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Abstract
We describe the clinical features of two sisters with Parkinson’s disease (PD) of Indian descent living
in Malaysia. Both were homozygous for the known PINK1 mutation p.Leu489Pro (c.1466T>C). The
proband, who has been followed up by us over a span of 35 years, had a fairly “classic” clinical
presentation for PARK-PINK1, including young onset, a clear response to dopamine replacement
therapy, and development of troublesome motor fluctuations and dyskinesias. Her dyskinesias improved
substantially with clozapine treatment, which to our knowledge has not specifically been reported for
PARK-PINK1; this treatment has been sustained for nearly a decade. The clinical phenotype of the
older sister was more akin to later-onset “idiopathic” PD; however, her brain MRI showed abnormal
signal in the posterior limb of the internal capsules and the hypothalamus. Our report contributes to
the scarce literature on monogenic PD in the Malaysian / Indian population, and further supports the
pathogenicity of the PINK1 p.Leu489Pro variant.
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INTRODUCTION
From an ethno-cultural perspective, China and
India, the two most populous nations on earth
(with populations of approximately 1.4 billion
each) are strongly represented in the Malaysian
population. In Malaysia, people of Chinese and
Indian descent, ≈6.7 million and ≈2.0 million in
number, make up the second and third largest
ethnic groups corresponding, respectively, to
≈21% and 6% of a total population of 33 million.1
Findings from research conducted in diasporic
groups could have significant relevance at a
global level. Moreover, in the coming decades,
the prevalence of PD is projected to continue to
grow substantially2 particularly in developing
countries, where there is accelerating growth of
the ageing segment of the population; this includes
China, India and many other Asia-Pacific nations.3

In the vast majority of cases, the aetiology
of PD is complex and involves polygenic and
environmental factors acting in concert with
age-related processes.4 However, a small but
significant proportion of cases can be attributed
to a single Mendelian genetic cause - socalled monogenic PD.5,6 Numerically speaking,
monogenic PD cases are relatively fewer, but
the biological insights yielded from the study of
these patients and their families have transformed
the scientific understanding of PD development
and progression.4-8 It is also envisaged that
in the not-too-distant future, therapies may
become available that are targeted according to
the patient’s underlying genetic and molecular
pathophysiology.9,10
One monogenic form of PD is PARK-PINK1,
first described in consanguineous Italian and
Spanish families in the early 2000s.11,12 PINK1
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gene mutations are the second most frequent
cause of autosomal recessive early-onset PD (AREOPD), after PRKN gene mutations.6 To date,
151 cases of PARK-PINK1 have been recorded
in the MDSGene database,13,14 which collates all
English language reports of monogenic PD with
individual-level data. However, among patients
of Indian ancestry, we were able to find only
one case of PARK-PINK1 in the literature.13,15
This patient from northern India with youngonset PD harboured a homozygous p.Gln267*
(c.799C>T) mutation15 that was classified as
“probably pathogenic”.13 Additionally, based on
personal communication (Prof. Anthony Lang), a
patient previously reported from Canada16,17 was
also likely to be of Indian or Sri Lankan Tamil
ancestry. A systematic study screening 250 PD
patients in India found no case of homozygous
or compound heterozygous PINK1 mutations.18
Herein, we describe the phenotypic details of
two sisters of Indian Tamil descent harbouring the
PINK1 NM_032409.3:c.1466T>C (p.Leu489Pro),
rs1553146903 mutation in homozygous state. The
proband has been seen by us over a span of 35
years, since her initial diagnosis with young-onset
PD; she had severe dyskinesias that responded
to low-dose clozapine treatment. The clinical
presentation of the older sister was that of lateronset “idiopathic” PD; however, her brain MRI
showed signal abnormalities that were reported
only very recently, in a cohort of Malay patients
harbouring a different PINK1 (p.Leu347Pro)
mutation.19
CASE REPORT
Patient 1
This 75-year-old retired teacher was diagnosed
with PD at age 40 years, in 1985. The initial
symptoms were tremors of the hands and feet
at age 35 years. Over the next few years, she
experienced weakness of the right leg with a
tendency to fall, and increased perspiration.
Propranolol was given with no benefit. When first
seen by us in 1985 (CT Tan), she had resting more
than postural tremors of the fingers and toes, with
cogwheel rigidity at the wrists and mild slowing
of repetitive left arm movements. She walked
dragging her legs. The family history at this time
was unremarkable (her older sister, Patient 2,
described below, developed PD later, as did two
paternal cousins, although further details about this
were unavailable). Her functional status was good,
and treatment was deferred. When she returned
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1.5 years later, she was noted to be very slow
generally and gave a history of backward falls.
Levodopa-benserazide 200/50 mg half tablet bid
was commenced. She improved very significantly
with PD medication treatment and in 1993 was
coping well (on levodopa-benserazide 200/50 mg
half tablet tid, selegiline bid and benzhexol PRN),
except for complaints of ongoing leg weakness and
swelling of the knees which were thought to be
rheumatological rather than neurological in origin
(subsequently confirmed to be osteoarthritis).
Her condition maintained well over the next few
years and follow-up at our Centre was irregular
as she lived interstate. In 2003, a brain MRI was
reported to show mild cerebral and cerebellar
atrophy (the images were subsequently lost and
unavailable for review).
In 2011, the patient was referred back to our
centre for management of very troublesome and
unpredictable OFFs and severe dyskinesias. The
patient had become largely wheelchair-confined
(probably due in large part to knee osteoarthritis,
which she declined surgery for), and she had
developed severe hand contractures (attributed
to a period of stopping her Madopar). She had
been taking levodopa-benserazide 200/50 mg up
to eight times daily with pramipexole 1.5 mg tid,
amantadine 100 mg tid and clonazepam 0.5 mg
at night. Over the preceding year, she had also
been experiencing mild hallucinations, auditory
more than visual.
She was considered for apomorphine infusion
therapy, but she and her family opted instead for
clozapine treatment for the dyskinesias, gradually
uptitrated from 6.25 mg at night. The dyskinesias
reduced significantly (by ≈30%) at a dosage of
50 mg daily; increasing the dosage to 75 or 100
mg daily resulted in further improvement (≈50%
reduction) but caused troublesome drooling; on the
other hand, dyskinesias were not controlled when
attempts were made to reduce the dosage to 37.5
mg daily. The improvement in dyskinesias was
confirmed by direct observation during regular
clinic follow-ups, every few months. She has
continued on clozapine for almost nine years,
with no adverse effects. At times, her dyskinesias
were still observed to be moderate in severity,
e.g, such that they would make her slide down
her chair.
She was last reviewed in clinic in January
2020. She did not complain of OFF periods.
Physically, she was significantly limited by the
osteoarticular problems affecting her knees and
hand contractures, and required assistance with
all personal activities of daily living (eating,

