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A Single Nucleotide Substitution Introduces a Premature Termination

Codon into the Androgen Receptor Gene

of a Patient with Receptor-negative Androgen Resistance

M. Marcelli, W. D. Tilley, C. M. Wilson, J. D. Wilson, J. E. Griffin, and M. J. McPhaul
Department of Internal Medicine, The University of Texas Southwestern Medical Center at Dallas,

Dallas, Texas 75235-8857

Abstract

Mutations of the androgen receptor that impair the action of
Sa-dihydrotestosterone and testosterone result in abnormal
male sexual development. The definition of the organization of
the androgen receptor gene has permitted us to examine its
structure in nine patients with androgen resistance that exhibit
absent Sa-dihydrotestosterone binding in cultured fibroblasts
(receptor-negative androgen resistance). Using labeled probes
specific for each individual coding exon, we find no gross rear-
rangements, insertions, or deletions of the androgen receptor
gene in these patients. To analyze the genetic defect in these
receptor-negative patients, we used the polymerase chain reac-
tion to amplify each individual exon of the androgen receptor
gene in nine affected patients. In all patients, the size of each
amplified exon segment was identical to that in normal individ-
uals. The nucleotide sequence of the entire coding region of the
androgen receptor was determined in one of these patients. A
single nucleotide substitution was identified that results in a
premature termination codon in exon 6 at amino acid 794. S,
nuclease protection assays demonstrated that normal levels of
androgen receptor nRNA are present in skin fibroblasts of this
patient. Transfection of a mutated androgen receptor cDNA
containing a termination codon at position 794 into eukaryotic
cells resulted in formation of a normal amount of receptor
protein, as indicated by immunoblotting, but the expressed
protein does not bind Sa-dihydrotestosterone. These findings
suggest that the presence of a premature termination codon at
amino acid 794 of the androgen receptor is the cause of andro-
gen resistance in this patient. (J. Clin. Invest. 1990. 85:1522-
1528.) androgens  receptor » mutations « sexual development

Introduction

The actions of testosterone and Sa-dihydrotestosterone are
crucial to the development of the normal male phenotype.

This work has been reported in abstract form (1989. The Endocrine
Society’s 71st Annual Meeting, Seattle, WA, June 21-24. 625.
[Abstr.]).
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Patients with resistance to these hormones exhibit a wide
spectrum of abnormal sexual phenotypes, ranging from phe-
notypic women to undervirilized but infertile men (1). The
effects of androgens during normal development are mediated
through a specific protein, the androgen receptor, which is a
member of the steroid/thyroid hormone receptor gene family.
The androgen receptor has been characterized in a number of
patients with androgen resistance, and the abnormalities of
sexual development have been correlated in many instances
with altered physical properties of the androgen receptor pro-
tein. These properties encompass a wide spectrum from subtle
differences in thermolability to the complete absence of spe-
cific androgen binding (receptor-negative androgen resistance)
and are inherited as X-linked traits.

Several groups have reported the isolation and character-
ization of cDNA clones encoding the human androgen recep-
tor (2-5), making it possible to elucidate the molecular defects
causing androgen resistance. To this end, Brown et al. have
reported a patient in whom the fundamental defect was a de-
letion of a segment of the androgen receptor gene (6). To
ascertain whether deletions of segments of the androgen re-
ceptor gene are a common cause of androgen resistance, we
have examined in detail the structure of the gene in nine unre-
lated patients with receptor-negative androgen resistance. In
these patients, the structure of the androgen receptor gene is
intact, implying that subtle alterations within the gene must be
responsible for their androgen resistance. We determined the
nucleotide sequence of the coding segment of the androgen
receptor gene in one of these patients and found that a single
nucleotide substitution has occurred. This mutation predicts
the formation of a truncated receptor protein that is unable to
bind 5a-dihydrotestosterone.

