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CLINICAL STUDY

Molecularly confi rmed pontocerebellar hypoplasia in a large 
family from Slovakia with four severely affected children
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ABSTRACT
BACKGROUND: Pontocerebellar hypoplasia type 1 (PCH1) is characterized by a central and peripheral 
motor dysfunction associated with anterior horn cell degeneration, similar to spinal muscular atrophy (SMA). 
OBJECTIVES: We analysed three probands (later discovered to be siblings) suspected to have severe SMA, 
however, not confi rmed by genetic test. 
METHODS: Clinical-exome analysis (Illumina) was performed to identify causative variants, followed by 
Sanger sequencing confi rmation in probands and other 10 family members. 
RESULTS: Homozygous pathogenic variant c.92G>C (p.(Gly31Ala)) in the Exosome Component 3 (EXOSC3) 
gene was found in all 3 probands, thus confi rming the diagnosis of a severe form of PCH1B. The parents and 
six siblings were carriers, while one sibling was homozygous for a reference allele. This variant is frequent 
in the Czech Roma population, where it is considered a founder mutation. Haplotype analysis in this largest 
reported PCH1B family showed that our patients inherited from their father (of Roma origin) a haplotype 
identical to that found in the Czech Roma population, thus indicating these alleles have a common origin. 
CONCLUSION: This EXOSC3 variant is rare among the general population but most likely frequent also 
among Roma people in Slovakia. PCH1B should be considered for a differential diagnosis in infants 
manifesting SMA-like phenotype, especially if of Roma origin (Tab. 1, Fig. 1, Ref. 22). Text in PDF www.elis.sk
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Introduction

Pontocerebellar hypoplasia (PCH) is a rare and heterogenous 
group of neurodegenerative disorders with typically prenatal onset. 
The cerebral structures such as pons and cerebellum are usually af-
fected the most severely and manifest a strong underdevelopment, 
but also other parts of the brain might show an impaired growth 

resulting in microcephaly (1). Currently, 13 subtypes of PCH are 
known (OMIM, #607596). They are, classifi ed based on the clinical 
picture, spectrum of pathologic changes and molecular features. 
One of the major forms of PCH is type 1 (PCH1), characterized by a 
central and peripheral motor dysfunctions associated with anterior 
horn cell degeneration similar to spinal muscular atrophy (SMA). 
Due to the similarity with SMA, PCH1 has also been included in 
the group of SMA plus syndromes, or so-called infantile variants 
of SMAs with additional or atypical features (2). Distinctive fea-
tures of this PCH subtype are motor neuron degeneration, muscle 
weakness, hypotonia, respiratory insuffi ciency and congenital 
contractures (1). The mode of inheritance is autosomal recessive.

The fi rst symptoms of PCH1, such as reduced foetal movement 
and polyhydramnios, are usually seen during the prenatal period. 
During the new-born period, respiratory insuffi ciency, hypoto-
nia and joint contractures can be observed, but also some other 
symptoms such as visual impairment, nystagmus, ataxia, muscle 
weakness, and feeding problems (3–6).

PCH1 is further subdivided into four groups: PCH1A, PCH1B, 
PCH1C, and PCH1D (1). PCH1A, PCH1C and PCH1D are caused 
by variants in Vaccinia-Related Kinase 1 (VRK1) (#607596) gene 
involved in neuronal migration (7–9), Exosome Component 8 
(EXOSC8) (#616081) involved in mRNA degradation (10), and 
Exosome Component 9 (EXOSC9 gene) (*606180), another com-
ponent of exosome, respectively (summarised in 11). 
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Patient 1 Patient 2 Patient 3
Gender male male female
Pregnancy (number) 4th 7th 8th
Pregnancy (fi ndings) chronic foetal distress chronic foetal distress chronic foetal distress
Year of birth 2009 2012 2013
Gestational age at 
birth (Petrussa)

37th – 38th 40th 38th 

Weight 2300 g 2500 g 2600 g
Length 46 cm 46 cm 46 cm
Ofc n.a. 33 cm n.a.
Apgar score 6/8 3/8 8/9
Neonatal icterus yes yes yes
Respiratory distress 
syndrome

yes yes yes

Feeding diffi culties yes yes yes
Muscular hypotonia yes yes yes
Stridor yes yes wheezing, stridorous crying
Other fi ndings Patient 1 Patient 2 Patient 3
At birth hypoglycemia, prenatal hypotrophy due to 

chronic foetal distress with somatofacial 
stigmatisation: micrognathia, microphthal-
mia, gothic palate, dysphonic voice, dorsal 
fl exion of the toes 

hypotonia (fl oppy baby), prenatal hypotro-
phy due to chronic foetal distress, mild as-
phyxia

hypotonia, lack of refl exes, horizontal nys-
tagmus, defect of atrial septum - ASD II and 
pulmonary insuffi ciency of the 1st grade; 
EMG: suspected myasthenic syndrome; MRI 
of the brain: possible atrophy of the cerebel-
lum; follow-up EMG: excluded myasthenia 
gravis and pointed to polyneuropathy; the 
neurologist concluded central hypotonic syn-
drome and suspected SMA type 1.

