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Intermittent androgen therapy in prostate cancer reveals the 

pro-apoptotic roles of androgen/androgen receptor: an 
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ABSTRACT 

For the treatment of advanced prostate cancer, either castration alone or in conjunction 

with androgen ablation is a crucial therapeutic strategy. Patients initially respond 

favorably to the treatment but eventually reach a hormone-resistant stage known as an 

androgen refractory tumor, which has an aggressive propensity to spread. Changes in 

the control of apoptotic pathways have been linked to this development towards 

androgen unresponsiveness. Reduction in apoptosis sensitivity or elevation in resistance 

to it seems to be a significant indicator of oncogenic transformation that cannot be 

treated. Resuming androgen levels after intermittent androgen therapy has been 

proposed to change tumor cells' growth behavior and make them more sensitive to pro-

apoptotic drugs. This review offers an overview of the current understanding of the 

therapeutic benefits of androgen/androgen receptor-induced apoptotic induction. It also 

sheds light on the implications of activating novel apoptotic pathways in prostate cancer 

cells with regard to resistance targeting.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

With its high death rates, prostate cancer is among the most serious illnesses 

worldwide [1,2]. Millions of men are impacted by this disease each year, making it the 

second cause of cancer-related mortality in the United States, with an annual incidence 

of 300,000 cases [3]. The majority of prostate malignancies are treated with androgen 

deprivation therapy (ADT) as a cornerstone [4]. But after a short while, the tumor often 

returns in a more aggressive form, leading to the development of androgen-

independent prostate cancer (AIPC) [5]. A change in the apoptotic pathways has been 

suggested as the most likely mechanism for the advancement of AIPC [6]. Thus, it 

would be interesting to investigate and comprehend how androgen/androgen receptor 

(A/AR) signaling cascades induce apoptotic pathways in prostate malignancies. 

The regulation of gene expression is facilitated by the ligand-activated transcription 

factor known as the androgen receptor (AR) [7]. AR is composed of various domains 

both structurally and functionally. The C-terminus's ligand-binding domain (LBD) is 

where androgen binding occurs. The N-terminal domain (NTD) is where the 

transactivation activity of AR mainly takes place, and the DNA-binding domain (DBD) 

is where functional dimerization and recognition of Androgen Response Elements 

(AREs) take place [8-11]. AR is prevented from binding DNA and rendered inactive in 

the cytosol prior to ligand binding by its interaction with heat shock proteins. The 

androgen receptor undergoes a transformation upon binding its ligand, releasing it 
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from the heat shock proteins and allowing it to be translocated into the nucleus. There, 

it binds DNA as a homodimer on AREs, forming a variety of complexes with the basal 

transcription apparatus to control the expression of different genes involved in the 

growth, differentiation, and apoptosis of prostate cells [12,13]. 

Homeostasis is developed and maintained in large part by the process of controlled cell 

death known as apoptosis. Genetic and epigenetic changes are linked to cancer cells' 

ability to evade apoptosis [14]. One of the key stages in the development of tumors is 

abnormalities in the apoptotic signaling pathways [15]. It is clear that compromised 

apoptosis increases prostate cancer cells' resistance to many types of treatment [16]. 

During intermittent androgen therapy (IAT), alterations in the growth behavior of 

tumor cells are linked to the restoration of androgen levels [17]. Early on, intermittent 

androgen therapy increases the propensity of cancer cells to undergo apoptosis and 

preserves some degree of differentiation through regeneration [18,19]. These altered 

behaviors may increase their androgen reliance, which could postpone the onset of 

hormone-independent cancer while minimizing damage and enhancing response to 

treatment drugs [18, 20, 21]. 

Reduced expression of AR led to increased kinase activity and Ca2+/calmodulin-

dependent protein kinases II (CaMkII) gene expression. This caused the PI3k/Akt 

pathway to become activated, which in turn caused apoptosis to be evaded [19]. It has 

been proposed that androgen deprivation eliminates their growth-inhibiting function 

[22]. Research has demonstrated that giving androgen to castrated mice has the ability 

to change androgen-independent prostate cancer into an androgen-stimulated form [23]. 

