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ABSTRACT

Dysregulation of metabolism and the DNA damage response are two hallmarks of cancer.
With respect to the former, although most cancer types exhibit increased glycolysis (the War-
burg effect), this is not the case for prostate cancer. Accordingly, we review the unique met-
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abolic features of prostate cancer, including androgen receptor signaling, glucose metabo-

lism, treatment vulnerabilities, metformin, and combination therapies. With respect to the
latter, we review genomic instability in cancer, DNA repair subtypes, the role of MRE11 in
DNA double-strand break repair, and the potential regulation of MRE11 by PLK1-mediated

phosphorylation.

1. Prostate Cancer Metabolism
1.1. Introduction

Prostate Cancer (PCa) remains the most com-
monly diagnosed cancer among men in the United
States (US) [1]. Diagnoses of PCa are predicted to
escalate, illustrating the necessity for the novel devel-
opment of therapeutic strategies [2]. After surgical
and radiation intervention, androgen deprivation
therapy (ADT) is the next line of treatment for PCa
patients, unfortunately reoccurrence, often with met-
astatic properties, remains an issue [3]. This led to the
development of Enzalutamide (Enz), a clinically used
second-generation androgen receptor (AR) inhibitor
that directly binds to AR and prevents cell prolifera-
tion [4]. Even with advanced strategies to combat this
disease, patients gain resistance to this line of treat-
ment and are left with minimal therapeutic options.
This has led researchers to explore and repurpose
various FDA-approved medications in hopes that
discovery of a viable therapeutic outcome for Enz-re-
sistant castration-resistant prostate cancer (CRPC).
Although metabolic reprogramming and genom-
ic instability are often discussed separately, they are
closely interconnected with prostate cancer. Metabol-
ic alterations influence redox balance and nucleotide
availability, thereby affecting DNA damage repair,
while persistent DNA damage signaling can further
reshape metabolic pathways. Because androgen re-
ceptor (AR) signaling regulates both processes, un-
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derstanding their crosstalk may uncover new thera-
peutic vulnerabilities in castration-resistant prostate
cancer. To summarize these interactions, a schematic
diagram (Figure 1) visualizes the molecular mecha-
nisms of cancer metabolism and DNA damage repair
in prostate cancer, highlighting their crosstalk and
potential therapeutic targets. Metabolism and DNA
repair are connected: energy and building blocks
from metabolism are needed for DNA repair, and
DNA damage can change metabolism. In prostate
cancer, AR signaling affects both, which is why we
discuss them together.

In recent studies, it has been seen that there is
a metabolic switch in drug-resistant PCa, indicating
a shift from glycolysis to oxidative phosphorylation
[5]. To capitalize on this vulnerability, utilization of
therapeutics that inhibit oxidative phosphorylation
may be a novel avenue in treatment strategies [6].
Metformin, a commonly used FDA-approved thera-
py for the treatment of type 2 diabetes, which will be
discussed later in detail, has recently come to light as
a possible treatment strategy for many types cancers,
in particular, PCa [7].

1.2 Disease etiology

As recent reports indicate, PCa leads as the high-
est estimated new cancer cases in men in the Unit-
ed States and is the second leading cause of cancer
deaths [1]. Prostate cancer is typically characterized
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Figure 1. Crosstalk between metabolism and DNA repair in prostate cancer.
Metabolic pathways provide energy and building blocks for DNA repair, while DNA damage can influence metabolism. Therapies
such as PARP inhibitors target these interconnected pathways to treat castration-resistant prostate cancer (CRPC).

by late age diagnosis and slow disease progression
[8]. Age is the number one risk factor in the devel-
opment of prostate cancer, while race and a genetic
predisposition also play a large role in disease inci-
dence [9]. The AR signaling pathway plays a critical
role in PCa disease initiation and progression and is
considered the main driver of PCa; however, there are
various other mechanisms in which PCa progresses.
Germline mutations in critical genes such as ATM,
BRCA2, and HOXBI3 leave patients with a higher
predisposition for the development of advanced PCa,
in particular, metastatic PCa [10]. In addition, pa-
tients with single-nucleotide polymorphisms (SNPs)
variants in cancer-related pathways also play a role
in the initiation of this disease [11]. Following these
genetic mutations and variations, the progression of

