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Summary.  Human prostat ic tissue and expressed prostat ic 
secretions (EPS) from patients with benign prostat ic hyper-  
plasia (BPH) and prostate cancer were incubated with 
(1/~ al l )  androstenedione.  The extent  o f  aromatization was 
determined by  measuring the transfer of  3H from the 1/3 
posit ion into water.  The amount  o f  3H20 recovered corre- 
sponds to the estrogens formed. Tissue from 5 patients with 
BPH yielded 2.13 (+ 1.05) pmol /mg protein/h while the 
EPS from the same patients yielded 727 fmol/mg protein/h.  
In patients with prostate cancer the mean formation of  
estrogens was 388 fmol/mg protein/h (+ 75). 4-hydroxy-  
androstenedione,  an aromatase inhibitor,  successfully in- 
hibited aromatizat ion in BPH and prostate cancer 53 -98%.  

Key words: Aromatizat ion,  BPH, Prostate cancer, Prostatic 
secretions. 

Introduction 

Human prostat ic tissues are capable of  converting andros- 
tenedione to estradiol and estrone [13, 14]. Preliminary 
data suggest that  there is an increased product ion of  estro- 
gens in the prostates of  patients with BPH. Evidence for 
aromatization in the peripheral region of  the prostate sug- 
gests that  such may be also linked to prostate cancer [14]. 

Addit ional  studies now confirm this earlier work.  Estro- 
gen formation can be detected in tissue from patients with 
prostate cancer and in the expressed prostatic secretions 
(EPS) o f  patients with BPH. Inhibit ion of  aromatization 
can be achieved in vitro with 4-hydroxyandrostenedione 
in both  BPH and prostate cancer. 

Part of this paper was presented at the 5th Congress of the Euro- 
pean Society for Urological Oncology and Endocrinology, 18-20 
August 1986, Edinburgh, UK 

Materials and Methods 

Prostate Tissue and Expressed Prostate Secretions 

Prostatic tissue was obtained from patients undergoing either open 
prostatectomy or transurethral resection. Just prior to the procedure 
expressed prostatic secretions (EPS) were obtained by digital mas- 
sage. Specimens were immediately frozen (-70 °C) until utilized. 
The presence of BPH or prostate cancer was confirmed microscopi- 
cally. 

Aromatase Assay 

Glucose-6-phosphate, glucose-6-phosphate dehydrogenase and 
NADPH were purchased from Sigma Chemical Company (St. Louis, 
Mo.). (1,23H) testosterone (41.6 Ci/mmole) was obtained from New 
England Nuclear (Boston, Ma.). 4-hydroxyandrostenedione (4- 
OHAD) was obtained from Dr. A. M. H. Brodie, University of Mary- 
land. (1/33H) androstenedione (29.9 Ci/mM) was prepared from 
(1,23H) testosterone by treatment with base [ 11]. 

Prostatic tissue and EPS were homogenized on ice (Tekkmar and 
glass on glass) in 50 mM phosphate buffer (pH 7.5) with 0.5 mM 
EDTA and 1 mM dithiothreitol (DTT). 

The final homogenate (1 cc) was incubated with approximately 
106 dpm of (lfl3H) AD and 1 #M cold androstenedione in the 
presence of glucose-6-phosphate (3.3 raM), glucose-6-phosphate 
dehydrogenase (3.1 units) and NADPH (1.2 mM) for 1 h at 37 °C. 
The inhibitor 4-OHAD was added to some of ttle incubations in 
concentrations equimolar to the substrate and up to 100 fold excess 
(10-9-10 -7  moles). Heated prostatic tissue and buffer were used 
for control incubations. Residual counts contained within the con- 
trois were substracted from the products of the incubations. 

At the end of the incubation the homogenates were mixed with 
1% charcoal, left on ice for 10 min and centrifuged at 2,000xgx 10 
min. The supernatant was lyophilized and counted. The amount of 
3H20 corresponds to the estrogen formed [11,141. Proteins were 
determined by the method of Lowry [9]. 

Results 

Five patients had either open pros ta tec tomy or TURP for 
obstructive BPH. Estrogen formation in the hyperplastic 
tissue ranged from 370 fmols/mg protein/h to 4.8 pmoles/ 
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T a b l e  1. Estrogen formation in benign prostatic hyperplasia and 
expressed prostatic secretions 

Patient BPH EPS Ratio 

1 4,610 1,280 3.6 
2 4,800 1.540 3.1 
3 371 71 5.2 
4 538 - 
5 370 18 20.0 

aromatization in the BPH to that in the EPS ranged from 
3.1-20.0 with a mean of 8.0 (Table 1). 

Tissue from patients (4) with prostate cancer yielded 
203-520 fmols/mg protein/h with a mean of 388 (+ 75) 
(Table 2). 

Incubation of BPH and prostate cancer with 4-OHAD 
yielded dose dependent suppression of aromatization from 
53-98% (Fig. 1). 

