American Journal of Medical Genetics 86:401 (1999)

Letter to the Editor

Increasing Evidence for a New X-Linked Mental
Retardation/Epilepsy Gene Localized

to Xp21.3-Xp22.1

To the Editor:

We read with interest the article, published recently
in this journal by Ronce et al. [1999] describing three
generations of a French family segregating with a syn-
dromal form of X-linked mental retardation (XLMR)
characterized by hypotonia, intractable seizures, and
severe mental deficiency. We wish to draw attention to
four phenotypically similar families that were reported
previously and described as an X-linked form of infan-
tile spasms [Feinberg and Leahy, 1977; Rugtveit, 1986;
Claes et al., 1997]. The affected males of these latter
families [Ronce et al., 1999] presented with severe
mental deficiency associated with early-onset intraec-
table seizures typical of infantile spasms in most but
not all cases.

We also have identified a large three-generation Ca-
nadian family with infantile spasms and mental retar-
dation seen exclusively in male offspring from asymp-
tomatic mothers, representing the fifth such family re-
ported [Bruyére et al,, 1999]. Molecular studies using
polymorphic microsatellite markers of chromosome X
allowed us to determine the locus to be between marker
DXS1226 and the adrenal hypoplasia locus in a 7-cM
interval contained in the interval previously reported
by Claes et al. {1997] and Ronce et al. {1999]. The
marker DXS451, for which the two-point lod score with
the XLMR gene was established to be 2.90 at a 6 of 0.0,
is contained between the two recombinations we de-
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scribed. Therefore, it is likely that the French family
described by Ronce et al. [1999] represents a disorder
allelic to, or perhaps even typical of, the disorder in-
creasingly recognized as X-linked West syndrome.
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Confirmation of linkage in X-linked infantile
spasms (West syndrome) and refinement of
the disease locus to Xp21.3-Xp22.1
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tion of linkage in X-linked infantile spasms (West syndrome) and refin-
ement of the disease locus to Xp21,3-Xp22.1.
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The syndrome of infantile spasms. hypsarrhyvthmia. and mental retarda-
tion (West syndrome) is a classical form of epilepsy. occurring in early
infancy, which is etiologically heterogeneous. In rare families, West
syndrome is an X-linked recessive condition. mapped to Xpll.4-Xpter
(MIM 308350). We have identified a multi-generation family from
Western Canada with this rare syndrome of infantile spasms, seen ex-
clusively in male offspring from asymptomatic mothers. thereby confir-
ming segregation as an X-linked recessive trait. Using highly
polymorphic microsatellite CA-repeat probes evenly distributed over
the entire X chromosome. linkage to markers DXS7110. DXS989,
DXS1202, and DXS7106 was confirmed. with a maximum LOD score
of 3.97 at a ¢ of 0.0. The identification of kev recombinants refined the

J disease-containing interval between markers DXS1226 and the adrenal

hypoplasia locus (AHC). This now maps the X-linked infantile spasms

taining the candidate gene to 7.0 ¢M. Furthermore, this interval over-
laps several loci previously linked with either syndromic or
non-syndromic X-linked mental retardation (XLMR), including one
recognized locus implicated in neuroaxonal processing (radixin.
RDXP2). Collectively, these studies lend strong support for the pres-
ence of one or more genes intrinsic to brain development and function.

gene locus to chromosome Xp21.3-Xp22.1 and refines the interval con-
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occurring within the critical interval defined between Xp2l.3-Xp22.1.

