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Abstract In the genetic male, mutations of the androgen
receptor (AR) gene cause phenotypes ranging from fe-
male to subfertile male. Binding assays on genital skin fi-
broblasts and DNA analysis alone provide incomplete in-
formation about receptor function. We used the sex hor-
mone-binding globulin (SHBG) response to stanozolol as
a measure of AR function and correlated the results with
phenotypes which were classified according to the degree
of defective masculinization. Of the 34 patients investi-
gated, 9 had complete, and 14 had partial androgen insen-
sitivity syndrome (AlS) with predominantly female, am-
biguous, or predominantly male phenotype. Eleven sub-
jects served as controls. Mutations were characterized us-
ing polymerase chain reaction-single strand conformation
polymorphism analysis and direct DNA sequencing.
DNA analysis revealed two mgjor deletions, two minor
defects leading to premature stop codons in exon 1, and
19 point mutations in the DNA- and hormone-binding do-
mains of the AR gene. After stanozolol, SHBG remained
unchanged in patients with complete AIS (102.0 £ 3.8
[SE]%; range 92.4%-129% of the initia value). The
SHBG decrease was diminished in partial AIS with pre-
dominantly female (83.8% * 1.7%; range 81.3%—87.0%),
ambiguous (80.4% + 4.4%, range 68.4%—89.1%), and pre-
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dominantly male (mean 65.9% * 4.9%, range 48.6%—
80.8%) phenotypes, and normal in controls (51.4% +
2.1%, range 35.6%—62.1%). Differences between con-
trols and each AIS group were statistically significant
(P <0.05-<0.0001). A close correlation was found be-
tween the degree of undermasculinization (AIS pheno-
type) and the SHBG response.

Conclusions The SHBG test provides functional infor-
mation about the severity of the receptor defect in vivo
and hence adds to the structural information provided by
DNA analysis. It detects receptor defects due to muta-
tions within the entire gene, including the DNA-binding
domain, and is arapid, simple, and cost effective proce-
dure. It may provide useful information for the diagnosis
and management of affected children.

Key words Sex hormone-binding globulin - Androgen
receptor - Mutations - Androgen insensitivity syndrome -
Pseudohermaphroditism

Abbreviations AlSandrogen insensitivity syndrome -
AR androgen receptor - LH luteinising hormone - SHBG
sex hormone-binding globulin

Introduction

Mutations of the androgen receptor (AR) gene cause a
wide spectrum of phenotypes in patients who have a nor-
mal male (46,XY) karyotype and normal male gonads but
defective masculinization due to reduced or absent AR
function [9]. The phenotype may be either female in com-
plete androgen insensitivity syndrome (AlS), predomi-
nantly female with slight signs of virilization, ambiguous,
or predominantly male in partial AIS, or, if minima an-
drogen resistance is present, unequivocally male with im-
paired spermatogenesis and/or pubertal undervirilization
[23]. Ininfants and children the diagnosis can be difficult,
since phenotypes are variable, the hormonal profile is not
diagnostic until after puberty, and ligand binding assays
on genital skin fibroblasts are cumbersome and not infor-
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mative in up to one third of cases[9, 23]. DNA analysis of
the AR gene allows a definitive diagnosis but is costly and
confined to specialized laboratories. Furthermore, it pro-
vides solely information on receptor structure but not on
its function. Since phenotypes may vary even in patients
who carry the same mutation, factors other than variations
in the coding sequence of the AR gene may affect recep-
tor function [3, 5, 8, 10, 19, 33].

In a previous study we have shown that the anabolic-
androgenic steroid stanozolol induces a distinct decrease
of serum sex hormone-binding globulin (SHBG) levelsin
normal individuals similar to that induced by exogenous
testosterone [6, 30], whereas a virilizing effect on acces-
sory sexua characteristics was not observed. This de-
crease has been shown to be diminished in patients with
AIS[29]. The am of the present study was to proveif the
SHBG test can be used for: (1) assessment of AR function
in vivo; (2) diagnosis of AlS; (3) detection of receptor de-
fects due to mutations in al exons of the AR gene, in-
cluding the DNA-binding domain; (4) differentiation of
patients who will exclusively feminize at puberty from
those who are at risk for puberta virilization. Further-
more, we investigated if a correlation exists between the
SHBG responses and phenotypes which were classified
according to the degree of undermasculinization.

