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Abstract: We report on a white Afrikaans family from eastern South Africa with three members affected with
North Sea progressive myoclonus epilepsy, resulting from a homozygous founder GOSR2 mutation (c.430G>T,
p.Gly144Trp). The mutation was identified by exomic sequencing in a research study investigating childhood
onset ataxias. All three subjects presented with ataxia, tremor, early gait difficulties, and myoclonic and
generalized tonic clonic (GTC) epilepsy. Each patient underwent deep brain stimulation of the caudal Zona
Incerta before coming to the attention of the authors. In each case there was a reduction in GTC seizures,
and two patients exhibited a reduction in involuntary movements, as evaluated during long-term follow-up. In
one case there was an improvement in gait and stance when assessed while the stimulation was on.

Progressive myoclonic epilepsies (PMEs) are genetic disorders,

usually inherited in an autosomal recessive manner. They pre-

sent with refractory epilepsy, including myoclonus and GTC

seizures, cognitive decline, and other variable neurological fea-

tures including ataxia.1 A form of PME resulting from a

homozygosity for a founder missense mutation (c.430G>T,
p.Gly144Trp) of the Golgi Qb-SNARE gene (GOSR2), a

Golgi vesicle transport gene, has been described. The mutation

prevents the protein locating to the Golgi.2 This is now referred

to as North Sea PME based on the common geographical ori-

gin of the patients and the presence of a founder haplotype.1–4

The syndrome is characterized by early onset progressive ataxia,

myoclonic epilepsy, and multiple seizure types. Cognition is

preserved until late in the disease and scoliosis is a virtually con-

sistent feature.3 Peripheral neuropathy, pes cavus, and mildly

elevated Creatinine Kinase (CK) levels also occur.4

We describe three members of a white Afrikaans family from

South Africa, each of whom was homozygous for the GOSR2

founder mutation. All had bilateral deep-brain stimulators

(DBS) of the caudal Zona Incerta (cZI) inserted before coming

to the attention of the authors. We describe the effect of the

DBS on their clinical phenotype.

Patients and Methods
The family originates from a small town in the Mpumalanga

province of South Africa. Cases 2 and 3 are female siblings.

Case 1 is a first cousin of cases 2 and 3, through his father and

their mother (Fig. 1A). This family was entered into a research

study investigating the genetic basis of childhood ataxias in

Oxford, United Kingdom. Exome sequencing was performed

using the SureSelect Human All Exon v5 kit (Agilent Tech-

nologies, Santa Clara, CA, USA) for exome capture and the

Illumina HiSeq 2000 platform as described by Parolin

Schenkenberg et al.5 Analysis was performed according to the

Genome Analysis Toolkit’s recommended work flow. Rare

Minor allele frequency (MAF) < 0.01), putative functional vari-

ants were filtered according to a recessive model of inheritance.

The homozygous mutation c.430G>T, p.Gly144Trp in GOSR2

was identified in cases 1 and 2. Sanger sequencing confirmed
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the homozygous mutation in the two probands, with all four

parents being documented heterozygotes. DNA from case 3

was of poor quality and she was not tested.

Results
Case 1
Case 1 is a male, first seen at 10 years of age by D.G.A. He

was born prematurely at 33 weeks and required 3 weeks of

assisted ventilation. He had normal developmental milestones,

walked at 13 months, and he did well academically and contin-

ues to do so. At 3 years of age he developed an upper limb tre-

mor, and at 5 years he developed myoclonus. His first GTC

seizure was at the age of 6 years and he was treated with carba-

mazepine. Despite treatment, his seizures worsened, as did his

tremor and balance, and he also developed absence seizures. His

family reported a GTC seizure every 2 to 3 months, absence

seizures at a rate of 1 to 2 per week, and persistent myoclonus.

Bilateral DBS surgery of the cZI (Fig. 1B) was performed at the

age of 9 years for the progressively worsening “jerking.” The

family reported that the DBS significantly improved his balance,

Figure 1 A: Pedigree: The subject in case 1 (IV:1) is a first cousin to the subjects in case 2 (IV:5) and case 3 (IV:6), once removed
through his mother and their father. He is also a first cousin once removed through his mother’s father and their father. In addition,
there is a shared ancestor three generations previously. B: Case 1: Postoperative Stealth CT merged with preoperative MRI T1
sequences. The final position of the first contact of each electrode is shown in axial and coronal views.
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and the myoclonus was reduced to a few episodes per day.

