Journal of Biotechnology 15(4): 617-623, 2017

MUTATION ANALYSIS OF DJ-1 GENE IN VIETNAMESE PARKINSON’S DISEASE

PATIENTS

Ho Truong Giang', Nguyen Duc Hieu”, Nguyen Thi Hoai Thu?, Vu Xuan Nghia', Vo Thi Bich Thuy>™

'Military Medical University, Ministry of National Defense
*Institute of Genome Research, Vietnam Academy of Science and Technology

“'To whom correspondence should be addressed. E-mail: thuytbvo@igr.ac.vn

Received: 22.11.2017
Accepted: 28.12.2017

SUMMARY

Parkinson’s disease (PD) is a degenerative condition of the brain of uncertain cause that mainly affects

older people. Shaking is a distinctive feature of the disease, but slowness, poverty of movement and stiffness
interfere with everyday life. A large number of known pathogenic mutations of genes related to PD have been
identified. The DJ-I gene, one of PARK genes, is considered as the primary cause of PD in different
populations. The analysis of mutation frequency of the DJ-/ gene in Vietnamese PD patients is necessary to
clarify the pathogenic associations of PD with the DJ-I gene and to understand the pathogenesis and genetic
mechanisms of PD. In this study, genomic DNA was extracted from peripheral blood of 30 PD patients (mean
age 64.11 £ 7.31 years) and 20 controls and directed Sanger sequencing of one fragment of DJ-I/ gene,
containing the introns 4 and 5 as well as exon 5. The obtained results showed that there were 13 heterozygous
or homozygous point mutations in introns 4 and 5. The late-onset sporadic PD (LOPD) patient carried a single
homozygous mutation in intron 5 (IVS5+31G>A), and others had a heterozygous mutation, all of unknown
significance. Moreover, both the Ala86Glu and Gly95Leu mutations in exon 5 were present in one LOPD
patient suggesting possible change of functional protein. Analysis of these mutations were shown the
nonsynonymous and uncertain significant mutation, therefore they may not be related to pathogenic mutations
of PD. Further research is needed to study the contribution of the novel found mutation in other PARK genes to

the pathogenesis of Vietnamese PD patients.
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INTRODUCTION

At that moment, epidemiologic studies have
highlighted the effects of interactions between genetic
and environmental factors on the clinical signs of PD.
An increasing number of genetic loci and numerous
risk factors have been discovered, starting from the
familiar genes responsible for the Mendelian inherited
forms, such as the autosomal dominant genes (SNCA,
LRRK2, VPS35, GBA), the typical recessive (PARK?2,
PINKI, PARK7), the atypical recessive ones
(ATP1342, PLA2G6, FBXO7) (Klein, Westenberger,
2012) and other risk genes recently linked to the
disease such as GBA (Sidransky et al., 2009) and
GCHI (Kefalopoulou et al., 2014).

PARK7 was the third gene identified in 2001 as
responsible of PD. It encodes a conserved
multifunctional protein belonging to the peptidase

C56 family (also called DJ-I). The DJ-1 gene
contains 8 exons distributed over 24 kb. It was
originally identified and described as an oncogene
and the 189 amino acid protein is highly conserved
across species (Bonifati et al., 2003). DJ-1 appears
to have several functions within the cell, in human
and murine cell lines, DJ-1 has been identified as a
hydroperoxide-responsive, which suggests a function
as an antioxidant protein (Mitsumoto, Nakagawa,
2001). Originally recognized as a c-myc interacting
protein (Rakshit er al., 2014), DJ-1 has been
identified as an infertility related protein (Honbou et
al., 2003; Saito et al., 2014), associated with RNA
stabilization (Malgieri, Eliezer, 2008; Matsuda ef al.,
2017) and shown to convert to a more acidic form
under conditions of oxidative stress (Bjorkblom et
al., 2014; Mitsumoto, Nakagawa, 2001; Yanagida et
al., 2009). Oxidative modifications of DJ-I have
been implicated in the mechanisms of neuronal death
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and the pathogenesis of PD. It has been suggested
that DJ-1 protect neurons against oxidative stress by
acting as a redox-dependent chaperone. The protein
is normally found in the cytoplasm and oxidative
stress promotes relocation to mitochondria where it
protects against mitochondrial toxins (Lin et al,
2012; Zhang et al., 2005). Mutations in the DJ-1
gene have recently been shown to cause autosomal
recessive PD (Healy et al., 2004). Moreover, the loss
of function of DJ-I caused by mutations in DJ-/
causes a form of familial PD (Chen et al., 2017). It
was recently shown that the DJ-1 protein is degraded
by the ubiquitin proteasome system and that this
process is expedited for the PD (Bonifati ef al,
2003). However, the mechanism by which loss of
DJ-1 causes Parkinsonism is unclear currently.

