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ABSTRACT 
Bone is a target organ of androgens. The mechanism by which these 

steroids exert their action within bone cells is still poorly understood. 
The metabolism of androstenedione, the major circulating androgen in 
women, was, therefore, assessed in osteoblast-like bone cells cultured 
from bone of 16 postmenopausal women (mean age, 69 yr; range, 56- 
80) and 3 elderly men (mean age, ‘71 yr; range, 69-73) undergoing total 
hip replacement. Each cell strain was incubated under standardized 
conditions with varying concentrations of [1,2,6,7-“Hlandrostenedione 
(0.05-5 PM). In every instance 5cy-reduced metabolites and 17P-hy- 
droxysteroids were formed. There was no correlation between the 
volumetric density of the resected bone and androstenedione metabo- 
lism of the corresponding cultured bone cell strains. The apparent K, 

for the 5cu-reductase activity (sum of androstanedione and dihydrotes- 
tosterone) of all 19 cell strains was 0.7 f 0.1 pM (mean * SEM), and 
the apparent K, for 17/3-hydroxysteroid dehydrogenase (sum of testos- 
terone and dihydrotestosterone) was 2.3 f 0.8 FM (mean + SEM), values 
similar to those reported for other androgen target organs. 

Our results demonstrate that human osteoblast-like cells have the 
capacity to transform androstenedione into the more potent biological 
androgens testosterone and dihydrotestosterone. Since the K, values 
of both 5cu-reductase and 17fl-hydroxysteroid dehydrogenase exceed the 
serum androstenedione concentration, the formation of testosterone 
and dihydrotestosterone appears to be mainly a function of substrate 
availability. (J Clin Endocrinol Metub 75: 101-105, 1992) 

B ONE is a target organ of androgens, which not only 
affect bone maturation but also have profound effects 

on the homeostasis of mature bone. The latter view is sub- 
stantiated by the following observations. First, in men andro- 
gen deficiency is associated with premature bone loss (1) and 
an increased frequency of osteoporotic fractures (2), whereas 
bone mass in male hypogonadism can be stabilized by tes- 
tosterone substitution (3). Second, in postmenopausal 
women treatment with anabolic steroids favorably affects 
bone mass (4). Third, in vitro studies suggest that androgens 
stimulate the proliferation of murine and human osteoblast- 
like cells (5). Furthermore, androgen receptors have been 
recently identified in cultured human osteoblast-like cells (6, 
7), which suggests that androgens act directly in bone cells 
through a receptor-mediated mechanism. 

Although androgens at the cellular level act similarly to 
other steroid hormones, i.e., by combining with a specific 
receptor, the mechanism of androgen action is complicated 
by the fact that in most androgen target tissues testosterone 
is converted to dihydrotestosterone by the enzyme 5cx-reduc- 
tase before binding to the androgen receptor (8, 9). Some 
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androgen-responsive tissues, such as skeletal muscle, how- 
ever, show no detectable 5a-reductase activity, but also 
respond well to dihydrotestosterone (10). 

Thus, any study to unravel androgen action must take into 
account the metabolism of the hormone within the target 
organ studied. Although previous studies using ground frag- 
ments of human bone have demonstrated that testosterone 
is converted to dihydrotestosterone (11, 12), androgen me- 
tabolism in cultured human bone cells has not been studied. 
To provide further insight into androgen action in human 
bone cells, the present study was, therefore, undertaken to 
assess the metabolism of androstenedione, the major circu- 
lating androgen in women, in cultured osteoblast-like cells 
derived from bone specimens obtained from 16 women and 
3 men. 

Materials and Methods 

Materials 

Silica gel thin layer chromatography sheets with plastic back (Poly- 
gram Sil G-Hy) were obtained from Macherey and Nagel (Diiren, 
Germany). [1,2,6,7-3H]Androstenedione (92.7 Ci/mmol) was purchased 
from New England Nuclear (Dreieich, Germany). [3H]Androstenedione 
was purified, if necessary, by thin layer chromatography in the system 
dichloromethane-ethyl acetate-methanol (85:15:2, vol/vol/vol) to assure 
that it was more than 96% pure. Nonradioactive steroids (androstane- 
dione, androstenedione, dihydrotestosterone, testosterone, and andro- 
stanediol) were purchased from Merck (Darmstadt, Germany). Eagle’s 
Minimum Essential Medium (EMM), penicillin and streptomycin solu- 
tion (10,000 U penicillin and 10 mg streptomycin/ml), trypsin-EDTA 
solution, and nonessential amino acids were obtained from Gibco (Karls- 
ruhe, Germany). Fetal calf serum (FCS) and phosphate-buffered saline 
were purchased from Seromed (Berlin, Germany). Falcon tissue culture 
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dishes (Primaria; 60 X 15 mm; polystyrole with modified surface) and 
microwells (24 flat-bottom wells; well capacity, 2.8 mL; growth area, 
2.0 cm’) were obtained from Becton-Dickinson (Heidelberg, Germany). 
Diaminobenzoic acid dihydrochloride was purchased from Aldrich- 
Chemie (Steinheim, Germany). DNA from salmon testes, type III, was 
obtained from Sigma (Deisenhofen, Germany), and Norit-A from Serva 
Feinbiochemica (Heidelberg, Germany). All other chemicals were re- 
agent grade or better and used as supplied by the manufacturer. 