At the age of one 
month 

MRI: terminal hypoplasia of cerebellum, a 
frame of mega cisterna magna without direct 
communication with 4th chamber

hospitalisation: cardiopulmonary com-
pensated, without signs of acute infection; 
neurological fi nding: central hypotonic 
syndrome, hyporefl exia to arefl exia, fascic-
ulation of the tongue, kinesiologically at the 
level of the fi rst trimenon; EMG: axonal-de-
myelinating neuropathy; USG: preventricu-
lar hypoxic-ischemic changes of the 1st level

n.a.

At the age of 2 month hospitalisation: cardiopulmonary compen-
sated, with stridor, purulent conjunctivitis 
o. sin. was present. Marked axial hypotonia 
with lower limb arefl exia, upper limb hypo-
refl exia, reduced active movement of lower 
limb, suspected lesion of nerves (?) IX-XII, 
and suspected hearing impairment; EMG: 
axonal-demyelinating polyneuropathy and a 
neurogenic lesion; USG: slightly more spa-
cious occipital corners of the lateral ventri-
cles and mega cisterna magna

n.a. tracheostomy due to progressive respiratory 
insuffi ciency; hypotonic syndrome with hy-
porefl exia to arefl exia, bulbar syndrome and 
hypomyelinating neuropathy or congenital 
myopathy was suspected.

At the age of 3 month n.a. n.a. somatic stigmatisation with severe hypoto-
nia, hyporefl exia and sign of microcephaly; 
feeding through nasogastric tube

At the age of 5 month hospitalisation because of worsened clinical 
status: axial hypotonia and arefl exia, visual 
and hearing impairment, pseudobulbar syn-
drome, hypoproteinemia with hypoalbumin-
emia due to the feeding diffi culties, infec-
tions of urinary and respiratory tract; USG of 
the brain: marked atrophy of cerebral cortex 
and hypoxic changes in white matter

n.a. n.a.

Age at death 6 months 2 months 4 months
SMN1 deletions of 
exons 7 and 8 not present not present not present

EXOSC3 mutations c.92G>C (p.(Gly31Ala))
c.92G>C (p.(Gly31Ala)) 

c.92G>C (p.(Gly31Ala))
c.92G>C (p.(Gly31Ala)) 

c.92G>C (p.(Gly31Ala))
c.92G>C (p.(Gly31Ala)) 

All carried a homozygous variant c.92G>C (p.(Gly31Ala)) of the EXOCS3 gene. OFC – occipital frontal circumference, EMG – electromyography, ASD- atrial septal defect, 
MRI – magnetic resonance imaging, SMA – spinal muscular atrophy, USG – head ultrasound, n.a. – not available

Tab. 1. Details on clinical history of 3 siblings suffering from a severe form of PCH1B.
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Fig. 1. Family with 4 siblings suffering from a severe form of PCH1B caused by homozygous variant c.92G>C (p.(Gly31Ala)) within the EXOSC3 
gene. Year of birth is indicated. Haplotypes based on four STR markers (D9S1791, D9S50, D9S1874, D9S2148) fl anking EXOSC3 gene are shown. 
Haplotype associated with variant c.92G>C in the father (shaded in grey) is the same as in patients of Roma origin reported by Schwabova et 
al (17), while the mother’s haplotype differs only in marker D9S2148 (allele 154 instead of 150); n.a. = DNA samples not available for analyses 
or markers not analysed, P1 - P3 = Patients 1-3, I4 = Individual 4.

PCH1B (OMIM 614678) is associated with EXOSC3 (Exo-
some Component 3) (#614678) pathogenic variants that account 
for up to 50 % of all PCH1 cases (1, 12–15). For now, there are 
24 EXOSC3 variants in the HGMD professional database 2021.4, 
the majority of which are missense/nonsense. EXOSC3 variants 
have not been found in patients with other PCH subtypes (14). 

