
Research Journal of Medicine and Medical Sciences, 3(1): 14-21, 2008
© 2008, INSInet Publication

Corresponding Author: Mahmoud Fawzy Abdelhamid, Departments Of Dermatology and Andrololgy Of NRC. 

E-mail:drmahmoudFawzy@yahoo.com

14

Detection of KAL-1 Gene Deletion in Egyptian Males with Hypogonadotropic
Hypogonadism Associated with Anosmia

Mahmoud Fawzy Abdelhamid, Inas M. Mazen, Eslam M. Alshawadfy, 1 2 1

Saida A. Hammad, K. Kamel Mohammad Abbas, Ibrahim M. Fahmy3 3 4 4

Department Of Dermatology and Andrololgy, NRC. 1

Department Of Clinical Genetics, NRC. 2

Department Of Human Cytogenetics, NRC. 3

Departments Of Andrology and STDs Faculty of Medicine Cairo University.  4

Abstract: The integrity of the hypothalamo-pituitary-gonadal axis leads to normal sexual differentiation

during fetal life and puberty, and therefore normal fertility. Hypogonadotropic hypogonadism (HH) is
defined by low testosterone plasma levels associated with low follicle-stimulating hormone (FSH) and

luteinizing hormone (LH) plasma levels. Congenital isolated hypogonadotropic hypogonadism is classified

into two categories, one that is associated with anosmia or Kallmann’s syndrome (KS) and one that is
apparently isolated (without anosmia). Kallmann’s syndrome (congenital isolated hypogonadotropic

hypogonadism associated with anosmia) is a genetically heterogeneous disorder that may be inherited in

an X-linked, autosomal dominant or autosomal recessive pattern. Cytogenetic studies and fluorescent in
situ hybridization (FISH) technique are now providing powerful tools to delineate the cytogenetic defects

to reach the definitive diagnosis, FISH technique allows a labeled probe to hybridize to a chromosomal
region or a particular DNA sequence. In this study we aimed at detecting the X-linked type of Kallmann’s

syndrome, diagnosed by detection of KAL- 1 gene deletions among Egyptian males presenting with

hypogonadotropic hypogonadism associated with anosmia. Fourteen patients were included in this study,
suffering from hypogonadotropic hypogonadism associated with anosmia, evidenced by their low FSH,

LH and Testosterone plasma levels and six males complaining of hypogonadotropic hypogonadism were

recruited as a control group. Each patient in this study was subjected to history taking, clinical with
normal sense of smell examination and assessment of the olfactory function by dilution -to-threshold

technique. Cytogenetic studies using G-banding technique and Fluorescent in situ hybridization (FISH)

were carried out using peripheral blood lymphocytes to detect the presence of chromosomal abnormalities
and KAL 1 gene deletions. None of our patients showed any KAL 1 gene deletion by FISH study, but

14.3% of them (2 of 14) showed chromosomal abnormalities in the form of paracentric inversion, 46, XY

inv(20) (q13.1 ;q 13.2) and translocation 46, XY t(7;14)(p 15 ;q 32). This first study conducted in Egypt
which concluded that KAL 1 gene deletion responsible for X-linked Kallmann’s syndrome might be a rare

condition among Egyptian males complaining of HH. However study of the autosomal type is

recommended to find the actual prevalence in Egypt.. 
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INTRODUCTION

Hypogonadotropic hypogonadism (HH) is defined

by low testosterone plasma levels associated with low

follicle-stimulating hormone (FSH) and luteinizing

hormone (LH) plasma levels .[10]

C o n g e n i t a l  i s o l a t e d  h y p o g o n a d o t r o p i c

hypogonadism is classified into two categories, one that

is associated with anosmia or Kallmann’s syndrome

(KS) and one that is apparently isolated (without

anosmia) .[4]

Kallmann’s syndrome (KS) is a genetically

heterogeneous condition that can occur sporadically or

in one of the three heritable modes: X-linked (about

11% of families), autosomal dominant (approximately

64% of families), and autosomal recessive (about 25%

of families), the defective genes underlying two of the

forms of KS have been described. The X-linked form

of KS (KAL1) results from mutations in the gene

encoding anosmin1 (the KAL1 gene), a glycoprotein

found in some embryonic extra cellular matrices.  An

autosomal-dominant form of KS (KAL2) is caused by
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mutations in the gene encoding fibroblast growth factor

receptor 1 (FGFR1 or KAL2). Mutations of the GnRH

receptor gene cause GnRH resistance and autosomal

recessive KS.  The manifestation of KS is complex and

cannot be accurately predicted based on simple

knowledge of the mutated genes alone. For instance,

disease phenotypes can be highly variable between

members of the same family who harbor identical

genetic mutations . [25]

