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Abstract 

Human  skin may be considered as a target organ for androgens, as are male sex accessory organs, since all 
events involved in testosterone action have been observed in this tissue. As a corollary, the mechanism of 
androgen action can be studied in vitro in cultured skin fibroblasts. The advantages of this system are that 
studies can be performed with intact human cells under carefully controlled conditions, differentiated genetic 
and biochemical characteristics of the cells are faithfully preserved and the biological material is renewable 
from a single biopsy specimen. The metabolism of androgens, in particular the 5c~-reduction of testosterone 
to the active metabolite, dihydrotestosterone, the intracellular binding of androgen to its specific receptor 
protein and its subsequent translocation to the nucleus have been studied in skin fibroblasts. The intracellular 
androgen receptor content of genital skin fibroblasts is higher than that from nongenital skin sites. In 
addition, the androgen receptor has been characterized as a specific macromolecule with properties of high 
affinity and low capacity similar to that of other steroid hormone receptors. 

The pathophysiology of three genetic mutations which alter normal male sexual development and 
differentiation has been identified in the human skin fibroblast system. In 5a-reductase deficiency, an 
autosomal recessive disorder in which dihydrotestosterone formation is impaired, virilization of the Wolffian 
ducts is normal but the external genitalia and urogenital sinus derivatives are female in character. At least two 
types of X-linked disorders of the androgen receptor exist such that the actions of both testosterone and 
dihydrotestosterone are impaired and developmental abnormalities may involve both Wolffian derivatives 
and the external genitalia as well. These two forms of androgen insensitivity result f rom either the absence of 
androgen receptor binding activity (receptor (-) form) or apparently normal androgen receptor binding with 
absence of an appropriate biological response (receptor (+) form). In addition, studies with human skin 
fibroblasts may also be of value in defining the cellular mechanisms underlying the broad spectrum of partial 
defects in virilization. 

In summary,  we have correlated our studies of the molecular mechanism of androgen action in human 
genital skin fibroblasts with those of other investigators as these studies contribute to our understanding of 
male sexual development and differentiation. 

Abbreviations 

The following abbreviations and trivial names 
for steroids have been used: dihydrotestosterone 
(D HT), i 7/3-hydroxy-5c~-androstan-3-one; andros- 
terone, 3 c~-hydroxy-5c~-androstan- 17-one; etiochola- 

nolone, 3c~-hydroxy-5/3-androstan-17-one; andros- 
tanediols, 5c~-androstan-3a, 17/3-diol and 5c~-an- 
drostan-3/3, 17/3-diol; androstanedione, 5c~-andros- 
tan-3, 17-dione; methyltrienolone (R 1881 ), 17/3-hy- 
droxy-17c~-methylestra-4, 9, l l-trien-3-one; RU- 
23908, 5, 5-dimethyl-3-[4-nitro-3-(trifluoromethyl)- 
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phenyl]-2, 4-imidazolidinedione; R2956, 17-hy- 
droxy-2, 2', 17c~-trimethylestra-4, 9, 1 l-trien-3-one; 
cyproterone acetate, 6-chloro-17c~-acetoxy-l, 2c~- 
methylene-4, 6-pregnadiene-3, 20-dione; triamcino- 
lone acetonide, 9-fluoro-11/3, 16~, 17, 21-tetrahy- 
droxy-pregna-1, 4-diene-3, 20-dione-6, 17-acetoni- 
de; dexamethasone,  9~-fluoro-16c~-methyl-ll/3, 
17~, 21-trihydroxypregna-1, 4-diene-3, 20-dione. 

I. Introduction 

Cultures of human genital skin fibroblasts have 
evolved as a system for the study of genetic and 
biochemical abnormalities of androgen action and 
sexual differentiation (1-3). The obvious values of 
this system derive from the human origin of the cells 
and the renewable nature of cultured biological 
material. In addition, fibroblasts reflect genetically 
determined characteristics of the donor. Experi- 
mental observations from cultured skin fibroblasts 
also parallel results obtained with fresh specimens 
of skin and/or  other tissues. Presently, several 
important steps in the mode of action of androgens 
can be evaluated in human skin fibroblast cultures. 
These include the intracellular conversion of tes- 
tosterone to its active metabolite, 5~-dihydrotes- 
tosterone (DHT), as catalyzed by the presence of 
the enzyme NADPH: ~4-3-ketosteroid 5~-oxido- 
reductase (5c~-reductase). Furthermore, the pre- 
sence of an androgen receptor protein has been 
demonstrated in skin fibroblasts derived from 
various anatomical sites for both male and female 
subjects. The study of DHT binding to its specific 
receptor protein and characterization of the ma- 
cromolecular steroid complex has been pursued in 
several laboratories. Within this review, we will 
attempt to correlate our experience and that of 
others with cultured human skin fibroblasts as a 
model system for the study of androgen action and 
male sexual differentiation. 

II. Androgen physiology: sexual development and 
differentiation 

Androgens of fetal testicular origin serve as 
obligatory triggers, during restricted and critical 
periods of embryonic and early neonatal life, for the 
initial differentiation and growth of many organs of 
the male reproductive tract such as the Wolffian 

ducts, urogenital sinus and external genital pri- 
mordia (4, 5). Androgens also serve to permanently 
imprint regions of the central nervous system that 
control the masculine modes of gonadotropin se- 
cretion and sexual behavior. At the time of puberty, 
they promote the appearance of the secondary male 
sex characteristics, which include growth of the 
external genitalia, development of the prostate and 
seminal vesicles, male distribution of body hair and 
increase in total muscle mass. Androgens are also 
essential for spermatogenesis and they exert a 
feedback control on the output of gonadotropins 
by the hypothalamic-pituitary axis. They can 
produce masculinization in the female and also 
have specific effects on hematopoiesis. This as- 
tonishing diversity of morphogenetic and physio- 
logic effects by androgens makes it extremely 
difficult to define 'target' versus 'nontarget' tissues 
for these hormones and underscores the need for 
caution in framing any simple unitary hypothesis to 
account for all biological actions of androgens in 
molecular terms. 

At the present, a general concept of steroid 
hormone action at the cellular level has evolved 
(6 8). In the case of androgens, either testosterone 
or its peripheral and intracellular metabolite, di- 
hydrotestosterone, may serve as the active hor- 
mone. Early events in steroid action include uptake 
of the hormone by passive diffusion into the target 
cell, binding to a specific cytoplasmic receptor 
protein, translocation of the steroid-receptor 
complex to the nucleus and binding of this complex 
to specific acceptor sites on the chromatin. These 
events lead to activation of the transcriptional 
apparatus, appearance of specific mRNA species 
resulting in the synthesis of new proteins and the 
manifestation of the hormone-mediated effect. 

