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SUMMARY 

The metabolism of testosterone was examined in normal human prostate, benign prostatic hyperplasia 
(BPH) and prostatic carcinoma in organ culture. Dihydrotestosterone was the principal metabolite 
in the normal and hyperplastic prostate and in most of the carcinomas, although over half of the 
carcinomas produced less DHT than the benign tissue. There was no correlation between their degree 
of differentiation and their metabolic pattern but carcinomas from the oldest patients formed signifi- 
cantly greater amounts of 17-keto-metabolites. The effect of testosterone, its active metabolites and 
oestradiol-17/? on the growth and differentiation of BPH and prostatic carcinoma in organ culture 
were correlated with changes in DNA and RNA synthesis, studied by autoradiographic methods. In 
the absence of hormones, explants of BPH grew well but showed signs of squamous transformation. 
Treatment with androgens prevented the metaplasia and preserved the secretory activity of the epithe- 
lium, white oestradiol caused cellular necrosis. in the BPH, DNA synthesis was depressed by oestradiol 
and unaffected by the sndrogens, except for 3~-androstanediol which increased it. RNA synthesis was 
increased by the androgens and reduced by oestradiol. In the carcinoma the androgens as well as 
oestradiol depressed DNA synthesis while RNA synthesis was increased by the androgens but not 
affected by oestradiol. In both BPH and carcinoma, the stromal cells and the epithelium responded 
similarly to hormonal treatment. 

Investigations into the effects of steroid hormones on 
benign prostatic hyperplasia (BPH) and carcinomas 
aim to explore the role of the hormones in the genesis 
of the tumours and also to evaluate the hormonal 
response of existing tumours as an aid in their clinical 
management. 

In animal experiments the nutritional, immunologi- 
cal and hormonal status of the host will alter the 
basic effects of hormones and complicate the interpre- 
tation of results. In an in uirro system these factors 
are eliminated and the direct action of hormones can 
be studied at the cellular level under well controlled 
experimental conditions. 

Hormone concentration and duration of exposure 
can be easily manipulated and an easy repletion of 
experiments makes it possible to obtain both qualita- 
tive and quantitative data. 

In the work described here organ culture has been 
used as a method of choice. In this system, the two 
main tissue components, epithelium and stroma and 
their anatomical relationship are, under suitable con- 
ditions, preserved in vitro. In human BPH and pros- 
tatic carcinoma the stroma often forms a substantial 
part of the tissue and the action of hormones on the 
epithelium may depend on an intact epithelia~stro~I 
relationship. Moreover, recent evidence suggests that 
the stroma is metabolically active [l] and that it may 
mediate the effect of androgens on the epithelium [2]. 

In addition, the system avoids the disadvantage of 
time lag and cell selection inherent in the use of cell 
cultures and fragments of BPH or carcinomas can 
be explanted shortly after removal from the patient. 

TESTOSTERONE METABOLISM 

The hormonal response of the two tissues may be 
influenced by differences in their testosterone metabo- 
lism and the formation of rneta~~t~ was, therefore, 
measured in organ cultures of normal human pros- 
tate [3], in BPH and in different types of prostatic 
carcinomas [4]. The carcinomas were classified as 
moderately differentiated, if the epithelium was 
arranged in acinar structures. Tumours which con- 
sisted of strands or clusters of cells without organisa- 
tion were classified as poorly differentiated. 

Figure 1 shows the formation of testosterone 
metabolites in a normal prostate gland from a 
19-year-old man. The metabolism is pre~nderantly 
reductive: large amounts of dihydrotestosterone 
(DHT) are formed while those of androstanediol, 
androstanedione and androsterone are very low. 

