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Kallmann syndrome in a boy with a t( 1;10)
translocation detected by reverse chromosome
painting
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Malcolm A Ferguson-Smith, Urs Eiholzer, Milo Zachmann, Wendy P Robinson

Abstract
Prometaphase chromosomes from a 16
year old boy with hypogonadotrophic
hypogonadism and anosmia (Kallmann
syndrome) showed a tiny chromosome
fragment attached to the long arm of one
chromosome 1 without a visible reciprocal
translocation chromosome. Chromosome
painting with libraries from chromosomes
1 and X excluded a t(X;1) translocation,
but failed to detect a second translocation
chromosome. Through reverse chro-
mosome painting, an unbalanced der(1),
t(1;10) (q44;q26) translocation couldbe de-
tected. This is the third case of Kallmann
syndrome with a de novo rearrangement
between two autosomes. The distal long
arm of chromosome 1 may contain a can-
didate locus for a gene, mutations ofwhich
may cause the Kallmann phenotype; a lOq
location seems less likely.
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Patients with chromosome rearrangements
which co-segregate with a disorder known to
be caused by a dominant gene mutation have
provided hints towards the localisation of the
genes responsible, for example, with aniridia,
Greig cephalopolysyndactyly, supravalvular
aortic stenosis, and others.' Single cases with
de novo balanced chromosome rearrangements
have also proved to be useful for gene mapping.
Examples include the neurofibromatosis type
1 gene, the Rieger syndrome gene, the split
hand-split foot gene, the Rubinstein-Taybi syn-
drome gene, the cleidocranial dysplasia gene,
and others.'
We report on a patient with hypo-

gonadotrophic hypogonadism and anosmia,
Kallmann syndrome (KS), in whom reverse
chromosome painting showed a de novo un-
balanced t(1; 10) translocation. The chro-
mosome 1 deletion could be the site of the
gene for one form of Kallmann syndrome in-
herited as an autosomal dominant trait.

Case report
The proband is the only child ofhealthy parents
who were 25 (father) and 29 (mother) years
old at his birth. Neither of the parents had any
overt signs of hypogonadism or testicular or
ovarian failure. According to them, there was

no involuntary infertility either before or after
his birth. The mother at the age of 48 years
still had regular menstrual cycles.
The proband was born at term after a normal

pregnancy, weighing 2860 g and measuring
49 cm in length. During childhood he was said
to have suffered from asthma. At the age of 15
years, he was referred to a paediatric hospital
because of late or insufficient puberty, crypt-
orchidism, and gynaecomastia. At examination
at the age of 15 years 8 months (fig 1), height
was 1-81 m, weight 78 kg, and head cir-
cumference 57 cm. He displayed the following
findings: low anterior hairline, slightly mon-
goloid position of the eyes, high arched palate,
hyperextensible joints, cubitus valgus and
genua valga, flat arches of feet, and thumbs
which could be dorsally subluxated. The palate,
teeth, and mandible were normal. There was
bilateral gynaecomastia with a diameter of
1-2 cm of the breasts. Pubic hair stage was P5,
the penis measured 6 cm (normal post-
pubertal), and there was bilateral crypt-
orchidism. He did not shave and seemed to
have no beard growth.

Figure 1 The proband at 15 years 8 months of age.
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Figure 2 Prometaphase GTG karyotype from a metaphase of the proband. The lq + chromosome is on the right; no
difference between the long arms of the chromosomes 10 can be seen.

Carpal and phalangeal bone ages were 15
years at a chronological age of 15 years 8
months and predicted adult height was 1-87 m
(mean adult height 1 86 m, SD 6 cm)2.
At the age of 18 years, he was operated on

for cryptorchidism. The testes were described
as very small (1-2 ml).

Smelling tests disclosed anosmia.
Psychological testing at the age of 20 years

using the DCS, HAWIE, and Bruton tests and

Rorschach tables indicated a total IQ of 72
(performance 65, verbal 78). However, in an-
other IQ test, the SPM test which is considered
independent of cultural background, he
achieved an IQ of 98. Considering both tests,
his IQ was judged to be between 80 and 90.
Visual memory was defective as was con-
centration ability. Only marginal contact could
be established between the patient and ex-
aminer during a four hour testing period.
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ENDOCRINOLOGICAL INVESTIGATIONS
A GnRH test (25 ,ug IV) performed at the age
of 15 years 7 months showed very low basal LH
and FSH (both <0 5 U/1) and only a minimal,
insignificant response to GnRH (maximum LH
after 30 minutes 1 2 U/1; maximum FSH after
60 minutes 1 6 U/1). Plasma testosterone was
prepubertal (1 69nmol/1). Basal cortisol was
normal (490 nmol/l) and responded normally
to ACTH (760 nmol/l). These results con-
firmed the presence of hypogonadotrophic hy-
pogonadism. Subsequently, the patient was
given a substitution therapy with a long acting
testosterone ester (Testoviron DepotR, 250 mg
per month IM).

