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Abstract
Spinocerebellar ataxia type 3 or Machado-Joseph disease (MJD/SCA3) is the most prevalent autosomal dominant cerebellar 
ataxia worldwide, but its frequency varies by geographic region. We describe MJD/SCA3 patients diagnosed in a tertiary 
healthcare institution in Peru. In a cohort of 341 individuals (253 probands) with clinical ataxia diagnosis, seven MJD/SCA3 
probands were identified and their pedigrees extended, detecting a total of 18 MJD/SCA3 cases. Out of 506 alleles from 
all probands from this cohort, the 23-CAG repeat was the most common ATXN3 allele (31.8%), followed by the 14-CAG 
repeat allele (26.1%). Normal alleles ranged from 12 to 38 repeats while pathogenic alleles ranged from 64 to 75 repeats. We 
identified 80 large normal (LN) alleles (15.8%). Five out of seven families declared an affected family member traced back 
to foreign countries (England, Japan, China, and Trinidad and Tobago). MJD/SCA3 patients showed ataxia, accompanied 
by pyramidal signs, dysarthria, and dysphagia as well as abnormal oculomotor movements. In conclusion, ATXN3 allelic 
distribution in non-MJD/SCA3 patients with ataxia is similar to the distribution in normal individuals around the world, 
whereas LN allele frequency reinforces no correlation with the frequency of MJD/SCA3. Evidence of any atypical MJD/
SCA3 phenotype was not found. Furthermore, haplotypes are required to confirm the foreign origin of MJD/SCA3 in the 
Peruvian population.

Keywords  Allelic distribution · ATXN3 · Machado-Joseph disease · Peruvian ataxic patients · MJD/SCA3 phenotype · 
Spinocerebellar ataxia type 3

Introduction

Spinocerebellar ataxia type 3 or Machado-Joseph disease 
(MJD/SCA3) is a late-onset autosomal dominant neurode-
generative disease associated with abnormal expansion of 
the CAG microsatellite within the ATXN3 gene (14q32.1) 
[1]. MJD/SCA3 shows marked phenotypic variability: from 
pure ataxic forms associated with other signs such as neu-
ropathies or parkinsonism, to forms with severe spasticity 
and dystonia [2]. The symptoms have traditionally been 
classified into differential clinical types or subphenotypes 
including cerebellar ataxia, pyramidal signs, extrapyramidal 
signs—dystonia and parkinsonism—peripheral neuropathy, 
spastic paraplegia, and ophthalmoplegia [3, 4]. Non-motor 
symptoms such as autonomic dysfunction, fatigue, pain, 
neuropsychiatric symptoms, and sleep disorders have also 
been described [5].

MJD/SCA3 is considered the most common dominant 
inherited ataxia worldwide with a variable frequency 
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depending on the geographic region [6]. The relative fre-
quency of MJD/SCA3 among dominant ataxias is highest in 
Brazil (59.6%) [7] and Portugal (57.8%) [8], whereas coun-
tries such as Italy (1.1%) [9] and South Africa (3.7%) [10] 
have reported lower relative frequencies. In Latin America, 
it is well known that Brazil has the highest frequency of 
MJD/SCA3, although information about other countries is 
still limited. Venezuela also has a considerable relative fre-
quency of 25% [11], followed by Chile (20%) [12]; Argen-
tina (20%) [13]; Mexico (12%) [14]; and Cuba (1.2%) [15].

In Peru, there are anecdotal reports on MJD/SCA3 cases 
[16], suggesting a low frequency of this type of ataxia in this 
country. The main purposes of this study are to analyze the 
frequency of MJD/SCA3 within ataxic patients in Peru, and 
to describe phenotype and ATXN3 allelic distribution within 
the Peruvian MJD/SCA3 population.