In order to replace malfunctioning apoptotic pathways and treat prostate cancer, 

androgen therapy can be viewed as a therapeutic strategy. This could slow the disease's 

progression and incidence [24]. The data reported in this review indicate that medicines 

that enhance apoptosis may be able to further enhance the apoptotic tendency of tumor 

cells, which may be the case when using IAT instead of ADT in the treatment of 

prostate cancer [25–27]. 

 

METHODS 

The material was gathered using the keywords "androgen on prostate cancer" and 

"androgen on apoptosis" from published online research databases (1979–2023), 

including PubMed and Google Scholar. The Microsoft PowerPoint was used to 

generate the figures. 

 

APOPTOTIC ROLE OF A/AR IN PROSTATE CANCER CELL MODELS 

Different levels of AR expression, ranging from low (PC-3(AR)13) to high (PC-3(AR)10), 

were observed in a variety of PC-3 clonal cell lines transfected with a cytomegalovirus 

(CMV) promoter [28]. It revealed a relationship between the androgenic effect on 

growth inhibition and the expression level of AR [29]. AR negative cell lines, PC-3(AR) 

cells [30,31], and DU145 [32,33] were similarly shown to have an apoptotic response 

upon stable transfection with AR in the presence of androgens [30,34]. LNCaP-derived 

sublines, including MOP [19], R2 [32], 104-R [33], ARCaP [35], and LNCaP-LNO cells 

[36], demonstrated decreased cell cycle progression with an elevated apoptotic index 

when treated with androgens [22]. These results demonstrated the relationship between 

AR expression and growth inhibition in various cell lines. 
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The differentiation effects of androgen to cause apoptosis were proven by stable 

transfected AR in the non-tumorigenic cell line HPr-1 [37]. When treated with 

androgens, it demonstrated growth arrest between the G1 and S phases with a more 

differentiated morphology in the HPr-1AR cell line as compared to HPr-1[37]. 

Nevertheless, the androgenic growth suppressive action was totally eliminated by pre-

treating these cells with anti-androgens such as hydroxyflutamide (HF), indicating a 

potential communication between the apoptotic signaling cascade and AR/A [37]. 

Therefore, evaluating the molecular and cellular interactions of A/AR in different PCa 

cell lines (Table 1) is crucial in order to have a better knowledge of apoptotic induction 

in prostate cancer. This will undoubtedly hold great promise in the creation of efficient 

therapeutic approaches. 

 

Table 1. The role of A/AR in apoptosis of prostate cancer in cellular models. 

Prostate cell lines Treatment Time Molecular mechanisms Ref. 

PC-3(AR)13 1 nM DHT 6 days ↓ cell cycle, ↓ G1 to S, ↓ G2M [30] 

PC-3(AR)2 0.1 nM, 1nM, 10  nM DHT 3-6 days ↓ Akt/PI3K, ↓ cell cycle, ↓ G1 to S, ↓ G2M [38] 

104-R1, 104-R2 0.1 nM, 1nM, 10  nM R1881 6 days ↑ Bax, ↓ Bcl-2, ↑ p27, ↓ c-myc, [39] 

DU-145 (AR-RB) 10 nM DHT 1 day 
↑RB, ↑Bax, ↓Bcl-2, ↑p27, ↑p21, ↑Casapase-

3 

[40] 

LNCaP, LNCaP-

RelAp65 
10 nM DHT and 1nM TPA 

2 days & 

1 day 
↑IkB, ↓ NF-kB, ↑JNK, 

[41] 

HPr-1AR 5-10 nM Mibolerone 2-3 days ↑p21, ↑ p27, ↓ c-myc, ↓ Bcl-2 [42] 

DHT: Dihydrotestosterone. R1881: Methyltienolone (sysnthrtic andrgen), TPA: Tetradecanoylphorbolacetate   

 

ANDROGEN/AR-MEDIATED MOLECULAR TARGETING OF APOPTOSIS 

This section summarized various mechanisms of apoptosis, including the direct 

mechanism of A/AR induces apoptosis (Figure 1) and the indirect mechanism of A/AR 

induces apoptosis (Figure 2). 

