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Differences in Proteins Synthesized by Fibroblasts
from Normal Individuals and Patients with Complete
Testicular Feminization

GAIL P. RISBRIDGER, B. A. K. KHALID, G. L. WARNE,and J. W. FUNDER,
Endocrine Clinic, Royal Children's Hospital, Parkville 3052 and Medical
Research Centre, Prince Henry's Hospital, Melbourne 3004, Australia

A B S T R A C T Patterns of protein synthesis by genital
skin fibroblasts from three unrelated normal individ-
uals and three unrelated patients with complete tes-
ticular feminization were compared by two-dimen-
sional gel electrophoresis. Cell lines were maintained
in monolayer culture and pulse labeled with
[35S]methionine. Cells were lysed in 9 M urea, and al-
iquots of 20 gl subjected to isoelectric focussing and
polyacrylamide gel electrophoresis followed by auto-
radiography. Gels of control fibroblasts showed two
proteins (mol wt 45,000, -85,000; pKi 5.0)
markedly more prominent than on gels from affected
fibroblasts. This pattern was unaltered by prior ex-
posure to dihydrotestosterone, suggesting differences
in constitutive proteins of the fibroblast cells. Parallel
studies demonstrated a marked reduction in the ability
of fibroblasts from patients with complete testicular
feminization to bind androgens in vitro compared with
those of normal individuals. The relationship between
these proteins, androgen receptors, and androgen in-
sensitivity requires further investigation.

INTRODUCTION

The syndrome of complete testicular feminization is
characterized by a 46XY karyotype, bilateral inguinal,
or abdominal testes, female-appearing external geni-
talia at birth, a blind vagina, and no Mullerian deriv-
atives (1, 2). This androgen-insensitive form of male
pseudohermaphroditism has subsequently been shown
to be due to an abnormality in androgen receptor ac-
tivity (3). Two distinct forms of such patients have
been described by Amrhein et al. (4) on the basis of
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the binding of dihydrotestosterone (DHT)' to cultured
fibroblasts from these patients: one type of patient has
little or no cytosol binding activity while the other
apparently has normal cytosol and nuclear binding.

In this study we have compared patterns of protein
synthesis by genital skin fibroblasts from normal pa-
tients and those with testicular feminization. The
newly synthesized proteins were resolved by isoelectric
focussing and sodium dodecyl sulfate (SDS) electro-
phoresis (two-dimensional gel electrophoresis), a tech-
nique that permits the detection of structural rather
than functional alterations in protein synthesis (5).

The aim of the study was: (a) to determine the de-
gree of androgen insensitivity by comparing levels of
methytrienolone (R1881) binding in genital skin fi-
broblasts from controls and affected patients; (b) to
compare patterns of protein synthesis in fibroblasts
from patients with testicular feminization and normal
patients by two-dimensional gel electrophoresis; (c) to
study the effect of exposure of DHTon the patterns
of protein synthesis by both types of fibroblasts.

METHODS
Materials. (17a-methyl-3H) methyltrienolone (17,B-hy-

droxy-17a methylestra-4,9,1 1-trien-3-one, [3H]R 1881) 87
Ci/mmol and methyltrienolone (R 1881) were obtained from
NewEngland Nuclear (Boston, Mass.). [35S]methionine, >600
Ci/mmol, was obtained from Amersham, Corp., Amersham,
England. The materials used for cell culture were those de-
scribed by Choo et al. (6), and those for the two-dimensional
gel electrophoresis as described by O'Farrell (5).

Cell culture. Fibroblast strains in these studies were es-
tablished from explants of genital skin obtained from un-
related normal individuals (aged 0.5-7 yr) and three unre-
lated patients with complete testicular feminization (aged
2, 5, and 13 yr). Procedures for the maintenance and storage

I Abbreviations used in this paper: CSS, charcoal-stripped
fetal calf serum; DHT, dihydrotestosterone; DMEM, Dul-
becco's modified Eagles' medium; FCS, fetal calf serum.
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FIGURE 1 Pattern of proteins synthesized in serum-free media by genital skin fibroblasts from
a normal individual, NC13 (Fig. IA), and a patient with testicular feminization, Te4 (Fig. LB).
The pH gradient of the isoelectric focussing gel, and the position of the molecular weight
markers are indicated in Fig. 1A. Arrows indicate the positions of two proteins more prominent
in control fibroblasts than in patients' fibroblasts.

of these strains were as described by Griffin et al. (7). All
fibroblasts were utilized between the 10th and 20th transfer.

