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Abstract

Parkinson’s disease (PD) is a prevalent neurodegenerative disease that usually affects
individuals over 50 years of age. Age at onset in a small subset of PD cases is considerably
lower, and these are considered early onset PD (EOPD) patients. Most PD cases appear
sporadic, but approximately 15% are familial, and some of the familial cases exhibit
Mendelian inheritance. Genetic analysis of familial cases has led to identification of five
major PD causing genes. Mutations in three of these, PRKN, PINK1, and DJ-1 are most
often observed in EOPD patients belonging to families in which PD is inherited in an
autosomal recessive fashion. Here, a PD family with two siblings whose ages of onset
were 10 and 14 years was identified. Initially, PRKN, PINK1, and DJ-1 were screened,
but a putative disease causing mutation was not found. Genome-wide homozygosity
mapping using high density microarray chips led to identification of a 6.5 cM linked locus
on locus on chromosome 1. ATP13A2 that encodes a lysosomal type 5 P-type ATPase is
positioned within the linked locus. Mutations in ATP13A2 have previously been reported
in a few EOPD patients, and this gene is an appropriate candidate as cause of PD in the
pedigree here described.
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Introduction

Parkinson’s disease (PD) is the second most
prevalent neurodegenerative disorder after
Alzheimer’s disease and affects approximately
two percent of individuals older than 65 years (de
Rijket al., 1995). Resting tremor, bradykinesia,
rigidity, and postural instability, are the cardinal
signs of PD, and individuals who present with at
least two of these features are diagnosed as
affected (FAHN, 2003). These symptoms are
believed to result from the degeneration of
dopamine-containing neurons in the substantia
nigra (SN) and the consequent loss of dopamine,
a neurotransmitter involved in fine modulation of
motor functions (G. Alves, 2008; A.J. Lees,
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2009). Lewy bodies, which are eosinopilic
inclusion bodies composed of protein aggregates
in surviving dopaminergic neurons, are often
considered the pathologic hallmark of PD
(Spillantiniet al., 1997). Both environmental and
genetic factors are involved in the etiology of PD.
Most cases appear sporadic, but approximately
15% are familial, and some of the familial cases
exhibit Mendelian inheritance (Abbaset al., 1999;
Bonifatiet al., 2004). The average age at onset of
symptoms in PD patients is reported as 53 to 60
years in most studies (de Rijket al., 1995; Kayet
al., 2007). Age at onset in approximately 10% of
PD cases is considerably lower, and these are
considered early onset PD (EOPD) patients
(Ghazaviet al., 2010). It appears that average age
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at onset of symptoms in Iranian PD patients is
lower than in most other populations (Shojaeeet
al., 2009). Five major genes for PD have been
identified, SCNA (a-synuclein), LRRK2 (Leucine-
rich repeat kinase 2), PRKN (parkin), PINK1
(PTEN-induced putative kinase 1) and DJ-
1(Wood-Kaczmar, 2006). The molecular
functions of these genes suggest that processes
including intracellular transport of lipid and
vesicle, proteasom systems, protein aggregation,
mitochondrial dysfunction , and oxidative stress
are relevant to the etiology of PD. LRRK2 is of
interest because mutations in this gene have been
observed in patients affected with clinically
typical late onset PD (Haugarvoll, 2008).
Mutations in PRKN, PINK1, and DJ-1 are most
often observed in EOPD patients belonging to
families in which PD is inherited in an autosomal
recessive fashion (Kitadaet al., 1998; Bonifatiet
al., 2003; Valenteet al., 2004). Among the known
genes, PRKN mutations are the most common
cause of EOPD, being observed in 4 to 66% of
the patients (Hattoriet al., 1998; Kitadaet al.,
1998; Luckinget al., 2000; Djarmatiet al., 2004;
Hedrichet al., 2004). The \variations in
frequencies are due to differences in screening
protocols, ethnicity, and age limit set for EOPD.
Here, we present genetic analysis of a pair of
Iranian siblings affected with very early onset
Parkinson’s disease.