              

Figure 1. The direct mechanism of A/AR induces apoptosis. BRCA 1 is a Tumor suppressor coregulator in androgen-

induced apoptosis. BRCA1 stimulates AR transactivation activity by binding directly with AR through two intact 

pockets within the BRCA 1. This binding is ligand-dependent. BRCA1 can lower the number of cells and raise the 

proportion of dead cells. BRCA1 can form an important link between androgens/AR for the activation of AR target 

genes (such as p21) involved in cell cycle control and cell death. Upregulation of p21 in an A/AR-dependent manner 

enhances the apoptotic response in prostate cancer cells. Retinoblastoma protein (RB) suppresses tumor growth by 

regulating cell cycle progression. BRCA1 binds preferentially to the hypophosphorylated form of RB and the growth-

suppressive phenotype of BRCA1 depends on the presence of a functional RB protein. The transactivational activity 

of AR and the intact pocket domains of RB are critical determinants for the synergistic functional interaction between 

AR and RB to induce apoptosis in prostate cancer. RB can only suppress tumors when it is in its active, 

hypophosphorylated form. Androgens are known to activate RB by inhibiting its phosphorylation at serine 780 

(Ser780) and serine 795 (Ser795). 
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Figure 2. The indirect mechanism of A/AR induces apoptosis. Androgens increase and enhance steady p27 levels, 

also called cyclin-dependent kinase inhibitor 1B (Cip/Kip 1), through specific modulation of its degradation by SKP2 

(Androgens in an AR-dependent manner downregulate SKP2 levels. Elevation of p27 expression in positive AR 

prostate cancer cell lines by androgens led to reduced cell proliferation. Androgens, at concentrations that inhibit cell 

growth, suppress c-myc activity in some AR-dependent cell lines. Androgenic control of c-myc levels can be 

considered a probable mechanism in p27 up-regulation. Bcl-2–associated X protein (Bax), Bcl-2 to Bax ratio in 

prostate cancer can be an important factor in determining the sensitivity to Bax-induced cell death, Androgens have 

been shown to reverse this ratio in favor of Bax by downregulating the levels of Bcl2. Up-regulation and modulation 

of protein kinase C delta (PKCδ) by androgens in an AR-dependent manner serves as a crucial factor in determining 

the apoptotic response in prostate cancer. Protein kinase C alpha (PKC-α) can induce apoptosis in LNCaP cells by 

inactivating the survival factor, Akt through modulation of its phosphorylation. upregulation of PKCα by androgens 

can lead to reduced Akt activity with progression towards cell death. The inhibition of the Akt/PI3k pathway and 

modification of caspase 8 activity downstream of the death-inducing signaling complex (DISC) underlie TRAIL-

dependent stimulation of apoptosis. Androgen ablation in the presence of a PI3k/Akt inhibitor made them resistant 

to TRAIL treatment. Sensitivity of the cells to TRAIL-induced apoptosis was completely restored in the presence of 

androgens, suggesting that androgens potentiate the capacity of TRAIL to induce DISC formation which in turn 

upregulates the expression level of TRAIL R1 and TRAIL R2 conferring them to susceptible to apoptosis. TNF-α and 

TRAIL are also known as death receptors. When supplemented with androgens demonstrated sensitivity to TNF-α 

induced apoptosis. AR in a ligand-dependent manner was shown to decrease this resistance by up-regulating TNF-α 

expression and suppressing NF-kB activity to reduce cell sensitivity to TNF-α mediated apoptosis. Androgens 

downregulate NF-kB levels by down-regulating IκB kinase (IKK) expression and reducing the phosphorylation of 

the IkBα protein. This in turn reduces NF-kB's constitutive activity in prostate cancer and its transfer to the nucleus 

and an increase in the JNK activity, and JNK activation contributes to an increase in caspases 3 to induce apoptosis 

and   Bcl2 inactivation. Androgenic suppression of Bcl-2 expression could involve E2F, androgens/AR down-regulate 

E2F1 protein levels and decrease the binding of E2F1 to the promoter site in bcl2. As a result, decreasing bcl2. 