III. Cultured human skin fibroblasts as a model 
system 

In the early 1970s, we began studies of cultured 
human skin fibroblasts as a model for the study of 
the molecular mechanisms of androgen action (9). 
Our initial premise for this work was based upon 
skin as a target organ for the action of male 
hormones. The stimulation of sebaceous gland 
activity and hair growth in genital areas of skin 
represent two examples of the androgen-depen- 



dence of this tissue. In addition, early investigations 
had demonstrated that human skin could meta- 
bolize androgens in vitro (10, 11). 

Monolayer  cultures of human fibroblasts are 
easily propagated from explants of small skin 
biopsy specimens maintained in minimal essential 
medium (MEM) enriched with 10-15% fetal bovine 
serum at 37 ~ in an atmosphere of 95% air: 5% 
CO 2 (12). It is advantageous that fibrohlasts re- 
present intact human cells which can be maintained 
under carefully controlled conditions. Another 
assumption was that cultured skin fibroblasts 
maintained the function and the genetically deter- 
mined molecular properties of the donor indivi- 
duals. 

IV. 5~-Reductase activity in skin fibroblasts 

3H-testosterone) is added to each 60 mm culture 
plate and returned to the incubator at 37 ~ After 
30 and 60 min of incubation, aliquots of the media 
are removed to tubes containing methylene chloride 
and 14C-steroids (testosterone, D H T  and andros- 
tenedione) as corrections for extraction recoveries. 
Steroids are extracted from the aqueous media into 
methylene chloride, taken to dryness, redissolved in 
methanol and separated by thin-layer chromato-  
graphy in the system, chloroform: ether (90:10). 
The following spots are identified by exposure to 
iodine vapor through corresponding Rfs to authen- 
tic steroid standards: androstanediols, D H T  and 
androsterone, testosterone, androstenedione and 
androstanedione. The plates are scraped and the 
steroids are eluted from the silica gel and quan- 
titated by scintillation spectrophotometry. The 5~- 

Dihydrotestosterone (DHT),  the 5c~-reduced me- 
tabolite of testosterone, serves as the effective 
intracellulr mediator of certain androgen actions 
both in male phenotypic differentiation during 
embryogenesis and in differentiated tissues in the 
postnatal state (4, 5). In particular, D H T  induces 
the virilization of the indifferent urogenital sinus 
and urogenital tubercle of the male fetus into the 
prostate gland, male urethra and male external 
genitalia. From observations on the metabolism of 
testosterone by human skin in vitro (10, I 1, 13), the 
assumption that cultured skin fibroblasts main- 
tained this function was readily testable. In accord 
with two previous reports on the metabolism of 
testosterone by skin fibroblasts (14, 15), our initial 
publication (9) in 1974 observed that over 50% of 
the original testosterone added to the fibroblast 
monolayers was reduced to D H T  following incuba- 
tion at 37 ~ C for 45 rain. 

1. Methodology 

Our method for the measurement of testosterone 
metabolism, assays the products released into the 
media following cellular uptake and metabolism of 
the substrate by intact fibroblasts in a confluent 
monolayer (Fig. 1). Following removal of the 
growth medium from the culture plates, the cells are 
washed with Hanks balanced salt solution. In a 
typical assay, serum-free MEM containing testos- 
terone in a final concentration of 200 nM (2nM 

Fibroblast Monolayer 

~ remove media 
wash with HBSS 

Add MEM with [3H]-T 

incubate 
60 min, 37C 

> Cells 

Remow Media 

add [14C] s t e r o i d s  

add CH2CI 2 

Extract Steroids 

l s p i r a t e  media 
dry CH2CI 2 

add reference steroids 

Thin Layer Chromatography 

3 ascents 

I CHCl3:ether 
+ (90:10) 

Scrape and Elute 

~ dry e luan t  

Count Radioactivity (3H/14C) 

Fig. 1. Methodologic sequence ~r  the assay of 5a-reductase 
activity in cultured human skin fibroblasts as described in the 
text. 

> Assay DNA 
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Fig. 2. An example of the time-course for formation of 5a- 
reduced products from testosterone by cultured human newborn 
foreskin fibroblasts incubated at 37 ~ C. The total (e) 5a-reduced 
products represent the sum of 5a-dihydrotestosterone (DHT, o), 
5a-androstane-3a-  and 3fl-diols (DIOLS, zx) and d5a-andros- 
tanedione (DIONE, D). Each point represents the mean of 4 
independent determinations on the same cell strain. 

reduced products are represented by the sum of 
androstanediols, DHT and androstanedione, with 
DHT being by far the dominant product (Fig. 2). 
Following incubation and removal of the radio- 
active media, the cell monolayers are washed, 
harvested by scraping, sonicated and assayed for 
DNA content per plate. The sum of 5a-reduced 
products formed from testosterone is expressed as 
pg/#g DNA/h.  Other investigatiors have followed 
similar assay methods with intact fibroblast mono- 
layers (16 18) or have quantitated 5a-reductase 
activity in a cell-free system (19). 

2.5e~-Reductase activity in normal  skin f ibroblasts  

In recent studies from our laboratory (20) with 
tissues from 8-22 week old human fetuses, low, but 
detectable 5c~-reductase activity was observed at 
eight weeks gestation in nongenital skin fibroblasts 
and was present in fibroblasts propagated from a 
variety of tissues from older fetuses, including 
testis, kidney, lung and clitoris. Earlier, Wilson (16) 

had observed that the rate of DHT formation from 
testosterone was greater in fibroblast monolayers 
grown from foreskin and scrotal skin than in 
fibroblasts from nongenital skin sites. The finding 
of this specialized metabolic function in skin fibro- 
blasts of different anatomical origin was also 
reported by Pinsky et al. (21), Mulay et al. (15) and 
by our laboratory (22) (Fig. 3). However, the 
decrease in DHT formation with age that had been 
observed for human foreskin homogenates by 
Wilson and Walker (13), was not apparent,with 
fibroblasts grown from foreskins of subjects at 
various ages (16). 

Recent studies with cultured human skin fibro- 
blasts have suggested that 5c~-reductase activity 
may be androgen-dependent (23), similar to that 
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Fig. 3. 5a-reductase activity in cultured skin fibroblasts pro- 
pagated from genital or pubic skin specimens of normal subjects. 
Shaded areas represent the mean _+ SD for genital ( 1063 • 697) 
and pubic skin (487 _--t- 353). 



reported for pubic skin homogenates by the same 
investigators (24, 25). Enzyme activity from male 
foreskin fibroblasts was higher than from female 
pubic skin fibroblasts, with intermediate levels 
observed for pubic skin fibroblasts from hirsute 
women (23). The difference between males and 
females in this report might be related to the site of 
the skin specimen from Which the fibroblasts 
originated, since it has been reported by several 
laboratories that genital skin fibroblasts have higher 
5c~-reductase activity than those from pubic skin 
(15, 16, 21, 22, 26). Our laboratory (27) and Pinsky 
et al. (17) have not observed significant differences 
in 5c~-reductase activities of pubic skin fibroblasts 
from men and women. However, it is important to 
note, as demonstrated by Kaufman et al. (28, 29) 
with cloned cell lines, that fibroblasts derived from 
the same skin region display different patterns of 
steroid metabolism. In fact, two recent reports (18, 
23) indicated that 5c~-reductase activities in skin 
fibroblast strains increased with serial subculture, 
which may be due to selective outgrowth of 
particular cell types or to alterations of the original 
characteristics of the cells. In our laboratory, we 
have not observed any significant pattern of change 
in 5o~-reductase activity in four separate strains of 
foreskin fibroblasts examined in each of 22 conse- 
cutive cell passages (T. Brown, unpublished data). 