Materials and Methods

Study Design and Population

We conducted a cross-sectional study to describe the clinical 
and molecular characteristics of MJD/SCA3 patients with 
extended pedigrees, as well as to explore the allelic distribu-
tion of ATXN3-[CAG​(n)] within a cohort of ataxic patients 
screened for MJD/SCA3 at a neurogenetics outpatient clinic 
in Lima, Peru. From January 1996 to February 2022, a total 
of 341 individuals from both genders with clinical diagno-
sis of hereditary ataxia followed up at a tertiary hospital 
were included in this study. The exclusion criteria were (a) 
the presence of any abnormality on the following tests at 
recruitment that explained the occurrence of ataxia or related 
neurological symptoms: basic blood biochemistry; vitamin 
B12, vitamin E, VDRL (venereal disease research labora-
tory); chest X-ray; abdominal ultrasound; mammary ultra-
sound and mammography (in women); thyroid-stimulating 
hormone, lymphocyte and thrombocyte count, hemoglobin, 
erythrocyte mean corpuscular volume, sedimentation rate, 
antibodies (anti-HIV, human immunodeficiency virus), 
qualitative urine test, anti-Yo, and anti-Hu antibodies; (b) 
suggestive MRI for a vascular, autoimmune, or infectious 
process in the central nervous system. Informed consent was 
obtained from each participant. This study was approved by 
the Institutional Review Board from the Instituto Nacional 
de Ciencias Neurológicas, Lima, Peru.

ATXN3 Genotyping

Blood samples were collected, then DNA was isolated from 
leukocytes at the Neurogenetics Lab in Lima using standard 
procedures [17]. DNA samples underwent ATXN3 genotyp-
ing based on the amplification of the CAG repeat within 

ATXN3 by polymerase chain reaction (PCR) employing a 
modified procedure originally standardized by Kawaguchi 
et al. [18]. The modified PCR protocol had the following 
conditions: 1X PCR buffer, 10% DMSO, 1.5 mM MgCl2, 
0.15 mM of each dNTPs, 1 µM of each primer (MJD52 
5′-CCA​GTG​ACT​ACT​TTG​ATT​CG-3′ and MJD25 5′- TGG​
CCT​TTC​ACA​TGG​ATG​TGAA-3′), 0.5 U of Platinum Taq 
DNA Polymerase, and 0.3 ng of DNA genomic in a final 
reaction volume of 10 µL. The amplification program had 
the following initial conditions: 2 min of initial denatura-
tion at 94 °C; 28 cycles of 30 s denaturation at 94 °C, 30 s 
hybridization at 58.5 °C, and 1 min extension at 72 °C; and 
10 min of final extension at 72 °C. The amplicons were 
observed by 6% non-denaturing polyacrylamide gel elec-
trophoresis. Allele sizing was performed using reference 
samples of known genotype analyzed by PCR and capillary 
electrophoresis through Rede Neurogenetica-Brazil.

Samples not displaying both alleles were further geno-
typed by triple repeat-PCR (TP-PCR) followed by 10% non-
denaturing polyacrylamide gel electrophoresis. The TP-PCR 
was performed employing a modified procedure originally 
standardized by Melo et al. [19]. The modified TP-PCR 
protocol had the following conditions: 1X PCR buffer, 6% 
DMSO, 1.5 mM MgCl2, 0.2 mM of each dNTPs, 0.3 µM of 
primer MJD25R (5′-TGG​CCT​TTC​ACA​TGG​ATG​TGA-3′), 
0.06 µM of primer ForIntRep (5′-TAC​GCA​TCC​CAG​TTT​
GAG​ACG-3′), and 0.3 µM of primer ForTail (5′-TAC​GCA​
TCC​CAG​TTT​GAG​ACG​CAG​CAG​CAG​CAG​CAG​-3′); 0.4 
U of Platinum Taq DNA Polymerase and 10 ng of DNA 
genomic in a final reaction volume of 10 µL. The amplifica-
tion program had the following initial conditions: 2 min of 
initial denaturation at 94 °C; 30 cycles of 30-s denaturation 
at 94 °C, 30-s hybridization at 62 °C, and 45-s extension at 
72 °C; and 10 min of final extension at 72 °C.