The human disorder of idiopathic hypogonadotropic

hypogonadism (IHH) consists of absent pubertal

development  in males and females, low serum levels

of the gonadotropins, follicle-stimulating hormone

(FSH)  and  luteinizing  hormone (LH), and the

absence of a pituitary tumor. Patients with IHH

manifest impaired gonadotropin-releasing hormone

(GnRH) or gonadotropin secretion and/or action.

Kallmann’s  syndrome  is  a  specific type that

consists  of  IHH  and  anosmia, as well as a variety

of  anomalies,  including  midline facial defects such 

as cleft lip and/or palate, short metacarpals, renal

agenesis, neurological manife st a t ions suc h  as

se nsor ineural hearing loss, mirror mov e ment s

(synkinesia), oculomotor abnormalities, and cerebellar

ataxia. The occurrence of renal agenesis, X-linked 

icthyosis and synkinesia has been limited to the X-

linked forms of KS .  [8,1]

Several mutations of the KAL gene have been

reported  in about 50% of patients with X-linked KS.

In these patients, lack of anosmin-1 leads to disruption

of the olfactory pathway, causing anosmia and absence

of GnRH neuronal migration, resulting in GnRH

deficiency (hypothalamic secretory defect only) and

hypogonadotropic hypogonadism. Some patients

presenting with X-linked KS and ichthyosis have a

contiguous gene syndrome secondary to large interstitial

deletions of Xp22.3 that include at least part of the

coding regions of the KAL gene of (KS) and the

steroid sulfatase gene of X-linked icthyosis .[2]

A detailed analysis of KAL1 mutations revealed

that there were no mutational hot spots; mutations are

distributed randomly in all domains. KAL1 mutations

comprise misse nse ,  nonse nse ,  frameshift and

deletion .[9,1]

Cytogenetics studies and fluorescent in situ

hybridization (FISH) technique are now providing

powerful tools to investigate the cytogenetic defects to

reach the definitive diagnosis, FISH technique allows

a labeled probe to hybridize to a chromosomal region

or a particular DNA sequence. The sites of

hybridization between the labeled probe and the

chromosomal or DNA segment are visualized under a

fluorescence microscope .[17]

MATERIALS AND METHODS

This study was carried out on fourteen Egyptian

males complaining of hypogonadotropic hypogonadism

associated with anosmia or hyposmia. Six males

complaining of hypogonadotropic hypogonadism with

normal sense of smell (normosmia) were taken as a

control group. All patients and control group were

recruited from Andrology and STD's out patient clinic,

Kasr EL Eini Hospitals, Cairo University, and

Dermatology and Andrology out patient clinic, National

Research Centre (NRC).

All Males under the Study Were Subjected to the

Following:

C History taking including family history and

pedigree analysis.

C General clinical examination including assessment

of their secondary sexual characters.

C Examination of the external genitalia.

C Assessment of the olfactory function (acuity) by

dilution -to-threshold technique .[20]

C Cytogenetic studies (karyotyping) from peripheral

blood lymphocytes using G-banding technique .[26]

Karyo typing was done accord ing to  the

International System for Human Cytogenetic

Nomenclature .[11]

C Only the cases were subjected to fluorescent in

situ hybridization (FISH) using locus specific

probe for KAL-1 gene (X-linked Kallmann

syndrome on Xp 22.3) and following the

manufacturer instruction  and the manufacturer's[18,13]

instructions. Locus specific (LSI Kallmann KAL)

region probe: spectrum Orange ' CEP X (DXZ 1)

spectrum Green. (Vysis). LSI KAL is used to

identify deletions of the KAL 1 gene .This mixture

contains the spectrum orange LSI KAL probe and

the spectrum green CEP X (centromeric X) control

probe. Cytogenetic studies were carried out at

Human Cytogenetics Departme n t ,  Na t ional

Research Centre.