MATERIALS AND METHODS
Patient selection

Thirty PD patients were recruited from the
Military Central Hospital (Table 1). Standard
neurological clinical examination of all patients was
performed before participation. The diagnosis of PD
was based on published criteria (Clarke et al., 2016).
This study was approved by the Medical Ethics
Committee of Military Medical University and
conformed to the ethical standards of the Helsinki
Declaration. All PD patients and volunteers provided
written informed consent.

Table 1. General Characteristics of Vietnamese PD patients.

General Characteristics PD patients (n = 30)

Age at time of study median, 655%7.3
year

Age at male median, year 64.7 £7.07
Age at female median, year 63.6 £ 7.55

Male sex, n (frequency) 21/30 (70%)

Female sex, n (frequency) 9/30 (30%)

Total DNA extraction, PCR and sequencing

A blood sample was collected from a peripheral
vein of each patient using venipuncture, and genomic
DNA was extracted according to the kit protocol
(GeneJET Genomic DNA purification, Thermo
Science, USA). One coding exon of the DJ-/ gene was
amplified by polymerase chain reaction (PCR) under
the following conditions: denaturation at 94°C for 15
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minutes, followed by 35 cycles of denaturation at 94°C,
annealing at 63°C and elongation at 72°C for 30
seconds each, and a final elongation step of 7 minutes
at 72°C. PCR was carried out in a final volume of 50 pul
including 2.5 mM MgCI2, 0.2 mM deoxynucleotide
triphosphate, 0.5 pM forward and reverse primer
(forward:  5'-AAATAGGTCAGAGAGCTTGTGG-3'
and reverse: 5'-TCAAACCATCGAATGAAAGG-3"),
1 U Taq polymerase (Promega- M8305, USA), and 10
ng of DNA. The quality of the PCR products was
analyzed by 2% agarose gel electrophoresis with size of
PCR product ca. 260 bp.

Purification of the amplified fragment was
performed by using GeneJET PCR purification kit
(Thermo Science, USA). For sequence analysis,
bidirectional dideoxy chain terminator sequencing
was carried out according to the manufacturers’
instructions (BigDye, Applied Biosystems, UK) and
the products were electrophoresed on an ABI 3500
Genetic Analyzer (Applied Biosystems, CA, USA).

Statistical Analysis

A sequence of human DJ-I  gene
(NC_000001.11) in NCBI GenBank was used as
reference sequence. The exon and protein sequences
of DJ-1 were vailable in Ensemble database
(http://www.ensembl.org). These sequences used to
identify the location of exon 5. DNA sequences of
both PD patients and controls were translated using
BioEdit Software to get protein sequences. A
multiple sequenced alignment of genes and proteins
was perform by using ClustalW tool of BioEdit
software. Alignment result was analyzed to find
down the nucleotide and amino acid substitution.

RESULTS AND DISCUSSION

In this study, we identified 18 known variant
mutations among 30 PD patients (60 %) (see Table 2).
There was only one male PD patient carried 3 mutation
positions, including exon 5 and introns 4 and 5. Parallel
mutations in introns 4 and 5 were 6 cases (20 %), and
another single mutation in the intron 4 (6 PD patients) or
intron 5 (5 PD patients). A large number of known
mutations related to PD have been identified. In
particular, DJ-/ mutations appear to be considerably
frequent in our population, suggesting a strong genetic
and/ or environmental factors influence. Further research
is needed to verify the contribution of the novel found
mutation in the pathogenesis of Vietnamese PD.



Table 2. Patient information with PD for the DJ-7 mutation in exon 5 and intron 4, 5.

No ID Name Sex Age at sampling Position of mutation
1 6E5 Nguyen Trung K Male 67 Exon 5, Intron 4, Intron 5
2 7E5 Nguyen Viet H Male 50 Intron 4, Intron 5

3 8E5 Hoang Van P Male 60 Intron 4

4 9ES5 Nguyen Duy M Male 75 Intron 5

5 10E5 Ho Minh A Male 60 Intron 5

6 12E5 Hoang H Male 74 Intron 4, Intron 5

7 14E5 QuanVan T Male 61 Intron 4

8 16E5 Le Huu K Male 7 Intron 4

9 17E5 Le Van H Male 69 Intron 4

10 18E5 Nguyen Dang D Male 78 Intron 4

11 19E5 Nguyen Van Q Male 57 Intron 4, Intron 5

12 22E5 Trinh Huu L Male 57 Intron 4

13 23E5 Nguyen Dac C Male 60 Intron 4, Intron 5

14 25E5 Trieu Thi T Female 69 Intron 5

15 27E5 Nguyen Minh N Female 74 Intron 5

16 28E5 Nguyen Van T Male 69 Intron 4, Intron 5

17 29E5 Nguyen Anh S Male 68 Intron 5

18 30E5 Pham Hong N Male 67 Intron 4, Intron 5

Table 3. Sequence alterations on exon 5 and intron 4 and 5 of DJ-1 gene.

