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Abstract
The current study investigated the prevalence and genetics of Parkinsonism and
Parkinson’s disease (PD) in the Pakistani population. The prevalence of PD in the
Pakistani population is unknown. Similarly, there are no well documented studies on the
copy number variation (CNV) or the prevalence of variants such as the G2019S
mutation in the LRRK2 gene and the D620N mutation in the VPS35 gene. The Pakistani
population is highly consanguineous, which may be advantageous for the identification
of variants associated with recessive forms of Parkinsonism.
In the present study, we estimated the prevalence rate and assessed mutational profiles
(including CNV analysis, single nucleotide polymorphism (SNP) genotyping and whole
exome sequencing (WES) analysis) in consanguineous Parkinsonism families to
discover variants segregating with the disease. We also performed an association
analysis for 9 SNPs formerly found to be associated with PD in large-scale published
genome-wide association studies (GWAS).
For the prevalence estimation, we employed a door-to-door survey in the two districts
Dir (Lower) and Malakand of the Khyber Pakhtunkhwa province of Pakistan. A total of
four thousand individuals aged 50 and above were screened for PD symptoms with the
help of a standard questionnaire developed by Rocca et al (1998). The estimated
prevalence rate for Parkinsonism in individuals aged 65 and above was 1.7/100 (95% CI
0.9−2.46), and for PD was 1.28/100 (95%CI 0.6−1.94). For PD, the age standardized
rate to the US 2000 standard population was 1.33/100.
PD patients identified in the prevalence survey, along with recruited cases from
different hospitals, were used for the genetic analysis. High-resolution melt (HRM)
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analysis did not identify the LRRK2 (G2019S) or VPS35 (D620N) mutations in 100 PD
patients or 100 controls of Pakistani origin. Of the total 100 PD patients, 50 were
subjected to Multiplex Ligation-dependent probe amplification (MLPA) technique for
CNV analysis. A single early onset Parkinsonism case with LRRK2 exon 1 and 2
multiplication was identified. WES analysis did not find mutations in the formerly
reported PD genes in this patient. MLPA analysis did not reveal any other patients with
genomic rearrangement in the remaining patients.
Three Parkinsonism families were subjected to whole genome SNP genotyping analysis
to identify homozygous regions shared by the affected individuals. In one of the
families, SNP genotyping was followed by WES and Sanger sequencing analysis
revealing a homozygous mutation in exon 2 (p.Asp82Gly) in the NOV/CCN3 gene. The
identified variant was not detected in 100 PD patient or 100 controls. In the second
family, no regions with long run of homozygosity were detected by SNP data. However,
a single deletion was detected in the GALR1 gene in one patient and two unaffected
individuals of this family. In the third family, SNP genotyping did not identify any
homozygous blocks to be potential candidate regions.
In the case control replication analysis of 100 cases and 100 controls we failed to
identify any association between the 9 examined SNPs and PD in our Pakistani samples.
A relatively large Australian case control dataset of 1000 cases and 1000 controls was
examined in parallel. Polygenic risk score (PRS) analysis in the Australian cohort
showed a significant increase in the average PRS score for cases compared to the
controls. Surprisingly, the Pakistani data set a showed the opposite trend with higher
PRS score for controls compared to the cases.
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The present study reports on the prevalence rate of PD in the Pakistani population.
Additionally, several novel findings including multiplication in the PD gene LRRK2; a
novel mutation in the NOV/CCN3 gene and the risk factors analysis of the previously
PD associated SNPs. Further investigations will be needed to better evaluate and
characterise these findings.
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1

CHAPTER 1. INTRODUCTION

Parkinson’s disease (PD) was first described almost 200 years ago by the British physician,
James Parkinson in his classic monograph ‘‘Essay on the Shaking Palsy’’ (Parkinson,
1817). PD is the second most frequent neurodegenerative disorder after Alzheimer’s
disease. It usually develops in later life, but can affect individuals of any age. Several
hypotheses have been postulated to explain the ultimate causes of PD, but the exact
mechanism of its development is poorly understood. It is thought that PD results from a
complex mixture of genetic and environmental factors. In the present thesis we study both
the prevalence and genetics of Parkinsonism in the Pakistani population.

1.1

Clinical Symptoms and Pathology

There are no laboratory tests that can definitively diagnose PD. Therefore, the disease must
be diagnosed on the basis of clinical symptoms. PD is clinically diagnosed on the basis of
four cardinal motor symptoms, which include resting tremor, rigidity, bradykinesia and loss
of postural stability (Sian et al., 1999). Not all symptoms initially present in all patients;
there may be only one or two. Usually the first complaint is motor weakness followed by
postural instability and tremor. The most characteristic feature is tremor at rest, occurring in
70% of patients (Hoehn & Yahr, 1967). Another common symptom is rigidity which is the
inability of muscles to relax normally leading to a resistance to passive movement. The
rigidity seen in Parkinsonism is known as “cogwheel” rigidity, because of the ratcheting
nature of the resistance to movement. Bradykinesia refers to the slowness of movement
such as arm swinging when walking. Other difficulties involve swallowing, which may
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lead to additional complications such as aspiration pneumonia. Of the cardinal motor signs,
postural instability is one of the most disabling features of Parkinson's disease (Lee et al.,
2012). It is usually less responsive to levodopa therapy. Similarly tremor may also be less
responsive, even early in the course of the disease (Lang & Lozano, 1998). Besides the
cardinal symptoms, a number of non-motor symptoms are often also associated with PD.
These include sensory impairments, behavioural changes, sleep disturbances, autonomic
dysfunction and fatigue (Pfeiffer, 2016).
The brain region known as the striatum, which is comprised of the caudate nucleus and the
putamen, receives dopamine through dopaminergic neurons from the substantia nigra. In
PD, reduced dopamine input to the striatum leads to an overall increase in inhibitory output
to the thalamus via the globus pallidus interna and finally to the cortex. This affects the
initiation of movements and causes the characteristic motor dysfunctions (Rodriguez-Oroz
et al., 2009). Pathologically, the depletion of dopamine in the striatal projection is the
consequence of dopaminergic cell loss in the substantial nigra pars compacta.
Approximately 50% loss in the nigral neurons or 80% depletion of striatal dopamine is the
symptomatic threshold level for the development of motor symptoms in individuals with
PD (Fearnley & Lees, 1991). The pathological findings of PD include the presence of
intracellular filamentous aggregates of lipid and proteins called Lewy bodies. The major
fibrillar form of protein found in Lewy bodies is called alpha-synuclein (α-synuclein)
(Spillantini et al., 1997). Lewy bodies are the common pathological hallmarks in the brain
present in deceased patients. However, these inclusions are also observed in a number of
other diseases such as dementia with Lewy bodies (McCann et al., 2014; McKeith et al.,
1996), and subacute sclerosing panencephalitis (Gibb et al., 1990). It has been found that
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the α-synuclein pathology in PD is observed throughout the nervous system (Braak et al.,
2003). Deposits α-synuclein have been found in the peripheral cutaneous nerves, autonomic
nervous system, enteric nervous system, lower brainstem (dorsal motor nucleus of the
vagus),

spinal cord, limbic structures (amygdala and hippocampus), and neocortex

(Shulman et al., 2011). In a more recent study, lewy body pathology was detected in the
olfactory epithelium of patients suffering from PD (Saito et al., 2016).
Hallucinations in PD are associated with the deposition of Lewy bodies in parahippocampal
cortex, and inferior parietal cortex (Williams & Lees, 2005).
The pathophysiology of PD is poorly understood. However, pharmacologic agents play an
important role in the management and treatment of this disorder. Currently, there is no
permanent cure for PD and available therapies are used for symptomatic treatment only.
The pharmacological agent, Levodopa, which is usually administered in combination with a
DOPA decarboxylase inhibitor (DDCI), which is the most effective treatment available for
PD (Damier et al., 2008). Other drugs include dopamine agonists, monoamine oxidase-B
(MAO-B) inhibitors and catechol-O-methyltransferase (COMT) inhibitors.

1.2

Epidemiology of PD

Epidemiology is study of the distribution and determinant of health-related states or events
in specified populations, and the use of this information to the prevention and control of
health related issues (Last, 2001). It estimates the occurrence of diseases and their
economic burden. The principle methods to determine the occurrence of disease are
prevalence and incidence. In epidemiology, the prevalence estimation is the measure of
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disease in a population at a particular time point. It is estimated by dividing the number of
affected individuals (diseased people) with the number of people examined and is often
expressed per 100 or 100,000 people. The prevalence approach helps to determine the
frequency and distribution of disease in human populations, and also to estimate the factors
that influence the disease for example aging and gender in PD.
PD is the second most prevalent neurodegenerative disorder among elderly people. It places
a substantial socioeconomic burden on the affected individual and their caregivers (Winter
et al., 2010). Prevalence studies of PD from different parts of the world report variable
frequencies by race and gender, which is somewhat controversial. Epidemiological studies
in different populations report crude prevalence rates from 65.6/100,000 in Sardinia (Rosati
et al., 1980), to 12,500/100,000 for institutionalised patients in Germany (Evers &
Obladen, 1994). Estimates of crude incidence rate vary from 5/100,000 to 26/100,000
(Twelves et al., 2003). Prevalence studies conducted in Australia also reported variable
figures ranging from 146 to 780 per 100,00 (Chan et al., 2005; Chan et al., 2001; Peters et
al., 2006). Large variation in the prevalence rates from Australia may be due to the
differences in methodology or small sample screened, however, a better nationwide doorto-door survey is needed to determine the accurate estimate in this population (Mellick,
2013).
The variation in the prevalence of PD in different regions of the world is the consequence
of several factors. These include methodological differences such as variability in
diagnostic criteria and the effect of geographical location, demographics and ethnicity.
Previous studies highlighted the impact of age, ethnicity, and geography on the prevalence
of PD. However, methodological differences play an important role in the prevalence
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variation. Improving the methodologies has a positive effect on the comparative analysis
and epidemiological studies. Using the same screening instrument, a door-to-door survey
was performed in different communities in the USA. The study found that the prevalence
rate was nearly the same among African Americans and whites (Schoenberg et al., 1985).
Age is the most important risk factor for PD and most published data shows increasing
incidence with increasing age, an exponential increase of PD was observed in people above
60 years (Newman et al., 2009).
In recent times, the population of less developed nations are beginning to get older, which
parallels the changes observed in more developed countries during the 20th century.
According to a United Nations 2007 report, approximately 40% of the total world
population lived in China or India. An additional 20 % of the population lived in 8
countries, 4 of which (Japan, Indonesia, Bangladesh and Pakistan) belong to Asia ("World
population ageing 2007," 2007). The role of ethnicity as it relates to PD risk is somewhat
controversial. Few studies have addressed the role of ethnicity/race in the prevalence of the
disease. Door-to-door surveys conducted in several Asian countries yielded prevalence
rates from 16.7 to 176.9 per 100,000 (Wang et al., 1991; Zhang et al., 2005). This ratio was
lower than those reported in non-Asian countries, which is 101.0 to 439.4 per 100,000
(Muangpaisan et al., 2009). However, some of these studies showed similar prevalence to
that reported in European populations.
An age adjusted prevalence study was conducted in Singapore on three different
communities; Singaporean Chinese; Malays; and Indians. The findings of the study showed
a similar prevalence to that of the European population and also found that the race specific
prevalence among the three communities were almost identical (Tan et al., 2004). Another
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study conducted in 2005 showed that the prevalence of PD in China is almost identical to
that in developed countries (Zhang et al., 2005). A door-to-door survey performed in
Taiwan reported a slightly lower prevalence rate to that reported in European populations
but a value greater than previous findings reported for Asian countries (Wang et al., 1996).
Similarly, variable prevalence rates have been recorded in the Indian population. A door-todoor survey, conducted on the Parsi community in India, reported a relatively high
prevalence ratio (192 per 100000 population), which is similar to that of European
countries (Bharucha et al., 1988). However, other prevalence studies from India have
reported much lower prevalence rates (52.85/100,000) (Das et al., 2010). There is
considerable epidemiological data emerging on the prevalence of Parkinsonism from some
developing countries like China and India. Unlike other developing nations, there is a lack
of information regarding prevalence of neurological disorders including Parkinsonism in
Pakistani population.

1.3

Etiology of PD

The causes of PD is not well known, however a number of factors including environmental
stress, aging and genetics play a key role in its development (Wirdefeldt et al., 2011).
Exposure to environmental toxin such as agricultural pesticides that are harmful to nervous
system could cause neurological symptoms including Parkinsonism. Using hospital based
registry data, a significant association between PD incidence and exposure to pesticide was
detected in Nebraska, USA (Wan & Lin, 2015).
Genetics and environmental factors are considered to influence different pathophysiological
mechanisms, such as apoptosis, oxidative stress and protein misfolding, that may increase
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the risk of developing PD. A large number of epidemiological surveys have studied
environmental factors as risk factors for PD. Some of those, like age and possibly gender
are consistently associated with the development of PD (McCormack et al., 2002).
Carlsson and Winblad 1976, observed a significance loss of striatal dopamine level with
age. Similarly, males seem more likely to develop PD than females. Taylor et al (2007)
conducted a meta-analysis of a large set of data. Their review of the literature suggested
that the male to female ratio in age-adjusted incidence of PD was 1.5/1 (Taylor et al.,
2007). Other factors like smoking and coffee are considered as protective factors that
reduce the risk of PD (Hernán et al., 2002). Similarly, family history of the disease is a
well-known risk factor for both PD and Parkinsonism. Several authors have discussed the
possible role of family history in PD development. In a large family based study of PD, an
overall 7.9 relative risk was observed for the siblings of the affected individuals, and 2.7 for
first degree relative of PD patients (Marder et al., 2003). Sellbach et al (2006) found that
the relatives of an affected individual with early onset PD are more likely to develop PD
which is thought to be caused by genetic factors (Sellbach et al., 2006). Other factors
considered to be associated with increased risk for Parkinsonism are pesticide exposure and
head injury (Dick et al., 2007). Until the 1990s, PD was considered a purely sporadic
disease with little or no genetic background. However, major breakthroughs in the past
decade have mapped several loci and genes that cause familial PD. The discovery of PD
causing mutations makes it possible for the first time to begin to explore pathogenesis at the
molecular level. Abnormalities in the encoded product of different genes are now known to
lead to the development of PD. For example, α-synuclein, the product of the SNCA gene,
was the first identified protein revealed through the study of genetics. The exact role of this
protein is still unknown, although different studies suggest that it plays a role in synaptic
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vesicle mobilization, presynaptic function and the maintenance of synaptic vesicles (Cabin
et al., 2002; Murphy et al., 2000). It is generally considered that toxic gain of function of αsynuclein occurs in PD, which interferes with the normal cellular processes. Other
aetiological factors that are thought to be involved with the development of PD are known
to enhance α- synuclein aggregation in the brain. These include the exposure of cells to
environmental toxins (such as pesticide) and the mutated form of several PARK genes
(reviewed in section 1.5 Genetic Classification of PD/Parkinsonism).

1.4

Genetic Variations Underlying Parkinsonism

Identifying genes underlying disease is the initial step toward the better understanding the
disease mechanisms and pathways, and to the development of diagnostic tools (Antonarakis
& Beckmann, 2006). PD is a genetically complex and heterogeneous disorder. Because of
the influence of aging (Shulman et al., 2011), and in some cases the low penetrance of
genetic factors (i.e. the reduced ability for the gene mutation to result in disease symptoms),
there may be an underestimation of the genetic component to PD. However, during the past
decade, the discovery of familial forms of PD from different geographical regions and
ethnic groups has proved that (at least in some cases) genetic factors can lead directly to the
development of PD. Individuals with a positive family history of PD are more vulnerable
to develop PD. As stated above, epidemiological studies showed that positive family
history is a risk factor for PD. It was found that approximately 10-15% of the PD patient
report positive family history; among them 10-20% record PD in their first degree relative
(Sellbach et al., 2006).
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1.5

Genetic Classification of PD/Parkinsonism

PD can be classified into two different forms, familial and sporadic. The sporadic form is
generally considered to be influenced by genetic and environmental components. On the
other hand, familial forms of PD are more likely to be caused predominantly by mutations
in genes. Studies have identified different genes and loci linked with familial PD. These
include SNCA, LRRK2, parkin, PINK1, PARK7, ATP13A2, PLA2G6, FBXO7, UCHL1,
HTRA2, VPS35 and EIF4G1 (Puschmann, 2013). Familial Parkinsonism can occur with
inheritance patterns consistent with both autosomal dominant and autosomal recessive
disease. Sometimes the pattern of inheritance is less clear (Table 1.1).
Table 1.1. Types of Parkinsonism on the basis of inheritance pattern
Parkinsonism
Inheritance
Autosomal
recessive

Features
Only manifest when the mutant alleles are present in homozygous
state.
Parents are heterozygous carrier with clinically normal
phenotype.
In most cases, parental consanguinity is present.
Early age of onset (before 40 years).

Autosomal

Manifest in homozygous or heterozygous state.

Dominant

At least one parent must have the disease.
Usually late onset.

Unclear

Have familial background with unclear pattern of inheritance.

inheritance

No parental consanguinity, however, the parents present normal
phenotypes.
Multiple affected individuals, with variable phenotype.

Sporadic

Disease with no previous family history.
Usually late onset.
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1.5.1

Autosomal recessive forms of PD

Autosomal recessive Parkinsonism is an early onset familial form of PD. PD with age onset
between 20 to 40 years is called young onset PD (Quinn et al., 2004), or Early onset PD
(EOP). On the basis of age and onset of symptoms, some authors classify early onset
Parkinsonism (EOP) and autosomal recessive juvenile Parkinsonism (ARJP) into two
different categories. For juvenile Parkinsonism the age at onset occurs below 20 years, and
EOP appears at ages between 20 and 45 (Tsai & Lu, 1991). Nevertheless, other authors
categorize all the patients as EOP, if the onset of disease symptoms occurs below 40 years
(Hedrich et al., 2002).
In the context of this thesis, the EOP terminology will be defined as Parkinsonism that
presents before the age of 40 years.
Nigral degeneration is frequent in EOP; however, most of the pathological cases that have
gone to autopsy show an absence of Lewy bodies (Gasser, 2009; Rosner et al., 2008). It is
thought that EOP is due to loss of function gene mutations (Bonifati et al., 2003b;
Matsumine, 1998). In autosomal recessive Parkinsonism, mutations on both of the alleles
are necessary to cause the phenotype. The key features of autosomal recessive
Parkinsonism are the “generation skipping” phenomena in which the affected family
members have both neurologically normal parents, both of whom are heterozygous. Also
the children of the affected individuals are normal with 50% chance of having one defective
allele. A number of causative genes and loci have been discovered that causes autosomal
recessive Parkinsonism, these include parkin, PINK1, DJ-1, ATP13A2, PLA2G6 and
FBXO7.
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1.5.1.1 PARK2 (parkin)
The PARK2 locus was initially mapped to chromosome 6q25.2–27 in consanguineous
Japanese families with EOP (Matsumine et al., 1997). Subsequent identification of
homozygous deletion mutations in four Japanese families, confirmed the role of PARK2
gene in the development of EOP (Kitada et al., 1998). The PARK2 gene is considered the
most frequent cause of EOP with onset below 40 years. To date, more than 100 different
mutations have been detected in this gene. Up to 50% of patients with EOP (onset<40
years) may carry PARK2 mutations. The frequency is greatly reduced to <7% if the onset is
30-45 years (Lucking et al., 2000; Periquet et al., 2003). The encoded PARK2 gene protein
is a component of an E3-ubiquitin ligase. It is involved in targeting other proteins for
degradation by the proteasome (Shimura et al., 2000). Mutations in this gene possibly
reduce E3 ubiquitin ligase activity leading to an abnormal accumulation of proteins (Rankin
et al., 2011) (Fig 1.3). The role of PARK2 gene is not only confined to early onset familial
form but also play important roles in the late onset sporadic PD as it is inactivated due to
oxidation and dopaminergic stress (Dawson & Dawson, 2010).

1.5.1.2 PARK6 (pink1)
Using homozygosity mapping, the PARK6 (pink1) locus was localized to chromosome
1p36 in a family with slow progressive early onset Parkinsonism (EOP) (Valente et al.,
2001). Mutations in this gene are considered the second most frequent cause of EOP next to
parkin gene. Up to 5% of autosomal recessive juvenile Parkinsonism cases may carry a
homozygous or compound heterozygous PARK6 mutant genotype. The frequency of
PARK6 mutations in autosomal recessive PD patients ranges from 1-7% in Caucasian
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populations (Rogaeva et al., 2004; Rohé et al., 2004). In Asian populations the estimated
frequency is 2.5% in autosomal recessive PD (Tan et al., 2005), and 3.7% of early onset
sporadic cases (Tan et al., 2006). Pink1 (PTEN-induced putative kinase 1) is a kinase
protein that resides in the outer mitochondrial membrane (Valente et al., 2004). The key
function of this protein is the protection of mitochondria against oxidative stress induced
apoptosis. The protective role of PARK6 is dependent on its kinase activity on the
phosphorylation of the mitochondrial TRAP1 protein (Pridgeon et al., 2007) (Figure 1.2).

1.5.1.3 PARK7 (DJ1)
The PARK7 locus was mapped to chromsome 1p36 in a Dutch family with EOP (Van Duijn
et al., 2001). Subsequent positional cloning identified mutations in the DJ1 gene in two
families linked to the PARK7 locus (Bonifati et al., 2003a). Until now, very few
Parkinsonism cases have been found to possess DJ1 mutations. They represent <1% of
EOP disease (Abou‐Sleiman et al., 2003). A homozygous mutation (L166P) in this gene
has been found to affect the stability of the protein with reduced antioxidant activity
(Moore et al., 2003) (Figure 1.2). DJ1 is a multifunctional protein involved in a

number of biological pathways including transcriptional regulation, anti-oxidative
stress reaction and mitochondrial regulation. Beside familial form of PD, inactivated
DJ1 was also observed in sporadic PD (Ariga et al., 2013).

