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Introduction 

Although antiandrogens that can block androgen action through the androgen receptor 
(AR) have been widely used for the treatment of prostate cancer, the majority of 
available ones possess agonist activity, resulting in increases in serum prostate-specific 
antigen (PSA) levels, known as the antiandrogen withdrawal syndrome [1,2]. In addition, 
we previously found that androstenediol (Adiol), a physiological metabolite from 
dehydroepiandrosterone (DHEA) and a precursor of testosterone, has an intrinsic 
androgenic activity which was not completely antagonized by two antiandrogens 
clinically used, hydroxyflutamide (HF) and bicalutamide (BC) [3]. Therefore, new and 
more effective antiandrogenic compounds with marginal androgenic activities need to 
be identified. Our hypothesis in the current project was that DHEA metabolites or their 
synthetic derivatives are able to bind to the AR with low, if any, agonist activity and thus 
function as better antiandrogens than currently available ones. We previously screened 
DHEA derivatives/metabolites for their androgenic and antiandrogenic activities and 
found that three compounds, 3β-acetoxyandrost-1,5-diene-17-ethylene-ketal (ADEK), 
3β-hydroxyandrost-5,16-diene (HAD), and 3-oxo-androst-1,4-diene-17-ketal (OADK), 
show only marginal agonist effects and suppress significantly 5α-dihydrotestosterone 
(DHT)- and Adiol-induced AR transactivations [4-6]. Thus, ADEK, HAD, and OADK 
have the potential to function as potent antiandrogens that carry fewer risks of 
withdrawal response if used for therapy in patients with prostate cancer.  

We have previously assessed the effects of ADEK, HAD, and OADK on prostate cancer 
cell growth in vitro. The tasks in the approved Statement of Work in this period (months 
25-36) would be to evaluate the effects of these DHEA derivatives in vivo (Task 2 for 
months 19-48), including Task 2-a (to test the tolerance and toxicity of the compounds 
in mice), Task 2-b (to test the anti-tumor effects of the compounds in mouse xenograft 
models for prostate cancer), and Task 2-c (to analyze xenograft tumors by 
immunohistochemistry, reverse transcription (RT)-polymerase chain reaction (PCR), 
and western blotting).   

Body 

Tolerance/toxicity for ADEK, HAD, and OADK in animals 
To determine whether the DHEA derivatives are well tolerated or affected any adverse 
responses in animals, ADEK, HAD, or OADK (200 mg/Kg daily for 14 days; 2x 
postulated therapeutic dose [7]) was administered subcutaneously in 6-week-old male 
C57BL/6 mice. As detailed in the previous report (July 2011), there were no statistically 
significant differences (by Student’s t-test) in food intake, weight gain, and the weight of 
major organs (e.g. heart, liver, kidney, adrenal, spleen, testis, and brain) between the 
control and treatment groups. I, as a board certified pathologist, also confirmed that 
there were no significant histological changes in the tissues from different groups of the 
mice. Thus, it was likely that animals with injections of a high dose of ADEK, HAD, or 
OADK suffered from no adverse effects.  
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Anti-tumor effects of ADEK, HAD, and OADK in mouse xenograft models for 
prostate cancer 
Inhibitory effects of DHEA derivatives on tumor growth were assessed in mouse 
xenograft models for AR-positive prostate cancer. We used LNCaP and CWR22Rv1 
because the compounds were found to significantly suppress androgen-mediated cell 
proliferation in vitro. These lines were implanted subcutaneously into the flanks of 7-8-
week-old male SCID mice. After 2-4 weeks, when the estimated volumes of all tumors 
reached 40 mm3, we started daily injection of the compounds into mice. As shown in 
Figure 1A, inoculated LNCaP tumors in mice treated with BC (without castration) were 
significantly smaller (61% reduction) than those in the control mice. However, 
subcutaneous injection of ADEK (26% at 10 weeks), HAD (9% at 10 weeks), or OADK 
(13% at 10 weeks) only slightly (P>0.05) reduced the size of the LNCaP tumors in non-
castrated mice, compared to control treatment. In addition, castration significantly 
retarded the growth of LNCaP tumors, and no significant additive effects of DHEA 
derivatives as well as BC were seen. Similarly, subcutaneous injection of DEHA 
derivatives resulted in only slight decreases (10-19% at 7 weeks) in CWR22Rv1 tumors 
(Figure 2A). We then injected intraperitoneally the compounds in LNCaP-implanted 
mice (Figure 3). The sizes of the tumors were similar among the cohorts (except the BC 
group) at 1-8 weeks of treatment, although considerable reductions (26-34%, vs. 
control) were seen at 9 weeks.  