PCa typically goes unnoticed for some time, as men
with early stages of PCa are asymptomatic and are of-
ten overlooked [12]. Symptoms related to the urinary
tract can often be easily dismissed or, in some cases,
not related to a malignancy in the prostate and rath-
er a benign hyperplasia (BPH), which causes trouble
urinating and general discomfort [13]. As PCa con-
tinues to progress, men in later stages of this disease
may experience symptoms including bone pain in
the hips, back, and pelvis, as well as varying degrees
of incontinence, which can lead to even further dis-
ease complications [12]. One of the critical tests for
the initial diagnosis of PCa is a blood serum test for
the detection of prostate-specific antigen (PSA) lev-
els in the blood circulation [14]. PSA, typically only
observed in the prostate gland, can enter circulation



following the breakdown of the basal membrane of
the prostate gland during disease progression [15]. In
general, biomarkers for cancer subtypes are rare and
sometimes unreliable; however, this PSA biomarker
is critical for determining disease progression. Fol-
lowing initial treatments for PCa, a second rise in
serum PSA is a critical observation for determining
cancer recurrence and a need for changing therapeu-
tic strategies [16].

1.3 PCa treatment and castration-resistant prostate
cancer (CRPC)

Depending on cancer stage, genetic factors, and
recurrence, PCa treatments will vary vastly between
patients or progression [17]. In the case of localized
PCa, radical prostatectomy, or surgical removal of
the prostate gland, coupled with radiation therapy, is
the standard of care [18]. This treatment will typical-
ly decrease serum PSA and temporarily halt disease
progression. Despite these treatments, a rise in se-
rum PSA can indicate disease progression. Unfortu-
nately, this leads clinicians to modify their treatment
plans. AR activation is a key driver of prostate can-
cer initiation and progression. To block this signal-
ing, clinicians often recommend chemical or surgical
castration to deplete androgen levels. While this ap-
proach is initially effective, AR can eventually reacti-
vate through alternative signaling pathways, leading
to continued tumor growth. This leads the disease
into a category labeled CRPC [19]. CRPC patients
are typically treated with ADT to either inhibit AR
signaling directly or to prevent androgen synthesis,
resulting in a prevention of disease progression [20].
Despite the initial success of ADT, PCa has the ca-
pability to develop alternative mechanisms of tum-
origenesis independent of AR signaling, categorizing
it as mCRPC [21]. Within mCRPC, a recent report
has categorized 4 different types of CRPC: AR-de-
pendent, neuroendocrine (NE), Wnt-dependent, and
stem cell-like CRPC [22]. Based on the results from
this study, AR-dependent CRPC is characterized by
high expression of AR and chromatin accessibility of
AR-target genes such as KLK2 [23]. NE CRPC sam-
ples have a high expression of the SYP gene, which
codes for proteins critical in adrenal function, as well
as a phenotype similar to small-cell carcinoma [24].
Both Wnt-dependent and stem cell-like CRPC have
low expression of AR and NE genes and are harder to
treat despite recent understanding [25-27]. Regard-
less of the subtype of CRPC, these genetic phenotypes
of disease aid clinicians in the continued treatment of
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PCa. As the disease becomes more severe, treatment
options become more limited, and often, patients with
CRPC are treated with second-generation AR inhibi-
tors (sgARi) such as apalutamide, darolutamide, and
enzalutamide [28]. Of these, enzalutamide is current-
ly the only therapy approved for metastatic CRPC;
however, these therapies only extend patient survival,
and drug resistance still occurs [29]. It is critical to
determine novel treatment strategies for this niche of
advanced drug-resistant mCRPC to increase overall
patient survival and quality of life.

1.4 AR Signaling in PCa

Although there are numerous mechanisms in
which cancer can be initiated, such as carcinogen
exposure, mutation accumulation, and other factors,
PCa initiation is typically characterized by gene alter-
ations within the AR signaling axis [30]. Alterations
in AR signaling play a pivotal role in the development
and progression of PCa; however, AR signaling in ho-
meostasis is critical for the development and mainte-
nance of the prostate gland [31]. Canonically, testos-
terone and dihydrotestosterone (DHT) are the most
predominant androgens in the development and
maintenance of reproductive tissues [32]. Coinciden-
tally, both testosterone and DHT can bind to AR in
the cytoplasm as ligands activating AR signaling [31].
In the absence of an AR ligand, AR is bound to chap-
erone heat shock proteins (HSP) -90, -70, -56, and
other chaperone proteins modulating the transcrip-
tional activity of AR [33]. Following ligand binding,
AR will undergo a conformational change, initiating
AR homodimerization and ultimately, AR nuclear
translocation [34]. AR, upon entering the nucleus,
will recognize specific androgen response elements
(ARE) in the promoter/enhancer regions of targeted
genes. AR in this context functions as a transcription
factor for genes such as PSA or probasin, a pros-
tate-specific gene that acts as a marker for prostate
differentiation and elucidates androgen action [35].
In the case of PCa, the transcriptional activity of AR
on AREs can also initiate the transcription of other
cancer-related genes contributing to disease progres-
sion [36].

