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ABSTRACT
Background: Dentatorubral-pallidoluysian atrophy is
a hereditary neurodegenerative disease prevalently
reported in Japan but rare in Caucasians. The objec-
tive of this study was to reconstruct the pedigree of
Italian dentatorubral-pallidoluysian atrophy familial
cases describing their clinical features.
Methods: We investigated 6 apparently unrelated
dentatorubral-pallidoluysian atrophy families compris-
ing a total of 51 affected individuals: 13 patients
were clinically examined, and for 38 patients clinical
data were collected from clinical sources. The
dentatorubral-pallidoluysian atrophy diagnosis was

genetically confirmed in 18 patients. Genealogical
data from historical archives were analyzed.
Results: All 6 families were unified in a large pedigree
deriving from a founder couple originating from Monte
San Giuliano (Italy) in the late 1500s, with 51 affected
subjects over the last 4 generations. Wide phenotypi-
cal variability in age at onset and clinical features was
confirmed. Epilepsy was more frequent in juvenile
cases than in late adults, with cognitive/psychiatric
and motor disorders observed regardless of age at
onset.
Conclusions: We have described the largest Caucasian
dentatorubral-pallidoluysian atrophy pedigree from
a single founder couple. The introduction of the
dentatorubral-pallidoluysian atrophy gene in Italy could
have arisen as a result of trade relationships between
the Spanish or Portuguese and the Japanese in the
1500s. © 2019 International Parkinson and Movement
Disorder Society

Key Words: ATN1 gene; cerebellar cognitive-
affective syndrome; dentatorubral-pallidoluysian atro-
phy; founder effect; genealogical method

Dentatorubral-pallidoluysian atrophy (DRPLA) is an
autosomal-dominant neurodegenerative disease caused
by the pathological expansion of the CAG triplet (>48
repeats) in the atrophin1 gene (ATN1).1 Onset varies
from infancy to adulthood, with few cases having onset
older than 60 years of age,2-6 and the disease exhibits
wide clinical heterogeneity.1 Four clinical syndromes
have been described: epileptic, ataxic, choreoathetosic,
and psychiatric (including cognitive decline). Myoclonic
epilepsy is common in juvenile forms, whereas psychiat-
ric and cognitive symptoms are prevalent in adults.2

Individuals carrying small pathogenic expansions (49 to
55 CAG repeats) may exhibit mild cerebellar or behav-
ioral symptoms at advanced ages,7 mimicking other
neurodegenerative diseases and making the disease
underrated.
DRPLA is rare, and its worldwide prevalence is

strongly related to ethnic background. The prevalence
is greater in Japan (0.48:100,000 subjects),8 and only
25 DRPLA families have been reported in the Cauca-
sians population to date.2-5,9-18

The higher prevalence in Japan is associated with the
presence of so-called normal expanded alleles in the
Japanese population.19 Normal expanded alleles are
unstable alleles, having number of CAG repeats >17, at
risk of expansion in pathological alleles during inter-
generational transmission.19
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In Italy, all the described cases of familial DRPLA
originated from western Sicily20-22 except for one,23

suggesting a single founder effect in the territory of Tra-
pani.22 However, affected Italian subjects have never
been traced back to a single pedigree. This study aimed
to reconstruct the pedigree of Italian DRPLA familial
cases, describing the clinical features of the affected
members and narrowing the date of the founder effect.