Number Amino
of PD Reference Amino Amino cDNA Protein Intron Mutation acid Mutation
mutation sequence Allele1 Allele2 Acid1 Acid2 position position position alternative change description
4 T T C -49 1VS4-49T>C Heterozygous
1 A A C -38 1VS4-38A>C Heterozygous
1 T T G -24 IVS4-24T>G Heterozygous
1 G G T -16 IVS4-16G>T Heterozygous
1 T T C -15 IVS4-15T>C Heterozygous
1 T T C -14 IVS4-14T>C Heterozygous
2 T T C -13 IVS4-13T>C Heterozygous
3 T T C -12 IVS4-12T>C Heterozygous
1 A A G -5 IVS4-5A>G Heterozygous
1 C C G -4 IVS4-4C>G Heterozygous
7 G A A 31 IVS5+31G>A Homozygous
1 A A T 34 IVS5+34A>T Heterozygous
7 G G T 42 IVS5+42G>T Heterozygous
1 c c G A G 257 86 ;C)'_ZA%EC(:;G; Ala>Glu  Heterozygous
1 C.284A>T;
A A T Q L 284 95 p.G95L Gly>Leu Heterozygous
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We sequenced exon 5 and intron 4 and 5 of DJ-1
in 30 PD patients with onset range of over 50 years
old in an attempt to identify mutations causing
disease and gain further insight into the role of DJ-/
in PD, see table 3.

Here, we have searched for mutation in the
intron border of exon 5 (see Table 3 and Figure 1).
We detected a 13 mutation points in intron 4 and 5.
In which, 10 heterozygous mutations in intron 4
(e.g., IVS4-49T>C in 4 PD patients, IVS4-38A>C in
1 PD patient, IVS4-24T>G in 1 PD patient, IVS4-
16G>T in 1 PD patient, IVS4-15T>C in 1 PD
patient, IVS4-14T>C in 1 PD patient, IVS4-13T>C
in 2 PD patients, IVS4-12T>C in 3 PD patients,
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IVS4-5A>G in 1 PD patient, and IVS4-4C>G in 1
PD patient); 2 heterozygous mutations (e.g.,
IVS5+34A>T in 1 PD patient and IVS5+42G>T in 7
PD patients) and 1 homozygous mutation (e.g.,
IVS5+31G>A in 7 PD patients) in intron 5, but no
mutation carries were identified among 20 controls.
There are a few possible outcomes of these
mutations; it could influence the effectiveness of
intron splicing, it could lead to the accumulation of
unspliced pre-RNA in the nucleus and be subject to
rapid degradation, or it may result in the activation
of an alternative cryptic splice site affecting the
coding region of the gene. In all cases, this variant is
predicted to have drastic consequences on DJ-/ gene
and would to an aberrant transcript (Berget, 1995).
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Figure 1. Sequence images of 13 point mutations in intron 4 and 5 in DJ-1 gene. A) 10 heterozygous mutations in intron 4;
B) 2 heterozygous mutations and 1 homozygous mutation in intron 5.
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The two heterozygous mutations that alter amino
acid (Ala86Glu and Gly95Leu) found in one
individual comparing with the wild type sequence
(see Table 3 and Figure 2). Although, no other
sequence alterations or deletion or duplication were
detected, these mutations predicted to result in a loss
of functional protein. Recently, mutations in DJ-/
were identified in consanguineous Dutch and Italian
kindreds. In the Dutch kindred, a 14 kb genomic
deletion removed the promoter region and the first
five exons (D125). In the Italian kindred, a highly
conserved amino acid (leucine) was altered to proline
(L166P). Both mutations showed complete
segregation with disease in homozygous or
heterozygous individuals, suggesting that loss of
function of DJ-1 is pathogenic (Bonifati et al., 2003).
In addition, the Alal67Ala mutation was previously
identified in a PD patient (homozygote carrier) from
the United Kingdom and in a patient from a North