Since human genital skin fibroblasts contain an 
active 5c~-reductase, the potential for various com- 
pounds to inhibit this enzyme activity can be readily 
tested. Two such compounds are the secosteroids, 
5, 10-secoestra-4, 5-diene-3, 10, 17-trione (I)and 5, 
10-seco-19-norpregna-4,5-diene-3, 10, 20-trione (II) 
which we demonstrated to be noncompetitive type 
inhibitors of 5~-reductase activity in foreskin fi- 
broblasts (30). Compound I (Ki=  1.6 X 10-6M) was 
a less potent inhibitor than compound II (K i=  0.53 
)< 10-6M) in fibroblast cultures. Neither compound 
was an effective inhibitor of DHT receptor binding 
since their relative affinities were on the order of 103 
times less than DHT. Therefore, the human genital 
skin fibroblast system can be of benefit in iden- 
tifying the mechanism of action for potential an- 
tiandrogenic compounds, as well as evaluating their 
efficacy. 

The enzyme from genital skin fibroblasts exhibits 
maximal activity in a narrow pH range with an 
optimum of 5.5 in cell-free assays (19). The activity 
is NADPH-dependent  and is localized to the 

100 000 X g particulate (microsomal) fraction of 
cell sonicates (19). Nongenital skin fibroblasts do 
not exhibit a sharp peak of maximal activity at pH 
5.5 but rather exhibit lower total activity spread 
over a wide (pH 6-9) pH range (19). Although 
testosterone is presumed to be the principal physio- 
logic substrate of the enzyme, 5c~-reductase activity 
is greater with the substrate, 20~-hydroxypregn-4- 
en-3-one (31). The metabolism of this latter preg- 
nene derivative has been used by Moore & Wilson 
(31) to suggest the existence of two separate enzyme 
activities in genital skin fibroblasts: one with a pH 
optimum in the normal range at pH 5.5 which may 
be deficient due to a genetic abnormality in 5c~- 
reductase activity and the other with activity in the 
pH range from 7-9 which is lower, but similar in 
both normal and mutant cells. The overall sig- 
nificance of this finding at the present time is 
unclear and awaits purification of this enzyme. The 
authors have suggested that two different enzymes 
might exist or that some form of post-translational 
control of a common precursor occurs, the latter of 
which might involve regulation by a separate gene 
locus. It remains clear that the physiologic conse- 
quence of 5c~-reductase enzyme deficiency is re- 
flected in the absence of measureable enzyme 
activity at the pH Optimum of 5.5 in cell-free 
preparations or in whole cells at physiologic pH. 

3. Pathophysiology o f  5e~-reductase deficiency 

In 1974, Imperato-McGinley et al. (32) and 
Walsh et al. (33) reported the first cases of familial 
male pseudohermaphroditism associated with a 
deficiency of 5c~-reductase. This is an autosomal 
recessive disorder, the consequences of which are 
seen only in 46, XY subjects even though the 
biochemical abnormality is present in both sexes. 
This is related to the fact that 5c~-reductase activity 
is required during fetal life for the formation of 
DHT which is necessary for the normal masculini- 
zation of the external genitalia of male subjects 
(34-36). Affected male patients have bilateral testes 
with normal plasma gonadotropins, normal male 
testosterone production and plasma levels and 
no'rmal virilization of the external genitalia. Later, 
in puberty, there is virilization of the external 
genitalia and normal development of axillary and 
pubic hair, increases in testosterone production 
within the male range but low plasma dihydro- 



testosterone levels accompanied by normal gona- 
dotropin levels and no gynecomastia develops. 
Elevated ratios of urinary 5/~-reduced (etiocholano- 
lone) to 5a-reduced (androsterone) steroids and 
decreased in v i vo  conversion of testosterone have 
been demonstrated in affected individuals. In these 
patients, 5a-reductase activity is virtually undetect- 
able in biopsies from the male genital tract (33) and 
in fibroblasts cultured from genital skin (16) as 
compared to normal controls. 

The molecular features of the mutation have 
been studied in cultured human skin fibroblasts of 
affected patients using either intact cells in a 
monolayer or in a cell-free system following cellular 
disruption (16, 19, 31, 37-39). Several variants of 
5a-reductase deficiency have evolved from the 
efforts of Wilson and co-workers indicating genetic 
heterogeneity among families with similar clinical 
presentations (Table 1). In cell-free extracts of 
fibroblasts from patients of two families, 5a-re- 
ductase activity was markedly deficient when mea- 
sured at the normal pH optimum of 5.5 for the 
enzyme (19, 31). In a third family, 5a-reductase 
activity was extremely low in fresh tissue measure- 
ments but was only in the low normal range of 
assays with cultured fibroblasts (37, 38). In further 
contrast to the other two families, a normal pH 
optimum and a normal K m for testosterone was 
demonstrated for the enzyme from fibroblasts of 
affected members of the third family. However, 
affinity for NADPH,  the enzyme cofactor, was 
reduced and the enzyme was unstable, with a rapid 

turnover in the presence of cycloheximide. Recent- 
ly a fourth family was described in which the 
enzyme from the fibroblasts of the affected indi- 
vidual exhibited intermediate levels and interme- 
diate stability of 5a-reductase, with altered affinity 
for both testosterone and NADPH (39). Our ex- 
perience (40) with documented deficiency of 5a- 
reductase activity from studies with genital skin 
fibroblasts has been limited to a single case without 
rigorous classification according to the methods of 
Wilson et al. (2). In summary, cultured human skin 
fibroblasts have been of significant value in eluci- 
dating the molecular mechanisms which underlie 
the presentation of familial male pseudoherma- 
phroditism associated with deficient conversion of 
testosterone to DHT. 