Materials and methods
Classification of phenotypes

For the calculation of correlations between the severity of the re-
ceptor defect in utero (as evidenced by the degree of undermas-
culinization) and receptor function in vivo (as measured by the
SHBG response in the androgen sensitivity test), we adapted a
classification system for male pseudohermaphroditism due to
steroid 5a-reductase deficiency [32] equivalent to that introduced
by Prader [21] for patients with female pseudohermaphroditism
due to congenital adrena hyperplasia. In contrast to congenital
adrenal hyperplasia patients, however, not only the genita

anatomy at birth (i.e. the severity of defective masculinization in
utero) hasto be taken into account, but also subtle androgen effects
which are not detectable until after puberty (i.e. spermatogenesis,
pubic and axillary hair growth). This classification is based, there-
fore, on the clinical categories: (1) minimal androgen resistance
(AlS type 1); (2) partia AlS with predominantly male phenotype
(AIS type 2, Reifenstein syndrome); (3) partial AlS with frankly
ambiguous genitalia (AIS type 3); (4) partial AIS with predomi-
nantly female phenotype (AIS type 4); and (5) complete AIS (AIS
type 5, testicular feminization syndrome). If detailed information
about genital anatomy, pubertal development and/or spermatogen-
esiswas available, an alphanumerical subclassification for each type
of AlIS was used with regards to subtle differences in the severity
of the masculinization defect. For details see Table 1 and Fig. 1.

Subjects

Twenty three patients with AIS and 11 patients with genital mal-
formations not due to AlS were studied. The latter served as con-
trols. All patients with AlS had a normal male karyotype (46,XY).
Informed consent for participation in this study, which had been
approved by the local ethical committee, was obtained from all pa-
tients. If the subject was less than 18 years old and assented, the
parents were informed and consented.

Nine patients with complete androgen insensitivity syndrome
(AlS type 5) had female external genitalia, a blind vaginal pouch,
and no uterus. Six of them were postpubertal (patients 1, 2, 4, 6, 7,
8). At adolescence they developed female sexual characteristics
and had well developed breasts, scanty or no pubic and/or axillary
hair in spite of high serum testosterone levels. All these patients
had gonads located in the inguinal region or in the labia majora
Histologically, they contained immature seminiferous tubules, few
spermatogonia, no spermatogenesis, and hyperplastic Leydig cells
(patients 6, 7, 8). In al but two patients (patients 7, 8) the SHBG
androgen sensitivity test was performed before gonadectomy. In
patient 2 one gonad was removed before the test. In patient 8, who
received sequencia oestrogen/gestagen replacement therapy, the
test was performed during the 2nd week of the cycle. In the adult
patients the hormonal plasma profile was characteristic for AIS:
high or increased testosterone (14.8-43.5 nmol/l), luteinising hor-
mone (LH) (13.0-16.8 IU/l), LH x testosterone product (192—731),
and oestradiol concentrations (63—205 pmol/l). Receptor analysis
in cultured genital skin fibroblasts of patient 6 had revealed a
quantitative and qualitative receptor defect [29]. Patients 7 and 8
were siblings, the others were unrelated.

Table 1 Classification of AIS

phenotypes (see also Fig. 1) Type Phenotype

Subtype Phenotype/Function

1 Male la

1b

2 Predominantly  2a

male 2b

3 Ambiguous 3a

3b

4 Predominantly  4a
female

4b

5 Female 5a

5b

Impaired spermatogenesis
la and/or impaired pubertal virilization

Isolated hypospadias
Micropenis and severe hypospadias, bifid scrotum

Microphallus with clitoris-like underdevel oped glans, labia
majora like bifid scrotum, perineoscrotal hypospadias
As 3a but sinus urogenitalis with a short, blind ending vagina

Clitoromegaly and labial fusion, sinus urogenitalis with a wide
opening, short, blind-ending vagina

Slight signs of androgen effects: slight clitoromegaly or par-
tial labial fusion, distinct urethral and vaginal opening

Pubertal development of female secondary sex characteristics
(breast and scanty pubic and/or axillary hair) without signs of
virilization (i.e. no clitoromegaly, no deepening of the voice,

no hirsutism)