Since the surgery, the family has not observed any GTC or

absence seizures.

On examination at presentation he had no nystagmus and

preserved smooth pursuit of eye movements with full range.

He had frequent spontaneous myoclonus that was augmented

by sound and touch. A symmetrical action tremor was found in

all four limbs and he had dysdiadochokinesis. No reflexes could

be elicited but he had normal sensation. He was able to walk

ten steps in tandem but deviated more than three times. He

did not have scoliosis or pes cavus. Nerve conduction studies

and CK levels were normal. His carbamazepine was changed to

sodium valproate, and the family reported that this alteration

reduced the myoclonus to a few episodes per day.

After confirming the genetic diagnosis, at 15 years of age, the

patient was admitted to an epilepsy-monitoring unit in Johan-

nesburg to determine if objective improvement from the DBS

could be demonstrated. The Unified Myoclonus Rating Scale

(UMRS) and video EEG were first performed while his DBS

was on at 2.1 mA with a pulse width of 450 ls and rate of

130 Hz bilaterally.6 The stimulator was then switched off, he

underwent EEG monitoring, and the UMRS was repeated after

24 hours. Section 4 of the UMRS showed a score of 27 (of

160) while the DBS was on, and worsened to 46 after the DBS

had been off for 24 hours. Gait was profoundly affected with

the stimulator off (Video 1, Clips 2 and 3).

While the DBS was on, the EEG showed intermittent gen-

eralized sharp and slow waves 3 to 4 Hz in 20% of the awake

recording. These increased in stages 1 and 2 of sleep. Poly-

spikes were seen in approximately 10% of the awake recording

accompanying the slow waves. Polyspike waves were also seen

independently. These were often accompanied by a myoclonic

jerk. There was also a diffuse electrical artifact seen from the

stimulator. This artifact stopped when the stimulator was

switched off, but the polyspike activity increased along with

myoclonic jerks until it was seen in 50% of the awake record-

ing by the following day. Just before switching the DBS back

on, the patient experienced a GTC seizure from sleep. He

had not had a GTC for more than 7 years. Since turning the

stimulator back on, no further GTC seizures have been

observed.

Both cases 2 and 3 have had their DBSs removed despite

subjective improvement in seizure rate.

Case 2 is a female who presented at 30 years of age. She

reported that she struggled with sports as early as 5 years and

had jerking at 7 years of age. Her first GTC seizure was at the

age of 8 years. She has been in a wheelchair since the age of

11 because of her balance problems. Cognition is normal and

she completed secondary schooling. Case 3 is the younger sis-

ter of case 2 and presented to us at 27 years of age. She had

struggled to walk, had frequent injuries, and was wheelchair

bound before the age of 10 years. Myoclonus started at about

3 years and she had her first GTC seizure at 5 years of age. A

scoliosis was diagnosed before puberty and required surgery at

the age of 17. Both cases presented to our unit were being

treated with carbamazepine. This was changed to sodium

valproate at presentation, which reduced their myoclonus sub-

jectively.

Both patients had DBS surgery to the cZI before presenting

to us. Case 2 was implanted at 26 years and case 3 at 24 years

of age. In case 2 there was a reported reduction in her GTC

seizures from several per month to one every 3 to 4 months

and there was improvement in upper limb tremor, and in her

sister’s case there was a subjectively reported improvement of

the seizures from 5 to 7 per month to 3 to 5 per month but

they did not notice the same benefit in tremor or jerking.

At the time of case 2’s DBS battery replacement, the wound

became septic and the DBS was removed. Her GTC seizures

have increased to 1 per month. In case 3, dysphagia slowly

developed, which improved when the battery ran flat. The

patient elected to have the DBS removed. Her family reports

that the myoclonus has changed to being persistent from being

occasional, and the GTC seizures occur 7 times per month on

average.

