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Abstract

Introduction: Overexpression of antiapoptotic B-cell lymphoma (Bcl-2) proteins confers the 

dysregulation of apoptosis and results in drug resistance in a variety of cancers, including those of 

the genitourinary tract. Inhibitors that target prosurvival Bcl-2 proteins are in preclinical and 

clinical development. The objective of this review is to assess the involvement of Bcl-2 proteins as 

well as the preclinical and clinical activity of Bcl-2 inhibitors under evaluation for genitourinary 

neoplasms.

Materials and Methods: PubMed was used with both medical subject heading terms and free 

search to identify the relevant literature. Information on clinical trials was obtained using http://

Clincaltrials.gov, EU Clinical Trials Register, and meeting abstracts of the American Society of 

Clinical Oncology.

Results: To date, 2 Bcl-2 inhibitors have been evaluated in clinical trials for genitourinary tumors 

(oblimersen and AT-101 (R-(–)-gossypol)). Both agents demonstrated some success in early stages 

of development, but their clinical activity did not meet expectations. Preclinical studies are under 

way for other Bcl-2 inhibitors including ABT-737, HA14–1, and Bcl-2 homology 3 inhibitors.

Conclusion: Antiapoptotic Bcl-2 proteins are potential molecular targets in genitourinary 

cancers. Bcl-2 inhibitors might be effective as single agents or in combination with conventional 

therapies. However, the biology of the Bcl-2 family in genitourinary cancers remains poorly 

understood and robust preclinical studies are needed to inform clinical development. Such studies 

should aim to identify: (1) pharmacodynamic markers that could help guide patient selection for 
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treatment with Bcl-2 inhibitors, and (2) optimal combinations of Bcl-2 inhibitors with other 

anticancer agents for future clinical investigation.

Introduction

The cancerous phenotype is characterized by mutations in numerous cellular processes, 

including those that lead to apoptosis. Apoptosis is dysregulated in numerous malignancies 

including those of the genitourinary tract.1 Because most chemotherapies and radiation 

treatments produce their effects by activating various apoptotic pathways, disruption of those 

pathways can result in profound consequences, including the development of aggressive, 

drug-resistant tumors.2 With the emergence of drug resistance in genitourinary cancers, 

apoptosis has become a prime therapeutic target because inhibition of this process might 

enhance response to standard therapies.

The initiation of apoptosis is mediated through initiator caspases (caspase-8, caspase-9) and 

effector caspases (caspase-3, caspase-6, and caspase-7). These caspases are activated by 

cleavage early on in apoptosis. Signals that induce the ‘caspase cascade’ and initiate 

apoptosis can work through either intrinsic or extrinsic pathways. The extrinsic pathway is 

mediated independently of the mitochondria and involves activation of death receptors, such 

as Fas and tumornecrosis factor-related apoptosis-inducing ligand (TRAIL), which activate 

initiator caspase-8 within a death-inducing signaling complex. The intrinsic pathway is 

mitochondrial-dependent and is initiated by input from a wide range of signals including 

radiation, cytotoxic drugs, cellular stress, and growth factor withdrawal. These signals 

trigger the release of cytochrome c from the mitochondria, which initiates the formation of 

the apoptosome complex, composed of cytochrome c, apoptosis protease-activating factor-1, 

and inactive in caspase-9. Caspase-9 is then cleaved to its active form which subsequently 

initiates the effector caspase cascade.3 The convergence of multiple types of intracellular 

stimuli to induce cytochrome c release from the mitochondria is mediated by a group of 

proteins, known as the B-cell lymphoma-2 (Bcl-2) family. Alteration of these proteins is 

implicated in the tumorigenesis and drug resistance in many cancers.

Since the discovery in 1985 of the first Bcl-2 protein, which is associated with the 

translocation t(l4;18) characteristic of follicular lymphoma,4 more than 25 pro- and 

antiapoptotic Bcl-2 proteins have been identified and have demonstrated some clinical 

relevance in a variety of cancers. The defining characteristic of this group of proteins is the 

presence of up to 4 relatively short sequence specific motifs termed the Bcl-2 homology 

domains. Bcl-2 proteins are separated into 3 subfamilies based on their structure and 

function. The antiapoptotic subfamily includes Bcl-2, Bcl-xL, Bcl-w, Mcl-1, Bfl-1/A1, and 

Bcl-B. They contain all 4 BcL-2 homology domains, and are therefore designated Bcl-2 

homology 1–4.3 Another subfamily consisting of the proapoptotic proteins Bax, Bak, and 

Bok, contains the first 3 homology domains, Bcl-2 homology 1–3 (BH 1–3), and is thus 

termed proapoptotic multidomain Bcl-2 proteins.3 The other proapoptotic subfamily, named 

‘BH3-only proteins,’ consists of proteins that contain just the Bcl-2 homology 3 domain. 