As 5a but no development of any androgen dependent structures
(i.e. no pubic and/or axillary hair)




Fig.1 Classification of phenotypes in male pseudohermaphro-
ditism due to AlS (adapted from Sinnecker et al. 1996 [32]). Type
1 is anatomically normal male, however, spermatogenesis and/or
pubertal virilization are impaired. Type 2 is predominantly male
with either isolated hypospadias, or micropenis, bifid scrotum and
severe hypospadias. Type 3 is frankly ambiguous, the microphal-
lus appears clitoris-like, the bifid scrotum appears like labia ma-
jora, the orifitium urethrae externum is either perineal or endsin a
sinus urogenitalis, associated with a short, blind-ending vagina.
Type 4 is predominantly female with slight signs of excess andro-
gen effects: clitoromegaly, partial labial fusion with a sinus uro-
genitalis or distinct urethral and vaginal openings. Type 5 is
anatomically female without signs of excess androgen effects (for
details see Table 1)

Patient 1 had most extensive clinical signs of testicular femi-
nization: female phenotype with almost invisible blonde vellus
hair in the pubic region (i.e. no pubic hair), scanty lateral eye-
brows, hypoplastic labia majora, good breast development, normal
stature and normal intelligence (AIS type 5b). The hormonal
plasma profile was also characteristic for AIS: LH and testosterone
were increased to 15.7 IU/I and 30.0 nmol/l, respectively, the LH
x testosterone product was consecutively increased to 471. The
oestradiol concentration in serum was increased to 125 pmol/I.

Fourteen patients had partial androgen insensitivity syndrome
(AIS type 2-4), two of them were siblings (patients 21, 22), the
others were unrelated. Three of these patients (patients 10, 11, 12)
had a predominantly female phenotype (AIS type 4) with a short,
blind-ending vagina, and mild signs of masculinization (cli-
toromegaly). The gonads were located in the inguinal region or in
the labia mgjora. Patient 11 had no clitoromegaly, but rugation of
the labia majora. On examination at the age of 4 years, patient 12
appeared compl etely femal e except for mild fusion of the labiami-
nora and a consecutively small introitus vaginae. The binding
affinity for dihydrotestosterone in cultured genital skin fibroblasts
was reduced [11].

Four patients had frankly ambiguous genitalia at birth (AIS
type 3). Patient 13 had a microphallus (< 1 cm), a smooth bhifid
scrotum which appeared like |abia majora, and a perineal introitus
sinus urogenitalis (AIS type 3b). She was initially assigned male.
Since the effect of testosterone therapy (50 mg testosterone-enan-
thate i.m. monthly x 3) had been considered insufficient (phallic
size increased to 1.7 cm) gender had been reassigned female. Pa-
tients 14, 15, and 16 had AlS type 3a (ambiguous genitalia, but no
sinus urogenitalis). They are being reared as boys. Patient 16 had a
clitoris-like micropenis of < 1 cm, a bifid scrotum with smooth
skin which appeared like labia majora, and penile hypospadias.

Seven patients had partial androgen resistance with predomi-
nantly male phenotype (AIS type 2). Each of these patients had a
variable degree of micropenis, bifid scrotum, and hypospadias, but
no sinus urogenitalis, vagina, or uterus (for details see Table 2).
All patients had surgical repairs of hypospadias. The older patients
developed severe gynecomastia at puberty, which was treated by
means of mastectomy in all of them (patients 18, 20, 21, 22). The
hormonal profile in serum was characteristic of AlSin the postpu-
bertal patients: high or increased testosterone (26.7-97.1 nmol/l),
LH (9.9-12.4 1U/l), LH x testosterone product (264-1204), and
oestradiol concentrations (136—-327 pmol/l). Receptor analysis had
revealed a qualitative receptor defect in patients 21, and 22 [11].
Patient 23 had only minor signs of defective masculinization
(penoscrotal hypospadias, but otherwise normal male genitalia,
AlS type 2a).
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Eleven subjects had genital malformations due to other causes
than AIS. Subject 24, 25, and 26 had micropenis and scrotal or per-
ineal hypospadias due to 5a-reductase deficiency. Subjects 27-31
had incomplete masculinization due to gonadal dysgenesis or true
hermaphroditism. Subject 27 and 28 are being reared as girls, sub-
jects 29-31 have been assigned amale gender. Subject 32 had afe-
male phenotype with clitoromegaly (2 cm) and slight posterior
labial fusion due to Leydig cell hypoplasia. Subject 33 had a small
penis (2 cm) without any other symptoms of defective masculin-
ization. Subject 34 was a genetic (karyotype 46,XX) and gonadal
female with a female phenotype, but agenesis of vagina and uterus
(Mayer-Rokitansky-K Uster-Hauser syndrome) (for details see
Table 2).