EXOSC3 (also known as hRrp40) is one of the three subunits 
(EXOSC1/2/3) of the RNA binding cap of the exosome complex 
(in total composed of 9 EXOSC subunits), which is responsible 
for the processing of mRNA, rRNA and presumably tRNA of RNA 
precursor, transcript and unspliced degradation, and regulation of 
RNA processing in cerebellar and spinal neurons (13). EXOSC3 
contains 3 domains: N-terminal domain, putative RNA-binding 
S1 domain, and putative RNA-binding KH domain (16). To date, 
several variants have been identifi ed in this gene, including large 
deletions, nonsense and missense variants that affect interactions 
of EXOSC3 with other exosome subunits and result in impaired 
function of the RNA exosome (16). Genetic heterogeneity is re-
fl ected in the broad phenotypic spectrum of PCH1B, ranging from 
a relatively mild to severe, while genotype-phenotype correlations 
have been observed (1, 12, 14–17). 

Mate rial and methods

Subjects
During the years 2009–2013, DNA samples of three pheno-

typically similar new-borns (patients P1-3) were sent from social 
institutions to our laboratory for genetic analysis (clinical history 
summarized in Table 1). All of them manifested severe hypotonia 

and hypoplasia of cerebellum (ranging from possibly atrophy of 
cerebellum to hypoplasia of cerebellum) and were suspected to 
have SMA. However, no deletions of exon 7 and exon 8 of the 
SMN1 gene were found. Later, their familiarity was noted, and 
another older sister (born in 2006) was identifi ed, who also died 
early (a few months after birth), most probably due to similar 
symptoms. Her medical records were not available though. Both 
parents were apparently healthy, and no consanguinity was re-
ported. The father is of Roma origin.

An ethical statement
The  reported core analyses were not performed due to research 

since they were carried out as a result of a routine process of mo-
lecular diagnostics. At the time of blood sampling, each analysed 
individual, in the case of children, parents or legal guardians, 
signed written informed consent forms consistent with the Hel-
sinki declaration. The genetic data for the population of the Slovak 
Republic were derived from the following studies approved by 
the Ethical Committee of the Bratislava Self-Governing Region 
(Sabinovska ul.16, 820 05 Bratislava): PreveLynch (approval on 
30 November 2020 under the decision ID 09834/2020/HF) and 
Reuse of NIPT data (approval on 30 April 2015 under the deci-
sion ID 03899_2015). 

Methods
Exon 7 and 8 deletions of SMN1 gene were tested during rou-

tine DNA diagnostic procedure. Post-mortem DNA samples of pa-
tients 1–3 (from archived DNA) and of individual 4 (healthy sister) 
were analysed by massively parallel sequencing using a TruSight 
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One Sequencing Panel kit (Illumina, San Diego, CA, USA) in order 
to identify the disease causing the DNA change. After sequencing 
on MiSeq (Illumina) sequence, reads were aligned/mapped against 
the GRCh37/UCSC hg19 reference genome by BWA (Burrows-
Wheeler Aligner) and variant calling was performed by GATK 
variant caller. Variant fi ltering and annotation from the generated 
VCF fi les were performed using the Ingenuity Variant Analysis 
software (Qiagen, Hilden, Germany). Genomic DNA of the re-
maining family members, from whom blood samples were obtain-
able, was isolated from peripheral blood leukocytes (Puregene™ 
DNA Purifi cation Kit, Qiagen). The respective genomic region 
harbouring the identifi ed pathogenic variant was PCR amplifi ed 
(primers: forward 5´-GAGGGGGTTTGTCACTTGG-3´, reverse 
5´-AACACAGAGGCAGAGGGAGA- 3´) and sequenced (Big-
Dye Terminator v3.1 Cycle Sequencing kit - Life Technologies, 
ABI Prism Genetic Analyzer 3130xl - Applied Biosystems, 3130 
Data Collection and Sequencing Analysis v5.4 software - Applied 
Biosystems, ChromasPro v1.6 - Technelysium Pty Ltd). STR mark-
ers D9S1791, D9S50, D9S1874 and D9S2148 fl anking EXOSC3 
gene were analysed for haplotype analysis as described in (17). 

Data availability statement
The data that support the fi ndings of this study are available 

on reasonable request from the corresponding author. Full whole-
exome sequencing data are, however, not publicly available due 
to privacy or ethical restrictions. 

Results and d iscussion

DNA post mort em samples of patients P1–3 (from archived 
DNA) and of individual 4 (I4, healthy sister) were analysed by 
massively parallel sequencing. A variant that was previously re-
ported to cause PCH type 1B, namely NM_016042.4:c.92G>C, 
NP_057126.2:p.(Gly31Ala) (dbSNP: rs387907196, ClinVar ID: 
31691, HGMD: CM125759) in exon 1 of the EXOSC3 gene (chro-
mosome 9) was found (13, 17). All three patients were found to 
be homozygous, while their healthy sister (I4) was heterozygous 
(Fig. 1). As further shown by Sanger sequencing, the unaffected 
parents and six siblings were heterozygous carriers, while one 
healthy sibling carries a reference genotype (Fig. 1). 