RESULTS AND DISCUSSIONS

Results: This study included fourteen cases, their ages

ranged from 16 – 40 years with a mean age of 27.9

±7.3 years. The mean for their FSH levels was

0.88±0.37 mIU /ml, the mean for their LH levels was

0.57±0.49 mIU/ml and the mean for their Testosterone

levels was 0.95±0.881 ng/ml. Only 7.1 % (1 of 14) of

the cases had anosmia (case No. one) while 92.9 %

(13 of 14) had hyposmia. We found that 28.6 % (4 of

14) had an affected family member (cases No.2, 3, 9
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Table 1: Clinical and cytogenetic data of the studied cases

Age Olfactory acuity Familial affection Associated anomalies karyotyping

Case  1 37 anosmia negative negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Case  2 23 hyposmia Positive negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Case  3 23 hyposmia Positive negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Case  4 22 hyposmia negative negative 46 XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Case  5 34 hyposmia negative negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Case  6 40 hyposmia negative negative 46 XY,

                 paracentric

(20) inversion

Case  7 16 hyposmia negative negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Case  8 21 hyposmia negative negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Case  9 28 hyposmia Positive negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Case  10 36 hyposmia negative Icthyosis 46 XY,

                    Translocation(7;14)

Case  11 22 hyposmia negative negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Case  12 26 hyposmia negative negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Case  13 35 hyposmia negative negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Case  14 28 hyposmia Positive negative 46  XY

and 14). Cases number two & three were twins, case

number nine had an affected sister in the form of poor

breast development and primary amenorrhea and case

No. fourteen had a father with history of delayed

puberty. Only 7.1 % (1 of 14) (case Number ten) had

an associated anomaly (icthyosis). The same case

showed chromosomal abnormality, in the form of

translocation 46, XY t(7;14) (p 15 ;q 32) in

karyotyping. We found that 14.3 % (2 of 14) had

chromosomal abnormalities (cases No. 6& 10) in the

form of paracentric inversion, 46, XY inv (20) (q13.1

q13.2) and translocation 46, XY t (7;14)   (p 15 ;q 32)

respectively. All the cases showed decreased FSH, LH

and testosterone plasma levels. None of our cases

showed KAL 1 deletion by FISH study.

The control group included six cases their ages

ranged from 20-37 years with a mean age of 26.6 ±6.5

years. The mean for their FSH levels was 0.66±0.32

mIU/ml, the mean for their LH levels was 0.63±0.33

mIU/ml and the mean for their Testosterone levels was

1.1±0.68 ng/ml. All the controls were normosmic, none

of the control had familial affection, associated

anomalies or chromosomal abnormalities.

Tables (2&3) showed that the percentage of

familial affection in our cases was 28.6 % while the

percentage of familial affection in controls was zero.

There was no statistical significant difference in the

familial affection between the two studied groups (p >

0.05).

Table (4) showed that the percentage of associated
anomalies  in our cases was 7.1 % while the
percentage of associated anomalies in controls was
zero. There was no statistical significant difference in
the associated anomalies between the two studied
groups (p > 0.05).

Table (5) showed that the percentage of
chromosomal abnormalities in our cases was 14.3 %
while the percentage of chromosomal abnormalities in
controls was zero. There was no statistical significant

difference in the chromosomal abnormalities between
the two studied groups (p > 0.05).

Discussion: Kallmann’s syndrome (KS) is a genetically
heterogeneous condition; to date the defective genes
underlying the X-linked and the autosomal dominant
form have been described. The X-linked form results
from  mutation  in  the  gene encoding anosmin 1
(KAL 1) gene, a glycoprotein found in some embryonic
extra cellular matrices. An autosomal- dominant form
of KS (KAL2) is caused by mutations in the gene
encoding fibroblast growth factor receptor 1 (FGFR1 or
KAL2). Mutations in these two genes result in disorders
that often include severe defects in olfactory and
reproductive functions .[25]

The prevalence of KS was approximately 1 in
10,000 men in a study of French conscripts .[6]

However, a study of Sardinian military recruits reported
the prevalence of hypogonadism associated with
anosmia (KS) as 1 in 86,000 men .[5]
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Fig. 1: Metaphase spread and karyotype of case Number (6) showing 46, XY, inv (20) (q13.1 q 13.2).

