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SHORT REPORTS

A cytogenetic survey in Menkes disease:
implications for the detection of chromosomal
rearrangements in X linked disorders

N Tommerup, Z Turmer, T T0nnesen, N Horn

The detection of specific chromosome re-

arrangements has facilitated the mapping and
isolation of genes associated with several im-
portant mendelian disorders.' Classical ex-

amples are X;autosomal translocations in girls
affected with X linked recessive disorders,2 mic-
rodeletions in subjects suffering from different,
but closely linked, specific disorders (contigu-
ous deletion syndromes),3 and deletions in
patients with non-specific symptoms like men-
tal retardation/congenital anomalies, who also
suffer from an easily recognisable mendelian
disorder, such as retinoblastoma.4 In classical
mendelian disorders without conspicuous com-

binations of clinical features, data on types and
frequencies of specific chromosome mutations
are scanty. Therefore, we performed a system-
atic cytogenetic analysis of 181 unrelated boys
with Menkes disease, a serious X linked reces-

sive disorder of copper metabolism which has
been mapped to Xql3.3.5 Conventional Q band
metaphase analysis was applied in the majority
of cases, either on PHA stimulated peripheral
blood lymphocytes or on cultured skin fibro-
blasts. Both fibroblasts and lymphocytes were

cultured in medium TC 199, and elongated
metaphase chromosomes were obtained routi-
nely with an approximate resolution of 550 to
600 bands per haploid genome. High resolution
RBA banding67 (800 to 1000 band resolution)
was applied in 36 of the cases (table).
Only one patient had an abnormal karyo-
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type, involving a unique rearrangement of the
X chromosome with an insertion of the long
arm segment Xql3.3-q21.2 into the short arm

at band Xpl 1.4, karyotype 46,XY,ins(X)
(p 1 1.4q1 3.3q21.2)mat. The rearrangement was

not associated with a cytogenetically detectable
deletion of chromosomal material. The same

rearranged X chromosome was present de novo

in his phenotypically normal mother, in whom
it was preferentially inactivated and of paternal
origin. Details are reported elsewhere.5

Implications for chromosomal
rearrangements in X linked disorders
The two most frequent types of chromosome
mutations reported in mendelian disorders are

deletions and reciprocal translocations.2 All
visible deletions of the X chromosome detected
in males have been located within the regions
Xp22.3, Xp2l, Xq21, and Xq25,2 8 probably
because large deletions outside these areas are

lethal in males. Thus, one might expect that in
the majority ofX linked disorders, visible dele-
tions would not occur in affected males.
Most de novo chromosomal rearrangements

have been found to be of paternal origin,9'0
including all the X;autosomal translocations
examined so far." As a consequence, de novo

rearrangements of the X chromosome must
occur predominantly in females, where cellular
selection favouring the least genetic imbalance

Origin and number of male patients with Menkes disease studied by metaphase and prometaphase techniques.

Number of cases analysed by

Metaphase technique Prometaphase technique

Country of origin Lymphocytes Fibroblasts Lymphocytes Fibroblasts Total No

Denmark 1 5 6
Sweden 1 1 2
Norway 3 3
Finland 1 I
Germany 5 20 4 1 30
UK 2 17 3 1 23
France 14 4 3 23
Holland 1 12 13
Belgium 4 4
Italy 6 6
Greece 1 1
Spain 1 1
Switzerland 4 4
Turkey 1 1
Hungary 1 1
Israel 1 1
USA 4 34 16 1 55
Canada 7 7
Argentina 1 1
Total 13 132 29 7 181
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may result in non-random X inactivation pat-
terns.'2 In female carriers of balanced X;auto-
somal translocations, it is usually the normal X
which is inactivated.'2 If a disease locus has
been truncated or otherwise functionally
impaired by the translocation, this non-ran-
dom inactivation of the normal X chromosome
will lead to phenotypic expression of that par-
ticular disease in the female carrier. If the
disease is sufficiently serious, this may prohibit
transmission of the translocation to the next
generation and hence transmission to males.
Furthermore, most breakpoints within a 'criti-
cal region' Xql3-q25 appear to be associated
with ovarian dysfunction and impaired fertility
in female carriers, a second factor which may
prevent transmission of some X;autosomal
translocations to males.'3

In many X linked disorders, therefore, both
visible deletions and X;autosomal transloca-
tions must be rare in affected males. This was
corroborated by the present survey. The pre-
ponderance of X;autosomal translocations in
affected females is further illustrated by the
presence of one X;autosomal translocation'4
among the five females with Menkes syndrome
known to us.l&l6 Since reciprocal transloca-
tions and deletions are among the most com-
mon types of chromosomal rearrangement
which occur in man,'7 cytogenetic mutations in
general will be very rare in males affected with
many X linked disorders.

This study also indicates that the rare cases
of chromosome mutation which occur in such
affected males will be balanced intrachromoso-
mal rearrangements, balanced (at least visibly)
because a cytogenetically visible deletion
would have been male lethal, and intrachro-
mosomal because it is believed that there are
selective factor(s) against cells in females car-
rying inactive translocated chromosomes.
These are the spreading of inactivation onto
the autosomal segments and/or the inability to
inactivate the translocated part of the X chro-
mosome which does not contain the X inac-
tivation centre.'8 Such females therefore have
an active translocated chromosome which, as
mentioned previously, is unlikely to be passed
on to the next generation. Neither of these
factors will be at work in intrachromosomal
rearrangements such as inversions and inser-
tions. Hence either random inactivation or, as
shown in the mother of the cytogenetically
abnormal patient detected in the present sur-
vey, non-random inactivation of the rear-
ranged X chromosome may occur.5 Female
carriers of such rearrangements will thus tend
to be unaffected and will be able to transmit
the rearrangement to male offspring.

In conclusion, in many X linked disorders
specific chromosomal mutations will be less
frequent than in autosomal disorders. The
male Menkes patient with the abnormal X
chromosome studied by us did not deviate in
any significant way from other typical Menkes
patients, either clinically or biochemically.5He
was a male, so an X;autosomal translocation
was not suspected. He did not suffer from any
additional mendelian disorders suggesting a
contiguous deletion syndrome, and there were

no reports of infertility or miscarriages in the
family which might have called attention to
this inherited chromosome rearrangement.
Thus, without a systematic survey, this chro-
mosome rearrangement which has facilitated
the mapping of the Menkes disease locus
would not have been detected.
The message is clear if rare, disease specific

rearrangements are to be detected: chromo-
somes of all unrelated affected patients should
be analysed. The present survey also suggests
that high resolution cytogenetic techniques
may not be needed for screening males affected
with X linked disorders mapping outside the
regions Xp22.3, Xp2l, Xq21, and Xq25. High
resolution chromosome analysis is a costly and
tedious technique, which is mainly aimed at
the detection of microdeletions. These are
unlikely to be found (outside the aforemen-
tioned bands). and the present study suggests
that intrachromosomal rearrangements visible
by routine banding techniques may be more
common, thus facilitating cytogenetic screen-
ing of affected males.
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