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EXxposing the human nuade phenotype

he recent discovery of the human coun-

terpart of the hairless mouse
phenotype' has helped our understanding
of the molecular genetics of hair growth.
But there are no reports of a defect in the
human homologue of the best known of the
‘bald” mouse phenotypes, the nude mouse’.
This may be because affected individuals
are so gravely ill from the accompanying
immunodeficiency that their baldness goes
unnoticed. We have carried out a genetic
analysis that reveals a human homologue of
the nude mouse.

The nude mouse is characterized by a
congenital absence of hair and a severe
immunodeficiency’, resulting from muta-
tions in the whn (winged-helix—nude;
Hfh11™) gene, which encodes a member of
the forkhead/winged-helix transcription
factor family with restricted expression in
thymus and skin’. The simultaneous occur-
rence of severe functional T-cell immuno-
deficiency, congenital alopecia and nail dys-
trophy (MIM database no. 601705) in two
affected sisters led to the recognition that
the clinical phenotype was reminiscent of
the nude mouse®. We therefore investigated
whether this syndrome represents the
human counterpart of the nude mouse
phenotype.

We obtained DNA samples from mem-
bers of the sisters’ family in a small village
in southern Italy. The affected sisters were
born with a complete absence of scalp hair
(Fig. la), eyebrows and eyelashes and had
dystrophic nails, and no thymic shadow was
evident upon X-ray examination. The first
affected child revealed a striking impair-
ment of T-cell function shortly after birth,
and died at the age of 12 months. Her sister
had similar immunological abnormalities,
but bone-marrow transplantation at five
months of age led to full immunological
reconstitution, although the alopecia and
nail dystrophy are still present”.

We performed linkage analysis using
microsatellite markers near the human
WHN locus on chromosome 17, and found
alod score of 1.32, suggestive of linkage. We
then sequenced the human WHN gene® and
found a homozygous C-to-T transition at
nucleotide position 792 of the WHN cDNA
(GenBank accession no. Y11739) (Fig. 1b).
This leads to a nonsense mutation at
residue 255 (R255X) in exon 5, and predicts
the complete absence of functional protein
as a result of nonsense-mediated decay of
messenger RNA.

Because the proband’s bone-marrow
transplant was from her brother, we exam-
ined her leukocyte DNA both before and
after the graft for the presence of chi-
maerism. Genotyping the proband before
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the transplant showed that her leukocyte
DNA was homozygous only for the mutant
allele (Fig. 1c). Four years after the trans-
plant, we detected the haplotype specific for
the wild-type paternal WHN allele received
from the brother, as well as the mutant

lc), providing evidence of long-term
engraftment and expansion of the bone-
marrow graft.

The WHN gene encodes a transcription
factor, which is developmentally regulated
and directs cell-fate decisions®. In mam-

allele, indicative of chimaerism. Gender
determination revealed that the proband’s
leukocyte DNA was genotypically XX
before the transplant, and the brother’s
DNA was XY. Afterwards, the proband’s
leukocyte DNA was found to be XY (Fig.

mals, whn is expressed specifically in the
epithelial cells of the skin and thymus,
where it helps to maintain the balance
between growth and differentiation”®.
Recent evidence’ has highlighted the
importance of the thymic microenviron-
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Figure 1 Molecular analysis of the human nude phenotype. a, A five-year-old child with congenital alopecia
and T-cell immunodeficiency. b, Sequence analysis of a nonsense mutation in exon 5 of the WHN gene. Top,
homozygous wild-type sequence from an unrelated, unaffected control individual. Middle, sequence from a
heterozygous carrier of the mutation R255X; arrow indicates a double T+C peak. Bottom, homozygous
mutant R255X sequence from the affected individual; arrow indicates mutant T only, leading to a C-toT transi-
tion (CGA to TGA) and a substitution of an arginine residue by a nonsense mutation. ¢, Restriction-enzyme
digestion confirms the mutation. The mutation introduced a restriction site for Bst and, after digestion of the
184-base-pair (bp) polymerase chain reaction (PCR) product containing exon 5, the product generated from
the mutant allele should cleave into two bands of 120 and 64 bp. Top, the unaffected parents and brother had
three bands of 184, 120 and 64 bp (lanes 1, 2 and 6), indicating that they were heterozygous carriers of the
mutation R2556X. Both patients had only the two digested bands of 120 and 64 bp (lanes 3 and 4), consistent
with the presence of the mutation in the homozygous state. Bottom, evidence for long-term engraftment of
the bone-marrow transplant. Gender determination of family members revealed a genotypically XX pattern of
an undigested 300-bp band in the mother (lane 1) and affected patients (lanes 3 and 4), and a genotypically
XY pattern consisting of the 300-bp band and two additional bands of 216 and 84 bp, indicative of the Y chro-
mosome, in the brother (lane 2) and father (lane 6). Lane 5, peripheral blood leukocytes from the patient after
the transplant, demonstrating an XY genotype and the presence of the normal WHN allele, providing evi-
dence for fraternal chimaerism and persistence of the graft. M, size markers. d, V/WHN mRNA expression in
normal human scalp skin. In the hair bulb, WHN mRNA is localized to the differentiating cells of the hair follicle
precortex (pc) and the innermost cell layer of the outer root sheath (arrowheads); the dermal papilla (dp)
fibroblasts and hair matrix below the level of Auber (small arrows) remain negative for WHN mRNA.
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ment in determining the T-cell repertoire,
as both positive and negative selection of
developing T cells depends on cell—cell
interactions with the thymic epithelium. In
whn-knockout mice, the defect has been
localized to the differentiating thymic
microenvironment rather than to a defect
in the developing T cells”. The proband was
free of infections for four years after the
bone-marrow transplant, indicating that T-
cell function was at least partly restored.
This is probably due to mature T cells of
donor origin, although we cannot exclude
the possibility that positive selection of T
lymphocytes occurs in the periphery
despite the mutated whn gene.