DNA-analysis

DNA analysis was performed as previously described [11-13].
Briefly, DNA was extracted from blood leucocytes. Exon 1-8 (ex-
cept for asegment of exon 1, spanning nucleotides 1248 —1691) of
the AR gene were amplified by polymerase chain reaction [11].
The amplification products were screened for variations by non-ra-
dioactive single strand conformation polymorphism analysis [13].
The samples showing aberrant migration on single strand confor-
mation polymorphism analysis were directly sequenced in two
separate reactions in sense and antisense direction. Primers were
labelled with y-[33P]ATP and sequencing performed using the Se-
quenase sequencing kit (Amersham Buchler, Braunschweig, Ger-
many) [11].

SHBG assay

Serum SHBG was measured as previously described [29]. In brief,
samples were incubated with [1251]p-hydroxyphenylpropionyl-
SHBG (10-20 x 10°% cpm), and rabbit anti-SHBG antiserum for
16-20 h at room temperature. Goat anti-rabbit y-globulin contain-
ing 12.5 g/l normal rabbit serum was added and the tubes incu-
bated for another 1.5-3 h at room temperature. The mixtures were
centrifuged at 4°C for 30 min at 2000 g, the supernatants aspi-
rated, and the radioactivity was measured in the pellets. Alterna-
tively, a commercial SHBG-radioimmunoassay kit (Milab, Swe-
den) which employs the same tracer ([1251]p-hydroxyphenylpropi-
onyl-SHBG) was used according to the manufacturers instructions,
except for the standard curve, which was always derived from a
pool of sera from women in late pregnancy. This pool had been
calibrated with a standard pregnancy plasma, which was a gift
from Drs. Khan and Rosner, New York, USA. Using the same
standard curves, the variance between results obtained with the
above described assay and with the commercial kit was within the
interassay variance determined for the above described assay
(11.2% in ten repeat assays of three samples). The mean within as-
say coefficient of variation was 7.8% (ten measurementsin each of
three samples). Each sample and standard were analysed in qua-
druplicate at two different dilutions. Results were computer
analysed by fitting standard curves to a four-parameter logistic
function and interpolating unknowns from the resulting curve [25].

SHBG androgen sensitivity test

The androgen sensitivity test was performed according to the pre-
viously described protocol [29]: the anabolic-androgenic steroid
stanozolol (173-hydroxy-17a-methyl-50-androstano-[3, 2-c]pyra-
zol) was administered orally for 3 consecutive days (0.2
mg/kg/day in a single evening dose). Blood samples were taken
once before and 5, 6, 7, and 8 days after the beginning of the test.
Theinitial SHBG concentration in serum (day 0) was compared to
the lowest level obtained after application of stanozolol (days
5,6,7, and 8) and expressed as a percentage of the initial value.
This percentage was used as the measure of response to stanozolol.
Since the androgen-induced SHBG decrease may be superimposed
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Table2 Age, phenotype, AR

- Pa- Age AlIS Muta Exon Codon Base Amino SHBG SHBG
gene mutation, and SHBG val- tient (y%ars; type tion change acid initial2 nadirt
uesin the androgen sensitivity months) change  (nmol/l) (%)
test in 23 patients with AIS