I)(

RADIOLOGICAL EXAMINATION

On abdominal ultrasonography, small tes-
ticular-like structures were seen in the inguinal
canals.

TU}U :;ounlJ;I('ftiBl Lateral skull films disclosed a normal con-

1C,efigurationof the sella. Magnetic resonance im-

aging of the brain showed normal findings

baryotype from the patient. Chromosomes are sorted according including a normal hypophysis, but hypoplasia

osition. The two homologues of chromosome 1 are represented
vp right. The right hand cluster (arrowed), which is more G-C of the right and aplasia of the left olfactory
location derivative, the other by the normal chromosome 1. bulb.
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Figure 4 Reverse chromosome painting shows the origin of the additional chromosome segment on one homologue of
chromosome 1. DOP-PCR paint probes derived from flow sorted chromosome labelled by biotin and detected by avidin-
FITC were hybridised to various metaphases. Chromosomes were counterstained with DAPIlpropidium iodide and
examined underfluorescence using an MRC 600 confocal scanning microscope. (A) Chromosome 1 paint from patient'
normal chromosome I hybridised to a normal male metaphase. Only chromosomes 1 show signal. (B) Normal
chromosome 1 paint hybridised to patient's metaphase. Signal showed on both normal and derivative chromosomes 1
except for tip of the long arm of derivative chromosome (arrow). The lack of signal on chromosome 1 indicates absence of
reciprocal exchange between chromosomes 1 and 10. (C) Derivative chromosome 1 paint hybridised to normal male
metaphase. Both chromosomes 1 painted, except for the tip of the long arms (arrow), in addition to the distal end of the
long arm of both chromosomes 10 (from 1Oq26 to lOqter). (D) Chromosome 10 paint derivedfrom a der(l0),t(9;
10) (q22;pl2) hybridised to patient's metaphase. Note chromosome 10 signal on distal end of one homologue of
chromosome 1 (arrow) in addition to signals on regions of chromosomes 9 and 10 (plus weak signals on contaminating
chromosomes which is an artefact of this particular probe).

CYTOGENETIC INVESTIGATIONS
Banded prometaphase GTG and QFQ karyo-
types consistently showed a small additional
segment attached to the long arm of chro-
mosome 1 (fig 2). Fluorescent in situ hy-
bridisation (FISH) using chromosome 1 and
X specific paints failed to show evidence of a
balanced translocation and, in particular, ex-
cluded a t(X;1) (p22.3;q44) translocation in-
volving the region of the X linked Kallmann
locus. Chromosome suspensions were made
from cell cultures from the patient, stained with
Hoechst-33258 and Chromomycin A3, and
analysed by dual laser flow cytometry as pre-
viously described.3 Fig 3 shows the flow
karyotype produced by this analysis. The
translocation derivative chromosome 1 sorts
slightly above and to the right of the normal
chromosome 1, partly because of its increased
size and partly because of its increased G-C
content.
Three hundred to five hundred of both the

derivative chromosome 1 and the normal chro-
mosome 1 were sorted separately by flow cy-
tometry and used to prepare chromosome
paints for reverse chromosome painting using

the DOP-PCR protocol described previously.4
Hybridisation of the normal chromosome 1
paint to normal metaphases painted only the
normal chromosomes 1 (fig 4A). When the
normal chromosome 1 paint was hybridised to
metaphases from the patient, all except the
distal end of the long arm of the derivative
chromosome 1 was painted (fig 4B). There was
no evidence of hybridisation of chromosome 1
paint on either homologue of chromosome 10,
which suggested that the translocation was un-
balanced. When the derivative chromosome 1
paint was hybridised to normal metaphases,
signal was seen along the length of both chro-
mosomes 1 except for band 1 q44, and at the
distal end ofthe long arm ofboth chromosomes
10 from 1 Oq26 to 1 Oqter (fig 4C). This provides
further evidence of an unbalanced reciprocal
translocation leading to a small deletion at 1 q44
and a duplication of 1 Oq26-qter. A chro-
mosome 10 paint was used to confirm that
segment 1 Oq26-qter had been translocated to
1q44. As chromosome 10 cannot be sorted
separately from other members of the chro-
mosome 9 to 12 group (fig 3), a chromosome
10 derivative containing lOq26-qter was used

959

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.32.12.957 on 1 D
ecem

ber 1995. D
ow

nloaded from
 

http://jmg.bmj.com/


Schinzel, Lorda-Sanchez, Binkert, Carter, Bebb, Ferguson-Smith, Eiholzer, Zachmann, Robinson

as a paint probe from another cell line con-
taining a balanced t(9;10)(q22;p12). Fig 4D
shows the hybridisation of this paint probe to
the patient's chromosomes; 10p1 2-qter and
9q22-qter regions of the homologues of both
chromosomes are painted in addition to the tip
ofthe long arm ofthe chromosome 1 derivative.
These results indicate that the patient has
an unbalanced 46,XY,- 1, + der(1),t( 1; 10) (q44;
q26) karyotype. The karyotypes ofboth parents
are normal.