The syndrome of infantile spasms, also known as
West syndrome. is an age-limited encephalopathy
of early infancy, for which the underlying neu-
ropathogenesis remains unclear. Diagnostically, it
comprises a generalized, symptomatic and progres-
sive myoclonic epilepsy characterized by the classi-
cal triad of 1) infantile spasms;  2)
electroencephalogram (EEG) pattern of hyp-
sarrhythmia — a massively disturbed pattern char-
acterized by multi-focal spikes and high-voltage
slow waves in all cortical areas; and 3) arrest of
psychomotor development stemming from the time
of seizure onset (typically between 4 and 7 months
of age). Clinically, infantile spasms comprise clus-
ters of sudden involuntary flexion or extension

' These authors contributed equally to this manuscript.
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movements of the neck, trunk, or extremities. fol-
lowing a period of brief neuromuscular atonia.
Moderate to severe mental retardation is found in
60-70% of patients at the onset of infantile
spasms. Whereas West syndrome accounts for ap-
proximately 2% of all childhood epilepsy. it is
diagnosed in a striking 28-30% of infants present-
ing with recurrent, unprovoked seizures ().
Several forms of epilepsy support a strong ge-
netic predisposition. Some forms are clearly inher-
ited as simple Mendelian traits — either autosomal
dominant, autosomal recessive. or X-linked reces-
sive. Genetic studies that have focused on these
Mendelian inherited forms of epilepsy have led to
the identification of chromosomal loci for 11
epilepsy genes. respectively, on chromosomes lq.
6p. 8q. l6p. 20q. 21q, 22q (2, 3), Xp (4): two loci.
respectively, on chromosomes 19p and 19q for
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familial febrile convulsions (3. 6): and most re-
cently. a novel protein tyrosine phosphatase (PTP)
gene on chromosome 6¢24. implicated in the auto-
somal recessive form of progressive myoclonus
epilepsy. known as Latora’s discase (LD: MIM
254780)° (7). Another progressive myoclonus
epilepsy of Unverricht-Lundborg type (EPM1) is
an autosomal recessive disorder mapped to chro-

-

mosome 21g22.3 by linkage analvsis (8). After

refinement of the critical region to a small interval,
mutations in the gene encoding cyvstatin B (CSTB).
a cysteine protease inhibitor. were shown to ac-
count for the majority of patients with recessively
inherited  myoclonic  epilepsy  (EPM1:  MIM
234800) (9).

The highest incidence of epilepsy occurs within
the first year of life. Benign familial neonatal con-
vulsions (BFNC). an autosomal dominant condi-
tion mapped by linkage analysis to chromosome
20q13.5 (EBNT: MIM 121200) (10). was recently
shown to be due to mutations in a novel potassium
channel gene. KCNQ2 (11. 12). However, there is
evidence that BENC is heterogeneous. with a sec-
ond locus on chromosome 8q (EBN2: MIM
121200 (13. 4. Benign familial infantile convul-
sions (BFIC: MIM 601764) is another autosomal
dominant epileptic svndrome characterized by an
age of onset within the first vear of life. Onset is
usually between 3.3 and 12 months. and seizures
are of partal type in most cases. Genetic linkage
anaivsis performed on 3 Italian kindreds with this
disorder has recently mapped the gene for this
condition to chromosome 19q (13). The causative
gene is not vet identified.

An X-linked form of infantile spasms has been
clearly established in four families reported in the
literature. Feinberg and Leahy (16) first reported 5
affected males in four sibships of a three-genera-
tion family. Rugtveit (17) described infantile
spasms in I brothers. who also presented with
mental retardation and had 5 mentally retarded
male relatves. Claes et al. (4) strengthened the
existence of an X-linked locus for this syndrome by
reporting two new families with clear X-linked
inheritance of infantile spasms. Linkage analysis in
their two families mapped the disease gene between
Xpll.4 and Xpter (4).

We have studied a large multi-generation family
from British Columbia and Western Canada. with

= Online Mendelan Inheritunce in Man, OMIM ™. Center for
Medical Genetics. John Hopkins University. Baltimore, MD
and National Center for Biotechnology Information. National
Librury of Medicine. Bethesda, MD. USA. 1997, URL: htp
www.nebrnlm.gov omim  (for MIM reference numbers).
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this unique syndrome of infantile spasms manitest-
ing exclusively in male oftspring from asymp-
tomatic mothers of this kindred. The affected boys
appear to have normal development until the onset
of infantile spasms. when loss of previously gained
skills is recognized with subsequent psvchomotor
retardation. Extensive investigations on 3 of the
affected  boys have excluded a cyvtogenetic,
metabolic. syndromic. or structural neurodevelop-
mental cause for their intantile spasms. This kin-
dred. therefore. appears to be identical to the
previously reported families with X-linked infantile
spasms.