Source of tissue 

The cell strains used in this study were cultured from bone removed 
at orthopedic surgery from 16 postmenopausal women (mean age, 69 
yr; range, 56-80) and 3 men (mean age, 71 yr; range, 69-73) undergoing 
total hip replacement. 

Bone removed from the head of the femur was placed in ice-cold 
isotonic saline and taken to the laboratory for immediate processing. 
Biopsies of each bone sample were placed in a fixative solution com- 
monly used for iliac crest biopsies (2 mL 25% glutaraldehyde, 4 mL 37% 
formaldehyde, and 1.6 g calcium acetate in a total volume of 100 mL 
destilled water) for later histomorphometric evaluation. The spongiosa 
was removed, dissected into fine spicules, and ground with a mortar. 
The tissue was thoroughly cleaned of bone marrow by rinsing with 
chilled and then with 20 C isotonic saline until fine ivory-colored bone 
spicules remained. 

Histomorphometric analysis of bone biopsies DNA determination 

Histomorphometric analysis of bone biopsies was performed essen- 
tially as described previously (13), but with these minor modifications; 
bone biopsies were embedded in paraffin and stained with Giemsa’s 
stain. In brief, stained bone sections of 5 pm thickness were examined 
with brightfield microscopy using a special grid in the eyepiece, which 
is made up of parallel lines with a point raster. The volumetric density 
of a given bone specimen can then be determined by counting points 
that “hit” bone in a metrically defined observation field. 

The DNA content of the cells was measured using a modification of 
procedures previously described (18). The deep frozen wells were 
thawed and-incubated for 60 min with 0.5 mL 1.5 M aqueous 3,5- 
diaminobenzoic acid dihvdrochloride. Before use, the 3,5-diaminoben- 
zoic acid dihydrochloride solution was purified with Nor&A (0.1 g/ 
mL). After heating for 30 min at 60 C, 1 mL 0.6 N HClO, was added. 
Fluorescence was assayed on a Hitachi fluorescence spectrophotometer 
(mode1 204-A, Perkin-Elmer, Dusseldorf, Germany), with the excitation 
wave length set at 396 nm and the emission wave length at 496 nm. 
DNA from salmon testes was used as a reference standard. 

Cell culture and incubation of cells with (“Hlandrostenedione 

The methods used for cell culture were essentially those reported 
previously (14, 15). In brief, bone spicules were placed into Primaria 
culture dishes and cultured at 37 C in a humidified incubator in the 
presence of 5% C02. Culture medium was EMM supplemented with 
penicillin (100 U/mL), streptomycin (0.1 mg/mL), 20 mM N-Tris-(hy- 
droxymethyl)methyl-glycine (pH 7.4), 24 rnM NaHC03, 1% nonessential 
amino acids, and 20% FCS. 

The medium (10 ml/dish) was replaced 7 days later and thereafter 
at 7.day intervals. The cultured cells displayed typical osteoblast-like 
properties, as described in previous studies (14-<7), e.g. they secreted 
osteocalcin after 48-h incubation with 1,25-dihvdroxvcholecalciferol and 
contained alkaline phosphatase activity. ’ ’ 

For all experiments cells from the stock dishes were dissociated with 
0.05% trvnsin-0.02% EDTA and seeded in microwells (dav 0) with 2 
mL of the’culture medium described above. On day 3 and thereafter at 
3-day intervals, the medium was replaced with fresh medium made up 
in the same way as the starting medium, except that 10% FCS was used. 
When the cells were confluent (on the average on day 12), the medium 
was removed, and each well was rinsed with 7.5 mL phos 

s 
hate-buffered 

saline. Then, 1 mL EMM without FCS containing 11,2,6,7- Hlandrostene- 
dione was added. The cultured cells were all us& in passage 1, with the 
exception of one cell strain that was used in passage 2. 