Due to the lack of consensus to date, we classified ATXN3 
alleles according to Saute and Jardim et al. [20]. Twelve to 
44 CAG repeat length alleles are considered normal and ≥ 51 
CAG repeats as pathogenic. Within normal alleles, we iden-
tified a subgroup of large normal (LN) alleles with ≥ 27 
CAG repeats [21].

MJD/SCA3 Extended Families Identification 
and Data Collection

Among the 341 participants with ataxic symptoms, we iden-
tified seven non-related MJD/SCA3 probands. We extended 
the pedigrees of all seven probands and contacted most of 
the affected family members. We performed home visits to a 
total of 18 affected individuals by home visits in four differ-
ent cities across the country to complete a standardized clini-
cal questionnaire, neurological examination, SARA, MoCA, 
and PHQ-9 rating scales assessment. Extended pedigrees 
were drawn using an online pedigree tool (https://​www.​

https://www.progenygenetics.com
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proge​nygen​etics.​com). Age at onset was defined when the 
patient or a close relative noticed the first symptom of the 
disease, which was usually but not always gait ataxia. We 
collected information on the presence or absence of several 
neurological findings, as well as clinical and family history.

Statistical Analysis

We estimated ATNX3 allelic frequencies and presented their 
distributions in vertical bars, grouped according to classifi-
cation mentioned above. We calculated the mean, median, 
and mode of the allelic frequency.

Results

Identified MJD/SCA3 Pedigrees

We found 18 MJD/SCA3-affected individuals (six women) 
from seven different families.

The mean age at sample drawing/recruitment was 
59.7 ± 12.6 years (range 40 to 77 years). Expanded pedigrees 
showed that five out of seven SCA3/MJD3 families declare 
a foreign origin (Fig. 1). The age at onset ranged from 20 to 
64 years, with an average of 46.3 ± 13.3 years. Age at onset 
was inversely correlated with the ATXN3-(CAG)n in the 

expanded allele (r =  − 0.55, p = 0.01). The mean duration of 
disease was 14.3 ± 10.6 years and the mean time at definitive 
diagnosis was 12.8 ± 10.8 years. There was no predominance 
regarding paternal transmission (50%). The mean SARA 
score was 12.2 ± 7.1 (n = 16) and mean NESSCA score was 
11.8 ± 4.9 (n = 15). Exploratory analysis showed that high 
SARA score was positively correlated with disease dura-
tion (r = 0.64, p = 0.01). We did not find significant associa-
tion with NESSCA score (r = 0.4950, p = 0.06). Cognitive 
performance was screened by the MoCA, where the mean 
score was 18.9 ± 4.3 points (n = 11) and anxiety/depression 
by PHQ-9, with a mean score of 10.1 ± 5.8 points (n = 11). 
Main demographic and genetics findings are summarized 
in Table 1 and clinical findings were plotted by frequency 
(Fig. 2). For additional individual-based clinical findings, 
see the supplementary data (Table S1).

ATXN3 Allelic Distribution

A total of 682 alleles from 341 ataxic patients were identi-
fied by PCR and TP-PCR (Fig. 3). After excluding family 
members from both SCA3 families (11 individuals) and non-
SCA3 families (77 individuals), we identified seven patho-
genic alleles ranging from 64 to 75 CAG repeats (1.38%). 
The remaining 499 normal ATXN3 alleles ranged from 12 to 
38 CAG repeats, with the 23-repeat allele the most common 

Fig. 1   MJD/SCA3 families in Peru by geographical distribution and origin of ancillary affected family member. *Individuals with available 
ATXN3 genotype

https://www.progenygenetics.com
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(31.8%) followed by 14-repeat allele (26.1%). Moreover, we 
found 80 LN alleles counting for about 15.8% of the total 
of alleles.