 

Retinoblastoma protein  

Retinoblastoma protein (RB) controls the course of the cell cycle to prevent tumor 

growth through processes including apoptosis and differentiation [43]. RB 

overexpression in LNCaP cells has been shown to be linked to apoptosis [44]. It was 

discovered that tumors lacking in RB alone did not grow as well in castrated mice with 

decreased RB levels [45], suggesting a potential relationship between RB and AR. RB's 

activation of AR requires the ligand, even though binding has been shown to be ligand-

independent [46]. The synergistic functional relationship between AR and RB to trigger 

apoptosis in prostate cancer is largely dependent on the transcriptional activity of AR 

and the intact pocket domains of RB [40]. A considerable increase in AR transcriptional 

activity was seen in a study using co-transfected Rb and AR in DU-145 cells (lacking 
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both AR and RB). This was followed by the development of a mitochondrial-dependent 

apoptotic pathway when androgen was added to the medium [40, 46]. The 

phosphorylation and dephosphorylation states of RB may be a mechanism tying the 

functional connection between RB and A/AR [46]. Rb can only suppress tumors when it 

is in its active, hypophosphorylated form [47]. Through the upregulation of CDKIs, 

androgens are known to activate RB by inhibiting its phosphorylation at serine 780 

(Ser780) and serine 795 (Ser795) [48]. Consequently, a poor treatment response is 

associated with the disruption of Rb function that is seen during androgen deprivation 

[49]. These findings highlight the significance of the synergy between RB and AR in 

tumor suppression 

 

Bcl-2–associated X protein  

A proapoptotic member of the Bcl-2 family, Bcl-2-associated X protein (Bax), induces 

apoptosis via an intrinsic mechanism [50]. Bax sensitizes the cells to numerous stimuli 

that induce cell death in addition to its role as a tumor suppressor in prostate cancer [51, 

52].  In order to cause cell death, the androgen receptor stimulates the translocation of 

Bax and its interaction with its targets in the outer mitochondrial membrane in a 

ligand-dependent manner [53]. Bax sensitizes the cells to numerous stimuli that induce 

cell death in addition to its role as a tumor suppressor in prostate cancer [52, 54].  To 

cause cell death, the androgen receptor stimulates the translocation of Bax and its 

interactions with additional molecules in the outer membrane of the mitochondria in a 

ligand-dependent manner [53]. By creating heterodimers with Bax, Bcl-2 blocks the 

intrinsic pore-forming activity of Bax, which may be the source of its pro-apoptotic 

actions [55]. Therefore, in prostate cancer, the Bcl-2 to Bax ratio plays a significant role 

in regulating the sensitivity to Bax-induced cell death [56]. It has been demonstrated 

that androgens can change this ratio in Bax's favor by lowering Bcl-2 levels. The Bcl-2 

pathway is covered in greater detail later in this article. Despite the androgen absence, 

AR can cause Bax-mediated apoptosis via a non-genotropic effect, but androgen is 

required to make the cells more sensitive to Bax's apoptotic effects [53, 57, 58]. This 

impact was mediated by the transcriptional activity of AR triggered by androgens, 

which was eliminated when AR expression in AR-positive LNCaP 104-R1, 104-S, and 

CDXR cells was suppressed by employing AR siRNA [59]. Simultaneously, the resistant 

PC-3 cells were rendered susceptible to Bax-induced death by transfection of AR 

expression [57-60]. 

