, 81]. Additionally, 
Mutp53 may engage with signaling pathways such as 
NF-κB and PI3K/AKT, amplifying JAK/STAT 
activation and driving tumor progression [82-84]. The 
TME also plays a key role in JAK/STAT activation. 
Cytokines from immune cells and signals from 
tumor-associated fibroblasts (CAFs) increase pathway 
activity [85]. External factors, such as oxidative stress 
and ECM interactions, also modulate STAT3 signaling 
[86, 87]. Mutations in JAK2 or STAT3 and the loss of 
negative regulators such as SHP2 and SOCS further 
sustain this activation [88, 89]. Our study revealed 
how the p.R248Q TP53 mutation disrupts the 
SHP1/STAT3 interaction, leading to sustained STAT3 
activation. These findings underscore the role of TP53 
mutations in driving JAK/STAT activation in CRPC, 
providing deeper insight into the regulatory network 
governing JAK/STAT signaling in PCa. SHP1 
influences tyrosine phosphorylation-mediated 
cellular processes and is overexpressed in PCa cells 
[90-92], serving as a prognostic marker for survival 
following radical prostatectomy [93]. Notably, 
overexpressing SHP1 in ALK+ anaplastic large-cell 
lymphoma cells has been shown to reverse JAK3 and 
STAT3 activation, reducing STAT3 target expression 
[94]. SHP1 is crucial in modulating JAK/STAT 
signaling, thereby enhancing the effectiveness of 
chemotherapeutic agents. For example, 
guggulsterone, a phytosteroid, curbs cancer cell 
proliferation by inducing SHP1, which inhibits JAK2 
and STAT3 phosphorylation [95]. Similarly, dovitinib 
activates SHP1, diminishing STAT3 activity and 
augmenting apoptosis in hepatocellular carcinoma 
[96], suggesting its synergistic potential with 
sorafenib to combat chemoresistance. Plumbagin, 
derived from medicinal plants, induces SHP1 in 
multiple myeloma cells, reducing STAT3 
phosphorylation [97]. Although the role of SHP1 in 
PCa has been reviewed, the detailed mechanisms by 

which SHP1 regulates STAT3 activation in the 
presence of Mutp53 remain underexplored. Our study 
demonstrated that mutp53 interferes with the 
SHP1-STAT3 interaction, leading to persistent STAT3 
activation and accelerated CRPC progression. 
Notably, administering JAK2 and STAT3 pathway 
inhibitors in our mouse models reduced tumor 
growth and altered the immune landscape, 
suggesting compelling therapeutic avenues. Upon 
treatment with JAK2/STAT3 inhibitors, we observed 
a reversal of these immunosuppressive conditions. 
Specifically, the proportion of M2 macrophages 
decreased, whereas that of M1 macrophages 
increased. Correspondingly, the levels of IL-10 and 
TGF-β were reduced, whereas the level of IL-1β was 
increased. These findings suggest that targeting the 
SHP1/STAT3 pathway could effectively counteract 
the mutp53-driven immunosuppressive TME, 
underscoring its therapeutic potential in CRPC 
treatment. These findings align with those of previous 
studies [98]. This review details the diverse functions 
of STAT3 in oncogenesis, further supporting our 
results that demonstrate the therapeutic potential of 
targeting STAT3 in mutp53-driven CRPC. Our study 
highlights the significant role that TP53 mutations, 
particularly the p.R248Q variant, play in promoting 
an immunosuppressive TME in PCa. These findings 
suggest that the TP53 mutation status could serve as a 
valuable biomarker for identifying patients who may 
benefit from specific therapeutic approaches. For 
example, patients with TP53 mutations may be more 
responsive to therapies that target the 
immunosuppressive pathways driven by these 
mutations, such as JAK2/STAT3 inhibitors. 
Additionally, understanding the specific TP53 
mutation profile in PCa patients could guide the 
selection of immunotherapeutic strategies. For 
example, patients harboring the p.R248Q mutation, 
which is associated with a more aggressive and 
immunosuppressive tumor phenotype, might benefit 
from combination therapies that include immune 
checkpoint inhibitors alongside treatments targeting 
TP53-mediated pathways. By integrating TP53 
mutation analysis into clinical decision-making, it 
may be possible to personalize treatment plans and 
improve outcomes for PCa patients. We believe that 
these expanded considerations significantly enhance 
the relevance and applicability of our research to 
clinical practice. Our study highlights the crucial role 
of TP53 mutations, particularly the p.R248Q variant, 
in shaping the tumor immune microenvironment. By 
disrupting the SHP1/STAT3 interaction, TP53 
mutations sustain STAT3 activation, fostering an 
immunosuppressive environment with increased M2 
macrophages, decreased M1 macrophages, and 
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altered cytokine profiles. These findings reveal a key 
pathway through which TP53 mutations drive 
immune evasion and tumor progression. Future 
research could focus on developing therapies that 
inhibit the SHP1/STAT3 pathway or combine this 
approach with strategies targeting the 
immunosuppressive microenvironment, potentially 
leading to more effective treatments for 
castration-resistant PCa. 

Our study underscores the role of Mutp53 in 
STAT3 activation and immune suppression in CRPC, 
yet several limitations should be acknowledged. We 
focused on the p.R248Q mutation due to its high 
prevalence and well-established association with 
immunosuppression. However, other TP53 hotspot 
mutations (e.g., p.R175H and p.R273C), as well as 
frequently altered genes such as PTEN and MYC, may 
have cooperative effects that warrant further 
investigation. While our work provides valuable 
insights into SHP1/STAT3 signaling in PCa, the 
inherent differences between mouse models and 
human biology must be considered. Mouse models, 
though indispensable for studying cancer progression 
and immune responses, do not fully capture the 
complexity of the human immune system and TME. 
Variations in immune cell composition and cytokine 
signaling, for instance, may influence the clinical 
relevance of our findings. To address these 
challenges, we carefully considered such differences 
in our experimental design and plan to further 
validate our results using human-derived models and 
clinical samples. This strategy will help ensure the 
translational potential of our findings and support 
their application in developing effective therapies for 
PCa patients. 

In conclusion, this study highlights the pivotal 
role of TP53 mutations, particularly the p.R248Q 
variant, in promoting CRPC progression and 
fostering tumor immune suppression. By 
demonstrating the effectiveness of JAK2 and STAT3 
inhibitors in preclinical models, our findings support 
their potential as therapeutic strategies to counteract 
mutp53-induced tumor aggressiveness and 
immunosuppression, paving the way for targeted 
therapies that could significantly improve outcomes 
in CRPC treatment. 
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