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ABSTRACT
Androgen insensitivity syndrome (AIS) is the most common single

entity that results in male under-masculinization, but large cohort
studies of AIS have rarely been performed. Over the last decade,
nationwide cooperation between pediatric endocrinologists in the
United Kingdom has allowed the creation of a database of cases of
intersex and ambiguous genitalia where detailed clinical information
on every notified case has been collected via a questionnaire. Among
the 816 entries recorded by January 1999, there were 105 clinically
diagnosed cases of complete AIS (CAIS) and 173 cases of partial AIS
(PAIS). A masculinization score was devised by scoring the external
phenotype, and a score of 12 represented normal masculinization.
Androgen receptor (AR) binding was determined by studying binding
capacity (Bmax) and receptor affinity (Kd), and cases were classified as
either zero, abnormal, or normal binding. Mutation screening of all
eight exons of the AR gene was performed by single-strand confor-
mational polymorphism analysis, followed by direct DNA sequencing.

All cases of PAIS presented within the first month of birth. The
median age at presentation of children with CAIS was 1 yr (P10,P90:
0.1,10.4). The testes were palpable in the labioscrotal folds or the
inguinal region in 77% and 41% of cases of CAIS and PAIS, respec-
tively. There was marked overlap between the masculinization score
of those children with PAIS reared as girls [2.5(P10,P90:1, 6)] and
those reared as boys [3(P10,P90:2, 7.5)]. Gonadectomy was performed
prepubertally in 66% and postpubertally in 29% of the cases of CAIS.

The median age of the latter group was older at 14 yr (P10,P90:0.1,18).
No cases of malignancy or carcinoma in situ were reported in the 121
cases of AIS where histology results were available. Biochemical
endocrine investigations were reported to have been performed in a
greater number of cases of PAIS than CAIS (98% vs. 48%). AR binding
was abnormal in 44 of 51 (86%) and 40 of 113 (35%) cases of CAIS and
PAIS, respectively. Zero binding was encountered in 29 of 43 (67%)
and 1 of 55 (2%) cases of CAIS and PAIS, respectively. Mutational
analysis of the AR gene, performed in 102 index cases was positive in
57 of 69 (83%) cases of CAIS and 12 of 43 (28%) cases of PAIS. In 24
of these cases, the mutation identified was novel. The mutations in
PAIS cases were all missense, whereas in CAIS the mutations were
more diverse. AR binding was only normal in 3 of 69 mutation-positive
cases. In the PAIS group, mutation-positive cases had a significantly
higher Kd and Bmax compared to the mutation negative cases.

The clinical diagnosis of AIS can be confirmed in a significant
number of cases by a combination of androgen-binding studies and
mutational analysis. There is some correlation between the pheno-
typic features and the abnormalities discovered on mutational anal-
ysis of the AR gene, but there is a need to improve this further by
developing optimal bioassays of AR function. The phenotypic heter-
ogeneity among clinically diagnosed cases of AIS emphasizes the need
for appropriate comprehensive evaluation of male under-masculin-
ization. (J Clin Endocrinol Metab 85: 658–665, 2000)

DEFECTS of the androgen receptor (AR) cause the an-
drogen insensitivity syndrome (AIS), an X-linked dis-

order in 46XY individuals with normal androgen production
and metabolism. AIS is estimated to be present in 1:20,000–
64,000 male births, and variable phenotypic expression has
allowed the classification of AIS into complete (CAIS) and
partial forms (PAIS), as well as a rare group of phenotypi-
cally normal men with azoospermia (1, 2). While individuals
with CAIS have female external genitalia, affected cases of
PAIS have variable ambiguity of the genitalia and often
undergo extensive reconstructive surgery. If reared as girls,
both groups also undergo gonadectomy to eliminate the risk

of gonadal malignancy (3). Demonstration of normal testos-
terone and dihydrotestosterone production is necessary with
PAIS to exclude defects in testosterone biosynthesis and 5a-
reductase deficiency (4, 5). AR binding can be assessed, in
vitro, in cultured genital skin fibroblasts (4), but the parallel
development of assays in different laboratories has led to a
confusing unstandardized form of nomenclature (1). A di-
verse range of AR-binding defects can be demonstrated in
some, but not all, cases of AIS (4–8).

The gene encoding AR is localized to Xq11–12 (9) and
cloning of the human AR complementary DNA has allowed
characterization of the molecular defects responsible for AIS.
A variety of different strategies for mutational screening of
the AR gene have revealed over 300 mutations in AIS (10, 11).
It is, however, unclear whether there is a relationship be-
tween the site and type of mutation and the abnormality in
androgen binding. In addition, prenatal diagnosis, as well as
decisions about sex of rearing, is hindered because of the
clinical heterogeneity of phenotype for a given mutation
within the same family. Modifications of the Prader classi-
fication of genital ambiguity have been used to classify the
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male under-masculinization associated with AIS (1). It is,
however, possible that a decision about sex of rearing influ-
ences the assessment of phenotype based on this kind of
classification and there is a need for more objective stan-
dardization of this assessment. Large cohort studies of AIS
have rarely been reported, but over the last decade the AIS
component of a United Kingdom ambiguous genitalia and
intersex database held in Cambridge is now large enough to
provide a comprehensive review of a range of features as-
sociated with AIS.

Here, we describes a large cohort of patients with male
under-masculinization in whom the clinical diagnosis of AIS
can be confirmed in a significant number of cases by a com-
bination of androgen-binding studies and mutational anal-
ysis. Some correlation between the phenotypic features and
the abnormalities identified on mutational analysis of the AR
gene is apparent, but the phenotypic heterogeneity among
clinically diagnosed cases of AIS emphasizes the need for
appropriate comprehensive evaluation of male under-
masculinization. It is clear that while a phenotype consistent
with PAIS is a common cause of male under-masculinization,
specific mutations involving the X-linked AR gene account
for only a proportion of PAIS cases.

