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Studies of the candidate genes
in X-linked congenital cerebellar
hypoplasia

Abstract A gene for X-linked con-
genital cerebellar hypoplasia was re-
cently localized to chromosome
Xpll1.21-g24. This region comprises
several brain-specific genes responsi-
ble for various neurological disor-
ders, including the proteolipid pro-
tein (PLP), doublecortin, and PAK3
genes. We screened these genes for
mutations in patients with X-linked
congenital cerebellar hypoplasia and
found no pathogenic nucleotide
changes or gene dose aterations.
These findings allow the ruling out
of PLP, doublecortin, and PAK3 as
the disease-causing genesin this
hereditary neurological syndrome.
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Introduction

We recently described a novel syndrome of X-linked con-
genital cerebellar hypoplasia which segregated as an X-
linked recessive trait in alarge family from eastern Russia
[6]. In brief, the disease is characterized by markedly de-
layed early developmental motor milestones, cerebellar
ataxia, dysarthria, external ophthalmoplegia, pyramidal
signs, and nonprogressive course. Neuroimaging studies
reveal marked hypoplasia of the cerebellar vermis and

hemispheres. Using linkage analysis we assigned the mu-
tant gene to a 38-cM interval on chromosome Xp11.21-
g24 flanked by the marker loci DX S991 and DX S1001 [6].
These findings allowed the application of a candidate gene
approach in the chromosomal region of interest (Fig. 1).
One attractive gene, proteolipid protein (PLP), is lo-
cated on chromosome Xg22 [8] and encodes two major
CNS myelin proteins, PLP and DM 20 [9]. It has recently
been shown that various mutations within the PLP gene
result in at least three alelic X-linked disorders, namely
Pelizaeus-Merzbacher disease [3], X-linked pure [2], and
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Fig.1 Genetic map of the critical region on chromosome X.

Striped bar genetic locus for X-linked congenital cerebellar hy-
poplasia flanked by marker loci DXS991 and DXS 1001; gray

Fig.2 A simplified pedigree
of the family. Squares males;
circles females; open symbols
unaffected individuals; solid

complicated [11] hereditary spastic paraplegia. Although
these conditions are characterized by distinct clinical phe-
notypes, they have in common some neurological symp-
toms such as pyramidal spasticity and cerebellar ataxia;
both signs are invariably observed in our patients with X-
linked congenital cerebellar hypoplasia. Because the ge-
netic interval determined in our study encompasses the PLP
gene, it was reasonabl e to examine the PLP gene as a can-
didate disease gene for this newly described syndrome.

Two additional genes of interest are doublecortin and
PAKS. Mutations in doublecortin were recently identified
as causing double cortex/X-linked lissencephaly, a neu-
ronal migration disorder in which affected patients have
varying degrees of epilepsy and mental retardation [4, 10].
Although this disorder is clinically distinct from congeni-
tal cerebellar hypoplasia, both the chromosomal localiza-
tion to Xg22.3-23 and its exclusive expression in the
brain make it a possible candidate gene. PAK3 is also ex-
pressed in the brain and is localized to Xq22.3-23 [4].
This gene, presumably participating in the control of neu-
ronal shape and growth, was recently shown to be mu-
tated in just one pedigree with X-linked nonsyndromic
mental retardation [1], and its exact role in the brain de-
velopment remains to be elucidated. Both doublecortin
and PAK3 are potential candidate genes and were screened
for mutations in patients with X-linked congenital cere-
bellar hypoplasia.

Materials and methods
Family studies

A simplified pedigree of the family under study is shown in Fig. 2.
The disease was manifested in seven affected males from three
generations, and six patients were examined clinically in detail [6].
For the purpose of mutation screening, genomic DNA samples
from the following individuals have been examined: single-strand
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conformation polymorphism (SSCP) analysis of the PLP gene, in-
dividuals I1-4, I1-5, 111-2, 111-7, 11-8, 111-9, and 111-15; sequencing
of the PLP gene, individual 111-7; sequencing of the doublecortin
and PAK3 genes, individual 1V-2; gene dose studies of the PLP
gene, individuals 11-4, 11-5, 111-2, 111-7, 111-8, 111-9, [11-15, 111-16,
and 1V-2.

SSCP analysis

The seven PLP exons were amplified from genomic DNA with the
primers described by Strautnieks et al. [13]. SSCP analysis was
performed as described [13] with minor modifications.