  

p27 (Cip/Kip 1) 

Additionally, known as cyclin-dependent kinase inhibitor 1B (Cip/Kip 1), p27 functions 

as a tumor suppressor by inducing differentiation and inhibiting the cell cycle [61]. A 

reduction in the level of p27 expression was seen in most cases of advanced prostate 

cancer and androgen-refractory prostate cancer [39, 62]. Studies have shown a 

correlation between the elevation of p27 expression in these cells and the androgenic 

reduction of 104-R1 and 104-R2 proliferation [63]. Androgens have been shown to 

produce a long-lasting increase in p27 levels, even at low dosages [64]. A successful cell 

cycle exit has been associated with androgens' enhanced p27 levels [65]. Studies have 

revealed that the level of p27 in prostate cancer cells is mainly regulated by the 

ubiquitin-proteasome system by means of the ubiquitin ligase SCF (SKP1/F-box) SKP2 

complex [66, 67]. Androgens specifically modulate the degradation of p27 by SKP2, 

which in turn raises and stabilizes its levels [68]. Androgens inhibit SKP2 levels in an 

AR-dependent manner, which stops SKP2 from ubiquitylating and degrading 

http://www.bsmiab.org/jabet


306 

 

www.bsmiab.org/jabet 

 

Altuwaijri et al., J Adv Biotechnol Exp Ther. 2025 May; 8(2): 301-315 

phosphorylated p27 at Thr187 [67, 69, 70]. Nevertheless, SKP2 overexpression is 

sufficient to overcome androgen-induced G1 block but can override androgen-induced 

p27 accumulation and facilitate entrance into the S phase [71]. 

Another plausible mediator of the androgen-regulated p27 is c-myc [72]. Research has 

shown that c-myc overexpression increased p27 proteolysis and reduced p27's cell 

cycle-inhibiting effect [73- 75]. Androgens at levels that inhibit cell development in 

some AR-dependent cell lines decrease c-myc activity, suggesting that the androgenic 

control of c-myc levels may account for a significant portion of p27 up-regulation [39, 

76]. 

 

P21  

p21 (WAF1/CIP1) is a member of the CDK inhibitors and has been identified as an AR 

target gene [77-79]. Several studies have demonstrated that p21 induces an apoptotic 

effect in prostate cancer [39]. This was noted in PC-3 (AR2) cells [30], 104-R2 cells [80], 

and AR-positive LNCaP-fast growth colony (FGC) cells [81], but not in AR-negative 

PC-3 cells [82], indicating AR involvement. By selectively binding AR to the consensus 

ARE, which is situated at the -200 bp in the proximal segment of the p21 promoter, 

androgens have been demonstrated to raise the levels of p21 transcription [82]. 

Furthermore, research has demonstrated that the androgenic increase of p21 expression 

is mediated by the formation of a complex between AR and Specificity Protein 1 (SP1), 

particularly the SP1-3, which is situated in the p21 promoter [83]. It is hypothesized that 

prostate cancer cells' apoptotic response will be strengthened by this p21 

overexpression, which is dependent on A/AR. 

 

Breast cancer susceptibility gene 1  

In addition to its role as a tumor suppressor [84, 85], breast cancer susceptibility gene 1 

(BRCA 1) 1 is a key regulator in androgen-induced apoptosis. Previous studies 

have shown that BRCA 1 stimulates AR transactivation activity by binding directly 

with AR through two intact pockets within BRCA 1. It is revealed that this binding is 

ligand-dependent. It has been noted that while DHT or BRCA 1 by themselves can 

lower the number of cells, their simultaneous addition can raise the proportion of dead 

cells [84–87]. This impact was seen in DU145, PC-3, and LNCaP cells that had been 

stably transfected with AR and BRCA 1 [84, 88]. By serving as a link between 

androgens/AR and RNA polymerase I (transcriptional machinery), BRCA 1 is crucial in 

mediating the activation of AR target genes, such as p21, that are involved in cell cycle 

regulation [84, 89]. 