Subjects and Methods

Detailed clinical information on every case notified to the database
held in Cambridge was collected via a questionnaire, and the diagnosis
was entered as reported by the clinician. Among the 816 entries recorded
by January 1999 there were 105 clinically diagnosed cases of CAIS and
173 cases of PAIS. In every reported case of AIS where there were
sufficient clinical data, a masculinization score was created by assessing
specific clinical features, as detailed in Fig. 1. A maximum score of 12
represented normal masculinization.

When genital skin was obtained at time of surgery, androgen-binding
studies were performed on cultured genital skin fibroblasts as reported
previously (5). Parameters measured included binding capacity (Bmax)
that reflects receptor concentration and receptor-binding affinity (Kd).
Binding was classified as either zero, abnormal, or normal based on an
updated reference range for binding parameters using circumcision
samples from normal individuals (n 5 23) (unpublished data). For our
laboratory, the range of Bmax and Kd in normal genital skin fibroblasts
is greater than 300 3 10218/mg DNA and 0.8–1.7 3 10210 m, respectively.

Mutation screening of all eight exons of the AR gene was performed
as described previously using single-strand conformational polymor-
phism analysis (SSCA), followed by direct DNA sequencing of any PCR
products showing abnormal conformation on SSCA (12). AR-binding
studies, as well as mutational analyses, were performed in those cases

where other causes of male under-masculinization could be excluded on
the basis of the clinical and biochemical data provided. Details of some
of the mutational analyses have been reported previously (12–16). His-
tological details were obtained from the reporting clinician in those cases
where either testicular biopsy or gonadectomy was performed. The
Wilcoxon signed rank test and the x2 test were performed to enable
comparison between groups.

Results
Subjects and family history

One hundred five cases with a clinical diagnosis of CAIS
and a median age of 13.2 yr (10th and 90th percentiles, 3.8 and
26.8) were identified in the database. Their median age at
presentation was 1 yr (P10, P90: 0.1, 10.4). One hundred
seventy-three cases with a clinical diagnosis of PAIS and a
median age of 8.0 yr (P10, P90: 3.0, 2.5) were also identified.
In the 81 cases of CAIS where family history was available,
52 cases had a family history of AIS, whereas 29 did not.
Family history of PAIS was positive in only 31 cases, negative
in 116 cases, and unknown in 26 cases.

Mode of presentation

All cases of PAIS presented within 1 month of birth with
genital ambiguity. The mode of presentation was unknown
in 33 cases of CAIS. Twenty-eight of 72 cases (39%) of CAIS
presented with bilateral hernia, 20 (28%) presented with uni-
lateral hernia, 15 (21%) presented with a positive family
history, 4 (6%) presented with an amniocentesis-karyotype
mismatch with phenotypic sex, and 4 (6%) presented with
primary amenorrhea.

Gonadal position, histology, and outcome

The position of the gonads was unrecorded in 25 cases of
CAIS. Twenty-nine of 80 (36%) cases of CAIS had bilateral
abdominal testes, whereas in 33 (41%) cases the gonads were
bilaterally palpable in the labioscrotal folds or in the inguinal
region. In 18 cases, they were abdominal on one side but
descended on the other. Gonadal position was unknown in
eight cases of PAIS. Bilateral abdominal testes were present
in 21 of 165 cases (13%) of PAIS; 128 (77%) cases had testes
that were bilaterally descended or in the inguinal region, and
in 13 (8%) cases they were descended on one side but ab-
dominal on the other. In three cases of PAIS, testes were
absent on one side.

Eighty-one of 105 cases of CAIS were reported to have had
bilateral gonadectomy. In 54 (66%) cases, gonadectomy had
been performed before puberty, whereas 23 (29%) had post-
pubertal gonadectomy. In four cases, the timing was un-
known. The median age at presentation of girls who had
postpubertal gonadectomy was 14 yr (P10, P90: 0.1, 18). Go-
nadectomy had been performed in 46 cases of PAIS; in 18
cases this was performed before puberty, whereas in 4 cases
it was performed after puberty. The sex of rearing in these
four cases had been female. The timing of gonadectomy was
unknown in the remaining 24 cases of PAIS.

Testicular histology, available in 65 of 77 cases of CAIS
who had gonadectomy, was reported as normal testes in 59
(91%). In three cases, the testes were described as atrophic,
in two cases there was evidence of marked fibrous tissue
deposition, and in one case bilateral hamartoma were de-

FIG. 1. Criteria for the masculinization score. Y, yes; N, no; Norm,
normal; Blan, glandular; Pen, penile; Per, perineal; Scro, scrotal; Ing,
inguinal; Abd, abdominal; Abs, absent.
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scribed. Testicular histology reports were available in 56 of
173 cases of PAIS and were reported as normal in 53 and
abnormal in 3, with evidence of testicular atrophy. A more
detailed analysis of gonadal histology in this series of AIS
cases is the subject of a separate publication.

Biochemical investigations

Biochemical investigations were performed in 50 of the
total 105 cases of CAIS. Of this subset, baseline sex steroid
concentrations were determined in 49 of 50 (98%) cases, an
human CG (HCG) stimulation test was performed in 26
(52%) cases, baseline gonadotrophins with or without GnRH
stimulation test in 27 (54%) cases, and a urinary steroid
profile in 6 (12%) cases. Biochemical investigations were
reported in 159 of 173 cases of PAIS. Baseline sex steroids
were measured in 152 (96%) cases, an HCG stimulation was
performed in 138 (87%) cases, baseline gonadotrophins with
or without GnRH stimulation in 130 (82%) cases, and a uri-
nary steroid profile in 52 (33%) cases.

Androgen-binding assays

AR-binding assays were performed in 51 cases of CAIS
and 114 cases of PAIS. Details of the results are presented in
Table 1. For the CAIS group, 29 of 51 (57%) cases had zero
binding, 15 (29%) cases had abnormal binding, and 7 (14%)
cases had normal binding. Only 6 cases of PAIS had zero
binding, 34 of 114 (30%) cases had abnormal binding, and 74
(64%) cases had normal binding.