Methods

This research was performed in accordance with
the Declaration of Helsinki; participants and the
guardians of the patients consented to participate
after being informed of the nature of the research.
One pair of early onset PD diagnosed siblings
born to consanguineous parents was identified
(Fig. 1). Patient X4014 manifested all four of the
cardinal signs of PD and his age at onset was 10
years. His sister manifested three signs and her
age at onset was 14 years. The affected children
had no other siblings. Mutation screening of
LRRK2,PRKN,DJ-1, and PINK1 was performed
as previously described (Shojaeeet al., 2009;
Ghazaviet al., 2010). Briefly, five exons of
LRRK2 in which mutations have most often been
reported and all of the exons of the remaining
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three genes were amplified by the polymerase
chain reaction, and amplicons were sequenced

with  the same  primers using the
dideoxynucleotide terminator chemistry and an
ABI  Prism 3700 instrument (Applied

Biosystems, Foster City, CA). The sequences of
the primers are presented in Table 1. Sequences
were analyzed using Sequencher software (Gene
Codes Corporation, Ann Arbor, MI). LRRK2,
PRKN, DJ-1, and PINK1 reference sequences

used were, respectively, NC_000012.11,
NM_198578.3, NP_940980.3; NC _000006.11,
NM_004562.2, NP_004553.2; NC_000001.10,
NM_001123377.1, NP_001116849.1; and
NC_000001.10,NM_032409.2, NP_115785.1.

Finally, linkage analysis was performed on high
density microarray chips. The DNA of both
siblings and their parents were brought onto
Human610 and chips and hybridization was
assessed using the iScan reader (Illumina;
www.illumina.com). SNPs that had not been
genotyped in one or more individual and SNPs
that exhibited Mendelian error were removed
from the analysis with appropriate options in the
Illumina BeadStudio software. Homozygous
regions common to both affected individuals and
not homozygous in the parents were sought using
PLINK v1.02 (Purcellet al., 2007). Threshold
criteria for homozygous regions to be pursued
were minimum physical length of 1 Mb, presence
of at least 50 homozygous adjacent markers and
not more than one heterozygous call.

Results

A putative disease causing mutation was not
observed in LRRK2, PRKN, DJ-1, and PINK1 in
the DNA of EOPD affected individual X4014
(Fig. 1). C.1138G>C in PRKN that causes
p.V380L was observed, but this is a very common
polymorphism in Iranians (Ghazaviet al., 2010).
Homozygosity mapping revealed only one region
that was homozygous in both affected siblings,
but not homozygous in the parents. The region is
located on chromosome 1 and is bordered by
rs6660347 at position 12420300 and rs2816040
at position 18889536. The linked locus spans
approximately 6.5 cM on chromosome 1.



Figure 1. Iranian EOPD pedigree with affected siblings.
The genotype of proband X4014 for LRRK2, PRKN, DJ-
1, and PINK1 are shown. ATP13A2 has not been
screened. N, normal allele.

Discussion

Inheritance of PD in the family studied appeared
autosomal recessive as multiple affected
individuals  were  born  to  unaffected
consanguineous parents. Although LRRK2
mutations are most often observed in patients
affected with clinically typical late onset, it has
become evident that the gene is associated with a
broad spectrum of clinical and phenotypic
features (Hedrichet al., 2006; Saunders-
Pullmanet al., 2006; Haugarvoll, 2008; K.et al.,
2008). For this reason and because mutations in
LRRK2 have been found in a larger fraction of PD
patients than any of the other known PD causing
genes, some mutation prone exons of this gene
were screened in the proband of our family.
PRKN, DJ-1, and PINKlare more reasonable
candidate genes because they most often cause
EOPD, which is the phenotype that manifests in
our siblings. However, putative disease
associated mutations in these genes were not
observed.