Table 2: Clinical and cytogenetic data of the control group

Age Olfactory acuity Familial affection Associated anomalies karyotyping

Control 1 37 Normosmia negative negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Control 2 20 Normosmia negative negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Control 3 30 Normosmia negative negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Control 4 29 Normosmia negative negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Control 5 21 Normosmia negative negative 46  XY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Control 6 23 Normosmia negative negative 46  XY
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Table 3: Comparison between cases and controls as regards the percentage of familial affection.

Parameter Cases (N=14) Controls (N=6) Significance (P value)

% of familial affection 28.6 0 .267

No significance p>0.05

Table 4: Comparison between cases and controls as regards the percentage of associated anomalies.

Parameter Cases (N=14) Controls (N=6) Significance (P value)

% of associated anomalies       7.1         0         1.000

No significance p>0.05

Table 5: Comparison between cases and controls as regards the percentage of chromosomal abnormalities.

Parameter Cases (N=14) Controls (N=6) Significance (P value)

% of chromosomal abnormalities        14.3         0         .788

No significance p>0.05

Fig. 2: G-banded partial karyotype ideogram of case

number (6) showing inv (20) (q13.1 q 13.2)

Mousa et al.,  evaluated the clinical and[1 6 ]

inheritance profiles of 26 male and 6 female patients

with Kallmann’s syndrome from 12 families at the

National Center for Diabetes, Endocrinology and

Genetics in Jordan. Among 7 families with inherited

KS, the X-linked form was the mode of inheritance in

5 families (71% of familial KS).A study done by

Stephanie et al.,  at Massachusetts General Hospital[24]

on 250 consecutive cases over 20 years demonstrates a 

ratio of male to female subjects of 3.9:1. When familial 

cases are analyzed separately, the ratio drops to 2.3:1. 

In our study, we studied the presence of deletions

of KAL 1 gene in a suspected fourteen Egyptian KS

male patients. The selection of the cases was based on

the presence of smelling defect (anosmia or hyposmia)

while all the controls showed a normal sense of smell

(normosmia). There were no deletions detected in any

of our Egyptian male HH patients by FISH study

although all of them had anosmia or hyposmia, which

may be explained by the low prevalence of X-linked

KS among Egyptian males with HH.

Sato et al.,  found that KAL 1 mutations might be[23]

more prevalent in the Japanese KS patients in a study

of 25 males and 3 females; they reported six novel and

two recurrent intragenic KAL 1 mutations and whole

gene deletion in their study. While Bhagavath et al.,[3]

reported that only 3 % of their male patients had KAL

1 mutations in the largest study which included 315

patients with IHH.

As rega rds the familia l a f fec t ion  o f

hypogonadotropic hypogonadism (HH), we found that

28.6 % (4 of 14 ) of our cases had an affected family

member in the form of two affected brothers (twins)

(cases number 2 &3), affected sister (case Number9)

with poor breast development and primary amenorrhea

and (case number 14) who gave a history of delayed

puberty of the father. In a study of 106 American

patients with IHH, Waldstreicher et al.,  reported that[27]

18 % of their patients had at least one affected family

member. Quinton et al.,  studied 215 IHH patients[22]

from 3 different London hospitals, and found an

evidence of familial transmission in 24 % of patients

in their study. In another American study of 78 IHH

men who had extensive phenotyping, Pitteloud et al.,[19]

reported a familial mode of inheritance in 25 % of 78

male patients. Sato et al.,  found that the prevalence[23]

of KAL 1 mutations is more frequent in familial than

sporadic cases (100 % in familial cases) while in

sporadic cases it was 33 %. Izumi et al.,  reported[12]

that the incidence of mutations among sporadic

Japanese patients was 14 % (2 of 14) in a study

included 19 Japanese patients. Luciana et al.,[14]

demonstrate  that the frequency of mutations in the 

KAL 1 gene is low in both familial and sporadic 

Kallmann patients. Whereas mutations in the KAL 1 

gene have previously been reported as many as

50–60% of familial cases , these investigators have[7,21,15]

largely focused upon X-linked form of KS. 

All our male cases were collected sporadically, and

the sample size is the smallest among other studies, so

the proportion of our familial cases is underestimated

and this may explain the negative results of KAL 1

deletion by FISH.