1.5.1.4 PARK14 (PLA2G6)
Using genome wide linkage analysis, the PARK14 locus was mapped to chromosome
22q12–q13 in consanguineous families with recessive infantile neuroaxonal dystrophy (a
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rare autosomal recessive inherited neurological disorder, INAD), and Karak syndrome (a
degenerative disorder of the basal ganglia and cerebellum). Subsequent mutational
screening of the candidate genes in the region identified mutations in PLA2G6 gene
(Morgan et al., 2006). The protein encoded by the PLA2G6 gene is A2 phospholipase
involved in the hydrolysis of glycerophospholipids; it is thought to play a role in cell
membrane homeostasis (Morgan et al., 2006).

A number of mutations have been

discovered in this gene, which is considered to play an important role in neurodegenerative
diseases. In Han Chinese population, mutation in PLA2G6 gene was found to be the second
common genetic cause of EOP after PARK2 mutation (Lu et al., 2012).

1.5.1.5 PARK9 (ATP13A2)
The ATP13A2 gene (locus PARK9) encodes a transmembrane lysosomal P5-type ATPase,
mostly expressed in brain (Ramirez et al., 2006). The PARK7 locus was originally localized
to chromsome 1p36 in a consanguineous Jordanian family with Kufor-Rakeb syndrome
(Hampshire et al., 2001). Kufor-Rakeb syndrome is rare autosomal recessive condition with
pyramidal degeneration and dementia (Al‐Din et al., 1994; Williams et al., 2005). Djarmati
et al (2009) found that mutations in ATP13A2 gene are not a frequent cause of
Parkinsonism. The role of the ATP13A2 protein is not well defined. However, it is
considered that mutation in the ATP13A2 gene alters the protein’s stability (Ramirez et al.,
2006).
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1.5.1.6 PARK15 (FBX07)
Linkage analysis linked parkinsonian-pyramidal syndrome to chromosome 22q1
(PARK15) in a large Iranian family. Sequencing of the candidate regions revealed a
mutation in FBX07 gene (Shojaee et al., 2008). A number of different mutations have
been found in this gene, which is considered to be the cause of early onset
parkinsonian-pyramidal syndrome (Di Fonzo et al., 2009).

1.5.2

Autosomal dominant forms of PD

Four genes are currently known to cause dominant form of PD. The role of SNCA and
LRRK2 have been extensively studied, whereas EIF4G1 (Chartier-Harlin et al., 2009), and
VPS35 (Vilariño-Güell et al., 2011) have been more recently discovered and are currently
the subject of the extensive study.

1.5.2.1 Alpha-synuclein (SNCA)
SNCA was the first gene that showed genetic linkage to autosomal dominant PD and was
linked to chromosome 4q21 (Polymeropoulos et al., 1996). Identification of a single point
mutation A53T (p.Ala53Thr, c.209G >A) in a large Italian-American kindred and in three
other families from Greece, confirmed its involvement in PD development (Markopoulou et
al., 1999; Polymeropoulos et al., 1997). All these families have a common founder
(Athanassiadou et al., 1999). While α-synuclein aggregates (Lewy bodies) are the
pathological hallmark of typical PD, they are also observed in dementia with Lewy bodies
(DLB) and multiple system atrophy (MSA). Diseases which show abnormal deposition of
α- synuclein within the brain are known as the synucleinopathies (Dickson et al., 1999)
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(Figure 1.2). Recent studies have suggested that misfolded α- synuclein protein may be
responsible for initiating PD, and by cell-to-cell transmission mechanism may causes
disease progression (Dehay et al., 2015).

1.5.2.2 PARK8 (LRRK2)
Leucine-rich repeat kinase 2 (LRRK2) is the most frequent cause of PD. Funayama and
colleagues, initially identified the PARK8 locus through linkage analysis in a Japanese
family with autosomal dominant, L-DOPA–responsive late-onset PD (Funayama et al.,
2002) . In 2004, two groups simultaneously discovered mutations in the LRRK2 gene in
autosomal dominant PD families (Paisán-Ruıź et al., 2004; Zimprich et al., 2004). The
LRRK2 gene encodes a large 286 kDA protein, with multiple enzymatic and proteininteraction domains: Armadillo repeats (ARM); Ankyrin repeats (ANK); leucine-rich
repeats (LRR); a Ras of complex (Roc); a C-terminal of Roc (COR); kinase domain and
WD40 repeats (Guo et al., 2007). (Figure 1.1)

Figure 1.1. Domain structure of human LRRK2 gene. Armadillo repeats (ARM);
Ankyrin repeats (ANK); leucine-rich repeat (LRR); Ras of complex (Roc); C-terminal of
Roc (COR); Mitogen-activated protein kinase kinase kinase (MAPKKK) and WD40
repeats.
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Mutations in LRRK2 are found both in familial and sporadic forms of PD. These mutations
are the most frequent, currently known, genetic cause of PD. To date, more than 50
different disease associated mutations have been found in the LRRK2 gene (Nuytemans et
al., 2010). The most common and well-characterized mutation is G2019S. The penetrance
of G2019S mutation is age-related and increases from 17% at age 50 years to 85% at age
70 years (Kachergus et al., 2005). Most PD patients with the G2019S mutation also share
the same founder haplotype which is thought to have originated from a single mutation
event (Goldwurm et al., 2005). The frequency of the G2019S mutation is variable in
different ethnic groups. In some isolated populations, the G2019S is prevalent with high
frequency. For example, 40% of Arab patients with familial PD (Lesage et al., 2006), and
18.3% of both familial and sporadic cases of Ashkenazi Jewish descent (Ozelius et al.,
2006) carry the G2019S mutation. European populations also show a heterogeneous
prevalence of the G2019S mutation (Guedes et al., 2010). Ferreira et al (2007) analysed
138 unrelated Portuguese PD patients for G2019S mutation; they identified 9 patients with
heterozygous G2019S mutation, representing the highest frequency among all European
populations. Studies from other European populations report variable frequencies in
patients with PD: Spain (5.1%); Norway (2.1%); Sweden (1.4%); and Germany (0.8%)
(Guedes et al., 2010). Similarly, the frequency of this mutation in Greek patients is 0.1%
(Xiromerisiou et al., 2007). In the Australian population, the G2019S mutation represents
2.4% of the familial and 0.3% of the sporadic PD patients (Huang et al., 2007).
The G2019S mutation is reportedly absent or very rare in Asian populations. Punia et al
(2006) invistigated 800 PD patients and 212 controls (from India) for LRRK2 variants
including the G2019S mutation. This screening analysis identified a single heterozygous
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G2019S mutation in a young onset PD patient (Punia et al., 2006). Similarly, mutational
screening of LRKK2 in Taiwanese patients did not identify a single patient with the
G2019S mutation (Lu et al., 2005).

1.5.2.3 PARK17 (VPS35)
VPS35 is a part of the retromer complex involved in the retrograde transport of membranebound proteins from the endosomes back to the trans-Golgi network (Bonifacino & Rojas,
2006). Using Exome sequencing, in a Swiss family with late-onset autosomal dominant PD,
a mutation (c.1858G>A; p.Asp620Asn) in the vacuolar protein sorting gene (VPS35) was
identified (Vilariño-Güell et al., 2011) . The mutation was detected in all affected
individuals of the family and was located in a highly conserved region. Interestingly, the
Mellick group has also identified two Queensland families with this mutation which
appears to exist in around 0.4 % of PD patients of European ancestry (Sharma et al.,
2012a). Sequencing analysis of PD patients from different countries identified the same
mutation in an American family, a Tanzanian family and an individual sporadic patient of
Yemenite Jewish background (Vilariño-Güell et al., 2011) . Zimprich et al (2011) also
found the same variant

c.1858G>A (p.Asp620Asn) in a large Austrian family with

autosomal dominant PD. Mutational screening of different population has shown that
D620N mutation is not the frequent cause of PD. In a large-scale multicentre study, 15000
individuals were screened for VPS35 gene variants. The study identified 0.4% of PD
patients of European ancestry with D620N mutation (Sharma et al., 2012a). Similarly, in
Japanese population the frequency of D620N mutation was 1% in familial and 0.23% in
sporadic PD patients. Sudhaman et al., 2013, screened Indian PD patients for D620N
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mutation, however, no patient was found to have the mutation which shows the rarity of the
D620N mutation in Indian population (Sudhaman et al., 2013).

1.5.2.4 PARK18 (EIF4G1)
EIF4G1 is a component of the translation initiation complex that plays a role in
mitochondrial activity (Ramírez-Valle et al., 2008; Silvera et al., 2009). Linkage analysis
mapped this new locus to chromosomal region 3q26-q28, in a French family with
autosomal-dominant Parkinsonism. Subsequent mutational analysis found the mutation
c.3614G>A (p.Arg1205His) in the EIF4G1 gene (Chartier-Harlin et al., 2011). However, in
another study, mutational screening of 251 PD patients (the majority from France) revealed
12 rare variants; among them only one variant showed familial segregation. The study
suggested that, mutation identified in EIF4G1 might be a rare cause of PD in the French
population (Lesage et al., 2012b).

1.5.3

Other possible PD genes and loci

Several other genes have been identified to be the possible causes of PD. However, their
role in PD development is controversial because they have not been confirmed to segregate
with disease in additional families or may exist in unaffected healthy controls. Examples of
these are discussed below.

1.5.3.1 PARK5 (UCHL1)
The UCHL-1 gene product has both ubiquitin ligase and peptide-ubiquitin hydrolysing
activity (Liu et al., 2002). The gene ubiquitin carboxyl-terminal esterase L1 (ubiquitin
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thiolesterase, UCHL1, PARK5) was linked to chromosome 4p14 in a small German family
with autosomal dominant form of PD (Leroy et al., 1998). Previous studies have shown that
UCHL1 play a role in nervous system maintenance; loss of UCHL1 activity causes
childhood-onset neurodegenerative syndrome (Bilguvar et al., 2013).

1.5.3.2 PARK11 (GIGYF2)
The GIGYF2 gene encodes a protein that is considered to play a role in the insulin
signalling pathway (Giovannone et al., 2003). Using linkage analysis, the locus PARK11
was initially mapped to chromosome 2q36-37 in individuals with dominant PD (Pankratz et
al., 2003). Lautier et al (2008) found seven different mutaions in the GIGYF2 gene in a
patient with PD. However, Nicholas et al (2008) found that these variants did not cosegregate in families with PD, and also that the reported mutations were found in healthy
control individuals (Zimprich et al., 2009).

1.5.3.3 PARK13 (HTRA2, Omi/HtrA2)
Strauss et al (2005) found mutations in the Omi/HtrA2 (PARK13) gene in a German family
with PD. The results suggested that the mutation leads to mitochondrial dysfunction.
However, the same pathogenic variants were found in neurologically healthy control
individuals (Simón-Sánchez & Singleton, 2008).

1.5.3.4 PARK3, PARK10, PARK12
Apart from the above discussed genes, there are some other chromosomal regions that
showed linkage to late onset familial PD. However, the causative genes in these regions are
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yet to be identified. These loci include PARK3, PARK10 and PARK12 (Gasser et al., 1998;
Hicks et al., 2002; Pankratz et al., 2002). One possible candidate gene in the PARK3 locus
is SPR which encodes for a protein involved in dopamine synthesis (Sharma et al., 2006).
However, to explore the exact role of these genes and loci, further studies of these regions
is necessary.

20

Figure 1.2. Pathways to Parkinson disease. Reused with permission (Farrer, 2006).
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1.5.4

Copy number variation

Copy number variation (CNV) is another form of genetic variation prevalent throughout the
genome. CNV refers to areas of genetic sequence in which there are deletions, duplications
or multiplications of the usual consensus sequence. The size of CNVs can range from 1kb
to several megabases and it is estimated that around 13% of the human genome is subject to
the presence of such CNVs (Stankiewicz & Lupski, 2010). Many diseases are reportedly
due to deletion or duplication of specific regions of the genome. Common examples are
Charcot–Marie–Tooth neuropathy, schizophrenia and autism (Høyer et al., 2014; Need et
al., 2009; Sebat et al., 2007).
Multiplex ligation dependent probe amplification (MLPA) is a fast and sensitive method
commonly used to detect CNV in up to 50 different genomic regions (see section 1.6.3).
Using MLPA techniques, genomic rearrangements have previously been reported in
different populations. A MLPA based CNV analysis was performed in 102 Brazilian PD
patients including 24 familial cases. The study identified four patients with CNV mutations.
Of these, two sporadic cases and two familial cases possessed genomic rearrangements in
PARK2 and PINK1 gene, respectively (Moura et al., 2012). It appears that the PARK2 gene
is prone to genomic rearrangement. Of all the genetic variation identified in the PARK2
gene to date, dosage changes represent approximately 50% of the disease-causing variants
(Hedrich et al., 2004). In another study, CNV analysis was conducted in South African PD
cases. This identified 8% of the PD patients with genomic rearrangements. These included
both α-synuclein and PARK2 gene dosage changes. The study was based on MLPA
screening and found both duplications and deletions in six patients with PD. The screening
analysis also showed a whole gene triplication of the α-synuclein gene in a patient with
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positive family history (Keyser et al., 2010). The MLPA technique can simultaneously
process several samples in a single run. This makes it useful for population based screening
of Parkinsonism and related disorders. Recently, Darvish et al (2013) performed MPLA
dosage changes analysis in 232 Iranian PD patients. The study included 102 early onset
sporadic cases and 51 patients with positive family history. This study identified 14
(13.7%) early onset sporadic cases with rearrangements; eleven in PARK2, two in PARK6,
one in DJ-1, one in ATP13A2 and three in the α-synuclein gene. Of the familial PD cases, a
total of 46 PD patients from 18 (35.3%) families were found to have genomic
rearrangements in PARKIN, PARK6, α-synuclein, DJ-1, and ATP13A2 genes (Darvish et
al., 2013). The frequency of such CNV in this sample of patients is considerably higher
than previous reports in other populations. While the authors mention that they did validate
all findings using qPCR, it is important that further follow-up studies in other samples of
similar ethnic backgrounds be performed. CNV in the form of deletions and triplications
has also been reported in α-synuclein gene in PD patients. However, the progression of
symptoms may vary in both types of variation. Triplications in the α-synuclein gene seem
to result in early onset disease with a rapid progression of symptoms, whereas duplication
carriers seem to develop a more classical late onset PD phenotype (Chartier-Harlin et al.,
2004). α-Synuclein triplications were initially identified in an early onset autosomal
dominant PD and dementia family (Singleton et al., 2003). Later on, triplication in the αSynuclein was also reported in a consanguineous early onset Pakistani PD family (Kojovic
et al., 2012).
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1.5.5

Single nucleotide polymorphisms as susceptibility factor for PD

Only a small fraction of PD cases is due to mutations in a single gene (monogenic),
suggesting that additional DNA sequence variation and unknown loci may contribute to
increase disease susceptibility. Single nucleotide polymorphisms (SNPs) are the most
frequent form of genetic variation within the population. The human genome contains
approximately 10 million SNPs; these occur both in coding and non-coding sequences.
Generally, SNPs have no direct effect on health and development; however, SNPs in the
coding or regulatory regions may affect the gene function. SNPs are most often used as
informative genetic markers (Schork et al., 2000). In the past decade, SNP markers have
been successfully used for gene mapping and the study of complex diseases. Association
studies and linkage analysis are the two main methods used to identify the genetic factors
of complex disorders. Linkage analysis is used to trace the genomic regions in families
segregating with the disease.
SNP based association studies do not identify casual genes but rather identify genetic risk
factors that are neither necessary nor sufficient to cause the disease. In association analysis,
the allele frequencies of SNPs markers are tested in affected and unaffected individuals to
evaluate the association between the presence of the genetic factor and the presence of the
complex disease phenotype. A higher frequency of particular SNP markers in the disease
group compared to the controls is considered as a positive association between the markers
and the disease. Replication studies of the previously associated SNPs are important to
confirm the findings in independent ethnic groups and populations. SNP association studies
can now be performed on hundreds of thousands of markers across the entire genome in
what is referred to as a genome-wide association study or GWAS. The first GWAS study in
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PD was published in 2005 (Maraganore et al., 2005); since then there have been several
large-scale PD GWAS studies and met-analyses (Lill et al., 2012; Simon-Sanchez et al.,
2009). These have identified different loci, which are found to be associated with PD. A
recent large-scale meta-analysis was conducted by Nalls et al (2014), identified and
replicated a total of 28 SNPs including 6 novel positions in the genome associated with PD
(Nalls

et

al.,

2014).

These

SNPs

are

located

in

genes

including

SNCA, LRRK2, LAMP3, HIP1R, and STK39. To further investigate these genetic risk
factors, Sharma et al (2012b) genotyped 11 SNPs in a large number of PD cases and
controls

in

both

Asian

and

Caucasian

populations.

5

SNPs

(SNCA, LRRK2, LAMP3, HIP1R, and STK39) (Figure. 1.3) out of 9 loci were replicated in
both populations. Interestingly, the SNPs in LAMP3, BST1 and MAPT were found to be
protective or negatively associated with PD risk (Sharma et al., 2012). The above risk
associated SNPs have been replicated in different populations. Li et al (2013) replicated
SNCA (rs356219) SNP in a large sample of Han Chinese PD cases and controls. Similar
associations of BST1 SNCA, HLA-DRCCDC62/HIP 1 R and MAPT SNPs were also
replicated by Soto-Ortolaza et al (2013) in 1381 PD and 1328 cotrol individuals
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Figure 1.3. Forest plot showing the comparison of effect of each single nucleotide
polymorphism (SNP) in Caucasian and Asian population. Reused with permission:
(Sharma et al., 2012).

1.5.5.1 Studying combinations of genetic risk factors
Unlike association studies on individual risk variants, it is also possible to consider the risk
of developing PD that results from the combined influenced of several risk factors. These
can be multiple genetic factors (SNPs) or they could be non-genetic factors (in the case of
gene x environment interactions). In these situations, each individual risk factor contributes
a small effect to the overall risk, although in combination with other factors the effect may
be enhanced. In gene-environment interactions the sequence variants (genotypes) respond
differently to different environmental conditions. In some diseases, both genetic variation
and environmental triggers may modify the phenotypic effect. Environmental factors such
as hormones, growth factors and toxins may affect epigenetic modifiers such as
methylation of CpG regions of the genome. In many cases these epigenetic modifications
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are also are under the influence of sequence variation in the encoded genes themselves
(Bjornsson et al., 2004; Feinberg, 2007).
This thesis will not consider gene x environment interactions, but it will touch on the
influence of multiple genetic risk factors.

1.5.5.2 Simple combinatorial additive risk factors.
The polygeneic risk score is made up of non-epistatic effects (additive effects) in which
different loci can affect the phenotype additively. In some cases the risk loci have a small
effect at an individual level; they may even be undetectable as independent genetic risk
factors for disease (Lvovs et al., 2012); however when they are in combination these riskassociated SNP alleles can influence risk (Moskvina et al., 2013).
Individuals with higher polygenic scores generally have higher risk of disease (Simonson et
al., 2011). In a polygenic approach, the previously associated risks SNPs are weighted to
estimate the effect size. Statistical tests like linear regression (continuous variable) or
logistic regression (binary variable) are used to estimate the impact of the polygenic score.
The polygenic risk score can be tested for different variables like disease status, onset age,
sex and family history. A recent PD polygenic risk analysis study showed that GBA and
TMEM175/GAK risk alleles are significantly associated with lower age of onset in PD cases
(Lill et al., 2015). Polygenic risk estimations can be used in under-powered association
studies to determine the aggregate risk (Moskvina et al., 2013). In the present study we
calculated polygenic score analysis for both Australian and Pakistani PD patients (see
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Chapter 5). (The details of our approach will be further discussed in Chapter 5 of this
thesis.

1.6

Approaches to Identify Genetic Variation

Different approaches have been developed to map PD genes. Some traditional methods
identify the disease gene by tracing transmission in families in techniques like linkage
analysis and homozygosity mapping. In other advanced methods the entire genome or the
expressed genome (the exome) is fully sequenced. The methods are described in detail
below.

1.6.1

Linkage analysis

Linkage analysis is a method used to identify specific genetic

markers with known

chromosomal positions that co-segregate with disease genes. The information from these
markers can be used to identify the rough chromosomal region that contains the disease
gene. Linkage analysis is a method of choice in families who inherit a disease with a clear
pattern of inheritance and who have both affected and normal individuals. Two different
types of markers can be used to carry out the analysis: (1) short tandem repeats (STR), also
known as microsatellite markers; and (2) single nucleotide polymorphism (SNPs). STR
markers are tandemly repeated sequences dispersed through the genome with high
heterozygous nature and more information content per marker than SNPs (Weber, 1990).
The major disadvantage with STR markers is the technical resolution of the DNA
fragments, which can differ in size by 2-4 base pairs. Linkage analysis in sporadic and late
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onset disease such as PD can be affected by the limitation of low resolution results,
unavailability of multigenerational families and reduce penetrance (Guerreiro et al., 2012).