Materials and Methods

The study was carried out on 6 unrelated families
affected by DRPLA, starting from the probands. All
subjects were Caucasians and originated from western
Sicily (Italy): 5 families originated from the territory of
Trapani and 1 from Palermo. The study was performed
in the hometowns of the probands and in the villages in
which the affected branches lived, covering a geograph-
ical area of 7452 km2.
Living relatives suspected of DRPLA were identified

by clinical assessment. Patients were subjected to clini-
cal examination, evaluation of cognitive, psychiatric,
and behavioral symptoms (Mini Mental Status Exami-
nation [MMSE],24 Mental Deterioration Battery,25

Neuropsychiatric Inventory26), and brain CT or MRI.
Clinical data regarding suspected affected subjects

who were dead or unavailable were obtained from
interviews of relatives, from medical histories, from
published clinical reports,21 and from clinical records
of the Psychiatric Hospital of Trapani.
Age at onset was defined as the age at which the first

clinical symptoms were reported and could be identified
for 21 patients. For another 16 patients, the age period
in which onset occurred was inferred from available
data. Patients were classified into 4 different groups
according to age in period of onset: infantile (<36
months), juvenile (<20 years old), early adult (>20 years
old), and late adult (>40 years old).
Genetic diagnosis was known in 8 subjects. In

another 10 patients, genetic analysis of the trinucleotide
repeat region in the ATN1 gene was performed using
genomic leukocyte DNA.27

Family trees were reconstructed through a systematic
search of genealogical data from 11 municipal archives,
5 parish registers, 3 libraries, and 4 cemeteries, follow-
ing the same methodology applied for genetic demen-
tia28,29 (Supplementary Fig. 1).
Records concerning birth, baptism, marriage, and

death of relatives and ancestors of probands were
examined. Individuals were linked to the pedigree
through the transitive set of relationships (parent, off-
spring, spouse). To avoid biases, we followed both
apparently unaffected and affected branches, as well as
maternal or paternal ancestry or descent.

The collected data served as a database to identify
links between families and the common ancestor.
Moreover, historical sources about the territory of

Trapani in the 16th century were consulted.
Statistical analysis was performed on clinical and

genetic data (Student t test, chi-square test, Pearson’s
and Spearman’s correlations) using SPSS V21.0 statisti-
cal software (SPSS Inc., Chicago, IL). Ataxia, chorea,
epilepsy, intellectual disability, cognitive decline or
dementia, and psychiatric and behavioral disturbances
were evaluated as clinical variables. Statistical signifi-
cance was given by P < 0.05.
All living subjects or their legal representatives pro-

vided informed written consent for participation in the
study. The study was approved by the local ethical
committee and was performed in accordance with the
Declaration of Helsinki.

Results

A genealogical link was established between all the
affected subjects of the 6 investigated DRPLA families.
A unique pedigree including approximately 7000 indi-
viduals from both affected and unaffected lineages was
reconstructed over 16 generations, with a high rate of
consanguinity (Fig. 1). A single couple considered the
lone ancestors was identified living in the 1500s in
Monte San Giuliano (now known as Erice), an ancient
town belonging to the territory of Trapani. The branch
from Palermo was linked to the Monte San Giuliano
pedigree in 1819. We identified 51 affected subjects
over 4 consecutive generations by personal examination
(13 subjects), clinical records (3 subjects), medical his-
tory and interviews of relatives (26 subjects), or previ-
ous published reports (9 subjects). A dominant pattern
of inheritance was proven, and the calculated segrega-
tion ratio was 0.59.
The mean age at onset was 31.4 � 17.5 years (6–70

years), and mean age of death was 46.9 � 16.9 years
(10–77 years). Notably, age at onset was older than
60 years in 3 patients. Cases of infantile onset were not
detected.
The main clinical features included ataxia (28 patients),

epilepsy (24 patients), chorea (24 patients), cognitive
impairment (18 patients), psychiatric/behavioral symp-
toms (18 patients), and intellectual disability (8 patients
with juvenile age at onset); see Table 1. All clinical find-
ings, including case reports, neuropsychological evalua-
tion, and neuroimaging studies, are reported in the
Supplementary materials (Supplementary case reports,
Supplementary Fig. 2, Supplementary Tables 1 and 2).
Epilepsy was more frequent in juvenile cases than in

late adult cases (P < 0.05). Psychiatric or cognitive dis-
orders, ataxia, and chorea were equally distributed
among the 3 onset age groups (Table 1).
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The number of CAG repeats was inversely related to
the age at onset (P < 0.01) and to the age groups
(P < 0.01) and was directly related to intellectual disabil-
ity (P < 0.05). No significant correlations between CAG
repeats and the other clinical features were identified.