There are several mechanisms by which aberrant
AR signaling can induce PCa initiation and pro-
gression, the most common being splice variants of
AR [37]. It has been reported that during the mat-
uration of mRNA, splice variants of AR lacking a
ligand-binding domain (LBD) often occur, render-
ing the variant constitutively active, leading to poor
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survival rates [38]. AR-V7, one of the most abundant
variants of AR, is truncated at the end of exon 3 and
lacks the LBD and therefore can remain active in a li-
gand-independent manner [39]. AR-V7 still possess-
es the DNA-binding domain and nuclear localization
signal of AR, thereby retaining the transcriptional
factor functions of AR, which produces difficulties
in treatment. PCa that possess these splice variants
are intrinsically resistant to direct AR inhibitors such
as enzalutamide [40]. In addition, the inordinate
expression of AR can also be attributed to the bio-
synthesis of androgens, of which treatments such as
abiraterone aim to inhibit. Despite various treatment
options and strategies, PCa can develop methods in
which to overcome these challenges, and drug resis-
tance remains an issue of concern.

1.5 PCa glucose metabolism and treatment
vulnerability

It is well known that many cancers exhibit what is
considered the “Warburg Effect,” which describes the
altered means in which cancer cells undergo glucose
metabolism [41]. Cancer cells tend to rely on aero-
bic glycolysis and, therefore, lactate production as the
main method of utilizing glucose. Lactate fermen-
tation is a less efficient method in which adenosine
5’-triphosphate (ATP) can be produced from a single
molecule of glucose and bypasses the need for the mi-
tochondrial production of ATP [42]. This is the op-
posite method in which normal cells utilize glucose,
where aerobic respiration occurs, and the cells rely
on oxidative phosphorylation (OXPHOS) to produce
the majority of the cell’s energy needs [5]. The uti-
lization of glycolysis, pyruvate oxidation, the Krebs
cycle, and OXPHOS to produce the ATP needed to
maintain cellular function is different in cancer cells,
and the reasoning is still unknown [43]. In the case of
advanced PCa, it has been recently documented that
these cancer cells rely on oxidative phosphorylation
(OXPHOS) rather than lactate production [5]. This
contrast with the Warburg effect in most cancers is
illustrated in Figure 2A, highlighting AR-driven reg-
ulation of mitochondrial function and potential ther-
apeutic targets such as metformin. Unlike most can-
cers, advanced prostate cancer cells rely on oxidative
phosphorylation instead of glycolysis. This is driven
by AR signaling, which controls genes for mitochon-
drial function and energy production, linking metab-
olism directly to tumor growth and therapy response.
PCa cells utilize a proton gradient in the inner mi-
tochondrial membrane to drive chemiosmosis and

thereby ATP production. Many complex proteins in
the electron transport chain are critical for this pro-
cess [44]. These differences in glucose metabolism
introduce a possible vulnerability in the cancer cells
that may be exploited in novel treatment strategies.
One strategy to therapeutically exploit this metabolic
dependence is the use of agents that disrupt oxidative
phosphorylation, such as metformin.

1.6 Metformin

One possible mechanism by which we can inhibit
OXPHOS is the administration of metformin. Met-
formin is a biguanide that was originally approved
for the treatment of non-insulin-dependent diabetes
mellitus, or type 2 diabetes, in 1994 [45]. For patients
with type 2 diabetes, metformin is utilized to control
glycemia by lowering blood glucose levels in the pres-
ence of insulin resistance [46]. Metformins primary
mechanism of lowering blood glucose levels comes
from decreasing hepatic glucose output and there-
by reducing gluconeogenesis [45]. Specifically, met-
formin activates the AMP-activated protein kinase
(AMPK), which plays a critical role in maintaining
energy homeostasis in the cell [47]. Ultimately, fol-
lowing activation of AMPK, the cell will switch from
an anabolic state to a catabolic state, shutting down
energy synthesis pathways and restoring energy bal-
ance [47]. In addition to metformin’s effect on AMPK,
metformin has also been observed to inhibit complex
I in the electron transport chain of OXPHOS, pre-
venting ATP production via chemiosmosis, effective-
ly impacting aerobic respiration [48].