1 17,3  5b Deletion  1-8 55.6 129.0

2 321 5b Deletion 3 1265 109.0

3 9;7 5 Deletion 1 140-148 Stop 154 86.4 105.6

4 186 5b Insertion 1 215 GCT-CGCT Stop232 661  99.2

5¢ 01 5 Point 5 765 GCC-ACC  AlaThr 1820 924

6 24:4  5a Point 5 754 TTC-GTC  Pheva 1180 96.0

7© 230 5a Point 6 779 CGG-TGG Arg-Trp 117.0 970

8¢ 25;8 5a Point 6 779 CGG-TGG  Arg-Trp  185.1 93.0

9 04 5 Point 8 870 GCG-GGG AlaGly 4060 965

100 122 4b Point 2 582 TTC-TCC Phe-Ser 69.1 830

11 1,10 4b Point 4 695 GAC-AAC Asp-Asn 1169 870

12¢ 50 4b Point 7 840 CGT-CAT  Arg-His 9.6 813

13¢ 02 3b Point 5 771 AAT-CAT  Asn-His 942 807

14c 65 3a Point 3 604 GAT-TAT  Asp-Tyr 1155 684

aSerum SHBG concentration 15 30,5 3a Point 5 746 GTG-ATG Va-Met 111.6 834
Eefore stanozolol application 16¢ 79 3a  Point 5 754 TTC-TTA PheLeu 1258 89.1
Skgvé’iszﬂg?n?g;?gﬁg'&g 17 0,10 2b  Point 4 686 TGT-CGT  CysArg 1015 788
3-day stanozolol administration 18 2411 2b Point 4 687 GCT-GTT  AlaVva 490 8058
period (0.2 mg/kg/day) 19¢ 1,7 2b Point 4 708 GGA-GCA  Gly-Ala 1365 48.6
¢Mutations that we have previ- 20 37,0 2b Point 4 712 CTT-TTT Leu-Phe 98.7 67.0
ously described [11-13] 21¢ 154 2b Point 7 866 GTG-TTG  Val-Leu 721 656
Amino acid numeration is ac- 22¢ 11,6 2b Point 7 866 GTG-TTG Val-Leu 51.0 71.2
cording to the nomenclature of  23¢ 21 2a  Point 8 870 GCG-GTG  Alava 1197 493

Lubahn et al. [18]

by the physiological SHBG increase in neonates (from 43.7 + 6.7
[SE] nmol/l at birth to 106.7 + 3.2 nmol/IL after 1 month [28]), we
usually perform the test after the neonatal period and prefer an age
older than 3 months, if the initial SHBG value has not aready
reached a high childhood level, indicating that the neonatal SHBG
surge has already been occurred. All samples from each subject
were analysed in the same assay. The majority of these tests were
performed on an outpatient basis by the participants of the German
Intersex Study Group. The serum samples were stored at —20°C
until completion of the test and then sent to our laboratory by first
class mail.

Reagents and hormone measurements

Stanozolol (Stromba) was obtained from Sterling Research Labo-
ratories, U.K.; SHBG-Tracer (['?1]p-hydroxyphenylpropionyl-
SHBG; 34.8 Mbg/nmol) from Milab Mamo, Sweden; Hormone
measurements were performed as previously described [29, 32].

Statistics

The results are expressed as the mean + SE. Statistical analysis
was performed using the SPSS/PC+ (SSPS, Inc., Chicago, IL) sta-
tistical software. Kruskal-Wallis test was performed as appropri-
ate. P < 0.05 was considered significant.

Results
Complete AIS (AlStype 5)

In the patients with AlS type 5, mutations were spread out
al over the AR gene leading to deletions, insertions or

non-conservative amino acid substitutions in the AR pro-
tein. SHBG did not decrease in the androgen sensitivity test
(mean 102.0 + 3.8 [SE]%; median 97%; range 92.4%—
129% of theinitial value) (see also Fig. 2, Table 2).

In patient 1 the whole gene (exons 1-8) was deleted.
SHBG increased to 129.0% of the initial value. In patient
2 adeletion of exon 3, encoding the second zinc finger of
the receptor protein, was found. SHBG increased slightly
to 109.0% of theinitial value. In patient 3 adeletion of 23
base pairs was found in exon 1 (affecting codons 140-148
according to the nomenclature of Lubahn et al. [18], lead-
ing to astop codon in position 154) and in patient 4 an ad-
ditional guanine was inserted in codon 215 initiating a
stop in codon 232. The SHBG concentration remained un-
changed after administration of stanozolol (Table 2).

In patients 5-9, point mutations leading to non-conser-
vative amino acid substitutions in the hormone-binding
domain of the AR gene were found. SHBG did not de-
crease significantly after administration of stanozolol (see
aso Fig. 2, Table 2). The differences between SHBG re-
sponses of these patients and al other groups were stetis-
tically significant (P < 0.05 — < 0.0001).