Androstenedione metabolism was studied in two types of expen- 
ments. First, in 6 of the 19 cell strains the metabolites formed as a 
function of the incubation time (time course) were studied at a final 
concentration of 0.5 PM androstenedione for a period lasting from 2-24 
h. Second, in all 19 cell strains the influence of increasing concentrations 
of androstenedione as substrate (0.05-5 PM) on the rate of metabolism 
was assessed using an incubation period of 6 h. The final concentrations 
of androstenedione were obtained by adding nonradioactive androstene- 
dione to the [3H]androstenedione in a 5- to 50.fold excess, Each experi- 
ment was run in triplicate, with one blank in which medium containing 

the radioactive substrate was incubated in wells not containing cells. 
After incubation, the medium was removed from the wells and placed 
into 25 X 150 mm Teflon-capped culture tubes. The incubation wells 
were rinsed with 4 mL isotonic saline, which was combined with the 
removed incubation medium. The microwells were deep frozen until the 
DNA content was determined. 

Extraction and analysis of “H-labeled steroids 

To each culture tube 4 mL chloroform-methanol (2:1, vol/vol) were 
added. The samples were stirred on a Vortex mixer, and the organic 
phase was transferred into new tubes after centrifugation for 10 min at 
1000 rpm. An aliquot with approximately 150,000 dpm 3H-labe1ed 
steroids was pipetted to a disposable 75 x lo-mm round bottom tube, 
and 20 WL of a carrier mixture containing 10 fig each of androstanedione, 
androstenedione, dihydrotestosterone, testosterone, and androstanediol 
dissolved in chloroform were added. The steroids were then separated 
by thin layer chromatography, as previously described (18). 

Recrystallization 

The identity of androstenedione as unmetabolized substrate and the 
identities of the metabolites androstanedione, dihydrotestosterone, and 
testosterone were confirmed by recrystallization to constant specific 
activity and a constant 3H/‘4C ratio, as previously described (18, 19). 

Results 

After incubation of osteoblast-like cells derived from bone 
of both sexes with [1,2,6,7-3H]androstenedione, three metab- 
olites were identified in each sample: androstanedione, di- 
hydrotestosterone, and testosterone. Polar metabolites at the 
origin accounted, on the average, for 0.5% of the recovered 
activity. With the thin layer chromatography used in this 
study, androstanediol was present in only trace quantities. 
The validity of the thin layer chromatography system em- 
ployed for the separation of the metabolites was substanti- 
ated by the recrystallization data obtained after incubation 
and separation of the substrate from the metabolites in the 
thin layer chromatography system described above. As 
shown in Table 1, the specific activity and the ‘H/“C ratios 
remained essentially constant throughout 4- to 5-fold recrys- 
tallization of the various metabolites. 

The assays of androstenedione metabolism were carried 
out under two standardized conditions. First, the time course 
of the appearance of the various metabolites formed after 
incubation of osteoblast-like cells with androstenedione for 
various periods from 2-24 h was studied in six cell strains. 
Representative results of this type of experiment are shown 
in Fig. 1. The formation of all three metabolites increased 
linearly for at least 8 h. Because the formation of metabolites 
was linear for 8 h, we routinely incubated the cells in the 
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TABLE 1. Confirmation by recrystallization of the identities of the principal steroids recovered after the incubation of osteoblast-like cells 
with [1,2,6,7-“Hlandrostenedione 

Solvent 

Androstanedione (dpm/ Androstenedione (dpm/ Dihydrotestosterone Testosterone 

WC) WI (dpdmd kbm/w) 

3H “C 3H/‘4C 3H IT 3H/‘4C 3H 1% 3/‘4C 3H ‘T ‘H/W 

1 Acetone-H,0 870 54 16.0 305 28 10.8 33 34 0.9 203 35 5.8 
2 Benzene-n-heptane 688 45 15.4 441 37 12.1 49 37 1.3 217 34 6.4 
3 Ethylacetate-cyclohexane 621 40 15.6 367 32 11.6 -a -0 -0 223 36 6.3 
4 Ethylether-hexane 668 43 15.7 356 30 11.8 31 42 0.7 262 36 7.3 
5 Methanol-H70 667 43 15.7 389 31 12.4 31 35 0.9 229 34 6.8 

Pooled samples from eight separate incubations of bone cells were chromatographed by preparative thin layer chromatography. Material 
tentatively identified as [“Hlandrostanedione, [“Hlandrostenedione, [3H]dihydrotestosterone, and [“HItestosterone was mixed with 200 mg of the 
appropriate nonradioactive carrier steroid and appropriate ‘C-labeled steroid for recrystallization, as described in the text. 