V. Androgen receptor in skin fibroblasts 

Our laboratory has made its most significant 
contributions toward defining the mechanism of 
androgen action mediated by the intracellular an- 
drogen receptor (1,41, 42). In particular, studies in 
our laboratory and in others with cultured human 
skin fibroblasts have contributed greatly to the 
understanding of the biochemical and genetic me- 
chanisms associated with the androgen insensitivity 
syndrome. At least two variants exist for the 
complete form of the syndrome: (a) a mutation(s) 
involving the cytoplasmic receptor protein which 
interferes with binding of testosterone and DHT 

Table 1. Heterogenous properties of 5a-reductase enzyme from cultured skin 
fibroblasts of families exhibiting 5a-reductase deficiency. I 

Family Activity at Km for Km for Stability after 
pH 5.5 testosterone NADPH exposure to 

cycloheximide 
pmol/mg gM #M % 
protein/h 

Normal 2 33 0.08 _+ 0.01J 40 • 83 >95 
Dallas 0.2 1.80 250 >95 
Dominican 

Republic 0.2 3.40 97 >95 
Los Angeles 4.5 0.16 1760 < 5 
New York 0.6 2.20 4.25 75 

Data taken from 
2 N = 1 2 .  
3 Mean _+ SEM. 

References 2, 37, 39. 



and (b) a mutation(s) which interferes with steroid- 
receptor complex activation of transcription and/or  
translation. We will present the characteristics of 
androgen receptor binding in cultured human skin 
fibroblasts and discuss investigations of the afore- 
mentioned mutations in androgen action. 

1. Methodology 

The general methodology for the androgen re- 
ceptor binding assay as performed in our labora- 
tory is outlined in Fig. 4. Replicate fibroblast 
monolayers are incubated with serum free media 
containing various concentrations of radiolabeled 
steroid alone or combined with an excess of radio- 
inert ligand. In most of the studies to be described, 

Fibroblast Monolayer 

~ remove media 
wash with HBSS 

Add MEM with [3H]-DHT 
+ Excess Radioinert DHT 

~ incubate 
30 min, 37C 

Remove Media > Count [3H] 

~ wash with 0-9% NaCI (x3)) 4 C 
add TEG buffer 

Harvest Cells 

~ centr i fuge 
800 g, i0 min, 4C 

Cell Pellet 

~ spi ra te  supernatant 
add TEK buffer, 4C 

Sonicate 

~ centr i fuge 
1600 g, i0 min, 4C 

Supernatant ) Assay DNA 

Binding Assay 

I I I 
(11 Sephadex G-25 chromatography 

(2) Sepharose-antibody adsorption 

(3) Dextran-charcoal adsorption 

Fig. 4. Methodologic sequence for the assay of androgen 
receptors in cultured human skin fibroblasts as described in the 
text. 

we have used 3H-dihydrotestosterone (DHT) since 
this androgen is considered to be the predominant 
intracellular hormone of most target tissues. Ad- 
ditionally, as previously mentioned, testosterone is 
rapidly converted to D H T within normal skin 
fibrobasts and retained intracellularly, as well as 
being released into the media. Only in 5c~-reductase 
deficient fibroblasts can testosterone binding be 
studied. After a short exposure (30-60 min) to the 
radioligand the media is removed, the cell mono- 
layers are washed, the cells are manually scraped 
into an aqueous buffer solution and collected by 
low-speed centrifugation. The cell pellet is routinely 
sonicated in high salt buffer, centrifuged at low- 
speed and the lysate is assayed by one of several 
procedures available for separation of bound and 
free steroid. These procedures include: (1) adsorp- 
tion of unbound steroid onto dextran-gelatin coated 
charcoal (0.05% dextran T70, 0.1% calfskin gelatin, 
0.5% activated charcoal) and removal by centri- 
fugation (43, 44); (2) binding of unbound steroid to 
an anti-testosterone antibody covalently linked to 
sepharose 4B and sedimentation by centrifugation 
(45, 46); and (3) separation of unbound steroid 
from macromolecular bound steroid by G-25 
column chromatography (9, 12). By the first two 
procedures, protein-bound steroid remains in the 
final supernatant fraction and in the third tech- 
nique protein-bound steroid is collected in the void 
volume eluant from the column. Specific receptor 
binding is determined either as the difference 
between total bound steroid (incubation with 3H- 
DHT only) and nonspecific binding (incubation 
with 3H-DHT plus excess unlabeled DHT) or as the 
difference between bound steroid in duplicate 
aliquots from the same sample, one of which is 
heated to 80 o C for 5 min to destroy the receptor 
(nonspecific binding) while the other is maintained 
at 0 ~ (total binding), prior to removal of free 
steroid by the antibody or dextran-charcoal ad- 
sorption procedures. The latter techniques which 
utilize heat have two distinct advantages: (a) only 
one fibroblast monolayer need be incubated at each 
concentration of 3H-DHT since a second replicate 
culture need not be incubated with an excess of 
radioinert DHT to determine nonspecific binding 
and (b) both total (0 ~ and nonspecific (80 ~ 5 
rain) binding are determined with aliquots from the 
same cell pool rather than two separate cell pools 
incubated in the presence and absence of excess 
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radioinert steroid. The validity of these procedures 
for assay of specific receptor binding have been 
verified for the antibody adsorption method (46) 
and the dextran-charcoal adsorption method (T. 
Brown, unpublished observation). In all cases, the 
binding data are plotted by the method of Scat- 
chard (47) following a linear regression analysis. 

These methods provide differing degrees of sen- 
sitivity, versatility and expediancy to adapt to the 
use of various steroids and experimental condi- 
tions. The dextran-coated charcoal adsorption of 
free steroid from cell pools incubated with 3H-DHT 
in the presence or absence of excess radioinert DHT 
is followed by Kaufman et al. (48) for fibroblast 
monolayers and by Eil et al. (49) for the dispersed 
cell assay recently described. The method of Griffin 
& Wilson (50) differs in the following respects: (a) 
cells are harvested by exposure to trypsin: EDTA; 
(b) total and nonspecific binding are determined as 
total radioactivity in cells exposed to 3H-DHT and 
3H-DHT plus 0.5 ~M nonradioactive DHT, res- 

pectively, following several washes of the dispersed 
cells but without further efforts, such as dextran- 
coated charcoal, to remove free steroid from the 
final cell sonicate; and (c) following a plot of bound 
DHT vs DHT concentration, their maximum spe- 
cific binding, Bmax, is determined by extrapolation 
of the linear portion of the curve plotted for total 
binding at higher concentrations of 3H-DHT to the 
y-axis, rather than by Scatchard analysis of the 
specific (total minus nonspecific) DHT binding. 