Partial AlS with predominantly female phenotype
(AlStype 4)

Point mutations in exons 2-8 of the AR gene which cause
non-conservative amino acid substitutions in the AR pro-
tein were found in al patients with partial AlS. In the
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Fig.2 Decrease in serum SHBG concentration after 3 days of
stanozolol administration (0.2 mg/kg), expressed as the percentage
change from initial values in patients with AIS (phenotypes 2-5)
and in control patients with genital malformations not due to an-
drogen resistance. The circles represent the patients, the lines rep-
resent the median for each group. The asterisks indicate the signif-
icance levels of differences between the adjacent groups (n.s.=not
significant; * = < 0.05; ** = < 0.01; *** = < 0.001; **** =
< 0.0001)

Controls

three patients with AIS type 4, who were reared as fe-
males, SHBG decreased dightly to 83.8% + 1.7% of the
initial value (median 83.0%; range 81.3%-87.0%) in the
androgen sensitivity test, which was significantly lower
than in AlIS type 5 (P < 0.05), but higher than in the con-
trols (P < 0.01) (see dlso Fig. 2, Table 2).

Partial AlIS with ambiguous genitalia (AlS type 3)

In the four patients with Al S type 3 SHBG decreased also
dlightly after administration of stanozolol (mean 80.4% +
4.7%, median 82.1%, range 68.4%—-89.1%), which was
stetistically no different from AIS type 2 and 4, but lower
than AlStype 5 (P < 0.01), and higher than in the controls
(P <0.01) (see dso Fig. 2, Table 2).

Partial AlS with predominantly male phenotype
(AlStype 2)

In the seven patients with AlS type 2 (predominantly male
phenotype) who were reared as males, avariable, but usu-
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ally more pronounced SHBG decrease was observed in
the androgen sensitivity test: mean 65.9% + 4.9%; median
65.6%0; range 48.6%—-80.8% of the initial value. This de-
crease was statistically not different from AlS type 3, but
differed significantly from the controls (P < 0.05) (see
aso Fig. 2, Table 2).

Controls

In the 11 control patients (patients 24-34), in whom a
cause other than AIS could be found to explain genital
maldevelopment, no nucleotide variations were found in
the AR gene. SHBG decreased in these patients to a mean
of 51.4% + 2.1% (median 49.6%, range 35.6%—62.1%) of
the initial value, which was within the normal range (i.e.
< 63.4% [28]) (for details see Table 3).

A close correlation was found between the degree of
undermasculinization (AlS phenotype) and the SHBG re-
sponse in the androgen sensitivity test (see Fig. 2).

Discussion

In male pseudohermaphroditism, management regarding
gender assignment, genital surgery, and gonadectomy
should be based on accurate diagnosis and prognosis for
pubertal development. However, due to the variability of
clinical phenotypes and the lack of a diagnostic hormonal
profile of AlISin infancy, diagnosis and prognosis can be
difficult. Until recently, the evaluation of androgen bind-
ing in fibroblasts derived from genital skin biopsies has
been used for the diagnosis of AlS [23]. However, andro-
gen binding may be normal in up to one third of patients
with AIS, in particular in those who carry mutationsin the
DNA-binding domain [1, 15, 16, 23]. Therefore, receptor
binding studies are of limited practical value for clinical
purposes.

The characterization of mutations in the AR gene can
serve as a reliable tool for the diagnosis and molecular
subclassification of AIS[2, 3, 11, 13, 26]. In contrast to
biochemical studies, which require genital skin biopsies,
molecular genetic analysis can be achieved asaminimally
invasive procedure from blood leucocyte DNA. This has
lead to an increasing number of patients diagnosed with
AIS. However, molecular genetic studies provide in-
formation about AR structure, but not about AR func-
tion.