Sequence analysis

For systematic sequencing of the PLP gene exons and exon-intron
junctions, polymerase chain reaction (PCR) reactions were set in a
50-pl volume containing 400 ng genomic DNA, 50 mM KClI,
10 mM TrissHCI (pH 8.4), 1.5 mM MgCl,, 200 um of each
dNTPs, 8 pmol of each primer (one primer being biotinylated), and
2.5 U AmpliTaq polymerase. The cycling profile was was 94°C
for 5 min followed by 30 cycles of denaturation (94°C, 1 min), an-
nealing (52°C, 30 s), and extension (72°C, 1 min), with afinal ex-
tension at 72°C for 10 min. PCR products were purified and con-
centrated with SUPREC-02 (Takara). Single-stranded DNA was
produced using magnetic Dynabeads M-280 streptavidin (Dynal
AS). The two strands were sequenced directly with the same
primers as for amplification; the CA strand was sequenced using
an automated ALF DNA Sequencer |l and AutoRead Sequencing
kit (Pharmacia), and the GT strand using conventional autoradiog-
raphy and Sequenase version 2.0 kit (U.S.B.).

For systematic sequencing of the coding exons and exon-intron
junctions of doublecortin and PAK3, PCR was performed using
QiagenTag polymerase according to the manufacturer’s recom-
mendations. The cycling profile was 94°C for 10 min followed by
35 cycles of denaturation (94°C, 30 s), annealing (60°C, 1 min),
and extension (72°C, 2 min), with a fina extension at 72°C for
10 min. Purified PCR products (GeneClean, Biol0l) were se-
guenced independently with the forward and reverse primers by
standard protocols and analyzed on an ABI377 automated se-
quencer (Perkin Elmer).

Gene dose analysis

Gene dose studies of the PLP gene were performed by areal-time
quantitative PCR method [5] using ABI Prism 7700 Sequence De-
tector (Perkin Elmer Japan). Exon 7 of the PLP gene was ampli-
fied using the primers 5-TGATGCCTCAGAGACATCGG-3
(forward) and 5-ACGCAGCATTGTAGGCTGTG-3 (reverse). A
TagMan probe for the PLP gene exon 7 was designed, and the se-
guence for the probe was 5'-(FAM)AGCTCACCTTCATGATTG-
CTGCCAC(TAMRA)-3'. Theinternal control was constructed by
adding a TagMan [3-actin probe and the primers to a sequence of
the human B-actin gene [5]. Amplification conditions were as de-
scribed [5]. DNA samples from five patients and four obligate car-
rier females were analyzed, and the results were compared to those
obtained in the control group comprising three normal males and
four normal females.

Results

On SSCP analysis of exons 1-7 of the PLP gene, we
found no abnormally migrating variant bands in affected
patients compared to control individuals. We repeatedly

observed an altered SSCP band of exon 2 in one obligate
carrier female (11-5, not shown). This abnormal band pat-
tern was not observed in the affected males and therefore
did not reflect a disease-causing change and was thus con-
sidered to be aresult of abenign polymorphism. In patient
I11-7 we directly sequenced the entire coding region, at
least 15 bp of intron at each intron/exon boundary, and 50
bp of 3' untranslated region of the PLP gene. We found no
difference from the normal sequence; this result was con-
firmed by sequencing of the two DNA strands.

Duplications in the PLP gene resulting in the disease
phenotype have been described in a number of patients
with Pelizaeus-Merzbacher disease [7, 12]. To exclude
thistype of mutation in X-linked congenital cerebellar hy-
poplasiawe performed PLP gene dose analyses and found
no statistically significant changes in the gene dose in the
affected males and obligate carrier females compared to
control individuals (data not shown).

Mutation analysis of the doublecortin and PAK3 genes
was performed in one affected male (1V-2) by sequencing
the entire coding region and exon/intron boundaries of
both genes. No mutations between the affected patients
and normal individuals were identified.

Discussion

Molecular genetic analysis in the present family revealed
no pathogenic nucleotide changes within the coding re-
gion and splice sites of the PLP gene and no evidence of
gene dose abnormalities of the gene. Interestingly, in a
number of patients with Pelizaeus-Merzbacher disease
and Xg22-linked pure spastic paraplegia no mutations in
the PLP gene were identified, which raised a possibility
of genetic heterogeneity even within these seemingly ho-
mogeneous clinical groups [2, 3, 7, 13]. The fact that the
clinical findings in our syndrome (in particular, nonpro-
gressive course and cerebellar hypoplasia on magnetic
resonance imaging) are remarkably different from those
in the PLP-associated conditions together with the present
molecular data provide, in our opinion, convincing grounds
to rule out the PLP gene as the disease-causing gene in
X-linked congenital cerebellar hypoplasia.

