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Abstract Analysis of single-stranded conformation 
polymorphisms in polymerase chain reaction (PCR) 
products (PCR-SSCP) is a sensitive method for detect- 
ing point mutations in genomic DNA. To investigate 
its utility in examining the androgen receptor gene, we 
analyzed data on a patient with the testicular feminiz- 
ation syndrome (TFS) with a known point mutation in 
exon C. We detected mobility shifts of fragments of the 
corresponding region. Since examination of the sub- 
ject's brother (legally sister), who also has TFS, re- 
vealed an identical shift pattern, we sequenced the exon 
C of the sibling and detected a mutation identical to 
that in the former. We conclude that PCR-SSCP is 
available for screening mutations of the androgen re- 
ceptor gene. 
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Androgens are crucial to the development of the nor- 
mal male phenotype, including fertility, and bind to 
a specific androgen receptor (AR) protein in target cells. 
The receptor protein is thus transformed to the ac- 
tivated form and the androgen-AR complex is transfer- 
red to the nucleus, where it induces expression of the 
target gene. Some defects of androgen receptor (AR) 
lead to androgen resistance, which encompasses 
a broad spectrum of clinical disorders, ranging from 
mild undervirilization to genotypic males having a fe- 
male phenotype, i.e., the testicular feminization syn- 
drome (TFS). Another clinical problem is caused by the 
androgen resistance of prostatic carcinoma, since AR 
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mutations are detected in 12.5 % of endocrine therapy- 
resistant patients at autopsy [-19]. 

AR is a member of the steroid receptor family, which 
is a part of a larger nuclear receptor superfamily. Clon- 
ing of the human AR [2, 4, 9, 20] has permitted an 
examination of the molecular defects responsible for 
the clinical disorders mentioned above. More than 70 
mutations have been reported in patients with 
complete or partial TFS [18]. Mutations of the hor- 
mone-binding domain are most frequent and are ap- 
proximately 3 times more common than those of the 
DNA-binding domain. 

The recently developed PCR-SSCP analysis is a sen- 
sitive tool for detecting single-nucleotide substitution 
[16], for example, in the loci of tumor suppressor genes, 
candidate genes of inherited diseases [7, 15, 21]. To 
determine whether this technique may be applicable to 
the detection of mutations in the androgen receptor 
gene, we used analysis of single-stranded conformation 
polymorphisms in polymerase chain reaction products 
(PCR-SSCP) to examine the genomic DNAs of siblings 
with complete TFS. 

Materials and methods 

Subjects 

A 21-year-old man (legally woman) with a history of amenorrhea 
was diagnosed as having testicular feminization syndrome (TFS) 
based on the result of chromosomal analysis, 46, XY, and a classic 
clinical/endocrine phenotype (Table 1). Examination of her younger 
brother (legally sister), performed later, revealed the same diagnosis. 
Their mother had a normal female genotype, 46, XX, and had 
a normal phenotype. Figure 1 represents the pedigree of this family. 

Sequencing of AR gene 

Genomic DNA was extracted from peripheral lymphocytes of both 
siblings. Twelve pairs of oligonucleotide primers flanking the indi- 
vidual coding exons were selected, according to the criteria of 
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Table 1 Patient characteristics 
Patient Age Karyotype External Internal Ovary Testis 

(Years) genitalia genitalia 

1. NG 22 46, XY Female type None None Intra peritoneal 
2. KG 20 46, XY Female type None None Intra-peritoneal 

I 

Ill 
Fig. 1 Pedigree of the patients in the study. The cousin of the 
patients examined is also an affected hemizygous male. Half-filled 
circles represent obligate heterozygous carriers. *Patient 1, **Pa- 
tient 2 

Lubahn et al. [10]. They were designed to generate fragments of 
approximately 190 500 base pairs and were synthesized on a DNA 
synthesizer. Amplification of each coding region was performed by 
use of Ampli Taq DNA polymerase (Perkin-Elmer-Cetus, Norwalk, 
USA) according to the manufacturer's specifications. The incubation 
conditions were principally 30 cycles of a denaturing step at 94 ~ 
for lmin, annealing at 55 ~ for lmin, and polymerization at 72 ~ 
for 1 rain. When amplification was insufficient, appropriate modifi- 
cations were made. After amplified fragments of the correct size had 
been collected and purified, they were ligated into PUC19 vectors, 
and transformation of E. coli JM109 (Toyobo, Tokyo, Japan) was 
carried out by Hanahan's method [6]. Insert DNA in white (non- 
blue) colony was confirmed by measuring the size of DNA fragment 
amplified with primers designed to flank the insertion point in lacZ. 
Then insert DNA was selected from plasmid DNA, purified and 
ligated into the cloning vector M13, and sequenced using Seque- 
nase (USB, Cleveland, OH) for Sanger's dideoxy sequencing 
reactions [17]. 