1.6.2

Homozygosity mapping

Autozygosity or homozygosity mapping is a technique used to identify homozygous
stretches of markers inherited through consanguineous families. This method involves
finding homozygous regions with two copies of recessive alleles that are shared by affected
members of the family inherited from each of their parents. The concept was initially
described by Smith (1953), and is specifically used for rare recessive disorders in
consanguineous families. The use of microsatellite markers for homozygosity mapping was
first introduced by Lander and Botstein (1987). The major advantage of using microsatellite
markers is their high polymorphic nature, which can be used to distinguish the
heterozygosity at a locus. However, high cost for screening the whole genome is the major
drawback with microsatellite markers. Nowadays, SNP based genome wide scanning is the
most widely used method for identifying homozygous blocks in affected individuals.
A number of software packages are available to estimate homozygosity in genotyped
samples. HomozygosityMapper is a web-based tool available to map recessive traits in
consanguineous families by identifying homozygous regions in the genome. The tool uses
SNP data generated by both affymatrix and Illumina platforms and is independent of
parameters like family structure and allele frequencies (Seelow et al., 2009). The software
uses observed homozygosity in all affected individuals to calculate the “homozygosity
score”; and the most promising genomic regions are displayed in the form of red bars in the
chart.
29

Using homozygosity mapping analysis, the PARK6 gene was initially identified in three
consanguineous families to be the cause of early onset PD (Valente et al., 2004).
Homozygosity mapping, followed by whole exome sequencing analysis, is the most
appropriate method to hunt for genes in consanguineous families with Parkinsonism. SNP
based homozygosity mapping and subsequent whole exome analysis identified ATP6AP2
and SYNJ1 to be the cause of autosomal recessive atypical Parkinsonism (Korvatska et al.,
2013; Krebs et al., 2013).
In the present study we used SNPs based homozygosity mapping approach followed by
whole exome sequencing (WES) analysis to search for variants, which segregate with
familial Parkinsonism in Pakistani families.

1.6.3

Detection of CNVs

Evidence for the importance of CNVs in complex diseases is increasingly growing. For this
purpose, new methods and techniques need to be developed to accurately capture this
important form of genetic variation. A number of recently developed methods like high
resolution arrays platforms (array CGH, SNP genotyping array) and MLPA are used for
CNV detection. Genome wide high-resolution arrays have been widely used for SNP
frequency analysis (association study), gene expression and genomic aberrations. Different
SNP chips and comparative genome hybridization (CGH) arrays are available
commercially from Illumina, Affymatrix, Agilent and Nimblegen to estimate genomic
imbalances. CGH array probes cover the entire genome or selected regions of the genome
and offer high sensitivity and specificity for copy number detection (Greshock et al., 2007).
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However one limitation of whole-genome CNV analyses is their difficulty in identifying
smaller sized CNV (Høyer et al., 2015).
To detect smaller variation, other methods such as MLPA can be used. MLPA is a
multiplex PCR probe based method that targets up to 40 different regions in the genome.
Each probe is composed of two split oligonucleotides sequence highly specific to the target
sequence and universal set of forward and reverse primer. In addition, one of the split
probes contains a stuffer sequence that is used to differentiate the length of the amplified
product during electrophoresis and fragment separation. The probes bind to their target site
followed by multiplex PCR amplification, and the products are then separated using
denatures Capillary Electrophoresis (Figure 1.4). The height of the fluorescence label PCR
product is measured and normalized to the control samples which estimates the relative
amount of target DNA sequence in the unknown DNA sample (Hedrich et al., 2004;
Kozlowski et al., 2008; Schouten et al., 2002).
So far, more than 300 MLPA probe sets have been designed and are commercially
available (MRC Holland, Amsterdam, The Netherlands) for a number of genetic disorders
including neuromuscular and neurodegenerative disorders like PD. Besides missense
mutations and SNPs, genomic rearrangement (multiplications and deletion) are common
mutations associated with PD (Nuytemans et al., 2010).The MLPA reaction mixture
consists of probes specific to insertion or deletion in the following PD- linked genes: All
exons of α-synuclein (PARK1), parkin (PARK2), and pink1 (PARK6), and four exons of
DJ-1 gene (exons 1,3,5,7); seven exons of LRRK2 (exons 1,2,10,15,27,41,49); UCH-L1
(exons 1,4,5,9); ATP13A2 (exons 2,9); LPA (exon 31); TNFRSF9 (exon 2); CAV2 (exon 3);
CAV1 (exon 3) and GCH1 gene (exons 1,2,3,5,6). In addition, two-point mutations (A30P
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in α-synuclein and G2019S in LRRK2) are included in the probe mix (MRC Holland,
Amsterdam, The Netherlands). (Figure 1.4)
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Figure 1.4. MLPA reaction workflow. Reused with permission: (http://www.mlpa.com)
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1.6.4

Next generation sequencing technologies

The traditional way to determine the order of nucleotides in a DNA sequence (genetic
sequencing) is known as Sanger sequencing. This method is the most effective way of
DNA sequencing; however this method has several challenges. These include: 1) size
limitations (can sequence only relatively short DNA fragments (300-1000 nucleotides in
length); 2) poor signals in the first few bases and; 3) high costs for large-scale projects. To
overcome these challenges, new DNA sequencing technologies have emerged with several
advantages over the traditional Sanger method. These sequencing technologies are
collectively called next generation sequencing (NGS). These methods parallelize the
sequencing reaction, producing millions of sequences at once (Hall, 2007; Church, 2006).
These technologies helped to lower the cost of DNA sequencing for large-scale projects
(Schuster, 2008). These unbiased methods are helping to detect genetic variants including
insertions, deletions, SNPs and structural genomic variants (McKenna et al., 2010).
Whole exome sequencing (WES) is an application of the next generation technology in
which the entire coding regions (exons) in the genome is sequence to identify the genetic
variation segregating with the disease. WES has successfully identified genetic variants
linked to PD. WES identified the mutation (p.D620N) in the vacuolar sorting protein 35
gene (VPS35) in a kindred with autosomal dominant late-onset PD (Vilariño-Güell et al.,
2011; Zimprich et al., 2011). Several studies confirmed these findings in different
populations, suggesting that mutations in VPS35 gene contribute to almost 1% of the
familial Parkinsonism cases and 0.2% of sporadic PD is (Lesage et al., 2012a; Nuytemans
et al., 2013). Using WES, mutations in different genes like FBX07, DNAJC13 and SYNJ1
have been identified in recent years (Di Fonzo et al., 2009; Köroğlu et al., 2013; Krebs et
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al., 2013). In the current thesis, WES is used to identify genetic variants segregating in
families with Parkinsonism (see Chapter 3 & 4)
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CHAPTER 2. A DOOR-TO-DOOR SURVEY TO
ESTIMATE THE PREVALENCE OF
PARKINSONISM IN PAKISTAN

ABSTRACT
INTRODUCTION: Parkinson’s disease (PD) occurs in all races and cultures and
population-related differences in frequency may provide aetiological clues. The present
study was designed to explore the prevalence of PD and Parkinsonism in Pakistan, the
world’s sixth most populous country, for which no published prevalence data is
available.
METHOD: We conducted a three phase door-to-door survey in two districts of the
Khyber Pakhtunkhwa province of Pakistan, to assess the prevalence of PD and
Parkinsonism in a sample of four thousand individuals aged 50 and above.
RESULTS: We identified 14 cases of Parkinsonism, 11 with a diagnosis of idiopathic
PD. The overall prevalence estimates were 1.70/100 (95%CI 0.90−2.46) for
Parkinsonism and 1.28/100 (95%CI 0.60−1.94) for PD in person’s aged 65 and above.
The age-standardised prevalence of PD (aged 65 and above), normalised to the 2000
USA population, was 1.33/100, which is similar to that observed in other human
populations. Of the total 14 cases, five of them were newly diagnosed and four had a
family history of PD.
CONCLUSION: The estimated prevalence rates in Pakistan are similar to those
observed in other human populations. The frequency of familial Parkinsonism is also
equivalent to previous estimates.
Keywords: Parkinsonism, Parkinson’s disease, door-to-door survey
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2.1

Introduction

The reported prevalence of PD in different parts of the world varies considerably.
Approaches such as door-to-door surveys and record based strategies have been used to
estimate the prevalence of Parkinsonism in both Asian and Western populations. Some
studies report lower prevalence rates in Asian populations, suggesting differences in
environmental conditions and geographic or racial variation (Pringsheim et al., 2014).
Other studies report similar prevalence figures for Asian and Western populations
(Zhang et al., 2005). A recent community-based, door-to-door survey study from Iran
reported the prevalence rate of Parkinsonism closer to the European population
(Fereshtehnejad et al., 2015).
The probable reasons for these discrepancies are methodological differences, the use of
variable diagnostic criteria, and a failure to consider differences in the age-distribution
of the studied populations.
Previous literature suggested that multi-phase questionnaire-based, door-to-door
surveys followed by examination of the suspected cases by a neurologist is a costeffective method to estimate the prevalence of PD and can have a high rate of detection
of previously undiagnosed cases. In published door-to-door survey studies, the
proportion of previously undiagnosed cases identified ranged from 24% to 48%
(Benito‐León et al., 2003; Zhang et al., 2005),
Consanguineous marriages are still common in developing countries, which may pose
serious health implications. Highly consanguineous populations such as the Pakistani
population may exhibit nearly twice the risk of inherited disorders (autosomal recessive)
compared to outbred populations (Hoodfar & Teebi, 1996). Occurrence of familial
Parkinsonism in such an inbred population has not been previously examined.
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Compared to developing countries like India and China; there is no available
information of the prevalence of PD or Parkinsonism from Pakistan. Approximately,
65% of Pakistan’s population resides in rural area (National Institute of Population
Studies (NIPS), 2008) with limited access to large hospitals which are mainly located in
major cities. Furthermore, there is also a lack of hospital-based registers to track
patients’ records.
In this manuscript we report on the results of a three phase door-to-door survey to assess
the prevalence of idiopathic Parkinson’s disease (iPD) and Parkinsonism in two rural
districts of the Khyber Pakhtunkhwa Province (KPK) of Pakistan.

2.2

Materials and Methods

2.2.1

Study population

The study was carried out in the KPK Province of Pakistan. The total area of the
province is 74521 square kilometres and its projected 2011 population was 25,697,000.
Dir (lower) and Malakand are two of the 25 districts situated in the north region of the
KPK Province, with a projected population of 1,124,000 and 703,000, respectively.
Almost 90% of the population of both the districts live in rural areas (Bureau of
Statistic, Government of Khyber Pakhtunkhwa, 2014).

2.2.2

Ethical approval

Approval for this study was granted by the Institutional Research and Ethics Board of
the Lady Reading Hospital (Ref. No. 05/IREB/PGMI/LRH), Quaid-i-Azam University
and Griffith University (ESK/01/15/HREC).
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2.2.3

Screening instrument

A standard questionnaire that sensitively assesses the presence of the symptoms of
Parkinsonism, based on the previously published screening questionnaire developed by
Rocca and colleagues (Rocca et al., 1998), was used for the current study. The
instrument consisted of thirteen questions, which were translated into the national
language (Urdu) (Appendix A). The screening instrument consisted of twelve questions
specific to Parkinsonism (Figure 4). Subjects who positively answered two questions
pertaining to resting tremor, bradykinesia, rigidity or postural instability (Melcon et al.,
1997) or those who positively answered six or more questions in the screening
instrument were considered eligible for physical examination. Due to low schooling in
the target population, one question (small handwriting) was excluded from the
instrument used in this study.

2.2.4

Study design

The study consisted of three phases. A total of 4000 individuals aged 50 years and
above were interviewed from both districts.

2.2.4.1 Phase I
In Phase I, conducted between September 2012 and November 2013, interviewers
randomly selected houses and people within the region. Participants provided verbal
consent to take part in the study. Address and date of birth information were obtained
from participants’ national identity card. For respondents who were unable to read, the
interviewers asked the questions from the screening instrument. Individuals were
deemed positive in phase I on the basis of the criteria defined above (Screening
instrument section).
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2.2.4.2 Phases II and III
Individuals who screened positive in phase I were contacted by phone to arrange a
follow-up clinical examination by a trained medical physician. Subjects were asked to
bring to the examination any current or previous medical information or prescriptions.
The presence of symptoms of Parkinsonism was assessed by clinical examination
supported by available previous medical data; this excluded subjects with a formal
diagnosis or prescription for conditions other than Parkinsonism that could explain the
positive answers to the screening questions. In phase III, individuals suspected of
having signs of Parkinsonism were referred to a specialist neurologist for further
detailed examination and diagnosis. The neurologist also took a family history to assess
for the presence of additional family members with Parkinsonism (known as Guzan in
the local language). Families with two or more affected members were considered
positive for family history.

2.2.5

Questionnaire validation

The screening questionnaire was validated on 26 hospital-based patients with
neurologist-diagnosed Parkinson’s disease and 29 randomly selected neurologically
normal individuals. The study was conducted at the Lady Reading Hospital (LRH)
Peshawar, KPK Province. PD patients were recruited from the Outpatient’s Department
(OPD) and the Neurology ward for the validation of screening questionnaire.

2.2.6

Statistical analysis

Crude and age-specific prevalence rates were estimated by dividing the number of
Parkinsonism cases by the total number of screened individuals. The age-specific
prevalence rate was calculated across different age groups with 95% confidence interval
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(CI). Age standardised prevalence was calculated by normalising the data to the
standardised USA 2000 population. Extrapolated prevalence for non-respondents was
estimated using Ogura’s method which assumes that the persons who screened positive
and do not go to the clinic have a similar prevalence to the individuals who go
(Bergareche et al., 2004; Ogura et al., 1995).
The formula is shown below:

Where A: Number of individuals by age and sex, B: Number of individuals with
positive screening, C: Number of individuals evaluated in phase, N: Number of
individuals affected and S: Sensitivity (Bergareche et al., 2004).
Prevalence ratios were reported per 100. Independent sample t-tests or chi-square tests
were used to analyse the differences between responders and non-responders with
respect to age, location and gender.

2.3

Results

2.3.1

Phase I

In the first phase of the survey, a total of 4000 individuals were approached to
participate; of which 285 refused to participate. The overall participation rate in phase I
was 92.8%. The participation rates in district Dir (lower) and Malakand were 90 % and
95%, respectively. The mean age of the participants was 61.6 years (SD 9.7) with a
range of 50-97 years. 61.5 % of the participants were male (2288 of 3715) with mean
age of 62.2 years (SD 9.8). The mean age of female participants was 60.6 years (SD
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9.6). Complete demographic characteristics are summarised in Table 2. Of the 3715
people who completed the screening questionnaire, 303 (8.2%) screened positive to the
selected diagnostic criteria.

2.3.2

Phases II and III

Of the 303 participants identified in phase I, 205 (68%) were clinically examined; 98
(32%) refused or were unavailable for clinical examination. The total response rate in
the second phase was 68%. The mean age and gender distribution was not significantly
different between respondents and non-respondents (Table 2). Of the 205 positive
individuals, a total of 14 patients were identified with symptoms of Parkinsonism which
were further confirmed in phase III by a trained neurologist (Table 1). Among the 14
cases, 11 were iPD and three cases were identified as Parkinsonism (2 atypical
Parkinsonism and 1 drug induced). Nine of these cases had been previously diagnosed
by neurologist; five individuals were newly diagnosed. Besides iPD and Parkinsonism,
other disorders like self-reported tremor, stroke and arthritis were also reported by the
respondents (Figure 2).

2.3.3

Prevalence

Table 1 summarises the prevalence data. The crude prevalence of all types of
Parkinsonism for age 50 and above was 0.55/100 (95% CI: 0.3-0.8); and for age 65 and
above was 1.70/100 (95% CI: 0.90-2.46). The crude prevalence of iPD for age 50 and
above was 0.43/100 (95% CI: 0.22-0.64); for 65 and above it was 1.28/100 (95% CI:
0.60-1.94). For both Parkinsonism and iPD, prevalence figures were similar for men
and women.
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The prevalence figure of iPD aged 50 and above was 0.53/100 (95% CI: 0.27-0.84) for
males and 0.30/100 (95% CI: 0.11-0.72) for females, while for age 65 and above, the
prevalence was 1.32% (95% CI: 0.60-2.30) and 1.21% (95% CI: 0.44-2.70) for males
and females, respectively (Table 1). After standardisation to the 2000 USA population,
the prevalence of iPD for age 50 and above was 0.66/100 (95% CI: 0.4-0.9); for 65 and
above it was 1.33/100 (95% CI: 0.7-2.1). Prevalence of both Parkinsonism and iPD
between the two districts was not significantly different. Age specific prevalence ratios
are described in Table 2. The highest prevalence rate was found in the age group 75-79,
which was 2.0/100 (95% CI: 0-3.9). In the age group 80 and above the rate was 1.2/100
(95% CI: 0-2.4). A total of four cases were identified with positive family history.
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Figure 2.1. The age-specific prevalence of idiopathic Parkinson disease (iPD) in
Pakistan as assessed by our door-to-door survey

Figure 2.2. The age-specific prevalence of idiopathic Parkinson disease (iPD) in
Pakistan as assessed by our door-to-door survey.
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Table 2.1. Age and sex-specific extrapolated prevalence of all types of Parkinsonism and idiopathic Parkinson disease (iPD)
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Table 2.2. Number of respondent and non-respondent in Phase II

Table 2.3. Number of cases identified by age, sex and location of all types of Parkinsonism and iPD in Phase II

46

Figure 2.3. Hospital-based healthy individuals’ responses to each question in the screening instrument
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2.3.4

Questionnaire validity

Our screening instrument showed 100% sensitivity and 96.6% specificity using phase I
criteria. Two questions in the first part of the screening tool (arising from chair and
poor balance) demonstrated a low degree of specificity (Figure 3). The rest of the
questions demonstrated excellent specificity.

2.4

Discussion

This study used a door-to-door survey method to estimate the prevalence of
Parkinsonism in provincial Pakistan. This approach had advantages over a record-based
study design, which may underestimate the prevalence of PD, especially in countries
with limited access to movement disorders centres. Record-based studies from Asian
countries have reported prevalence rates of 0.35 to 0.68 per 100 (Harada et al., 1983;
Kimura et al., 2002). Ratios estimated through the door-to-door methods are generally
higher (0.51 to 1.76 per 100 for all ages) (Li et al., 1985; Zhang et al., 2005), although
one isolated study by Wang and colleagues, is an exception to this trend (Wang et al.,
1991)
Our phase I participation rate (92%) is similar to that obtained in other door-to-door
surveys (de Rijk et al., 1997). A somewhat lower response rate of 68% was observed in
phase II, although no significant differences were observed between the respondents and
non-respondents in terms of age and sex. The phase II response rate of a three phase
door-to-door survey conducted in Bidasoa, Spain, was 78.5% (Bergareche et al., 2004),
which is relatively similar to our phase II response rate. In Asia, most of the door-todoor surveys have been conducted in China. A large-scale cross-sectional study
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performed in the Chinese population reported a prevalence rate of 1.7/100 in individuals
age 65 and above (Zhang et al., 2005), which is close to our estimated rate of 1.23/100.
Our estimated prevalence figure is also similar to door-to-door surveys conducted in
European countries. A large collaborative door-to-door study conducted in different
European countries (EUROPARKINSON) reported a prevalence rate of 1.6/100 for PD
(de Rijk et al., 1997), which is close to the 1.23/100 found in our study. It is generally
accepted that the incidence of PD is higher in men. Several studies observe a higher
prevalence of PD in men (Hofman et al., 1989), while others report no difference (de
Rijk et al., 1997). In our study, we observed similar rates of Parkinsonism and iPD in
men and women. Our results are similar to that reported in the Chinese population
(Zhang et al., 2005).
A screening instrument with high sensitivity and specificity can be a good tool for
early detection of the symptoms Parkinsonism. Our screening questionnaire had high
sensitivity (100%) and specificity (96.2%) in hospital-based samples of patients and
controls. A similar sensitivity and specificity was reported by Duarte and colleagues
using a 9 items screening instrument in 50 hospital-based PD patients and 100
ophthalmological patients (Duarte et al., 1995).
In the present study, we identified 5 individuals with PD. None of these people had a
previous diagnosis of the disease. This rate of previously undiagnosed PD cases is
similar to that obtained in earlier door-to-door studies (Benito‐León et al., 2003; Zhang
et al., 2005). PD is more frequent in older populations and a similar trend of increasing
prevalence with age was found in our study. A peak prevalence rate was observed at
the age of 75-79 years, followed by a decrease at 80 years and above (Figure 1).
Similar relationships between prevalence and age are reported elsewhere (Kis et al.,
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2002). It has been speculated that the observed drop-off at very old ages is in part due
to the reduced sample size in this tier of the population and the reduced participation
rate of very elderly members of the society. It has also been suggested that common
conditions in older age individuals such as osteoarthritis, stroke, peripheral neuropathy
or dementia may confound the assessment of Parkinsonism (Bower et al., 2000).
High consanguinity may lead to increased risk of segregating inherited disorders.
Consanguineous marriages are commonly practised in Pakistan. It is estimated that the
prevalence of consanguineous marriages in Pakistan to be almost 60%, with 80%
between first cousins (Hussain & Bittles, 1998). We were therefore interested to know
whether the frequency of familial Parkinsonism was different in our target population
relative to other studies worldwide. In our surveyed samples, we identified four cases
with a positive family history. This is similar to the ratio (10-25%) reported in the
literature (Sellbach et al., 2006) and does not support the idea that there is an obvious
increased prevalence of familial Parkinsonism in this group.

2.5

Limitations of Study

The main limitation of this study is the low response rate in phase II, which may
generate uncertainty in estimating the prevalence ratio. However, the issue was
resolved by calculating the extrapolated prevalence ratio, as there was no significant
difference between responders and non-responders.

2.6

Conclusion

In conclusion, we identified a similar prevalence of Parkinsonism and iPD in regional
Pakistan to that reported in other parts of the world. A significant number of
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individuals with PD were newly diagnosed as part of the study. The ratio of familial
PD was similar to those previously reported.
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3

CHAPTER 3. MUTATIONAL SCREENING AND
COPY NUMBER VARIATION (CNV) ANALYSIS IN
PAKISTANI PD PATIENTS

ABSTRACT
OBJECTIVE: To identify the frequency of LRRK2 (G2019S) and VPS35 (D620N)
mutations and the prevalence of copy number variation (CNV) in Pakistani PD patients.

