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Abstract

The Cyprus Institute of Neurology and Genetics (CING) is a bicommunal non-profit organisation formed in 
1991. The mission of CING is to develop and provide high level medical and clinical laboratory services, de-
velop and pursue advanced research, and provide education in the areas of Neurology, Genetics, Biomedi-
cal, Medical and related Sciences for the benefit of patients and society. The Neurogenetics Department 
developed translational neurogenetics alongside the global advances in genomic studies. We investigated 
neurological diseases prevalent in specific geographical regions of the island, such as Friedreich ataxia and 
many other neurogenetic disorders. Translational neurogenetics research studies in Cyprus attracted exten-
sive funding by international and national funding bodies, produced a remarkable research output such as 
gene mapping and identification, and established a fruitful global network of collaborations.
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The first report of Friedreich ataxia (FRDA) in Cy-
prus was published thirty-three years ago [1] and 
constitutes the initiation of a fascinating journey 
of translational neurogenetics in Cyprus. During a 
study of multiple sclerosis, researchers found a clus-
ter of FRDA patients in the neighbouring villages of 
Kathikas and Arodhes in Paphos. The authors esti-
mated that 1-in-6 to 1-in-7 of the population of the 
villages carry the FRDA pathogenic variant. We fur-
ther investigated these families with linkage analysis 
and Sanger sequencing and, in 1996, established the 
genetic diagnosis. The CING neurologists ascertained 
additional FRDA families. In the year 2000, it be-
came apparent that 10 out of 11 patients originating 
from the district of Paphos had no evidence of origin 
from the above two villages. We thus focused on 
investigating whether the pathogenic variant spread 
outside the founder villages. We were successful 
in obtaining funding for an 18-month FRDA carrier 
screening programme. The programme aimed at:

1.  Informing the population of the Paphos district 
about the disease, the mode of inheritance and 
available diagnostic options.

2.  Collect samples from volunteers after informed 
and signed consent to estimate the FRDA carrier 
frequency in the district.

3.  To offer further genetic counselling to the FRDA 
carriers.

This programme established a high frequency of 
FRDA carriers (1-in-12) in the overall district of Pa-
phos [2]. It also confirmed the 1-in-7 FRDA carrier 

frequency in the population of Kathikas and Arodhes. 
These findings led to the introduction of the National 
Prevention Programme for Friedreich ataxia in 2010, 
an ongoing successful collaboration of the Ministry 
of Health and the CING.

Another cluster of patients with familial amyloid-
otic polyneuropathy (FAP) exists in Cyprus. The CING 
has been investigating FAP patients and their family 
members since 1987. All Cypriot FAP patients have 
a single pathogenic variant, the TTR Val30Met. We 
reported the prevalence and incidence of the disease 
at two-time points [3,4]. A dedicated clinic at CING 
is following up on patients. Many of them have un-
dergone liver transplantation, and currently, Cypriot 
patients participate in two international clinical trials 
(Alnylam, since 2016 and IONIS, since 2020) through 
their CING neurologists.

The CING participated in several studies on gene 
mapping and gene identification of neuropathies 
through international collaborations. We mapped 
a distal form of spinal muscular atrophy with upper 
limb predominance to chromosome 7 [5]. Pathogenic 
variants in the Glycyl tRNA synthetase (GARS) gene 
are associated with this distal spinal atrophy type 
V and Charcot-Marie-Tooth disease type 2D [6, 7]. 
We mapped a novel form of distal hereditary motor 
neuronopathy to chromosome 9p21.1-p12 [8] that 
we named Jerash type dHMN (HMNJ), and recently 
we have reported a novel SIGMAR1 pathogenic vari-
ant that is associated with the development of this 
disease [9].

We participated in mapping and identifying the 
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Charcot-Marie-Tooth type 4B (CMT4B) gene, en-
coding the myotubularin-related protein-2 [10, 11] 
and in identifying PDXK variants that cause poly-
neuropathy responsive to PLP supplementation [12]. 
We reported several novel pathogenic variants and 
functional studies in CMT disease [13, 14, 15, 16, 
17, 18, 19, 20, 21].

With the new era of next-generation massively 
parallel sequencing (NGS), we initiated studies with 
this new technological tool to diagnose rare neuro-
logical diseases. Initial studies of ataxias and spastic 
paraplegias enabled the identification of novel patho-
genic variants in long-pending diagnosis patients and 
families. An example of applying various techniques 
in combination is the case of family 903 with spas-
tic ataxia due to a GBA2 pathogenic variant [22]. 
Initial linkage analysis of the specific family back in 
the 1990s has mapped the disease in the family to 
the aprataxin (APTX) gene locus on chromosome 
9p21.1. Sanger sequencing of the APTX gene and 
MLPA based investigation for APTX duplication/dele-
tion excluded the probability of a pathogenic variant 
in this gene. Because the parents were third cousins, 
a common genetic background was suspected, and 
thus we performed genome-wide homozygosity map-
ping to identify common by descent chromosomal 
regions. We detected two areas with high homo-
zygosity scores: a 3.1 Mb region on chromosome 
5 that harbours eight protein-coding genes and a 
6.49 Mb region on chromosome 9 with ninety-six 
protein-coding genes. We then performed whole-
exome sequencing (WES), which helped exclude any 
pathogenic variant in the chromosome 5 candidate 
region and revealed possible pathogenic variants in 
three genes within the chromosome 9 candidate 
region. We confirmed the GBA2 pathogenic variant 
in this family with spastic ataxia with a segregation 
analysis of the five members of the family. We further 
performed biochemical studies of the GBA2 variant 
in lymphoblastoid cell lines derived from family mem-
bers and healthy control individuals [23]. We recently 
performed transcriptomic characterisation of tissues 
from patients and healthy control individuals. We 
discovered more than 5000 differentially expressed 
genes. Subsequent pathway analyses reveal biologi-
cal pathways implicated in spastic ataxia. This work 
is currently under review for publication (Kakouri A 
et al., under review).

We investigated several additional patients and 
families with rare neurological diseases using NGS 
based approaches. Although the hopes for reach-
ing a molecular diagnosis were high at the initia-
tion of this investigation, through our ten years of 
experience, the diagnostic yield is only above 30%. 
A combination of WES and transcriptomic analyses 
in the availability of patient material for RNA level 
investigation should enable a higher diagnostic yield. 

Thus, we are currently working in this direction. In 
addition, participation in multicentre studies within 
the framework of recently established European Ref-
erence Networks (ERNs) or any other international 
collaborative effort should improve diagnostic yields 
and improve the time to diagnose rare neurological 
disorders. The CING is committed to introducing 
cutting edge technological approaches both in the 
diagnostic and in the research sector for the benefit 
of patients and society.
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