Y

American material with Caucasian/Hispanic origin
(heterozygote carrier) (Abou-Sleiman et al., 20006).
This is the first report on DJ-I mutation identified in
Vietnamese PD patients. This is the first report on
DJ-1 mutation identified in Vietnamese PD patients.
Therefore, there are several possibilities concerning
to the mechanism of these alter mutations. Several
possibilities have been suggested for mutations
including alterations of mRNA stability, secondary

structure, transcriptional activity, or changes in
protein synthesis, folding, levels, turnover and/or
function. Moreover, the unidentified genetic

pathways and differences in environmental factors
might contribute to the phenotypic variability among
PD patients. We report here all the changes found in
this series of PD cases and controls. The pathogenic
role of these mutations will become clearer as other
data emerge from other populations and genes in our
further study.
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Figure 2. Results from automated capillary sequencing of exon 5 in DJ-1 including the Ala86Glu (c.257C>G; p.A86G) and

Gly95Leu (c.284A>T; p.G95L) mutations using a forward sequencing primer. A) A heterozygous mutation carrier ;

homozygous wild type carrier.

CONCLUSION

In conclusion, we identified the presence of 18
mutations in the exon 5 and introns 4 and 5 of DJ-1
gene. Although our hypothesis that these mutations
would contribute to disease, the nonsynonymous and
uncertain significance of two variant mutations
(c.257C>G; p.A86G and ¢.284A>T; p.GI5L) in DJ-
1 gene was no parameter for defining fast-evolving
and slow-evolving protein-coding genes regarding
pathogenicity. To clarify the pathogenic associations
of DJ-1 gene with PD, further studies focusing on

B) A

large genetic cohort and epigenetic inactivation
mechanisms involving these genes are required in
PD patients and in their relatives with suspected
symptoms.
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PHAN TiCH POQT BIEN CUA GEN DJ-1 O BENH NHAN PARKINSON VIET NAM

Hb Truong Giang', Nguyén Pirc Hiéu’, Nguyén Thi Hoai Thu?, Vii Xuan Nghia®, Vé Thi Bich Thiy’

"Hoc vién Quan y, B¢ Quéc phong
*Vién Nghién ciru hé Gen, Vién Han lam Khoa hoc va Cong nghé Viét Nam

TOM TAT

Bénh Parkinson (PD) 1a mét tinh trang thoai hoa cua thin kinh trung wong véi cac nguyén nhan chua dugc
xéc dinh chic chin nhung chii yéu tac dong dén nguoi gia. R6i loan van dong la dic trung ctia bénh, cimg co,
run, chuyen dong cham chap lam anh huorng dén cugc séng hang ngay cua ngum bénh. Mot s& luong 16n cac
dot bién trén cac gen c6 lién quan dén bénh Parkinson (PD) da duoc tim thay Gen DJ-1, 1a mot gen thude
nhom gen PARK, dugc xac dinh 1a lién quan dén bénh PD. Viéc phéan tich tAn sudt dot blen cua gen DJ-1 &
bénh nhan PD Viét Nam 1a cin thiét dé 1am rd cac méi lién hé gdy bénh cta gen DJ-1 v6i bénh Parkinson va
tim hiéu vé& co ché gy bénh va co ché di truyén ciia PD. Trong nghién ciru ndy, mdu DNA tbng sb duoc tach
chiét tir mau ngoai vi ctia 30 bénh nhan PD (& d6 tudi 64.11 £ 7.31), 20 miu ddi chimg, va giai trinh tu bing
Sanger mot ving ma hoa ciia DJ-1 (chira intron 4 va 5, va exon 5). Két qua chung t6i da sang loc dugc 13 diém
dot bién di hop tir hodc déng hop ti xuét hién trong intron 4 va 5. C6 mdt bénh nhan khaoi phat bénh mudn
(LOPD) mang dot bién ddng hop tir duy nhit & intron 5 (IVS5+31G>A), cac bénh nhan con lai déu mang dot
bién di hop tir, nhung tat ca cac dot bién déu khong c6 y nghia. Didu dang chu ¥ 1a ci hai dot bién Ala86Glu
va Gly95Leu trén exon 5 déu xuét hién & mot bénh nhan PD va diéu nay cé thé din dén mot sy thay dbi cua
protein chirc ning. Phan tich bang tin sinh hoc hai dot bién trén cho thiy ching déu la dot bién khong dong
nhit va khong chéc chin, do vdy c6 thé ching khéng co lién quan dén dot bién gy bénh Parkinson. Trong
tuong lai, cin nghién ciru thém v& vai tro ctia cac dot bién moi & cac gen PARK khéc c6 lién quan dén sinh
bénh hoc cua cac bénh nhan méic PD & Viét Nam.

Tur khéa: Bénh Parkinson, exon 5, gen DJ-1, PARK loci, gidi trinh tw gen
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