BH3-only proteins include noxa, Puma, Bad, Bim, Bid, Bik, Bmf, and Hrk. Through an 

unknown mechanism, BH3-only proteins integrate signals from other parts of the cell with 
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the intrinsic pathway to regulate apoptosis.3,5 Figure 1 illustrates the involvement of Bcl-2 

proteins in apoptosis.

An imbalance of pro- and antiapoptotic protein, rather than over-expression of antiapoptotic 

proteins, is believed to be the cause of tumorigenesis. Bcl-2 and related proteins have been 

implicated in both disease progression and development of treatment resistance in numerous 

advanced genitourinary cancers. Bcl-2 is overexpressed in 30%–60% of prostate cancers at 

diagnosis, 100% of castration resistance prostate cancer (CRPC),6,7 50%–70% of renal cell 

carcinomas (RCC),8,9 and 28%–38% of bladder neoplasms.10,11 Agents targeting 

antiapoptotic Bcl-2 proteins have demonstrated preclinical activity in restoring sensitivity to 

chemo- and radioresistant tumors; however, an improved understanding of the biology of 

Bcl-2 proteins and related pathways is needed to maximize the benefit of these drugs in 

patients. The objectives of the current review are to evaluate the significance of Bcl-2 

proteins in genitourinary malignancies and to analyze the preclinical and clinical activity of 

Bcl-2 inhibitors in this subset of cancers.

Materials and Methods

Four database resources were searched in March 2012 to acquire evidence: PubMed, http://

ClinicalTrials.gov, EU Clinical Trials Register (https://www.clinicaltrialsregister.eu), and 

American Society of Clinical Oncology (ASCO) abstracts. The terms used for medical 

subject heading search include genitourinary neoplasms, Bcl-2, Bcl-2 inhibitors, ABT-737, 

prostate cancer, renal cell carcinoma, and bladder cancer. Only articles in English that 

published data on humans or human models were considered. Subsequent references were 

identified from reference lists of retrieved articles. Both http://ClinicalTrials.gov and the EU 

Clinical Trials Register were surveyed for trials of Bcl-2 inhibitors in genitourinary cancers. 

ASCO annual meeting abstracts (through 2011) were reviewed to provide the most recent 

publically available information regarding these trials.

Results

Implications of the Bcl-2 Family

Prostate Cancer.—Prostate cancer is the most common noncutaneous cancer among men 

in the United States.12 De novo and recurrent metastatic prostate cancer are commonly 

treated with androgen deprivation therapy (ADT), but in nearly all patients, the disease 

becomes refractory to androgen ablation.13 Treatment of CRPC has been sought with 

minimal success. In 2004, docetaxel plus prednisone emerged as the standard treatment for 

CRPC, but only 50% of men respond to this regimen, and it often causes intolerable 

toxicides.14 In the past few years, the FDA approved several other agents in the treatment of 

CRPC including sipuleucel-T, cabazitaxel, and abiraterone, but like docetaxel, they are only 

effective in a subset of patients.15,16 Improved understanding of the involvement of genes 

such as Bcl-2 in CRPC is essential for identifying patients most likely to benefit from 

current therapies and for developing new, more effective and better-tolerated treatment 

options.
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The finding that Bcl-2 expression was observed in prostate intraepithelial neoplasia17 but not 

in benign prostatic hyperplasia18 led to an interest in apoptosis and Bcl-2 as potential targets 

in prostate cancer. The progression of CRPC has been correlated with the over-expression of 

Bcl-2, Bcl-xL, and Mcl-1.19,20 Bcl-2 is overexpressed in 30%–60% of prostate cancers at 

diagnosis and in nearly 100% of CRPCs.6,7 In addition, Bcl-2 expression has been 

associated with recurrent localized prostate cancer after treatment with radiation therapy21 

and increased levels of Bcl-2 with low Bax levels correlates with high resistance to apoptosis 

in metastatic prostate carcinoma.22 However, the finding that some bone metastasis in 

hormonally treated and untreated patients were negative for Bcl-223 suggests that 

upregulation of Bcl-2 is not an exclusive mechanism for progression. Bcl-xL is expressed in 

80%–100% of CRPC and is associated with advanced disease, poor prognosis, decreased 

survival, recurrence, and metastasis.6 Likewise, Mcl-1 is associated with higher grade and 

metastatic phenotypes.19 Deciphering the value of each protein with regard to prognosis and 

therapeutic resistance is still under investigation, but targeting Bcl-2 might constitute a 

rational treatment approach to CRPC based on the following: (1) the PI3K/NF-ΚB/Bcl-2 axis 

seems to be a dominant survival pathway at certain points in the progression of prostate 

cancer;24–26 (2) expression of Bcl-2 appears to be associated with the development of 

CRPC;20,27 (3) Bcl-2 has a protective effect against apoptotic stimuli in prostate cancer 

cells.28,29 This evidence suggests that overexpression of anti-apoptotic Bcl-2 proteins is 

likely a driver of prostate cancer progression and drug resistance.