METHODS: A high-resolution melt (HRM) based mutational screen was performed on
100 PD cases and 100 controls. Of the total 100 PD patients, 50 were assessed for copy
number imbalances using multiplex-ligation probe amplification (MLPA) assay.
Positive MLPA results were validated using qPCR. Whole exome sequencing (WES)
analysis was performed to exclude formerly reported mutations associated with PD and
Parkinsonism.

RESULTS: We did not find either the G2019S or D620N mutation in any of the PD or
control samples. MLPA analysis identified an early onset PD patient with a
multiplication of exon 1 and exon 2 of the LRRK2 gene. The duplication was initially
identified using MLPA analysis and was validated with quantitative PCR. Whole
exome analysis in this sample did not reveal any additional obvious genetic variant, in
genes previously reported to be involved with PD or Parkinsonism that could easily
explain the existence of disease in this case.

CONCLUSION: Mutations G2019S and D620N are not the common causes of
Parkinsonism in Pakistani Punjabi and Pashtun populations. They are likely to be a rare
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cause of PD in Asian populations. There is no previously reported literature regarding
LRRK2 gene deletions or duplications. Here we present the first report of an early onset
case with multiplication in exons 1 and 2 of the LRRK2 gene.

3.1

Introduction

The etiology of PD is associated with both environmental and genetic factors. Over the
last decade, genetic lesions in a number of genes have been associated with autosomal
dominant (LRRK2, SNCA and VPS35) or recessive (DJ-1, PARKIN, PINK1 and
ATP13A2) forms of PD.
The LRRK2 gene is a frequently mutated gene in familial forms of PD, with more than
50 different disease-causing mutations reported in the literature (Nuytemans et al.,
2010). Of the reported mutations in this gene, the most studied and well characterized is
G2019S. Similarly, mutations in the VPS35 (D620N) causes familial late onset PD
(Vilariño-Güell et al., 2011; Zimprich et al., 2011). The frequency of the D620N
mutation in the Indian population is reported to be lower when compared to Caucasian
populations (Sharma et al., 2012a).
This method utilises a high-resolution melt curve to identify subtle changes in the
nucleotide ratio of PCR amplicons between samples.
The present study employed HRM analysis to estimate the frequency G2019S and
D620N mutations in Pakistani PD patients. There is no previously reported literature
available regarding these genetic variants in this population.
Copy number variations (CNV) such as deletions and duplications have also been
reported for some PD associated genes. Deletions in the PARK2 gene were first reported
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in autosomal recessive parkinsonism families from Japan (Kitada et al., 1998).
Previously, a number of different techniques have been used to estimate the prevalence
of genomic rearrangement as described in Chapter 1 (Introduction). The MLPA
technique is a fast detection method used to screen for exonic deletions and
multiplications. MLPA analysis is technically simple, cost effective and a large number
of genomic targets can be multiplexed in a single PCR reaction. MLPA analysis was
used in the present study to estimate the CNV prevalence in Pakistani PD patients.
Quantitative polymerase chain reaction (qPCR) is another method capable of detecting
CNV for targeted genetic regions. It is relatively low cost, fast and highly sensitive
(D’haene et al., 2010). For these reasons the preliminary MLPA results were validated
through qPCR. Whole exome sequencing (WES) analysis is a useful approach to
exclude any previously reported genetic mutation in coding regions of genes and to
identify any novel variants that may segregate with the disease. To exclude formerly
reported mutations, WES was performed on patient gDNA.
The present study used MLPA to estimate the prevalence of CNV in the Pakistani
population. Positive MLPA results were validated using qPCR followed by WES
analysis to exclude mutations reported previously for PD and Parkinsonism.

3.2

Material and Methods

3.2.1

Patients sampling

Ethical approval was obtained from the Postgraduate Medical Institute (PGMI), Lady
Reading Hospital (LRH), Peshawar (Ref. 65/IRBEB/PGMI/LRH) and Quaid-I-Azam
University Islamabad Pakistan. A total of 100 unrelated PD patients were recruited from

54

the neurology ward at LRH hospital and movement disorders clinics, in Islamabad,
Pakistan. The diagnosis of patients was made by trained neurologists on the basis of
cardinal symptoms of PD, including bradykinesia, postural instability, tremor at rest and
rigidity. The average age at onset of the disease was 61 (range 19-85 years). Males
represented 69% of PD patients. 14% of patients reported positive family history with
more than one-affected individuals, while 86% did not report or were unaware of family
history (Table 3.1). Early onset Parkinsonism (i.e. cases presenting with symptoms
before the age of 40 years) accounted for 19% of cases. A venous blood sample was
drawn from each patient with informed consent and was stored in EDTA tubes for DNA
extraction.
Table 3.1. Demographic characteristic of study population
Cases (100)

Controls (100)

Mean age years (SD)

(12.7)

58(8.3)

Age at onset (years)

19-85

NA

Male

69 %

83%

Female

31%

17%

14%

NA

19%

NA

Family history (more
than one)
Early onset (below 40
years)

3.2.2

HRM analysis

HRM analysis was performed to screen the variants G2019S and D620N in LRRK2 and
VPS35 genes respectively. Specific primers were designed for exons 41 and 15 of the
LRRK2 and VPS35 genes, respectively using Primer3 software (Table 3.4). DNA was
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extracted using the phenol chloroform method (Appendix) or using a blood DNA
extraction kit, QIAamp DNA Blood Mini Kit (Qiagen). The concentration of the DNA
was measured using a NanoDrop ND1000 spectrophotometer (Thermofisher scientific,
Scoresby, Victoria, Australia). The PCR reaction mixture was prepared in a total
volume of 25 µL. It contained 10 µL of genomic DNA (7.5 ng/ µL), 12.5 µL of
SensiMix HRM and 250 nM of each primer (Table 3.2). The temperature cycling and
HRM conditions were: initial 95ºC for 10 minutes followed by 40 cycles of 95°C for 15
seconds, 60°C for 10 seconds, 72°C for 15 seconds; single cycle of 97ºC for one minute
and is followed by a melt from 70ºC to 90ºC, increment by 0.1ºC per second (Table
3.3). Reactions and analysis were performed on a Corbett Rotor-Gene 6000 real-time
rotary analyser (Life sciences). In each experiment, genomic DNA from PD patients
harbouring either the LRRK2 G2019S or VPS35 D620N mutations were used as positive
controls for direct comparisons.
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Table 3.2. High resolution melting PCR components

Table 3.3. High resolution melting PCR cycling conditions

Table 3.4. List of HRM primers used in the screening of VPS35 (D620N) and
LRRK2 (G2019S) mutation
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3.2.3

MLPA reaction

To determine the prevalence of exonic rearrangement, two commercially available
Parkinson disease MLPA kits, SALSA P051-B1 and P052-B1 were used (MRC
Holland, Amsterdam, The Netherlands). Like other CNV detection techniques, MLPA
can also be affected by DNA quantity and quality. Prior to MLPA testing, all the DNA
samples were nano-dropped and were run on 1% agarose gel for quality control (QC)
analysis. A total of 50 samples including 19 early onsets patients passed the QC and
were screened with both P051-B1 and P052-B1 MLPA kits. The protocol for MLPA
reaction consists of the following steps: denaturation, hybridization, and ligation
followed by a simple PCR reaction with a common set of primers (forward and reverse).
A total of 100ng of gDNA was subjected to denaturation analysis for 5 minutes at 98
ºC. For the hybridization reaction, MLPA probemix and hybridization buffer were
incubated at 98 ºC for 1 minute followed by an overnight incubation for 16-20 hours at
60 ºC. The ligation reaction was carried out at 54 ºC for 15 minutes using ligase-65
enzyme. A PCR reaction was then performed using a common set of primers (forward
and reverse) provided with the kits. The reaction was performed in Express
thermocycler (Thermo Fisher Scientific, Scorseby, Victoria, Australia) using the
following cycling conditions; 35 cycles (30 seconds at 95°C; 30 seconds at 60°C; 1 min
at 72°C) followed by a final step of 20 minutes at 72°C. The fragments with different
length generated by the PCR reaction were analysed on 3130x1 Genetic Analyzer
(Applied Biosystems) with GS600LIZ v2.0 size standard (Applied Biosystems, P/N
4408399) and GeneMapper v3.7 software (Applied Biosystems). The electrophoresis
and analysis of the PCR fragments on the genetic analyser was performed according to
the manufacturer’s instructions. The GS600LIZ v2.0 size standard was used to for the
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identification of the peaks corresponding to a specific probe. The electrophoresis
(fragment separation) was performed at Griffith University DNA Sequencing Facility.
Samples displaying insufficient amplification or the phenomena known as 'signal
sloping' were omitted from the analysis. Samples that passed quality control and
produced good signals were imported to the MLPA analysis software “Coffalyser” for
further analysis. Coffalyser software is specifically designed for MLPA fragment
analysis. The software extracts all the required information from the MRC-Holland
database for analysis, and provides a robust data normalization based on the biology and
quality of the data (Coffa & van den Berg, 2011). The software produces a relative peak
for each exon compared to reference normal samples. The final ratio for each probe is
called dosage quotient (DQ). Initially, intra-sample normalization takes place for the
reference samples (average relative probe ratio in the reference samples), which is
followed by inter-sample normalization (relative probe ratio in test sample). An
abnormal DQ may indicate dosage changes (deletion, duplication). A normal DQ value
ranges between 0.85-1.15, a heterozygous duplication is 1.35-1.55, a triplication 1.702.20, heterozygous deletion 0.35-0.65, and homozygous deletion is zero. DQ values
between these ranges are considered ambiguous, and require further validation.

3.2.4

Validation using quantitative PCR

DNA samples found to have exonic rearrangements were validated using quantitative
PCR (qPCR) on Roter-Gene 6000 (Corbett Life Science) using SensiFAST HRM kit
(Bioline). The samples were run in triplicate. The qPCR reaction was performed in a
final volume of 20 µL including 10 µL of 2x SensiFast HRM mixture, 10µM of 0.8 µL
of each primer and 5 µL of template gDNA (25ng). PCR cycling conditions were: 95ºC
for 2 min, 95ºC for 5 s, 60ºC for 10 s and 72 ºC for 20 min (40 cycles). The ACTB (β59

actin) gene was used as a reference along with 5 normal control samples previously
screened and confirmed as possessing no CNV. Both the standard curve and delta delta
Ct (∆∆Ct) methods were used for calculations. The lists of primers used in the reactions
are given in Table 3.5.
Table 3.5. List of qPCR primers used in the screening of LRRK2 exon 1 and 2 and
reference gene ACTB

3.2.5

Whole exome sequencing library preparation

Whole exome sequencing (WES) analysis was performed on the MLPA positive
individual of family A, using the Nextera Rapid Capture Enrichment kit. The reaction
was performed at Eskitis Institute for Drug Discovery and the Griffith University’s
sequencing facility. The libraries were prepared as recommended by Illumina (Nextera
Reagent Kit v3 - Reagent Preparation Guide). Genomic DNA was fragmented with
Nextera transposome which adds adopter sequences to allow PCR amplification. The
tagmentation process was followed by purification steps to clean up the tightly bound
Nextera transposome, which can interfere with the downstream processes. A short 10cycles first PCR was performed to amplify the purified product. The amplification
process added index sequences (index 1 (i7) and index 2 (i5)) and adopters, which are
required for sequencing. To remove unwanted PCR products sample purification beads
were used for the “first PCR clean-up” process.
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The purified DNA library was mixed with capture probes, which hybridized to the
targeted regions in the genome. A hybridization step followed the first capture in which
streptavidin beads were used to capture the regions with hybridized probes. Two heated
washing steps were performed to remove non-specifically bound probes. After the first
capture, DNA was eluted and subjected to a second hybridization (second capture) by
mixing additional probes to capture the regions of interest in the genome. The DNA
library was washed and eluted with elution solution. Before the second PCR, the eluted
DNA library was purified (capture sample clean-up) using sample purification beads
and subjected to a second PCR reaction. The second PCR amplification step is used to
amplify the enriched DNA library for sequencing reaction. Amplified product was
cleaned using the same sample purification beads used in “first clean up step” (Figure
3.1).

The Bioanalyzer system method was used to validate the quality control of the enriched
library. Good quality samples were subjected to sequencing reaction. 75 bp paired-end
sequencing was performed using MiSeq Reagent Kit v3 (Illumina). The WES reaction
was performed on Illumina MiSeq (MCS v2.5) and the data was generated using Real
Time Analysis software (RTA v1.18.54).
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Figure 3.1. Whole Exome Sequencing (WES) Library Preparations
This schematic outlines the procedural methodology involved in WES library
preparation. Adopted from Nextera Rapid Capture Enrichment Guide
http://supportres.illumina.com/documents/documentation/chemistry_documentation/sa
mplepreps_nextera/nexterarapidcapture/nextera-rapid-capture-enrichment-guide15037436-f.pdf
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3.2.6

WES data analysis

Data analysis began with the basic quality (QC) of the reads assessed using the Phred
(Phil’s revised editing program) quality score (Ewing et al., 1998). Sequences were then
aligned to the human reference genome (Hg19). Read quality sequences with a Phred
score below 30 as well as PCR duplicated sequences were removed. The unified
genotyper tool, available through the Genome Analysis Toolkit, was used to generate
the variant call file (VCF). Calls that had a read depth below 3 or a call quality of less
than 20 were omitted from the VCF file. At this stage, ANNOVAR software was used
to annotate each call that was different from the reference genome (Hg19). The calls in
the VCF file were also annotated to the data from the 1000 genome project
(Consortium, 2010), the Exome Aggregation Consortium (Exome Aggregation
Consortium (ExAC), 2014),and the Exome Sequencing Project (ESP6500) to gain
information of the variant's frequency in the population. Furthermore, the SNP137,
ClinVAR (2015), SIFT (Sorting Intolerant From Tolerant) and Polyphen 2
(Polymorphism Phenotyping v2) databases and algorithms are also used. The Exome
Aggregate Consortium includes data from 60,706 unrelated individuals who have had
whole exons sequenced. The data is available freely (http://exac.broadinstitute.org).
Two other tools were used to predict the deleterious nature of substituted amino acid:
sort intolerant from tolerant (SIFT) and polymorphism phenotype 2 (PolyPhen 2)
(Adzhubei et al., 2010)
All synonymous amino acid variants were also excluded. All other variations were
included for consideration. To identify the presence of exonic and splice variants in
genes previously associated with PD and Parkinsonism, we used the compiled list of
candidates genes described by Puschmann, 2013 (Table 3.6). A second list was retrived
from the ClinVar database which include the gens in which variants are found to be
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associated with a number of neurological disorders (Table 3.7). The listed genes in
Table 3.6 were analysed for homozygous, heterozygous and small insertion/deletions in
all the exons.
Briefly, the following stepwise WES bioinformatics pipeline was used to apply quality
control measures, align reads and call & annotate variants (Steven Bentley, Mellick
lab).
1. BWA-MEM algorithm (0.7.12) (Burrows-Wheeler Alignment-Maximal Exact
matches) was used to align the reads to the reference genome Hg19 (Li, 2013)
2. Low quality reads (<Q30) were filtered and sorted using Samtools package
(v1.2) (Li et al., 2009)
3. Picard tools were used to remove duplicates inserted by polymerase chain
reaction,

and

add

reads

groups

to

the

samples

(Picard

version

1.68; http://picard.sourceforge.net).
4. For local realignment of reads around indels, the IndelRealigner tool the
Genome Analysis Toolkit was used. The UnifiedGenotyper tool was the used to
call Indels and single nucleotide variants (Genome Analysis Toolkit 3.3.0)
(DePristo et al., 2011).
5. The samtools helper script, vcfutils.pl was used to filter calls with a quality score
of less than 30 (Li et al., 2009).
6. The software tool ANNOVAR was used to annotate variants different to the
human genome consensus sequence (Hg19) and to identify rare homozygous
and compound heterozygous, and protein altering along with their functional
annotation (Hu & Ng, 2012; Wang et al., 2010).
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3.3

Results

3.3.1

HRM screening

In the present study, we analysed 100 Pakistani PD patients and 100 neurological
control individuals for two mutations, LRRK2 G2019S and VPS35 D620N. However,
these mutations were not present in both patients and control individuals (Figure 3.2 &
3.4).

Figure 3.2. HRM graph of the LRRK2 mutation (G2019S) positive control and a
negative PD sample

Figure 3.3. HRM graph of the VPS35 mutation (D620N) positive control and a
negative PD sample

65

3.3.2

MLPA analysis

In the present study a total of 50 Pakistani PD patients (both early and late onset) were
assessed for CNV estimation. A single early onset PD patient was identified with a
multiplication in the LRRK2 gene, exon 1 and 2 (Figure 3.5)
This individual was the proband of was a consanguineous Pakistani family (Figure 3.4),
who died at age 47, following a five years’ history of Parkinsonism with a wide base
gait problem, urinary incontinence, sleep problems and diaphoresis. Other symptoms
associated with his condition were micrographia and rigidity. His symptoms emerged at
age 42. The proband’s father and mother died at the ages of 67 and 63, respectively with
no reported family history of Parkinsonism. MLPA analysis identified an increased
intensity in the two probes specific for exon 1 and 2 of the LRRK2 gene when compared
to the reference samples. The normalized values suggested a heterozygous duplication
of both exons. The reaction was repeated several times to exclude the possibility of false
positive or experimental artefacts. The results are shown in (Figure 3.5, 3.6 & 3.7)

3.3.3

qPCR validation

The MLPA results were validated using qPCR. In these experiments, the probands
gDNA was compared to DNA from five individuals previously tested and display
diploid LRRK2 exons (controls individuals). Both the standard curve and delta delta Ct
(∆∆Ct) methods were used to analyse the results. qPCR analyses showed evidence of
multiplication of the target DNA sequence in the proband. These experiments suggest
that three copies (i.e. a triplication) of both exon 1 and exon 2 may be present in the
sample. The results are shown in Figure 3.8 & 3. 9.
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Figure 3.4. Pedigree for family A. Dark filled box represents affected individuals.
Empty symbols represent normal individuals.

Figure 3.5. Normalized MLPA probes intensity in patient sample. The probes in
blue colour representing exon 1 and 2 of the LRRK2 gene
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Figure 3.6. MLPA fragments length profile of a normal sample. GS600LIZ v2.0
size marker was used to determine peak lengths. Arrows shows normal peak
lengths of the LRRK2 exon 1 and 2.

Figure 3.7. MLPA fragments length profile from patient sample. GS600LIZ v2.0
size marker was used to determine peak lengths. Arrows shows duplicated peaks
lengths of the LRRK2 exon 1 and 2.
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Figure 3.8. Assessment of the LRRK2 gene exon 1.The estimated copy number
variation for the patient and five unrelated controls. Error bars represent SEM of
triplicate runs.