2. Androgen  receptor studies in norrnal f ibroblasts  

The saturation kinetics of specific androgen 
binding in genital skin fibroblasts assessed with 
various concentrations of 3H-DHT (0.1-2.0 nM) is 
shown in Fig. 5. A linear regression best fit of the 
data in the form of a Scatchard plot provides an 
estimation of the affinity (Kd) and the number of 
sites available (Bmax) for steroid binding to the 
receptor. The characteristic properties, high af- 
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Fig. 5. Saturation analysis of dihydrotestosterone (DHT) binding in cultured newborn foreskin fibroblasts from a normal subject. The 
binding capacity (Bmax) and binding affinity (Kd) were calculated from a Scatchard plot of the specific binding (inset) as a function of 
DHT concentration. 
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finity and low capacity, of steroid receptors is 
demonstrated in these experiments. The binding 
capacity is estimated to be 2500 to 15 000 binding 
sites per cell with an affinity in the range of 10-1~ M. 
We have observed a higher binding capacity for 
DHT in fibroblasts derived from genital skin 
(foreskin, labia) than pubic or nongenital skin 
(abdomen, forearm) without a coincident and de- 
finitive difference in the binding affinity (Fig. 6) ( 12, 
22, 27). These differences in fibroblast binding 
capacities, dependent upon the anatomical site of 
origin, have been confirmed by other workers (51, 
52). Furthermore, we demonstrated the presence of 
low, but detectable levels of androgen receptor in 
nongenital skin from human fetuses as early as 
eight weeks of age (20). In the 8-22 week old fetuses 
studied, the highest quantity of DHT binding (Bma x 
---- 1006 moles X 10-18/#g DNA) was observed in 
scrotal skin fibroblasts from a 17-week old male 
fetus, with lower levels found in skin fibroblasts 
from the buttocks, clitoris, back, pubic and in- 
guinal areas. 

Maximum binding is obtained within 15 30 min 
when cells are incubated at 37 ~ but the rate of 
ligand receptor association is much slower at 4 ~ 
(12). Subcellular fractionation of cells containing 
bound DHT demonstrates that approximately 50% 
of the intracellular specifically bound steroid is 
localized to the nucleus (12). Translocation of the 
cytoplasmic androgen receptor-steroid complex to 
the nucleus occurs very rapidly at 37 ~ and is 
nearly maximal after 15 min of incubation (12). 
Although other workers (53) have confirmed our 
observations on the distribution of the intracellular 
steroid-receptor complex, a recent report (48) in- 
dicated that variable levels (44-100%) of the total 
cellular bound steroid may be present in the nuclear 
fraction from different fibroblast strains. In ad- 
dition, we observed differential extraction of the 
nuclear steroid-receptor complex dependent upon 
the concentration of salt in the buffer. In our 
studies, 65-70% of the total nuclear bound steroid 
is extracted by sonication in 0.5 M KC1 buffer (Fig. 
7). The salt-resistant radioactivity remaining in the 
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Fig. 7. Extraction of nuclear bound androgen. Replicate new- 

born foreskin fibroblast monolayers were incubated with 2nM 

[3H]-DHT for 30 min at 37 ~ Aliquots of purified nuclei were 

pelleted and resuspended in Tris-EDTA buffer containing 

various concentrations of KCI (0-0.5 M) at 0 ~ C for 30 min, one 

of which included sonication at 0.5 M KCI. Radioactivity was 

measured in the supernatant following extraction and recen- 

trifugation of the residual nuclear components. Results are the 

mean of triplicate determinations expressed as the percentage of 
nuclear radioactivity extracted by ethanol at 25 o C for 30 min (=  

100%). 

residual nuclear pellet after salt extraction is quan- 
titatively recovered by reextraction in ethanol. In 
another study by Kaufman et al. (48), the percen- 
tage of total nuclear bound steroid resistant to high 
salt (0.4 M KCI) extraction ranged from 27 to 87 
among various fibroblast strains, but the salt- 
extractable fraction appeared to be unrelated to the 
total cell androgen binding present in the nucleus. 

In order to further characterize the androgen 
receptor, the steroid-receptor complex was chro- 
matographed on a Sephadex G-150 column (10) 
(Fig. 8). The first peak (N) corresponds to high 
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Fig. 8. Sephadex G-150 column chromatography of genital skin fibroblast sonicates following incubation of cells with [3H]-DHT. The 

solid line ( - - )  represents the chromatographic profile from a normal male subject and the dashed line (---) from a subject with complete 
androgen insensitivity, receptor (-). Note the absence of peak B in the subject with androgen insensitivity. 



molecular weight material which is eluted with the 
void volume. This probably represents an aggre- 
gated form of steroid-binding protein(s), which 
although more likely to occur in low ionic strength 
buffer, persists even in the presence of high salt (0.5 
M KC1). The second peak (Bs) represents the 
specific androgen receptor protein complex as 
evidenced by the ability of excess radioinert DHT 
to compete with 3H-DHT for binding. Following 
sephacryl S-200 gel filtration, Kaufman and co- 
workers (54) have observed a single peak from the 
cytosol fraction eluting with the void volume and 
two peaks from the nuclear fraction, one eluting 
with the void volume and the other eluting much 
later. They estimated the molecular weight of the 
void volume species to be greater than i85 000 for 
both cytosol and nuclei and the second nuclear 
peak to be approximately 20 000. Although they 
suggest that the high molecular weight species re- 
presents the receptor specific binding, they do not 
offer any proof of the binding specificity through 
competition with excess nonradioactive DHT. Fur- 
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thermore, the preparation and elution of the cyto- 
sol fraction with low ionic strength buffer favors 
formation of protein aggregates of high molecular 
weight which may not be representative of the 
receptor protein. By contrast, the nuclear fractions 
were prepared and eluted from the column in high 
salt (0.4 M KC1) buffer. A critical investigation of 
these findings still must be performed. 

Cell sonicates subjected to sucrose density gra- 
dient centrifugation under high salt (0.4 M KCI) 
conditions exhibited a peak of specifically bound 
3H-DHT with a sedimentation coefficient of 3-4 S 
(10) (Fig. 9). Similar results have been reported by 
other investigators with some further studies des- 
cribed under low salt conditions as well as for 
cytosol and nuclear fractions (51, 54). Griffin et  al. 

(51) observed small but diffuse peaks in both the 8 S 
and 4 S regions of gradients under low salt condi- 
tions. Kaufman et  al. (54) demonstrated the pre- 
sence of two sedimentation peaks in the 4-7 S range 
with cytosol fractions centrifuged through low salt 
gradients and a single 3-5 S cytosol peak with high 
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Fig. 9. Sucrose density gradient analysis of the macromolecular DHT-receptor complex from genitals skin fibroblast sonicates (0.4 M 
KCI) following incubation of cells with [3H]-DHT. The solid line ( - - )  represents the gradient profile with [3H]-DHT only and the dashed 
line ( - - )  with [3H]-DHT + 200-fold excess radioinert DHT. 
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salt (0.4 M KC1) gradients. These results were 
indicative of other experiments in which cytosol 
(low salt) displayed two peaks of radioactivity and 
nuclear extracts (0.4 M KC1) showed evidence of a 
single 3-5 S peak. As an extension of these findings, 
no difference was observed in the thermostability of 
the cytosol and nuclear binding activities, whereas 
the thermostability of a given nuclear binding 
activity varied directly with its sedimentation coeffi- 
cient (54). The heterogeneity of receptor binding 
moieties under these in v i tro  conditions for 
sucrose density gradient analysis and thermos- 
tability, may be useful for defining qualitative 
aberrations of the androgen receptor in various 
forms of androgen insensitivity. A summary of the 
characteristics of the androgen receptor in skin 
fibroblasts is provided in Table 2. 