Our findings provide evidence of a
human immunodeficiency caused by a gene
expressed not in haematopoietic cells'’, but
in specific epithelial cells. In the human hair
follicle, expression of WHN is sharply
demarcated in defined cell populations (Fig.
1d). Although nude mice appear to be com-
pletely naked, the dermis contains a normal
number of hair follicles, but they are
incompletely developed. The fact that only
short, bent hairs occasionally emerge from
the epidermis is thought to result from
impaired keratinization''. Together with the
hairless gene', our finding extends the evi-
dence implicating cell-type-specific tran-
scription factors in hair-follicle cycling and
morphogenesis, and indicates that baldness
is an extremely complex phenotype.
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Putting nucleartest
monitoring to the test

On the 22 August 1998, 0.1 kilotonnes of
conventional explosives was fired under-
ground at the nuclear test site of the former
Soviet Union at Degelen Mountain in east-
ern Kazakhstan. This explosion, which we
refer to as K980822, was carried out by the
Republic of Kazakhstan, in cooperation with
the United States, to seal tunnels at the site.
It provided an opportunity to assess the net-
work of seismological stations being set up
as part of the International Monitoring Sys-
tem (IMS) to verify the Comprehensive Test
Ban by detecting and identifying low-magni-
tude disturbances. Despite its low yield,
short-period signals from the explosion were
recorded up to 88° away. The seismograms
recorded are sufficient to identify the distur-
bance as suspicious and, if the test-ban treaty
were in force, could have led to a demand for
an on-site inspection to determine whether a
nuclear test had taken place.

The prototype International Data Cen-
ter at Arlington, Virginia, detected short-
period P-wave signals from the explosion at
ten stations (Fig. 1), and estimates of the
epicentre are within 12 km of the true epi-
centre. (The International Data Centre
proper, which will provide data from the
IMS to allow signatories to verify the test
ban, is being set up in Vienna.) A weak P
signal was also detected at Alice Springs,
Australia (Fig. 1). The body-wave magni-
tude (m,) was estimated to be 3.8. There
were no observations of long-period (about
20 s) surface waves from the explosion.

The absence of surface waves at Zalesovo
in the Russian Federation, only 6° from the
epicentre, does not suggest an earthquake.
For an earthquake of m, 3.8, the surface-
wave magnitude (M) is on average around
3.5, whereas for underground explosions at
Degelen Mountain, m,— M, is usually
greater than one magnitude unit. Failure to
detect a surface wave at Zalesova implies
that M;<2.3, so the disturbance seems
explosion-like. But some earthquakes in
eastern Kazakhstan are ‘anomalous events’
in that, on the my — M, criterion, they look
like explosions"?, so this criterion alone is
insufficient. These earthquakes are usually
easily identified because clear reflections
(echoes) from the free surface (pP and sP),
which travel from source to reflection point
as P and S waves, respectively, and then on
to the recording station as P waves, are seen,
implying source depths of around 20 km,
deeper than the maximum at which an
explosion could be buried"”.

Of the seven stations that detected P-
waves at long range (distances of more than
30°), most show simple signals that are typ-
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Figure 1 Azimuthal equal-area projection of the
Earth, centred on the epicentre of K980822, showing
the IMS stations that recorded seismic waves. Ori-
gin time, 05:00:18.94 UTC; estimated origin time,
05:00:18.7 UTC. Epicentre, 49.7667° N, 779908° E;
estimated epicentre, 49.7566° N, 77.8273° E. Depth,
0140 km. Firing medium, granite. Explosive, 100
tonnes of Granutoll. Estimates are from the proto-
type International Data Centre's Reviewed Event Bul-
letin. ARCES, Karasjok, Norway; ARU, Arti, Russian
Federation; ASAR, Alice Springs, Australia; BGCA,
Bangui, Central African Republic; EKA, Eskdalemuir,
UK; HFS, Hagfors, Sweden; ILAR, Eielson, Alaska,
USA; NOA, Hamar, Norway; NRIS, Norilsk, Russian
Federation; PDY, Russian Federation; ZAL, Zalesovo,
Russian Federation.

ical of explosions, with the amplitude in the
first 2-3 s after onset being significantly
larger than the coda. The seismograms
from three seismometer arrays detecting
the disturbance are shown in Fig. 2. To con-
firm the presence of the signals, each array
is considered as two sub-arrays with rough-
ly equal numbers of elements, and the
summed seismograms from each sub-array
(the semi-sums) are formed separately. The
semi-sums filtered in a 1.5-3.0 Hz pass-
band are then multiplied together point by
point. The product for the three stations is
positive, confirming the presence of coher-
ent arrivals (Fig. 2).

If the seismograms had been from an
earthquake deeper than a few kilometres,
then surface reflections would be expected
at some of the stations. But the radiation
pattern of the double-couple source — the
accepted model of an earthquake — is not
uniform, so the absence of visible surface
reflections may be due to the orientation of
the double-couple resulting in weak surface
reflections relative to P. This can be tested
by searching for orientations of a double-
couple source that are compatible with the
relative amplitudes of B, pP and sP and their
polarities, where these can be observed
unambiguously*’. In practice, the method
involves placing bounds on the amplitudes
of Pand possible surface reflections to allow
for uncertainties in the measurements (Fig.
2). No orientation of a double-couple is
found that is consistent with these bounds.
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