Deletions and an unusual insertion mutation of the AR
gene were found in patients 1, 2, 3, and 4. These nonsense
mutations constitute the ultimate form of complete AIS
(type 5b), as evidenced by absence of any androgen de-
pendent sex characteristics (i.e. pubic and axillary hair in
the adult patients) and complete absence of any stano-
zolol-induced SHBG decrease. SHBG even tends to in-
crease in these patients, which may be due to the com-
pletely unopposed oestrogen effects, which may become
visible if the androgen effect is totally abolished. How-
ever, the difference between the values of the patients
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Table 3 Age, phenotype, kary-

otype, diagnosis, and SHBG val- Egm '(A)\/%:r < Genital malformation Karyotype Diagnosis ﬁm?alci rS]:dIIBrE;
ues in the androgen sensitivity m nth’ nmol/l) (%
test in 11 patients with genital onth) (nmol/l) (%)
maformationsnot due o AIS 54 310 Micropenis,  46XY Sa-reductase deficiency 1843 62.1
PHM type, classification of phe- perineal hypospadias o

notypes in mae p%udoher_ 25 7,10 M ICropenis _ 46,XY 5a-reductase defici ency 89.1 50.7
maphroditism, estimating the scrotal hypospadias

severity of defective masculin- 26 41 Small penis 46,XY 5a-reductase deficiency 98.6 57.8
ization according to the classifi- 27 6;3 PHM type 2 45,X/46,XY  Gonadal dysgenesis 90.8 494
(Ci'e on Sseﬁ 'g)g‘;ﬁlé?{g g;lA' S 28 1511 PHMtype4 46,XY Gonadal dysgenesis 219 57.6
phanuméri éal subgroups, which 29 104 PHM typg 2 46,XY Gonadal dysgenegs 195 496
apply only for AIS 30 1;3 Micropenis, ) 45,X/46,XY  Gonadal dysgenesis 80.3 486
aSerum SHBG concentration . scrotal hyppspadlas -

before stanozolol application 31 46 Cryptochidism, chordee 46,XX/46,XY  True hermaphroditism 1214 356
b |_owest SHBG concentration 32 810 PHMtype4d 46, XY Leydig cell hypoplasia 1457 54.2
5-8 days after initiation of the 33 10;8 Micropenis 46, XY Isolated micropenis 117.7 46.0
3-day stanozolol administration 34  20:10 No uterusand vagina  46,XX Agenesis of uterusivagina 56.0 53.2

period (0.2 mg/kg/day)

with AIS type 5b and those with AIS type 5a, who carry
missense mutations, is statistically not significant.

The other patients with complete AlS (patients 6-9)
carry missense mutations within the hormone-binding do-
main of the AR gene (see Table 2). In accordance with the
completely female phenotype SHBG remained unchanged
in al of them after the application of stanozolol, indicat-
ing total loss of AR function in these patients, no matter
whether they develop some pubic and/or axillary hair at
puberty. Since they all do not virilize at puberty in spite of
high endogenous testosterone levels, they constitute one
clinical group of patients, AlIS type 5 according to the
classification used in this study.

In the patients with partial AlS and predominantly fe-
male phenotype (type 4) and in those with ambiguous
genitalia (AIS type 3) missense mutations within the
DNA- and hormone-binding regions of the AR gene were
found (see Table 2). A moderate SHBG decrease could be
observed in the androgen sensitivity test, which was sig-
nificantly more compared to the patients with AlS type 5,
and significantly less than in controls. Our patient 12 ap-
peared almost completely female except for mild labial
fusion. The SHBG decrease to 81% clearly indicates par-
tial androgen activity. The mutation she carries, 840Arg-
His, has been described several times in association with
partial AIS [23]. The moderate SHBG decrease (i.e. se-
verely inhibited SHBG decrease) serves as an indicator of
severely disturbed AR function. The fact that SHBG de-
creases at al, however, indicates that some residual AR
function is left. Thus, the SHBG test can be used for dis-
tinguishing patients with AlS type 5, who will exclusively
feminize at puberty, from those, who are at risk for puber-
tal virilization due to remaining clinically relevant AR
function (AIS type 4 or less), in whom it is prudent to re-
move the testes before puberty to avoid virilization.

In the patients with partia AIS and predominantly
male phenotype (AIS type 2) point mutations were found
within the steroid-binding domain of the AR gene (see
Table 2). The mean SHBG decrease was more pro-

nounced compared to the more severely affected patients
(types 3-5). However, the individual SHBG response var-
ied from values within the normal range (patients 19, 23)
to values as usually seen in patients with ambiguous gen-
italia (AIS type 3, patient 18).