walking, toileting, showering and dressing). Her
medications consisted of levodopa-benserazide
(200/50 mg), ¼ tab qid, pramipexole extendedrelease 1.5 mg bid, amantadine 100 mg tid
and clozapine 50 mg at night. She also took
domperidone 1 mg tid, dexlansoprazole,
lactulose and bisacodyl. There were no cognitive
complaints. Examination (1 hour 15 minutes
post-levodopa intake) revealed a bright woman,
conversing appropriately. She was orientated to
place and time and scored 3/3 for short-term
recall. There was no obvious speech impairment.
She had generalized dyskinesias, without facial
involvement, that were mild at rest but became
more pronounced (moderate in amplitude) when
performing physical and especially mental tasks.
Her fists were clenched. She could only stand and
walk, with hips and knees flexed, with moderate
one-person assistance. Her Clinical Impression of
Severity Index (CISI-PD) score,20-22 done blinded
to genetic status, was 14 (Motor signs 5, Disability
5, Motor complications 3, Cognitive status 1).23,24
A checklist of her PD features is given in Table 1.
Patient 2
Fewer details were available for this patient
who was primarily followed up in a peripheral
hospital. PD was diagnosed at age 60 years in
1997 when she presented with non-specific upper
and lower limb pain, difficulty turning, facial
hypomimia and stooped posture. A Mini Mental
State Examination (MMSE) done in a geriatrics
clinic in 2007 was scored 29/30. She was seen at
our Centre in 2011 aged 74 years. She remained
active and was caring for her physically disabled
husband, but was experiencing episodes of
festination resulting in near-falls forwards. The
patient was satisfied with her treatment consisting
of levodopa-benserazide 200/50 mg ½ tablet
taken together with piribedil 50 mg, both tid; and
sustained-release levodopa-benserazide (100/25
mg) 1 capsule at night. Clonazepam 1 mg was
taken at night and helped significantly to improve
sleep. Onset of mediation effect was 20 minutes
after medication intake. She would sometimes
experience morning foot dystonia and was advised
that the sustained-release levodopa-benserazide
could be increased to two capsules at night. She
was in the ON-medication state when examined
2.5 hours post-dose. There were generalized
dyskinesias, moderate-to-severe in amplitude
(which was apparently unusual for her and worse
than her typical day-to-day condition). Gait was
mildly slowed and a bit unsteady spontaneously;

