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Abstract

G2019S in LRRK? is the most common mutation associated with Parkinson’s disease (PD).
Highest frequencies are in North African Arabic (30-41%) and Ashkenazi Jewish (6-30%)
populations, mostly due to founder effects. Here, we investigated the frequency of G2019S in
647 unrelated South African PD patients from different ancestral origins. It was found in only
1.2% (8/647) of patients. Notably, none of the 91 individuals of African ancestry had G2019S.
It was present in 1.9% (3/154) and 1% (5/493) of early- and late-onset cases, respectively. The
frequency of G2019S exhibits ethnic-specific differences, and warrants further study in sub-
Saharan African populations.
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Introduction

A recent report on global prevalence, disability and deaths related to Parkinson’s disease (PD),
estimated that the number of people affected by this disorder has doubled from 1990 to 2016
[1]. This trend is likely to persist as life expectancy increases globally. PD is characterised
neuropathologically by a loss of dopaminergic neurons in the substantia nigra and clinically by
rigidity, bradykinesia and resting tremor. Mutations in the Leucine-Rich Repeat Kinase 2 gene
(LRRK?2) are considered to be the most common cause of sporadic and familial (autosomal
dominant) forms of PD [2, 3].

Several pathogenic mutations have been identified, the most frequent being G2019S, which
occurs in the kinase domain, and is postulated to cause upregulation of kinase activity [4]. In
patients of European ancestry, G2019S has been shown to account for roughly 4% of familial
PD and 1% of sporadic PD cases [5]. G2019S is more prevalent in late-onset cases, although it
has been found in early-onset cases as well as controls [6]. Variation in G2019S frequency is
influenced by ethnic and geographical origin, with the highest frequencies in North African
Arabic (30-41%), and Ashkenazi Jewish (6-30%) populations [5, 7]. The frequency is relatively
lower in North American (1-3%) European (1-4%) and Asian (<1%) populations [5]. The
origin of G2019S is proposed to be associated with a common founder effect in North Africa,
which spread globally through migration of the Ashkenazi Jewish population [8].

Studies focusing on genetic causes of PD in Africa are very limited. A recent review identified
only 11 genetic studies conducted in Sub-Saharan Africa (SSA) [9]. Among the studies that
screened for G2019S in SSA PD patients, the largest sample size reported (205 PD patients)
refers to a South African study, in which only four patients were found to harbour the mutation
[10]. In the present study, we investigated the frequency of G2019S in an extended group of
South African PD probands from different ancestral origins.

Materials and methods

Study participants A total of 647 unrelated PD patients were recruited from various neurology
clinics around the country but were predominantly from the Western Cape Province. Patients
met the UK Parkinson’s Disease Society Brain Bank Research Criteria for diagnosis of PD.
Demographic characteristics are shown in Supplementary Table S1. Mixed ancestry refers to a
population unique to South Africa resulting from an admixture of individuals of African,
European and Asian ancestral origins [11]. G2019S was previously screened in 205 of these
647 PD patients [10]. These patients were included in the present study.

Genetic analysis PCR amplification and high-resolution melt (HRM) analysis were done as
reported previously [10]. Following HRM, all samples exhibiting altered melting curves were
Sanger sequenced at the Central Analytical Facilities (Stellenbosch University, South Africa).
Sequences were analysed using BioEdit software, version 7.0.5 [12].



Results

The heterozygous and homozygous forms of G2019S were clearly distinguishable from the
wild-type allele using HRM (Supplementary Figure S1). Our study revealed that only 1.2%
(8/647) of the patients harboured G2019S. The observed frequencies per ethnic group, with
95% confidence intervals, are shown in Supplementary Table S2. Four of these individuals had
been reported previously [10]. Of the eight, seven are Ashkenazi Jewish and one is of Mixed
ancestry but had a German grandfather (Table 1). None of these patients had neuropathological
confirmation of their diagnosis.

Only one individual was homozygous (A/A) for the mutation (Table 1). All G2019S-carriers
who reported a positive family history appear to have autosomal dominant PD (Table 1;
Supplementary Figure S2 A, B, E, F and H). The mean age at onset (AAO) for the carriers was
56.6 years (SD 10.9; range 42 to 70 years). These individuals accounted for 1.9%% (3/154) of
the early-onset (EOPD) cases and 1% (5/493) of the late-onset (LOPD) cases.

The clinical characteristics of the G2019S-carriers are heterogeneous (Table 2). Impaired
olfaction, constipation, orthostatic hypotension, urinary dysfunction and REM sleep behaviour
disorder (RBD) were observed. Interestingly, one patient presented with, and continues to have,
severe lower limb dystonia and another patient presented with painful lower limb dystonia that
was responsive to levodopa (Table 2). The patient with the homozygous mutation (patient ID
no. 84.25) did not have a more severe phenotype or a younger AAO in comparison to the other
seven patients.