Mutational analysis

Mutational analysis of the AR gene was performed in 69
of 99 index cases of CAIS and 43 of 173 index cases of PAIS.
Analysis revealed 48 different mutations in 57 (83%) cases of
CAIS (Table 2) and 10 different mutations in 12 (28%) cases
of PAIS (Table 3). The 12 cases of CAIS and 31 cases of PAIS
who did not reveal any abnormalities on SSCA remained
mutation negative on direct gene sequencing. The AR gene
abnormalities identified in CAIS comprised 33 substitutions,
one complete deletion, nine partial deletions, two insertions,
one duplication, and two splice defects where the precise
mutation has not been identified. The effect of these muta-
tions is detailed in Table 2. Twenty-two of these mutations
were deemed novel as they were not present in the AR

database (11). In three cases of CAIS, more than one mutation
was identified in the AR gene. In PAIS, 9 of the 10 mutations
were substitutions. In addition, there was a shortened length
of 12 polyglutamine repeats in exon A in three cases of PAIS
who also had a mutation in exon E; these three cases were
later found to be related to each other (Table 3). In three
instances, two mutations (double mutant alleles) were en-
countered in one case. An identical mutation was found in
a pair of unrelated cases of CAIS (C43) and PAIS (P10).

Masculinization scores and sex of rearing

All children with CAIS were raised as girls. For PAIS, 112
children were raised as boys and 51 raised as girls. The sex
of rearing was unknown in 10 cases. The median masculin-
ization score of 3 (P10, P90: 2.0, 7.5) was higher in the group
reared as boys than in the group of girls who had a median
masculinization score of 2.5 (P10, P90: 1.0, 6.0). However,
there was no significant difference between the scores on x2

analysis. There was a considerable degree of overlap for the
masculinization score between the two sexes of rearing as
shown in Fig. 2.

Relationships between AR binding and AR gene mutational
analysis

Thirteen of the 15 cases of CAIS who had abnormal bind-
ing had mutational studies and they were positive in 11 (85%)
cases. Nineteen of the 29 CAIS cases with zero binding had
mutation studies, with a positive result in 17 (89%) cases. In
the PAIS group, mutational analysis was performed in 17
cases with abnormal binding, with a positive yield in 9 (53%)
cases. Analysis in three PAIS cases with zero binding did not
reveal any mutations. Three cases of CAIS with normal bind-
ing had mutational analysis, with a positive yield in one case.
In 47 cases of CAIS, binding studies were not done and the
positive yield in the cases that had mutational analysis was
23 of 26 (88%). Only two cases of PAIS with normal binding
had mutational analysis because of positive family history,
and a mutation was found in one case. Four cases of PAIS
with no binding studies had mutational analysis because of
positive family history, and the mutation yield was two
(50%).

TABLE 1. Details of AR-binding studies in clinically diagnosed subjects with CAIS and PAIS.

Low Kd
Low Bmax

Normal Kd
Low Bmax

Low Kd
Normal Bmax

High Kd
Low Bmax

High Kd
Normal Bmax

Normal Kd
Normal Bmax

CAIS
Number of subjects 1 3 0 3 8 7
Median Kd (range)

(3 10210 M)
0.7 1.4 (1.2–1.4) — 5.9 (5.6–7) 2.3 (2–18.6) 1.1 (0.9–1.7)

Median Bmax (range)
(3 10218 moles/mg DNA)

100.2 264.6 (127.9–270) — 209.2 (209.2–287.9) 726 (578–1731) 561 (351–1679)

PAIS
Number of subjects 1 4 4 4 21 74
Median Kd (range)

(3 10210 M)
0.5 1.1 (0.9–1.2) 0.6 (0.6–0.7) 3.3 (2–8.6) 3 (1.8–12.6) 1.1 (0.8–1.6)

Median Bmax (range)
(3 10218 moles/mg DNA)

141.3 146.4 (120–216) 1017.5 (428–1747) 188.4 (162.8–282.7) 846 (310–2057) 775 (308–1780)

a Twenty-nine cases of CAIS and six cases of PAIS had zero binding.

660 AHMED ET AL. JCE & M • 2000
Vol 85 • No 2



Relationship between masculinization score, AR binding,
and AR gene mutational analysis

AR binding studies, within the PAIS group, were per-
formed in 10 cases with a masculinization score of less than

2, in 102 cases with a score between 2 and 6, and in 8 cases
with a score above 6. There were no significant differences
between the Bmax or the Kd values for these three groups.
Among the 57 mutation-positive cases of CAIS, AR binding
was normal in 2 cases, 22 cases had zero binding, 11 cases had

TABLE 2. Details of AR gene mutations and Ar-binding studies in mutation-positive cases of CAIS

ID Exon Mutation type Base change Codon Change Kd
(3 10210 M)

Bmax
(3 10218 moles/mg DNA)