DHT has been the ligand of choice for most 
studies of androgen receptor binding in skin fibro- 
blasts. The reasons for this are essentially two-fold: 
(1) DHT is an endogenous androgen as opposed to 
a synthetic compound and (2) endogenous plasma 
testosterone is rapidly converted intracellularly to 
DHT in many androgen target organs. The latter 
principle is also true in normal human genital skin 
fibroblasts as we and others have described the 
rapid intracellular 5a-reduction of testosterone to 
DHT (15, 16, 21, 22). As a result, predominantly 
DHT is bound to the cytosolic and nuclear an- 
drogen receptor following incubation of fibroblasts 
with testosterone (12). Lamberigts et al. (18) have 
reported that higher estimated binding capacities 
(Bmax) were observed after incubation with DHT 
than after incubation with testosterone in 9 of the 
18 cell lines studied with a single saturating con- 
centration of 3H-steroid. However, the opposite 
relationship of steroid to Bma x was observed in 3 
fibroblast strains. In the same studies, a distinct 

Table 2. Characteristics of DHT  receptor from human skin 
fibroblasts. 

I. Low capacity (2500-15 000 binding sites/cell) 
2. High specificity for DHT  
3. High affinity (Kd '~  10-9 M) 
4. Found in cytosol and nuclei 
5. Heat labile 
6. Protease sensitive 
7. Not affected by DNAse or RNAase 
8. Sedimentation coefficient (0.4 M KCI) = 3-4 S 

correlation was observed between 5c~-reductase 
activity and receptor binding estimated from in- 
cubations with testosterone. 

As alternatives to the study of DHT binding, we 
have investigated androgen receptor binding of: (a) 
testosterone (T), in a fibroblast strain derived from 
a patient with an inherited deficiency in 5a-re- 
ductase activity and (b) methyltrienolone (R 1881), 
a potent synthetic androgen, in fibroblast strains 
from normal and complete androgen insensitive 
patients (55). 

Both T and DHT were found to bind to a specific 
protein in genital skin fibroblasts of a patient with 
5a-reductase deficiency (40). By saturation kinetic 
analysis of T and DHT binding, the maximum 
number of binding sites (Bmax) were similar for 
both androgens, whereas the apparent dissociation 
constant (Kd) of the androgen receptor for T was 
greater than for DHT. In competition studies of 
3H-T bound to the receptor with unlabeled T or 
DHT, the inhibitor constant (Ki) for T was 2-3 fold 
greater than the K i for DHT (Fig. 10). In addition, 
the dissociation rate constant (Kd) for 3H-T bound 
to the receptor was greater than for 3H-DHT (t72 
for T = 10 h and t72 for DHT = 74.5 h. From these 
results, we suggest that T can play a major role in 
the sexual differentiation of male patients with 5c~- 
reductase deficiency during their fetal life and at 
puberty. The lesser degree of masculinization during 
fetal life in these patients could be explained by the 
low affinity and faster turnover rate of the T- 
receptor complex relative to the DHT-receptor 
complex. Furthermore, a hypothesis which has 
previously pervaded the literature suggests that 
some androgen-responsive cells are endowed with 
specific DHT-receptors while other such cells har- 
bor separate 'testosterone' receptors. In fact, the 
relative 5~-reductase enzymatic activity in a given 
target tissue may be of ultimate importance in 
determining whether the androgen receptor binds T 
or D H T and the affinity is, therefore, an inherent 
property of a single receptor type. 

The synthetic steroidal androgen, methyltrieno- 
lone (R 1881), associates with the androgen receptor 
of genital skin fibroblasts following binding kinetics 
similar to DHT (55). R1881 binding reaches a 
plateau after 30 rain incubation at 37 ~ with Bma x 
(---- 695 • 10 18 moles//~g DNA) and K d (---- 0.56 )< 
10 9 M) values determined by Scatchard analysis 
which were not significantly different from D H T 
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Fig. 11. Saturation analysis of dihydrotestosterone (DHT) and methyltrienolone (R1881) binding to the androgen receptor of cultured 
newborn foreskin fibroblasts. 

A. Specific binding of D H T  (13).and R1881 (o) with increasing concentrations of [3H]-steroid (0.2 2.5 nM) was determined as the 
difference between total (3H-steroid alone) and nonspecific binding (3H-steroid plus 100-fold excess nonradioactive steroid) in whole cell 
lysates by G-25 sephadex column chromatography.  

B. Scatchard analysis of the data from specific binding of D HT (13) or R 1881 (e) as described above. The max imum binding capacity 
(Bmax; moles X 10 lS/#g DNA) for DHT  = 536 and for R1881 = 551. The binding affinity (Kd; X 10 9 M) for DHT = 0.41 and for 
RI881 = 0.42. 
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binding in normal newborn foreskin fibroblasts 
(Fig. I I). R1881 has also been reported to bind to 
the progestin receptor (56-59), however, we ob- 
served no effect of added progesterone on the 
saturation kinetics of R1881 binding in skin fibro- 
blasts. This finding also implies that genital skin 
fibroblasts do not contain a progestin receptor. 
Competitive binding assays of 3H-R1881 and 3H- 
D H T  with various unlabeled steroids indicate that 
R1881 has a 1.5 2.0 fold greater affinity for the 
androgen receptor than DHT,  with the synthetic 
antiandrogens, R2956 and cyproterone acetate, 
next in order of decreasing relative affinities. Estra- 
diol, progesterone, dexamethasone and triamcino- 
lone acetonide have very low relative affinities 
compared to either R1881 or DHT.  R1881 is not 
appreciably metabolized by foreskin fibroblasts 
since greater than 90% of the original substrate 
concentration is recovered as R1881 after 4 h 
incubation at 37 ~ A single peak of radioactivity 
is observed coincidently for both R1881 and DHT,  
sedimenting at approximately 3.2 S, following 
sucrose density gradient centrifugation of fibro- 
blast cell lysates in high salt (0.5 M KC1) buffer. 
Subcellular distribution of R 1881 binding is similar 
to that of DHT,  with approximately 50% of the 
total cellular bound androgen associated with the 
nuclear fraction. Only 67% of the total ethanol 
extractable nuclear bound androgen is extracted by 
high salt (0.5 M KC1) buffer and sonication. In 
summary,  R1881 shares many of the same proper- 
ties as D H T  in binding to the androgen receptor of 
genital skin fibroblasts with one notable exception, 
R 1881 can be studied under steady state conditions 
since it is not metabolized. 

