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Androgen deprivation therapy (ADT) has been the mainstay of prostate cancer (PCa) treatment, with success in
developing more effective inhibitors of androgen synthesis and antiandrogens in clinical practice. However,
hormone deprivation and AR ablation have caused an increase in ADT-insensitive PCas associated with a poor
prognosis. Resistance to ADT arises through various mechanisms, and most castration-resistant PCas still rely on

the androgen axis, while others become truly androgen receptor (AR)-independent.

PCa AR ADT TLK1 Signaling

| 1. Introduction

Androgen steroid hormones play a crucial role in PCa by binding to the AR and triggering a specific oncogenic
transcriptional program @, This understanding has been exploited for years to manage the disease’s initial or
recurrent metastatic spread after surgery or radiotherapy. Despite the temporary effectiveness of hormone-
deprivation therapies and anti-androgens in halting tumor growth, most patients eventually develop resistance and
progress to the incurable phase of mCRPC REIEBIMEl (Figure 1). However, targeting PCa cells early before
progressing to mCRPC can significantly improve outcomes € (Figure 1). This can be achieved by the selective

intervention of the AR-dependent and independent compensatory pathways that drive mCRPC development [IEIE],

Recent more potent inhibitors of AR signaling (abiraterone, enzalutamide, apalutamide, and darolutamide)
demonstrate some benefits for castration-resistant PCa (CRPC) patients, highlighting the critical role of AR
signaling 19, CRPC cells adapt to low androgen levels through AR gene mutations and amplifications (111, resulting
in constitutively active splice variants that directly regulate the expression of DNA repair genes [12J13I[14][15][16] |
addition, the upregulation of coactivators 27118 and androgen-producing enzymes within the tumor contributes to
AR signaling persistence in CRPC, making the disease drug refractory (18119 The complex and multifaceted nature
of the mechanisms driving CRPC development and progression makes it challenging to identify effective therapies.

Consequently, searching for successful CRPC treatments continues to pose a significant obstacle in PCa research.

https://encyclopedia.pub/entry/46607 1/11



Clinical Signs of Androgen Receptor-Negative Disease | Encyclopedia.pub

Time Course of Prostate Cancer Progression

Death

2nd generation
Antiandrogen

Relapse 1 l

< Androgen deprivation
iR gy 0T frrrind
= Radiati ! i.e. 1st generation
c adiation } :
] Antiandrogen :
o :
B '
E | 'CRPC
= :
e :
E
- Hormone sensitive
6 12 18

Months
Death

Relapse 1

?,‘, Local therapy 2nd generation Antiandrogen+J54 |

Q [ e Surgery, " Inhibitor of TLK1-NEK1-YAP-CRPC !

c Radiation : :

)

o

B

2 }

m

1

)

£

2

Hormone sensitive :
6 12 18
Months

Figure 1. Progression and recurrence of prostate cancer measured biochemically (PSA). Created with

BioRender.com.

In recent years, researchers' laboratory has discovered that the DNA damage and response (DDR) kinase TLK1
plays a vital role in facilitating the adaptation of PCa cells to ADT (Figure 2). Initially, TLK1 promotes a cell cycle
arrest by activating the TLK1-NEK1-ATR-Chk1l kinase cascade, preventing PCa cells from entering the cell cycle
when faced with unfavorable growth conditions during androgen deprivation 29211221231 Thjs arrest is a protective
measure to halt replication due to the lack of androgen. Furthermore, TLK1 helps reprogram PCa cells to adapt to
androgen-independent growth, which is crucial for developing CRPC. This reprogramming occurs through the
NEK1-YAP/AR-CRPC conversion pathway, allowing the cells to adapt and survive with limited androgen
stimulation 241231, TLK1 also exhibits a significant anti-apoptotic role by regulating the NEK1-VDAC1 pathway,
which modulates intrinsic mitochondrial apoptotic signaling when the DDR is activated 28], This regulation helps
prevent cell death and enhances the survival of PCa cells. Additionally, researchers' recent findings have revealed
the essential role of TLK1 in promoting motility and metastasis. TLK1 indirectly regulates the kinases MK5/PRAK
and AKT’s activity through AKTIP 24, These regulatory mechanisms contribute to the increased motility and
metastatic potential of PCa cells and therapy resistance.
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Multiple Roles of TLK1 in Prostate Cancer Biology
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Figure 2. TLK1 plays multiple crucial roles in prostate cancer progression and therapy resistance. Here, the
various mechanisms by which TLK1 contributes to these processes are described. (1) ADT triggers the activation
of mMTORC1, which activates 4EBP1, causing the release of elF4E. Excess elF4E initiates the translation of
TLK1B. (2) TLK1/1B, once produced, activates NEK1 by phosphorylating it at T141. Activated NEK1 activates the
ATR-Chk1l DDR signaling cascade. The activation of DDR promotes DNA repair, which aids in the resistance to
DNA-damaging therapeutic agents. (3) Through TLK1-NEK1 signaling, YAP is phosphorylated on Y407 and T493
residues, stabilizing it. This phosphorylated YAP binds to TEAD or other transcription factors (TF) and relocates to
the nucleus, evading proteasomal degradation. The accumulation and stabilization of YAP contribute to the
progression of CRPC and resistance to drugs. (4) The TLK1-NEK1 axis also plays a role in phosphorylating
VDACL1 at S193, which helps maintain the integrity of the mitochondrial membrane and inhibits intrinsic apoptotic
signaling. (5) TLK1 directly phosphorylates AKTIP on T22 and S237 residues, activating AKT. This activation of
AKT promotes pro-survival and pro-migratory signaling. (6) TLK1 also interacts with and phosphorylates MKS5,
enhancing its catalytic activity towards HSP27, a substrate of MK5. This increased activity of MK5 leads to