Identification of the genetic basis of X-linked
infantile spasms may ultimatelv provide the step-
ping stone for better understanding the heteroge-
neous causes and or variants of this devastating
condition. The purpose of the present study was to
identify the disease locus on the X chromosome. as
a first step toward the eventual identification of the
gene defect(s) responsible for this unique form of
West syndrome. or infantile spasms. clearly segre-
gating as an X-linked recessive trait.

Subjects and methods
Ascertainment ¢f family memoers

A four-generation Western Canadian family segre-
gating for X-linked infantile spasms was identified.
when the proband (IV-9) presented to BC Chii-
dren’s Hospital (Vancouver. BC. Canada) for ge-
netic assessment of his infantile spasms. Fig. |
illustrates the family pedigree obtained. Conse-
quently. 2 similarly affected brothers within the
fourth generation of this kindred (IV-3. IV-8).
cousins of our initial proband (IV-9). were also
clinically evaluated by two of the authors (PJM.
MESL). Medical records of the affected. living
maternal cousin (III-16) were reviewed. Clinical
information on all other affected males was ob-
tained from immediate family members. Peripheral
venous blood samples (7.5 ml) were collected from
25 family members after informed consent was
obtained.

DNA-marker analysis

Genomic DNA was isolated from the nucleated
peripheral blood cells by standard phenol. chloro-
form extraction (18). Twelve commercially avail-
able (Research Genetics*, BioCan*) polymorphic
(CA repeat) microsatellite markers. evenly dis-
tributed in 10-20 ¢M intervals along the X chro-
mosome (Table 1), were used for initiul mapping
via. DNA typing of 3 affected males (IV-5. V-8,
IV-9) and 2 obligate carriers (11-2, 11-8). All poly-
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Linkage of infantile spasms to Xp21.3-Xp22.1
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DXS989 1
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Fig. I Pedigree of the X-linked West syndrome family. Squares are males. circles are females. and black symbols denote clinically
affected individuals. Question marks indicate possibly affected subjects. Polymorphic markers typed for the haplotype analysis are
listed to the left of the first and second generations. X chromosome haplotypes are indicated below every individual. Horizontal

arrows indiciate recombination sites.

morphic markers were typed using the polymerase
chain reaction (PCR). The microsatellite analysis
was performed by PCR amplification of 100 ng of
genomic DNA in a 15 pl reaction volume contain-
ing 50 mM KCL, 10 mM Tris base, 1.5-4.5 mM
MgCl., pH 8.3, 0.01% gelatin, 20 pM dNTPs, 10
pM of each forward and reverse primer, 0.5 U of
DNA Taq polymerase (Gibco BRL), and P**-
dCTP. Optimum MgCl, concentration was deter-
mined empirically for each pair of primers. The
PCR amplification thermocycle conditions in-
cluded initial denaturation for 5 min at 94°C, 35
cycles of 30 s for denaturation and 30 s for both
annealing and elongation at 55°C. followed by a
final 7 min for elongation at 72°C (Perkin Elmer
Amp PCR 2400). The PCR products were sepa-
rated on a 6% denaturing polyacrylamide sequenc-
ing gel and visualized after autoradiography. Other
polymorphic markers, including the CAG poly-
morphism in the androgen receptor gene, the CGG
repeat in the FMRI gene, and the CA repeat in
intron 49 of the dystrophin gene. were typed ac-

cording to previously described techniques (19—
21).