’ Sample lost. 

FIG. 1. Time course of [1,2,6,7-“Hlandrostenedione metabolism in cul- 
tured human osteoblast-like cells. Cells from the bone of a 59-yr-old 
woman were grown in standard medium, as described in Materials and 
Methods. When the cells were confluent, the medium was replaced with 
1 mL fresh medium containing 0.5 PM [1,2,6,7-3H]androstenedione. At 
the indicated times cells were harvested, and metabolite formation was 
determined, as described in the text. 

following experiments for 6 h. Second, the relation between 
the androstenedione concentration (0.05-5 PM) and the for- 
mation of various metabolites was assessed. A typical exper- 
iment is shown in Fig. 2. As shown in Fig. 2A, the formation 
of 5cu-reduced metabolites increased until a plateau was 
approached at approximately 2 FM. Androstanedione was 
the principal 5oc-reduced metabolite. 

The apparent K,, as estimated by the double reciprocal 
plot, was approximately 0.8 PM for 5a-reduction (0.8 FM for 
androstanedione; 0.5 PM for dihydrotestosterone). From the 
same plot, the apparent maximum rate of formation of 5a- 
reduced steroids was estimated to be 4.9 pmol/pg DNA. h. 

The effect of increasing concentrations of androstenedione 
on the formation of 17/3-hydroxysteroids is demonstrated in 
Fig. 2B. The formation rate increased progressively and did 
not plateau in the employed concentration range. Testoster- 
one was the principal 17@-hydroxysteroid metabolite. Its 
formation exceeded that of dihydrotestosterone by approxi- 
mately 5-fold. 

The apparent K, values were around 1.6 PM for the 
combined 17P-hydroxysteroid formation (2.6 PM for testos- 
terone; 0.5 FM for dihydrotestosterone). The apparent maxi- 
mum rate of formation for the combined 17@hydroxyste- 
roids was approximately 0.9 pmol/pg DNA. h. 

The formation of 5a-reduced and 17P-hydroxysteroids by 

19 osteoblast-like cell strains from a total of 19 patients is 
summarized in Fig. 3. Figure 3A summarizes the rates of 
conversion of androstenedione to 5a-reduced steroids (an- 
drostanedione and dihydrotestosterone) and 17&hydroxy- 
steroids (testosterone and dihydrotestosterone) by osteoblast- 
like cells at a substrate concentration of 2 PM, which is not 
saturating but is approximately in the range of the K, values 
for both 5a-reductase and 17P-hydroxysteroid dehydroge- 
nase (see below). At this concentration the proportion of 
dihydrotestosterone in 5a-reduced metabolites accounted, on 
the average, for 9 %, and that in 17P-hydroxysteroids, on the 
average, for 21%. 

Figure 3, B and C, summarize the results of the kinetic 
data from the cultured 19 cell strains. The apparent K, of 
5oc-reductase was 0.7 f  0.1 PM (mean + SEM), and the 
apparent K, for 17/3-hydroxysteroid dehydrogenase was 2.3 
f  0.8 FM (mean f  SEM). The maximum enzyme activities 
(V,,,) of 5a-reductase were 3.1 + 0.7 pmol/pg DNA.h (mean 
+ SEM) and 2.4 + 1.7 pmol/pg DNA. h (mean f  SEM) for 17/3- 
hydroxysteroid dehydrogenase. These results are not signif- 
icantly changed if the data of the three men are omitted. 

When the volumetric density of the resected bone was 
related to metabolite formation from androstenedione in the 
corresponding cultured bone cell strains, no significant cor- 
relation was found between these parameters (Spearman’s 
coefficent, r 5 0.1). 

Discussion 

This study examined androstenedione metabolism in cul- 
tured human osteoblast-like cells. Based on the results we 
drew three conclusions. First, human osteoblast-like cells 
have the capacity to convert the weak androgen androstene- 
dione into more potent biological androgens, such as testos- 
terone and dihydrotestosterone. Our data provide strong 
evidence for the presence of 5a-reductase in bone cells 
metabolizing androstenedione to 5a-androstanedione and 
5a-dihydrotestosterone. The principal metabolite of the 17P- 
hydroxysteroid dehydrogenase pathway was testosterone. 
Thus, human bone cells contain the same enzymatic pattern 
as that found previously in fresh human spongiosa (11, 12). 
Therefore, osteoblast-like cells seem to be a valid model 
system for the study of androgen action on bone. 

Second, the estimated K, values correspond to results 
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