Renal Cell Carcinoma.—Though treatment of localized RCC is generally effective, 

metastatic RCC is unresponsive to existing therapies. The relative rate of 5-year survival 

after diagnosis in localized, regional, and distant disease is 90.8%, 63.1%, and 11%, 

respectively.30 Because of a lack of symptoms in early stages, many cases of RCC are 

already metastatic at the time of diagnosis. When the disease metastasizes, chemotherapies 

and hormonal agents are minimally effective with no reported response rate more than 15%.
31 Targeted therapies including vascular endothelial growth factor and mammalian target of 

rapamycin inhibitors have demonstrated improved progression free survival (PFS) in 

metastatic RCC but are not curative and do not improve quality of life.32 Consequently, there 

is a considerable need for improved therapeutic options for patients with RCC.

The prognostic significance of Bcl-2 expression in advanced renal cancer remains 

controversial. One study found Bcl-2 overexpression in 70% of RCC compared with 

infrequent detection in normal renal tissue9 and another showed Bcl-2 and Bcl-xL 

overexpression in approximately 50% of RCC.8 Cancers overexpressing Bcl-2 and Bcl-xL 

tended to have low or no apoptotic activity whereas carcinomas with low expression of these 

proteins had high levels of apoptosis.8 In addition, Bcl-2 was more frequently expressed in 

metastatic relative to primary tumors.33 Bcl-2 expression might also predict prognosis in 

RCC.34,35 Similarly, defects in proapoptotic BH3-only proteins, such as Bim, might 

suppress tumor progression.36,37 Overexpression of the Mcl-1 splicing variant, Mcl-1L, was 

observed in nearly 60% of paired samples of clear cell renal cell carcinoma, whereas 

decreased expression of the variant was associated with more aggressive phenotypes.38 

Conversely, some studies found no association between Bcl-2 expression and proliferation or 

apoptosis in RCC.39
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Despite these conflicting results on the role of Bcl-2 proteins in tumorigenesis and prognosis 

of RCC, the data consistently show that modulation of Bcl-2 can alter chemosensitivity. 

Inhibition of Bcl-2 with a pharmacologic modulator40 or antisense oligonucleotide 

(ASO)41–45 resulted in increased sensitivity of renal cell carcinoma to apoptotic stimuli in 

cell lines. Although it remains unclear whether Bcl-2 overexpression is a driver or passenger 

alteration of RCC, results provide encouraging evidence that modulating anti-apoptotic 

Bcl-2 proteins might provide a therapeutic benefit in renal cell cancer by improving the 

efficacy of standard therapies.

Bladder Cancer.—Cancer of the bladder is highly aggressive and treatment of metastatic 

disease has shown little or no efficacy. Even though 70%–80% of newly diagnosed cases are 

noninvasive,46 nearly 70% of those cancers will recur despite initial treatment with 

cystectomy with adjuvant chemotherapy or radiation, and 25% of recurrent bladder cancers 

will ultimately progress to invasive disease.47 When the disease becomes metastatic, the 

median survival is 14 months, even with standard chemotherapy 48 Some studies have 

assessed the efficacy of various combinations of chemotherapies and increased doses, but no 

significant benefits have been observed.49–51 It is essential to improve the understanding of 

the disease in order to identify new targets and develop more effective therapies for both 

early-stage and metastatic bladder cancer.

