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Figure 10, Hypot'h esis of the pathogenesis of AR-] i routa
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Cobactors of Parkin

TH Pa*kir -dependeny 1z reaction of Pael-R can be reproduced in vito.
ik ction using -*"rlﬂ*‘s mimunopuri ﬁcd" frem 2 neuroblastoma or brain tissue, is much
more efficient than ¢ wpgréo_,mb nantGST-fusion Parkin. The former system ublquitinates
Pacm\ more Ilf‘&'v'l"" thn, the latter. These observations suggest that ubiquitnation by Farkin
zl conditions requires an additional component(s) that mlght be

copu“if‘*’ with 7 from the cells.

wo Parkin coffftars have been purified binochemicalls
above. 3¢ One of rhm is the 17 box protein, CHIP {carbo
rotein} (Fig. 1143, 4 U box, which was originally identi
£ the RING-finger mouf Although s U box morif sppesrs to
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RING-finger-li ke seru d he common ﬁmm_ur of pmtf:xr Lblqul?l pation.”
CHEIPwss plC’»’l\)dvl dentified 55 2 neganve regulator for che.pﬁror‘e AT Pase sctiviey,”® ard has
a U box-dependent iy 294 T rmore, it has been shown that CHIP ubiquinnares
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Ancther ro-ta cror 1s the 70-kDs hear shock provein Hap70 {Fig. 11B). In the fly mode] of
1 TOtects against neurstoxicity of c-ve:'e}:prcwcd -synuclein without obvious sup-

1us:on formation.®? In anot ﬁeL neurodegeneration event caused by protein

0 or Hsp40 alleviates ¢ city of i

tory Pi*fr‘ on the formation of nuclear inclusions

Although “Isp 70 appears to inhibic ubiquitination

utamine proteins despite ne inhibi-

SLpprcSSﬁSt e insolubilization of Pael-Rin *nvu-’flct 13B). The effect OF‘JVC.\."CX.P ress
resem bles that of over-szpressed Parkin, Mareover, Hsp7C inhibits CHIP-medis

tion of soluble {prabably functicnal) Pael-R, so that only insciuble aggregate

moved. Concomitantly, unfolded Pael-R-induced cell tq:"\.-léy s
(Figs. 13C and D}

Hep70 sppesrs to bind Parkin or CHIP direcely, and ER-zssociazed H;
found as a cofacror "stp7D in the Parkin-Fael-Rimmuno-con |
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IMoreover, in secretory tissue such as the pancreas, the UPR-related pathway is const tutlvel;v‘
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Brief Communications

PARKG-linked autosomal recessive early-
onset parkinsonism in Asian populations

Y. Hatano, MD; K. Sato, MD, PhD; B. Elibol, MD, PhD; H. Yoshino, BS; Y. Yamamura, MD;

V. Bonifati, MD, PhD; H. Shinotoh, MD; M. Asahina, MD; S. Kobayashi, MD; A.R. Ng, MD;

R.L. Rosales, MD, PhD; S. Hassin-Baer, MD; Y. Shinar, PhD; C.S. Lu, MD; H.C. Chang, BS;

Y.H. Wu-Chou, PhD; F.B. Atac, PhD; T. Kobayashi, MD; T. Toda, MD, PhD; Y. Mizuno, MD;
and N. Hattori, MD, PhD

Abstract—The authors performed linkage analysis in 39 families with autosomal recessive early-onset PD (AR-EOPD)
negative for parkin and DJ-1 mutations. Eight families including three Japanese, two Taiwanese, one Turkish, one
Israeli, and one Philippine showed evidence of linkage with PARK6 with multipoint log of the odds (lod) score of 9.88 at
D1S2732. The results indicate worldwide distribution of PARK6-linked parkinsonism.