 

Protein kinase C  

Different cellular responses are known to be regulated by pro-apoptotic Protein Kinase 

C (PKC) isoenzymes. Protein kinase C delta (PKCδ) is one member of the PKC family 

that has been demonstrated to cause apoptosis in cells [90-92]. In the presence of 

androgen, it is hypothesized that AR binds to the ARE, which is situated at 4.7 kb of the 

human PKCδ gene promoter, to upregulate PKCδ mRNA and protein levels in prostate 

cancer cells [93]. Significantly, lower levels of PKCδ are observed in LNCaP under 

androgen deprivation or castration, which is accompanied by the development of 

resistance to therapies that induce apoptosis [94]. To make androgen-dependent 

prostate cancer cells more susceptible to PKC's activation of apoptosis, an androgenic 
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pretreatment is therefore necessary. Thus, it is possible to speculate that one of the main 

factors influencing the apoptotic response in prostate cancer is the up-regulation and 

modulation of PKCδ by androgens in an AR-dependent way. 

 

TRAIL and TNF-α receptors 

TRAIL and TNF-α, popularly referred to as death receptors, are members of the TNF-R 

family. When activated by a ligand, these receptors cause either cell division, 

proliferation, or apoptosis [60, 95]. TNF-α threshold levels are a decisive factor in cell 

cycle control [60]. TNF-α induces apoptosis at greater levels, whereas at lower levels it 

activates the NF-kB pro-survival pathway to inhibit apoptosis [96]. Androgens, in 

addition to the androgen-dependent cell lines LNCaP and CWR22RV1, made them 

more susceptible to TNF-α-induced apoptosis [97]. However, without androgens, the 

AR-expressing cells became less sensitive. Conversely, even with the testosterone 

supplementation to the media, the androgen-independent cell lines PC-3, DU145, and 

JCA-1 demonstrated insensitivity to TNF-α-induced apoptosis [98, 99].  One theory was 

that this resistance resulted from low levels of TNF stimulating anti-apoptotic genes 

triggered by NF-kB [98]. It was demonstrated that AR might lessen this resistance in a 

ligand-dependent fashion by upregulating TNF-α expression and inhibiting NF-kB 

activity, which would increase the sensitivity of cells to TNF-α-mediated apoptosis 

[100]. Thus, androgens can affect TNF-α mediated apoptosis. 

Tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) is a member of 

the TNF superfamily that may inhibit cancer [101-103]. It has been demonstrated that 

agonistic antibodies targeting TRAIL receptors exhibit strong anti-tumor action by 

inducing apoptosis in mouse xenograft models [104]. The inhibition of the Akt/PI3k 

pathway and modification of caspase 8 activity downstream of the death-inducing 

signaling complex (DISC) underlie TRAIL-dependent stimulation of apoptosis [101, 

105]. Research has shown that androgen ablation in the presence of a PI3k/Akt inhibitor 

made them resistant to TRAIL treatment [106]. This resistance was linked to lower 

levels of TRAIL-R1 and TRAIL-R2 in PCa as well as the inability to produce TRAIL-

DISC in the absence of androgens [107]. However, in the presence of androgens, the 

cells' sensitivity to TRAIL-induced apoptosis was fully restored, indicating that 

androgens enhance TRAIL's ability to cause DISC formation [108]. This, in turn, 

increases the expression of TRAIL R1 and TRAIL R2, making the cells more susceptible 

to apoptosis [109]. Consequently, it is possible that sensitivity to TRAIL may improve 

treatment and, in turn, the clinical management of prostate cancer by combining anti-

cancer therapy with androgens. 