C1 A–H Deletion Complete AR deletion Zero
C2 A Deletion 2A 127 Frameshift
C3 A Deletion 2A 127 Frameshift Zero
C4 A Insertion 1ATCC 202 Frameshift Zero
C5a A Deletion 2G 208 Frameshift Zero
C6 A Substitution GGA-TGA 371 Gly-Stop Zero
C7 A Deletion 2C 461 Frameshift Zero
C8a,b A Deletion 483–492 Frameshift 0.7100.2
C9a,b A Substitution GGC-AGC 498 Gly-Ser 0.8 241.9
C10a B Duplication Exon B Frameshift
C11 B Deletion 582 Phe Del 1.1 1679.8
C12 IVS2 Unidentified Splice site Zero
C13 IVS2 Unidentified Splice Site
C14a C Substitution CGT-CCT 615 Arg-Pro 2.5 1061.4
C15 C Deletion ExonC Exon C Del Zero
C16 C Deletion ExonC Exon C Del
C17 IVS3 Substitution GGT-GAT Splice Site 0.9 1541
C18 IVS3 Substitution GGT-GAT Splice Site
C19a D Substitution GGA-TGA 688 Gly-Stop Zero
C20 D Deletion 692 Asn Del 15.7 1407
C21a D Substitution TTG-ATG 700 Leu-Met Zero
C22a D Substitution CTC-TTC 701 Leu-Phe
C23a D Substitution AGC-TGC 703 Ser-Cys
C24a D Substitution AGA-ACA 710 Arg-Thr Zero
C25a D Substitution CCT-TCT 723 Pro-Ser 18.6 712
C26a E Substitution GGC-GAT 724 Gly-Asp Zero
C27a E Substitution GGC-AGC 724 Gly-Ser Zero
C28 E Substitution GGC-GAC 750 Gly-Asp Zero
C29 E Substitution GGT-GAT 750 Gly-Asp
C30 E Substitution TTA-TTC 762 Leu-Phe Zero
C31 E Substitution GCC-ACC 765 Ala-Thr Zero
C32 E Substitution GCC-ACC 765 Ala-Thr
C33 E Substitution GCC-ACC 765 Ala-Thr
C34 E Substitution GCC-ACC 765 Ala-Thr
C35a E Deletion CCTG-CCG 766 Frameshift
C36a E Deletion CCTG-CCG 766 Frameshift
C37 E Substitution CCT-TCT 766 Pro-Ser
C38a E Substitution CTG-CCG 768 Leu-Pro
C39 F Substitution CGC-CAC 774 Arg-His
C40 F Substitution CGC-CAC 774 Arg-His Zero
C41 F Substitution CGC-CAC 774 Arg-His 1.4 270
C42 F Substitution CGG-TGG 779 Arg-Trp
C43a F Substitution ATG-ATA 780 Met-Ile 5.6 287.9
C44 G Substitution CGA-TGA 831 Arg-Stop
C45 G Substitution CGA-CAA 831 Arg-Gln
C46 G Insertion AAT-AAAT 848 Frameshift Zero
C47 G Substitution CGC-TGC 855 Arg-Cys Zero
C48 G Substitution CGC-TGC 855 Arg-Cys 2.1 578.2
C49a,b G Substitution TTC-TTG 856 Phe-Leu
C50 G Substitution GAC-AAC 864 Asp-Asn
C51 G Substitution GAC-GGT 864 Asp-Gly Zero
C52 G Substitution GTG-ATG 866 Val-Met
C53 G Substitution CTG-ATG 866 Val-Met Zero
C54 G Substitution CTG-ATG 866 Val-Met Zero
C55a,b G Substitution TCC-CCC 865 Ser-Pro
C56b H Substitution CTA-GTA 881 Leu-Val 7 53.2
C57b H Substitution GTG-ATG 889 Val-Met 1.4 264.6
C58 H Substitution CTT-TTT 907 Leu-Phe 16.6 708
C59a H Substitution CAC-CGC 917 His-Arg

a Denotes mutations not present in the AR database (11).
b The three cases that had two mutations each.
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abnormal binding, and in 22 cases binding studies were not
done (Fig. 3). In the group of 12 mutation-negative cases, 4
had zero binding, 3 had normal binding, 1 had abnormal
binding, and in 4 cases binding studies were not performed.

In the PAIS group with identifiable mutations, there was
one case with normal binding and 11 with abnormal binding.
In the group of mutation-negative cases, 14 cases had ab-
normal binding, 3 cases had zero binding, 12 cases had nor-
mal binding, and in 2 cases binding studies were not per-
formed. For the PAIS group with abnormal binding, the
median Bmax of the mutation-positive cases at 1803 3
10218moles/mg DNA (range, 457-2057) was higher than that
of the mutation-negative cases at 821 3 10218 moles/mg
DNA (range, 83–1780) (P 5 0.01, Wilcoxon signed rank test).
In addition, in the mutation-positive cases with abnormal
binding a median Kd of 3.0 3 10210 m (range,1.4–12.6) was
higher than the median Kd value of 1.4 3 10210 m for the
mutation-negative cases (range, 0.6–11.2) (P 5 0.003, WSR).

Discussion

Morris originally reported a series of eighty-two individ-
uals with AIS (17). Since then, endocrine and molecular stud-

ies of this syndrome have provided useful insights into the
function of the AR. Owing to the rarity of the condition, the
literature does not contain a sizeable series of cases where
clinical, as well as molecular, data are adequately collated.
Against a background of clinical and biochemical evaluation
of suspected cases of AIS, this study reports the results of
androgen-binding assays and mutational analyses of the AR
gene in the majority of cases as performed in a single referral
center. This unique study, made possible only because of the
ready cooperation of numerous clinicians, has allowed the
creation of a large database consisting of clinical, biochemical
and molecular genetic information about AIS, as well as
other conditions associated with ambiguous genitalia. In any
such multicenter study, it is inevitable that some data will be
incomplete. There was a bias toward reporting younger age
cases, thus explaining the relative lack of cases presenting
with primary amenorrhea. Nevertheless, there is sufficient
information from this study to draw conclusions about a
number of aspects of the pathophysiology of AIS.

Presentation in CAIS in this study was predominantly by
the discovery of a hernia and emphasizes the importance of
considering AIS in any female infant with inguinal hernia.
Estimates of the incidence of AIS in such infants have ranged
from 1–12%, suggesting that any girl with an inguinal hernia
should have a karyotype performed (18, 19). Whereas nearly
half (34 of 75 cases) of the CAIS cases had a family history
of AIS, only 22% presented with a positive family history,
indicating that more families with affected individuals need
genetic counseling.