Discussion

Our findings suggest that MJD/SCA3 is rare in the Peruvian 
population, with a predominantly foreign origin. We found 
18 MJD/SCA3 cases from seven different families, with a 
relative frequency of 5% of all ataxic cases with clinical 
diagnosis of inherited ataxia registered from January 1996 to 
February 2022 in our center. A recent study reported a rela-
tive variable frequency of poly-Q SCAs in Peru, with SCA10 
being the most common poly-Q SCA and the most common 
hereditary ataxia in the country, followed by SCA2, whereas 
SCA7, SCA6, and SCA1 are rare as well as MJD/SCA3 
[22]. Other poly-Q SCAs cases such as SCA12, SCA17, and 
DRPLA have not been reported in Peru to date. Based on the 
extended pedigrees, we identified that almost all MJD/SCA3 
cases have a foreign origin (Fig. 3; Figures S2–S6). Two 
families reported that the maternal and paternal ancestors of 

all affected older individuals were Peruvian and lived in dif-
ferent regions separated by the Andes mountains; thus, they 
might not share a common ancestor (at least until second-
degree); we could not reject either a common ancestor or 
an external origin in these families (Fig. 3; Figures S1 & 
S7). This frequency contrasts with the reports from Brazil 
(59.6%), but is consistent with other Latin American coun-
tries, such as Mexico (12%) [14] and Cuba (1.2%) [15]. It 
should be noted that the remaining countries—Argentina, 
Chile, Venezuela—have a low sample size (n < 120), which 
could increase the actual MJD/SCA3 frequency. Brazil is 
the country with the highest MJD/SCA3 due to its ances-
try from Azorean island families and their founder effect 
for MJD/SCA3 in South Brazil [23]. Nevertheless, SCA10 
predominates in Latin American countries due to Amerin-
dian ancestry, whereas MJD/SCA3 has a low frequency and 
restricts additional comparison between populations.

MJD/SCA3 in Peru may have been linked to waves of 
immigration from Europe and Asia. This phenomenon is 
considered a powerful force shaping the social organiza-
tion, evolution, and genetics of populations [24]. Therefore, 
immigrants can pass on their genes to offspring along with 

Fig. 2   Frequency of clinical 
findings in MJD/SCA3 Peruvian 
patients

Fig. 3   ATXN3 allelic distribution. Cyan bars, normal alleles; gray bars, large normal alleles; orange bars, pathogenic alleles. Mean: 22.1 CAG. 
Median: 23 CAG. Mode: 23 CAG​
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their traits and even diseases such as MJD/SCA3. At least 
five out of seven families traced an affected family mem-
ber coming from England, China, Japan, and Trinidad and 
Tobago (Fig. 3). During the late 1800s and early 1900s, a 
considerable number of British emigrants settled in Peru due 
to the foundation of the European Immigration Society [25]. 
British immigrants settled mainly at the coast, establishing 
villages across the country. On the other hand, thousands of 
male Asian coolies, mainly Chinese, came to Peru during the 
XIX century as a cheap labor force, to work in agriculture, 
on guano islands and in railway construction [26]. Due to 
exploitation and semi-slavery, Chinese workers began rebel-
lions in different estates in the 1870s; hence, landowners 
abandoned the use of Chinese workers, decreasing the labor 
force. At the same time, Japanese immigration started as an 
agreement between the government of Japan and Peru, since 
Japan was experiencing a demographic crisis, while Peru 
needed labor for work on agriculture [27]. There is no sig-
nificant historical information regarding immigration from 
Trinidad and Tobago to Peru. It should be considered a pos-
sibility that affected ancestors might be related among some 
identified families, especially if they live in the same region.