As alluded to above, the fibroblast system is also 
useful toward the evalution of various compounds 
as antiandrogens (T. Brown, submitted for publica- 
tion). Compounds  such as cyproterone acetate, 
inhibit the intracellular binding of D H T  to the 
androgen receptor with a relative affinity approx-  
imately 1/3 that of D H T  itself. The synthetic 
steroidal derivative, R2956, also intereferes with 
D H T  binding with about  the same potency as 
cyproterone acetate. By contrast, another non- 
steroidal antiandrogenic compound, RU23908, is 
not an effective inhibitor of intracellular androgen 
binding to the receptor in fibroblasts. Furthermore,  
our studies also demonstrated that an active meta- 
bolite of RU23908 is not formed in fibroblasts 

which might in turn inhibit D H T  binding. In 
conclusion, cultured human skin fibroblasts pro- 
vide an intact cellular system for the study of 
androgen receptor binding and potential inhibitors 
of the receptor mediated mechanism of androgen 
action. 

3. Pathophysiology: complete androgen 
insensitivit)' 

One of the most thoroughly studied of the con- 
genital defects contributing to male pseudoherma- 
phroditism is that of insensitivity of reproductive 
tissues to either endogenous or exogenous an- 
drogens. The complete form of the androgen in- 
sensitivity syndrome, which is frequently but rather 
inappropriately designated'testicular feminization', 
is transmitted via a recessive gene localized on the 
X-chromosome (41). This condition has been des- 
cribed in mice (Lyon-Hawkes mutation) (60, 61), 
rats (Stanley-Gumbreck mutation) (62, 63) and 
man (64, 65), as well as other mammalian species. 
Its characteristics in man include the following: (1) 
abdominal  or inguinal testes that frequently secrete 
testosterone in amounts that approximate  its out- 
put by the scrotal testes of normal adult males; (2) 
no significant abnormali ty in the metabolism of 
testosterone by liver or other tissues, or in the 
excretion of its major metabolic inactivation pro- 
ducts; (3) abnormally high circulating levels of 
luteinizing hormone (LH) and follicle stimulating 
hormone (FSH); (4) an external female phenotype 
frequently associated with higher levels, of cir- 
culating estrogens than in normal males, with 
female external genitalia and breast development at 
puberty, but no pubic and axillary hair; (5) a grossly 
normal appearing 46,XY karyotype; and (6) an 
absence of internal sexual organs that normally can 
arise from either the Wolffian or the M~llerian 
ducts (i.e. lack of oviducts, uterus and upper 
vagina, as well as epididymis, vas deferens, seminal 
vesicles and prostate gland). These individuals are 
refractory to the masculinizing actions of large 
doses of exogenous testosterone or other andro- 
genic steroids. 

From studies of androgen binding in human skin 
fibroblasts, the absence of functional androgen 
receptors was established as a biochemical basis for 
the syndrome of complete androgen insensitivity 
(AIS) (9) (Fig. 12). This defect is analogous to that 
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demonstrated in the androgen insensitive (Tfm/Y) 
mouse mutant (66). We have now studied a total of 
15 patients from 11 families with AIS coincident 
with a lack of D H T  binding activity in skin 
fibroblasts taken from various anatomical sites (1, 
41) (Fig. 13). The absence of D H T  receptor binding 
in patients with androgen insensitivity has been 
confirmed by the studies of other investigators (51, 
54, 67). 

More recently, genetic heterogeneity has been 
observed in human patients exhibiting the complete 
form of the androgen insensitivity syndrome (1, 67). 
Among 20 subjects seen in our clinic with the 
complete form of androgen insensitivity syndrome, 
five were observed to have normal levels of an- 
drogen binding activity in skin fibroblasts and no 
abnormal i ty  of nuclear uptake or retention of 
DHT.  Two other laboratories have reported a total 
of seven additional patients with similar charac- 
teristics (48, 69). We have elected to categorize these 
patients as complete androgen insensitive, receptor 
(+). 

In patients with absence of cytoplasmic D H T  
binding, (receptor (-)) the androgen insensitivity 
may be due either to a lack of the receptor protein 
or to a structural alteration of the receptor, such 
that there is a loss of affinity for the steroid (Fig. 
14). The category of complete androgen insen- 
sitivity with normal D H T  binding capacity (recep- 
tor (+)) is more difficult to explain. Although no 
quantitative abnormality has been observed in 
cytoplasmic binding or nuclear uptake of DHT,  
this does not rule out the existence of a qualitatively 
abnormal  receptor protein. We recently observed 
that fibroblasts from the labia majora of a patient 
with AIS, receptor (§ had androgen receptors 
with lower affinity for D H T  when compared to 
normal controls (T. Brown, unpublished observa- 
tion). This conclusion was derived from determina- 
tions of the apparent  dissociation constant (kd) , the 
inhibitory constant (ki) and the dissociation rate 
constant (Kd). Furthermore,  the D H T  receptor 
complex of the AIS patient was less Stable at 23 ~ 
than the androgen receptor from normal genital 
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skin fibroblasts. Further evidence for a qualitative 
abnormality in the androgen receptor was obtained 
through temperature sensitivity studies by Griffin 
(69) and by Pinksy et al. (70). They independently 
reported that incubation of cultured fibroblasts 
with DHT at 42 ~ resulted in significant re- 
ductions in steroid binding with cells from AIS, 
receptor (+) patients, when compared to cells from 
normal individuals which exhibited no differences 
in binding capacity at 37 ~ and 42 ~ Further 
studies are indicated to identify the biochemical 
implications of this apparent genetic alteration in 
the tertiary structure of the androgen receptor 
protein which may affect its interaction with nu- 
clear chromatin acceptor sites to initiate gene 
transciption. 

Partial androgen insensitivit.v 
The clinical phenotype of hereditary male pseu- 

dohermaphroditism covers a spectrum of features 
representing defective virilization. These consist of 
a small phallus, perineal hypospadias, bifid scro- 
tum, pseudovagina and, at puberty, gynecomastia 
with incomplete virilization and azoospermia. 
These manifestations are seen in the syndrome 
described by Reifenstein (71, 72), Rosewater (73), 
Gilbert-Dreyfus (74) and Lubs (75) and their as- 
sociates. Wilson et al. (76) provided evidence that 
the abnormality in one family with Reifenstein 
syndrome was due to diminished end-organ sen- 
sitivity to androgen, rather than decreased an- 
drogen secretion as previously suggested. We con- 
curred with this conclusion following the study of 
eight patients presenting clinically with Reifenstein 
syndrome and proposed the term 'partial androgen 
insensitivity' to characterize these conditions of 
partially defective androgen action (22). 