The diagnosis of AIS, particularly PAIS, includes confir-
mation of adequate testosterone biosynthesis and metabo-
lism. However, in this study testosterone measurements and
results of HCG stimulation tests were not available in a
number of cases of male under-masculinization. Urinary ste-
roid excretion as measured by chromatographic analysis was
performed in less than one third of the cases of PAIS. It is,
therefore, possible that some cases of male under-masculin-
ization labeled as PAIS are not due to androgen insensitivity.
A lower incidence of a positive family history in the PAIS
group is further evidence for greater etiological heterogene-
ity in this cohort, as well as suggesting that PAIS can arise

TABLE 3. Details of AR gene mutations and AR-binding studies in mutation positive cases of PAIS

ID Exon Mutation type Base change Codon Change Kd
(3 10210 M)

Bmax
(3 10218 moles/mg DNA)

P1a A 2.2 1850
P2a A 3.0 1992
P3a A
P4 C Substitution AGG-AAG 608 Arg-Lys 5.5 456
P5 D Substitution AGC-GGC 703 Ser-Gly 12.6 1049
P6a,b E Substitution ATG-ATC 752 Met-Ile 5.4 1960
P7a,b E Substitution TAT-TGT 761 Tyr-Cys 2.2 1850
P8a,b E Substitution TAT-TGT 761 Tyr-Cys 3.0 1992
P9b E Substitution TAT-TGT 761 Tyr-Cys
P10 F Substitution ATG-ATA 780 Met-Ile 6.5 500
P11 F Substitution CAG-GAG 798 Gln-Glu 1.4 1756
P12 G Substitution CGT-TGT 840 Arg-Cys 2.9 749
P13 G Substitution CGT-TGT 840 Arg-Cys
P14 G Substitution CGC-CAC 855 Arg-His 4.3 587
P15 H Substitution ATT-ATG 869 Ile-Met 3.1 977
a The three cases that had two mutations each.
b Denotes mutations not present in the AR database (11).

FIG. 2. Distribution and nature of mutations over the eight exons
(A-H) of the AR gene. The type of defect in androgen binding in these
cases of CAIS and PAIS is also shown. There was one additional gene
defect, a complete deletion of the AR gene with zero binding, which
is not included in the figure.
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sporadically. In our study, there were 13 clinically diagnosed
cases of CAIS in whom no AR mutation or AR-binding ab-
normalities were detected, but 3 of these cases had an X-
linked family history of male under-masculinization; in an
additional 6 cases, appropriate investigations had been per-
formed to exclude causes other than AIS. In the PAIS cohort,
there were 78 such cases; 9 had a positive X-linked family
history and an additional 59 cases had been adequately in-
vestigated according to our opinion (20).

It is unclear whether testicular tumors are more common
in AIS patients as compared with those who have simple
cryptorchidism in whom the prevalence of the premalignant
state of carcinoma in situ has been reported to be as high as
3% (21). Histology of the testes was not available in a number
of cases in this study, and numerous pathologists reported
the histology in the remainder. No instances of neoplasm
were reported, but there is a need to perform a more detailed
study of premalignant markers in these cases (22, 23). The
hamartomatous nodule has been described before in AIS; its
prevalence in testes of unaffected individuals is unknown,
and the etiology remains speculative (24). Leydig cell hy-
perplasia is often seen in CAIS, and it is possible that the
hamartoma may also be due to LH hyperstimulation. Most
AIS cases in this study had gonadectomy performed before
puberty. The bias toward a younger population may have
influenced the results as the likelihood of encountering neo-
plasia is higher from the 3rd decade of life onward (25).

The preference for early gonadectomy was clear in this
study; girls with CAIS who had postpubertal gonadectomy
were older at the time of presentation. The case for early
gonadectomy rests mainly on the reported increased occur-
rence of atypical germ cells described as carcinoma in situ (26)
or intratubular germ cell neoplasia (27) in prepubertal cases
of AIS, as well as extrapolated data from cases of gonadal
dysgenesis where overt testicular neoplasia can occur before
puberty. However, the youngest reported case of AIS with an
overt germ cell tumor was 14-yr-old at presentation (28).
Testicular germ cell tumors generally have a excellent prog-
nosis and may be detected early with the help of routine
ultrasound imaging and tumor markers (29).

Other arguments for early gonadectomy include the per-
ception among doctors, as well as parents, that the affected
girl will suffer less distress if she is not involved in the

practical issues surrounding gonadectomy. Data to support
this argument are, however, lacking. It is also unknown
whether sustained exposure to aromatized derivatives of
testosterone has any significant effect on higher CNS centers
involved in the development of sexual identity (30). Fur-
thermore, a recent study of six adults with CAIS suggested
that early oestrogen replacement combined with gonadec-
tomy in late puberty may be beneficial for bone mineraliza-
tion (31). It is possible that a later onset of estrogen replace-
ment in children with early gonadectomy is detrimental for
bone mineralization in the long term. Allowing spontaneous
development of puberty may benefit self-esteem during ad-
olescence with gonadectomy then performed in a climate of
informed consent and full discussion. An opinion survey of
pediatric and adult endocrinologists and gynecologists on
this issue showed no evidence of unanimity (personal
observations).

The definitive diagnosis of AIS is based both on clinical
examination and the results of appropriate investigations. A
number of cases reported as AIS were not as comprehen-
sively investigated as recommended by current protocols for
evaluation of male under-masculinization (32–34). Standard-
ized diagnostic approach to male under-masculinization as
proposed by Albers et al. (34) has clarity but should also
emphasize the importance of investigating in an expeditious
and cost-effective manner that is appropriate to local
circumstances.

Our recent studies of masculinization scores in all cases of
male under-masculinization showed similar results to that
observed with this subset of AIS patients (35). Whereas the
median scores were different for the two sexes, there was a
substantial overlap. The Prader-type classification attempts
to fit every case of ambiguous genitalia into one of six types
(36), whereas the masculinization score, in contrast, inde-
pendently considers each physical feature. The score, itself,
cannot influence decisions about sex assignment, but could
be used to decide when to investigate or to seek a specialist
opinion. In this study, no case was raised female if the mas-
culinization score was more than 9. Consequently, it would
seem reasonable to seek a specialist opinion in cases of under-
masculinized male newborns with a score of 10 or less. Such
guidelines need testing prospectively before their applica-
tion in clinical practice, but go some way toward meeting a

FIG. 3. Distribution of masculinization
scores according to sex of rearing in
PAIS. Cases in the black area were
reared as boys, in the white area as
girls, and in the grey area as girls or
boys.
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recent demand for some guidelines as when to investigate
further for abnormal genitalia (33). An added benefit of the
masculinization score was the facility to objectively compare
biochemical, genetic, and clinical features of these AIS cases.