Homozygosity mapping identified a linked locus
on chromosome 1 that overlaps the position of the
cluster of known genes that cause EOPD (Fig. 2).
DJ1 and PINK1 are located, respectively, at
nucleotide 8021714-8045342 and 20959948-
20978004.The homozygous region in the PD
family which spans positions 12541683-
18917464 is quiteclose to these genes, but in fact
does includes neither DJ1 nor PINKL1.This
observation suggests that mutations in deep
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intronic sequences not screened and copy number
variations of these genes are unlikely to be cause
of disease in the pedigree. Interestingly, in
addition to the PRKN, DJ1 and PINK1, mutations
in ATP13A2 have recently been reported to be
cause of EOPD in a few patients (Santoroet al.;
Di Fonzoet al., 2007). ATP13A2 encodes a
lysosomal type 5 P-type ATPase named ATPase
type 13A2 isoform 2. Prior to being considered a
PD causing gene, ATP13A2 had been identified
as the causative gene of a rare autosomal
recessive, L-dopa-responsive, pallido-pyramidal
disease called Kufor-Rakeb syndrome (KRS).
KRS patients often also exhibit some of the
clinical presentations of PD (Najim al-Dinet al.,
1994; Ramirezet al., 2006). ATP13A2 is located
at positions 17312453-17338423, close to
PINK1, DJ-1 on chromosome 1(Fig. 2)
(Ramirezet al., 2006). Notably, ATP13A2 is
indeed a reasonable candidate PD causing gene.
The program STRING (http://string-db.org/)
which is a text mining based software that
clusters together proteins involved in common
pathways, associates the ATPase coded by
ATP13A2 with protein products of DJ-1, FBX07,
LRRK2, Parkin, PINK1, UCHL1, and SNCA, all
of which are PD associated genes (Fig. 3). The
homozygous region in our EOPD affected
individuals is inclusive of ATP13A2. The gene
which contains 29 exons will be screened in the
patients under study. It is hoped that the findings
will further contribute to our understandings of
the pathogenesis of PD.
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Table 1. Primers used for ampificationof exons of LRRK2, PRKN, DJ-1, and PINK1.