2.5

Copy Number

2

1.5
Controls
Patient

1

0.5

0

Figure 3.9. Assessment of the LRRK2 gene exon 2. The estimated copy number
variation for the patient and five unrelated controls. Error bars represent SEM of
triplicate runs.
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3.3.4

Whole exome sequencing

The aim of the WES analysis on the patient DNA was to exclude the existence of
mutations in the genes previously associated with PD and Parkinsonism. Both
homozygous and heterozygous variations in the genes (Table 3.6) were considered for
evaluation.
WES analysis detected a total of 22178 variants both in the splicing and exonic regions
of all genes. Of the total 22178 alterations, nine variants were detected in six genes
previously reported for Parkinsonism and PD (Table 3.6). The list of genes includes
LRRK2, MAPT, GIGYF2, EIF4G1, UCHL1 PRNP and DNAJC13. The exclusion or
inclusion of the variants to be disease causing was based on the minor allele frequency
(MAF) of the variant in the population and on the basis of SIFT and Polyphen2
prediction tools. Substitution score less than 0.05 predicts as deleterious by SIFT
prediction tool. PolyPhen2 predicts 0.95 to 1 as damaging and 0.45 to 0.95 as a possibly
damaging substitution.
As the family originates from Pakistan, the ExAC annotations were added to the variant
file and evaluated for the MAF in both South Asian and World populations.
Both the EIF4G1 and DNAJC13 genes were found to have more than one variant in
their coding regions. Of the total nine variants, two SNPs (rs2256408, rs13319149)
were identified as homozygous in both the LRRK2 and EIF4G1 genes; one in exon 1
(LRRK2; R50H) and one in exon 4 (EIF4G1; T74A). However, comparing to the MAF
from the ExAC consortium data both the alteration are monomorphic SNPs in south
Asian population (Table 3.8) and were excluded from further analysis. The second
alteration (rs2178403) in the EIF4G1gene, located in exon 3 (M236V) was also
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excluded on the basis of its high minor allele frequency in both South Asian and World
population (0.68, 0.76). (Table 3.8).
The variation in MAPT, GIGYF2 and UCHL1 genes were non-synoumous SNPs
(Y441H, T823A & S18Y) located in exon 7, 17 and 3 in the respective genes (Table
3.8). The minor allele frequencies of these SNPs were, 0.26, 0.38 & 0.33 & 0.33 in the
South Asian population. Both the SIFT and PolyPhen 2 tools suggested that the variants
are non-deleterious (Table 3.8). A heterozygous polymorphism in exon 2 of the prion
protein gene (PRNP) was detected with a minor allele frequency of 0.04. The SNP was
previously identified as a protective factor against Creutzfeldt-Jakob disease and was
also excluded from further analysis based on the high MAF (Shibuya et al., 1998).
Two heterozygous variants were detected in the coding regions of the DNAJC13 gene.
The rs3762672 was detected in exon 38 (A1463S), which is a common SNP both in
South Asian and Non-Asian populations (0.62, 0.57). Similarly, SIFT and PolyPhen 2
predicted non-damaging nature of the variant (Table 3.8). The second variant was
identified in the exon 34 (E1291G) with a low minor allele frequency of 0.0078 in
South Asian population and 0.0044 in overall global population. The score predicted by
both SIFT and PolyPhen 2 classified the variant as possibly damaging. However, in a
recent study the same variant was detected in a series of neurologically control
individuals (Vilariño-Güell et al., 2014), hence, was excluded from the analysis.
We did not find any variation to be disease causing in the list of genes reported for PD
and Parkinsonism. Therefore, we excluded the possibility of single nucleotide variations
in the exons of these genes to be the cause of Parkinsonism in the present family.
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Table 3.6. List of genes which are previously reported or have been implicated
with PD, Parkinsonism and related neurological disorders, described by
Puschmann, 2013
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Table 3.7. List of variants bearing genes which may have association with
neurological diseases, retrieved from the ClinVar database (25th March 2015).
Gene symbol
ACTB

Gene symbol
GRN

Gene symbol
PRX

ALS2

HSPB1

PSEN2

ANG

HSPB8

RAB7A

APOE

IGHMBP2

RPE65

APP

IKBKAP

SBF2

ARHGEF10

LITAF

SETX

ATP1A3

LMNA

SGCE

ATP7B

LRRK2

SH3TC2

BSCL2

MAOA

SLC12A6

CHMP2B

MAPT

SLC2A1

COMT

MFN2

SLC6A3

DCTN1

MPZ

SMN1

DJ1

MR1

SMN2

DNAJC13

MTMR2

SNCA

DNM2

NDRG1

SNCB

DRD2

NEFL

SOD1

DYNC1H1

NGF

SOX10

EGR2

NOTCH3

SPG11

EIF4G1

OPA1

SPR

FBXO7

OPTN

SPTLC1

FGD4

PABPC1L

TARDBP

FIG4

PARKIN

TH

FUS

PINK1

THAP1

GAN

PLA2G6

UCHL1

GARS

PMP22

VAPB

GCDH

PRKRA

VCP

GCH1

PRNP

VPS35

GDAP1

PRODH

YARS

GJB1

PRPS1
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Table 3.8. Family B; Whole exome sequencing analysis in the affected individual
Chromosome

Gene

Nucleotide
change

Exon no. and
AA change

All
population

SAS
population

SNP137

SIFT

PolyPhen2

3

DNAJC13

A/G

exon34:E1291G

0.0044

0.0078

rs61748101

0.03

0.82

12

LRRK2

G/A

exon1:R50H

0.99

1

rs2256408

1

0

20

PRNP

G/A

exon2:E219K

0.0087

0.041

rs1800014

0.03

0.215

2

GIGYF2

A/G

exon17:T823A

0.63

0.38

rs3816334

0

0

3

DNAJC13

G/T

exon38:A1463S

0.57

0.62

rs3762672

1

0

3

EIF4G1

A/G

exon4:T74A

1

1

rs13319149

1

0

3

EIF4G1

A/G

exon3: M236V

0.76

0.68

rs2178403

0.36

0

4

UCHL1

C/A

exon3:S18Y

0.35

0.33

rs5030732

0.37

0.228

17

MAPT

T/C

exon7:Y441H

0.28

0.33

rs2258689

0.26

0.001

List of variants identified through WES analysis. AA, amino acid; SAS, South Asian; SNP137, Single Nucleotide Polymorphism database
137; SIFT, Sorting Intolerant From Tolerant; PolyPhen2, Polymorphism Phenotyping v2
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3.4

Discussion

The present study used the HRM technique to estimate the frequency of LRRK2
(G2019S) and VPS35 (D620N) mutations in Pakistani PD patients. The analysis did not
identify any of these variants, indicating that these mutations are not frequent in
Pakistani PD patients. The study also employed MLPA analysis to estimate the
prevalence of CNV in these PD patients. One early onset Parkinsonism patient was
identified with multiplication in exon 1 and 2 in the LRRK2 gene.
The prevalence of the G2019S mutation is highly heterogeneous throughout the world
(Guedes et al., 2010); however, before this study the frequency of this mutation in
Punjabis and Pashtun ethnic groups was unknown. When compared to the Caucasians
populations the frequency of the G2019 mutation is reportedly lower in people of Asian
ethnicity (Punia et al., 2006). A study of the indian population did not find the G2019S
mutation in 1000 PD patients (Punia et al., 2006). The absence of the G2019S mutation
in our cohort is also in agreement with the Taiwanese study of (Lu et al., 2005), which
suggests that variants in the LRRK2 gene are an infrequent cause of PD in Asian
population.
Limited studies are available regarding the screening of the D620N mutation in different
ethnic groups. The variant has low frequency (0.4 %) in the European populations and
is absent in the Indian population (Sudhaman et al., 2013). Thus it is unsurprising that
the current study did not identify patients with this mutation. None-the-less it was
important to test for this mutation as no previous examination of this ethnic group has
been reported.
The second half of the chapter is focusing on the MLPA based CNV assessment of the
Pakistani PD samples. In recent years, research has made significant progress in
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determining the role of CNVs in disease development. While a number of studies have
used MLPA analysis for CNVs estimation in PD patients (Keyser et al., 2010; Moura et
al., 2012). We report here the first genomic rearrangement in the LRKK2 gene that may
lead to PD. However, the results are somewhat unclear as to the exact nature of the
multiplication. MLPA analysis was indicative of heterozygous duplication, based on the
ratio of exon 1 and exon 2 probes relative to all other target probes in the multiplex. On
the other hand, the qPCR results suggested that the muliplication of both the exons may,
in fact be a triplication based on the relative thresholds of the exon 1 and exon 2
templates relative to the internal control. To resolve this question additional methods
such as dense SNP array or customs comparative genomic hybridisation (CGH) array
would be useful to further validate the exact nature of the multiplication in this region.
Inspecting the genomic rearrangement at the nucleotide level is also critical to
understand their mechanism of formation. One of the challenges that remain is to
perform the break point mapping analysis, which will identify the boundaries of the
multiplication. It is unclear whether the multiplication is limited to exons 1 and 2 or
includes the promoter and downstream exons as well, as the MLPA probemix (P052B1) does not cover these regions. CGH array can be used to identify smaller genomic
imbalances and provide more accurate breakpoint mapping (Shen & Wu, 2009).
Similarly, qPCR and long-range PCR followed by amplicon sequence analysis can also
be used to fine map the breakpoints. Breakpoint mapping analysis of deletion/
duplication in PARK2 gene was performed using qPCR and long-range PCR followed
by sequence analysis (Elfferich et al., 2011). A breakpoint mapping analysis of the
current multiplication would be helpful to explain the mechanism of its formation and
uncertain role in disease development (please see future directions).
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WES analysis is an economical method to detect rare variants associated with
monogenic disorders. We excluded the potential pathogenic variants in the genes
formerly reported to harbour PD causing mutations.. Exclusion analysis was performed
on the basis of their high minor allele frequencies in both South Asian and general
populations. Recently, mutation in the DNAJC13 gene was found to be associated with
increased risk of developing Parkinsonism (Gustavsson et al., 2014). A single
heterozygous variant (E1291G) with low minor allele identified in the DNAJC13 gene
was excluded on the basis of recent study (Gustavsson et al., 2014); which observed the
same variant in both patients and control individuals.
Until now, the majority of the dosage changes in familial Parkinsonism have been
reported in the PARK2 and SNCA genes compared to other known PD genes (Keyser et
al., 2010; Moura et al., 2012). In the case of the LRRK2 gene, there is no data available
regarding the frequency of genomic rearrangements in either diseased or control
individuals. Deeper CNV based screening in both PD patients and control individuals
would be helpful to estimate the prevalence of the current findings in this population
and others of diverse ethnicities. Just as the frequency of some LRRK2 mutations (e.g.
G2019S) may be population dependent e.g. Arab Berber and Ashkenazi Jewish
populations represent the frequency of G2019S mutation frequency as 20 (Lesage et al.,
2006) and 40% (Ozelius et al., 2006) , respectively, it would also be worthwhile to
assess the prevalence of this multiplication in different ethnic groups..
Another fundamental question surrounds how this CNV may impact on the presentation
of Parkinsonism in this case and in this family. The role of the present discovery
(multiplication) in PD development is speculative; however, functional analysis may be
helpful to further explain its possible unclear mechanism.
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4

CHAPTER 4. GENETIC DISSECTION OF
PAKISTANI FAMILIES WITH EARLY ONSET
PARKINSONISM

ABSTRACT
OBJECTIVE: To hunt for genes in families with Parkinsonism from Pakistan.
METHODS: Homozygosity mapping analysis using SNP genotyping followed by
Whole exome sequencing (WES) and Sanger sequencing analysis.
RESULTS: Homozygosity mapping analysis revealed two homozygous regions on
chromosome 8 and 9. WES analysis followed by Sanger sequencing analysis showed a
homozygous mutation in the NOV/CCN3 gene. In Family C, copy number variation
(CNV) analysis of the SNP data showed a heterozygous deletion in the GALR1 gene in
one affected and two normal individuals. No CNV or long run of homozygous region
shared by the affected individuals was identified in family D.
CONCLUSION: Homozygous mutation in the NOV/CCN3 gene may be associated
with the Parkinsonism symptoms in family B. Detection of GALR1 deletion in the
normal individuals might not be the cause of Parkinsonism in family C.
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4.1

Introduction

The study of disease inheritance in extended or nuclear families displays some
favourable features for detecting genes that contribute to these diseases. Isolated or
consanguineous families may exhibit more genetic homogeneity and have a small set of
causative genes compared to heterogeneous populations. Because of the limited number
of founders, homogenous populations are proving useful for the identification of genes
involved in not only in Mendelian disorders, but also in complex diseases (Kristiansson
et al., 2008). Consanguineous marriages are customary in some ethnic groups including
most communities of the Middle East, West Asia and some South Asian countries like
India, Afghanistan and Pakistan. In Pakistan, interfamilial marriages collectively
account for more than 50% of all marriages in which over 80% are between first cousin
(Hussain & Bittles, 1998).
In the recent past, several efforts have been made to hunt for new genes underlying
neurological disorders. In PD, the discovery of Mendelian forms of disease has led to
new lines of research to dissect the molecular pathways involved in the dysfunction of
dopaminergic cell and death. Major breakthroughs in understanding the genetics of PD
have been gained from studying familial PD. For example the PARK2 locus was
initially identified in consanguineous families from Japan with Parkinsonism
(Matsumine et al., 1997). Also, the PARK7 locus (DJ-1) was discovered in a large
family from a genetically isolated population in the Netherlands (Van Duijn et al.,
2001).
A number of recently developed techniques like SNPs genotyping arrays and next
generation sequencing technology have tremendously accelerate the discovery of new
genes. SNP arrays can be used for both autozygosity mapping and CNV detection as
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described in Chapter 1 (Introduction section). Autozygosity mapping followed by whole
exome sequencing analysis is an ideal approach for detecting novel variants underlying
Parkinsonism and have been used previously (Korvatska et al., 2013; Krebs et al.,
2013). In pedigrees with evidence of autosomal recessive modes of inheritance, WES
analysis of one person with an already defined autozygous region (revealed through
SNP genotyping) may be sufficient to facilitate the identification of new disease causing
genes. Sanger sequencing analysis is widely used to confirm the segregation of the
suggested findings of the WES analysis in other members of the family.
These advances in genetics have revolutionized the discovery of new genes in different
disorders including Parkinsonism.

Recently, homozygosity mapping and linkage

analysis followed WES and Sanger sequencing analysis revealed homozygous
mutations in the DNAJC6 gene in two families with early onset Parkinsonism families
(Olgiati et al., 2016).
NOV (nephroblastoma overexpressed) or CCN3 is a member multicellular protein
family also known as CCN, and was initially discovered in myeloblastosis-associated
virus-induced nephroblastoma in chickens (Joliot et al., 1992). The exact function of
this gene is yet to be identified; however, several studies have detected the truncated
NOV/CCN3 protein in certain types of cancer (Perbal, 2009). Homeostasis of articular
cartilage plays an important role in joint health. Targeted mutation of NOV/CCN3
showed severe osteoarthritis like phenotype in mice. The findings of the study revealed
that NOV/CCN3 gene product is critical for the maintenance of articular cartilage and
joint homeostasis (Roddy & Boulter, 2015). In a more recent study, elevated level of
NOV/CCN3 expression in biopsies of patients with tubulointerstitial nephritis was
detected. The results of study suggested that NOV/CCN3 could be involved in kidney
damage (Marchal et al., 2015).
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In the past decade, extensive studies have been performed on the role of basal ganglia in
PD. However, increasing evidence supports that aberrant cerebral function may have
certain roles in PD pathogenies. Functional or structural changes in the cerebellum were
identified with respect to different Parkinsonian symptoms including, tremor, rigidity,
gait problems and non-motor symptoms such as cognitive impairment (Wu & Hallett,
2013). Despite being well described in the context of non-neurological diseases, a piece
of evidence suggested that NOV/CCN3 plays a vital role in the central nervous system
(CNS) development. In a study, the functional role of NOV/CCN3 was evaluated in the
cerebellum of rat brain. The findings of the study revealed that NOV/CCN3 gene play a
critical role in the granule neuron precursors maturation. The study also showed that
NOV/CCN3 protein and Purkinje neurons derived NOV/CCN3 transcript are essential
for the proliferation and migration of the granular neuron precursors (Le Dreau et al.,
2010a). Astrocytes are the major cell types that control inflammation in the brain by
increasing the production of specific cytokines and chemokines. NOV/CCN3 gene was
found to regulate the synthesis of two chemokines, CCL2 and CXCL1, and, therefore,
might involve in neuroinflammation (Le Dreau et al., 2010b).
In the present study, three consanguineous families were subjected genetic analysis for
gene and mutation detection. All the three families were genotyped with an Illumina
SNP array for homozyogosity mapping and CNV analysis. The positive CNV findings
were validated using qPCR analysis. WES analysis followed by Sanger sequencing
analysis was performed in one of the family.
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4.2

Material and Methods

4.2.1

Families recruitment, pedigree construction and clinical descriptions

Families used in the present study are the part of the 100 cases described in chapter 3.
Of the total 4 families used in the present study, family C was identified in the
prevalence survey, all other three families (A, B & D) were recruited from Lady
Reading Hospital (LRH), Peshawar and movement disorders clinics, in Islamabad,
Pakistan. Except family C which showed multiplication in the LRRK2 gene (Chapter
3), all other families included in the present study showed more than one affected
individuals and presented autosomal recessive as a suggestive mode of inheritance. To
clarify the genetic relationships and the most likely mode of inheritance in each family,
clear pedigrees were drawn using the information obtained from history taking via
interviews with family members. Where available, hospital records were also consulted.
As is usual convention, squares and female by circles represented male members of the
family. Unfilled circles were used to symbolize unaffected members while filled circle
for affected individuals. Circles or squares filled with a grey colour represent
individuals with an unknown phenotype. Circles or squares with a strike through
designate deceased individuals. A double line between partners was used to indicate a
consanguineous cousin marriage.

4.2.2

Family A

Family A is a consanguineous Pakistani family with a 47 years old male presented with
a five years’ history of Parkinsonism. Copy number variation (CNV) analysis revealed a
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multiplication in the LRRK2 gene. The full description of this family is presented in
chapter 3. No further analysis of this family was performed as part of this chapter.

4.2.3

Family B

Family B is a consanguineous Pakistani family with three affected and one normal
individual (Figure 4.1). Patient ‘IV:3’ is a 42 years old male who developed mild
rigidity and gait problems at the age of 31. By the age of 36, the symptoms had
developed to extreme rigidity, stiffness and frequent falls. Other symptoms included
mild tremor, shuffling gait, difficulty in swallowing, mask face, speech problem and an
abnormal skeletal phenotype. Patient ‘IV:5’ is a 32 years old affected male member of
the same of family. The patient presented similar symptoms (mild rigidity and gait
problems) at the age of 29. Recently, it appears to have progressed to high rigidity and
stiffness, though the gait problems reported are milder than the other affected sibling.
Patient ‘IV:6’ was an affected female who died at the age of 33. According to the
symptomatic profile assessed by the neurologist, the female patient presented with the
same phenotype as her affected siblings. The parents of the affected individuals are first
cousins and, from all reports, were neurologically normal.
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Figure 4.1. Pedigree for family B: Dark filled box represents affected individuals.
Empty symbols represent normal individuals.
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4.2.4

Family C

Family C (Figure 4.2) comes from the North West province of Pakistan. The family has
two affected individuals who are the product of a marriage between first cousins. Both
the affected siblings presented with symptoms of typical levodopa responsive
Parkinsonism including a severe pin rolling tremor, rigidity, gait problems and speech
difficulties. The symptoms are responsive to the drug Sinemet (L-dopa-carbidopa).
Individual ‘V:3’ died of cancer at an early age and no information could be provided by
the family members in regards to any possible symptoms of Parkinsonism. The parents
of the affected individuals were neurologically normal.

Figure 4.2. Pedigree for family C: Dark filled box represents affected individuals,
while the grey symbol represents unknown phenotype. Empty symbols represent
normal individuals.
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4.2.5

Family D

Family D is a multi-loop family with several affected individuals. All the affected
individuals presented with tremor as an initial symptom. Other symptoms reported were
wide gait, sleep difficulty and memory problem. One of the females reported severe
memory problems and frequent panic attacks, although she did not report any history of
tremor.

Figure 4.3. Pedigree for family D: Dark filled box represents affected individuals,
while the grey symbol represents unknown phenotype. Empty symbols represent
normal individuals.
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4.2.6

DNA extraction

With informed consent, venous blood was collected in vacationer tubes containing
EDTA (Ethylenediaminetetraacetic acid) from both affected and normal individuals of
the above families. Using the phenol chloroform method (Appendix B & C), DNA was
extracted at the Medical Genetics Laboratory, Quaid-i-Azam University, Islamabad,
Pakistan. The extracted DNA samples were dispatched to Eskitis Institute, Griffith
University, Australia for further analysis.

4.2.7

Microarray based SNPs genotyping

SNP variants can be used as markers to map disease loci and identify genomic regions
segregating with disease. In the current study we used the Humancytosnp-12 BeadChip,
which contains nearly 300,000 genetic markers. The current chip provides an efficient,
whole-genome scanning panel of SNPs designed for high-throughput genetic analysis.
SNP genotyping analysis was performed on both the affected and normal individuals of
the selected families.

To perform genome wide SNP analysis, genomic DNA was extracted from stored blood
samples of both the affected and normal individuals. The quality and quantity of
extracted DNA was checked using both a Nanodrop spectrophotometer and a Picogreen
DNA quantification assay. All samples were normalized to 50 ng/µl. Approximately
200 ng of DNA at a concentration of 50 ng/µl per sample was used for the microarray
analysis. To perform the denaturation and amplification steps, the DNA samples were
incubated at 37°C overnight. The resultant amplified product was fragmented by a
control enzymatic reaction followed by isopropanol precipitation at 4°C. The
precipitated DNA was isolated by centrifugation and resuspended in hybridization
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buffer. The humancytosnp-12 bead chip was prepared and the DNA samples were
applied, incubated overnight at 48°C, in the Illumina hybridization oven. During the
hybridization step, fragmented DNA binds to 300,000 selected markers found on the
surface of the HumanCytoSNP-12 BeadChip. Unhybridised DNA and non-specific
hybridisation were washed away, and the Illumina BeadChip was set for staining and
extension. The beadchip image was captured by the iScan System. Data analysis was
performed using GenomeStudio software version 2010.1. The workflow is shown in
Figure 4.4.

Figure 4.4. Illumina Infinium Whole-Genome Genotyping Assay Workflow. Taken
from Illumina website (http://www.illumina.com/)
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4.2.8

Validation using qPCR

Possible deletions identified by SNP array were validated using qPCR on the RoterGene 6000 Instrument (Corbett Life Science) using SensiFAST HRM kit (Bioline).
qPCR reactions were performed in triplicate in a total volume of 20 µL containing 10
µL of SensiFast HRM mixture, 0.8 µL of each primer and 5 µL of template DNA
(25ng). PCR cycling conditions were as follows: 95ºC for 2 min, 95ºC for 5 s, 60 for
10s and 72 ºC for 20 min (40 cycles). The beta-actin gene was used as a reference. The
delta delta Ct (∆∆Ct) method was used to calculate the relative DNA target
concentrations. The list of primers used in the reaction are given in Table 4.1
Table 4.1. List of primers used in the qPCR validation analysis

4.2.9

WES analysis

WES analysis was performed on family B in an attempt to identify variants which
segregate with the disease in this pedigree. A detailed protocol of the WES is described
in Chapter 3.

4.2.10

DNA sequencing

The Sanger (dideoxy) DNA sequencing method was used to determine the base
sequence in the DNA samples of interest and carried out using a BigDye Terminator
v3.1 sequencing kit (Applied Biosciences). Respective PCR primers were used to
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sequence the DNA samples in both directions. The reaction was performed in a PCR
machine (Thermo Fisher Scientific) with optimized cycling conditions. PCR reaction
setup and cycling conditions are shown in Table 4.3 and 4.4.
An ethanol/EDTA precipitation method was used to remove the unincorporated
dideoxy terminators. Briefly, a total of 20 µl of PCR reaction mixture was mixed with
60 µl of 100% ethanol and 5 µl 125 mM EDTA (pH 8.0). At room temperature, the
solution was incubated for 15 mints followed centrifugation at 14000 rpm for 20 min.
The supernatant was removed by careful pipetting. A washing step was performed with
250 µl of 70% ethanol and centrifuge for 10 min at 14000 rpm. The supernatant was
discarded and the DNA pellet was dried at 37 °C. The sequencing reaction was
performed on a 3130xl Genetic Analyser (Applied Biosystems, Foster City, California
U.S.A) at Griffith University DNA Sequencing Facility. Applied Biosystems, Sequence
Scanner (version 1.0) was used to analyse the data. Chromatograms from affected and
normal individuals were compared with the corresponding control gene sequences from
Ensemble Genome Browser database (http://www.ensembl.org/index.html) to detect
any base pair alterations. Sequence variants were detected via BIOEDIT sequence
alignment editor version 6.0.7, (http://www.mbio.ncsu.edu/bioedit/bioedit.html).
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Table 4.2. Primer set used in the sequencing reaction of NOV/CCN3 gene.