Thereafter, the second step of the mapping pro-
cess involved typing of the polymorphic markers
DXS7110, DXS1202, and DXS7106 in all other
available family members, in an attempt to further
refine the map position of the disease locus. The
identification of new recombination events with the
above markers, coupled with telomeric markers
DXS274 and DXS1226 and centromeric markers
DXS1061, DXS8039 and a CA repeat at the
adrenal hypoplasia locus (AHC) in selected family
members. enabled us to define a minimal region
containing the X-linked infantile spasm candidate
gene (Table 2). Finally, DXS7182. DXS7184.
DXS1086, DXS!1147, DXS1098, DXS7188 were
typed in [ affected male and | control to screen for
a deletion within the linked interval. PCR analysis
was carried out, following the protocol described
above. The PCR products were electrophoresed on
a 2% agarose gel and visualized under UV light
after ethidium bromide staining.
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Tacie 1. Polymorphic markers on the X chromesome

Locus Lecatien Owrer Oistance ichh
Between gach
contigucus iccus”

DXS1283-E Xp22.3-Xell.3 Ceverha. Paul 8.3

DXSi221  XpZl.3-Xe2'.3 Weissertach. Jean 52

DX35418 Xgter-Xp2 ! Mirtar-Mcrmsen. Ann 2.0

DX57099 Xp22.3-Xco1.3  Waissarbach, Jean 4.1

DxS389 Xp22-Xp2Z Weissentach. Jean 8.4

CMD-42 X022-Xcal Ciemers. PR 7.2

DX31CE8 Xplt1-Xgit 1 Waissencacn, Jear €.2

DXS1367  Xp11.3-011.23 Meind. Alcns 16.3

AR Xg11-xXg12 See ref. 119 12.0

OXSd4t Xgi13.2-q13.3  Hudser. Jim 115

DXS106c  X321.3-Xal1'.3 Waessercach. Jean 144

DX510t Xal2-Xgol Ceverna. Paul 8.0

OXS1CCt Weaissenbacn, Jean 205

OXsegs Xg27-Xa2” Weissencach. Jean 93

FMR1 X327 3-Xa2T.3 See ref. (200

*The genatic aistance was determingd from the chromosome X mag af
Geretic Locaten Datacase {URL: hitc: cagar.genetcs.sotcn.ac ik ous
cnrmX map ifcr X chremesome marker ‘ccaticn)).

Linkage analysis

Two-point linkage analysis was performed by use
of the MLINK program of the LINKAGE soft-
ware package (22). Penetrances were set at 0.0 for
obligate heterozygous carriers and both unaffected
males and females and set at 1.0 for known af-
fected males. Phenocopy rate was set at 0.0 and the
disease gene frequency ar 1 per | 0o,

Resuits

Clinical features

The family is of German and Russian ethnicity
with no known history of consanguinity.

Tatle 2. Polymerchic markers ¢n the X chromescme used to rafine the
area of nterest

Leeus Lacaticn Cuirzr Distarca icM)
between each
centigucus locus”