 

Epidermal growth factor 

According to reports, individuals with elevated levels of the epidermal growth factor 

receptor (EGFR) exhibit a decreased AR staining index and a heightened likelihood of 

recurrence [110, 111]. Research has shown that AR modifies EGFR's phosphorylated 

state and signaling in response to EGF [112-114]. By decreasing the tyrosine 

phosphorylation of the β4 subunit of integrin α6β4 in PC-3 AR cells, AR reduced the 

co-localization between EGFR and integrin α6β4v in a ligand-dependent manner. This 

resulted in a less malignant and more differentiated phenotype in androgen-sensitive 

prostate cancer cells as well as those transfected with AR [110]. According to recent 

research, AR inhibits EGFR tyrosine kinase activity by interacting with plasma 

membrane-associated proteins involved in EGFR signaling, including caveolin-1 and 
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the proto-oncogene tyrosine-protein kinase (Src kinase) family [115]. Furthermore, it 

has been demonstrated that androgens lessen PC-3AR cells' internalization of EGFR, 

which lowers the amount of active EGFR inside the cells [113, 115, 116]. All of these 

results suggested that the deregulation of growth factor signaling pathways in prostate 

cancer may lead to new and promising therapeutic targets. 

 

C-myc   

Numerous studies have reported that an increase in c-myc expression during the early 

stages of prostate cancer stimulates antiapoptotic genes that contribute to the disease's 

aggressiveness [117, 118]. It has been shown that the AR, reduces c-myc 

expression levels in 104-R1 and LNCaP cells in a ligand-dependent manner, resulting in 

a more differentiated phenotype with an increase in apoptotic indicators [119, 120].  

Research findings indicate that castrated rats treated with anti-androgen had higher 

levels of c-myc mRNA than uncastrated rats or those administered with androgen [121]. 

Further research is required to determine whether AR binding to its putative binding 

site in the c-myc gene's first intron controls the expression of the gene and whether this 

binding can change the rate at which AR regulates the c-myc transcriptional pathway 

[119]. 

 

Nuclear factor kappa B  

It has been reported that nuclear factor kappa B (NF-kB) induces the expression of 

target genes that contribute to tumor progression. These genes include immuno-

regulatory, inflammatory, and antiapoptotic genes as well as genes that regulate cell 

proliferation [122]. Adverse crosstalk between the AR and NF-kB pathways has been 

suggested by the continuous activation of NF-kB reported in the androgen-resistant 

DU-145, PC-3, and Du-Pro cell lines, and the extremely low activity of NF-kB observed 

in the androgen-responsive LNCaP cells [123-127]. It has been proposed that NF-kB 

excessive expressions shield LNCaP-RelAp65 (LNCaP cells overexpressing NF-kB) cells 

from apoptosis caused by androgen treatment [128, 129].  IkBα is the inhibitory protein 

that keeps NF-kB dormant in the cytoplasm. NF-kB can be translocated into the nucleus 

through the phosphorylation of IkBα by the IκB kinase complex (IKK) in response to 

various stimuli [130]. Research has shown that in prostate cancer, comparatively high 

levels of NF-kB located in the nucleus are linked to a poor prognosis and recurring 

tumors [131, 132]. It has been demonstrated that AR, through a ligand-dependent 

manner, down-regulates IκB kinase (IKK) expression and reduces the phosphorylation 

of the IkBα protein [129]. This in turn reduces NF-kB's constitutive activity in prostate 

cancer and its transfer to the nucleus. Thus, resuming androgen levels during 

intermittent androgen therapy may therefore make tumor cells more sensitive to 

proapoptotic substances, which could increase the efficacy of the treatment. 

 

B cell lymphoma 2 

The potent pro-survival protein B cell lymphoma 2 (Bcl-2), which is the mammalian 

counterpart of ced-9, is frequently overexpressed in aggressive and metastatic prostate 

cancer cells [133, 134]. When androgen ablation occurs, as in the case of androgen-

independent (AI) prostate cancer, elevated levels of Bcl-2 have been recorded [135]. 

This could be partially caused by androgens' inhibitory loss of Bcl-2 [136, 137]. The 

castrated rats' advancement toward the refractory state was postponed and their Bcl-2 
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levels were effectively lowered by the administration of androgens. Increased 

expression of death promoters may be involved in androgen-mediated modulation of 

Bcl-2 levels [138].  The increasing amounts of Bax caused by androgens create 

heterodimers with Bcl-2 neutralizing its antiapoptotic effects [139-142]. Bcl2 must be in 

an active, dephosphorylated state in order to form homodimers with other death 

inhibitors [143]. Phosphorylation of Bcl-2 by JNK (Jun N-terminal kinase) activation 

may aid in its deactivation [144, 145]. Therefore, it would be interesting to investigate 

how A/AR contributes to the inactivation of Bcl-2 in prostate cancer via upregulating 

JNK.   