AR-binding assays using genital skin fibroblasts have pro-
vided useful information about the pathophysiology of AIS
(4–8). However, they are laborious and there is marked
variability in AR-binding capacity in normal individuals, as
reflected in the normal reference range. The site of skin
biopsy and tissue culture conditions contributes to the vari-
ation in binding characteristics. Nevertheless, some notable
differences in AR binding were observed for the two forms
of AIS. Binding was more likely to be abnormal in the com-
plete form of AIS; a number of PAIS cases had abnormal
binding, but rarely as severe (zero binding) as that seen in
CAIS. Our data would suggest that chances of finding a
mutation were much higher in CAIS and results of androgen-
binding studies may not influence the decision to screen the
AR gene. However, this may not apply to PAIS cases where
an altered Kd may be a useful pointer to an AR gene
mutation.

Mutations in CAIS occurred throughout the coding region
of the AR gene, but mainly affected the ligand-binding do-
main and particularly involved exon E. This distribution of
mutations is consistent with that reported in recent reviews
(1, 37). Mutations affecting the DNA-binding domain, en-
coded by exons B and C, have previously been described in
PAIS (11, 37), but there are only two cases of PAIS where
mutations have been described in exon A, encoding for the
amino terminal transcriptional activation domain (38, 39).
The mutations found in our series of PAIS cases included a
shortening of the polyglutamine repeat in exon A in three
cases who were related to each other and had previously
been reported by McPhaul et al. (40). The average length of
this CAG repeat region has been reported at 21 6 2 repeats
and can be as low as 11 in a normal, mixed-sex population
(41, 42). The shortened repeat sequence coexisted with an-
other mutation in exon E (Table 3). Transfection studies per-
formed by McPhaul et al. (40) showed that this shortened
repeat sequence did not affect AR binding as much as the
exon E mutation (40). The shortened repeat sequence was
the lowest we have observed in our cohort. It was included
in the list of mutations in Table 3 because we believe that such
a marked degree of shortening of the CAG repeats in AR
cannot be ignored in the context of AIS. A case of CAIS
caused by a mutation affecting the DNA-binding domain
was, as anticipated, associated with normal AR binding.
However, there were cases with abnormal binding who did
not have a mutation in the coding region of the AR gene.
Studies of AR transcription (43) and the activity of trans-
fected androgen-responsive reporter genes in genital skin
fibroblast cultures (44) may elucidate the underlying defect
in androgen action.

Our experience would confirm the use of SSCA as a highly
sensitive screening technique because no genetic abnormal-
ities were discovered by direct sequencing in those cases
where SSCA was normal. This study did not demonstrate a
relationship between either the masculinization score and
the results of androgen-binding studies or the nature of AR
gene mutations. Cases of CAIS had been selected for muta-

tional analysis because the initial biochemical evaluation had
excluded other causes of male under-masculinization and
the phenotype was unambiguously female. With such a high
yield of mutations, it can be argued that androgen-binding
studies are not needed for the CAIS patient. However, a
genital skin biopsy for fibroblast culture may also serve as an
essential source of AR messenger RNA to screen for muta-
tions in noncoding regions of the AR gene (45, 46). An altered
receptor-binding affinity in mutation-positive cases of PAIS
in comparison with mutation-negative cases illustrates the
value of binding studies in selecting PAIS cases for mutation
screening. In this series, only one mutation-positive case of
PAIS had normal binding; mutation analysis had been per-
formed because of a positive family history and biochemical
evaluation had excluded other causes of male under-
masculinization. In the absence of a genital skin fibroblast
line, direct mutation analysis is the only option but should
be undertaken when comprehensive clinical and biochemical
evaluation has excluded other causes of male under-mascu-
linization. Our database contains numerous examples of iso-
lated cases of male under-masculinization whose clinical and
biochemical features are consistent with PAIS but in whom
androgen studies are normal. A certain number can be
screened for AR gene mutations, but a positive yield is likely
to be low. It remains a challenge to determine the nature of
a congenital urogenital disorder that seems to be associated
with normal androgen production and metabolism.

This study of a large series of patients with male under-
masculinization indicates that the clinical diagnosis of AIS
can be confirmed in a significant number of cases by a com-
bination of androgen-binding studies and mutational anal-
ysis. There is some correlation between the phenotypic fea-
tures and the type of AR gene mutation. Phenotypic
heterogeneity among clinically diagnosed cases of AIS em-
phasizes the need for appropriate comprehensive evaluation
of male under-masculinization. It is clear that although PAIS
remains a common diagnosis in cases of male under-
masculinization, specific mutations involving the X-linked
AR gene account for only a proportion of the cases.

Acknowledgments

Dr. Mark Patterson was instrumental in setting up the mutational
analysis program, which was supported by Drs. J. Batch, C. Bevan, H.
Davies, H. Lim, and D. Williams. We thank Mrs. Norma Coggins for
maintaining the database and Zhale Rasekh for technical assistance. The
support of the following clinicians who contributed cases for the above
study is gratefully appreciated: Aberdeen, P. J. Smail; Barnsley, J. M.
Bridson; Belfast, D. J. Carson; Birmingham, J. M. W. Kirk, P. H. W.
Rayner, and N. J. Shaw; Boston, M. J. Crawford; Bristol, J. D. Frank,
M. G. R. Hull, and P. E. Savage; Cambridge, N. D. Barnes, A. J. L. Brain,
and M. P. Williams; Cardiff, J. W. Gregory, and J. R. Sampson; Chatham,
P. D. Manuel; Coventry, S. M. Brown; Crewe, P. A. Booth; Doncaster,
W. A. Arrowsmith; Dublin, P. Costigan; Dundee, S. A. Greene; Edin-
burgh, C. J. H. Kelnar and J. D. Orr; Ghent, Belgium, M. Craen and A.
Mortier; Glasgow, M. D. C. Donaldson and J. Patterson; Gloucester, W.
Stevens; Gravesend, T. Y. D. Leung; Hull, I. G. Jefferson; Huntingdon,
M. Becker; Inverness, S. Barclay; Leeds, P. E. Belchetz, J. G. Buckler, G. E.
Butler, and R. F. Mueller; Liverpool, R. W. I. Cooke, A. E. Fryer, C. S.
Smith, and A. J. Williams; London, A. Aynsley-Green, C. Berry, M.
Bobrow, P. A. Bouloux, C. G. D. Brook, A. Cotterill, C. J. Dewhurst, P. A.
Duffy, D. B. Grant, P. C. Hindmarsh, H. Middleton-Price, R. Himsworth,
P. J. Moriquand, M. A. Preece, D. Ransley, M. O. Savage, R. A. Stanhope,
and P. Woodhouse P; Malta, P. Calvagna; Manchester, A. M. Bianchi,