Discussion

In our study, the frequency of G2019S was relatively low (1.2%) among the 647 South African
study participants. Therefore, founder effects for G2019S do not appear to be applicable in this
group of patients. Seven of our patients are Ashkenazi Jewish, and it should be noted that there
was large-scale Jewish immigration (mainly from Lithuania) to South Africa between 1880

and 1914, and again, prior to World War 2, due to South Africa’s immigration policies at the
time [13, 14].

G2019S was detected in five individuals with autosomal dominant PD, and three individuals
who appear to have sporadic PD (Supplementary Figure S2). The higher proportion of carriers
observed with a positive family history is similar to previous reports [5, 15].

According to a recent meta-analysis on the clinical features of LRRK-related PD,
heterogeneous clinical characteristics are reported to be common in these patients [16].
Although some of the clinical features observed in our patients show some similarity to
previous findings, larger studies are required to confirm these observations. Of note, two of our
patients presented with lower limb dystonia. G2019S-carriers have been reported to have a
higher prevalence of lower limb onset of disease and manifest with the postural instability and
gait difficulty PD phenotype [17, 18], however the authors are not aware of this group of
patients having a higher rate of lower limb dystonia, and this warrants further investigation.



Table 1 Demographics of South African Parkinson’s disease patients harbouring the LRRK2 G2019S mutation

From: Frequency of the LRRK2 G2019S mutation in South African patients with Parkinson’s disease

Family number||Patient ID number Zygosity Sex Ancestry (:eAa?s) Family history and mode of inheritance || Previously reported
ZA40 60.47 Heterozygous |[Female ||Mixed ancestry 47 AD Yes; Bardien et al. [10]
ZA85 68.06 Heterozygous ||[Female ||Ashkenazi Jewish 42 AD Yes; Bardien et al. [10]
ZA133 81.64 Heterozygous ||[Female |[|Ashkenazi Jewish 70 Unknown Yes; Bardien et al. [10]
ZA154 82.47 Heterozygous |[Male |[|AshkenaziJewish 63 Unknown Yes; Bardien et al. [10]
ZA206 84.25 Homozygous ||[Female [|AshkenaziJewish 58 AD No
ZA456 11.640 Heterozygous |[Female ||Ashkenazi Jewish 70 AD No
ZA523 12.482 Heterozygous ||Male |[|Ashkenazi Jewish 48 Unknown No
ZA594 13.002 Heterozygous ||[Female [|Ashkenazi Jewish 55 AD No

Heterozygous, G/A; Homozygous, A/A; AAO, age at onset of PD; +, positive; —, negative; AD, autosomal dominant




Table 2 Clinical features of Parkinson’s disease patients harbouring the LRRK2 G2019S mutation

From: Frequency of the LRRK2 G2019S mutation in South African patients with Parkinson’s disease

. Motor symptoms || Non-motor symptoms
Family Palt]l;mt S h Lower I ired Orthostati Uri Surgery
s - . . eec . mpaire S rthostatic rinar

number | - ber |[Tremor|[Rigidity||Bradykinesia|Micrographia chl;nges d;;zl)ll)lia olfgction Constipation hypotension dysfuncti);m RBD

zag0  Jeo47 |+ | JF [ [ = [+ i+ [ | |
zass  Jesoo |+ it It I [ I G = S = |[Paltidotomy |
|ZA133 ||81.64 ||No data available ||No data available || |
zatse 247 |+ JE [ [ I = [+ [ [ |
za206 8425 |+ Jir i [ = I I [+ I I bl |
zaase J1iedo i+l = [ [ = = [ [ |
ZAS523 |[12.482 |+ + + + + — + - - - - ]S)tie;iﬁi?éi
zasoa J13002 |- Jkr It [ = i i = [ |

RBD, REM sleep behaviour disorder; +, yes; —, no




Interestingly, to date G2019S has not been identified in a single individual of African ancestry
(Supplementary Table S3). Our study represents the largest collection of SSA patients screened
to date for the G2019S mutation. Sample sizes of the other studies with participants of African
ancestry are relatively small, ranging from 16 [19] to 126 PD patients [20].

Our study had several limitations which included the fact that we predominantly recruited from
the Western Province in South Africa which is known to not reflect the demographics of the
rest of the country. For example, in this province, the Black African population comprise 35.7%
whereas they are the vast majority (80.7%) for the country as a whole [21, 22]. This
ascertainment bias as well as obstacles regarding recruitment of individuals from certain groups
resulted in the sample size being small for patients of African (n = 91) and Asian Indian (n =
6) ancestry. The limited numbers of neurologists [9], the perceived low prevalence of PD and
the belief that PD symptoms are part of normal ageing [23] possibly all contribute to the under-
and mis-diagnosis of patients [9, 23].

In conclusion, our findings, along with those reported in other SSA populations, suggest that
the frequency of G2019S appears to be low in SSA but more studies are needed. Further
research, involving larger sample sizes, as well as screening of the entire LRRK?2 gene is
required, as it is plausible that novel pathogenic mutations may be identified. As new drug
targets and therapies for LRRK2-positive patients are becoming available [24, 25], it is
important to identify a cohort of individuals who would benefit from participating in these
clinical trials.
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