 

E2F transcription factor 1  

E2F transcription factor 1 (E2F1) plays a role in the androgenic reduction of Bcl-2 

expression. Increased Bcl-2 protein and mRNA levels in LNCaP cells are a result of 

ectopic expression of E2F1. Research has indicated that there is a reciprocal relationship 

between the AR and E2F pathway [146, 147]. E2F1 protein levels have been found to be 

downregulated by androgens/AR, as is the degree to which E2F1 binds to the Bcl-2 

promoter. It has been shown that LNCaP and PC-3AR cells express fewer Bcl-2 and 

other E2F1-regulated genes [146, 147]. Thus, it stands to reason that changed E2F1 

levels could account for the treatment resistance linked to AR dysregulation. 

 

THERAPEUTIC ADVANCES AND PROSPECTS OF ANDROGEN/AR  

For advanced prostate cancer, castration is an effective therapy option, either by itself 

or in conjunction with androgen ablation (Figure 3). After responding favorably to 

treatment at first, patients progress to an androgen-refractory tumor, a hormone-

resistant stage that is very likely to propagate. Additionally, androgen insensitivity has 

been linked to modifications in the regulation of apoptotic pathways. One important 

sign of incurable oncogenic transformation seems to be a decrease in apoptosis 

sensitivity or an increase in resistance. It has been suggested that restoring testosterone 

levels during intermittent androgen therapy can alter the way tumor cells proliferate 

and increase their susceptibility to pro-apoptotic agents. 

The role of androgen/AR in apoptosis in advanced prostate cancer is revealed by 

intermittent androgen deprivation therapy (IAD). Compared to continuous androgen 

deprivation therapy (ADT), IAD aids patients with their symptoms and slows the 

growth of tumors [148]. Moreover, IAD therapy can lessen the development of 

castration-resistant prostate cancer in men with prostate cancer who have undergone 

primary treatment, merely biochemically progressed, and were chosen for ADT [149]. 

A/AR's apoptotic function during IAD therapy can lessen the adverse effects of ADT, 

which worsen as therapy duration increases. In addition, IAD has several other benefits 

such as postponing androgen independence, lowering therapy morbidity, improving 

life satisfaction (e.g., sexual desire, urinary discomfort), maintaining bone density, and 

is cost-effective [150]. The existing clinical research shows that both treatment 

approaches were safe and effective, although IAD did not surpass continuous ADT in 

minimizing prostate cancer's progression and mortality. Intermittent androgen 

deprivation therapy was not inferior to continuous androgen deprivation therapy 

regarding overall survival. Intermittent therapy appeared to be associated with better 

quality-of-life outcomes. The utilization of intermittent androgen deprivation may be 

recommended for individuals with recurrent or metastatic prostate cancer [151]. 
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Figure 3. Androgen ablation is a valuable treatment option for advanced prostate cancer. Patients initially 

respond well to treatment but eventually advance to a hormone-resistant stage known as an androgen 

refractory tumor, which is highly likely to metastasize. Resuming androgen levels after intermittent androgen 

therapy has been proposed to change tumor cell development behavior and make them more vulnerable to 

pro-apoptotic drugs. 

 

CONCLUSION 

Therapeutic approaches to selectively induce apoptosis by manipulating apoptotic 

pathways are being explored in a variety of clinical circumstances, and such 

approaches have been suggested as possible strategies to enhance intermittent 

androgen therapy in the treatment of prostate cancer. In this review, we slight the 

mechanism of steroid hormones such androgen/AR pathway in the mechanism 

inducing apoptosis in prostate cancer.  
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