Incubation of benign prostatic hyperplasia (BPH) and expressed 
prostatic secretions (EPS) with (1/~ 3H) androstenedione. The extent 
of aromatization was measured by the transfer of 3H from the 1/3 
position into water. Results are expressed in fmol/mg protein/h. 
Note no EPS obtained from patient # 4  
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Fig. 1. Incubation of (1/33H) androstenedione with BPH and pros- 
tate cancer homogenates and increasing amounts of 4-hydroxy- 
androstenedione. Control incubations (c) without inhibitor are ex- 
pressed as 100%. 4-OHAD expressed in moles 

Table 2. Estrogen formation in human prostate cancer 

Patient Prostate cancer 

1 203 
2 327 
3 502 
4 520 

Results are in fmol/mg proteine/h and were obtained as described in 
legend to Table 1 

mg protein/h with a mean of 2.13 pmoles (-+ 1.05). Ex- 
pressed prostatic secretions from these same patients de- 
monstrated estrogen formation of 18 fmols/mg protein/h to 
128 pmoles mg/h with a mean of 727 (+- 398). The ratio of 

Discussion 

Previous work in this laboratory has demonstrated estrogen 
formation from androgens in human prostatic tissue. Com- 
parison of periurethral tissue from patients with and with- 
out BPH suggested a greater amount of estrogen formation 
in the former. In addition, the presence of substantial aro- 
matization in the peripheral zone raised questions relative 
to the role of estrogen formation in the initiation or promo- 
tion of prostate cancer. 

Estrogen formation in the group of patients with BPH 
averaged 2.16 pmol/mg protein/h. This is considerably 
higher than the 223 fmol/mg protein/h reported previously 
[14]. There are several explanations for this "enhanced" 
activity. The tissue in the previous report was obtained as 
a result of cystoprostatectomy for bladder disease. The pre- 
sent group of patients was operated on for obstructive 
BPH. The buffer system presently utilized contained phos- 
phate as well as EDTA and DTT. Previous experiments uti- 
lized a Tris buffer system and there is some evidence that 
the former system improves yield (unpublished data). Final- 
ly, the results obtained in the previous reports were achieved 
by using the stably labeled (1,2,6,7 all) androstenedione at 
100 nM with recovery of 3H estrone and aH estradiol. The 
present experiment utilized 1 /~M (1flail) androstenedione 
with estrogen formation determined by recovery of aH20. 

Experimental evidence is consistent with the probability 
that estrogen formation may be important in initiating and 
sustaining BPH. Finding high estrogen levels in the stroma 
as compared to the sera in patients with BPH [7, 8] may 
therefore not reflect a "concentrating" effect as has been 
theorized but rather an accumulation of estrogens via in 
situ aromatization. Furthermore, reports of low LH [6, 10] 
found in some patients with BPH might be a result of feed- 
back from increased estrogen production. 

Previous work noting the existence of estrogen forma- 
tion in the peripheral zone of the benign prostate prompted 
us to investigate its presence in prostate cancer. The levels 
found are threefold greater than those reported for the 
normal peripheral zone (388 fmol vs 140). Although some 
of this increase may be attributed to the same factors men- 
tioned previously in patients with BPH, other experimental 
evidence indirectly supports the possible role of estrogen 
involvement in prostate cancer genesis [4]. The presence of 
estrogen receptor binding sites, the increase in androgen 
receptor content with the addition of estrogen, and the 
growth stimulating affects of estrogen on cultured human 
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prostate cancer cells further support such a hypothesis 

[2, 7, 8]. The reports of  low testosterone levels in patients 

with prostate cancer or in their brothers [6, 10] may be 
related to estrogen product ion by the peripheral zone of  

the prostate with subsequent negative feedback, 

This is the first demonstrat ion of  the presence of  aroma- 
tase in expressed prostatic secretions. The EPS contains 
many elements from the ductal and glandular epithelial 
cells [1 ,5 ,  12] and therefore, it  is not  surprising that aroma- 
tase should be present,  the implication being that  the en- 
zyme is of  prostate glandular or ductal origin. The amount  
of  estrogen formed in the EPS appears to parallel that  of  
the BPH tissue (Table 1). However, the sample size is too 
small to assess whether there is a correlation with prostate 
size. Rojas [12] reported increased estradiol in the EPS 
from patients with prostate cancer. Such a finding might 
result from either increased production of  estradiol within 

the epithelial cells of  the peripheral zone or from in situ pro- 
duction in the EPS itself from the aromatase enzyme. 

Estrogen formation was inhibited by 4-OHAD in a dose 
dependent  manner in both BPH and prostate cancer. Should 
aromatase prove to be significant to the pathogenesis of  
these two diseases, the potential  for a novel form of  treat- 
ment  for BPH and prostate cancer may become available. 
An analogous possibility is presently being studied in pa- 

tients with breast cancer [3]. The finding of  aromatization 
in the EPS would make such determinations of  this enzyme 
a possible means for pat ient  screening and assessment of  

t reatment  response. 
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