A comparison of testosterone metabolism in BPH 
and in moderately and poorly differ~tiated car- 
cinomas shows that it is reductive in both types of 
tissue (Fig. 2). The principal metabolite is DHT in 
all the benign specimens and carcinomas, but the pro- 
portion of DHT formed in seven of the carcinomas 
is lower than that in the benign tissues. The differ- 
ences in DHT formation appear unrelated to the 
stage of differentiation of the carcinomas. This also 
holds true for the formation of 17-keto metabolites 
(Fig. 3). Four of the carcinomas form significantly 
higher amounts of androstanedione than BPH irre- 
spective of their stage of differentiation. However, if 
the differences are examined according to the age of 
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Fig. 1. Metabolism of testosterone in prostate gland from 
a 19-year-old man. The amounts of metabolites and their 
standard deviations are expressed as pmol/mg DNA. 
(DHT: Sr-dihydrotestosterone. A-diols: 3c.+ and 38-andros- 

tanediols, total: tissue and medium). 

the patients. there seems to be a positive correlation 
between low DHT values with high androstanedione 
production in tumours obtained from the 70-80 year 

age group (Fig. 4). In contrast. BPH does not show 
any variation with age. 

The mechanism involved in this shift towards a 
more oxidative pathway with age is uncertain. Nozu 
and Tamaoki[S] have reported that in ventral rat 
prostate the content of Sa-reductase declines with age 
and it is possible that in human carcinoma, though 
not in benign hyperplastic tissue, the synthesis of the 
enzyme is similarly diminished. 
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Fig. 2. Formation of Sa-DHT in BPH and in moderately 
and poorly differentiated carcinomas. Results are expressed 

as percent activity f standard devation. 

ACIION OF HORMONES 

Hormonal studies of human BPH and carcinoma 

in organ culture are of a relatively recent date (Table I) 
and suggest that the growth of BPH is no longer 
hormone dependent [&IO]. The tissue retained its 
normal architecture and growth pattern in the 
absence of testosterone, while addition of androgens 
or anti-androgens did not alter its morphology or 
enzyme activity. 
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Fig. 3. I7-Keto metabolites in BPH and in poorly and moderately differentiated carcinomas. Results 
are expressed as percent activity + standard deviation. 
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Fig. 4. Relationship between proportion of testosterone 
metabolized to l%oxo-derivatives in carcinomas and the 

age of the patient. 

In contrast, testosterone was seen to promote dif- 
ferentiation in prostatic carcinoma. MacMahon et 
al.[lO] reported that the hormone increased the secre- 
tory apparatus of the epithelium in a differentiated 
carcinoma and induced acinar formation in an ana- 
plastic tumour. 

In androgen deprived target tissues the first conse- 
quence of testosterone treatment is an increase in 
RNA synthesis [l 11. RNA synthesis seems, therefore, 
a more sensitive criterion of androgen action than 
alteration or maintenance of structure, and the effect 
of steroids on RNA synthesis determined in organ 
cultures of BPH [12] has been compared with that 
measured in carcinoma and correlated with changes 
in DNA synthesis and alteration of morphology. 

Both BPH and carcinoma were obtained by trans- 
urethral resection (TUR) and were explanted within 
2-3 h after removal from the patient. They were 
grown for 4-6 days by a modified Trowel1 tech- 
nique [13] in medium 199 [14] supplemented with 
10% calf serum. Testosterone, DHT, 3a-androstane- 

dial, 3/?-androstanediol, androstendione and oestra- 
diol-17/I were added at a concentration of 3.0pg/ml 
medium. 

DNA and RNA synthesis were studied by autoradi- 
ography in explants labelled with 3H-thymidine or 
3H-uridine and expressed as the percentage of 
labelled cells or the average number of grains per 
cell. The incorporation of 3H-uridine into RNA was 
assessed separately in epithelium and smooth muscle 
cells. 

BENIGN PROSTATIC HYPERPLASIA 

Histological observations 

Before explantation the benign prostatic tissue 
showed glandular and stromal elements in varying 
proportions. The epithelium was arranged in aleveoli 
lined, usually, with one row of columnar or cuboidal 
cells. In some areas, the alveolar lumen was dilated 
and the cells flattened, in others the epithelium had 
multiplied and become stratified. The stroma con- 
sisted of collagenous and smooth muscle fibres. 

