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Isolated gonadotropin-releasing hormone (GnRH) defici-
ency, including Kallmann’s syndrome (KS) and idiopathic
hypogonadotropic hypogonadism (IHH), is a congenital disor-
der, which is characterized by a functional deficit in hypo-
thalamic GnRH secretion. Despite recent advances in the
understanding of the pathogenesis of the X-linked form of KS
as the identification of the KAL gene (Xp22.3), the genetic
basis of the sporadic form in female patients remains unclear.
Although most searches for mutations in X chromosome have
been reported in males, the newly recognized phenomenon of
inheritance, such as genomic imprinting and uniparental
disomy, raises the possibility of a female phenotype in the X-
linked genetic defect. Here, the molecular study of the coding
region of the KAL gene (exon 5 to 14) in 10 unrelated females
with KS (n=6) or IHH (n=4) is reported. None of the subjects
had familial histories of delayed puberty or hypogonadism.
Samples from 4 healthy, unrelated female volunteers were used
for identification of polymorphisms. PCR of the 10 exons of
the KAL gene was performed on genomic DNA. The PCR
products of the 10 exons were subject to single strand
conformation polymorphism (SSCP) analysis to identify pos-
sible mutations. In an SSCP analysis of the amplified frag-
ments (fragment size: 147 to 302bp), no mutations or polymor-
phisms were found in any of the 10 patients and 4 controls.

In conclusion, it is unlikely that KAL gene mutations are
a clinically significant cause of sporadic GnRH deficiency in
female patients, indicating the existence of defects in uniden-
tified genes that result in the expression of the phenotypes in
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INTRODUCTION

Isolated GnRH deficiency, including Kallmann’s
syndrome (KS) and idiopathic hypogonadotropic
hypogonadism (IHH), is a well recognized con-
genital disorder, characterized by a functional
deficit in hypothalamic GnRH secretion."” In
females, this rare condition has the typical clinical
features of sexual infantilism, primary amenor-
rhea and the impact of estrogen deprivation, such
as osteoporosis and cardiovascular disease. Iso-
lated GnRH deficiency is diagnosed through
extremely low plasma levels of gonadal steroids,
inappropriately low/normal gonadotropins and
irreversible features of clinical hypogonadism. A
hypogonadotropic state results from a deficient
hypothalamic secretion of GnRH, which may be
explained by a defect in the migration of GnRH
neurons to the hypothalamus.*

Because several mode of inheritance, including
X-linked, autosomal recessive and autosomal dom-
inant patterns, have been documented in segrega-
tion analyses of familial cases,”” it has been sug-
gested that there are multiple genes responsible
for the pathogenesis of this disease. In recent years,
a candidate gene for the X-linked Kallmann’s
syndrome was mapped to the Xp22.3 region,""
known as the KAL gene, whose predicted protein
has homology with neural cell adhesion mole-
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cules, which may be involved in the process of
GnRH neurons migration from their origin in the
olfactory placode to the hypothalamus.”™"

Although the findings of mutations and genetic
deletions in the KAL gene have provided some
explanations of the pathogenesis of the X-linked
form of Kallmann’s syndrome, the precise gene
alterations of most patients with the sporadic
form of GnRH deficiency, especially in females,
remains unclear. Recent studies found the inci-
dences of genetic defects within the coding region
of the KAL gene in male patients with sporadic
and familial GnRH deficiency were considerably
low, and suggested that the X-linked form of
inheritance represented the least common form of
this disease.'*"”

Over the past years, X-linked genetic disorders,
characterized clinically by a predominance of
affected males, the presence of unaffected female
carriers and an absence of male to male transmis-
sion, were hardly considered to be the cause of
the phenotypic manifestations in females. How-
ever, the newly recognized phenomenon of inheri-
tance, such as uniparental disomy and genomic
imprinting, have allowed for the possibility of the
expression of the X-linked genetic disorders in
female patients.'®" For this reason, the frequen-
cies of the mutations and genetic deletions in the
KAL gene in female patients with the sporadic
form of KS or IHH were studied using single
strand conformation polymorphism (SSCP) an-
alysis of the PCR amplified DNA to elucidate
their clinical significance.

MATERIALS AND METHODS
Patients

Ten unrelated females with isolated GnRH
deficiency, aged 17-35 yr, were included in this
study. All patients were determined to be
sporadic from their detailed family histories that
showed the absence of hypogonadism, delayed
puberty or anosmia in any known relative.

The patients were evaluated for isolated GnRI1
deficiency, according to criteria previously de-
scribed.”® All 10 patients showed long-standing
clinical hypogonadism, with no evident cause,

Yonsei Med J Vol. 45, No. 1, 2004

gonadal steroid levels in the hypogonadal range
(serum estradiol < 20 pg/ml), despite an age of 18
yr or greater, normal or low gonadotropin range,
normal baseline levels of TSH and prolactin and
normal radiological imaging of the hypothalamo-
pituitary region. Although one patient with IHH
was 17 yr and 3 months of age when her blood
test was taken, the absence of further pubertal
development at the age of 18 yr was confirmed
through a follow up examination. To define any
abnormality of the hypothalamo-pituitary and
olfactory areas sella MRI was performed in nine
patients and sella CT in the other one.