enhanced prostate cancer cell migration, invasion, and metastasis. Created with BioRender.com.

Recognizing TLK1 as a pivotal contributor to PCa’s ability to adapt to ADT, promote growth with minimal androgen
stimulation, evade apoptosis, and facilitate cell motility and metastasis offers a hopeful foundation for the ongoing

guest for potential treatments. By focusing on TLK1 and its related pathways, researchers can develop innovative
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strategies to delay or halt the progression of PCa to the incurable mMCRPC stage. Therefore, researchers' endeavor
to comprehend the biology of TLK1 represents a particular initiative to comprehensively understand PCa and

identify appropriate therapeutic options for clinical trials.

2. Progression of PCa to AR-Negative Lethal Disease:
Understanding the Implications

Recent advancements in inhibiting AR signaling, mainly through potent AR-targeted therapies, have resulted in a
concerning trend of metastatic PCas transforming into AR-negative diseases. This change renders these tumors
unresponsive to inhibition of the AR signaling pathway. While AR-negative disease is uncommon in untreated
patients, its incidence has been rising in individuals receiving AR-targeted therapies 28 a trend expected to
continue as these treatments become more widespread across various stages of the disease. A study conducted
by Bluemn et al. revealed that the proportion of AR-negative tumors in patients with mCRPC significantly increased
from 11% (1998-2011) to 36% (2012-2016) following the introduction of potent AR-targeted therapies like
enzalutamide and abiraterone [28 Although there is currently no available data, it is plausible that even the
utilization of highly effective small-molecule AR degraders entering clinical trials could further elevate the
percentage of AR-negative mCRPC [22[39][31],

Treatment options for AR-negative PCa, specifically the subtype with neuroendocrine differentiation, are still
uncertain due to a lack of consensus. Diagnosing therapy-induced AR-negative disease is challenging as it
requires assessing current tumor tissue. The recommended approach for confirmed AR-negative disease with
neuroendocrine differentiation is a platinum-based regimen, similar to treatments for other neuroendocrine small
cell carcinomas. However, the response rates to combinations of cisplatin and carboplatin with docetaxel or
etoposide are relatively high but not long-lasting 2233341 As a result, the prognosis for patients is poor, with
average survival ranging from 12 to 36 months 2333361 Therefore, it has become crucial to comprehend the

occurrence of AR-negative PCa, which presents an urgent clinical need in the field.

| 3. Clinical Signs of AR-Negative Disease

During the progression of PCa, the loss of AR expression is accompanied by significant alterations in cellular
differentiation, forming part of a more extensive cellular rewiring process 4. This shift leads to the emergence of
diverse subtypes of AR-negative PCas, each displaying distinct cellular characteristics. Identifying and
distinguishing these subtypes based on morphological and molecular traits can be challenging, as some tumors
may exhibit different features and gradual changes within a single nodule 28, Consequently, the classification of

AR-negative PCas remains a significant hurdle in the field.