Fig. 3 Comparison of the 
mutated AR sequence found 
in patient 1 with normal AR 
sequences. A single-nucleotide 
substitution of guanine-to- 
adenine results in an arginine- 
to-histidine (enclosed with 
square) substitution at amino 
acid residue 615 

SSCP method 

PCR reactions were performed with the above-mentioned oligonu- 
cleotide primer pairs with 50 ng genomic DNA, 20 ttmol each 
dNTP, 0.1 gmol each primer, 10 mM TRIS-HC1 (pH 8.3), 50 mM 
KC1, 0.125u Taq DNA polymerase and 2 ~tCi [c~-a2p] dCTP 
(10 mCi/ml, 3000 Ci/mmol, Amersham) in a final volume of 5 111. 
Amplification conditions consisted of an initial step at 94 ~ for 20 s, 
followed by annealing and extension at 60 ~ for 2 min. The PCR 
product (5 gl) was mixed with 45 gl of a solution of 95% formamide, 
20mM ethylenediaminetetraacetic acid (EDTA), 0.05% bro- 
mphenol blue, and 0.05% xylene cyanol and heated to 94~ for 
2 rain. Then each denatured sample was applied (2 gl/lane) to 5% 
polyacrylamide gel containing 5% glycerol. Electrophoresis was 
performed at room temperature at 30 W constant power for 2-3 h. 
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Fig. 2 Schematic presentation of human androgen receptor (hAR) 
gene and a single-nucleotide substitution of guanidine-to-adenine at 
amino acid residue 615 detected in the present patients, aa amino 
acid, DNA DNA-binding domain, Steroid steroid-binding domain 
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Fig. 4 PCR-SSCP analysis of AR gene (exon C). Samples were as 
follows: lanes 1, 2 idiopathic infertile male, lane 3 normal male, 
lane 4, TFS patient that proved to have no mutation in exon C, 
lane 5, patient 1, lane 6 patient 2. Lanes 5, 6 show the mobility shift of 
single-stranded DNA fragments due to a single-base substitution. 
The identical shift patterns of the two lanes reflect identical muta- 
tions in both siblings 

The gel was dried on filter paper and exposed to Kodak XAR film 
for 2 24 h without use of intensifying screens. 

Results 

We sequenced the entire coding region of AR in the 
genomic DNA from patient 1, and detected a single 
nucleotide substitution of guanine-to-adenine that re- 
sults in an arginine-to-histidine substitution at amino 
acid residue 615 (Figs. 2, 3). This substitution is located 
within the exon C that encodes the latter half of the 
DNA-binding domain. Figure 4 shows several examples 
of SSCP patterns of AR gene (exon C) seen in: idiopathic 
infertile males (lanes 1, 2), normal male (lane 3), TFS 

patient 1 (lane 5), TFS - patient 2 (lane 6), and another 
TFS patient subsequently proved to have no mutation 
in exon C (lane 4), respectively. SSCP patterns for exon 
C in patients 1 and 2 (the younger sister of patient 1) 
were identical and different from those of other subjects, 
including the normal control. Believing that patient 
2 had a mutation identical to that in patient 1, we 
sequenced her exon C and confirmed the mutation. 

Discussion 

TFS is broadly classified into two types, receptor-bind- 
ing positive and receptor-binding negative, according 
to the results of ligand-binding studies. The receptor- 
binding positive type is supposedly caused by defects in 
the androgen receptor that are not detectable in 
a ligand-binding study; for example, defects that impair 

binding of the receptor-ligand complex to a target 
DNA sequence. Recent progress in the study of mo- 
lecular mechanisms of steroid hormone receptors has 
enabled us to elucidate the structure-function relation- 
ship in AR of subjects with TFS. A defect in any of four 
events can cause androgen resistance: steroid hormone 
binding, activation of hormone-receptor complex, 
DNA binding, and transcription of a specific gene [3]. 