Bel-2 and its homologs have been implicated in the progression of bladder neoplasms, 

especially transitional cell carcinoma.52 The results regarding the prognostic value of the 

Bcl-2 proteins in bladder cancer have been variable,10,11,53 though this might be because of 

an inadequate number of participants. In 1 study, immunostaining revealed Bcl-2 positivity 

in 26% of muscle-invasive transitional cell carcinoma of the bladder though it was not 

correlated with prognosis.10 Another found altered Bcl-2 expression in 32% of bladder 

cancer recurrent after radical cystectomy and that this altered expression was significantly 

associated with high probability of disease recurrence and disease-specific mortality.11 They 

also found that Bcl-2 positivity was associated with poorer outcome in patients treated with 

radiotherapy for transition cell carcinoma of the bladder. It has also been demonstrated that 

overexpression of Bcl-2 is associated with resistance to both chemotherapy and radiation 

treatment in advanced bladder cancer.54,55 The current standard of care for metastatic 

bladder cancer is a cisplatin-based combination chemotherapy.56 Based on preclinical data 

suggesting that high levels of Bcl-2 expression might confer resistance to cisplatin,57,58 

Bcl-2 inhibitors might be relevant in treating bladder cancer. It remains unclear at this time 

whether Bcl-2 alterations are drivers of bladder carcinoma, but evidence suggests that it does 

contribute to drug resistance.

Advances In Targeting the Bcl-2 Family In Genitourinary Malignancies

The development of Bcl-2 inhibitors has evolved over the past 2 decades since the 

antiapoptotic properties of Bcl-2 were first discovered. During that time, it was shown that 

the dysregulation of Bcl-2 confers chemo- and radio resistance and the 3-dimensional 

structure of Bcl-xL was discovered.3 The first Bcl-2 inhibitors were the ASOs,59 1 of which, 

oblimersen sodium, has been used in clinical trials for more than a decade. More recent 

advances have led to the development of a new class of agents known as Bcl-2 homology 3 
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(BH3) mimetics. These agents bind to the hydrophobic BH3 binding domain on 

antiapoptotic proteins to block their interaction with proapoptotic proteins. This allows 

proapoptotic proteins to dimerize and depolarize the outer mitochondrial membrane, 

releasing cytochrome c and inducing the caspase cascade. Several agents targeting the 

antiapoptotic Bcl-2 family have been developed, and some are undergoing preclinical and 

clinical testing as novel treatments for advanced genitourinary cancer. Figure 2 illustrates the 

mechanisms of action of Bcl-2 inhibitors in various stages of development for the treatment 

of genitourinary malignancies.

Oblimersen Sodium.—Since the conceptualization and development of ASOs in the 

1960s and 1970s, preclinical and clinical research has examined their use particularly in 

human malignancies. Oblimersen (Genasense, G3139) is an 18-base ASO complimentary to 

the first 6 codons of the open reading frame of human bcl-2 mRNA.60 It specifically 

hybridizes with targeted mRNA, promoting the recruitment of Bendogenous RNase H to 

mediate its scission and subsequently reducing Bcl-2 protein expression. It resists cleavage 

by substituting.sulfur for the nonbridging oxygen in the phosphate backbone, therefore 

evading intra- and extracellular nucleases and resulting in greater in vivo stability.60 The cell 

death mechanisms of Bcl-2 antisense were previously reviewed.3 Oblimersen has been 

tested for its efficacy in numerous preclinical and clinical studies for various malignancies. 

For example, a phase III clinical trial demonstrated that the addition of oblimersen to 

dacarbazine, the standard treatment for advanced melanoma, improved PFS and response 

rate but did not significantly improve overall survival (OS) and increased the risk of 

neutropenia and thrombocytopenia. In other clinical trials, addition of oblimersen to the 

standard chemotherapy failed to demonstrate improved 5-year survival in patients with 

chronic lymphocytic leukemia (CLL)61 and did not reduce time to progression in multiple 

myeloma.62,63 In both trials, frequent thrombocytopenia was noted. A new drug application 

seeking FDA registration of oblimersen based on a randomized phase III trial comparing 

fludarabine/cyclophosphamide (FC) with or without oblimersen in relapse or refractory 

CLL62 has gone through multiple appeal and amendment steps. Results of the trial indicated 

that 17% of patients receiving FC plus oblimersen had partial or complete responses 

compared with only 7% of those receiving FC alone, and the addition of oblimersen 

increased the duration of the response. However, there was no significant difference in OS or 

time to progression and toxicides increased with oblimersen. A recent decision by the FDA 

Center for Drug Evaluation and Research indicated that the available data were insufficient 

for the approval of the drug for treatment of padents with relapsed or refractory CLL. A 

confirmatory clinical trial was recommended by the agency.