The concept of utilizing metformin as a cancer
treatment gained traction after the observation that
diabetic patients taking metformin had a decreased
cancer incidence and cancer-related mortality [49].
In addition, as the most commonly prescribed ther-
apy for type II diabetes patients, metformin has an
excellent safety profile with limited side effects [50].
In recent years, the investigation of metformin treat-
ment, particularly in PCa, has been explored as a pos-
sible treatment option for advanced CRPC [51]. As
an inhibitor of OXPHOS, metformin may be useful
in treating advanced CRPC as a method for exploit-
ing the abnormal mechanism of glucose metabolism
for cancers. In addition, the metformin-mediated
activation of the AMPK pathway has been shown
to inhibit the activation of the mammalian target of
rapamycin (mTOR) and protein synthesis pathways
[52]. Considering the effect of metformin on glyce-
mic control, how is it that we can speculate the use of
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Figure 2. Prostate cancer metabolism and DNA double-strand break repair.

(A) Prostate cancer cells use glucose differently from typical cancer cells. Instead of relying on glycolysis (Warburg effect), they de-
pend on oxidative phosphorylation (OTORA) to produce energy and building blocks for growth. (B) Double-strand breaks (DSBs)
in DNA are recognized and processed by the MRN complex (Rad50-Nbs1), which directs repair through either homologous re-
combination (HR) or non-homologous end joining (NHEJ). HR results in accurate repair using a homologous template, whereas
NHEJ directly ligates DNA ends, which may lead to small insertions or deletions. (C) PLK1 phosphorylates Mre11 to modulate DSB
repair. This regulation affects checkpoint recovery and can lead to chromosomal alterations if repair is incomplete or defective.
Arrows indicate the direction of regulation or influence between components.

metformin as a cancer treatment despite the absence
of non-insulin-dependent diabetes mellitus? Recent
reports indicate that metformin’s anti-tumorigenic
effects are independent of its effects in glycemic con-
trol; however, metformin is considered safe for use
in the literature despite hypoglycemic events that can
occur from taking this drug [53].

1.6 Conclusion of using combination therapies in
PCa

The logistics in the development of novel ther-
apeutic drugs come with a monumental financial
cost and investment of time; therefore, developing
treatment strategies that utilize FDA-approved drugs
with promising safety profiles is an attractive target
for cancer therapeutics [54]. Utilization of FDA-ap-
proved therapies continues to be a topic of interest

in the development of novel treatment strategies, as
these drugs have already been approved and tested
for safety and toxicity in humans [55]. In the case of
PCa, enzalutamide exhibited high efficacy both in
clinical trials and in practice, despite the observa-
tion of resistance in advanced CRPC. Historically,
combination treatment approaches have assisted in
overcoming certain resistant obstacles and provided
late-stage patients with additional options. Ideally,
combination treatments possess the ability to attack
various targets in order to control or slow the growth
of the malignancy [56]. In this study, we aimed to
combine metformin with enzalutamide treatment as
a means of increasing the efficacy of enzalutamide as
well as repurposing an FDA-approved drug to halt
the energy production in cancer cells. In addition to
AR-targeted combinations, pairing metabolic mod-
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ulators like metformin with DNA repair-targeting
agents, such as PARP inhibitors, may further sensi-
tize prostate cancer cells. By simultaneously disrupt-
ing energy production and DNA damage repair, this
approach could exploit tumor vulnerabilities and
help overcome therapy resistance in advanced PCa.

