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Introduction and Background
The effectiveness of chemotherapy has always been compromised 

by the side effects related to the distribution of highly toxic agents 
throughout the body and their effects on normal cells. This is 
particularly acute for those agents which are either not specifically 
targeted or whose method of toxicity is not selective for tumor 
cells. Therefore, the development of specific targeting strategies for 
effective agents has been an area of intense interest. Improvements in 
delivery and selectivity should be based on:  A) The intended target’s 
distribution and stability; B) The molecular configuration of agent; 
and C) The targeting strategy and delivery vehicle.  For prostate cancer 
these considerations specifically include the following:

Target distribution and stability
Although early stage prostate cancer is treatable by surgical 

resection, radiation and hormone deprivation, it tends to recur 
and metastasize. Early and well differentiated tumors are androgen 
sensitive and their activity is regulated through the activity of the 
AR acting as a DNA binding transcription factor [1]. Among the 
genes transcriptionally regulated are those encoding prostate specific 
antigens: Prostate specific antigen (PSA) [2] and prostate specific 
membrane antigen (PSMA) [3].

Androgen receptor (AR): Well differentiated prostate tumors 
express the AR. Also known as NR3C4 (nuclear receptor subfamily 3, 
group C, member 4), this nuclear receptor is cytoplasmically expressed 
and binds to either testosterone or its dihydrotestosterone (DHT) 
metabolite. The activated AR/ligand complex is then transported into 
the nucleus where it specifically binds to active DNA regions and serves 
as a transcription factor for prostate specific gene expression.

PSA and PSMA: Prostate specific antigen (PSA) is a secreted 
kallikrien related peptidase marker associated with prostate cancer 
recurrence and progression. It’s often employed as a screening tool and 
has been evaluated as a target for directed therapy. In contrast, prostate 
specific membrane antigen (PSMA) is a transmembrane bound 
receptor with folate hydrolase activity. It is endocytic and negatively 
regulated by androgen [3] making it useful as both a delivery agent 
and marker for tumor imaging. PSA and PSMA are considered targets 
for an activated immune system and have been included in prostate 
cancer vaccines, such as Provenge developed by Dendrion employing 
PSA and ALPHAVAX ARV developed by the consortium of Cytogen 
and Progenics Pharmaceuticals.  

Molecular Agents
Prostate cancer cells are sensitive to many types of 

chemotherapeutics, but most current protocols employ Taxol, 
prednisone and mitoxantrone [4]. Other agents evaluated have 
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Abstract
Effective chemotherapy for tumors, particularly those of disseminated prostate cancer, is limited by the inability of 

effective agents to distinguish between tumor and non-tumor cells, their inability to be delivered in sufficient dosage to 
susceptible targets (within tumor cells and organelles) and the development of tumor resistance. Overall chemotherapy 
for prostate cancer is relatively ineffective, providing only months of additional survival time for recurrent disease. While 
most recurrent and advanced stage tumors are resistant to chemotherapy, there may be a window of opportunity when 
new types of innovative therapy can be employed. Until proven, this approach could be employed either as adjuvant 
treatment for localized disease primarily treated by surgery or radiation; or for advanced cases, in combination with 
traditional chemotherapy protocols which currently provide only a limited improvement in survival.  

The innovative therapy being proposed here employs the tumors’ endogenous androgen receptor (AR) not only 
as a tumor specific marker for identification and specificity, but also as a delivery vehicle.  By coupling the DNA cross 
linking chemotherapeutic cyclophosphamide (Cytoxan) to an androgen receptor ligand (AR agonist; R1881) cytotoxic 
chemotherapy can be delivered not only specifically to those cells which express AR but also, through the natural 
intracellular transit of this activated receptor, specifically direct the drug into the nucleus and transcriptionally active 
DNA sites.  When localized, opposing DNA strands would be cross linked preventing DNA transcription and replication, 
leading to cell death.  Normal androgen activation (provided by the R1881 agonist) mediated via the bound receptor 
would make the cell even more susceptible to Cytoxan action. An in vitro assay to determine any enhanced activity of 
Cytoxan combined with R1881 vs Cytoxan alone is easily performed and described.
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included Cytoxan, DES, various platinates and even gene therapy. 
If innovatively delivered and suitably administered, gene therapy 
and alkylating agents (Cytoxan; cyclophosphamide) have potential 
advantages for specific tumor targeting and DNA inactivation.

Gene therapy: Gene function in prostate cancer is highly 
unstable.  Many genes are altered in expression; some enhanced (like 
growth factors and their receptors), others are suppressed (PTEN). 
Therefore, gene therapy for prostate cancer has consisted of two 
types: 1) translational arrest, or 2) gene replacement.  Translational 
arrest often employs the administration of antisense oligonucleotides 
(oligos), which has been demonstrated in both in vitro and in vivo 
models to suppress expression of many proteins [5] when  directed 
against protein growth factors (EGF, TGF-α, IGFBP), their receptors 
(EGFR) or inhibitors of apoptosis (bcl-2, clusterin).  Gene replacement 
has concentrated on PTEN, a prostate cancer suppressor gene which 
negatively regulates the Akt/PKB signaling pathway [6].

Alkylating agent cytoxan: Cytoxan (Figure 1) is a low molecular 
weight (MW 261d) alkylating agent which adds an alkyl group 
(CnH2n+1) to guanine bases of DNA at the number 7 nitrogen atom of 
the imidazole ring. It’s administered as a prodrug which is transformed 
by liver enzymes to an active phosphoramide mustard metabolite. 
It initiates cell death by forming intrastrand crosslinkages between 
opposing guanine residues.  