After 6 days growth in non-supplemented medium 
the epithelium of many alveoli proliferated and 
formed several rows. The hyperplastic epithelium 
became stratified and formed tonofibrils bridging the 
intercellular gaps. 

Testosterone or DHT did not entirely suppress this 
epithelial hyperplasia although in many areas the nor- 
mal architecture of the epithelium was maintained. 
In others, alveoli lined with several rows of cells were 
present. However the hyperplastic epithelium retained 
its secretory character, exuded much secretory matter 
into the lumen and showed no evidence of squamous 
transformation, such as tonofibrils. 

Oestradiol did not reduce epithelial cell prolifer- 
ation but the superficial secretory cells were shed into 
the lumen and not replaced. In addition, foci of 

Table 1. Organ culture of BPH and prostatic carcinoma 

Authors 

Schrodt & Foreman 
(1971) 

McRae er al. 
(1972) 

Harbitz, Falkanger 
& Sander (1974) 

MacMahon & Thomas 
(1973) 

MacMahon et al. 
(1972) 

BPH 

BPH 

BPH 

BPH 

Ca 

Source 

Retropubic 
resection 

Open 
prostatectomy 

Open 
prostatectomy 

T.U.R. 

T.U.R. 

Method 

Modified 
Trowel1 
technique 
Leighton 
tubes 

Trowel1 
technique 

Modified 
Trowel1 
technique 
Modified 
Trowel1 
technique 

Results 

Structural maintenance 
without androgens. necrosis 
after addition of testosterone propionate. 
Testosterone raises DNA 
synthesis slightly, does not affect glucose 
utilisation. 
Maintenance of structure 
and normal enzyme pattern without 
androgens. Testosterone, dihydrotestos- 
terone, oestradiol, progesterone and 
cyproterone do not alter morphology. 
enzyme pattern or DNA synthesis. 
Structural maintenance 
without androgens. Testosterone or 
stilboestrol do not alter morphology. 
Structural maintenance without 
androgen. Testosterone increases 
structural and cytological differentiation. 
Stilboestrol does not alter morphology. 
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Fig. 5. The effect of steroid hormones on incorporation 
of C3H]-thymidine in epithelium of human BPH expressed 
as percentage of labelled cells + standard deviation. (Co: 
control, T: testosterone, DHT: dihydrotestosterone, 
A-dione: androstenedione, 3a- and 3/I-dials: 3a- and 

3/Landrostanediols, Oe: oestradiol). 

degenerate cells with vacuolated cytoplasm had 
appeared within the hyperplastic epithelium. 

DNA synthesis 

With the exception of 3cc-androstanediol the 
androgens did not raise the incorporation of 
C3H]-thymidine into DNA over that seen in the con- 
trols while oestradiol diminished it (Fig. 5). The in- 
crease induced by 3a-androstanediol, though slight, 
is just significant. 

RNA synthesis 

In treated and untreated explants the epithelium 
incorporated the tracer substantially (Fig. 6). The per- 
centage of labelled cells was comparatively high in 
the controls being 74%; testosterone and DHT in- 
creased it to 88% and 92% respectively, while oestra- 
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diol had no affect. These differences were more pro- 
nounced if the grain counts were considered. Testo- 
sterone and DHT raised them by approximately SOT;, 
over those in the controls. whereas oestradiol reduced 

them by 35%. 
It seems likely that the increase of RNA synthesis 

by testosterone and DHT is directly linked with the 
maintenance of secretory activity by these two 
androgens. 

The stroma was morphologically similar in controls 
and hormone treated explants but the cells of the 
smooth muscle appeared to be more heavily labelled 
in androgen treated tissue. This observation was sup- 
ported by the counts. Although the number of 
labelled cells was similar in controls and androgen 
treated tissue, the average grain counts per cell were 
raised by testosterone and dihydrotestosterone (Fig. 7). 
In contrast. oestradiol diminished both the number 

of labelled cells as well as the grain counts per cell. 