DXS7099  Xp22.3-Xp21.3  Waeissercacr, Jean 3.1

DXS274 Xp22.2-X£22.1  Hanauer, Andrs G2

DXS1226 Weissentach, Jean 0.4

DXS7110 Weissenbacn. Jean (.4

DXS989 Xc22-%p22 Weisserbach, Jean 1.2

DX81202  Xp22.1-Xp2*.2  Wseissentach. Jean 18

DXS71C6 Weissencach. Jean 0.3

DXS1CB1  Xp22.1-X021.3  Wewssertach. Jear 2.9

AHC Xp21.3-X021.2  McCabe. Edward 0.3

DXS2039 Weissenbach, Jean 1.9

DMD-43  XpZ2-Xc22 Clemrens, P2

* The genetic distance was determined from the chromosome X map of
Genetic Location Datatasz [UPL: hitp: cedar.genetics soton.ac.uk pub
chrmX map {for X chromescme marker iccation))
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Patient 1 (11°-9). Patient | (IV-9) is the proband.
Pregnancy. perinatal. and neonatal histories were
unremarkable. At 4.5 months of age. he developed
infantile spasms. and psvchomotor delav became
apparent. He was examined at 5 and 10 months of
age. Positive findings were again limited to neuro-
logical exam. which revealed constant roving eve
movements. poor head control. truncal hypotonia.
bilateral hand fisting. and typical jerking motions
of the upper extremities. Detailed laboratory inves-
tigations were normal. as were cranial magnetic
resonance imaging (MRI) and ophthalmologic ex-
amination. EEG demonstrated hypsarrythmia.

Patient 2 (I1°-5). Patient 2 (IV-3) is the proband's
maternal cousin. born at term after an unevencful
pregnancy to a 20-vear-old GIPO mother. Birth
weight was 3.37 kg, and no clinically recognizable
abnormalities were apparent in the neonatal pe-
riod. He foilowed normal developmental mile-
stones until 3.5 months of age. when seizures
developed. Despite ACTH therapy. uncontrolled
seizures. approximating 20 infantile spasms per
day. persisted. After the onset of seizures. severe
psychomotor retardation ensued. At close to 8
vears of age. he presented with marked develop-
mental delay. He had poor head controf and was
unable to sit or ambulate independentlv. He had
continuous roving eve movements and intermittent
myoclenic jerking of both upper and lower extrem-
ities. EEG demonstrated hypsarrhvthmia. Clinical
and laboratory examinations excluded infectious.
metabolic. and cytogenetic etiologies. Ophthalmo-
logic and audiologic examinations were normal.
Electromyography (EMG) and nerve conduction
studies were normal. Cranial computed tomogra-
phy (CT) scan was normal. whereas subsequent
cranial MRI showed slight temporal lobe atrophy.

Patient 3 (IV'-8). Patient 3 (IV-8) is the brother of
patient 2. The pregnancy was uncomplicated until
6 months gestation. when decreased fetal move-
ments were noted. Fetal monitoring was normal up
until delivery at term. There were no concerns in
the neonatal period. He followed normal develop-
mental milestones until 4 months of age. when the
onset of seizures occurred. and subsequent psycho-
motor arrest and regression followed. He re-
sponded to ACTH therapy. with seizure frequency
reduced from eight to three episodes per dav.
Upon clinical examination at 2 years 8 months of
age. noteworthy features were limited to his obvi-
ous neurodevelopmental delay. marked by poor
head control and typical myoclonic flexion and
extension jerking movements ot the upper and
lower extremities. EEG was markedly abnormal
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Linkage of infantile spasms to Xp21.3-Xp22.1

Table 3. Pairmse LCD scores between markers and the X-linked disease locus

Z {LOD score} at recombination frequencies

Locus 0.0 0.001 0.01 0.05 0.1 C.18 0.2 0.25

DxS274 -x -497 -2.98 —-1.€0 -1.02 -0.70 -0.48 -0.33
DXS7110 3.97 3.96 3.90 3.64 3.29 293 2.54 214
DXS989 3.97 3.96 3.91 3.66 3.33 297 2.60 2.2
DXS1202 2.77 2.76 272 2.52 2.27 2.3 1.73 148
DXS87106 3.97 3.6 3.91 3.66 333 297 2.60 2.2t
AHC - -1.59 -0.61 0.00 0.19 c.ze 0.26 0.4

and suggestive of hypsarrhythmia. Extensive labo-
ratory investigations. as per his older brother,
failed to identify any abnormality. Ophthalmologic
assessment was normal and audiologic examina-
tion showed mild hyvperacusis. Both cranial CT
and MRI were normal.

A detailed review of the family history also
raised suspicion regarding 2 similarly affected
males in the second generation (I1-3. II-4). These 2
boys died in early childhood. but no information is
available due to the reluctance of their mother to
talk about them amongst the family.