Methods

Cell culture. Fibroblasts established from explants from foreskin or
genital skin biopsies were grown in Dulbecco’s modified essential me-
dium supplemented with 10% fetal bovine serum and 1% penicillin
and streptomycin. All of the patients examined in this study have been
characterized by the monolayer binding of [*°H]5a-dihydrotestosterone
and have been classified as having receptor-negative androgen resis-
tance, i.e., < 4 fmol/mg protein of specific Sa-dihydrotestosterone
binding (1). The androgen receptor from one patient, N750, was cho-
sen for a more detailed sequence analysis. The N750 fibroblast strain
was obtained from a biopsy of labia majora from a 14-yr-old woman
with the syndrome of complete testicular feminization. The woman is
a patient of Drs. Joanne Bodurtha and W. Glen Hurt (Medical College
of Virginia, Richmond, VA) and has been reported previously (7).
Sa-reductase activity was measured in this fibroblast strain according



to the method of Leshin et al. (8) and was 18.4 pmol/mg protein
(normal > 2). The androgen receptor level assayed in monolayer cul-
ture was 1.1 fmol/mg protein/h (normal > 15).

DNA and RNA preparation. DNA was prepared from confluent
fibroblast cultures by modifications of standard techniques (9). RNA
was prepared by homogenization of fibroblast cell pellets in 4.5 M
guanidinium isothiocyanate and step gradient centrifugation through a
cushion of 5.7 M cesium chloride (10).

Southern analysis. Samples of DNA were digested to completion
with the restriction endonuclease Eco RI and run on 0.8% agarose gel.
After transfer to a nylon membrane (Zetaprobe; Bio-Rad Laboratories,
Richmond, CA), the filters were cross-linked using ultraviolet light
(Stratalinker; Stratagene Cloning Systems, La Jolla, CA) and baked for
2 h at 80°C. Prehybridization was performed in buffer containing 7%
SDS and 10 mM sodium phosphate buffer (pH 7.0) for 2 h at 68°C.
Hybridization was performed in an aliquot of the same buffer, con-
taining 1 X 10° cpm/ml of exon-specific probe (~ 5 X 10 cpm/ug sp
act of DNA). After hybridization, the blots were washed in 0.1 XSSC,
0.1% SDS at 68°C, and autoradiographed at —80°C (11).

The exon-specific probes were derived from genomic DNA and
cDNA fragments. For exons 1, 3, and 4, the probes were generated by
amplification of regions of the androgen receptor cDNA (nucleotides
494-933 [the cDNA coordinates used throughout the text refer to
those employed in Reference 2] for exon 1, and nucleotides 1,922~
2,326 for exons 3 and 4). These regions of the androgen receptor cDNA
were amplified by the polymerase chain reaction (PCR)! (12) as de-
scribed below, using oligonucleotide primers derived from the se-
quence of the androgen receptor cDNA (2). Exons 7 and 8 were visual-
ized using a 498-bp Eco RI restriction endonuclease fragment of the
androgen receptor cDNA (nucleotides 2,563-3,061). Exons 2, 5, and 6
were identified by hybridization with three different DNA fragments
resulting from the amplification of segments of the androgen receptor
gene from genomic DNA. Each probe was ~ 250 bp in length and
contained the appropriate exon and 50-100 nucleotides of flanking
intron sequence.

Amplification of the androgen receptor gene using the polymerase
chain reaction. Amplification of individual segments of the androgen
receptor gene was performed using the PCR as described (12). Oligonu-
cleotides were synthesized based on the nucleotide sequence of the
regions flanking the individual coding exon segments (Tilley, W. D.,
M. Marecelli, and M. J. McPhaul, unpublished observations). For exons
2-8, pairs of these oligonucleotides were annealed to the genomic
DNA of each patient. The large segment comprising exon 1 was am-
plified using four overlapping sets of oligonucleotides. The amplified
segments ranged from 250-400 bp in size. The amplification of each
exon was performed with 35 amplification cycles (annealing and ex-
tension at 68°C for 6 min, denaturation at 95°C for 1 min), by using
the Taq I DNA polymerase (Cetus Corp., Emeryville, CA) and the
DNA Thermo Cycler (Perkin-Elmer Cetus, Emeryville, CA).