The clinical features of MJD/SCA3 Peruvian patients 
were concordant with previous reports [3, 4]. The mean age 
at onset (46.3 ± 13.3 years) was slightly older than usual 
(34–40 years) [20]. The diagnostic delay of 15.6 years rep-
resents up to three times the diagnostic delay of 5 years 
recently reported in a Brazilian cohort presumably asso-
ciated with limited access to genetic testing in Peru being 
almost exclusively available in the capital city. Neurological 
examination confirmed cerebellar ataxia as the main and 
predominant symptom in all patients, accompanied by other 
frequent symptoms such as dysarthria (94.1%), abnormal eye 
movements (88.2%), and peripheral neuropathy (70–76.5%). 
Abnormal eye movements include mainly nystagmus, 
upward gaze palsy (UGP), slow and dysmetric saccades, 
and saccadic intrusions and “bulging eyes.” UGP, found in 
64% of cases, has been proposed as an orienting sign that 
might distinguish MJD/SCA3 from other SCAs [28, 29]. 
By contrast, spasticity (12.5%), dystonia (5.9%), and chorea 
(5.9%) were uncommon symptoms in our cohort compared 
to others [20]; however, their frequency might be affected 
by the small sample size collected. Dystonia was detected in 
only one patient and no cases with parkinsonism were found. 
Non-motor symptoms such as sensory disturbances (94.1%) 
and depression (75%) were consistent with other MJD/SCA3 
reports [30, 31]. Despite cognitive impairment being sug-
gested by the MoCA score of some MJD/SCA3 patients, 
none of them underwent a neuropsychology assessment. 
The phenotypic variation within families was not clearly 
observed, due to limited affected family members per family; 
however, the family SCA3-003 reflects a variable phenotypic 
expression ranging from mild ataxia to severe and disabling 

ataxic syndrome with spasticity. Since the analyzed cohort 
included patients experiencing ataxia as the main symptom, 
we did not include premanifest MJD/SAC3 individuals. A 
pre-symptomatic diagnosis program for some neurogenetics 
disorders has been recently locally implemented, with no 
ATXN3 carriers identified to date.

Although PCR followed by capillary electrophoresis is 
the gold standard to genotype ATXN3 gene due its accuracy 
to measure alleles, we have been able to determine the length 
of normal and pathogenic alleles based on reference samples 
that have been genotyped previously by this method. Only 18 
pathogenic alleles from 61 to 75 CAG repeats were identi-
fied (2.6%) of the total of 682 genotyped alleles. The allelic 
distribution also showed the 23-repeat CAG allele as the 
most frequent (32.1%) followed by the 14-repeat CAG allele 
(26%). Normal alleles ranged from 12 to 38 repeats, which 
is similar to Caucasian [32, 33], Asian [21, 34], and Latin 
American [14] populations. We also found that 14.8% of 
the total of alleles corresponded to the LN subgroup, which 
were carried by MJD/SCA3 patients and non-MJD/SCA3 
patients. This result is consistent with a previous report in 
Peru [35], and reinforces the lack of correlation between the 
frequency of LN alleles and the frequency of clinical MJD/
SCA3 originally suggested previously in the literature [21].

Conclusion 

In conclusion, MJD/SCA3 is very rare in Peru. Almost all 
affected families have a mutation that originated abroad, 
which suggests that this was due to an ancestor’s migra-
tion. Patients with MJD/SCA3 manifested the common 
phenotype reported in the literature. ATXN3 allelic distri-
bution in patients with non-MJD/SCA3 ataxia is similar 
to the distribution in normal individuals around the world, 
whereas LN allele frequency reinforces no correlation 
with the frequency of MJD/SCA3. Longitudinal studies 
should be performed in order to assess the evolution of 
the phenotype across the time and haplotype studies are 
required to confirm the foreign origin of MJD/SCA3 in 
the Peruvian cohort.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s12311-​022-​01491-4.

Acknowledgements  We are grateful to Victoria Marca-Ysabel, Miguel 
Inca-Martínez, and Diego Veliz-Otani for logistic support and lab 
assistance; Melissa Moleros for her assistance on recruitment of par-
ticipants; and Lucy Stirland for her review of the manuscript. We are 
grateful to the DNA-Neurogenetics Bank of the Instituto Nacional de 
Ciencias Neurológicas for supporting the collection of DNA samples 
and associated data used in this publication. Samples from the DNA-
Neurogenetics Bank were obtained through informed consent and IRB 
approval. The content in this publication does not reflect the opinion of 
the DNA-Neurogenetics Bank.