664 AHMED ET AL. JCE & M • 2000
Vol 85 • No 2



P. E. Clayton, D. Donnai, M. Elstein, and D. A. Price; Milan, Italy, P.
Beck-Peccoz; Newcastle, T. Bartlett and P. Smith; Norwich, R. D. Jones;
Nottingham, N. Horlock and D. I. Johnston; Oxford, D. B. Dunger; Perth,
P. Delahunty; Plymouth, S. P. Ward; Porto, Portugal, C. Rodrigues;
Portsmouth, J. A. Walker; Prague,Czechoslovakia, M. Snajderova; Pres-
ton, J. R. Owen; Rostock, C. Kulz; Sheffield, S. B. Duncan, N. A. Milner,
and J. K. Wales; Southampton, P. Betts; Stockholm, Sweden, E. M. Ritzen;
Sunderland, A. Massam and D. Sarson; Utrecht, the Netherlands, M. de
Doede and J. M. Wit; York, M. J. Harran and M. J. Noble; Zurich,
Switzerland, E. Werder.

References

1. Quigley CA, De Bellis A, Marschke KB, El-Awady MK, Wilson EM, French
FS. 1995 Androgen receptor defects: historical, clinical and molecular per-
spectives. Endocr Rev. 16:271–321.

2. Aiman J, Griffin JE, Gazak JM, Wilson JD, MacDonald PC. 1979 Androgen
insensitivity as a cause of infertility in otherwise normal men. N Engl J Med.
300:223–227.

3. Rutgers JL, Scully RE. 1991 The androgen insensitivity syndrome (testicular
feminisation): a clinicopathological study of 43 cases. Int J Gynecol Pathol.
10:126–144.

4. Evans BAJ, Jones TR, Hughes IA. 1984 Studies of the androgen receptor in
dispersed fibroblasts: investigation of patients with androgen insensitivity.
Clin Endocrinol. 30:93–105.

5. Hughes IA, Evans BAJ. 1987 Androgen insensitivity in forty-nine patients:
classification based on clinical and androgen receptor phenotypes. Horm Res.
28:25–29.

6. Keenan BS, Meyer III WJ, Hadjian AJ, Jones HW, Migeon CJ. 1974 Syndrome
of androgen insensitivity in man: absence of 5a-dihydrotestosterone binding
protein in skin fibroblasts. J Clin Endocrinol Metab. 38:1143–1146.

7. Kaufman M, Straisfield CAIS, Pinsky L. 1976 Male pseudohermaphroditism
presumably due to target organ unresponsiveness to androgens. Deficient
5a-dihydrotestosterone binding in cultured skin fibroblasts. J Clin Invest.
58:345–350.

8. Pinsky L, Kaufman M, Killinger DW, Burko B, Shatz D, Volpe R. 1984
Human minimal androgen insensitivity with normal dihydrotestosterone-
binding capacity in cultured genital skin fibroblasts: evidence for an androgen-
selective qualitative abnormality of the receptor. Am J Hum Genet. 36:965–978.

9. Lubahn DB, Joseph DR, Sullivan PM, Willard HF, French FS, Wilson EM.
1988 Cloning of human androgen receptor complementary DNA and local-
ization to the X chromosome. Science. 240:327–330.

10. Patterson MN, Hughes IA, Gottlieb B, Pinsky L. 1994 The androgen receptor
gene—mutations database. Nucleic Acids Res. 22:3560–3562.

11. Gottlieb B, Levaslaiho H, Beitel LK, Lumbroso R, Pinsky L, Trifiro M. 1998
The Androgen Receptor Gene Mutations Database. Nucleic Acid Res.
26:234–238.

12. Batch JA, Williams DM, Davies HR, et al. 1992 Androgen receptor gene
mutations identified by SSCP in fourteen subjects with androgen insensitivity
syndrome. Hum Mol Genet. 1:497–503.

13. Batch JA, Evans BAJ, Hughes IA, Patterson MN. 1993 Mutations in the
androgen receptor gene identified in perineal hypospadias. J Med Genet.
30:198–201.

14. Davies HR, Hughes IA, Patterson MN. 1995 Genetic counselling in complete
androgen. insensitivity syndrome - trinucleotide repeat polymorphisms, single
strand conformational polymorphisms and direct detection of 2 novel muta-
tions in the androgen receptor gene. Clin Endocrinol. 43:69–77.

15. Bevan CL, Brown BB, Davies HR, Evans BAJ, Hughes IA, Patterson MN. 1996
Functional analysis of 6 androgen receptor mutations identified in patients
with partial androgen insensitivity syndrome. Hum Mol Genet. 5:265–273.

16. Shimura N, Ahmed SF, Dovey L, Patterson MN, Hughes IA. 1996 Mutational
analysis of the androgen receptor (AR) gene in a cohort of androgen insensitive
patients displaying the phenotypic range from complete (CAIS) to male in-
fertility (PAIS). Horm Res. 46:116.

17. Morris JM. 1953 The syndrome of testicular feminization in male pseudoher-
maphroditism. Am J Obstet Gynecol. 65:1192–1211.