11-6 had 3 affected sons (III-13. III-14. I1I-15).
born in 1941, 1946. and 1930. Thev each had a
history of epilepsy at a young age and exhibited
severe psychomotor regression and typical jerking
flexion extension movements. limited primarily to
the upper extremities. They died at 9 years. 7 years.
and 13 months of age, respectively.

I1-8 has a son (I1I-16). who was born in 1966
after an uneventful pregnancy. His early develop-
ment appeared normal until 3 months of age, when
excessive irritability, apparent muscle spasms, and
psychomotor delay ensued. Generalized. epileptic
seizures became apparent at 15 months of age. At
5 years of age. no dysmorphic features were noted.
Neurodevelopmentally. speech and language skills
were absent. he was able to sit with support, head
control was very poor. and he demounstrated con-
tinuous spastic jerking movements of his arms and
hands. At 19 months .of age, EEG suggested a
diffuse encephalopathy, yet hypsarrythmm was not
confirmed. EMG and ophthalmology examina-
tions were normal.

III-5 had developmental delay. He never sat or
walked. He presented with generalized seizures
from 6-7 months of age. He died of pneumonia at
18 months of age. No further information was
available.

DNA analysis

Initial genotyping of 3 affected males (IV-5, -8, -9)
and 2 obligate carriers (III-9, -12) for the 14 poly-

morphic microsatellite markers spanping the X
chromosome excluded most of the X chromosome
(data not shown). yet indicated possible linkage
between the disease locus and marker DXS989. All
3 affected males and both obligate carrier females
shared one allele in common. Subsequent genotyp-
ing with marker DXS989 in all family members
showed linkage. with no recombinants found with
this locus. giving a maximal LOD score of 3.97 at
a On,, of 0.0. A significant two-point LOD score
was also obtained between the disease locus and
two additional markers mapping to this chromoso-
mal interval (DXS7110 and DXS7106) (Table 3).
Additional genotyping of markers mapping telom-
eric and centromeric to these linked loci was car-
ried out to identify potential recombination events.
in an attempt to better define the interval contain-
ing the disease gene. Individuals I1-2 and III-10
were found to be recombinants for marker
DXS418. which maps telomeric to the linked loci.
Individual II-6 was found to be a recombinant for
marker DXS992. which maps centromeric to the
linked loci. Genotyping of additional markers
showed that the telomeric recombination had oc-
curred between DXS1226 and DXS7110, and the
centromeric recombination had occurred between
DXS7106 and AHC. Unfortunately, marker
DXSI1061. located between these two markers, was
uninformative. Two other polymorphic markers
contained in this interval (DXS8065 and
DXS1065) are of low heterozygosity and were,
therefore, not typed in this study. Thus. the disease
locus is contained in a 7.0-cM interval between
DXS1226 and AHC. Analysis of six additional
markers within that interval failed to detect a dele-
tion in the affected males.

Discussion

The syndrome of infantile spasms. known as West
syndrome, appears to be a distinct syndrome com-
plicated by heterogeneous etiology. The existence
of an X-linked form of this condition (MIM
308350) has been suggested (16, 17) and confirmed

177



Bruycere, Lewis et al.

by the demonstration of linkage to Xpt ! 4-Xpter in
two tamilies (4). Our report confirms this X chromo-
somal linkage in a large four-generation family
sharing a constellation of features remarkably sim-
ilar to those families previously reported. The finding
of key recombinants in this family has significantly
refined the disease gene interval to Xp2[.3-Xp22.1.
between AHC proximally and DXS1226 distally. an

interval of approximately 7.0 ¢M. As a result of

further refining the gene loct for this X-linked form
of infantile spasms. we have advanced the goal
toward more accurate diagnosis. prognosts. and risk
calculation among this group of progressive my-
oclonic disorders. Moreover. we have enhanced the
potential for providing prenatal and presymp-
tomatic diagnosis to members of families at risk.