Some of the harvested tumor specimens were also assessed for cell proliferation [by 
proliferating cell nuclear antigen (PCNA) immunostaining], apoptosis (by TUNEL assay), 
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and angiogenesis or metastatic ability [micro-vessel density (MVD) by CD31 
immunostaining and the expression of basic fibroblast growth factor (bFGF), vascular 
endothelial growth factor (VEGF), interleukin (IL)-8, and matrix metalloproteinase 
(MMP)-9 by quantitative RT-PCR]. Correlating with the sizes of xenograft tumors, 
ADEK, HAD, and OADK failed to significantly change these factors (Figures 1B, 1C, 2B 
& 2C). Furthermore, there were no noticeable differences in the expression of VEGF, 
MMP-9, and E-cadherin detected by immunohistochemistry, as well as that of VEGF, 
MMP-2, and MMP-9 detected by western blotting, between the tumors from control 
versus ADEK/HAD/OADK groups.  

Figures legends. The effects of ADEK, 
HAD, and OADK on tumor progression 
in mouse xenograft models for prostate 
cancer. LNCaP (Figures 1A & 3) or 
CWR22Rv1 (Figure 2A) cells 
resuspended in Matrigel (2 × 106 cells in 
200 μl per site) were implanted 
subcutaneously into the right and left 
flanks of SCID mice, and treatment 
[daily subcutaneous (Figures 1A & 2A) 
or intra-peritoneal (Figure 3) injection of 
100 mg/Kg each compound) began when 
estimated tumor volume reached 40 mm3 calculated by the following formula: tumor weight = 
tumor length (mm) × [tumor width (mm)]2 × 0.5 [8]. In the groups of mice (Figure 3), bilateral 
orchiectomy or sham surgery was also performed. Tumor volume (n = 6 tumors in each group) 
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was monitored twice a week for 7-10 weeks. The mice were then killed, and the tumors were 
harvested for further analyses. mRNA expression of bFGF, VEGF, IL-8, and MMP-9 in the 
tumors was analyzed by real-time RT-PCR (Figures 1B & 2B). Expression of each specific gene 
was normalized to that of GAPDH. Transcription amount is presented relative to that of control 
tumors in each cell line (first lanes; set as 100%). Each value represents the mean + SD from at 
least three independent experiments. Immunohistochemical and TUNEL analyses in harvested 
xenograft tumors from mice were also performed (Figures 1C & 2C). Mean value + SD of the 
percentage of PCNA-positive cells, MVD (number of vessels highlighted by CD31 staining per 
high-power field), and the percentage of TUNEL-positive cells in each group of tumors is 
shown. *P<0.05 (vs. control by Student’s t-test). 

Thus, in contrast to our in vitro data, ADEK, HAD, and OADK did not show significant 
suppressive effects on AR-positive tumor growth in vivo. We will repeat mouse 
xenograft experiments, using higher doses of the compounds and/or different cell lines 
[e.g. VCaP harboring a wild-type AR we recently obtained from the American Type 
Culture Collection (ATCC) after performing in vitro analyses in this cell line]. 

Key Research Accomplishments 

1. (for Task 2-a) ADEK, HAD, and OADK were well tolerated or affected no adverse
responses in mice.

2. (for Tasks 2-b & 2-c) ADEK, HAD, and OADK only slightly inhibited tumor
progression in mouse xenograft models for prostate cancer (LNCaP and
CWR22Rv1).

Reportable Outcomes 

Promotion 
I was promoted to Associate Professor of Pathology and Laboratory Medicine at 
the University of Rochester School of Medicine and Dentistry on November 1, 
2011. 
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Kitakyushu, Japan (October 24, 2011).
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Conclusion 

Using mouse xenograft models for prostate cancer (LNCaP and CWR22Rv1), we have 
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assessed the effects of ADEK, HAD, and OADK, in comparison with that of BC, on 
tumor progression in vivo. All these DHEA derivatives, as well as HF and BC, were 
previously shown to have antiandrogenic properties and significantly inhibited cell 
proliferation and invasion of prostate cancer lines with different AR statuses in vitro. 
Compared to these in vitro analyses, inhibitory effects of the three compounds at a dose 
of 100 mg/Kg given subcutaneously or intraperitoneally on tumor growth were found to 
be less significant in animal models. We will first repeat mouse xenograft experiments, 
using higher doses of the compounds. Concurrently, another useful prostate cancer 
line, VCaP harboring a wild-type AR available from the ATCC, will be assessed for anti-
tumor effects of ADEK, HAD, and OADK in vitro. If these compounds are found to 
exhibit antiandrogenic activities in VCaP cells, we will also perform mouse xenograft 
experiments using this line. 
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