The DNA-binding domain of AR is composed of the 
most highly conserved exons, B and C, which encode 
the zinc finger motif and are supposed to bind the 
hormone-responsive element of the target gene. Any 
abnormalities in this domain may be correlated with 
a failure of DNA binding, which results in a reduced 
androgenic effect. Even a single nucleotide substitution, 
as well as a partial deletion, may impair the DNA- 
binding ability of AR if that nucleotide is included in 
a highly conserved and functional region in the other 
members of the steroid receptor superfamily. 

Five different cases of complete TFS have been well 
described to date, each caused by defective DNA-bind- 
ing domain. In 1990, Marcelli et al. [13] reported a case 
that was caused by the premature termination of the 
receptor protein at amino acid residue 588, namely, 
a single-base substitution (A ~ T) that resulted in the 
conversion of a lysine codon into a stop codon. They 
also demonstrated that the truncated receptor protein 
was not able to bind ligand or to activate the long 
terminal repeat of the mouse mammary tumor virus in 
cotransfection assays. The other cases involved the 
receptor-binding positive type of TFS. In 1992, Zoppi 
et al. [22] reported three cases of single-base substitu- 
tion at amino acid residues 557 (G ~ A )  and 574 
(T ~ C) in the first zinc finger motif and 615 (G ~ C) in 
the second zinc finger motif, respectively. 

In 1993, Mowszowicz et al. [14] demonstrated in 
two siblings an Arg ~ His substitution identical to that 
found in the patients in the present study at amino acid 
614 (corresponding to position 615 based on our se- 
quence). The AR in their cases had normal androgen- 
binding capacity and affinity, but reduced DNA-bind- 
ing activity. They also detected an impairment of trans- 
criptional activity of the mutated AR, reflected in the 
loss of induction of chloramphenicol acetyltransferase 
activity (CAT assay). Northern blot analysis of expres- 
sion of AR mRNA in their cases showed decreased 
expression. Their explanation for the result is that, even 
though the possibility of additional mutations in the 
promoter region of the AR gene resulting in an alter- 
ation of AR mRNA level cannot be excluded, muta- 
tions of the AR alter the turnover rate of AR mRNA or 
protein. Regrettably, we did not perform a functional 
analysis of AR in the patients in the present study, but 
we can at least speculate that the causes of TFS in these 
two siblings may be similar or even identical. A defec- 
tive DNA-binding domain may cause an intersex 
phenotype due to partial androgen insensitivity. 
Klocker et al. [12] reported a single-base substitution 
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(G ~ A) at amino acid residue 596 in patients with 
Reifenstein's syndrome, and showed that the residual 
transactivation activity of the mutant  receptor was 
approximately one-third that of the wild-type receptor. 
Moreover, they identified an alanine residue at posi- 
tion 596 and/or 602 as being important  for full AR 
function [-11]. 

The pedigree of this family strongly suggests that the 
present mutation is not sporadic but hereditary, be- 
cause their cousin also has TFS. Since examination of 
the mother was impossible in this family, we are now 
examining the cousin and his mother. Although a 
de novo AR mutation detected with SSCP analysis has 
already been reported [-8], we believe we are the first to 
have applied SSCP analysis to detect identical AR 
aberrations reflected by an identical pattern of DNA 
mobility shift in siblings with TFS and to have shown it 
to be a sensitive tool for detecting sequence changes, 
including single-base substitutions in DNA fragments. 
This technique takes advantage of the fact that, under 
nondenaturing conditions, single-stranded DNA has 
a sequence-specific conformation and the mobility of 
DNA in polyacrylamide gel electrophoresis is affected 
by its conformation and temperature. 

In this study, we demonstrated that PCR-SSCP 
analysis was useful for screening mutations in the AR 
gene of genomic DNA especially when genetic inherit- 
ance needs to be examined. We consider it likely that 
this technique will also prove useful for detecting other 
suspected AR genetic variants including somatic muta- 
tions, for example, in cases of idiopathic male infertil- 
ity [1] and in hormone-independent prostatic carci- 
noma [-5, 19]. 
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