The sensitivity of this biological test may not be high
enough to detect minor functional defects of the AR in all
instances. For the clinical management, however, it may
be a valuable information that the functional AR defect is
of minor severity and hence, spontaneous virilization at
puberty or at least response to high dose testosterone ther-
apy may be expected. On the other hand, in patients 15
and 18, in whom SHBG decreased only moderately as
usually seen in patients with AlS type 4, no response to
high dose testosterone treatment could be observed, indi-
cating a more severe functional AR defect than to be ex-
pected from the phenotype alone (unpublished observa-
tions).

The substitution of valine by leucine at position 866
has exclusively been reported to be associated with partial
AIS[11, 17, 26]. Extensive characterization of this muta-
tion in genital skin fibroblasts revealed that in the presence
of high dihydrotestosterone concentrations, transcriptional
activation by the mutant receptor approached that of the
normal receptor [17], indicating dependency of receptor
function on the actual androgen concentration. In keeping
with this observation, SHBG decreased significantly, but
less than normal in our patients 21 and 22 and they had
substantial penile growth and pubertal virilization in re-
sponse to treatment with high dose testosterone enanthate
[31]. The androgen induced SHBG decrease may reflect
androgen receptor function in vivo, comparable to the
measurement of androgen induced transcriptional activity
of mutant ARs in genital skin fibroblastsin vitro.

The mean SHBG decrease in the control patients ap-
proached 50% of the initial value following the adminis-
tration of stanozolol, which is significantly below the val-
ues obtained in the patients with AIS. All individua re-
sults were within or below the normal range (i.e. 51.6% +



11.8% [+ 2SD]), which was established previously by in-
vestigation of healthy volunteers [29].

Phenotype is an expression of multiple variables, of
which AR binding characteristics, transactivation, type
and concentration of the ligand are known factors, some
others, however, are presumably unknown. The pheno-
typic classification system used in this study servesfor the
estimation of the severity of the receptor defect, expressed
in terms of different types of defective masculinization
(AlS types 1-5).

Figure 2 illustrates that the functional defect in AIS,
expressed in terms of SHBG decrease in the androgen
sensitivity test, comprises a continuum, ranging from
completely abolished AR function over severely and less
severely altered AR function in different types of AIS to
the normal range found in the controls. The differences
between controls and each AIS group and between AIS
type 4 and 5 were statistically significant and a close cor-
relation was found between the degree of undermasculin-
ization (AIS phenotype) and the SHBG response in the
androgen sensitivity test. However, due to the variability
of SHBG responses within the groups with partial AIS
(types 2-4), there is considerable overlap between these
groups. For clinical purposes, the interpretation of these
results should therefore always include the thorough com-
parison with the phenotype to control for plausability.
Thisistrue, of cause, for the interpretation of any labora-
tory result.

Another approach for the study of AR function is the
analysis of transcriptional activity of mutant receptors by
cotransfection assays [4, 7, 17, 22, 24] or by adenovirus-
mediated delivery of areporter gene in genital skin fibro-
blast cultures [20] in vitro and to correlate the results with
the degree of defective masculinization in vivo. However,
these methods are invasive, as a genital skin biopsy isre-
quired for fibroblast harvesting, they are cumbersome and
restricted to spezialized laboratories. In contrast, the
SHBG androgen sensitivity test islessinvasive and can be
performed easily on an outpatient basis independent from
the location of the laboratory. Since SHBG in serum and
plasma is stable for 7-8 weeks at room temperature, and
even for 3 days at 37°C, it can easily be shipped within
1-2 days without loss of immunoreactivity [27].

The SHBG androgen sensitivity test detects receptor
defects due to mutations in all exons of the AR gene, in-
cluding the DNA-binding domain. It clearly helps to dis-
tinguish AIS from other causes of genital malformation in
the genetic male and in particular, it helpsto distinguish pa-
tients who will exclusively feminize at puberty from those
who are at risk for pubertal virilization. Furthermore, it
provides functional information about the severity of the
receptor defect in vivo and hence, it adds to the structural
information provided by molecular genetic analysis of the
AR gene. The quantification of residual AR function may
provide useful information for the diagnosis and manage-
ment of the intersex child with AIS.
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