Although families with clearly defined inheritance
of infantile spasms mayv be rare, males with this
condition from all causes outnumber similarly af-
fected females 2:1 (23). There may. therefore. be a
hot spot of inter-related alleles and genes on the X
chromosome contributing to the high male preva-
lence of infantile spasms. Mutations in genes on the
X chromesome are also believed to be responsible
for the significant excess of males among individuals
with mental retardation. The pathogenesis of infun-
tile spasms. as well as the well-recognized concurrent
development of mental retardation. remains unclear.
In one study. 31 infants with West svndrome were
assessed for their cognitive competence before the
onset of diseuse and during and after the acute stage
(24). The degree of transitory cognitive impairment
linked to the acute epileptic stage was found to be
separate and clearly less than the well-known. long-
term psychomotor sequelae. Whereas the etiological
role of persistent severe epileptic change leading to
psychomotor deterioration ¢an not be excluded.
other. as yet undefined. neuropathologic factors may
adversely influence developmental outcome in pa-
tients with X-linked infantile spasms.

[n a recent update of X-linked mental retardation
(XLMR) syndromes. at least 103 X-linked disorders
in which mental retardation is a key. vet not exclu-
sive, element have been identified (23). Surprisingly.
the X-linked syndrome of infantile spasms (MIM
308350) was not included amongst these XLMR
disorders. despite its well-characterized association
with severe mental retardation.

At least 63 families with non-specific XLMR
have been mapped and assigned a specific MRX
number. [Human Genome Dutabase (GDB)J.

SGDB™ Human Genome Dutabase (dutibase online). Johns
Hopkins Universty. Baltimore. MD. USA. 1990, Updated
daily. URL: http: www.gdb.org (for MRX. candidate gene
nomencluture. marker mformation).
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Nine of these MRX families [MRX2 (26). MRX13
(27). MRXZI (28). MRX29 (29). MRX32 (29).
MRX33 (30, MRX34 (31). MRX36 (32). and
MRX(38 (33)] have been regionally mapped to an
interval that contains or overlaps the interval con-
taining the N-linked infuntile spasms gene locus
described in the present study (23, 34).

I one hypothesizes that these MR N families and
X-linked infantile spasms tumilies in fact represent
a shared phenotype expressed from a single gene
locus. this gene must map to the region shared in
common by all mapped loci. Review of the linkage
data from each of these ten MRX gene mapping
studies idenrified nine MRX families and their
respective flanking markers overlapping a shared
common interval between DXS1202 and DXS1063
(Fig. 2) [MRX2. MRXI3. MRX2l. MRX29,
MRX32, MRX33, MRX34. MRX36. and
MRX38. the latter being the only MRX family
presenting with a phenotvpe including both
XLMR and recurrent seizures). Interestingly. dele-
tions have been reported in this interval; a deletion
of DXSI2I8 was seen in all affected males of the
MRX34 family and a larger deletion. extending
from DXSI202 to DXSI1063 (which includes
DXSI218). was described by Billuart et al. in a
mentally retarded male (33). This last report refines
the common region to a 3.5-cM interval between
DXS1202 and DXSI063 (Fig. 2). This region is
within the interval defined by our study as contain-
ing the X-linked infantile spasms gene.

Our linkage data for X-linked infantile spasms
also indicates that this disorder maps to an interval
that overlups with the critical X chromosome re-
gion assigned by linkage to several specific syn-
dromic XLMR entities. including Nance-Horan
syndrome [NHS: interval between DXSS3 and
DXS1226 (36)]. Fried syndrome [interval between
KAL and DXS989 (37)]. Snyder-Robinson syn-
drome [SRS: interval between DXS443 and the 3
end of DMD: maximum LOD score with DXS989
(38)]. familial cutaneous amyvloidosis [PDR: be-
tween DXS999 and DXS228: maximum LOD
score with DXS989 and 5 DYSI within the dys-
trophin locus (39)] and N syndrome [NSX: defect
in POLA gene. mapped between STS and DMD
(4M). Although X-linked West syndrome is un-
likely to be allelic to these conditions because of
clear phenotypic differences. it is reasonable to
propose that @ number of genes integral to neu-
rodevelopmental  structure and function map
within Xp21.3-Xp22.1.