NEUROLOGY 2004;63:1482-1485

The parkin gene, responsible for autosomal recessive
juvenile parkinsonism (ARJP), was identified in
1998.1 Mutations of this gene have been detected in
approximately 50% of cases with autosomal recessive
early-onset Parkinson disease (AR-EOPD), indicat-
ing that this form is the most frequent among pa-
tients with familial PD.2 Recently, DJJ-1 mutations
responsible for PARK7 were reported to cause an-
other type of AR-EOPD.? In contrast to PARK2, this
gene is unlikely to be of numerical significance in
clinical practice.* Thus, it is possible that other loci
are responsible for the remaining patients with AR-
EOPD. Based on this view, it is important to identify
the PARK6 gene and to screen AR-EOPD families
with no parkin or DJ-1 mutations. The locus for
PARKS6 was identified on human chromosome 1p35-
p36 in several European families.?¢ The clinical fea-
tures of PARK6-linked AR-EOPD are similar to
those of PARK2- or PARKT7-linked AR-EOPD. How-
ever, PARK6-linked families frequently lack dysto-

nia at onset.®” Thus, the lack of dystonia at onset
might be a distinct sign for differentiating this form
from PARK2- or PARK7-linked AR-EOPD. To fur-
ther narrow the critical region for PARKS6-linked AR-
EOPD and to define the genotype—phenotype
correlations, we performed a linkage study in AR-
EOPD families without parkin and DJ-1 mutations.

Patients and methods. Patients and DNA preparation. Blood
samples and clinical information on patients were obtained from
their neurologists in several countries. Diagnosis of AR-EOPD
was adopted by the participating neurologists. We investigated 39
AR-EOPD families from seven countries, including 26 Japanese
families, 3 Taiwanese, 3 Israeli, 3 Turkish, 2 Moroccan, 1 Philip-
pine, and 1 Brazilian. In the present study, the subjects were from
families of consanguineous marriages or at least two affected sib-
lings in the same generation. The study was approved by the
ethics review committee of Juntendo University. Blood samples
for genetic analysis were collected after obtaining an informed
consent from 60 patients and 24 unaffected relatives. DNA was
prepared using standard methods. None had mutations in parkin
or DJ-1 gene. We analyzed parkin mutations by direct sequencing

See also pages 1350 and 1486
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Figure 1. Pedigree structure and haplotype analysis of the families. The affected individuals studied were born to con-
sanguineous parents in five families (Families A, B, C, D, and E) and to non-consanguineous parents in three families
(Families F, G, and H). The parents were first cousins in Families A, B, C, D, and E. Haplotypes for 11 polymorphic
markers on 1p35-36 are shown. Telomeric to centromeric markers are arranged from top to bottom. Disease-linked ho-
mozygous haplotypes are boxed in black. Heterozygous haplotypes shared by affected members of each fumily are marked
in dotted and diagonally striped boxes. The patient, C1, died in a traffic accident.

of the coding regions including exon-intron boundaries using pre-
viously described primers.! DJ-1 screening was also performed.?

Linkage analysis. We performed linkage analysis in 84 indi-
viduals. We used the polymorphic DNA markers D1S483, D15199,
D1S2843, D1S2732, D1S2828, D1S478, D1S2702, D1S2734,
D1S2674, D1S2885, and D1S247 selected from the Center for
Medical Genetics, Marshfield Medical Research Foundation
(http://research.marshfieldclinic.org/genetics/). The primers were
labeled by fluorescence and the sequence GTTTCTT was placed on
the 5' end of reverse primers for definite genotyping. Pooled PCR
products were separated by electrophoresis on 5% polyacrylamide
gels on an ABI 377 DNA sequencer (Applied Biosystems). Alleles
were sized by GENESCAN and scored with GENOTYPER soft-
ware. We used the GENEHUNTER program for multipoint para-
metric log of the odds (lod) scores to find the maximum lod score
for each marker. We assumed an autosomal recessive model with
complete penetrance in both sexes and a frequency of 0.001 for the
disease allele. Since the allele frequencies of the markers were not
known, lod scores were calculated by assuming equal allele
frequencies.

Results. Haplotypes were constructed using 11 microsat-
ellite markers in the PARKS6 region to a 12.5 cM interval.
Results are shown in figure 1. Families A, B, C, D, and E
showed homozygosity while compound heterozygosity was
suggested in Families F, G, and H, who shared the same
haplotypes with other affected siblings. Three families
were Japanese, two Taiwanese, and one each from Israel,
Turkey, and the Philippines. No common haplotype could
be detected in the families tested, thus excluding possible
single founder effect. Multipoint linkage analysis using the
full set of 11 markers, shown in figure 2, indicated a max-
imum lod score of 9.882 at D1S2732. Multipoint lod scores
were >9.7 for five markers spanning ~6.4 ¢cM, with mark-
ers D152732 and D1S2734 defining telomeric and centro-
meric boundaries.