While this strategy was employed for most sections of the androgen
receptor open-reading frame, the region encoding the glycine homo-
polymeric segment, nucleotides 1,504—-1,572, was resistant to repro-
ducible amplification directly from samples of genomic DNA. For this
reason, a genomic library was constructed from the genomic DNA of
patient N750. A sample of genomic DNA was completely digested
with the restriction endonuclease Eco RI and fractionated on a 0.7%
agarose gel. The fragments of 9-23 kb were isolated, purified, and
ligated into the cloning vector EMBLA4 digested with the restriction
endonuclease Eco RI (13). The resulting library (complexity of 1 X 10°
recombinants) was screened with a labeled fragment of exon 1. Two
positive clones (Agc750-1 and Agc750-2) were isolated and purified to
homogeneity. The segment encoding the glycine-rich region of the

1. Abbreviation used in this paper: PCR, polymerase chain reaction.

androgen receptor of patient N750 was amplified from a 1-ug sample
of Agc750-1 DNA and sequenced as described above.

Nucleotide sequencing. Artificial Eco RI restriction endonuclease
cleavage sites were included at the 5’ terminus of each oligonucleotide
used in the amplification of exons 1-5, 7, and 8 of the androgen
receptor gene. This permitted the amplified exon fragments to be puri-
fied and directly ligated into M13-sequencing vectors. Exon 6 was
amplified and cloned in an analogous manner using artificial Bam HI
endonuclease cleavage sites at the oligonucleotide termini. Nucleotide
sequence analysis of the amplified exons was performed using the
dideoxy termination method of Sanger et al. (14).

Site-directed mutagenesis. The point mutation detected from the
sequencing of the androgen receptor gene of patient N750 was incor-
porated into an oligonucleotide corresponding to nucleotides 2,533-
2,563 of the human androgen receptor cDNA nucleotide sequence (2)
and that contained an artificial Xba I restriction endonuclease cleavage
site at its 5’ terminus (TTT TCT AGA CCT GGG GGG TGA TTT
GGA GTC ATC CAA ACTG; the site of the point mutation is under-
lined). This oligonucleotide and a second oligonucleotide of opposite
polarity that spans nucleotides 1,843-1,868 (GGA GAT GAA GCT
TCT GGG TGT CAC T) were annealed to a 0.1-ug sample of the
human androgen receptor cDNA. After amplification using the PCR,
the resulting fragment was isolated, purified, and digested with the
restriction endonucleases, Hind III and Xba I. As the androgen recep-
tor cDNA that we have previously characterized contains only a single
internal Hind III cleavage site, and the expression vector CMV3 con-
tains only a single Xba I restriction endonuclease cleavage site flanking
the 3’ terminus of the inserted cDNA, it was possible to remove the 3’

" terminus of the normal androgen receptor (nucleotides 1,850-3,061)

by digestion with the restriction endonucleases Hind Il and Xba I, and
replace this fragment with the amplified segment containing the re-
created termination codon in place of amino acid 794. Thus, this
plasmid, designated hARmut750, contains an androgen receptor
cDNA that is shortened at its 3’ terminus but that contains the (G = A)
point mutation identified in patient N750 at nucleotide 2,544. The
nucleotide sequence of this mutated segment was confirmed by di-
deoxy sequencing.

RNA probe synthesis. A 713-bp DNA fragment (nucleotides
1,850-2,563) of the human androgen receptor gene was subcloned into
the plasmid vector, BSKSM 13+ (Stratagene). After linearization with
the restriction endonuclease Hind III, in vitro transcription was per-
formed using the T7 polymerase, as described by the manufacturer, in
the presence of 4 uM each of labeled [«**P]rUTP (800 Ci/mmol sp act)
(Amersham Corp., Arlington Heights, IL) and unlabeled rUTP. After
synthesis, the DNA template was digested with RNAse-free DNAse
(RIQ DNASE; Promega Biotec, Madison, WI) and the unincorporated
nucleotides were removed by ammonium acetate precipitation.