Oblimersen has shown profound activity in combination with standard treatment for CRPC 

in cell lines and animal models.64 Prostate cancer cells positive for Bcl-2 expression were 

sensitized to the apoptotic effect of docetaxel by increasing the proportion of Bcl-2 existing 

in a phosphorylated, inactive state.65 A phase I study of oblimersen in combinations with 

mitoxantrone, the previous standard therapy for CRPC, found limited efficacy and low 

toxicity.66 Phase I and II clinical trials of docetaxel plus oblimersen were conducted in 

patients with CRPC. Preliminary evaluation of the phase I study suggested that Bcl-2 levels 

in diagnostic tumor specimens did not predict response to treatment,67 but results of the 
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phase II study indicated a correlation between response to treatment and plasma 

concentrations of the drug and showed that oblimersen reduced Bcl-2 expression by a 

median of 49.9% in peripheral blood mononuclear cells.68 However, in an expanded 

multicenter phase II trial, docetaxel plus oblimersen failed to show significant benefit versus 

docetaxel alone using prostate specific antigen (PSA) as the primary end point and 

significantly increased risk of grade ≥ 3 fatigue, mucositis, and thrombocytopenia.69 

Similarly, preclinical data of oblimersen in combination with alpha-interferon for advanced 

renal neoplasms showed promising results, but a combined phase I/II trial failed to replicate 

the benefits of the combination seen in preclinical studies.70 One study examining the effect 

of oblimersen in combination with mitomycin C for the treatment of transition cell 

carcinoma of the bladder found that oblimersen reduced Bcl-2 expression in 4 bladder 

cancer cell lines, but this downregulation only enhanced mitomycin C-induced apoptosis in 

1 cell line, T24/83.71 Table I66–70,72–75 summarizes clinical trial results of oblimersen.

The discrepancy between preclinical data and clinical results might be because of: (1) issues 

in the delivery of ASOs, (2) failure of the drug to inhibit other antiapoptotic Bcl-2 family 

members, leading to chemo- and radioresistance, and (3) the possibility that effects in 

preclinical models might be related to nonimmunostimulation by the oligonucleotide which 

does not translate to the clinic. To improve the delivery of AS Os, alternative mechanisms of 

delivery have been proposed including liposomal delivery systems and preradiation 

sensitizing of tumor cells to increase uptake of oblimersen.76 Even with the problem of 

delivery resolved, the specificity of oblimersen (only targets bcl-2) might limit its efficacy in 

tumors expressing numerous antiapoptotic Bcl-2 proteins, such as Bcl-xL and Mcl-1. 

Multispecific ASOs might alleviate this problem. Bispecific ASOs are currently being 

evaluated in preclinical models.77

Gossypol.—Gossypol (AT-101, (−)-gossypol) is a naturally occurring polyphenolic 

pigment derived from cotton seeds and cotton products (ie, cottonseed oil and cottonseed 

meal flour).78 Gossypol has been used in ancient Chinese medicine and studied for decades 

as a male contraceptive agent, but more recently has garnered interest for its antineoplastic 

effects.79,80 Initial studies found that natural (−)-gossypol promoted antiproliferative 

activities in a variety of cancers as a BH3 mimetic.81–83 Because it was discovered that (−)-

gossypol was the more active enantiomer, recent investigations have focused on (−)-

gossypol for the treatment of malignancies.79 Gossypol is known as a ‘pan–bcl-2 inhibitor,5 

being unique in its lack of selectivity among antiapoptotic Bcl-2 members. It has moderate 

affinity (in μM range) for several antiapoptotic Bcl-2 family members, namely Bcl-2, Bcl-xL, 

Mcl-1, and Bcl-w. However, investigators have unveiled an assortment of other possible 

mechanisms and molecular targets of gossypol that contribute to its antineoplastic activity. 

In addition to blocking the association of antiapoptotic Bcl-2 proteins with their 

corresponding effectors and sensitizing the cells to apoptosis, gossypol also increases 

expression of proapoptotic proteins noxa and Puma, further enhancing the Bcl-2 pathway of 

intrinsic apoptosis.13 It is additionally believed to be antiangiogenic, have DNA damaging 

properties, promote G0/G1 cell cycle arrest, inhibit nuclear enzymes, inhibit protein kinase 

C, and be toxic to mitochondria.78,84 Furthermore, the ability of gossypol to induce 

complimentary levels of both intrinsic and extrinsic pathways of apoptosis and autophagy 
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based on expression patterns of Bcl-2 demonstrates its lack of specificity.85 Though this low 

specificity might improve efficacy, it might also increase the risk of unexpected responses 

and systemic toxicities.