Among  specific  genes alreudy mapped to
Xp21.3-Xp22.1. one potential candidate gene for
X-linked West syndrome is the Xp2[.3 mapped
radixin (RDXj-related sequence. RDXP2 (41).
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RDX is a cytoskeletal protein integral to the
linking of actin to the plasma membrane and maps
to chromosome 11423, Two related RDX-like
pscudogencs have also been mapped to chromoso-
mal sites 11p (RDXPI) and Xp21.3 (RDXP2): the
latter is likely to consist of a truncated copy of the
3 end of RDX (41). RDX and its related pseudo-
genes. RDXPI and RDXP2. demonstrate strong
f]mﬂOlO;:_\' to ezrin (MIM 123900) and moesin
(MIM 3098435) in forming the "ERM (ezrin, RDX.
and moesin) complex. ERM. and specifically
RDX. are queried to play a pivotal role in activa-
tion of the Rho small G protein family - Rho.
Rac. and Cdc42 (42). Members of this Rho sub-
family have emerged as key regulators of the actin
cvtoskeleton and as regulators of gene transcrip-
tion in response to extracellular stimuli intrinsic to
complex mechanisms of membrane-trafficking. for-
mation of neuronal processes. and axonal guidance
{43). A thoGAP protein was recently reported to
be involved in XLMR (44). The ERM proteins are

Linkage of infantile spasms to Xp21.3-Xp22.1

also members of a family of related proteins that
include at least two phosphotyrosine phosphatases
(43) recently implicated in the etiology of the pro-
gressive myoclonic epilepsy, LD (7).

In summary. linkage analysis in families present-
ing with both syndromic and non-syndromic
XLMR have demonstrated linkage to a number of
different X chromosomal regions. within or includ-
ing all or part of region Xp21.3-Xp22.1. which we
associate with X-linked West syndrome. The local-
ization of a gene for X-linked infantile spasms to
Xp21.3-Xp22.1.  between flanking  markers
DXS1226 and AHC, may provide the basis for
testing other unmapped syndromes of infantile
spasms and’or XLMR for allelism to the disorder
described and mapped in the present study. The
isolation of candidate genes in this interval and
subsequent mutation analysis in MRX and infan-
tile spasms families will be crucial to ultimately
unraveling and better understanding their respec-
tive heterogeneous etiologies. pathogenesis. and
prospects for new and successful therapies.

IS5() IS MRX2 MRXI3 MRX21 MRX29 MRX32 MRX33 MRX34 MRX36 MRX38 e))
X tel T pter
I [
I
I
!
X585
Wi Lo Dxsss o DO
|
|
: DXS1053
0 F e bopxssos bbb
| DXS365
| DXS1226
”
stl““ﬁ 1 DXS989 DXS$989 DXS989 DXS1202
)
30 t+
I DXs1065
I DXS992 DXS1065
| DMD3'
] 5
40 o Wy e ] D XSI"38
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Fig. 2. Map of infantile spasms syndrome (IS) and X-linked mental retardation (XLMR) conditions assigned to Xp2l.3-Xp22.1.
ISt1) represents our family: 1S(2) represents the family previously reported by Claes et al, {4): the numbers at the top of the figure
fepresent the MRX numbers: (3) represents the case reported by Billuart et al. The genetic distance on the ¢M scale was given by

the chromosome X map of Genetic Location Database {URL: http:

L cedar.genetics soton.ac.uk, pub‘chrmX map (for X chromo-

some marker location)]. The vertical lines indicate the defined interval for each described infantile spasms and MRX. with their
respective flanking markers. Boxes represent deletions. The gray sh
MRX.

aded area represents the smallest common area shared by IS and
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