Targeting strategy and delivery vehicle: Most chemotherapeutics 
for disseminated prostate cancer are administered intravenously. This 
approach subjects even normal cells to the cytotoxic effects of these 
agents. Selective toxicity is based on the premise that most tumors 
have proportionally more cells undergoing mitotic division with DNA 
synthesis than normal cells. To specifically direct agents more directly 
to tumors various techniques have been employed. Among these, 
monoclonal antibodies are the most specific and radiolabeled (111In) 
anti-PSMA (CYT-356) has been used to image metastatic prostate 
tumors [7].  Our data has shown that in an in vivo model monoclonals 
directed against PSMA are more effective than those against secreted 
PSA when delivering antisense oligos. We have also shown that 
bispecific monoclonals (having active sites specific for biotin and either 
PSA or PSMA) can deliver biotinylated oligos specifically to prostate 
cells [8]. In a recent report a bivalent (antisense-like) PSMA binding 
aptamer-siRNA transcript was used to target eukaryotic elongation 
factor-2 mRNA [9].  

Ideal agent: An ideal delivery agent would be one which 
specifically targets tumor cells, enhances entry into the cell and 
directs it to transcriptionally active sites on DNA. I propose coupling 
cyclophosphamide (Cytoxan) to the androgen analog R1881 (Figure 
2) and using the AR itself as the delivery agent. Cytoxan would 
be transported into the nucleus and cross link DNA in those cells 
expressing this receptor.

R1881: R1881 is a synthetic agonist which binds to the androgen 
receptor with high affinity (Kd = 1.7-1.9 X 10-9M) [10]. Also known 
as methyltrienolone and, having a molecular weight of 284, when 
coupled to Cytoxan, it would still yield a relatively small conjugate for 
intracellular transport mediated via the AR.  Although a potent agonist 
itself, R1881 when coupled to this alkylating agent the Cytoxan could 
be even more lethal if the cell has been androgen (agonist) activated. 

The hypothesis: The hypothesis being proposed here is that a 
conjugate formed between R1881 and Cytoxan could specifically 
be recognized by prostate cancer cells.  This bound conjugate would 
be taken up by these cells, transported to the nucleus and bind to 

transcriptionally active DNA sites, forming cross linkages between 
guanine residues on opposing strands. Rather than be stimulated by 
the androgen receptor, these cells would die due to their inability to 
replicate and separate their DNA. Specific uptake by prostate cancer 
cells would presumably minimize the risk of hepatotoxicity produced 
by R1881.  

The Cytoxan/R1881 conjugate would be formed by either covalent 
linkage between the molecules with/or without a spacer segment; or 
both entities could be recognized by bivalent monoclonals having 
active sites against each.

Evaluation of the hypothesis: This hypothesis could be tested in 
vitro using the LNCaP tumor model which expresses the androgen 
receptor.

LNCaP cells would be seeded into replicate depressions of a 96 
well plate. When approximately 75% confluent either Cytoxan alone 
or the Cytoxan/R1881 conjugate would be added to each well. An LD50 
for Cytoxan would be used, which (in our experience) corresponds to 
approximately 40 nm for in vitro culture. Cells would be incubated 
for 24-48 hrs before solutions are aspirated and re-incubated for an 
additional 48 hrs in 200 μl of media. Cell counts can be determined 
following the addition of WST-1 reagent to each well, and after 2 hrs 
the color intensity is measured by a microplate reader at a wavelength 
of 450 nm, using a reference wavelength of 650 nm. 

Statistics: Microsoft Excel software can be utilized to calculate 
means and standard deviations. Student t tests would determine 
significance.

Discussion
This year (2011) the American Cancer Society estimates that in 

spite of early detection, screening for prostate specific antigen (PSA) 

Image downloaded from Wikipedia and released into the public domain by 
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Figure 1: Cyclophosphamide (Cytoxan).

Image downloaded from Wikipedia and released into the public domain by 
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Figure 2: Methyltrienolone (R1881).
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and effective treatments for localized disease, in the United States 
there will be 33,720 deaths from prostate cancer in addition to 240,890 
newly diagnosed cases. However, even for patients choosing radical 
prostatectomy there remains a small percentage remaining at risk for 
recurrent disease. For many, the earliest indication of biochemical 
relapse is an increase in PSA levels and, at least for a while, many of 
these tumors continue to exhibit androgen sensitivity. For these patients 
chemotherapy targeting androgen receptor expressing cells could be an 
option.  Unfortunately, as tumors progress, androgen receptor activity 
either diminishes or the receptor itself is subject to mutations which 
can prevent androgen binding or contribute to AR constituitive activity 
in androgen absence (even following hormone deprivation therapy). 
Therefore, the window of opportunity for this type of therapy may be 
limited.  However, the current failure to develop effective chemotherapy 
for these patients makes any advance of potential interest. In tumors 
which are already androgen insensitive, other receptors can be used 
as delivery vehicles. Many are overexpressed in prostate tumors (like 
epidermal growth factor receptor; EGFR) which also internalizes 
various bound ligands (EGF and transforming growth factor-α). 
Cytoxan could be similarly coupled to these ligands. Perhaps not as 
efficient as the androgen receptor as a delivery vehicle, any increase in 
specific cellular uptake is potentially useful.
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