Discussion

We reconstructed a large pedigree with DRPLA
including 6 families and 51 affected members distrib-
uted over 4 generations. The families originated from

FIG. 1. Pedigree of the DRPLA families in Sicily. □ Male, � female, affected, X deceased, obliged carrier. = consanguinity.

TABLE 1. Summary of clinical and genetic features in DRPLA patients

n (%) Juvenile Adult Late adult Age at onset not known P

n (%) 51 14 (27.5%) 10 (19.5%) 13 (25.5%) 14 (27.5%) —

CAG size range 58–65 62–65 58–63 58–62 na < 0.01
Sex 26 M, 25 F 8 M, 6 F 7 M, 3 F 7 M, 6 F 4 M, 10 F ns
Age at onset 31.4 � 17.5 11.6 � 3.8 31.5 � 7.7 48.8 � 9.1 na —

Age at death 46.9 � 16.9 32.5 � 11.9 51.3 � 9.2 61.8 � 9.8 26 � 22.6 —

Ataxia 28 (54.9%) 9 9 9 1 ns
Epilepsy 24 (47.1%) 12a 6 4 2 < 0.05
Chorea 24 (47.1%) 4 7 9 4 ns
Cognitive impairment 18 (35.3%) 4 5 9 0 ns
BPS 18 (35.3%) 3 4 10 1 ns
Intellectual disability 8 (15.7%) 8 0 0 0 < 0.01
Parkinsonian symptoms 1 (2%) 0 0 1 0 —

Dystonia 3 (5.9%) 0 1 2 0 —

Myoclonus 2 (3.9%) 0 1 1 0 —

Ocular movements 7 (13.7%) 1 2 4 0 —

Postural Instability 24 (47.1%) 8 8 8 0 —

Neuropathy 1 (2%) 1 0 0 0 —

BPS, behavioral and psychiatric symptoms; na, not available; ns, not significant.
aP < 0.05 in juvenile cases vs late adult cases.
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western Sicily, and the genealogical reconstruction
across 16 generations led to the identification of a foun-
der couple who lived in the ancient town of Monte San
Giuliano at the end of the 1500s. The introduction of
the mutated allele to the Italian population likely
occurred from 270 to 600 years ago.22 Our findings
confirm the founder effect for DRPLA in Italy,
narrowing the period to the 1500s, and identify the spe-
cific town of origin.
DRPLA is considered a very rare pathology in non-

Asian populations, reported in single cases or small
families2-5,9-18 (Supplementary Table 3). The Italian
pedigree described here counts the highest number of
Caucasians subjects with DRPLA reported to date. In
our subjects, the parental origin of the mutated gene
may be dual (paternal or maternal) because of the high
consanguinity rate in the pedigree, as demonstrated in
case XVI.2 by the presence of both a normal expanded
allele (42 CAG repeats) and a pathological allele
(64 CAG repeats). Interestingly, this is the first report
of a normal expanded allele with a very high number of
CAG repeats in a DRPLA Caucasians pedigree.
The frequency of normal expanded alleles (ie, >17

CAG repeats) has been demonstrated to influence the
prevalence of DRPLA in Japan19 by inducing the gener-
ation of new pathological expanded alleles during inter-
generational transmission.19 We may speculate that the
persistence of DRPLA in western Sicily from the 1500s
to the present could be caused by a high frequency of
expanded normal alleles in the population.
None of the branches in the present pedigree had any

evidence of Asian ancestry. However, 7 subjects in the
present pedigree (namely, subjects XIV.6, XIV.7,
XIV.8, XIV.11, XV.4, XV.5, and XV.6) were previ-
ously examined21 and shared a common haplotype
with Japan and Portuguese families, supporting the
hypothesis of an ancient common origin between Euro-
pean and Asian patients.
Historical research applied to the current territory of