DHT binding studies in skin fibroblasts demon- 
strated two genetic variants similar to those re- 
ported in complete androgen insensitivity syn- 
drome: several patients had a partial deficiency of 
cellular DHT binding, while four others had DHT 
binding activity in the normal range (22). The cause 
of the androgen insensitivity in the latter four 
individuals is unknown, but analogous in general 
principle to the AIS, receptor(+)  individuals. In all 
of the subjects we tested, DHT receptors were 
found in both cytosol and nuclei of skin fibroblasts. 
Griffin & Wilson (50, 69) have reported five ad- 
ditional patients with Reifenstein syndrome, as- 
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sociated deficient androgen receptor binding in 
scrotal skin fibroblasts. No qualitative abnormal- 
ities in the residual androgen receptor were demon- 
strated in their studies and unlike the patients they 
studied with AIS, receptor (+), Reifenstein patients 
had receptors that were not thermolabile. By con- 
trast, Pinsky et al. (70) have reported that a patient 
with incomplete androgen insensitivity but normal 
receptor binding displayed an intermediate level of 
receptor thermostability between the less stable 
AIS, receptor (+) species and the receptor species 
present in normal fibroblasts. 

Genetics o f  androgen insensitivity 
Absent androgen receptor binding activity due to 

the lack of the receptor or a modification of the 
receptor which precluded steroid binding was de- 
monstrated in tissues from animals with known 
X-linked androgen insensitivity (66). Evidence sug- 
gesting homology between X-chromosomal genes 
of all mammals (77) and the presence ofa  Tfm locus 
on the mouse X-chromosome associated with an- 
drogen inse~nsitivity (60, 61) presented the pos- 
sibility for a corresponding gene on the human 
X-chromosome. Indeed, the distribution of affec- 
ted cases of complete androgen insensitivity within 
families has been consistent with a mode of in- 
heritance associated with a sex-linked recessive 
mutation (1,41). However, the pedigrees could not 
rule out the possibility of a male-limited autosomal 
dominant mode of transmission for the disorder. 
Studies in our laboratory with skin fibroblasts from 
human patients with complete AIS, receptor (-) (9), 
provided the means to determine if the human locus 
was indeed X-linked. 

The androgen receptor phenotype of an obligate 
heterozygote (the mother of three affected indi- 
viduals) permitted us to discriminate between the 
alternative modes of transmission. If the androgen 
receptor deficiency were attributable to a single 
dose of a mutant autosomal gene, then one would 
predict that both males and females with one dose 
of the gene should have an identical receptor 
deficiency. By contrast, if the defect was related to 
an X-chromosome mutation, the mother of af- 
fected genetic males would have only a partial 
deficiency. The experimental results demonstrated 
that uncloned maternal skin fibroblasts had DHT 
binding activity within the normal range (78), 
indicating that the mutation was not autosomal 
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and, therefore, must be X-linked. Furthermore, in 
clonal populations of skin fibroblasts of maternal 
origin, two subpopulations of normal and un- 
detectable androgen binding activities were ob- 
served (Fig. 15), This latter finding is compatible 
with X-inactivation and further confirms the X- 
linked mode of inheritance for the human androgen 
insensitivity syndrome, receptor (-). 

Although it has not been possible to study in a 
similar fashion the families of AIS, receptor (§ 
patients, present evidence suggests a similar mode 
of inheritance (1, 41). Furthermore, it has been 
suggested that variants with receptor (-) and re- 
ceptor (§ are allelic forms. However, several other 
abnormalities in the mode of action of androgens 
could account for the AIS of subjects with the 
receptor (+) form and genetic heterogeneity could 
be present in this group of patients. 

Conclusion 

From studies of cultured human genital skin 
fibroblasts, at least three different classes of genetic 
mutations of androgen action have been identified 
in man. Abnormal male sexual differentiation and 
development can result from deficiency of 5c~- 
reductase enzyme activity, absence of androgen 
binding to its intracellular receptor and inability of 
the androgen receptor complex to initiate specific 
biological responses. The first defect in enzyme 
activity appears to be an autosomal recessive trait, 
whereas the latter two abormalities involving the 
androgen receptor are apparently X-linked reces- 
sive disorders. Whereas the gene product is 
absent or grossly abnormal to the extent that 
normal androgen action is precluded in the cases of 
5~-reductase and receptor (-) androgen insensi- 

D H T  

6 -  

3 -  

0 

6 -  

3 -  

0 

6- 

3- 

0 

B I N D I N G  B Y  C L O N E S  O F  S K i N  F I B R O B L A S T S  

N O R M A L  F E M A L E S  

n <m>~:.: / 

H E T E R O Z Y G O T E  

IPIPI IPIPI I IPIPI IPI I  IPI I'-]-T-I 

,!! 
- 6  0 6 12 18 2 4  30 36 42 48 54 60 66 

D P M / ,L,LG D N A  

/ / 

H E M I Z Y G O T E  

90 96 

Fig. 15. Dihydrotestosterone binding by skin fibroblast clones. Clones were derived from normal females (top), a heterozygous female 
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is used within the blocks to distinguish clones from each of four normal adult females. 



t ivi ty,  the  c ruc ia l  site to  a c c o u n t  fo r  r ecep to r  ( + )  

a n d r o g e n  insens i t iv i ty  has yet  to  be ident i f ied.  

C u l t u r e d  h u m a n  f ib rob las t s  have  also been  s h o w n  

to  be an  exce l l en t  m o d e l  for  the  s c r een ing  of  

c o m p o u n d s  Which migh t  inhib i t  5c~-reductase ac- 

t iv i ty  o r  wh ich  m i g h t  b lock  the  e x p r e s s i o n  o f  

a n d r o g e n  ac t i on  at  the  ce l lu la r  level  by c o m p e t i n g  

fo r  the  a n d r o g e n  recep to r .  In  a d d i t i o n ,  one  mus t  

keep  an  o p e n  m i n d  as to the  poss ib le  ex i s t ence  o f  

a u x i l i a r y  m e c h a n i s m s  wi th in  cells wh ich  d e t e r m i n e  

and  regu la te  s te ro id  h o r m o n e  ac t i on  b e y o n d  w h a t  

is p resen t ly  k n o w n  a b o u t  r e c e p t o r - m e d i a t e d  ac- 

t ivi t ies .  F u t u r e  s tudy  and  e l u c i d a t i o n  o f  the  p a t h o -  

p h y s i o l o g y  u n d e r l y i n g  va r i ous  f o r m s  of  a n d r o g e n  

insens i t iv i ty  will  u n d o u b t e d l y  c o n t r i b u t e  to  o u r  

be t t e r  u n d e r s t a n d i n g  o f  the  in t r icac ies  o f  h o r m o n e  

ac t ion ,  ce l lu la r  c o n t r o l  and  sexua l  d e v e l o p m e n t  

a n d  d i f f e r en t i a t i on .  C u l t u r e d  h u m a n  gen i ta l  sk in  

f i b rob la s t s  m a y  p r o v i d e  a b io log ica l  m e d i u m  by 

which  to def ine  these  b i o c h e m i c a l  events .  
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