pull test was positive with retropulsion, but she
was able to correct herself and avoided falling. Her
CISI-PD,20-22 done retrospectively and unblinded
to genetic status, was scored 9 (Motor signs 3,
Disability 3, Motor complications 3, Cognitive
status 0). Brain MRI scan was done in 2012,
shown in Figure 1. In August 2019, she was taking
levodopa-benserazide 200/50 mg ¼ tablet 6x daily.
She complained of painful off-period dystonia
and entacapone 200 mg 1 tablet qid was added.
Genetic testing
In both patients, genomic DNA was extracted
from peripheral blood samples using standard
techniques, and tested using a next generationsequencing (NGS)-based PD gene panel (Parkinson
panel at Centogene AG, Rostock, Germany). This
included all exons of PRKN, PINK1, DJ-1, SNCA,
LRRK2, GBA, VPS35, PLA2G6, RAB39B, and
exons 11, 37, 43, 61 and 69 of VPS13C.6,19,23 The
local ethics committee approved the protocol, and
written informed consent was obtained. A known
pathogenic mutation NM_032409.3:c.1466T>C
(p.Leu489Pro), rs1553146903 13,14,16,17,25 was
detected in exon 7 of the PINK1 gene in
homozygous state. They did not carry any other
known pathogenic protein-changing variant in
the genes targeted by the gene panel. In addition,
multiplex ligation-dependent probe amplification
(MLPA) analysis was performed to look for gene
dosage alterations; no exon multiplications or
deletions were found.
DISCUSSION
To our knowledge, PARK-PINK1 due to a
homozygous p.Leu489Pro mutation has not
been described previously, although there is
one case in the literature13,16,17 due to compound
heterozygous p.Leu489Pro/Glu240Lys mutations.
This patient from Canada had PD onset at age 30
years and long disease duration (living at least
until age 74 years).16,17 Therefore, this current
report which specifically links PD in two patients
with the p.Leu489Pro mutation per se provides
further clinical evidence for the pathogenicity
of the p.Leu489Pro variant. Previous functional
work also provided support for pathogenicity
of this variant as analysis in fibroblasts derived
from a patient with the compound heterozygous
p.Leu489Pro/p.Glu240Lys mutations showed
that the PINK1 protein was expressed but the
cells showed a higher basal apoptotic rate.17
Importantly, as this is relevant to our patients with
the p.Leu489Pro mutation, the authors showed
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Table 1: Demographic and clinical features of our 2 sisters with homozygous PINK1 p.Leu489Pro
mutations
Gender

F

Patient 1

F

Patient 2

Age at PD onset / Disease duration (yrs) 35 (motor symptom onset) /
40 (still alive)

60 (diagnosis) / 23 (still alive)

Ancestry / Geographic location

Tamil Indian / Malaysia

Tamil Indian / Malaysia

Family history
Met QSBB clinical diagnostic criteria
for PD
Bradykinesia
Rigidity
Tremor
Gait difficulty























Gait freezing
Postural instability / Falls
Dystonia
Obvious asymmetry
Diurnal variation
Sleep benefit
UMN signs
Clear favourable response to
dopaminergic medication
Motor fluctuations









LD-induced dyskinesias

RBD
Insomnia
Excessive daytime sleepiness
Depression
Anxiety
Mild cognitive impairment
Dementia
Visual hallucinations
Impulsive-compulsive behaviours
Constipation
Urinary dysfunction
Orthostatic giddiness or hypotension
Pain
Hyposmia
Underweight
Atypical features more commonly seen in
Parkinson-plus syndromes

 (hands)

 (foot dystonia)












 (moderate-to-severe in
mid-disease stage, but became
relatively mild / disappeared
over time with advancing
disease)
 (severe at its worst, but
improved moderately with
clozapine)

 (moderate severity)

 (moderate-to-severe)























 (mild only)
































This standardized reporting checklist is based in part on MDSGene recommendations (https://www.mdsgene.org).
=Present; X=Absent; Blank tabs indicate that data were unavailable. LD=Levodopa; QSBB=Queen Square Brain
Bank; RBD=Rapid eye movement (REM) sleep behaviour disorder; UMN signs=Upper motor neuron signs.
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Figure 1. Brain MRI of Patient 2. There are bilateral symmetrical T2-weighted hyperintensities affecting the
corticospinal tracts in the posterior limb of the internal capsules (PLIC) (arrow) and the hypothalamus
(arrowhead) (A and B); these regions are isointense on T1 (not shown), bright on DWI (C, D) and
isointense on apparent diffusion coefficient (ADC) map (not shown), indicating mild restricted diffusion.
There are no signal abnormalities affecting the corticospinal tracts in the posterior centrum semiovale
(not shown).