The clinical, laboratory and radiological features
of the 10 patients are summarized in Table 1.

To distinguish isolated GnRH deficiency from
the physiological delay of puberty, a GnRH stimu-
lation test (single 2.5ug/kg IV dose of native
GnRH) was performed in all of the 4 patients with
IHH, with the results shown in Table 1.”% The
results of the insulin-induced hypoglycemia test
were only available for three patients (patient No.
7, 8 and 10) with IHH, and showed normal levels
of GH and cortisol.

Five patients with primary amenorrhea and
anosmia, who were defined as having Kallmann’s
syndrome, did not have a GnRI1 stimulation test,
and the diagnosis of GnRH deficiency was made
on the basis of their delayed puberty and primary
amenorrhea at the age of 20-35 yr, low basal
gonadotropins (LI range, 0.1 - 2.5 mIU/ml), unde-
tectable estradiols (<13 pg/ml) and clinical hypo-
gonadism. Although the results of the formal
olfactory function test were only available for 2 in-
dividuals (patient No. 3 and 5), 4 of the 5 patients
with clinical anosmia showed developmental
defects in the olfactory sulcus or bulb in the sella
imaging study (Fig. 1).”

One female (patient No. 6) was compatible with
Kallmann's syndrome, based on the result of the
sella. MR imaging (bilateral agenesis of the ol-
factory bulbs and hypoplastic olfactory sulci), but
the presence of anosmia could not be defined due
to her mental retarded clinical status.

Methods

Genomic DNA extraction
Blood was collected in EDTA coated tubes.



KAL Gene Structure in Female Isolated GnRH Deficiency 109

Table 1. Clinical, Radiological and Laboratory Characteristics of the 10 Female Patients with Isolated GnRH Deficiency

Patient Age Diagnosis  Olfactory status Olfactory Bz Stimulated (60 )* Affe(.jted
No (yr) sulcus (pg/ml) LH/FSH(mIU/ml) family
1 24 KS Anosmic Hypoplastic < 13.0 Not performed None
2 30 KS Anosmic Normal < 13.0 Not performed None
3 35 KS Anosmic Hypoplastic < 13.0 Not performed None
4 31 KS Anosmic Hypoplastic < 13.0 Not performed None
5 18 KS Anosmic Hypoplastic < 13.0 Not performed None
6 17 KS(?)" Unknown Hypoplastic < 13.0 Not performed None
7 21 IHH Normosmic Normal < 13.0 29/3.1 None
8 18 IHH Normosmic Normal < 13.0 24727 None
9 20 IHH Normosmic Normal < 13.0 1.2/3.0 None
10 19 IHH Normosmic Normal 15.8 0.2/1.8 None

KS, Kallmann's syndrome; IHH, idiopathic hypogonadotropic hypogonadism.
*Single 2.5 ug/kg IV dose of native GnRH (FACTREL, gonadrelin hydrochloride).
"The presence of anosmia could not be defined due to patient’s mentally retarded clinical status.

Total genomic DNA was isolated from the blood
(6 ml) by the standard method.” The genomic
DNA was suspended in TE buffer, pII 8, and
stored at -20C. Genomic DNA from healthy,
unrelated female volunteers was used to identify
any polymorphisms and mutations.

PCR amplification

Genomic DNA (100 ng) was used as a template
for the amplification of each exon. Of the 14 exons
of the KAL gene, 10 (exon 5 - 14, known locations
of mutations and polymorphism in the previous
studies) encoding the fibronectin type III repeats
were examined in this study.'*” The primers used
for the PCR amplifications were identical to those
described by Hardelin et al.”

Fig. 1. Coronal MR images show the
absence of the normal olfactory sulcus
(short arrow) and bulb (long arrow)
(patient No.3).

The PCR reactions were carried out in a total
reaction mixture volume of 50xl, containing 100
ng genomic DNA, 0.5 unit Tag, 1.5 mM MgCly, 0.2
mM dNTPs and 100 pM of the primers. PCR
amplifications were performed for 30 cycles on a
thermal cycler (Perkin Elmer Instrument, Gene
Amp PCR System 2400), with denaturation at 94C
for 30 s, annealing at 56°C for 30 s and extension
at 72°C for 1 min. The PCR products of the pa-
tients and controls were then screened by single
strand conformation polymorphism (SSCP).

SSCP analysis

For the single strand conformational polymor-
phism, the polymerase chain reaction products
(fragment size 147 -302bp) of the patients and
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controls were diluted, 1:1, in a dye solution,
containing 20 mM EDTA, 95% formamide, 0.05%
bromophenol blue and 0.05% xylene cyanol, and
then denatured at 99 for 10 min, and imme-
diately chilled on ice. The reaction products were
loaded onto 1X MDE gel and underwent electro-
phoresis in 1X TBE buffer for 5 hours.