In both non-CRPC and CRPC in vitro and in vivo models, gossypol has been shown to 

induce apoptosis as a single agent and to interact synergistically with standard therapies, 

such as docetaxel, radiation, and ADT.13,84,86,87 In addition, studies indicate that gossypol 

activates p5388 and therefore p53 might serve as a predictive biomarker for gossypol 

efficacy. Bladder cancer cell lines that are resistant to chemotherapeutic agents for metastatic 

bladder cancer in vitro, including gemcitabine and carboplatin, demonstrated significantly 

increased apoptosis under cotreatment with gossypol.72 Currently, AT-101 is in multiple 

phase I and II trials in combination with other agents for CRPC. Although phase I/II clinical 

trials with AT-101 in combination with docetaxel have shown modest effect in CRPC (2 of 

23 patients with declined PSA), the initial dose of 30 mg per day was reduced to 20 mg per 

day for all patients because of gastrointestinal toxicities. 5 Despite this finding, initial 

evidence from later phase I/II trials that are currently underway have shown gossypol to be 

well tolerated when combined with paclitaxel plus carboplatin, or ADT while still showing 

moderate efficacy.73,89 However, a more recent phase II randomized control trial comparing 

docetaxel plus prednisone treatment with or without AT −101 found that while the 

combination was well tolerated, AT-101 did not significantly improve overall survival, 

though a trend was noted in a subset of high-risk CRPC.74 Table I66–70,72–75 summarizes 

clinical trial data of AT-101.

A gossypol derivative, apogossypolone (ApoGII) was developed in an effort to reduce 

systemic toxicides from gossypol. ApoGII has better affinity for Bel-2, Bcl-xL, and Mcl-1 

(binding affinity (Ki) = 35, 660, and 25 nmol/L, respectively). A preclinical study comparing 

gossypol with ApoGII suggests that both are equally efficacious in vivo and in vitro, but the 

toxicity profile for ApoGII is more favorable.90,91 Despite good preclinical activity, the 

increased number of cells undergoing autophagy poses another problem because autophagy 

might imply a survival mechanism. It has been suggested that using an agent to inhibit 

autophagy might enhance the activity of ApoGII.91 In addition, Dash et al92 developed and 

tested a series of apogossypol derivatives in in vitro and in vivo models of human prostate 

cancer. One of these derivatives, BI-97C1 (sabutoclax), which has affinity for Mcl-1, 

sensitized prostate cancer cells to apoptosis mediated by melanoma differentiation-

associated gene-7/interleukin (IL)-24 (mda-7/IL-24), and IL-10 family cytokine.91,92

ABT-737.—ABT-737 is a potent (Ki ≤ 1 nmol/L) small molecular inhibitor of Bcl-2, Bcl-

xL, and Bcl-w, but has poor affinity for Mcl-1, Bcl-Al, or Bcl-B (Ki = 0.46 ± 0.11 mmol/L, 

> 1 and > 1 mmol/L, respectively).93 Preclinical activity of ABT-737 has been demonstrated 

in urinary, renal, and prostate cancer cell lines as a single agent as well as in combination 

with other chemotherapeutic agents.44,91,94 However, because of the low affinity of 

ABT-737 for Mcl-1 and Bcl-Al, overexpression of these 2 proteins might confer drug 

resistance in various genitourinary cancers, especially prostate cancer in which Mcl-1 has 

been implicated in treatment resistance.92 Combining agents with adjuvant or other 

chemotherapeutic agents to decrease expression of Mcl-1 has been proposed as a means of 

overcoming resistance to ABT-737. In renal, bladder, and prostate cancer cell lines, 
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gemcitabine promoted degradation of Mcl-1 by preventing USP9X, a ubiquitin-specific 

protease, from interacting with and deubiquinating Mcl-1.91 In renal cell carcinoma cell 

lines, the DNA damaging agent, etoposide, and the microtubule toxins, vinblastine and 

paclitaxel, demonstrate that traditional chemotherapeutic agents can induce, in part through 

noxa, the neutralization of Mcl-145

The clinical use of ABT-737 is limited by its lack of oral bioavailability, but an oral 

analogue, ABT-263 (navitoclax), has demonstrated 20%–50% oral bioavailability in animal 

models. 95 Preclinical trials have also shown apoptosis as early as within 2 hours of 

treatment and complete tumor regression in xenografts of acute lymphoblastic leukemia and 

small-cell lung cancer (SCLC). In a phase I study in patients with SCLC and other 

nonhematologic solid tumors, 225 mg ABT-263 per oral led to drug plasma concentrations 

within the therapeutic range and the maximum tolerated dose was 325 mg. Of the 38 

patients enrolled in the trial, 1 experienced a partial response and 8 had stable disease. Dose-

dependent transient thrombocytopenia was noted as the most concerning systemic toxic ity.
96 These effects were attributed to the dependence of mature platelets on Bcl-xL.97,98 

Otherwise, ABT-263 was well tolerated.96 It was also found that biomarkers of clinical 

benefit in SCLC of ABT-263 included baseline levels of cytokeratin 19 fragment antigen 

21–1, neuron-specific enolase, progastrin-releasing peptide, and circulating tumor cell 

number.99 These might be relevant biomarkers in selecting patients for future studies of 

ABT-263 in genitourinary cancers.