that either mutation could cause the loss of a
protective effect of the PINK1 protein against
neuronal apoptosis induced by staurosporine in
transfected SHSY-5Y cells.17 The p.Leu489Pro
mutation within the catalytic kinase domain of
PINK1 is predicted to affect PINK1 function
through loss of the kinase activity and/or
instability of the mutant protein.17 PINK1 plays
a critical role in mitochondrial homeostasis,
and mitochondrial dysfunction is linked to
oxidative stress, accumulation of misfolded
a-synuclein, and inflammation, all key events in
the pathophysiology of PD.6,26,27
In general, PARK-PINK1 and PARK-Parkin
cases are characterized by slow motor progression,

good dopa-responsiveness but with frequent
development of motor complications, and
infrequency of dementia.6,28,29 A possible greater
burden of neuropsychiatric features has been
suggested in PARK-PINK1 compared to PARKParkin,6 although the literature supporting this
contention appears to be quite limited.29 Members
of the original Italian PINK1 families showed
evidence of frontal lobe (executive) dysfunction,
and impulsive-compulsive behaviours (ICBs)
were commonly observed.30 It is difficult to know
the frequencies of these problems due to large gaps
in the available phenotypic data. For example,
in the MDSGene database, whether cognitive
decline was present was “unknown” in 69/151
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(46%) of the PARK-PINK1 patients collated.13,14
Dementia appears to be uncommon, for example
being absent in several series of PARK-PINK1
patients.19,28,31 Although limited conclusions can
be made based on only two patients, the findings
of our study were consistent with the existing
literature - the patients did not display a heavy
burden of non-motor symptomatology (Table 1),
including neuropsychiatric complications, despite
their advanced age and long duration of PD.
An additional point of clinical interest was
the response of Patient 1’s severe dyskinesias
to clozapine. Although clozapine treatment
has been used for neuropsychiatric indications
including psychosis in PARK-PINK1 cases,28
to our knowledge there have been no reports of
treatment success for dyskinesias. Clozapine has
level I evidence for treating levodopa-induced
dyskinesias in PD,32,33 but its routine use has
been hampered by the need for regular peripheral
white blood cell count monitoring, due to a risk
of agranulocytosis.34 Besides amantadine, which
is usually first-line treatment, few other oral
pharmacological treatment options currently exist
for levodopa-induced dyskinesias. Thus, clinicians
and patients often have to resort to more invasive
device-aided therapies for treatment of disabling
motor complications.35,36 Fortunately, our patient
has continued to have a satisfactory response to
clozapine and did not experience any serious
treatment-related adverse events over almost a
decade of use.
Finally, it is notable that brain MRI
abnormalities were observed in Patient 2.
Although MRI scans are typically normal in
PD, including AR-EOPD,29 we recently reported
similar findings in PARK-PINK1 patients with
homozygous p.Leu347Pro mutations (three with
corticospinal tract involvement, one of whom also
had hypothalamic involvement).19 The MRI signal
changes are relatively subtle, and it is possible
that some prior cases may have been missed
without careful examination. The significance of
these changes is unclear. Although a minority of
PARK-Parkin and PARK-PINK1 patients have
been noted to have upper motor neuron signs,
typically hyperreflexia,13,14 our patients did not
demonstrate such features. There are also rare
case reports of corticospinal tract involvement
detected by brain MRI and neurophysiological
studies of PARK-Parkin patients; 37,38 since
PINK1 is known to act upstream of Parkin6,8
it is perhaps unsurprising that manifestations
described to occur with dysfunction of the Parkin
pathway might also be observed with PINK1
172

March 2021

deficiency. The hypothalamus plays a critical role
in neuroendocrine and autonomic functions, and
is known to be affected by the neuropathological
process in PD.39,40 Hypothalamic involvement
in PD has been linked to sleep dysfunction,
dysautonomia and weight loss,39-42 which are very
common and important problems in PD39-43 and
(in the case of orthostatic hypotension and weight
loss) associated with poorer survival.43-45
In conclusion, our report contributes to
the scarce literature on monogenic PD in the
Malaysian / Indian population. It provides insights
into the clinico-radiological phenotype of PARKPINK1, and further supports the pathogenicity
of the PINK1 p.Leu489Pro variant. We also
documented a beneficial and well-tolerated
response to clozapine treatment for severe
dyskinesias, with caveats that this was open label
and involved only a single case.
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