Neuroendocrine PCa (NEPC), also known as small cell PCa, is a significant subtype among AR-negative tumors
(381391 Neuroendocrine and basal-like proteins characterize it, while the expression of luminal and epithelial

markers regulated by the AR is diminished 8. NEPC exhibits a spectrum of histological features, ranging from
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well-differentiated neuroendocrine tumors to highly aggressive cancers with small cell morphology “9. Interestingly,

there are also rare histological subtypes that show squamous differentiation 41,

Newer functional analyses have demonstrated that NEPC typically originates from an AR-positive adenocarcinoma
through transdifferentiation. Zou et al., in lineage-tracing mouse model studies, showed that the neuroendocrine
features arise from the transdifferentiation of luminal cells 42 Inactivating the p53 gene increased the expression
of neuroendocrine markers and reduced the response to abiraterone. Using a YFP tracer under the control of the
Nkx3.1 luminal-specific promoter, the study revealed that almost all tumors with neuroendocrine markers also
expressed YFP, providing evidence of their luminal-epithelial origin. Additionally, androgen-sensitive prostate
adenocarcinoma cells have been observed to undergo neuroendocrine differentiation in an androgen-depleted cell
medium, suggesting that castration actively promotes the development of NEPC [43. The emergence of the
neuroendocrine phenotype is partly due to the suppression of AR expression, as AR increases the expression of
the neuronal transcription factor BRN2 44, AR can directly suppress BRN2 expression, and BRN2 can modulate
the activity of SOX2, a key driver of cellular plasticity [44. Recent cancer genomics studies have also supported
transdifferentiation, as NEPC often exhibits genetic alterations reminiscent of AR-dependent CRPC. These include
highly recurrent AR mutations and TMPRSS2-ERG gene fusions 384314611471 |t js worth noting that these
TMPRSS2-ERG gene rearrangements activate the transcriptional program regulated by YAP1 and that prostate-
specific activation of either ERG or YAPL1 in mice induces similar transcriptional changes and results in age-related
prostate tumors 2448491 These findings further emphasize the significance of targeting the TLK1-NEK1-YAP
pathway during early adaptation to ADT.

Recent findings have revealed a connection between the activation of Wnt/p-Catenin signaling and the presence of
AR-negative disease. This connection is established through the involvement of specific genes regulated by Wnt/[3-
Catenin, namely FOXA2, and MYCN, which promote the process of neuroendocrine transdifferentiation BAB1I5253]
B4l | aboratory experiments conducted on PCa cells have indicated that the presence of active B-Catenin leads to
an increase in the production of neuroendocrine-specific proteins like NSE and chromogranin A B2, Interestingly,
inhibiting Wnt/B-Catenin signaling has decreased neuroendocrine transdifferentiation in laboratory settings (22,
Additionally, the upregulation of Wnt-11 has been observed in NEPC, and it has been functionally linked to the
transdifferentiation process in vitro (28],

A recently identified subtype of AR-negative PCa, the double-negative subtype, has become more prevalent in
recent years. This subtype, which lacks AR and neuroendocrine markers, has shown a strong association with the
use of newer AR pathway inhibitors [28. Its occurrence has increased from 5% to over 20% in the past decade,
making it one of the most common types of AR-negative PCa 28, The growth of these double-negative tumors is
supported by heightened autocrine FGF signaling, which activates the MAPK pathway and contributes to their
proliferation 281, Consequently, these cancer cells exhibit sensitivity to pharmacological inhibition of FGF and

MAPK signaling.

A newly discovered subtype of mMCRPC has been linked to the loss of chromodomain helicase DNA-binding protein

1 (CHD1). When CHD1 is deficient, cancer cells undergo significant changes in their chromatin structure, making
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them resistant to enzalutamide B4, These resistant tumors often exhibit higher glucocorticoid receptor (GR)
expression, leading to sustained signaling that promotes drug resistance. However, inhibiting GR in the presence
of CHD1 deficiency can restore sensitivity to enzalutamide B2, indicating that increased GR activity is crucial in

developing resistance to this drug.

Labrecque et al. recently identified five mCRPC subtypes based on AR and neuroendocrine marker RNA
expression patterns. These subtypes include tumors with high AR expression (ARPC), low AR expression
(ARLPC), tumors expressing both AR and neuroendocrine markers (AMPC), tumors lacking both AR and
neuroendocrine markers (DNPC), and tumors exhibiting small cell and neuroendocrine features without AR
expression (SCNPC) B8 Although progress has been made, further research is needed to understand the
similarities and differences among these AR-negative subtypes regarding clinical characteristics and potential
treatment options. This will require collaborative efforts from multidisciplinary teams, the integration of molecular
biomarkers, and precise patient selection, as highlighted in a recent workshop sponsored by the National Cancer
Institute (NCI) B2,

The subtypes mentioned earlier are only sometimes distinct from each other and can change over time 28, They
likely represent stages of a continuous process where cancer cells lose their specialized characteristics, acquire
stem cell-like properties, and eventually become independent of and resistant to AR signaling 2869[61]
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