Currently, the use of ABT-737/ABT-263 for the treatment of tumors of the genitourinary 

tract remains in preclinical development. The combination of docetaxel and ABT-737 

reduced PC3 cell viability from 44.2% under docetaxel alone and 93.2% under ABT-737 

alone to 19.7%.100 ABT-737 in combination with the Pim kinase inhibitor, SMI-4a, 

synergistically enhanced apoptosis in LNCaP and PC3 cell and xenografts.101 Similarly, 

though it failed to induce apoptosis as a single agent, ABT-373 led to considerable cell death 

when combined with 2-deoxyglucose (2DG), which partially blocks glycolysis.102 It is 

believed that 2DG disrupts the Bak-Mcl-1 association and thereby promotes Bak-induced 

apoptosis.102 Combination of ABT-737 with gemcitabine synergistically enhanced 

cytotoxicity in prostate (PC3), renal carcinoma (SW-13), and bladder carcinoma (5637 and 

SCABER) cell lines via disruption of the interaction between ubiquitin-specific peptidase 9, 

X-linked (USP9X) and Mcl-1.91 In PV-10 cells, a renal cell carcinoma cell line, senescence 

was found to be p5 3-dependent44 indicating that p53 might be an important predictive 

biomarker.

Other Bcl-2 Inhibitors in Development.—Other Bcl-2 inhibitors in preclinical 

development include HA 14–1 and BH3 inhibitor-1 and −2. HA14–1 is another BH3-

mimetic that has undergone preclinical studies for a number of malignancies including 

leukemia, lymphoma, breast, colon, and prostate cancer. It was developed using computer-

based structural screening of compounds that bind to the predicted BakBH3 peptide binding 

pocket located on the Bcl-2 protein.103 Similar to gossypol, the mechanism of action of 

HA14–1 goes beyond the binding properties of antiapoptotic Bcl-2 proteins as it is believed 

to induce apoptosis via changes in Ca2+ homeostasis, reactive oxygen species generation, 

Bax translocation, cytochrome c release, and caspase-9/−3 activation.104 HA14–1, in 
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sequential combination with radiation or topotecan, synergistically produced apoptosis in 

prostate and renal cell carcinoma cell lines, respectively.104,105 When coadministered with 

TRAIL, HA14–1 was also able to reconstitute the mitochondrial pathway of apoptosis in 

renal cell carcinoma cell lines.106 However, the high concentration required to produce an 

effect (half maximal inhibitory concentration [IC50] approximately 9 μmol103) might limit 

the future development of HA14–1. In addition, because of its rapid degradation in solution, 

HA14–1 might require chemical modification.107

BH3 inhibitors (BH3I-1 and BH3I-2) are small peptides that disrupt the interactions between 

proapoptotic and antiapoptotic members of the Bcl-2 family, resulting in increased 

availability of Bax and/or Bak to induce mitochondrial membrane permeabilization.3,108 The 

combination of BH3I-2 with the TRAIL ligand synergistically enhanced apoptosis in 

prostate cancer cell lines.108 However, BH3Is also require high concentrations 

(approximately 20 mmol/L) which might limit their clinical utility.3 Another BH3 mimetic, 

GX15–070 (obatoclax), has demonstrated pan-Bcl-2 inhibitory effects and has affinity for 

Mcl-1, but minimal work has examined its effects in genitourinary neoplasms.109

Discussion

There is a need for new treatment strategies for patients with advanced genitourinary 

neoplasms. Inhibition of the Bcl-2 family of proteins might be a viable treatment option 

because this class of proteins is overexpressed in genitourinary neoplasms, especially in 

advanced stages of prostate and bladder cancer. An assortment of Bcl-2 inhibitors are in 

preclinical and clinical investigation for advanced genitourinary tumors but further 

preclinical and biological research is needed to optimize the use of this class of drugs. One 

limitation with most Bcl-2 inhibitors currently in development is their poor affinity for 

antiapoptotic Mcl-1. However, focusing on agents that target all the known antiapoptotic 

Bcl-2 family of proteins might not be the solution because those agents which inhibit Mcl-1 

as well as other antiapoptotic Bcl-2 proteins do not appear to be associated with improved 

antitumor activity.

For future development of Bcl-2 family inhibitors in genitourinary cancers 2 strategies are 

suggested. First, studies must be conducted to improve the understanding of the target 

biology including identification of pharmacodynamic markers for predicting potential 

responders. Second, robust preclinical studies assessing combination therapy with Bcl-2 

inhibitors are necessary to enhance the activity of conventional chemotherapeutic agents. 