Mutation analysis of the two recently identified brain-
specific genes, doublecortin and PAK3, associated, re-
spectively, with double cortex/X-linked lissencephaly and
nonsyndromic mental retardation (both conditions result-
ing from impairment of the brain development) also re-
vealed no sequence alterations within the coding region
and splicing junctions in patients with X-linked congeni-
tal cerebellar hypoplasia. It should be noted that some se-
guence aterations within the regulatory noncoding re-
gions of the studied genes may theoretically account for
the disease phenotype in our patients. However, this hy-
pothesis seems very unlikely as these types of mutations,
extremely rare in practice, have never been described be-
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fore in the PLP-, doublecortin-, or PAK3-associated con-
ditions. To rule out this possibility definitely, further mol-
ecular studies with the gene expression analysis are needed.

The large size of the genetic locus comprising the gene
for X-linked congenital cerebellar hypoplasia precludes at
present the direct application of conventional positional

cloning strategies. The growing number of new tran-
scripts in the critical chromosomal region will lead in the
near future to the discovery of other appropriate candidate
genes, and eventually identification of the causative gene
for X-linked congenital cerebellar hypoplasia

References

1.Allen KM, Gleeson JG, Bagrodia S,

5.Heid CA, Stevens J, Livak KJ,

10. Portes V des, Pinard M, Billuart P,

Partington MW, MacMillan JC, Ceri-
one RA, Mulley JC, Walsh CA (1998)
PAK3 mutation in nonsyndromic X-
linked mental retardation. Nat Genet
20:25-30

2.Cambi F, Tang X-M, Cordray P, Fain
PR, Keppen LD, Barker DF (1996) Re-
fined genetic mapping and proteolipid
protein mutation analysis in X-linked
pure hereditary spastic paraplegia.
Neurology 46:1112-1117

3.Doll R, Natowicz MR, Schiffmann R,
Smith Fl (1992) Molecular diagnostics
for myelin proteolipid protein gene
mutations in Pelizacus-Merzbacher dis-
ease. Am J Hum Genet 51:161-169

4.Gleeson JG, Allen KM, Fox JW, Lam-
perti ED, Berkovic S, Scheffer I,
Cooper EC, Dobyns WB, Minnerath
SR, Ross ME, Walsh CA (1998) dou-
blecortin, a brain-specific gene mu-
tated in human X-linked lissencephaly
and double cortex syndrome, encodes a
putative signaling protein. Cell 92:
63-72

Williams PM (1996) Real time quanti-
tative PCR. Genome Res 6: 986-994

6. Illarioshkin SN, Tanaka H, Markova
ED, Nikolskaya NN, Ivanova-Smolen-
skaya lA, Tsuji S (1996) X-linked non-
progressive congenital cerebellar hy-
poplasia: clinical description and map-
ping to chromosome Xq. Ann Neurol
40:75-83

7.1noue K, Osaka H, Sugiyama N, Ishii
M, Sugita K, Yamada Y, Kosaka K
(1996) A duplicated PLP gene causing
Pelizaeus-Merzbacher disease detected
by comparative multiplex PCR. Am J
Hum Genet 59: 32-39

8.Mattei MG, Alliel PM, Dautigny A,
Passage E, Pham-Dihn D, Mattei JF,
Jolles P (1986) The gene encoding for
the major brain proteo-lipid (PLP)
maps on the g-22 band of the human X
chromosome. Hum Genet 72: 352-353

9.Nave KA, Lai C, Bloom FE, Milner RJ
(1987) Splice site selection in the gene
for proteolipid protein (PLP) gene tran-
script and primary structure of the DM
20 protein of CNS myelin. Proc Natl
Acad Sci USA 84:5665-5669

Vinet MC, Koulakoff A, Carrier A,
Gelot A, Dupuis E, Motte J, Berward-
Netter Y, Catala M, Kahl A, Belgjord
C, Chelly J(1998) A novel CNS gene
required for neuronal migration and in-
volved in X-linked subcortical laminar
heterotopia and lissencephaly syndrome.
Cell 92:51-61

11. Saugier-Veber P, Munnich A, Bonneau

D, Roset M, Le Merrer M, Gil R,
Boespflug-Tanguy O (1994) X-linked
spastic paraplegia and Pelizaeus-Merz-
bacher disease are alelic disorders at
the proteolipid protein locus. Nat Genet
6:257-262

12. Sistermans EA, de Coo RF, de Wijs IJ,

van Oost BA (1998) Duplication of the
proteolipid protein gene is the major
cause of Pelizaeus-Merzbacher disease.
Neurology 50:1749-1754

13. Strautnieks S, Rutland P, Winter RM,

Baraitser M, Malcolm S (1992)
Pelizaeus-Merzbacher disease: detec-
tion of mutations Thr181- Pro and
Leu233 - Pro in the proteolipid protein
gene, and prenatal diagnosis. Am

J Hum Genet 51:871-878