Exon Forward primers Reverse primers
LRRK2
31 5-AAAGCAAATATCAACAGGAATGTG-3' 5-GACTAAATAAAACAGCTGCCTCAC-3
34 5'-GATCAAAGCTCAAAGTGTGATCTC-3' 5-TACATGTCAGTAGGAGGTTTACACTAG-3'
35 5-AATATTTCATGCATCTACATCTGAG-3' 5-CTAATTCTTCAGCTGCCTTCC-3'
41 5-ACTTTAAGGGACAAAGTGAGCAC-3 5-AAGAAAGGGAGGTAAGATTCCAC-3'
48 5-CAAGGTAGCCAATCTGTTTGTG-3' 5-TCTATTCAGAGGCAGAAAGGAAG-3'
PRKN
1 5-GATGTTTGGCAGCTCCTAGGTG-3' 5-TTGGCCCCGTCATTGACAGTTG-3'
2 5-AAATCTCGTGGGTAACTAACTCTG-3' 5-CTTCCAATCTTTCCTGCTTGCTG-3'
3 5-CAGTGTTGTTTGTCTACCGTGTG-3' 5-TCCTTGTAGTGAATTAGAGACTCC-3
4 5-TGCTGAGTAAGTCACAGGGCTG-3' 5-AGAGCAGAAAGAAATCCAGAAGAC-3'
5 5-GCACATCCCTTGAAAGGGTCAC-3' 5-CTGGCTCTCCTTTTCTCACCTC-3'
6 5-TTGTTGACCACTTTGGCACAAGG-3' 5'-AAATAAAGCAGACACTCCCCAGG-3
7 5-TCTATGTAGTTCATTGAGTGCCTC-3' 5'-CAACACAATTCCTTCATTCCCCAG-3
8 5-TTTCTAAAGAGGTGCGGTTGGAG-3' 5-AGTGTCCTCACACATATCTCCAG-3'
9 5-CACACTTATATGTCTTGCCAGTTG-3' 5-TGTAAGTTCAAAGATGTCTAAGTCC-3'
10 5-GGAAGGAAATGTGACCCATCATC-3 5-AGGGAAAAGCTATTTTGGACATGC-3'
11 5'-CATACGCCACATGCCAGGGAG-3' 5-ATAAATGCTAACTGTGTGCCTCAC-3'
12a* 5-TCTCTGCCCTTGTATTGCTTGTG-3' 5-GTGCTCTGGTATTTGTGTCATCC-3'
12b* 5'-CCATGAAAAACAGCAGAG-3' 5-GTACATTAACTTGATTTCTTCCCTG-3'
12¢* 5-GCAATAGTCAAAAACATTTGTTTATCC-3' 5-ATGTCAACATAAGGAATATTCTAGTG-3'
12d* 5-TATACCCCTTTGGCACACCCTC-3' 5-CCTCAGATGGTTGGAAGAAATGG-3'
1 5-GGGCTGTCCAGCTAGAAACTC-3' 5-TGGAAATCCCCTCACTGAAGTC-3'
2 5-TACTACACCTTTTAGCACCCTC-3 5-CAAGCGTTAAATGTGAGCAGTG-3'
3 5'-GAGGATCATTTGAGCCCAGGAG-3' 5-TCCTCACCCTCTTAATCTGTCG-3'
4 5-ACCATTCCGTCATGTGGATACAC-3' 5-GAGAACTGCTTGAACCCAGGG-3'
5 5-ATGTGGAAGAGTGCGTTTCTC-3' 5'-ATGACACCAACTTCATGCCAC-3
6 5-TGTTGTTAGAGAAGGGGTCTGTG-3' 5-CAGAAGTTCAAGACCAGCATGC-3'
7 5-GGGCTTCTAAGAGCTTGGAGTG-3' 5'-GGAGACTTGCTATGTTGCCCAG-3'
PINK1
1 5-TGATGTTCACATTCAGGACCTG-3' 5-AGCAGCCGATCAGTAATGGTG-3'
2 5-TGATCCCAGTGAAGCAACAGAG-3' 5-CTCTTGCACTCAAGTGATCCTC-3'
3 5-GTCATCTTATCTCGAAGGTCAG-3' 5-CAGTCAATCATGCAACACTGTG-3'
4 5-TTCTCCACCTGTGTTCTGCCAC-3' 5-TGTTAGGGTTAGGCCGTTCCTC-3'
5 5-TGCTTGAACCTGGAAGGTGGAG-3' 5-TGCTAACCTCTTGTGTGCGGAG-3'
6 5-CATTTCCGTGTTCGCACAGCAG-3' 5-AACTCTGTCCCAAGGAACCCAG-3'
7 5'-GTCCACTGAATGCAGGAGACTC-3' 5-TATGCTGTGGTGGCTAGTGCTC-3'
8 5-GAGTGAAGGGCATCAGTAGGG-3' 5-TGCTGTGGGTGATGACTGACTG-3'
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*Exon 12 of PRKN amplified and sequenced in multiple reactions because of long length.



Figure 2. Schematic drawing of region of chromosome
1 that includes linked region and cluster of EOPD
causing genes. The relative positions of known EOPD
genes DJ1, PINK1, and ATP13A2 as well as a few other
genes are shown. The region linked to disease status
identified by homozygosity mapping is shown at left.
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Figure 3. STRING clustering of proteins associated with
ATP13A2. The program clusters together proteins on
basis of physical or functional interactions. It clusters
ATP13A2 together with DJ-1, FBX07, LRRK2, Parkin,
PINK1, UCHLT, and SNCA, all of which are PD
associated genes.
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