DHTbinding studies. To grow fibroblasts for the binding
assays, cells from stock flasks were dissociated in 0.02% ver-

sene and 0.025% trypsin at 40°C, and transferred to roller
bottles (285-mm Diam, Bellco Glass, Inc., Vineland, N. J.)

in 50 ml Eagles' modified basal medium supplemented with
1 M Hepes buffer (2% vol/vol), polymyxin B sulphate (20
IU/ml), neomycin sulphate (10 IU/ml), and fetal calf serum

(FCS) (10%), (FbGM + 10% FCS). The medium was changed
as necessary, as the fibroblasts grew to confluency. 48 h be-
fore the experiment, the medium was replaced with that
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FIGURE 2 Pattern of proteins synthesized in serum-free media by fibroblasts from two normal
(NC12 and NC14, Fig. 2A, C) and two testicular feminized individuals (Tela and Te3a, Fig.
2B, D). The samples NC12 and Tela were pulse labeled, and the newly synthesized proteins
electrophoresed simultaneously. Similarly, but on a separate occasion, the cellular proteins from
NC14 and Te3a were labeled and electrophoresed at the same time.

containing charcoal-stripped fetal calf serum (CSS) (FbGM
+ 10% CSS) to allow detection of the maximum binding ca-
pacity in the absence of endogenous steroids. The cells were
then harvested from the roller bottles, and the DHTbinding
study performed on cell suspensions.

The cells were harvested by rinsing the cell surface with
a Ca++-, Mg++-free phosphate-buffered isotonic saline so-
lution at pH 7.4, and detaching the cells from the surface
using a mixture of 0.02% versene and 0.025% trypsin in phos-
phate-buffered saline. Harvested cells were immediately
placed in ice-cold buffer (0.02 MTris-HCl, 0.32 Msucrose,
1 mMMgSO4, pH 7.4 containing 1 mg/ml of human gamma
globulin). The samples were centrifuged at 1,000 rpm for
10 min, the cells washed in 10 ml buffer (0.02 MTris-HCl,
0.32 M sucrose, 1 mMMgSO4, pH 7.4), and a cell count
performed on an aliquot of this suspension. The cells were
then resuspended to a concentration of 2 X 106 cells/ml in
Dulbecco's modified Eagles' medium (DMEM). Triplicate
aliquots of the cell suspension (0.5 ml) were incubated with
0.5 ml [3H]R1881 (5 nM) for 60 min at 37°C in a 5% CO2
incubator. Nonspecific binding was determined by the ad-
dition of a 100-fold excess of R1881 to a parallel set of tubes.
The samples were then centrifuged at 1,500 g for 7 min at
4°C. After the final centrifugation the cells were resus-
pended in 1 ml DMEMand the [3H]R1881 bound in a 0.9-
ml aliquot determined in a Packard , counter (Packard In-
strument Co., Inc., Downers Grove, Ill., model: B2450). The
results were expressed as femtomoles of R1881 bound per
million cells.

Pulse-labeling cellular proteins. For pulse-labeling stud-
ies, cells from stock flasks were dissociated with 0.2% versene

and 0.025% trypsin at 40°C, and seeded (0.5-1 X 10' cells)
into wells of Linbro plates (60 mmDiam, Linbro Chemical
Company, Hamden, Conn.) containing 10 ml FbGM+ 10%
FCS, and left for 1-2 d until confluent, as assessed by
characteristic cell whorls. The medium was then replaced
with FbGMX 10% CSS or FbGM+ 10% CSS containing
50 nM DHT.

48 h later, the monolayer cultures were washed twice with
DMEMwith methionine. An aliquot of 2 ml of medium
[DMEM without methionine, but supplemented with CSS
(10%), 200 nMglutamine (1%), 1 MHepes buffer (2%), 5.6%
bicarbonate (2%)] was added to each well in the absence or
presence of 50 nM DHT, together with 100 uCi
[3S]methionine (-10 ,l). The samples were incubated at
37°C in a 5% CO2 incubator. After 4 h, medium was re-
moved, the cells washed four times with PBS, and then har-
vested directly in 400 Ml lysis buffer (9.5 Murea, 2% wt/vol
NP-40, 1.6% ampholines pH range 5 to 7, 0.4% ampholines
pH range 3 to 10, 5% ,-mercaptoethanol). An aliquot was
counted to determine the incorporation of [3S]methionine
into the fibroblast cells. The samples were then frozen in a
dry ice-ethanol bath and stored at -20°C until required.
The effect of exposure to DHTwas determined by the ad-
dition of 50 nM DHT (in ethanol) for either 4 or 52 h (48
h before and 4 h during the labeling procedure). The same
concentration of ethanol was added to control media.