https://doi.org/10.1007/s12311-022-01491-4


1198	 The Cerebellum (2023) 22:1192–1199

1 3

Author Contribution  All authors read and approved the final manu-
script. All authors contributed to the study conception and design. 
Material preparation, data collection, and analysis were performed by 
Lesly Solis-Ponce, Elison Sarapura-Castro, Karina Milla-Neyra, Mary-
enela Illanes-Manrique, Pilar Mazzetti, Ismael Araujo-Aliaga, Olimpio 
Ortega, Carla Manrique-Enciso, Diana Cubas-Montecino, Maria Luiza 
Saraiva-Pereira, Laura B. Jardim, and Mario Cornejo-Olivas. The first 
draft of the manuscript was written by Ismael Araujo-Aliaga, Lesly 
Solis-Ponce, and Mario Cornejo-Olivas, and all authors commented 
on later versions of the manuscript. All authors read and approved the 
final version of the manuscript.

Funding  This study was funded by the Peruvian Institution PROCIEN-
CIA-CONCYTEC within the framework of the convention of Research 
Projects in Health EU-LAC (Contract No. 098–2017-FONDECYT). 
Authors affiliated to Instituto National de Ciencias Neurológicas are 
also partially supported by Contract No. 148–2020-PROCIENCIA.

Data Availability  The authors confirm that the data supporting the find-
ings of this study are available within the article and its supplementary 
materials.

Declarations 

Ethical Approval  The study was approved by the Ethics Committee 
at INCN, called the “Comité Institucional de Ética en Investigación 
del Instituto Nacional de Ciencias Neurológicas,” IRB number 
486–2018-CIEI-INCN. All patients provided written informed con-
sent for use of their genetic and clinical data for anonymized research 
studies at the time of their genetic testing. We confirm that we have 
read the Journal’s position on issues involved in ethical publication and 
affirm that this work is consistent with those guidelines.

Competing Interests  The authors declare no competing interests.

References

	 1.	 Ichikawa Y, Goto J, Hattori M, Toyoda A, Ishii K, Jeong S-Y, 
et al. The genomic structure and expression of MJD, the Machado-
Joseph disease gene. J Hum Genet. 2001;46:413–22.

	 2.	 Bettencourt C, Lima M. Machado-Joseph Disease: from first 
descriptions to new perspectives. Orphanet J Rare Dis. 2011;6:35.

	 3.	 Coutinho P, Andrade C. Autosomal dominant system degeneration 
in Portuguese families of the Azores Islands: a new genetic dis-
order involving cerebellar, pyramidal, extrapyramidal and spinal 
cord motor functions. Neurology. 1978;28:703–703.

	 4.	 Moro A, Munhoz RP, Arruda WO, Raskin S, Moscovich M, Teive 
HAG. Spinocerebellar ataxia type 3: subphenotypes in a cohort of 
brazilian patients. Arq Neuro-Psiquiatr. 2014;72:659–62.

	 5.	 Moro A, Moscovich M, Farah M, Camargo CHF, Teive HAG, 
Munhoz RP. Nonmotor symptoms in spinocerebellar ataxias 
(SCAs). Cerebellum Ataxias. 2019;6:12.

	 6.	 Martins S, Sequeiros J. Origins and spread of Machado-Joseph 
disease ancestral mutations events. In: Nóbrega C, Pereira de 
Almeida L, editors. Polyglutamine Disorders [Internet]. Cham: 
Springer International Publishing; 2018 [cited 2022 Sep 8]. p. 
243–54. Available from: http://​link.​sprin​ger.​com/​10.​1007/​978-3-​
319-​71779-1_​12.

	 7.	 de Castilhos RM, Furtado GV, Gheno TC, Schaeffer P, Russo A, 
et al. Spinocerebellar ataxias in Brazil—frequencies and modulat-
ing effects of related genes. Cerebellum. 2014;13:17–28.

	 8.	 Vale J, Bugalho P, Silveira I, Sequeiros J, Guimarães J, Coutinho 
P. Autosomal dominant cerebellar ataxia: frequency analysis 

and clinical characterization of 45 families from Portugal: 
autosomal dominant cerebellar ataxia: characterization of 45 
Portuguese families. Eur J Neurol. 2010;17:124–8.