PROSTATIC CARCINOMA 

The carcinoma examined was an untreated adeno- 
carcinoma. The epithelial components formed a sub- 
stantial part of the tumour and were arranged in 
alveoli lined with cuboidal or columnar secretory cells 
forming papillary projections into the lumen. 

After explantation in organ culture the growth pat- 
tern became somewhat modified. While in some parts 
the original architecture of the epithelium was main- 
tained, in others it formed several solid cell clusters. 

DNA synthesis 

Figure 8 summarises the effect of various androgens 
and oestradiol on the incorporation of C3H]-thymi- 
dine. Unexpectedly, all the androgens depress the 
uptake of the tracer. Oestradiol depresses it as well 

but to a smaller degree. 
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Fig. 6. The effect of steroid hormones on incorporation of C3H] -uridine in epithelium of human BPH 
expressed as percentage of labelled cells or average number of grains per cell. Standard deviations 

are indicated. Abbreviations as in Fig. 5. 
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Fig. 7. The effect of steroid hormones on incorporation of C3H]-uridine in smooth muscle cells of 
human BPH expressed as percentage of labelled cells and average number of grains per cell. Standard 

deviations are indicated. Abbreviations as in Fig. 5. 

RNA synthesis 

In contrast, uridine incorporation is, as in the 
benign tissue, increased by the androgens while oes- 
tradiol does not affect it. Epithelium and stroma re- 
spond in a similar’way. 

Figure 9 shows the incorporation of E3H]-uridine 
into RNA in epithelium and smooth muscle cells 
expressed as the percentage of labelled cells. In the 
absence of hormones the uptake is substantial in both 
components but testosterone, DHT and androstene- 
dione raise it further. The incorporation per cell is 
equally stimulated by the three androgens (Fig. 10). 
In contrast, explants exposed to oestradiol show simi- 
lar values to the controls, both as regards number 
of labelled cells and grain counts. 

To compare the hormonal response of benign pros- 
tatic hyperplasia and prostatic carcinoma with that 
of the normal rat prostate which remains androgen 

dependent and responsive in vitro [15-J, the effect of 
testosterone, DHT, 3r-androstanediol and oestradiol 
on DNA and RNA synthesis was determined (Fig. 11). 
Of the three androgens, only DHT increased the in- 
corporation of C3H]-thymidine while the other two 
androgens did not change it. The uptake of [3H]-uri- 
dine was considerably lower in rat prostates grown 
in control medium than in the human tissues kept 
under identical conditions. The stimulation of RNA 
synthesis by the androgens was correspondingly 
higher and they increased the uptake two fold and 
more. Treatment with oestradiol affected neither the 
incorporation of C3H]-thymidine nor that of 
C3H]-uridine. 

To conclude: although BPH and carcinoma can 
be maintained in the absence of hormones they still 
remain hormone-responsive. In both tissues, the 
androgens promote RNA synthesis while oestradiol 
reduces DNA synthesis. 
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Fig. 8. The effect of steroid hormones on incorporation 
of C3H]-thymidine in human prostatic carcinoma 
expressed as percentage of labelled cells f standard devi- 

ation. Abbreviations as in Fig. 5. 
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Fig. 9. Effect of steroid hormones on incorporation 
of C3H]-uridine in epithelium and smooth muscle cells of 
human prostatic carcinoma, expressed as percentage of 
labelled cells + standard deviation. Abbreviations as in 

Fig. 5. 
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Fig. IO. Effect of steroid hormones on incorporation of 
C3H]-uridine in epithelium and smooth muscle cells of 
human prostatic carcinoma expressed as average grain 
number per cell _+ standard deviation. Abbreviations as 

in Fig. 5. 

The effects of the androgens on DNA synthesis are 

less clear cut. With the exception of 3r-androstanediol 

they do not affect DNA synthesis in the BPH and 

all androgens depress it in the adenocarcinoma. This 
latter result is unexpected and contrary to established 
concepts. More work is needed to confirm it and to 
elucidate further the mode of action of androgens on 
DNA synthesis and cell proliferation in both BPH 

and prostatic carcinoma. 
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