The variant c.92G>C has a low population frequency (MAF: 
G = 0.,000010 in ExAC and G = 0.000020 in gnomAD) and ful-
fi lls the following criteria of pathogenicity of the American Col-
lege of Medical Genetics and Genomics (18): The classifi cation 
of PP5, PM2, PP2, PP3 was performed using manual curation of 
the automatically generated results of the Varsome annotation tool 
(19). The variant locates in the EXOSC3 N-terminal domain that 
is important for intersubunit interactions: residue Gly31 has been 
shown tightly packed against the surface of EXOSC5, indicat-
ing its importance for EXOSC3-EXOSC5 interactions (16, 20).

The variant c.92G>C has not been found in the general Slo-
vak population (21). However, it was reported to be frequent in 
the Czech Roma population, where 4 of 90 (4.4 %) unrelated 
Roma control individuals tested heterozygous and the haplotype 
analysis with four STR markers (D9S1791, D9S50, D9S1874 

and D9S2148) fl anking EXOSC3 gene suggested a founder effect 
(17). The analysis in our family showed that the haplotype in the 
father is identical to haplotypes found in the Czech Roma patients 
described by Schwabova et al (17). The mother’s haplotype as-
sociated with the variant c.92G>C differs from that of the father 
only in the marker D9S2148 (allele 154 instead of 150), thus in-
dicating a simple crossing over event or a repeat number change 
possibly due to a replication error in the respective microsatellite 
marker (Fig. 1). Based on the close connection of the popula-
tions of Slovakia and Czech Republic, we can hypothesise that 
alleles have a common origin. Interestingly, also in the study of 
Eggens et al (14) all patients who carried the p.(Gly31Ala) muta-
tions were of Roma/Gypsy descent, although living in different 
countries (Sweden and Hungary), which also suggests a common 
founder (12, 17). 

Taken together, this EXOSC3 variant can be added to the list of 
variants causing autosomal recessive disorders that are rare in the 
general Slovak population but frequent among the Roma popula-
tions. Thus, it is important in Slovakia to consider EXOSC3-asso-
ciated PCH1B for a differential diagnosis in infants with SMA-like 
symptoms, especially if of Roma origin.

In their genotype-phenotype correlation study, Eggens et al (14) 
showed that some variants such as the homozygous p.(Asp132Ala) 
variant, lead to a more chronic form of PCH with survival into 
childhood and preservation of the pons. Instead, the compound 
heterozygosity for the p.(Asp132Ala) mutation and nonsense 
or p.(Tyr109Asn) allele, homozygous p.(Gly31Ala) mutation or 
p.(Gly135Glu) mutation causes a severe disease course includ-
ing death during infancy and hypoplasia of the pons (14). Roma 
patients from the study of Schwabova et al (17), as well as our 
patients, manifested a severe form of the disorder, with death in 
the fi rst year of life. 

Recently, Duc et al (22) reported on extensive clinical hetero-
geneity in 2 siblings, a 21-year-old young man with more se-
vere manifestations with rapid progression, as compared to his 
8-year-old mildly affected sister with non-progressive manifesta-
tions. Both probands are compound heterozygous for c.395A>C 
(p.(Asp132Ala)) and novel variant c.572G>A (p.(Gly191Asp)) in 
EXOSC3 while no other variants were identifi ed in them by clinical 
exome sequencing (22). As authors discussed, this unexpected in-
trafamilial variability can depend on the varying level of EXOSC3 
expression leading to variable neuroradiological fi ndings. It can 
be speculated that the male sex is a risk factor, but further studies 
are required to verify the effect of gender hormones. 

There were two patients reported to be compound hetero-
zygous for the c.92G>C (p.(Gly31Ala)) variant and c.712T>C 
(p.(Trp238Arg)). However, the variant p.(Trp238Arg) is a severe 
one, affecting the interaction of EXOSC3 with EXOSC9 subunit 
(16, 20), thus, both patients showed a severe phenotype (12, 13) 
while no heterogeneity was observed. 

Patients in our large PCH1B family are homozygous for the 
p.(Gly31Ala) variant and both females and males showed the same 
severe disease course and died within a few months. It indicates 
that the clinical phenotype in cases with EXOSC3 compound 
heterozygosity might be different than in cases homozygous for 
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the same mutations, depending on the combination of the effect 
of individual mutations on the structure and function of the exo-
some, as well as on the level of the EXOSC3 expression from 
individual mutated alleles. In the future, it may be interesting to 
identify and analyse patients who carry p.(Gly31Ala) and some 
other less severe variant. 
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