S, nuclease protection. S, nuclease protection assays were per-
formed using a protocol similar to that of Burke et al. (15). Approxi-
mately 10° cpm of the purified uniformly labeled antisense RNA probe
was coprecipitated with 25 ug RNA samples, rinsed with ethanol, and
dried. The samples were resuspended in a solution containing 0.4 M
NaCl, 0.04 M Pipes (pH 6.5), | mM EDTA, and 62.5% deionized
formamide and incubated for 16 h at 45°C. After hybridization, 300 ul
of ice-cold S, buffer (0.025 M NaCl, 30 mM sodium acetate [pH 4.5], 1
mM zinc sulfate, and 5% glycerol) was added. Nuclease digestion was
performed with 4,000 U of S, nuclease at 42°C for 1 h. Digestion was
terminated by the addition of 15 ul of buffer containing 0.5 M Tris (pH
8.0), 0.25 M EDTA, and 5 ug of transfer RNA. The samples were
extracted with phenol/chloroform (1:1), precipitated at —20°C after
addition of 1 ml of chilled ethanol, and then resuspended and precipi-
tated with ammonium acetate two times. After the final precipitation,
the samples were washed in ethanol, dried, resuspended in 90% form-
amide, and analyzed on a denaturing 5% polyacrylamide gel contain-
ing 8 M urea.

Human Androgen Receptor Mutations 1523



Cell transfection. The expression plasmids hAR3.1 and hAR-
mut750 contain the complete androgen receptor cDNA (2) and mu-
tated receptor cDNA clones, respectively, in the expression vector
CMV3. On day 1, confluent cultures of COS cells were trypsinized and
resuspended- in electroporation buffer (20 mM Hepes pH 7.05, 137
mM NaCl, 5 mM KCl, 0.7 mM Na,HPO,, and 6 mM Dextrose). 10’
cells were resuspended in 1 ml of this buffer containing 20 ug/ml of
either hAR3.1 or hARmut750. Electroporation was accomplished by
the discharge of 225 V through the cell suspension (16). After an
additional 5-min incubation at 0°C, the electroporated cells were then
plated into dishes and cultured at 37°C. Cultures were employed on
day 3 for monolayer binding studies or harvested for Western analysis.

Binding assays. 3 d after transfection, monolayer cultures were
incubated with 2 nM [1,2,4,5,6,7-*H]5a-dihydrotestosterone (107 Ci/
mmol, Amersham Corp.) in minimal essential medium containing
10% bovine serum albumin for 1 h at 37°C. Monolayers were washed
twice with 5 ml of ice-cold Tris saline and removed from the culture
dishes by trypsinization. The cells were pelleted and washed twice with
5-ml aliquots of ice-cold Tris saline. The washed cell pellets were
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Figure 1. Genomic Southern analysis of nine patients with receptor-
negative complete androgen resistance. 20-ug aliquots of genomic
DNA from nine patients digested with the restriction endonuclease
Eco RI were analyzed. The filters were probed with labeled probes
specific for the individual exons, as shown in the left margin. Exon 6
is contained on the same fragment as exon 5. (704 is prepared from
normal control fibroblasts.) Sizes in kilobases are shown to the right.
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resuspended in distilled water and sonicated (17). Aliquots were re-
moved for scintillation counting and for protein determination by the
method of Lowry et al. (18).

Immunoblotting. SDS-PAGE was carried out in 7.5% gels accord-
ing to the method of Laemmli (19) using 30-ul samples containing 93
ug protein from COS cells transfected with androgen receptor cDNA
or 99 ug protein from COS cells transfected with the artifically con-
structed cDNA containing the premature termination codon. Im-
munoblots were prepared as described by Harris et al. (20). Antisera
were produced as described by Green et al. (21) by immunizing rabbits
with keyhole limpet hemocyanin linked to synthetic peptides contain-
ing either the carboxyl-(COOH-) terminal 20-amino acid sequence or
the amino-(NH,-) terminal 21-amino acid sequence of the human
androgen receptor protein. Antipeptide antibodies were purified by
affinity chromatography on columns of peptide linked to CNBr-acti-
vated Sepharose 4B according to the manufacturer’s description
(Pharmacia Fine Chemicals, Piscataway, NJ). Affinity-purified anti-
N-terminal antibodies from rabbit T687 were used at a final dilution of
1:25 (18 ug protein/ml). Affinity-purified anti-COOH-terminal anti-
bodies from rabbit R489 were used at a final dilution of 1:200 (3 ug
protein/ml). %I-labeled goat anti-rabbit IgG F(ab'), (New England
Nuclear, Boston, MA) was used to detect specifically bound antibody.