LOD score
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Figure 2. Multipoint linkage analysis of a 12.5 ¢M region
on Ip35-36. The maximum multipoint lod score of 9.882
was obtained at D1S2732 (open arrowhead). We mapped
the disease locus to be within an 8.5 cM region extending
between markers D1S2843 and D1S2885 (solid arrow-
heads) by homozygosity mapping.
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Table Clinical features of the patients

Family E Family F (the Family G Family H
Family A Family B Family C Family D (Israel) Philippines) (Taiwan) (Taiwan)
(Japan), (Japan), (Turkey), (Japan),
Characteristics Al Bl C1 D1 El E2 F1 F2 F3 GI G2 Hi H2
Age at onset, y 30 23 28 33 33 25 32 27 27 19 18 56 48
Disease duration, y 17 15 8 8 17 21 19 23 18 24 22 16 19
Sex M F F F M M F F F F F F M
Clinical presentation
Resting tremor - + PT - - + -+ + + + - +
Rigidity + + + + - + + +
Bradykinesia + + + + + + + +
Postural instability + + - - - + + + - - - +
Frozen gait - - - - - + — — - - —
Wearing off + + - - + + + + + + +
On/off - - - + - - _ - - — _
Asymmetry at onset + + + + - - - + + + - —
Levodopa-induced dyskinesia + - - + — + + —
Sleep benefit - + + - - - - — —
Dystonia at onset - - — + - - - _ _ — - —
Hyperreflexia + + + + - + - - - - - — —
Psychosis - HA - - DE SC - - - - - — HA
Dementia - — - - + _ _ — _ - - - _
Other special comment FE DBS
UPDRS 1II (on/off) 177 2077 5/34 7/13 29/71 12/16 9/50 25/66 7/59 16/33 8/24 30/44 36/51

All subjects had a good clinical response to levedopa.

PT = postural tremor; HA = hallucination; DE = depression; SC = like schizophrenia; FE = festination; DBS = deep brain stimula-
tion; UPDRS = Unified Parkinson’s Disease Rating Scale; ? = information could not be obtained.

The table summarizes the clinical characteristics of the
eight families (13 patients, mean * SD age at onset 30 =
10.7 years, range 18 to 56 years). Every family presented
with at least two cardinal features out of resting tremor,
bradykinesia, rigidity, and postural abnormality. In addi-
tion to the clinical features of parkinsonism, some of the
affected members had various neurologic signs and symp-
toms such as levodopa-induced dyskinesia, sleep benefit,
dystonia at onset, and hyperreflexia. No other clinical
signs (gaze palsy, ataxia, rapid progression of disease, and
pathologic reflex) were found.

Discussion. Our results indicate that PARKS6-
linked AR-EOPD is not only distributed in Europe
but also in Asia. Five of 39 families tested showed
evidence of linkage with PARK6 as homozygous.
Families F, G, and H did not show homozygosity,
indicating that they may be compound heterozygotes
or not linked to this region.

PARK®6-linked AR-EOPD was first reported in
nine European families.’” The characteristics of
PARKS6-linked AR-EOPD included wide range age at
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onset, slow progression, lack of dystonia at onset,
and lack of sleep benefit, resembling late-onset PD.58
Families A, F, and H also showed slow progression,
lack of dystonia at onset, and sleep benefit, indicat-
ing similarity to the European families reported
previously.5” With regard to the PARKS6-linked AR-
EOPD in Japanese families (Families A, B, and D),
they showed little similarities to Japanese patients
with ARJP. These families were rather similar to the
phenotypes of PARK6-linked AR-EOPD in European
families described in the original report.®

The affected individual in Family C was heterozy-
gous at marker D1S2885, thus defining the centro-
meric limit of the disease gene interval at this
marker. In addition, a recombination event for the
telomeric border was observed at D182843 in Family
A, indicating a reduction of the critical region to 8.5
cM flanked by markers D1S2843 and D1S2885.
Moreover, this region is smaller than that described
in the original report.5

Before identification of DJ-1 mutations, some fam-
ilies were found to share the haplotypes at two re-
gions of PARK6 and PARK7 due to the proximity of