18. Jagiello G, Atwell J. 1962 Prevalence of testicular feminisation. Lancet. I:329.
19. Pergament E, Heimler A, Shah PAIS. 1973 Testicular feminisation and in-

guinal hernia. Lancet. ii:740–741.
20. Viner RM, Teoh Y, Williams DM, Patterson MN, Hughes IA. 1997 Androgen

insensitivity syndrome: a survey of diagnostic procedures and management in
the UK. Arch Dis Child. 77:305–309.

21. Giwercman A, Bruun E, Frimodtmoller C, Skakkebaek NE. 1989 Prevalence
of carcinoma in situ and other histopathological abnormalities in testes of men
with a history of cryptorchidism J Urol. 142:998–1002.

22. Armstrong GR, Buckley CH, Kelsey AM. 1991 Germ cell expression of pla-
cental alkaline phosphatase in male pseudohermaphroditism. 18:541–547.

23. Jorgensen M, Meyts ER, Craem N, Muller J, Giwercman A, Skakkebaek NE.
1995 Expression of immunohistochemical markers of testicular carcinoma in
situ by normal human fetal germ cells. Lab Invest. 72:223–231.

24. Bangsboll S, Qvist I, Lebech PAIS, Lewinsky M. 1992 Testicular feminisation
syndrome and associated gonadal tumours in Denmark. Acta Obstet Gynecol
Scand. 71:63–66.

25. Manuel M, Katayama KP, Jones Jr HW. 1976 The age of occurrence of gonadal
tumors in intersex patients with a Y chromosome. Am J Obstet Gynecol.
161:530–531.

26. Muller J, Skakkebaek NE. 1984 Testicular carcinoma in situ in children with
the androgen insensitivity (testicular feminisation) syndrome. Br Med J.
288:1419–1420.

27. Cassio A, Cacciari E, D‘Errico A, et al. 1990 Incidence of intratubular germ cell
neoplasia in androgen insensitivity syndrome. Acta Endocrinol. 123:416–422.

28. Scully RE. 1981 Neoplasia associated with anomalous sexual development and
abnormal sex chromosomes. Pediatr Adolesc Endocrinol. 8:203–217.

29. Pinkerton CR. 1992 Malignant germ cell tumours. In: Plowman N, Pinkerton
CR, eds. Paediatric oncology–Clinical practice and controversies. London:
Chapman and Hall.

30. Collaer ML, Hines M. 1995 Human behavioural sex differences: a role for
gonadal hormones during early development. Psych Bull. 118:55–107.

31. Soule SG, Conway G, Prelevic GM, Prentice GM, Ginsburg J, Jacobs HS.
1995 Osteopenia as a feature of the androgen insensitivity syndrome. Clin
Endocrinol. 43:671- 675.

32. Grumbach MM, Conte FA. 1992 Disorders of sex differentiation. In: Wilson
JD, Foster DW, eds. Williams textbook of endocrinology, 8th ed. Philadelphia:
WB Saunders; 853–951.

33. Smith EP, Wacksman J. 1997 Evaluation of severe hypospadias. J Pediatr.
131:344–345.

34. Albers N, Ulrichs CAIS, Gluer S, et al. 1997 Etiologic classification of severe
hypospadias: implications for prognosis and management. J Pediatr.
131:386–392.

35. Ahmed SF, Khwaja O, Hughes IA. 2000 The role of a clinical score in the
assessment of ambiguous genitalia. BJU Int. 85:120–124.

36. Rader A. 1964 Der genitalbefund beim pseudohermaphroditismus feminus
des kongitalen adrenogenitalen syndromes. Helv Pediatr Acta. 9:231–248.

37. Brown Tr. 1995 Androgen receptor dysfunction in human androgen insensi-
tivity. Trends Endocrinol Metab. 6:170–175.

38. Holterhus PM, Bruggenwirth HT, Hiort O, et al. 1997 Mosaicism due to a
somatic mutation of the androgen receptor gene determines phenotype in
androgen insensitivity syndrome J Clin Endocrinol Metab. 82:3584–3589.

39. Choong CS, Quigley CA, French FS, Wilson EM. 1996 Novel missense mu-
tation in the amino-terminal domain of the human androgen receptor gene in
a family with partial androgen insensitivity syndrome causes reduced effi-
ciency of protein translation. J Clin Invest. 98:1423–1431.

40. McPhaul MJ, Marcelli M, Tilley WD, et al. 1991 Molecular basis of androgen
resistance in a family with a qualitative abnormality of the androgen receptor
and responsive to high-dose androgen therapy. J Clin Invest. 87:1–9.

41. La Spada AR, Wison EM, Lubahn DB, Harding AE, Fischbeck KH. 1991
Androgen receptor gene mutations in X-linked spinal and bulbar muscular
atrophy. Nature. 352:77–79.

42. Edwards A, Hammond HA, Jin L, Caskey CT, Chakraborty R. 1992 Genetic
variation at five trimeric and tetrameric tandem repeats. Am J Hum Genet.
49:746–756.

43. Bevan CL, Hughes IA, Patterson MN. 1997 Wide variation in androgen re-
ceptor dysfunction in complete androgen insensitivity syndrome. J Steroid
Biochem Mol Biol. 61:19–26.

44. McPhaul MJ, Schweikert H, Allman DR. 1997 Assessment of androgen re-
ceptor function in genital skin fibroblasts using a recombinant adenovirus to
deliver an androgen- responsive reporter gene. J Clin Endocrinol Metab.
82:1944–1948.

45. Risstalpers C, Verleunmooijman MCT, Deblaeij TJP, Degenhart HJ, Trap-
man J, Brinkmann AO. 1994 differential splicing of human androgen receptor
pre-messenger-RNA in X-linked Reifenstein syndrome, because of a deletion
involving a putative branch site. Am J Hum Genet. 54:609–617.

46. Trifiro MA, Lumbroso R, Beitel LK, et al. 1997 Altered mRNA expression due
to insertion or substitution of thymine at position 13 of two splice-donor sites
in the androgen receptor gene. Eur J Hum Genet 5:.50–58.

ANDROGEN INSENSITIVITY SYNDROME 665