Table 4.3. DNA sequencing reaction setup

Table 4.4. DNA sequencing thermocycler condition
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4.2.11

Data analysis

4.2.11.1 SNP data analysis

Data was exported to the GenomeStudio software version 2011.1. Genotypes were
calculated for all the samples and were clustered with the standard file provided by the
Illumina genotyping facility. Genotypes were inspected visually and in case of any
ambiguity were re-clustered or deleted. Gender and call rates were estimated for all the
samples. Samples with a call rate below 95% were either removed from the analysis or
analysed individually. The data was then exported to Microsoft Excel for further
analysis. Genome studio, homozygositymapper, and CNV Webstore software were used
for homozygosity mapping and CNV analysis. Genome studio software uses SNP array
probe intensity to calculate B-allele frequency (BAF) and log R ratio (LRR). For a
given SNP, the relative amount of signal intensity of one allele to the other is termed as
BAF, whereas, LRR is the total probe intensity of a given SNP compared to the
reference or control samples. For a given homozygous SNP, the BAF call value is 1 for
genotype BB or 0 for AA, and is 0.5 for a heterozygous AB SNPs. Imbalance in the
ratio indicates a possible deletion or duplication. Decreases or a drop in the LRR ratio
for a number of SNPs may be due to the presence of a deletion in that DNA segment.
Both the BAF and LLR ratio were used to estimate the loss of heterozygosity and allelic
imbalance. HomozygosityMapper is a web-based tool available to identify homozygous
regions in the genome using SNP data generated by Affymatrix or Illumina platforms.

4.2.12

WES data analysis

The detailed pipeline of WES data analysis is described in Chapter 3.
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4.3

Results

4.3.1

Family B

Homozygosity mapping analysis revealed three homozygous regions on chromosome 8,
9 and 12 in both the affected individuals (Figure 4.5). The homozygous region on
chromosome 8 is located on 8q24.12-8q24.13, containing 52 genes in which 26 were
protein coding (Appendix E).
Similarly, 11.24 Mb homozygous block was found on the q arm of chromosome 9
(9q31.2-q33.1). The region harboured 120 genes in which 71 were protein coding.
On chromosome 12, a region of 1 Mb was found homozygous in both affected
individuals; however, the same region was also shared by one of the control members of
the family, which excludes the possibility of being a potential candidate region. CNV
analysis did not reveal any suggestive genomic rearrangements.
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Figure 4.5. SNP genotyping data for Family B analysed using Homozygosity Mapper (Family B). Arrows indicated peaks, revealed
by homozygosity mapping analysis on three different chromosomes (8q, 9q, 12q).
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Family B

Figure 4.6. Homozygous region on 8q shared by the affected members of the family B. Loss of heterozygosity analysis was
performed on Genome studio software considering B- allele frequency.
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Family B

Figure 4.7. Homozygous region on 9q shared by the affected members of the family B. Loss of heterozygosity analysis was
performed on Genome studio software considering B- allele frequency.
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4.3.2

WES and Sanger sequencing analysis

In order to identify mutations segregating with the disease in this family, we focused on
the homozygous variants located in the candidate regions identified by Illumina SNP
genotyping analysis (Figures 4.6, 4.7). WES analysis identified a total of 44 single base
pair alterations from the genetic consensus sequence (present in a homozygous state)
amongst the candidate regions on chromosome 8 and 9. Of the total 45 variants, 9 were
detected on chromosome 8, while 36 were found on chromosome 9 (Table 4.5, 4.6). All
the annotated variants were then filtered against the following three databases including
1000 Genome (Consortium, 2010), dbSNP137
goldenPath/hg19/database/snp137.txt.gz) and

(http://hgdownload.cse.ucsc.edu/

ExAC (http://exac.broadinstitute.org).

The 36 variants detected on chromosome 9 were present at relatively high frequencies,
both in South Asian and other populations (ie they were known polymorphisms and
unlikely to be disease-causing variants) (Table 4.6).
Of the total 9 variants identified on chromosome 8, except one variant (in the
NOV/CCN3 gene), all other (7 variants) were excluded on the basis of their reported
high allele frequencies (Table 4.5) retrieved from the three databases, as discussed
above. A second exclusion criteria used was the low damaging score predicted by the
prediction tools SIFT and PloyPhen2 (SIFT: <0.05 = Damaging; PolyPhen2: 0.95-1 =
Damaging, 0.45-0.95 = Possibly Damaging) (please see 3.3.4 Whole exome sequencing
and Table 4.5).
The homozygous variant p.Asp82Gly detected in exon 2 in the NOV/CCN3 gene was
not present in 1000 Genome, dbSNP137 and ExAC consortium data set. Both SIFT and
PolyPhen 2 score suggested that the variant is possibly damaging. Sanger sequencing
analysis showed that both the affected siblings were homozygous for the NOV/CCN3
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mutation (IV:3 & IV:5) (Figure 4.8), while two unaffected members of the family
(III:2, III:5 & IV:4) were heterozygous. Subsequent gene sequencing revealed that the
p.Asp82Gly mutation was not detected in the 100 Pakistani Parkinsonism patients and
100 Pakistani controls individuals that were sequenced.
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Table 4.5. Family B; Whole exome sequencing analysis in the affected individual
Chromosome

Gene

Neucltoide
change

Exon no. and
AA change

All
population

SAS
population

snp137

Sift

Polyphen 2

8

NOV

A/G

exon2:D82G

0

0

NA

0.06

0.722

8

TNFRSF11B

G/C

exon1:N3K

0.67

0.59

rs2073618

NA

0

8

ENPP2

A/G

exon2:S10P

0.98

0.99

rs10283100

1

0

8

TAF2

C/G

exon11:S447T

0.66

0.66

rs9297605

0.41

0

8

DSCC1

T/C

exon9:H376R

0.66

0.67

rs1055130

1

0

8

COL14A1

A/C

exon7:N241H

0.59

0.55

rs4870723

0.05

0.482

8

KLHL38

C/T

exon1:R346K

0.71

0.69

rs11780509

1

0

8

KLHL38

T/C

exon1:H98R

0.73

0.72

rs7386562

0.71

0

8

ANXA13

C/T

exon10:V272I

0.7

0.7

rs2294015

0.84

0

List of functionally significant non-synonymous variants identified through WES in the candidate region on chromosome 8. AA, amino
acid; SAS, South Asian; SNP137, Single nucleotide polymorphism database 137; SIFT, Sorting Intolerant From Tolerant; PolyPhen2,
Polymorphism Phenotyping v2
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Table 4.6. Family B; Whole exome sequencing analysis in the affected individual
Chromosome

Gene

Neucltoide
change

Exon no. and
AA change

All
population

SAS
population

snp137

Sift

Polyphen 2

9

BSPRY

G/C

exon6:Q293H

0.06

0.13

rs818711

0.01

0.009

9

C9orf84

T/A

exon12:M660L

0.14

0.14

rs11791445

0.37

0.028

9

SVEP1

C/G

exon4:G332A

0.14

0.19

rs3818764

0.55

0.067

9

C9orf84

A/C

exon15:N735K

0.22

0.21

rs7036568

1

0

9

FKBP15

G/A

exon14:L434F

0.12

0.23

rs10465129

0.12

0.029

9

DFNB31

G/T

exon6:N445K

0.22

0.26

rs2274158

0.52

0.023

9

FKBP15

G/A

NA

0.2

0.29

rs2233914

0.27

NA

9

SLC31A1

G/C

NA

0.51

0.64

rs4560868

NA

NA

9

DFNB31

C/T

exon2:A89T

0.23

0.27

rs4978584

0.29

0.007

9

TNC

T/C

exon3:Q680R

0.45

0.35

rs1061494

1

0.001

9

SVEP1

G/A

exon3:A676V

0.43

0.39

rs7030192

0.35

0

100

9

TNC

T/A

exon11:I1131L

0.48

0.39

rs2104772

1

0.004

9

TNC

G/A

exon11:T1170M

0.2

0.21

rs11794797

0.01

NA

9

ZFP37

A/T

exon1:V7D

0.5

0.49

rs2282076

0.23

0

9

DFNB31

A/G

exon6:V432A

0.41

0.5

rs2274159

1

0

9

AKNA

G/A

exon6:P543L

0.38

0.55

rs3748176

0.79

0.618

9

RNF183

C/T

exon 1:A82T

0.4

0.57

rs3750533

0.65

NA

9

DFNB31

A/G

exon5:M262T

0.48

0.57

rs942519

0.56

0

9

COL27A1

G/A

exon43:R1354Q

0.42

0.57

rs10982134

0.67

0.016

9

FKBP15

A/C

exon13:H413Q

0.53

0.61

rs10435864

1

0

9

TNC

C/G

exon16:E1371Q

0.67

0.63

rs13321

1

0.043

9

PTGR1

C/A

exon2:A27S

0.6

0.64

rs1053959

0.68

0.019

9

PAPPA

C/A

exon8:S262Y

0.57

0.69

rs7020782

0.01

0.359

Dec-01

C/T

exon7:A60V

0.76

0.71

rs2269700

0

0
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9

OR13D1

C/T

exon1:S277L

0.77

0.75

rs10761073

1

0.003

9

C9orf84

T/C

exon18:Y858C

0.85

0.79

rs1407390

0.72

0

9

C9orf84

T/C

exon9:H377R

0.83

0.79

rs7470491

0.64

0

9

C9orf84

A/G

exon19:L894P

0.83

0.79

rs6477845

0.33

0

9

CDK5RAP2

C/G

exon30:V1499L

0.75

0.83

rs4837768

0.41

0.105

A/C

exon2:K282Q

0.93

0.94

rs4978872

0.73

0

AKAP2,PALM29
AKAP2
9

TNC

T/C

exon2:Q539R

0.95

0.98

rs1757095

1

0.001

9

RGS3

A/G

exon1:Y106C

0.96

0.98

rs12341266

1

0

9

C9orf84

A/G

exon22:I1088T

1

1

rs1475110

1

0

9

DFNB31

C/T

exon4:R364H

0.98

1

rs10817610

1

0

9

DFNB31

G/C

exon6:H401Q

0.99

1

rs6478078

1

0

List of functionally significant nonsynonmous variants identified through WES in the candidate region on chromosome 9. AA, amino acid;
SAS, South Asia; SNP137, Single nucleotide polymorphism database 137; SIFT, Sorting Intolerant From Tolerant; PolyPhen2,
Polymorphism Phenotyping
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Figure 4.8. A. Sequencing chromatogram of the affected individual (IV:3), showing
the nucleotide transition resulting in p.Asp82Gly (c.248A>G) mutation; B.
Chromatogram demonstrating heterozygous sequence (c.248A>G) in normal
mother(III: 5).
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4.3.3

Family C

SNP data for family C was analysed for both homozygosity mapping and structural
variation (CNV). Homozygosity mapping did not reveal any region higher than 1 Mb
shared by the affected siblings (Figure 4.9).
CNV analysis revealed a heterozygous deletion of 0.2 Mb on the long arm of
chromosome 18, that contains a single protein coding gene, Galanin receptor 1
(GALR1). A drop in the log R ratio and loss of heterozygosity (BAF) is shown in Figure
4.10. The deletion was identified in one patient (V: 2), and two normal individuals of
the family (IV:3 & V:1). The normal sibling (V:1) in the family is below the age of
onset (Figure 4.2). The other patient (V:4) did not carry the deleted region. CNV
Webstore software also revealed a deletion in the same region, which spanned the
boundaries of the GALR1 gene (Figure 4.11). When taken together, the data suggests
that this CNV is not likely to be the disease causing genetic change in this family.

4.3.3.1 qPCR validation
The deletion identified by the SNP array in individuals (V:2, an affected), (IV:3, normal
mother) and below the age of onset normal member of the family (V:12) were validated
by qPCR assay. The heterozygous deletion was validated in GALR1 gene (Figure 4.12).
The other affected sibling (II2) was normal as suggested by SNP array (Figure 4.10).
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Figure 4.9. SNP genotyping data analysed using HomozygosityMapper (Family C). Arrows indicated peaks, revealed by
homozygosity mapping analysis on two different chromosomes (3 & 8).
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Family C

Figure 4.10. Using genome studio, Log R and BAF plot revealed deletion on chromosome 18q.
(A) High resolution zoomed view of loss of heterozygosity in the deleted region shown in B allele plot (red box), (B) High resolution view
of drop in the Log R ratio of the deleted region (red box), (C) Normal view of the Log R ratio in the deleted region (red box).
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Family C:

Figure 4.11. Using CNV Webstore software, Log R and BAF plot revealed deletion on chromosome 18q.
(A) High resolution zoomed view of loss of heterozygosity in the deleted region shown in B allele plot (red box), (B) High resolution view
of drop in the Log R ratio of the deleted region (red box), (C) Normal view of the Log R ratio in the deleted region (red box).
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1.2

Copy Number

1
Controls

0.8

Normal
0.6

Normal
Patient

0.4

Patient

0.2
0

Figure 4.12. Assessment of the GALR1 gene. The estimated copy number variation
for the normal, PD patients and five unrelated controls. Error bar represent SEM
of triplicate run.
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4.3.4

Family D

Family D has four affected and three normal individuals. Homozygositymapper analysis
revealed one homozygous region (2.5Mb) on chromosome 1 (Figure 4.13). However,
the region was homozygous in both the affected and normal individuals. No other
region higher than 1Mb was found to be homozygous on in the affected individuals.
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Figure 4.13. SNP genotyping data analysed using HomozygosityMapper (Family D). Arrows indicated peaks, revealed by
homozygosity mapping analysis on chromosomes 1.
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4.4

Discussion

In the present study, four consanguineous families (A, B, C & D) presented with
Parkinsonism symptoms were ascertained from different parts of Pakistan. Family A
carry a novel exonic multiplication in the LRRK2 gene (described in detail in Chapter
3). The affected and normal individuals of families B, C, and D were subjected to
Illumina SNP genotyping array for homozygosity mapping and copy number variation
analysis.
In family B, WES followed by Sanger sequencing revealed homozygous mutation in the
NOV/CCN3 gene, which segregated in autosomal recessive manner. The NOV
(nephroblastoma

overexpressed)

gene

also

known

as

CCN3

(cysteine-rich

61/connective tissue growth factor 3), composed of four structural domains (Bork,
1993), which include (I) an insulin-like growth factor binding protein domain (IGFBP),
(II) von Willebrand factor type C repeat, chordin domain (VWC/CH), (III)
thrombospondin type 1 repeat domain (TSP1), (IV) and a cysteine knot motif CTerminal domain. NOV/CCN3 is a 48kD protein that undergoes a proteolytic cleavage
and produces a N-truncated 30kD isoform, involved in a number of biological
pathways. It binds to various partners, such as integrin receptors, bone morphogenetic
proteins (BMP), Notch and connexin43 (Chen & Lau, 2009). Recently, NOV/CCN3 was
found to has role in articular cartilage and joint homeostasis (Roddy & Boulter, 2015),
kidney damage (Marchal et al., 2015), hematopoietic stem cells function (Ishihara et al.,
2014), and certain types of cancers (Perbal, 2009).
NOV/CCN3 protein is expressed in a number of tissues, including muscle cells,
cartilage, bone and nervous tissues and paly a regulatory role in their development
(Katsuki et al., 2008).

111

There is no direct evidence to link this gene to Parkinsonism or neurodegeneration, and
there are no prior mutations reported in this gene. However, there is evidence that
NOV/CCN3 may regulate the expression of chemokines in astrocytes and that it might
play a role in neuro-inflammatory processes (Le Dreau et al., 2010a). An in-vitro study
of rat cerebellum showed that, NOV/CCN3 is involved in the development of cerebellar
granule neurons (Le Dreau et al., 2010b). In order to fully characterize the role of this
protein in Parkinsonism, the introduction of the present mutation in to cell lines would
be helpful to evaluate its role in disease development. Previous studies have shown that
NOV/CCN3 is expressed both in cerebellum and brain (Albrecht et al., 2000; Le Dreau
et al., 2010b). Brain and neuronal studies using knock-out mouse models may be
another approach to investigate the functional relevance of NOV/CCN3 in
neurodegeneration. Furthermore, biochemical analysis is needed to investigate its
domains, motifs and signalling pathways with respect to neurodegeneration and
Parkinsonism. A large-scale mutational screening analysis in Pakistani Parkinsonism
patients and in other ethnic groups would also be worthwhile to determine its
prevalence.
A deletion was identified in the GALR1 gene in the affected and normal individuals of
family C. In family D, a single region on chromosome 1 was found to be homozygous
in both affected and normal individuals.
In family C, a heterozygous deletion in the GALR1 gene was detected in one patient, in
one of the patient’s normal siblings (although they were below the age of onset of the
proband) and in the patient’s neurologically normal mother. However, the same deletion
was absent in the other affected sibling. It is therefore, highly unlikely that this variant
is directly involved in the disease process and is more likely to be a unrelated to
Parkinsonism. Galanin is a G protein-coupled receptor that consists of three subtypes
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(Galanin receptor 1 (GALR1), Galanin receptor 2 (GALR2) and Galanin receptor 3
(GALR3). Galanin is reported to have some role in a number of pathophysiological
conditions including pain syndromes, seizures and Alzheimer’s disease and is thought
to mediate neuroprotective and neurotrophic effects (Lundström et al., 2005). Galanin
receptor 1 protein, which is encoded by GALR1 gene (Habert-Ortoli et al., 1994), is
widely expressed in different areas of the brain such as the hippocampus, hypothalamus,
olfactory tract nucleus accumbens and locus coeruleus (Gustafson et al. 1996). The role
of the GALR1 gene in PD development is not known, however, it is thought that GALR1
protein facilitates neuroprotection. A knockout mouse study showed that GALR1
meditates anticonvulsant and neuroprotective effects in limbic status epilepticus
(Mazarati et al., 2004). The genetic lesion responsible for Parkinsonism in this family
remains elusive. Due to time constraints further analysis was not performed, however,
WES sequencing analysis of the both the affected siblings would provide useful
information to help to further identify variants that segregate with disease.
Similarly the homozygous block on chromosome 1, identified in family D, was
observed in both affected and normal individuals. It is assumed in this analysis that the
most likely mode of inheritance is autosomal recessive. The strength of homozygosity
mapping analysis is increased by consanguinity. Family D had one loop showing a first
cousin marriage; for the other two loops consanguinity was unknown. However, since,
homozygosity mapping analysis did not reveal any potential candidate region; it is
possible that the mode of transmission may be other than recessive. Revisiting the
family history may be helpful to further explain the speculative mode of inheritance.
Due to time constraints further analysis was not performed, however, WES sequencing
or whole genome sequencing analysis of the affected siblings in each of these families
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may provide more useful information to help to further identify variants that segregate
with disease.
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5

CHAPTER 5. ANALYSIS OF PD-ASSOCIATED SNPs
IN A PAKISTANI CASE-CONTROL COHORT

ABSTRACT
OBJECTIVE: To investigate in a small Pakistani case-control study the independent
effects and impact of polygenic risk score (PRS) of 9 SNPs previously identified as
genetic risk factors for Parkinson disease (PD) in large international genome-wide
association (GWAS) studies.
METHODS: Using the Sequenome platform, a total of 9 SNPs were genotyped in 100
PD patient and 100 controls from Pakistan. Data from a previously genotyped
Caucasian Australian PD case-control cohort was also analysed as a comparison group.
RESULTS: None of the 9 SNPs showed independent association with PD risk in the
Pakistani sample. Analysis of deciles of PRS in the Australian cohort revealed an
increasing risk associated with PD for the highest deciles of PRS among cases
compared to the controls; interestingly, the opposite effect was observed in the Pakistani
cohort.
CONCLUSION: Previously identified SNPs of modest effect size do not confer
substantial independent (or multiplicative) risk effects in Pakistanis. This may be due to
insufficient power to determine whether these SNPs have similar effects in this ethnic
group compared to other populations.
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5.1

Introduction

Parkinson’s disease (PD) is a neurodegenerative disease of aging population, occurring
in individuals age 60 and above. The discovery of mutations in different genes and the
reported familial history (10-25%) in PD patients (Sellbach et al., 2006), suggest that
genetic factors may contribute to the development of PD. The role of genetic factors in
late onset PD has long been controversial and the disease has therefore been considered
as sporadic with a largely environmental etiology. However, the discovery of genetic
risk loci in sporadic forms of PD has resulted in a shift in current hypotheses, and the
disease in now generally considered to be a complex disorder arising from both genetic
and environmental factors.
The sequencing of the human genome in 2000 has led tothe discovery and cataloguing
of millions of genetic variations (Frazer et al., 2007; Gibbs et al., 2003). Single
nucleotide polymorphisms (SNPs) are highly prevalent genetic variations distributed
throughout the genome. It has been proposed that SNPs in close proximity tend to
segregate together. Thus, it is possible to genotype a subset of SNPs which can be
representative of target loci of interest that can be used to evaluate the role of these
variations in complex disorders. This phenomena lead to the application of genomewide association studies (GWAS) which have been performed for a number of complex
disorders including PD (Maraganore et al., 2005).