RESULTS

Each of the 10 exons of the coding region of the
KAL gene was separately amplified by PCR, and
then subject to the SSCP analysis. No mutations
were identified in any of the 10 patients screened
by SSCP. No polymorphisms were found in 10
patients and 4 controls. One of the representative
autoradiogram is shown in Fig. 2.

DISCUSSION

Since the first identification, in 1992, of genetic
defects in the KAL gene,” the search for muta-
tions has been performed in various groups of KS
and IHH patients. The KAL gene, which spans a
210 kb region of the genomic DNA in Xp 22.3, has
14 coding exons and encodes a protein, anosmin,
and shares homology with molecules involved in
neuronal migration and axonal pathfinding.'>"

Although the finding of KAL mutations in
patients with KS has demonstrated that this gene
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Fig. 2. A. PCR amplification of exon 5 (267 bp) of the KAL
gene (Xp22.3) in 10 patients with isolated GnRH defi-
ciency (lanes 6-15) and 4 controls (lanes 2-5). Lane 1: DNA
ladder (multiples of 100 bp). B. SSCP picture of exon 6
(218 bp) of the KAL gene. Two single-stranded bands are
normally apparent in all of the 10 patients and 4 controls.

Yonsei Med J Vol. 45, No. 1, 2004

is responsible for the X-linked form of the disease,
the genetic basis of the majority of patients with
sporadic GnRH deficiency remains unclear. Most
cases of GnRH deficiency in humans are sporadic,
and the incidence of genetic defects within the
coding region of the KAL gene in patients with
sporadic GnRH deficiency is low (5-8%).”"" A
recent report by Oliveira et al. strongly indicated
that the majority of both familial and sporadic KS
were either autosomal dominant or recessive in
their etiology, and caused by defects in at least
two, currently unknown, autosomal genes.17 Nev-
ertheless, the strong suspicion of genetic defects of
the autosomal genes in GnRH deficiency, the
autosomal KS (and IHH) loci, remain to be iden-
tified.

In our series of 10 patients with GnRII defici-
ency, there were no identifiable familial members
with delayed puberty, hypogonadism or anosmia.
Because of the rarity of the disease, and the
universal clinical features of infertility, a lack of a
documented familial history of GnRH deficiency
is no guarantee of ‘genuine” sporadic. However, it
can be expected that the frequency of spontaneous
mutations that account for this syndrome could be
fairly high in these non-familial cases.

There is little information on the percentage of
spontaneous mutations that lie on the X chro-
mosome, including the KAL gene, for the female
patients with KS or IHH. Previous studies have
never clearly addressed if KAL mutations are
present in female patients without a familial his-
tory. Since the KAL gene escapes X inactivation,
obligate KS patient carriers harbor both normal
and mutated alleles, and are hardly considered to
have a phenotypic expression. However, the par-
tial expression of X-linked diseases in female
carriers has been described in numerous condi-
tions, and the disease can manifest in the hemizy-
gous state,”” perhaps because of genomic im-
printing with the differential expression of genes
inherited on the paternal and maternal chromo-
somes.” Furthermore, the rare genetic phenome-
non, such as uniparental disomy can lead to the
expression of a recessive disease in patients.30

In this series, PCR-SSCP analysis was used, but
failed to identify any genetic defects in the 10
exons (exon 5 to 14) of the KAL gene. Because
most of the mutations and polymorphisms iden-
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tified in previous studies were located in these
axons,'®” this result precludes genetic defects in
the KAL gene from being the common cause of
sporadic GnRI deficiency in female patients.
However, in patients with familial KS, and proven
X-linked kindred, no mutations have been docu-
mented throughout the coding sequence of the
KAL gene in an important percentage of the
patients, suggesting that mutations may occur in
the noncoding regions of this gene, or in other
X-linked genes.”"?

In this study, no polymorphic changes, previ-
ously described by another group, were ob-
served.” For the rapid detection of sequence vari-
ations of the DNA fragments amplified by PCR,
SSCP analysis was used. The SSCP technique is a
method capable of identifying most sequence
variations in a single strand of DNA, typically
between 150 - 250 nucleotides in length. The frag-
ment sizes of the 10 exons in this study ranged
from 147 to 302 bp. Although it is known that the
optimum DNA fragment size for SSCP analysis is
approximately 200bp or less, no restriction en-
zymes were used for the digestion of the larger
fragments. Theoretically, SSCP analysis is capable
of identifying point mutations and polymor-
phisms. However, the failure to detect novel poly-
morphisms in this study limits the accuracy of this
method in the identification of point mutations in
the coding region of the KAL gene.

In conclusion, attempts to identify any genetic
defects, including gene deletions, major rear-
rangement or point mutations, within the coding
region of the KAL gene (exon 5 to 14), using PCR-
SSCP analysis, failed in our series of female pa-
tients with sporadic GnRH deficiency. Consid-
ering the sensitivity of PCR-SSCP analysis, the
alteration of the KAL gene has been eliminated as
the common basis for female GnRH deficiency.
However, the definitive exclusion of point muta-
tions in female patients with GnRH deficiency will
require the cloning and sequencing of the KAL
gene from larger numbers of affected individuals.
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