Resuits

Southern analysis. As patients with the receptor-negative form
of androgen resistance have undetectable levels of [*H]5a-di-
hydrotestosterone binding, we first examined the structure of
the androgen receptor gene in these individuals to assess the
presence and integrity of each coding exon. Fig. 1 shows the
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Figure 2. Analysis of exon 8 of the androgen receptor gene using the
PCR. Amplification of exon 8 was performed employing an oligonu-
cleotide pair flanking the coding segment of exon 8. The reaction
products were electrophoresed on a 2% agarose gel, stained, and pho-
tographed. (Sample 704 is prepared from normal control fibroblasts.)
Size markers are shown below.
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pattern visualized by genomic Southern analysis of nine pa-
tients affected by the receptor-negative form of complete tes-
ticular feminization. In each of the mutants, a number of re-
striction fragments are identified, each corresponding to a spe-
cific exon, the exception being the band indicated as exon 6,
which also contains a large portion of exon 5. The patterns
visualized in the DNA prepared from the patients are indistin-
guishable from that of the normal control (704 is normal geni-
tal skin fibroblasts), suggesting that in each of the receptor-neg-
ative patients all eight exons of the androgen receptor gene are
present and contain no major deletions or rearrangements.

Sizing of the PCR amplification products. The results of the
Southern analysis implied that the alterations in these nine
receptor-negative patients were not due to large deletions or
insertions within the androgen receptor gene. To examine the
structure of the individual exons in greater detail, oligonucleo-
tide pairs bounding individual coding segments were used to
amplify the androgen receptor gene as 11 distinct fragments, 7
corresponding to exons 2-8 and 4 overlapping fragments of
exon 1. These amplified segments were then examined by aga-
rose gel electrophoresis. An example of one experiment that
examines exon 8 is shown in Fig. 2. The size of each of the
amplified fragments is identical and agrees with the size pro-
duced using genomic DNA from normal controls. In other
experiments, we have obtained the same results for the re-
mainder of the eight coding exons of the androgen receptor
gene (data not shown). In each case, the amplified segment was
identical in each of nine mutants and indistinguishable from
samples prepared from normal controls. As the sizes of these
amplified exon fragments are ~ 200-300 nucleotides long, the
resolution of this method is much finer than genomic South-
ern analysis and implies that any alterations within the andro-
gen receptor coding region in these patients must be quite
small.

Sequencing of the androgen receptor gene in patient N750.
To investigate the nature of the mutations, we determined the
complete nucleotide sequence of the coding segments of the
androgen receptor gene in one of these patients, designated
N750. This analysis was performed by amplification of 11
fragments of the androgen receptor gene from genomic DNA.
The oligonucleotides employed in this analysis contained arti-
ficial Eco RI or Bam HI restriction endonuclease cleavage sites
at their termini, allowing the amplified segments to be sub-
cloned into M13 and sequenced. This analysis reveals three
differences between the nucleotide sequence of the androgen
receptor of mutant N750 and that which we previously pub-

NORMAL MUTANT N750

A CGT

Q =
e ©

©
-4
o

lished for the normal human androgen receptor (2). First, two
nucleotides (Nos. 793 and 794) are inverted. Reexamination
of this region in our original normal androgen receptor cDNA
reveals that the sequence detected in N750 is correct. This
alteration results in the presence of an alanine residue at posi-
tion 211 in the predicted amino acid sequence rather than an
arginine as we previously reported. Second, the N750 andro-
gen receptor contains 21 glutamine residues between amino
acids 338 and 354, in contrast to the 20 residues in our original
sequence. It is notable that this segment appears to be truly
polymorphic among normal individuals as the sequences re-
ported to date for this segment have contained 17 (4), 21, 25
(3), and 20 (22) glutamine residues. Finally, our analysis re-
vealed a single base substitution (guanosine to adenosine) at
position 2,544, as shown in Fig. 3. This point mutation, which
has been detected in three separate amplification reactions of
exon 6 in patient N750, but not in control samples, results in
the conversion of the triplet encoding tryptophan 794 into a
termination codon. The position of this termination codon
within the linear structure of the androgen receptor is shown
schematically in Fig. 4. No other sequence polymorphism was
identified in the remainder of the open reading frame.