5.1.1

GWAS in PD

During the past decade, a number of GWAS (Table 5.1) have been conducted in
various ethnic groups in an attempt to identify risk loci associated with sporadic PD.
The earliest studies conducted by Maraganore and colleagues on American PD patients;
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identified 13 SNPs associated with sporadic disease (Maraganore et al., 2005). Untill
now, twenty three association including mata-analyses of GWAS findings have
identified approximatley 134 SNPs to be associated with altered risk for PD (Welter et
al., 2014).
Previous GWAS were combined and re-examined for the association analysis in so
calledmeta-analysis (Keller et al., 2012; Nalls et al., 2014).
Nalls et al (2011) performed a meta analysis of 7 millions imputrd markers and
genotyped SNPs across five cohort datasets containg a total of 5333 patients and 12019
controls (USA National institute on Agening, UK, Germany, France and USA). The
study identified 11 loci that achieved the GWAS significant threshold of p<5x10-8 ; six
of which were previously identified (MAPT, SNCA, HLA-DRB5, BST1, GAK and
LRRK2) and five were novel (ACMSD, STK39, MCCC1/LAMP3, SYT11, and
CCDC62/HIP1R) (Nalls et al., 2011). Another large-scale meta-analysis performed by
Nalls et al (2014), using a large number of, 13708 cases and 95282 controls. The study
replicated 28 risk variants for PD across 24 loci (Nalls et al., 2014).
A large-scale replication analysis conducted by Sharma and colleagues, from the
Genetic Epidemiology of Parkinson’s disease (Geo-PD) consortium subsequently
replicated 9 loci from the Nalls et al (2011) study in a large sample of 8750 PD patients
and 8955 cases from both Caucasian and Asian populations (Sharma et al., 2012). Six
of the nine loci (STK39, GAK, SNCA, LRRK2, SYT11, and HIP1R) were found to be
associated with increased risk of PD development, while the other three (LAMP3, BST1,
and MAPT) were found to have a protective role.
However, while Nalls et al (2011) and Sharma et al (2012) both examined these genes
in Caucasian populations, the impact of these SNPs on PD risk in other ethnic
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populations has not been evaluated. Sharma et al (2012) examined five East-Asian
cohorts (from Korea, Taiwan, China, Singapore, and Japan) in their 2012 study;
however, there is no data available regarding Pakistani population.

In the current study we examined the 9 SNPs reported by Sharma et al (2012), in a
Pakistani case-control cohort of 100 cases and 100 controls. The Sequenome Massarray
platform was used to genotypes for each of the SNP, and association analysis was
performed to determine whether allele frequencies are significantly different between
PD cases and controls.

5.1.2

Polygenic risk analysis (PRS)

In additionto traditional association analysis, association data can be further explored
using polygenic risk (PRS) analysis. Traditional association studies utilizing genetic
markers and are limited in their capacity to detect biologically relevant polymorphisms,
due to the fact that many complex traits may be influenced by hundreds of genetic
variants each contributing relatively small effects that may not achieve statistical
significant (Stranger et al., 2011). Additionally, adjustment for multiple testing assume
that SNP effects are independent, when in fact SNPs may be highly correlated, and the
combined effect of individually non-significant SNP variants may contribute
significantly to disease risk (Johnson et al., 2010). Furthermore, individual SNP
analysis may not be biologically relevant and therefore insufficient as a risk prediction
tool.
Polygenic risk analysis, where markers are combined into an overall PRS, can be
performed with association data after initial analysis stages. PRS assume additive
effects and involves the summation of putative risk allele in to a single risk sore
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(Simonson et al., 2011). For example, if the risk allele is A, and the individual has AG
genotype for that marker, they are scored as having 1 risk allele, while an individual
with AA genotype would be scored as having 2 risk alleles and GG genotype would be
scored as 0 risk alleles. To adjust for variation in SNP effect on disease risk, each SNPs
is weighted according to effect estimates or odd ratio determined in a published
analysis, termed the base or reference dataset. All relevant SNPs can be included in a
PRS model, including SNPs that do not meet significance thresholds. Thus a PRS can
be obtained for each person in a dataset as a measure of, their overall genetic risk
(Dudbridge, 2013). This PRS can then be analysed as either a continuous quantitative
trait or grouped into quantiles depending on the distribution in the dataset, and analysed
as an ordinal variable according to case-control status. Both methods involve logistic
regression analysis, which models the log-odds of being a case. Using PRS quantiles in
the analysis is often preferable because an OR and 95%CI can be determined for each
quantile, giving a measurable estimate of the increase in risk for each increase in PRS
level (Euesden et al., 2015). Risk profiling analysis from a large-scale meta-analysis
showed a significant cumulative genetic risk by comparing the highest quantile to the
lowest (OR = 3.31, 95% confidence interval (CI) = 2.55-4.30; p= 2 × 10(-16) (Nalls et
al., 2014). A recent PD polygenic risk analysis study showed that GBA and
TMEM175/GAK risk alleles are significantly associated with lower age of onset in PD
cases (Lill et al., 2015).
Thus, PRS analysis allows individual genetic risk of disease to be evaluated and is the
next step in modelling genetic aetiology from association data. In the current study of
Pakistani cases and controls, we will also analyse PRS to estimate the overall
contribution by putative associated SNPs to PD risk.
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Table 5.1.Genome-wide association and meta-analysis performed on PD patients and controls
Author

Title

Maraganore et al., 2005.

High-resolution whole-genome association study of Parkinson disease.

Fung et al., 2006.

Genome-wide genotyping in Parkinson's disease and neurologically normal controls: first stage analysis and
public release of data.

Pankratz et al., 2009.

Genomewide association study for susceptibility genes contributing to familial Parkinson disease.

Latourelle et al., 2009.

Genomewide association study for onset age in Parkinson disease.

Simon-Sanchez et al., 2009.

Genome-wide association study reveals genetic risk underlying Parkinson's disease.

Satake et al., 2009.

Genome-wide association study identifies common variants at four loci as genetic risk factors for Parkinson's
disease.

Edwards et al., 2010.

Genome-wide association study confirms SNPs in SNCA and the MAPT region as common risk factors for
Parkinson disease.

Hamza et al., 2010.

Common genetic variation in the HLA region is associated with late-onset sporadic Parkinson's disease.

Spencer et al., 2010.

Dissection of the genetics of Parkinson's disease identifies an additional association 5' of SNCA and multiple
associated haplotypes at 17q21.

Saad et al., 2010

Genome-wide association study confirms BST1 and suggests a locus on 12q24 as the risk loci for Parkinson's
disease in the European population.

Simon-Sanchez et al., 2011

Genome-wide association study confirms extant PD risk loci among the Dutch.
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Nalls et al., 2011

Imputation of sequence variants for identification of genetic risks for Parkinson's disease: a meta-analysis of
genome-wide association studies.

Do CB et al., 2011

Web-based genome-wide association study identifies two novel loci and a substantial genetic component for
Parkinson's disease.

Liu et al., 2011

Genome-wide association study identifies candidate genes for Parkinson's disease in an Ashkenazi Jewish
population.

Hamza et al., 2011

Genome-wide gene-environment study identifies glutamate receptor gene GRIN2A as a Parkinson's disease
modifier gene via interaction with coffee.

Pankratz et al. ,2012

Meta-analysis of Parkinson's disease: identification of a novel locus, RIT2.

Lill et al., 2012

Comprehensive research synopsis and systematic meta-analyses in Parkinson's disease genetics: The PDGene
database.

Chung et al., 2012

Genomic determinants of motor and cognitive outcomes in Parkinson's disease.

Hernandez et al., 2012

Genome wide assessment of young onset Parkinson's disease from Finland.

Davis et al., 2013

Parkinson disease loci in the mid-western Amish.

Hill-Burns et al., 2014

Identification of a novel Parkinson's disease locus via stratified genome-wide association study.

Vacic et al., 2014

Genome-wide mapping of IBD segments in an Ashkenazi PD cohort identifies associated haplotypes.

Nalls et al., 2014

Large-scale meta-analysis of genome-wide association data identifies six new risk loci for Parkinson's disease.
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5.2

Materials and Methods

5.2.1

Subjects

Ethical approval was granted by the Postgraduate Medical Institute (PGMI), Lady
Reading Hospital (LRH), Peshawar (Ref. 65/IRBEB/PGMI/LRH) and Quaid-I-Azam
University Islamabad Pakistan. The study population included 200 Pakistani subjects,
consisting of 100 PD patients and 100 controls. Demographic characteristics of the
study population are given in chapter 3 (Table 3.1).

5.2.2

SNP genotyping

A total of 9 SNPs in ACMSD, STK39, LAMP3, GAK, BST1, SNCA, HLA-DRB5,
LRRK2, and HIP1R genes (Table 5.2) were selected based on the reported data by
Sharma et al (2012). Genotyping assays were performed at Australia Genomic Research
Facility (AGRF), Brisbane, using Sequenome Massarray iPLEX GOLD chemistry
technology. The assay is outlined in Figure 5.1.
Each target SNP was amplified using a multiplex polymerase chain reaction (PCR).
PCR products were then dephosphorylated to remove the non-incorporated deoxynucleotide-tri phosphate (dNTPS), using Shrimp Alkaline Phosphatase (SAP).
Following this clean-up step, a primer annealing and extension (iPLEX) reaction was
performed. Primers

were extended by the incorporation of mass-modified

dideoxynucleotide terminators, depending on the allele or SNP. The extended reaction
product was treated with cationic resin to remove excess salt and optimize mass
spectrometry analysis. The desalted samples were then dispensed on a SpectroCHIP
using a SpectroPOINT nanoliter sample-dispensing instrument (Sequenome). The
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SpectroCHIP was run on a MassARRAY analyser under vacuum and the dispensed
sample spot was then shotted using matrix-assisted laser desorption ionization-time-offlight (MALDITOF) technology. The spectrum was analysed using MassARRAY
software (Sequenome Inc.).

Figure 5.1. Sequenome MassArray genotyping assay work flow.
Using multiplex PCR reaction, all the 9 SNPs were simultaneously amplified, which is
followed by base extension of the SNP specific primer that anneal proximal to SNP site.
The extension step is performed using mass-modified dideoxynucleotide terminators.
MALDITOF mass spectrometry technology was used to identify the SNP alleles.
Adopted from Gabriel et al (2009)
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5.2.3

Association analysis

All association tests were performed using the PLINK software package
(v1.07, http://pngu.mgh.harvard.edu/purcell/plink/) (Purcell et al., 2007). Failed or
ambiguously genotyped (less than 10% missing data per marker) samples were
removed from the analysis. Similarly, duplicate and monomorphic SNPs were
excluded from further analysis. Allelic association (unadjusted) was estimated using
Fisher’s exact test in PLINK software. The odds ratios (OR) and 95% confidence
interval (95% CI) were calculated using the major allele as reference.

5.2.4

Polygenic risk score analysis

Genotypes for each SNP were combined into a polygenic risk score for each individual
using PLINK software. In order to increase statistical power for the analysis, data from
the Pakistani cohort was combined with data from a Caucasian Australian PD cohort
(n=1000 cases and n=1000 controls). Due to the fact that one SNP from the Pakistani
cohort (rs31229882, HLA-DRB5) was monomorphic in the Australian dataset, this SNP
was removed from all combined analyses.
Briefly, the PRS was calculated by assessing the number of risk alleles an individual has
at each SNP locus and weighting by the log-transformed OR for that SNP, as
determined by the reference dataset. For this study the Nalls et al (2011) data was used
as the base dataset. The weighted number of risk alleles was then summed across all
SNPs and divided by the total number of SNPs included to obtain an average risk score
(in log-odds ratio) across all SNPs for that person. The statistical software R was then
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used to group the PRS scores for the cohort into deciles, and assign each individual a
number based on what decile their PRS fell into. Association of PRS with case-control
status was estimated by performing a logistic regression, modelling risk of being a PD
case against PRS decile group using the statistical software R. The odds ratios and their
95% confidence intervals (95% CI) were calculated for each decile, using the lowest
decile as the reference category, to determine whether individuals with higher PRS have
an increased risk of being a PD case.
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5.3

Results

5.3.1

Association results

A total of 22 samples were found to have genotyping ambiguity (failed or missing
genotypes) and were removed from the analysis. Of the 9 SNPs used in the present
study, 8 SNPs revealed no association with PD. Only one SNP, STK39 (rs2102808) was
marginally associated (p= 0.049, OR= 0.583), although this was in the opposite
direction to the association previously reported in Sharma et al (2012) (Table 5.2). All
other SNPs failed to reach statistical significance (Figure 5.2). None of the other SNP
showed significant differences in genotype or allele frequency between cases and
controls (Figure 5.2).
Table 5.2.Association analysis of 9 SNPs previously associated with PD
SNP Name

rs ID

P

OR

95% CI

LAMP3

rs11711441

0.145

0.645

0.359-1.157

BST1

rs11724635

0.822

0.934

0.600 - 1.454

HLA-DRB5

rs3129882

1.000

0.991

0.652 - 1.505

ACMSD

rs10928513

0.101

0.611

0.338-1.105

LRRK2

rs1491942

0.661

0.892

0.580 - 1.372

HIP1R

rs10847864

0.105

0.699

0.456 - 1.071

GAK

rs6599388

0.056

0.663

0.435-1.009

STK39

rs2102808

0.049

0.584

0.345 - 0.988

SNCA

rs356219

0.067

0.660

0.431 - 1.011
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A

C

B

Figure 5.2. Forest plots showing odd ratio with 95% confidence interval of all markers used in: (A) Sharma et al., 2012 (B)
Australian cohort and (C) Pakistani cohort
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5.3.2

Polygenic risk score results

A polygenic risk score was initially calculated for the Pakistani cohort (N=200) using
all 9 SNPs. Individuals with missing data on any SNPs were excluded from PRS
calculations and PRS were obtained for N = 178 individuals from the Pakistani cohort.
Polygenic risk scores ranged from -0.048 to 0.090, with an overall mean value among
(cases and controls) of 0.004 and standard error (SE) of 0.0017.
In comparisons between cases and controls, unexpectedly, the cases had a lower mean
PRS -0.0008 (SE 0.0024) compared to controls, 0.00856 (SE 0.0023). This can be seen
in Figure 5.3, which also suggests that the higher mean PRS in controls might be
significant, as indicated by mostly non-overlapping 95% confidence intervals of the
mean in this (Figure 5.3).

Figure 5.3. Error bar plot showing mean Polygenic Risk Score of cases and
controls with 95% confidence intervals of the Pakistani cohort.
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As the data met the assumptions of a parametric test (normality in each group and
Levene’s test of homogeneity of variances, p = 0.500), an independent samples T-test
was performed to evaluate significance formally. The data showed that controls had a
higher PRS by 0.0094 units (95% CI of the difference 0.003 to 0.016), and this was
significant with p = 0.006. Interestingly, this would suggest that a higher PRS
predisposes to a lower risk of contrary to the expected hypothesis that a higher PRS
increases risk of being a case (Escott‐Price et al., 2015).
To further investigate this, polygenic risk scores were also categorised into deciles and a
logistic regression was performed against case-control status. Table 5.3 shows the
exponentiated coefficients of the regression model (converted from log-odds into odds
ratio via exponentiation), along with the 95%CI of the OR and the p-value. These
results show a consistent though non-significant inverse association for each PRS decile
compared to the lowest decile, suggesting that overall, higher the deciles of PRS are less
likely to be associated with risk of PD. Decile 5 and 7 showed a significant decrease in
risk of being a case, with decile 5 about one-fifth the risk of decile 1 (OR 0.21; p =
0.033), and decile 7 showing about one-twentieth the risk of decile 1 (OR 0.048; p =
0.001). Additionally, estimates for the three deciles (deciles, 8, 9 and 10) of PRS were
marginally significant ,suggesting that higher PRS may be associated with a decreased
risk of PD.
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Table 5.3. Polygenic Risk Score Decile – Logistic regression results (Pakistani
cohort).
Decile

OR

95% CI of OR

P

Decile 1

1.00 (REF)

N/A

N/A

Decile 2

0.77

0.19 - 3.19

0.72

Decile 3

0.55

0.13 - 2.26

0.41

Decile 4

0.53

0.13 - 2.09

0.36

Decile 5

0.21

0.05 - 0.88

0.03

Decile 6

0.55

0.13 - 2.26

0.41

Decile 7

0.05

0.01 - 0.29

0.00

Decile 8

0.27

0.07 - 1.11

0.07

Decile 9

0.28

0.07 - 1.11

0.07

Decile 10

0.31

0.08 - 1.23

0.10

To investigate the effect of PRS on PD in a Caucasian dataset, and to determine if
estimates were improved in a larger sample, we used the Australian cohort (Nalls et al.,
2012) of PD and controls (n = 1000 cases; n = 1000 controls) using all 9 of the SNPs
mentioned above. Individuals with missing data on any SNPs were excluded from PRS
analysis, resulting in an available sample of 1818 individuals from the Australian
cohort. Polygenic risk scores ranged from -0.0615 to 0.0714, with an overall mean value
(across cases and controls) of 0.0080 and standard error (SE) of 0.0005.
Figure 5.4 shows a comparison between mean PRS among cases and controls. The cases
had a significantly higher mean PRS 0.0097 (SE 0.00070) compared to controls 0.0064
(SE 0.00069), as indicated by non-overlapping 95% confidence intervals.
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Figure 5.4. Error bar plot showing mean Polygenic Risk Score of cases and
controls with 95% confidence intervals for the Australian cohort.

As the data met the assumptions of a parametric test (normality in each group and
Levene’s test of homogeneity of variances, p = 0.921), an independent samples T-test
was performed to formally evaluate significance. The data showed that cases, on
average, had a significantly higher PRS compared to control by 0.0034 units (95% CI of
the difference 0.0014 to 0.0053; p = 0.001), suggesting that a higher PRS was
associated with increased risk of PD.
Polygenic risk scores were also categorised into deciles and logistic regression was
performed against case-control status. Table 5.4 shows the risk estimates for PD
according to PRS decile. Estimates showed no consistent trend of increasing risk by
decile of PRS. Decile 4 showed a ten-fold increase risk of PD compared to decile 1 (OR
1.94, p=0.002). Additionally, the highest two deciles (deciles 9 and 10) showed a 70%
increased risk of PD compared to decile 1. (p = 0.012 for both deciles). This suggests
that there may be an increase in PD risk at certain thresholds of PRS, although the
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increase in risk for decile 4 appeared to be greater than the risk for deciles 9 and 10.
Further investigation is certainly warranted in this cohort.
Table 5.4. Polygenic Risk Score Decile – Logistic regression results (Australian
cohort).
Decile

OR

95% CI of OR

P

Decile 1

1.00 (REF)

N/A

N/A

Decile 2

1.07

0.71 - 1.62

0.75

Decile 3

0.96

0.63 -1.45

0.85

Decile 4

1.94

1.27 -2.94

0.00

Decile 5

1.17

0.77 -1.77

0.46

Decile 6

1.22

0.81 -1.85

0.34

Decile 7

1.32

0.87 – 2.00

0.19

Decile 8

1.33

0.88 -2.02

0.17

Decile 9

1.70

1.12 -2.57

0.01

Decile 10

1.70

1.12 -2.57

0.01

To improve statistical power further and to assess the utility of a combined analysis, the
polygenic risk score from the Pakistani and Australian cohorts were combined. The
scores ranged from -0.03 to 0.12, with an overall mean value (across cases and controls)
of 0.0419 and standard error (SE) of 0.00054.
In comparison between cases and controls, the cases had a trend for a higher mean PRS
compared to controls, with the mean PRS of controls 0.0411 (SE 0.00075) and the mean
PRS of cases 0.0427 (SE 0.00078). This can be seen in Figure 5.5; however, this higher
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mean PRS in cases was not significantly different from controls, as indicated by the
95% confidence intervals of the mean overlapping clearly in this figure.

Figure 5.5. Error bar plot showing mean Polygenic Risk Score of cases and
controls with 95% confidence intervals for the combined cohort.