Two-dimensional gel electrophoresis. Newly synthesized
proteins in an aliquot of each sample (containing -106
protein-bound cpm; mean±SD 975,000±66,000,
n = 10) were resolved by two-dimensional gel electropho-
resis exactly as described by O'Farrell (5). Spot intensities
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FIGURE 3 Pattern of protein synthesis by genital skin fibroblasts from a normal individual,
NC13 (Fig. 3A, C) and a patient with testicular feminization, Te4 (Fig. 3B, D). The proteins
were labeled with [35S]methionine after exposure to DHTfor 4 h (Fig. SA, B) or for 52 h (Fig.
3C, D). Arrows indicate the position of two proteins that were more prominent in the gels from
control fibroblasts compared with those from patients' fibroblasts.

were compared on gels exposed to film for the same period
of time (48 h). Gels were compared by eye, and the differ-
ences between control and affected fibroblasts within indi-
vidual runs recorded. Secondly, affected and control gels
were examined between runs for differences within group.
On this basis, consistent and reproducible variations between
control and affected fibroblast protein synthetic profiles are
described.

RESULTS

Androgen binding. The mean value for the binding
of [3H]R1881 to genital skin fibroblasts for normal
males was 15.5±1.7 fm/106 cells (mean±SE), individ-
ual values ranging from 9.5 to 18.9 fm/106 cells. The
average binding of [3H]R1881 was genital skin fibro-
blasts from the three patients with testicular femini-
zation was 1.5±0.3 fm/106 cells, a level '-10% that of
normal.

Pattern of proteins synthesized by fibroblasts from
normal individuals and those with testicular femin-
ization. Fig. 1 shows the pattern of proteins synthe-
sized by fibroblast cells from a normal individual (NC
13), with evidence of two proteins markedly more
prominent than in cells from a patient with testicular
feminization (Te4). The molecular weight of these
proteins is estimated to be 85 and 45K; both proteins
have a pKi of -5.0. These results were confirmed in
two further experiments using fibroblast cells from two
different normal and two different testicular femin-
ized individuals: (NC 12 vs. Tela, NC 14 vs. Te3a);
details of the gel region for the four cell lines are shown
in Fig. 2.

The gels presented in Fig. 3 were simultaneously
run with those in Fig. 1, and illustrate that the dif-
ferences in protein synthesis were unaltered by ex-
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posure to 50 nM DHT, in serum-free media, for 4 or
52 h.

DISCUSSION

These results demonstrate that there are two major
differences between the patterns of proteins synthe-
sized by fibroblast cells from normal individuals and
patients with complete testicular feminization. The
autoradiographs of the gels from control fibroblast cells
showed two proteins of mol wt - 85 and - 45K, and
pKi - 5.0, consistently more prominent than in cells
from patients with testicular feminization. These dif-
ferences were reproducibly found in three different
and unrelated patients with complete testicular fem-
inization.

Mills and Bardin (8) have separated four androgen-
induced proteins in mouse kidney preparations by sin-
gle-dimension polyacrylamide gel electrophoresis. Ad-
ditional studies with androgen-insensitive Tfm/Y mice
indicated that stimulation of the proteins was depen-
dent on a functional androgen receptor. In the present
study, patterns of protein synthesis were unaltered by
exposure to DHTat a concentration of 50 nM for either
4 or 52 h. These results suggest that there are differ-
ences in constitutive proteins of fibroblasts from nor-
mal individuals and those with complete testicular
feminization. An alternative explanation is that of an-
drogen-induced mRNAwith such a long half-life that
even after 52 h in androgen-free media no effects of
androgen withdrawal on protein synthesis are discern-
ible.

The molecular weight of the cytoplasmic androgen
receptor in the prostate and epididymis is reported to
be >200K (9, 10) with a pKi of 5.8 (9). Additionally,
the androgen receptor is known to be an oligomeric
structure that dissociates under conditions of high ionic
strength (11). It is therefore possible that the 85- and
45-K proteins represent a part of the androgen recep-
tor complex, the levels of which are <10% of those in
normal fibroblasts. The possibility that the 85- and 45-
K proteins are subunits of the androgen receptor is
open to investigation in several ways, including anal-
ysis of proteins synthesized by fibroblasts from those
more unusual patients, who show androgen insensitiv-
ity despite apparently normal receptor levels assessed
by androgen binding in vitro (4). Studies addressed to
this possibility are currently in progress.

In conclusion, this study demonstrates a deficiency
in synthesis of two proteins in genital skin fibroblasts

obtained from patients with complete testicular fem-
inization. The relationship between these proteins, the
level of androgen receptors, and insensitivity to an-
drogens remains to be elucidated.
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