	 9.	 Brusco A, Gellera C, Cagnoli C, Saluto A, Castucci A, 
Michielotto C, et al. Molecular genetics of hereditary spinocer-
ebellar ataxia: mutation analysis of spinocerebellar ataxia genes 
and CAG/CTG repeat expansion detection in 225 Italian fami-
lies. Arch Neurol. 2004;61:727.

	10.	 Bryer A, Krause A, Bill P, Davids V, Bryant D, Butler J, et al. 
The hereditary adult-onset ataxias in South Africa. J Neurol Sci. 
2003;216:47–54.

	11.	 Paradisi I, Ikonomu V, Arias S. Spinocerebellar ataxias in 
Venezuela: genetic epidemiology and their most likely ethnic 
descent. J Hum Genet. 2016;61:215–22.

	12.	 Miranda CM. Diagnóstico de Ataxia Espinocerebelosa tipo 3 
(Enfermedad de Machado-Joseph) en Chile. Rev méd Chile. 
2015;143:126–7.

	13.	 Rodríguez-Quiroga SA, Cordoba M, González-Morón D, 
Medina N, Vega P, Dusefante CV, et al. Neurogenetics in Argen-
tina: diagnostic yield in a personalized research based clinic. 
Genet Res. 2015;97: e10.

	14.	 Alonso E, Martínez-Ruano L, De Biase I, Mader C, Ochoa A, 
Yescas P, et al. Distinct distribution of autosomal dominant 
spinocerebellar ataxia in the Mexican population. Mov Disord. 
2007;22:1050–3.

	15.	 Velázquez Pérez L, Cruz GS, Santos Falcón N, Enrique 
Almaguer Mederos L, Escalona Batallan K, Rodríguez Labrada 
R, et al. Molecular epidemiology of spinocerebellar ataxias in 
Cuba: insights into SCA2 founder effect in Holguin. Neurosci 
Lett. 2009;454:157–60.

	16.	 Torres Ramirez L, Vélez Rojas M, Mazzetti Soler P, Suárez 
Reyes R, Cosentino Esquerre C, Mori Quispe N et al. Ataxia 
espinocerebelosa tipo 3 (Enfermedad de Machado Joseph). A 
propósito de un caso Diagnóstico. 2012;51(1):33–6.

	17.	 Miller SA, Dykes DD, Polesky HF. A simple salting out pro-
cedure for extracting DNA from human nucleated cells. Nucl 
Acids Res. 1988;16:1215–1215.

	18.	 Kawaguchi Y, Okamoto T, Taniwaki M, Aizawa M, Inoue 
M, Katayama S, et al. CAG expansions in a novel gene for 
Machado-Joseph disease at chromosome 14q32.1. Nat Genet. 
1994;8:221–8.

	19.	 Melo ARV, Ramos A, Kazachkova N, Raposo M, Bettencourt 
BF, Rendeiro AR, et al. Triplet repeat primed PCR (TP-PCR) 
in molecular diagnostic testing for spinocerebellar ataxia type 3 
(SCA3). Mol Diagn Ther. 2016;20:617–22.

	20.	 Saute JAM, Jardim LB. Machado Joseph disease: clinical and 
genetic aspects, and current treatment. Expert Opin Orphan 
Drugs. 2015;3:517–35.

	21.	 Takano H, Cancel G, Ikeuchi T, Lorenzetti D, Mawad R, Stevanin 
G, et al. Close associations between prevalences of dominantly 
inherited spinocerebellar ataxias with CAG-repeat expansions and 
frequencies of large normal CAG alleles in Japanese and Cauca-
sian populations. Am J Hum Genet. 1998;63:1060–6.

	22.	 Cornejo-Olivas M, Castilhos RM, Furtado GV, Mattos EP, Bampi 
GB, Leistner-Segal S, et al. Genetic analysis of hereditary ataxias 
in Peru identifies SCA10 families with incomplete penetrance. 
Cerebellum. 2020;19:208–15.