MOLECULAR INVESTIGATIONS
By Southern blot analysis with probes within
the KALX gene, no shift of bands could be
detected. Thus, obvious mutations in the
KALX gene could be excluded (A Ballabio,
personal communication).

Discussion
Kallmann syndrome (hypogonadotrophic hy-
pogonadism with anosmia) is known to be
genetically heterogeneous. Mutations in an X
linked gene account for an as yet unknown
proportion of male patients. This gene, KALX,
has recently been cloned, and mutations can
be analysed.5 Females heterozygous for the X
linked Kallmann syndrome may show minor
manifestations of the disease including reduced
fertility or hyposmia. Deletion of this gene,
together with two genes mapping more distally
on Xp, have been observed in males with ich-
thyosis owing to STS deficiency, chon-
drodysplasia punctata, mental retardation, and
Kallmann syndrome.6
On the other hand, at least one, but probably

more autosomal genes exist, mutations of
which may cause the Kallmann phenotype.
Male to male transmission of the condition has
been repeatedly observed. Variable expressivity
is a remarkable feature in the dominant form,
with some male or female carriers manifesting
either only anosmia or only hypogonadism,
and others showing both components of the
condition. In addition, a recessive form may
also exist although recessive pedigrees could
also be explained by a dominant gene with
incomplete penetrance.7
Gene mapping through familial or de novo

balanced rearrangements has proven to be a
potent method both for X linked genes (espe-
cially in affected females) and for autosomal
dominant genes.' For autosomal recessive
genes, the method will very rarely be successful;
affected patients would need to have, by
chance, both a disruption of one allele through
a chromosome rearrangement and a mutation
at the other allele.
The observation of a de novo unbalanced re-

arrangement between two autosomes in a
patient with Kallmann syndrome could be either
a chance association or, more likely, because of
deletion or disruption of a gene with dominant
transmission causing the condition. Two such
patients have been described previously. Best et
al reported a balanced de novo transloca-
tion, 46,XY,t(7; 12) (q22;q24), in a patient with
Kallmann syndrome, and Casamassima et al9

reported a patient with a complex chro-
mosomal rearrangement, 46,XY,t(3;9) (9;12)
(q1 3/2;q2 1.2;p1 3;q1 5). Both patients of these
previous reports had the characteristic pheno-
type of Kallmann syndrome and neither
showed atypical manifestations. Breakpoints in
chromosome 12 were obviously at different
sites on the long arm in the two patients
although an additional more complex re-
arrangement including a minor paracentric in-
version could probably not be fully excluded.
The present case has two new breakpoints with
an unbalanced der(l),t(1; 10) translocation: 46,
XY,-1, +der(1),t(1;10) (q44;q26). Thus, there
are, so far, six candidate chromosomes with
seven locations for a probably dominant form
of Kallmann syndrome. In the two previous
papers, an X linked form of KS and a chance
association with an independent translocation
can not be fully excluded, since analysis for
mutation in KALX was not reported, while
in the patient of the present report, obvious
mutations in the X linked gene could be ex-
cluded.

Furthermore, the present case is the only
one with an unbalanced rearrangement, leading
to deletion of a short terminal 1 q segment and
duplication of terminal 1 Oq which makes the
chromosome 1 localisation (through deletion
rather than through disruption or duplication)
of a Kallmann gene more likely. It is interesting
to note that, despite the microscopically visible
deletion, mental retardation is borderline to
mild in the patient. This case illustrates the
power of reverse chromosome painting to char-
acterise complex de novo unbalanced chro-
mosome rearrangements, as conventional
cytogenetics was unable to identify the origin
of the additional chromosome material on the
abnormal chromosome 1.

Linkage studies in large pedigrees with auto-
somal dominant KS should first consider the
possibility that a "Kallmann gene" could
map to one breakpoint involved in the re-
arrangements in the three cases. It is possible
that multiple "Kallmann loci" exist and that
two or all three translocation cases are the
result of disruption of different genes. The high
probability of genetic heterogeneity should also
be taken into consideration if more than one
pedigree is used for linkage studies.
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