On examination without the DBS, the two sisters had

supranuclear up-gaze palsies and ocular pursuit was interrupted,

with a decreased range horizontally (Video 2, Clips 1 and 4).

They also showed severe spontaneous myoclonus that was aug-

mented with sound and touch, and neither could sit unaided

(Video 2, Clip 2). Case 3 also had a loss of pain and tempera-

ture sensation on her feet in a slipper distribution and was are-

flexic. She had a rigid spine, resulting from spinal surgery, and

pes cavus (Video 2, Clip 3). Her CK level was elevated at

421 U/L. Nerve conduction studies showed axonopathic

peroneal amplitudes of 1.46 mV proximally and 1.17 mV

distally with a normal velocity. The sural nerves could not be

stimulated.

Discussion
We have described three related cases of North Sea PME in

one Afrikaans South African family. Afrikaans individuals have

ancestry from a small group of German, Dutch, and Huguenot

settlers who immigrated to the Cape Colony in the 1600s.7

This is consistent with the North Sea, predominantly Dutch,

origin of the mutation. This family is the only one described in

which family members have had DBS of the cZI. In all three

cases there was a reported reduction in GTC seizure frequency

and possibly a reduction in myoclonus. Using video EEG, in

one case, we have observed a reduction in myoclonus.

The mechanism of action for DBS in reducing seizures is still

debated. The disruption of rhythmic discharges between the

thalamus and cortex where abnormal signals are replaced, also

referred to as “neural hijacking,” has been suggested.8 The cZI

is well placed to have distant effects from high-frequency stimu-

lation with its connections and adjacent connections to the cor-

tex, cerebellum, thalamus, subthalamic nucleus, and other basal

ganglia structures.9 This may explain why we noted improve-

ment in our patients.

Furthermore DBS of the cZI has been shown to improve

seizures previously but never before in PME.10 In a small case

series, DBS of the STN reduced seizures in other PMEs and
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was superior to DBS of the ventral intermediate nucleus of the

thalamus.11

We also documented improvement of gait and stance with

the stimulator turned on. This may be a result of the reduction

in myoclonus but requires further investigation. Two of our

cases had an up-gaze palsy and case 1 did not. A vertical-gaze

palsy has been described in subthalamic and thalamic DBS.12 It

is interesting to note that in our cases the only patient with

normal up-gaze was the patient with the DBS functioning, and

in the two cases in which the DBS had been removed, the ver-

tical-gaze palsy is seen. The subject with the normal up-gaze is

also considerably younger than the other 2 patients.

These are interesting observations, and to our knowledge this

is the first report of DBS for this condition. It is a very disabling

condition for which any improvement could make a difference

to the patient’s level of functioning. Nevertheless, there are lim-

itations, as these observations were largely retrospective and

were with limited and unblinded assessments. Further research

would be required and other potential targets considered to

validate these incidental observations.
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Supporting Information
Videos accompanying this article are available in the supporting

information here.

Video 1. Clip one: case 1, eye movement. Normal range and

smooth pursuit with no nystagmus. Clip two: case 1, tandem gait

with DBS switched on. Considerable staggering, with difficul-

ties in half turn. No support needed. Dystonic posturing of the

right arm. Clip three: case 1, tandem gait with DBS switched off

for 24 hours. Patient falls and requires support. Increase in

myoclonus observed.

Video 2. Clip one: case 2, eye movements. Myoclonic

movements of the body and head can be seen. Smooth pursuit

is broken into saccades with full movement in the horizontal

plane. There is a supranuclear up-gaze palsy with normal

down-gaze. Clip two: case 2, myoclonus. Patient lying and can-

not sit unaided. Generalized myoclonic movements of the
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entire body are seen. Action myoclonus is evident when patient

attempts bilateral finger taps. Clip three: case 2, myoclonus and

pes cavus. View of patient’s lower limbs demonstrating pes

cavus and myoclonus. Clip four: case 3, eye movements.

Myoclonic movements of the face can be seen. Smooth pursuit

is broken into saccades with full movement in the horizontal

plane. There is a supranuclear up-gaze palsy with normal

down-gaze.
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