As regards karyotyping and chromosomal

abnormalities, we found that 14.3% of our patients had

chromosomal  abnormalities  (2 of 14) in the form of
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Fig. 3: Metaphase spread and karyotype of case Number (10) showing 46,XY t (7;14) (p 15 ;q 32).

paracentric inversion, 46, XY inv(20) (q13.1 q 13.2)and
translocation, 46, XY t(7;14) (p 15;q32). The patient

with the translocation had a complete HH (no evidence
of puberty) while the patient with the inversion had an

incomplete HH (manifested by testicular development

beyond the prepubertal state). On the other hand,
Bhagavath et al.,  found that 5.3 % of KS patients[3]

had chromosomal abnormalities, with the same

phenotype of our patients.
Manifestations of Kallmann syndrome are

complicated and cannot be accurately predicted on the

base of simple knowledge of the mutated genes alone.

For instance, disease phenotypes can be highly variable
between members of the same family . As regards the[25]

associated anomalies, we found that 7.1 % (1 of 14) of
our patients had anomalies in the form of ichthyosis

(case number 10). This case showed a chromosomal

abnormality t(7; 14) and this may be a part of the
c on t iguous gene  syndrome (CGS) wh ich  is

characterized by series of clinical features resulting

from interstitial or terminal deletions of various
adjacent  genes.  Several  important  genes  have

been identified  in  the Xp22.3 region to be responsible

for  genetically  heterogeneous  diseases   (Kallmann
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Figs. 4&5: FISH on a metaphase using LSI KAL 1
(orange) /CEP X (green) showing no
deletion of KAL 1 gene (Xp 22.3).

syndrome,  icthyosis and type 1 occular albinism) .[2]

The site of the mutation in the contiguous gene
syndrome is Xp22.3 which is the same region of KAL
1 gene mutation. In case number 10, we found
icthyosis but no deletions were found on Xp22.3 by
FISH study. Hu et al.,  reported mutations in Xp 22.3[ 9]

in patients with icthyosis and Kallmann syndrome by
high resolution banding and FISH studies using the

probe of steroid sulfatase (STS), KAL 1, Bhagavath et
al.,  detected a deletion involving KAL 1 gene in one[3]

patient with ichthyosis and complete HH. So the use of
FISH probes for the Xp22.3 can identify X-linked
CGS, especially in those patients with two or more
distinct clinical entities of an obvious X-linked
disorder.

We found that only 7.1 % (1 of 14) had complete
anosmia. All our cases were complaining of either
anosmia or hyposmia 

Kallmann’s syndrome is defined as the combination
of anosmia with gonadotropic deficiency, but the
degree of anosmia may vary considerably between
patients of the same family. de Roux  characterized a[4]

mutation of the KALI gene in three brothers differing
in their extent of hypogonadism. Two of the brothers
had Kallmann’s syndrome but the third had only partial

anosmia and began puberty spontaneously at the age of
12 years. In Kallmann’s syndrome the degree of
anosmia is not correlated with the degree of
hypogonadism, but it’s still a constant finding .[4]

Bhagavath et al.,  found that anosmia or hyposmia[3]

was present in 31.3% of their (HH) male patients (82of
258), while Pitteloud et al.,  reported that anosmia[19]

was present in 38 % of (HH) patients in their study.
We compared between percentage of familial

affection in our cases and familial affection in controls,
there was no statistical significant difference in the
percentage of familial affection between the two
studied groups. Also, we compared between percentage
of associated anomalies in our cases and associated
anomalies in controls, there was no statistical
significant difference in the percentage of associated
anomalies between the two studied groups. As regards
the chromosomal abnormalities in the karyotyping,
there was no statistical significant difference in the

percentage of chromosomal abnormalities between the
two studied groups.

Conclusion:
C Although  fluorescent  in  situ hybridization

(FISH)  technique is a good reliable and rapid
diagnostic  tool  to  detect  gene  deletion  yet,
our  study  did  not  display any deletion of
KAL-1  gene denoting that Kallmann’s syndrome
might be a rare condition among Egyptian male
patients.

C Since FISH will not detect point mutation or
frameshift, other molecular detection strategies e.g.
DNA sequencing are needed to reach the proper
diagnosis of Kallmann’s syndrome.

C Further study in the future of the autosomal type
is recommended to find the actual prevalence of
Kallman syndrome in Egypt
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