S, nuclease protection assay. To determine whether a
truncated androgen receptor could explain the androgen resis-
tance in patient N750, we analyzed the androgen receptor
mRNA in fibroblasts using an S; nuclease protection assay.
The results of this analysis are shown in Fig. 5. The quantity of
androgen receptor mRNA in fibroblasts from patient N750 is
similar to that in normal control fibroblasts (strain 704) but
less than that in the human prostate carcinoma cell line,
LNCaP. A similar analysis has also been performed using
other portions of the androgen receptor gene, including the 5’
noncoding region of the androgen receptor gene and a segment
of exon 1 with similar results (data not shown). These results
imply that near normal levels of androgen receptor mRNA are
produced in fibroblasts of patient N750.

The truncated androgen receptor does not bind dihydrotes-
tosterone. To determine whether the truncated androgen re-
ceptor predicted for patient N750 would exhibit defective
binding of Sa-dihydrotestosterone, we transfected the normal
androgen receptor (hAR3.1) and the mutated form of the an-
drogen receptor (hARmut750) into COS cells as described in
Methods. Introduction of the normal cDNA into COS cells
results in high levels of specific androgen binding in mono-
layer binding assays as shown in Table 1. By contrast, no spe-
cific binding of Sa-dihydrotestosterone is detected after trans-

C CARBOXY
TERMINUS  Figure 3. Nucleotide sequence anal-
ysis of the androgen receptor gene
STOP794 identified a single nucleotide substi-
— tution in exon 6 of patient N750.
gly 793 The single base change of guanosine
to adenosine results in a premature
phe7g2 AMINO termination codon in place of
TERMINUS amino acid 794.
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Table I. [PH15a-Dihydrotestosterone Binding in COS Cells
Transfected with the Normal (hAR3.1) and Mutant (hARmut750)
Androgen Receptor cDNAs

PH)5a-
dihydrotestosterone-
Plasmid Steroid bound
fmol/mg protein
hAR3.1 [*H]5a-dihydrotestosterone 222
[*H]5a-dihydrotestosterone 20
+ excess unlabeled 5a-
dihydrotestosterone
hARmut750 [*H]5a-dihydrotestosterone 12
[>H]5a-dihydrotestosterone 16
+ excess unlabeled 5a-
dihydrotestosterone

COS cells were electroporated with either the cDNA encoding the
native androgen receptor (hAR3.1) or the mutated androgen receptor
(hARmut750) on day 1. On day 3, duplicate monolayer cultures
were incubated with 2 nM [*H]5a-dihydrotestosterone for 1 h at
37°C in the presence or absence of 200 nM 5a-dihydrotestosterone.
The monolayers were washed twice with 5 ml of ice-cold Tris saline
and removed from the culture dishes by trypsinization. The cells
were pelleted and washed twice with 5-ml aliquots of ice-cold Tris sa-
line. Samples were disrupted by sonication in distilled water and ali-
quots removed for scintillation counting and protein determination.

fection of the mutated androgen receptor cDNA into COS
cells. This defective binding does not appear to be due to ab-
sence of the mutant receptor protein as shown by immuno-
blotting (Fig. 5). Furthermore, the immunoblot analysis indi-
cates that the truncated receptor protein is ~ 11 kD smaller
than the native receptor and is detected by an antibody di-
rected against the amino terminal but not by an antibody
directed to the carboxy terminal segment of the human an-
drogen receptor.