2 DNA damage repair in cancer
2.1 Genomic instability in cancer

Historically, the importance of maintaining ge-
nomic stability has been investigated for decades and
is a foundational concept in the maintenance of ho-
meostasis. Evolutionarily, proteins critical for DNA
repair and maintenance are largely conserved across
species from yeast to humans, which highlights the
importance of regulation of this intricate cellular pro-
cess [57]. Asa hallmark of cancer, genomic instability
can occur in different mechanisms, such as TP53 in-
activation pathways and mutations in caretaker genes
such as tumor suppressors and oncogenes [58]. The
critical role of the DDR is to prevent mutations by
repairing damaged DNA; however, some mutations
are hereditary. Certain germline mutations, such as
BRCA mutations in breast cancer, are passed from
parental genetics, and therefore, the breast cells of
these patients are more vulnerable to developing can-
cer [59]. In this example, BRCA genes are tumor sup-
pressors, so when mutated, DNA repair is inhibited,
and irregularities occur in DNA synthesis [60]. Sim-
ilarly, many other cancers depend on the alteration
of the DNA damage response to induce a cancerous
phenotype [61].

In contrast, many therapeutics on the market aim
to induce DNA damage in the cancer to induce apop-
tosis and cell death [62]. Cisplatin, a commonly used
platinum drug for the treatment of various cancers,
is demonstrated to induce nephrotoxicity in treated
cells by forming cisplatin adducts [63]. By forming
interstrand crosslinks in the DNA, the treated cells ei-
ther need to attempt to repair the DNA or, if the dam-
age is too great, simply progress to apoptosis [64]. By
this mechanism, cisplatin affects cancer cells; howev-
er, as normal cells also have DNA, there are unwant-
ed side effects [64]. Many other agents have a mech-
anism of action like cisplatin in that they disrupt the
genomic stability and induce cell death, highlighting

the importance of genome maintenance.

2.2 DNA repair subtypes
Historically, there are 5 main subtypes of DNA
damage repair, 2 of which repair double-strand

breaks and the other 3 typically repair single-strand
breaks [65]. There are many nuances between nucle-
otide excision repair, base excision repair, and mis-
match repair, of which all of them recognize different
DNA damage lesions; however, all 3 of these path-
ways typically repair single-strand breaks [66]. Ho-
mologous recombination (HR) and non-homologous
end joining (NHE]) are the 2 primary mechanisms
in which cells repair DSB damage [67]. In the case
of DSB, both the parental and daughter strands of
DNA are severed, leaving either a clean break where
homologies are close in proximity to each other or
a larger DSB where sections of the DNA are either
missing or removed. HR relies on utilizing the over-
hanging strands of both strands of DNA to identify
the homologies and repair the damage in a relatively
error-free manner [68]. In the case where DNA dam-
age is so large and homologies/sections of DNA are
lost, NHE] will simply repair the DNA by trimming
and ligating the ends together; however, this will most
likely result in mutations, gene loss, chromosomal re-
arrangements, or other genomic alterations [69].

2.3 MRE11A in DSB repair

MREL11A, a critical protein in the MRN complex,
is crucial for both HR and NHE] pathways of DSB
repair. At both stalled replication forks and sites of
DSB damage, meiotic recombination 11 homolog 1 a
(MREI11A) protein forms a complex with Rad50 and
Nbsl called the MRN complex, orchestrating some of
the first responses in the DDR [70]. NBS1 is first re-
cruited to the site of DNA damage through the inter-
action with the cell cycle checkpoint protein Rad17
[71]. Once at the site of damage, MRN will recruit
and activate ATM and ATR for further downstream
DDR signaling [72]. Finally, activated ATM phos-
phorylates the mediator of DNA damage checkpoint
1 (MDC1) protein for continued amplification of the
signal and recruitment of additional MRN complexes
[73]. The intricacies of NHE] and HR repair differ in
proteins involved, both upstream and downstream;
however, the MRN complex and signaling activation
of ATM/ATR are present in both types of repair.

In NHE], DSBs are mended by DNA end-join-
ing with minimal processing. Within this process,
Ku heterodimer, consisting of both Ku70 and Ku80,
will bind at the DNA ends and recruit DNA-PKCs,
which are critical for phosphorylating various pro-
teins responsible for DNA end processing and li-
gation [74]. The initial DNA end resection requires
both the endonuclease and exonuclease activity of



the MRN complex, as well as other enzymes, such as
CtIP, PARP1, FENI, and DNA ligases I and III, for
the completion of repair or regulation of the process
via WRN or BLM helicase [75-77].