	23.	 Teive HAG, Moro A, Arruda WO, Raskin S, Teive GMG, 
Dallabrida N, et  al. Itajaí, Santa Catarina – Azorean ances-
try and spinocerebellar ataxia type 3. Arq Neuro-Psiquiatr. 
2016;74:858–60.

	24.	 Rannala B, Mountain JL. Detecting immigration by using multi-
locus genotypes. Proc Natl Acad Sci USA. 1997;94:9197–201.

	25.	 Bonfiglio G. Introducción al estudio de la inmigración europea en 
el Perú. Apuntes. 1986;18:93–127.

http://springerlink.bibliotecabuap.elogim.com/10.1007/978-3-319-71779-1_12
http://springerlink.bibliotecabuap.elogim.com/10.1007/978-3-319-71779-1_12


1199The Cerebellum (2023) 22:1192–1199	

1 3

	26.	 Hu-Dehart E. Coolies, shopkeepers, pioneers: the Chinese of 
Mexico and Peru (1849–1930). Amerasia J. 1989;15:91–116.

	27.	 Takenaka A. The Japanese in Peru: history of immigration, settle-
ment, and racialization. Lat Am Perspect. 2004;31:77–98.

	28.	 Moro A, Munhoz RP, Arruda WO, Raskin S, Teive HAG. Clini-
cal relevance of “bulging eyes” for the differential diagnosis of 
spinocerebellar ataxias. Arq Neuro-Psiquiatr. 2013;71:428–30.

	29.	 Franklin GL, Meira AT, Camargo CHF, Nascimento FA, Teive 
HAG. Upward gaze palsy: a valuable sign to distinguish spinocer-
ebellar ataxias. Cerebellum. 2020;19:685–90.

	30.	 Friedman JH, Fernandez HH, Sudarsky LR. REM behavior disor-
der and excessive daytime somnolence in Machado-Joseph disease 
(SCA-3). Mov Disord. 2003;18:1520–2.

	31.	 Pedroso JL, França MC, Braga-Neto P, D’Abreu A, Saraiva-
Pereira ML, Saute JA, et al. Nonmotor and extracerebellar features 
in Machado-Joseph disease: a review: extracerebellar features in 
Machado-Joseph disease. Mov Disord. 2013;28:1200–8.

	32.	 Storey E, du Sart D, Shaw JH, Lorentzos P, Kelly L, McKinley 
Gardner RJ, et al. Frequency of spinocerebellar ataxia types 1, 2, 
3, 6, and 7 in Australian patients with spinocerebellar ataxia. Am 
J Med Genet. 2000;95:351–8.

	33.	 Lima M, Costa MC, Montiel R, Ferro A, Santos C, Silva C, et al. 
Population genetics of wild-type CAG repeats in the Machado-
Joseph Disease gene in Portugal. Hum Hered. 2005;60:156–63.

	34.	 Gan S-R, Ni W, Dong Y, Wang N, Wu Z-Y. Population genet-
ics and new insight into range of CAG repeats of spinocerebel-
lar ataxia type 3 in the Han Chinese population. Li X-J, editor. 
PLoS One. 2015;10:e0134405.

	35.	 Gonzales-Sáenz C, Cruz-Rodriguez C, Espinoza-Huertas K, 
Véliz-Otani D, Marca V, Ortega O, et al. Distribution of the CAG 
triplet repeat in ATXN1, ATXN3, and CACNA1A loci in Peru-
vian population. Cerebellum. 2020;19:527–35.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Machado Joseph-Disease Is Rare in the Peruvian Population
	Abstract
	Introduction
	Materials and Methods
	Study Design and Population
	ATXN3 Genotyping
	MJDSCA3 Extended Families Identification and Data Collection
	Statistical Analysis

	Results
	Identified MJDSCA3 Pedigrees
	ATXN3 Allelic Distribution

	Discussion
	Conclusion 
	Anchor 14
	Acknowledgements 
	References