Discussion

The androgen receptor gene from nine unrelated patients with
the receptor-negative form of complete testicular feminization
does not contain any major structural deletions or rearrange-
ments. This is evident from Southern analysis of genomic
DNA and by sizing on agarose gels of the products of PCR

TGG =» TGA
Trp(794)=» STOP

557 622 669 917
(GIn) (Pro) (Gly) | DNA Hormone |
20 8 23

N-Terminal Binding Domains

Figure 4. Schematic structure of the human androgen receptor. The
figure indicates the position of the single base substitution relative to
the presumed functional domains of the androgen receptor.
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amplification of each individual exon. Thus, the genetic alter-
ations in this group of patients must be very small defects, such
as single point mutations.

The nature of the small alterations causing receptor-nega-
tive androgen resistance would be expected to include a num-
ber of different types of mutations that would impair the func-
tion of the androgen receptor. The nucleotide sequence analy-
sis reported here reveals a single point mutation in the segment
of the androgen receptor that corresponds to the hormone-
binding domain of other steroid receptors (23). This nucleo-
tide substitution introduces a premature termination codon at
amino acid 794 that would remove the 122 carboxy terminal
amino acids of the androgen receptor protein. On the basis of
studies on the estrogen (24) and glucocorticoid (25-27) recep-
tors, this truncation would be expected to eliminate the hor-
mone binding and transcriptional activation functions of the
androgen receptor protein. In keeping with this expectation,
no specific androgen binding is detectable in cells transfected
with the cDNA containing the termination codon at amino
acid 794, even though Western analysis demonstrates that the
mutant androgen receptor is present in cells transfected with
the mutated form of the androgen receptor cDNA. Further-
more, the Western analysis indicated that the mutant andro-
gen receptor protein expressed in COS cellsis ~ 11 kD smaller
than the native receptor as predicted by the location of the
point mutation in the androgen receptor gene. Similar trunca-
tions of the vitamin D receptor have been reported by Ritchie
(28) who reported three patients in whom a premature termi-
nation codon in the gene encoding the vitamin D receptor
caused vitamin D resistance.

The mutation that we have detected in patient N750 could
act solely by altering the primary amino acid sequence of the
receptor protein or by affecting the level of androgen receptor
mRNA. For this reason, we examined the levels of androgen
receptor mRNA using a highly sensitive nuclease protection
assay. The demonstration of comparable quantities of andro-
gen receptor mRNA in normal fibroblasts and in fibroblasts
from patient N750 suggests that truncation of the androgen
receptor protein must be the principal alteration in this pa-
tient.

s éz o Figure 5. S; nuclease
) /\th \;0 \g\‘b protection analysis of
< N androgen receptor

r mRNA. Samples of
RNA prepared from
normal fibroblasts
(704), a prostate carci-
noma cell line that ex-
presses high levels of
androgen receptor
(LNCaP), and a mutant
(N750) were analyzed
by S; nuclease protec-
tion using an RNA
probe (see Methods) de-
rived from nucleotides 1,850-2,563 in the cDNA. The undigested la-
beled probe is indicated to the left. The molecular weight marker
sizes are shown to the left in base pairs.
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Figure 6. Transfected COS cells produce similar amounts of normal
and mutant androgen receptor proteins. Transfected cell cultures
from the same experiment analyzed for [*H]Sa-dihydrotestosterone
binding in Table I were scraped into ice-cold phosphate buffered sa-
line, pelleted, and solubilized in SDS-PAGE-loading buffer (100 mM
dithiothreitol, 2% SDS, 10% glycerol, 80 mM Tris pH 6.9). Samples
from COS cells transfected with either the normal (93 ug of cell pro-
tein) or mutant (99 ug of cell protein) androgen receptor cDNAs in-
serted into the expression vector CMV3 were electrophoresed, trans-
ferred, and examined by Western analysis using affinity-purified an-
tibodies directed at the amino-(N) terminal 21 amino acids or the
carboxyl-(C) terminal 20 amino acids of the androgen receptor pro-
tein. Numbers on the right side indicate the size of protein bands as
determined by comparison with “C-labeled protein molecular weight
markers (Amersham Corp.).

It is likely that mutations causing androgen resistance will
encompass a wide range of genetic alterations. The delineation
of the underlying genetic defect in other patients with andro-
gen resistance will undoubtedly lead to a better understanding
of the functional organization of the androgen receptor and of
other steroid receptors as well.
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