Research into the biology of potential molecular targets in the context of specific cancers is 

essential for developing clinical trials as well as for interpreting data from both successful 

and failed therapeutic studies.

The second strategy, developing drug combinations in preclinical studies, has been the 

rationale for most of the current clinical trials of Bcl-2 inhibitors. However, there is a lack of 

preclinical models for genitourinary cancers in general, and especially of models known to 

be predictive of clinical activity for investigational drugs. As clinical testing of drug 

combinations in clinical trials can be costly, it is worthwhile to develop preclinical models to 

inform such clinical trials. Thus, research programs seeking to develop clinically relevant 
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preclinical models for genitourinary cancers should be a high priority for cancer funding 

organizations.

Antiapoptotic Bcl-2 proteins have been identified as potential targets in some genitourinary 

cancers. Currently, clinical trials of Bcl-2 inhibitors in genitourinary neoplasms are being 

conducted with the ASO, oblimersen, and a small molecule Bcl-2 protein inhibitor, AT-101. 

For the development of this class of agents to be successful, a better understanding of the 

biology of the Bcl-2 family in genitourinary cancers is needed. Such insight will lead to the 

identification of pharmacodynamic markers of the single drug activity of these agents as 

well as guide the development of drug combinations. Because Bcl-2 inhibitors have been 

shown to enhance efficacy of conventional chemotherapy agents in some clinical studies, 

preclinical studies exploring drug combinations in robust preclinical models might inform 

future clinical development of this class of agents.
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Figure 1. 
Induction of the Caspase Cascade and Initiation of Apoptosis via the Extrinsic and Intrinsic 

Apoptotic Pathways. The Extrinsic Pathway of the Caspase Cascade is Mediated 

Independently of the Mitochondria. It is Activated by Death Receptors, Fas and Tumor-

Necrosis Factor-Related Ligand (TRAIL), Which Initiate Caspase-8 in a Death-Signaling 

Complex. This Complex Subsequently Activates the Effector Caspase Cascade. In the 

Intrinsic Pathway, Apoptotic Stimuli Trigger the Release of Cytochrome c (cyt c), which 

Forms a Complex with Caspase 9 and Apoptosis Protease-Activating Factor (Apaf-1). This 

Apoptotic Complex goes on to Activate the Effector Caspase Cascade. The Signals to 

Release cyt c from the Mitochondria is Suppressed by the Anti-Apoptotic Bcl-2 Homology 1 

to 4 (BH1 −4) Proteins and Incited by the Proapoptotic BH1 −3 Proteins
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Figure 2. 
B-Cell Lymphoma (Bcl-2) Inhibitors in Clinical and Preclinical Development for 

Genitourinary Cancers. There are Currently 2 Classes of Bcl-2 Inhibitors in Clinical and 

Preclinical Development for Genitourinary Cancers: (A) Antisense Oligonucleotides (ASO) 

and (B) Small Molecule BH3 Mimetics. The ASO, Oblimersen Sodium, (1) is in Phase ll/

Phase III Clinical Trials in Prostate Cancer and Renal Cell Carcinoma and Specifically 

Hybridizes to the First 6 Codons of the Open Reading Frame of bcl-2 mRNA. (2) 

Oblimersen Promotes the Recruitment of Endogenous RNase H to Mediate bcl-2 mRNA 

Degradation, (3) Thereby Reducing Bcl-2 Protein Synthesis and Expression (4) and is Able 

to Recycle and Repeat the Process. (5) BH3 Mimetics Bind to the Hydrophobic BH3 

Binding Domain of Specific Anti-Apoptotic Bcl-2 Family Members and Disrupt Their 

Ability to Oppose Apoptosis. BH3I-2 (Preclinical; Prostate Cancer) Targets Bcl-2. HA14–1 

(Preclinical; Prostate Cancer) Targets Bcl-2. ABT-737 (Preclinical; Prostate Cancer, Renal 

Cell Carcinoma, Transitional Cell Carcinoma of Bladder) and Apogossypolone (Preclinical; 

Prostate Cancer) Target Bcl-xL, Bcl-2, and Bcl-w. AT-101 (Phase II; Prostate Cancer, Renal 

Cell Carcinoma, Transitional Cell Carcinoma of Bladder) and GX15–070 (not in 

Development in Genitourinary Cancers) Target Bcl-xL, Bcl-2, Bcl-w, and Mcl-1. Parenthesis 

Denotes Furthest Stage of Development for Genitourinary Cancers
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