In HR, DSBs are extensively resected, specifically
creating 3’ ssDNA overhangs, which in turn prevent
NHE] [78]. MRE11A, within the MRN complex, will
initiate and license DNA resection through endonu-
clease activity by creating a nick for the exonuclease
activity to resect the DNA in a 3’ to 5’ direction [79].
At the nick, 5" to 3" nucleases such as EXO1 and he-
licases such as BLM or WRN will promote extended
resection away from the nick and create a 3’ overhang
of DNA [80]. This process creates the homologies
needed for homologous recombination and ultimate
DNA repair [77]. A schematic overview of DSB repair
pathways, highlighting the central role of Mrella, is
shown in Figure 2B.

2.4 Cellular function and regulation of PLK1

Polo-like kinase 1 (PLK1), an essential protein
in the regulation of the cell cycle, has been demon-
strated as highly upregulated in cancers [81-83].
Canonically, PLK1 is a key mitotic regulator where
it functions in regulating mitotic entry, centrosome
maturation, spindle assembly, APC/C regulation,
and cytokinesis [84]. Typically, transcriptional levels
of PLK1 are tightly regulated in G1 phase by tumor
protein P53, cyclin-dependent kinase inhibitor 1,
and retinoblastoma protein [85]. It has been reported
that p53 and p21 regulate the expression of PLK1 via
direct binding with PLK1, preventing its transcrip-
tion [86]. As evidence has grown demonstrating that
PLK1 may play a role in various cancer progression
and initiation, non-canonical functions of PLK1 have
been explored.

2.5 Regulation of MRE11A via phosphorylation by
PLK1

Generally, the phosphorylation of Mrella is es-
sential for progressing many critical functions of DSB
repair, as well as affecting cell cycle and chromosomal
rearrangement [87]. Mrella can be phosphorylated
by Cdk1 during mitosis, suggesting the necessity of
Mrella activation during the cell cycle [88]. Follow-
ing these implications, our lab sought to understand if
PLK1 also played a role in the regulation of MRE11A.
Through in vitro kinase assays, our lab was able to
demonstrate that PLK1 phosphorylates MREI1A at
S649 during G2 phase DNA damage recovery [89].
The network of PLK1-mediated regulation of Mrella
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and its impact on DDR is summarized in Figure 2C.
In addition, PLK1-meditated phosphorylation en-
hances the subsequent phosphorylation of MRE11A
at S689 by CK2, and these two phosphorylation
events drive premature checkpoint termination and
reduced DNA repair [89].

2.6 Thymic lymphoma as a model to observe chang-
es in DDR

As DNA DSB can be an effective means to in-
duce mutagenesis, various DNA damage inducers
are utilized in cancer therapies, particularly ionizing
radiation damage. In the treatment of carcinogene-
sis, scientists and clinicians have utilized ionizing
radiation (IR) to induce DNA damage as a means
of inducing apoptosis in cancer cells [90]. IR treat-
ments can be an effective means to treat carcino-
genesis; however, patients often experience severe
side effects, including secondary cancer formation
[91]. The current gold standard model in studying
the mechanisms of radiation-induced carcinogene-
sis utilizes a fractionated low-dose radiation expo-
sure treatment [92]. In addition to understanding
carcinogenesis mechanisms, it is also understood
that split low-dose irradiation is a reliable method
for the induction of thymic lymphoma [93]. One of
the benefits of utilizing the split low-dose irradia-
tion model in investigating DNA repair responses
to DNA damage is the ease with which disease pro-
gression can be monitored. In thymic lymphoma,
T cells developed in the thymus are normally in an
immature state, expressing CD8a and CD4 simul-
taneously [94]. Following release from the thymus,
mature T cells express either CD8a, CD4, or neither
in a normal system. In the case of thymic lympho-
ma, immature T cells, expressing CD8a and CD4
together, are found in circulation as an indicator of
disease progression [95]. These T cell changes are
normally in response to an accumulation of DNA
damage within the hematopoietic system, which is
indicative of an increased mutational burden and
a lack of DNA repair. Although thymic lymphoma
arises in a different tissue context, this model pro-
vides mechanistic insight into how defective DDR
signaling and DSB repair drive tumorigenesis. Be-
cause similar DDR alterations, including ATM dys-
function and impaired DSB repair, are observed in
advanced prostate cancer, findings from this model
offer translational insight into how disruptions in
proteins such as MRE11A and PLK1 may contribute
to genomic instability and therapy resistance in PCa.
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