Polygenic risk scores were also categorised into deciles and a logistic regression
performed against case-control status. Table 5.5 shows the exponentiated coefficients of
the regression model, along with the 95%CI of the OR and the p-value. These results
show variation in the risk estimates across the deciles, with no clear increasing trend of
risk as PRS deciles increase. Additionally, estimates across deciles were not significant
(>0.10). The lack of a significant result for the combined cohort, despite the fact that the
Australian cohort showed significance, suggests that the heterogeneity in the two
cohorts is too great to undertake a combined analysis without adjustment.
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Table 5.5. Polygenic Risk Score Decile – Logistic regression results (combined
cohort).
Decile

OR

95% CI of OR

P

Decile 1

1.00 (REF)

N/A

N/A

Decile 2

0.73

0.49 - 1.08

0.118

Decile 3

1.02

0.69 - 1.51

0.916

Decile 4

0.91

0.62 - 1.35

0.654

Decile 5

0.74

0.50 - 1.09

0.132

Decile 6

0.91

0.62 - 1.35

0.655

Decile 7

0.96

0.65 - 1.42

0.843

Decile 8

1.13

0.76 - 1.68

0.532

Decile 9

0.91

0.62 - 1.35

0.654

Decile 10

1.05

0.71 - 1.56

0.799
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5.4

Discussion

Our study of a Pakistani case-control sample yielded predominantly null results as
evidenced by confidence intervals that included the null value. We therefore cannot
confirm previous findings that these SNPs confer substantial risk of PD in Pakistanis.
This can be attributed to a lack of power to detect the possible modest effects conferred
by these SNPs. Interestingly, our study suggested contradictory results. We observed a
weak inverse for the STK39 SNP rs2102808 (0.049) although this would withstand a
Bonferroni correction for multiple testing. The lack of association and the inverse
signals of association in our study might be due to ethnic differences; however, the
underestimated size effect of risk alleles in these SNPs might also be due to small
sample size. A large-scale replication analysis would be worthwhile to determine a clear
association pattern of these SNPs in Pakistani population.
Overall, while it is possible that ethnic differences may account for the observed lack of
significant association in the present study, a suspected lack of power due to the small
sample size of the Pakistani cohort (n = 200) and the relatively small effect sizes of
genetic markers is probably more likely to have resulted in a failure to replicate the
associations found in the Sharma et al (2012) study. A larger scale case-control
replication cohort in populations from the same ethnic group, used in Sharma et al
(2012) may provide sufficient power needed to identify SNP-disease association with
respect to PD in a Pakistani population.
Although our study was underpowered to detect a true association, we explored
polygenic risk score analysis, which has the potential to detect associations despite nonsignificance of main effects. PRS analysis examined the combined effects of the risk
alleles for each marker, weighted and summed into an individual genetic risk score for
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each participant using both the Pakistani and Australian cohort data separately and in a
combined analysis. This method allows estimation of the cumulative effects of low risk
SNPs on overall disease risk previously described by Dudbridge, 2013.
While the Australian cohort data showed a significant increase in average PRS score for
cases compared to controls, the Pakistani cohort showed the reverse effect with controls
showing a significantly higher PRS score compared to cases. Interestingly, this would
suggest that a higher PRS predisposes to a lower risk of contrary to the expected
hypothesis that a higher PRS increases risk of being a case (Escott‐Price et al., 2015).
This may be due to error in genotype calls with the higher risk alleles were rated as the
lower risk allele. However, we were able to verify that genotype/allele inversion did not
occurs in this dataset. Appendix F shows that the frequency distributions of the alleles at
each locus are similar to those reported in South Asian population (Purcell et al., 2007),
and suggest that genotype calling was not responsible for the result. Another possibility
is that the phenotyping of case and control status has been inverted, in which case, the
results would show a significantly higher PRS in cases as expected. As phenotyping
ascertainment was not performed at our site, we were not able to confirm or exclude this
possibility.
A third and more likely explanation may be that there are underlying differences
between the genetic risks for PD between Pakistani and Caucasian populations. The
PRS model was developed according to ORs from Nalls et al (2011), derived from a
Caucasian population, and it may be that the SNPs included (which are markers or
surrogates for genetic variability generally) have different LD correlations to the
putative causal variants in the different populations. If the risks SNPs are not
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appropriate to a Pakistani population, then the PRS calculation itself may not be valid in
this group.
This may be tested by obtaining a small pilot sample and performing a preliminary OR
estimate for each marker on this group, and using these results to develop a Pakistanispecific PRS model.
The fact that this heterogeneity exists between the Pakistani cohort and the Australian
cohorts, with not only different but contrary results, indicates that a combined analysis
may be problematic. To investigate the utility of combined analyses, we performed the
combined analysis and found that despite the fact that polygenic risk scores showed a
higher average PRS for cases compared to controls, this difference was not significant
either by examining error bar confidence intervals or by grouping into deciles and
conducting a logistic regression analysis. This result and the lack of significance
undoubtedly reflects the heterogeneity between the two cohorts analysed. This may be
controlled by adjustment for ancestral origin by including a variable for ancestry in
logistic regression model or by stratifying by ethnicity. Stratification, however, may
decrease the power of the analysis. In addition to heterogeneity in the cohort data used,
the discrepancy between the base dataset ORs (Nalls et al., 2011) used to weight the
markers in terms of importance in the PRS model may also be biased toward a
Caucasian model, as the Nalls et al (2011) data was derived through analysis of a
Caucasian cohort alone.
Population specific adjustments of ORs used in this PRS model may be necessary in
order for models to be applicable for investigating PRS in other ethnic groups. This
might be done by examining the minor allele frequencies of each marker in different
populations and deriving an adjustment factor when cross-population datasets are used
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for base data and target data in the analysis. However, these methods would require
rigorous development and testing before they would be validated for routine use.
Alternatively, a pilot dataset from a target ethnic group might be used to obtain
preliminary ORs for the markers that can be then used in the PRS analysis of a novel
population.
In conclusion, the identified SNPs, which have modest effect size in Caucasian
populations, do not confer substantial independent (or multiplicative) risk effects in
Pakistanis. However, because of a lack of statistical power, we cannot be certain about
whether these SNPs confer similar or different effects in the Pakistani ethnic group
compared to other populations. Further studies in a larger study population from this
ethnic group would be required to identify SNP-disease association.
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CHAPTER 6. GENERAL DISCUSSION
This thesis work represents the first major study of the prevalence and genetics of PD
and Parkinsonism in the Pakistani population, the six most populous nation of the
world. The findings of the study are discussed in chapters 2-5 of this thesis.
For prevalence assessment, we used a questionnaire based door-to-door survey method
which is a cost effective and valid way for Parkinsonism prevalence estimation (Kis et
al., 2002). The method is considered as the ideal approach for prevalence rate
determination and has the advantage of being able to identify previously undiagnosed
cases. We used similar diagnostic criteria to those previously published in other settings
(Melcon et al., 1997). While our study experiences a drop-off in participation rate in
phase II, this was resolved by using an extrapolation method to correct for those who
did not participate in the later phases of the three phased approach (Bergareche et al.,
2004; Ogura et al., 1995).
The screening instrument used, showed both high sensitivity and specificity, and may
be useful in the future for a nation-wide neuroepidemiological study in Pakistan,
especially in remote areas where excess to major hospitals is limited. Due to the small
number of hospital-based patients and controls in the validation process, it would be
useful to revisit the validation process using larger numbers of confirmed PD cases and
controls.
The present survey estimated a significantly higher prevalence of both PD and all types
of Parkinsonism in individuals age 65 and above compared to some previous Asian
studies which were summarized in a recent meta-analysis (Pringsheim et al., 2014).
However, our prevalence rates are similar to those reported from European countries

139

and a large-scale prevalence study from China (de Rijk et al., 1997; Zhang et al., 2005).
It is interesting to note that these studies used very similar methodologies and almost
targeted the same age groups of population as the work done in this thesis. A more
recent community based door-to-door survey from Iran also reported a similar
prevalence of Parkinsonism in individual aged 65 and above (Fereshtehnejad et al.,
2015), which reflects the role of methodology in the assessment of Parkinsonism
prevalence.
The high prevalence rate in particular age groups (75-79 years) followed by a decline,
observed in the present study is also in agreement with other epidemiological studies
(Kis et al., 2002). However, in aged people, certain conditions such as osteoarthritis,
stroke, peripheral neuropathy or dementia may confound the diagnosis of Parkinsonism
(Bower et al., 2000). Another possible reason for drop-off in very old age groups may
be due to relatively small sample sizes in these groups. To combat this limitation, very
large numbers of people need to be surveyed in order to further evaluate this
phenomenon. Like all other door-to-door surveys conducted previously, we did not
detect any significant differences by gender in the prevalence of both PD and all types
of Parkinsonism (de Rijk et al., 1997). However, many studies have reported higher
prevalence in males compared to females (Hofman et al., 1989; Gillies et al., 2014).
This likely occurs because prevalence depends on two main factors; firstly, it depends
on the incidence, for which Parkinsonism is reportedly higher in males compared to
females. Secondly it depends on disease duration; for an untreatable neurodegenerative
disorder like Parkinsonism, this relates to life span. So the increased male incidence
may be balanced by a reduced lifespan for males, leading to a similar prevalence. Future
large-scale surveys would be useful to precisely estimate these differences.
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Another important finding of the present study is the identification of significant
number of undiagnosed cases. Our rate of unidentified cases is similar to those reported
in the previous door-to-door surveys (Benito‐León et al., 2003; Zhang et al., 2005). The
high ratio of undiagnosed cases in our study may reflect the limited health care facilities
and lack of proper awareness in population regarding this disabling disease.
Pakistani families are considered some of the most consanguineous and inbred in the
world, with 60% marriages between relative and an estimated 80% between first
cousins (Hussain & Bittles, 1998). The most surprising finding of this thesis work was
that there was a similar proportion of familial cases in this population compared to that
reported in other outbreed population (Sellbach et al., 2006). One possible reason for
the less number of familial cases in our study may be that this study focused on
individuals above the age of 50 years.
Nonetheless, a nationwide prevalence survey including both early and advance age
groups would be useful to further explain the exact picture of both sporadic and familial
cases of Parkinsonism.
Chapter 2 of this thesis focused on the mutational screening and copy number variation
(CNV) analysis in Pakistani PD patients.
Mutations in genes known to cause Mendelian form of PD, namely, LRRK2, PARKIN,
SNCA, PINK1, DJ1, EIF4G1 and VPS35 have been observed with variable frequencies
among populations with different ethnic backgrounds. There was an absence of the most
common mutation in the LRRK2 gene (G2019S) and the recently identified mutation
(D620N) in VPS35 gene among familial and sporadic Pakistani PD cases. Both the
LRRK2 (Punia et al., 2006), and VPS35 (Sudhaman et al., 2013) mutations are also very
rare in Indian patients. This confirms that these genes are likely to have little impact in
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South Asian PD patients (Lu et al., 2005). The absence of these mutations in our cohort
might also be because of the small sample size. To assess precisely how rare these
mutations are in Pakistani patients, a much larger scale mutational screening study of
both familial and sporadic Pakistani PD cases would be required.
The second part of the chapter assessed the prevalence of CNVs in Pakistani PD
patients using multiplex-ligation dependent probe amplification (MLPA) technique.
These types of genomic rearrangements cannot be identified through traditional
methods such as Sanger sequencing. MLPA based screening detected only one genomic
rearrangement (a LRRK2 exonic multiplication) in 50 PD cases including both early
onset and sporadic cases. This fewer number of observed CNVs in Pakistani PD
patients, compared to the studies performed in South African and Brazilian populations
(Keyser et al., 2010; Moura et al., 2012), is probably due to our smaller number of very
early-onset cases. The higher prevalence of genomic rearrangement in those studies
might also reflect a different contribution of these types of genetic changes in those
ethic groups. Another possibility may be that the genetic variants or CNVs responsible
for disease are located somewhere else in the genome in our cases. Further dense SNPs
and CGH arrays would be worthwhile to further evaluate the prevalence of other CNV
in our study cohort.
In the present study we presented a multiplication in the LRRK2 gene in an early onset
Pakistani Parkinsonism patient. Previously, a number of variants including the most
common G2019S mutations have been reported in the LRRK2 gene. However, genomic
rearrangements in this gene are not reported anywhere else in the literature. The
heterozygous duplication detected through MLPA technique was suggested to be
multiplication by the validation analysis performed with quantitative polymerase chain
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reaction (qPCR). Due to time restriction, we did not perform further investigation;
however, a detail confirmation analysis is needed to determine the exact nature of the
present rearrangement. Using WES analysis we could not identify obvious genetic
mutations in other PD related genes that would explain the presence of the underlying
Parkinsonism phenotype in this family.
The role of the present findings in PD pathogenicity is unclear. However, previously,
genomic rearrangements such as deletions and multiplications have been found to be
associated with Parkinsonism phenotypes (Nuytemans et al., 2010). Loss of function
mutations (deletions) in PARK2 gene can cause early onset Parkinsonism (EOP) (Kitada
et al., 1998), similarly, it is hypothesized that multiplications in SNCA gene may lead to
disease through toxic gain of function. For the present findings a detail model organism
based study is needed to define the precise role and mechanism in disease development.
Furthermore, breakpoint mapping analysis would be useful to determine the boundaries
of the reported multiplication and may also be helpful in providing some information
regarding the mechanism of its formation. Breakpoint mapping analysis may also be
helpful to identify any possible multiplication hotspot in the reported region.
Techniques, such as CGH array (Shen & Wu, 2009), and long range PCR followed
Sanger sequencing can be used for fine mapping of the deleted/duplicated region and
has previously been used for PARK2 gene boundaries detection (Elfferich et al., 2011).
Overall, extensive studies including confirmation, expression, boundaries mapping and
prevalence estimation analysis is needed to fully characterize the speculative role of the
rearrangement identified in the present study.
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Chapter 4 describes studies to identify new variants underlying Parkinsonism in families
from Pakistan. The studied population is highly consanguineous and is generally
considered a resource for mapping recessive form of disease.
Among the three families analysed during the present work, family B carried
homozygous regions on chromosome 8 (8q24.12-8q24.13) and chromosome 9 (9q31.2q33.1). WES followed by Sanger sequencing analysis revealed a homozygous
substitution (c. 248A>G) mutation in exon 2 (which results in an amino acid change
from aspartic acid (D) to glycine (G), in the nephroblastoma-overexpressed
protein (NOV/CCN3) gene.
Both the affected siblings in the present study showed neurological manifestations with
predominant Parkinsonism symptoms. The mechanism whereby mutation in
NOV/CCN3 leads to Parkinsonism symptoms in the affected siblings is unknown.
However, to further support the evidence of pathogenicity, large-scale segregation
analysis in families with Parkinsonism is needed.
Astrocytes are involved in the process of homeostasis of the nervous system and
inflammatory responses, which play a key role in neurodegenerative disorders (Rossi &
Volterra, 2009). It has been found that NOV/CCN3 acts as an astrocyte mediator and
might have a role in the neuroinflammation process (Le Dreau et al., 2010). The
function of NOV/CCN3 has previously reported in joint homeostasis (Roddy & Boulter,
2015) and renal damage (Marchal et al., 2015).
To better explore the link between this gene and Parkinsonism, a detailed gene-function
based investigation is needed to unveil the unknown pathogenic pathways.
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In family C, homozygosity mapping did not reveal homozygous regions greater than
1Mb shared by the affected siblings. The absence of large regions of homozygosity in
the affected siblings suggests that the mode of inheritance of disease in this family
might be other than autosomal recessive.
A heterozygous deleted region was identified in two normal individuals and one patient
with Parkinsonism symptoms. One of the normal individual (V: 1) was below the age of
onset of the symptoms while the other individual (IV: 4) was neurologically normal.
Galanin receptor 1 (GALR1) was the only gene located in the deleted region. Galanin
receptor proteins have previously shown to be involved in a number of pathological
conditions such as pain, seizures and Alzheimer’s disease and might play a role as a
neuroprotective mediator (Lundström et al., 2005). Wide expression of the GALR1
protein was detected in hippocampus, olfactory tract, hypothalamus, nucleus accumbens
and locus coeruleus area of the brain (Guerreiro et al., 2012); however, the presence of
the heterozygous deletion in normal individuals did not support the hypothesis that the
CNV in the underlying gene might be the cause of disease. Sanger sequencing would
be worthwhile to screen the entire gene for mutation detection. In case of exclusion of
the gene, WES sequencing of the affected siblings would be helpful to identify the
mutation underlying the Parkinsonism phenotype.
In Family D, genome wide SNP genotyping did not reveal any potential candidate
regions of homozygosity shared exclusively by the affected members of the family. A
single region was identified on chromosome 1 shared by both normal and affected
individuals. For the present family, the mode of inheritance was also not clear – but
originally assumed to be autosomal recessive. However, it is speculated that the
inheritance pattern is more complicated. To further investigate the family, WES
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sequencing analysis would be helpful to identify the causative mutation in the affected
individuals.
Chapter 5 of the thesis focused on an association study and polygenic risk score (PRS)
analysis of the 9 SNPs formerly associated with PD (Nalls et al., 2011; Sharma et al.,
2012), in the Pakistani case control sample.
Our SNP analysis failed to show any significant associations between these 9 SNPs and
PD. There are a number of possible reasons for this. Most notably, we had inadequate
sample size in our study, which made it impossible to detect the modest effect sizes that
are likely conferred by these variables. In some cases, there was a suggestion of an
opposite trend in the effect signals. This might be because of ethnic differences between
populations; no previous association analyses have been performed in this population
for these variables. Large-scale replication analysis with increased statistical power
would be helpful to explore the precise role of these variants in this population.
An inverse association of overall PRS was observed in the Pakistani cohort when
compared to the analysis of the same SNP data collected in an Australian case-control
sample (the Australian data revealed a significant increase in the average PRS scores for
cases compared to the controls). This may be due to a range of possible reasons. Among
the probable causes, the possibility of inversion of phenotypic status of cases and
control cannot be ruled out, as case control sampling and labelling was performed
overseas. The second reasons for the reversal effect of low PRS score for cases in the
Pakistani cohort might also be because of ethnic differences between Pakistani and
Caucasian population, as the PRS model was based on Nalls et al (2011) data for the
Caucasian population. In such a case, the used risk model might not be appropriate to
explain the risk factor contribution in the Pakistan case control cohort. The non-
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significant result in the combined analysis that did not reveal a significant difference for
the overall PRs score probably reflects the heterogeneity between two populations.
In future research, a larger scale association study including preliminary OR estimation
for each marker for PRS model development would be worthwhile to investigate the
effect of underlying genetic risk factors in this population.
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Thesis Summary
In Chapter 2 we presented a door-to-door prevalence survey in Northern Pakistan. The
survey was conducted on 4000 thousand individuals from two districts of Khyber
Pakhtunkhwa, province of Pakistan. We identified a similar prevalence rate to those
reported in other door-to-door surveys conducted previously. Validity of the screening
tool showed good results in both hospital based patients and controls. The ratio of
undiagnosed and familial cases were also similar those reported in the literature.
In Chapter 3, we described the mutational screening of two variants G2019S (LRRK2)
and D620N (VPS35) in 100 Pakistani PD patients and 100 controls using high
resolution melt (HRM) analysis. The analysis failed to identify any patient or control
carries these mutations.
In the second half of the Chapter 3, we assessed the copy number variation (CNV) in 50
patients including both early and late onset Parkinsonism cases. CNV analysis found a
single early onset patient with a multiplication of exon 1 and 2 of the LRRK2 gene.
Validation experiments using qPCR analysis suggested that the duplication is most
likely multiplication of both the exons. Whole exome sequencing (WES) excluded the
presence of other mutations in the genes formerly associated with Parkinsonism.
Chapter 4 described the SNP genotyping analysis of three families with Parkinsonism
phenotype. In family B, genotyping analysis followed by WES and Sanger sequencing
revealed a homozygous mutation in the exon 2 (D82G) in the NOV/CCN3 gene. All the
unaffected members of the family were heterozygous for the mentioned mutation. In
family C, SNP genotyping data revealed a heterozygous deletion in the GALR1 gene.
However, the same deletion was also detected in the control individuals of the family.
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Family D did not show any potential homozygous region shared by the affected
members of this family.
In Chapter 5, we described a case control association study and polygenic risk score
(PRS) analysis of the SNPs, for which previous studies have shown association with
PD. Because of the small sample size of understudy population, we did not detect any
association between these SNPs and PD in Pakistanis. The Caucasian data (Australian
cohort) showed a significant increase in the overall PRS score for the cases compared to
the controls. However, a non-significant inverse association was observed in the
Pakistani case control samples.
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Future Directions
Despite the limitations of a small sample size, low response rate and strict diagnostic
criteria, our prevalence rate for all types of Parkinsonism and PD do not differ from
other door-to-door surveys conducted in developed countries. However, for future
research, a larger population based survey, using the same methodology would be
useful to overcome any possible sample biases. The present survey was conducted in
the rural part of Pakistan targeting only the Pashtun ethnic group, which might not be
representative of the whole country’s population. Further studies by the inclusion of
both rural and urban populations and other ethnic groups such as Punjabi and Sindhi
would give a more generalized prevalence rate. Similarly, inclusion of questions about
pesticide exposure, smoking, and caffeine intake etc. may be useful to identify factors
that may be positively or negatively associated with Parkinsonism in this group. One of
the limitations of the present study was using small number of hospital based PD
patients for the assessment and validation of the screening instrument. Larger numbers
of confirmed PD patients and controls would be useful to fully assess the instrument
validation. Awareness in the general population regarding neurological disorders
including Parkinsonism may help to overcome response biases in epidemiological
surveys.
Understanding the role of CNVs in PD development is still in its infancy. However, the
discovery of CNVs (SNCA, PARK2) as risk factors has provided new insight in to
biological basis of PD. Advance genetic analysis techniques such as high resolution
arrays, MLPA, and advance sequencing technology will further facilitate the hunt of
new mutations and structural variants such as multiplications, inversions and
translocations. However, genetic studies alone are not enough to determine the role of
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these aberrations in complex disorders such PD. Different approaches such as animal
model and expression analysis will be worthwhile to fully characterize these changes.
Because of several advantages, familial studies including both affected and normal
individuals have been the preferred approach for the genetic dissection of different
diseases. Like other diseases, familial cases of Parkinsonism are a useful source to
evaluate the genetic basis and architecture of PD. In the present thesis, only three
families were comprehensively characterised genetically. However, recruitment of more
families with Parkinsonism will further aid the discovery of new variants.
Homozygosity/autozygosity mapping in recessive families will help to identify further
potential candidate regions. Whole exome sequencing (WES) analysis in combination
with homozygosity mapping in recessive families will further increase the detection
power of the screening method. Finally, large-scale segregation analysis of the
identified variants followed by functional studies (in animal or human cellular models)
will aid characterization of the mutations underlying PD.
The results of the case control association analysis, generally, can be affected by factors,
such as inadequate sample size, ethic variation, phenotypic (clinical) and genetic
heterogeneity. Our case control association study has suffered from small sample size
and lack of power to detect the modest association of the 9 SNPs with PD. A larger
scale case control study with sufficient statistical power would be worthwhile to
uncover the unknown role of these polymorphisms in this population. Similarly, a
preliminary OR estimation using a modest sample size would further help to develop an
appropriate PRS model for this population.
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Appendix A. English and Urdu versions of 12-item screening
questionnaire.
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Appendix B: Extraction of genomic DNA
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Appendix C: Composition of solutions
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Appendix D. Whole exome sequencing (WES) pipeline script

155

Appendix E. List of genes situated in the homozygous region
on chromosome 8.
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Appendix F.Genotypic and allele frequencies (%) for
the 9 SNPs in the Pakistani cases and controls.
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Appendix G. Reused permission for figure 1.2.
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Appendix H. Reused permission for Figure 1.3.
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Appendix I . Accepted paper abstract for prevalence of
Parkinsonism in Pakistan
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