Trapani, including Monte San Giuliano (ie, the home-
town of the founder couple of the pedigree), revealed
that this region was under Spanish domination in the
1500s, and its port was a strategic hub for both com-
mercial and military traffic. Citizens were obliged to so-
called posada, offering free board and lodging to
stationed Spanish soldiers,30 facilitating unions and
marriages between soldiers and Sicilian people.
Remarkably, only Spanish and Portuguese kingdoms
held trade relationships between Japan and Europe by
sea in the 1500s. Therefore, historical reports and
genetic analysis suggest that the introduction of the
mutated DRPLA haplotype from Japan occurred in
Italy by Spanish or Portuguese sailors at that time.
The present pedigree permitted the investigation of

the clinical features in a large series of related DRPLA

patients. Clinical findings confirmed the current under-
standing of DRPLA from Japanese populations could
also be applied to Caucasians. The clinical manifesta-
tions were heterogeneous and often overlapped among
the affected subjects, despite belonging to the same ped-
igree with a common genetic background. Age at onset
spanned late infancy to older adults and inversely corre-
lated with the number of CAG repeats. Interestingly,
some patients had onset older than age 60 years with
prominent cognitive and behavioral symptoms in addi-
tion to motor disturbances, misdiagnosed as aging-
related neurological disease. Ataxia was the most
frequently reported sign in all age groups. Intellectual
disability was detected in half of juvenile cases, and it
was directly related to the expanded CAG repeat size.
Epilepsy significantly differed according to age. In juve-
nile cases epilepsy represented a cardinal symptom,
showing generalized tonic-clonic seizures, whereas in
late adults it was significantly less frequent, as previ-
ously reported,7 and appeared in the advanced stages.
Cognitive, behavioral, and psychiatric disorders

occurred equally in both juvenile and adult patients in
this pedigree. Cognitive and behavioral impairment in
DRPLA has not been specifically defined.31 In the pre-
sent clinical series, psychiatric and behavioral distur-
bances were accurately distinguished, with reports of
delusions, hallucinations, depressed mood, apathy, loss
of inhibitory control, poor judgment, impulsivity, irrita-
bility, and aggression.
Moreover, in this study, 2 patients underwent a com-

plete neuropsychological battery, demonstrating moder-
ate cognitive deterioration of attentive and executive
functions, semantic fluency, and visuoconstructive abili-
ties. Memory was relatively preserved in all its compo-
nents (encoding, storage, and retrieval). The qualitative
analysis of drawing indicated by the Qualitative Scoring
MMSE Pentagon Test score of the MMSE pentagon
copy task32,33 also suggested semantic deficits related
to the degradation of the mental representation of the
figure, rather than graphic visuoperceptual difficul-
ties.34 The peculiar cognitive and behavioral profile in
this DRPLA pedigree reflects “dysmetria of thought,”
which is a key element of cerebellar cognitive-affective
syndrome.35-38

Neuroimaging in these DRPLA patients demonstrated
atrophy of the cerebellum and midbrain at all ages,
confirming the presence of cerebral Caucasians matter
lesions only in adult and elderly patients6

(Supplementary Table 4).
In conclusion, this study reported the largest Cauca-

sians DRPLA pedigree arising from a single founder
couple who lived in the late 1500s, suggesting the intro-
duction of the DRPLA haplotype in Italy by Spanish or
Portuguese trade with Japan in the 1500s. Broad phe-
notypical variability was confirmed, highlighting the
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main effect of cognitive, psychiatric, and behavioral
impairment on the clinical presentation. Our study pro-
vides evidence that DRPLA may be preserved over time
in peculiar geographic areas, indicating that its preva-
lence could be higher than expected in non-Asian
populations.
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