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The  overall  prevalence  of  LRRK2  G2019S  mutation  in  this  series  was  5.45%.
No  R1441G  substitution  was identified  in  this  series.
PD  in  LRRK2  mutations  carriers  was  indistinguishable  for  the  idiopathic  PD.
Systemic  imnuno-mediated  disorders  were  identified  in  2  of 3 G2019S  carriers.
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Objectives:  To  determine  clinical  characteristics  and  frequency  of leucine-rich  repeat  kinase  2  gene
(LRRK2)  mutations  in a cohort  of  patients  with  Parkinson’s  disease  (PD)  from  Argentina.
Background:  Variation  in  the LRRK2  gene  represents  the  most  common  genetic  determinant  of  PD,  only
few  data  are  available  from  Latin-America.
Design/methods:  Informed  consent  was  obtained  and  all  studies  were  approved  by  the  Institutional  Review
Boards.  Fifty  five  consecutive  PD patients  were  recruited.  A  structured  interview  and  neurological  exam-
ination were  used  to  collect  demographic  and  clinical  information.  Blood  samples  were obtained  and
DNA extracted  from  patient  venous  blood.  All LRRK2  exons  from  25  exon  to 51  exon  were  screened  in all
patients.
Results:  Clinical  and  molecular  data  of  55  patients  with  PD  were  analyzed.  Mean  age  was  68.8  ±  10.6  years.
Jewish  and Basque  ancestries  were  found  positive  in  9 and  7  patients,  respectively;  family  history  of  PD
was  identified  in  16  patients.  The  G2019S  mutation  was  present  in 3  Ashkenazi  Jewish  subjects  (5.45%);
all  of them  reported  family  history  of  PD  in first-degree  relatives.  Although  Argentina  possesses  one  of  the
most important  Basque  communities  outside  Spain,  non  R1414G  mutation  was  identified  in this  cohort.
Eleven  single  polymorphisms  (SNP)  were  identified  in  this  cohort.  The  mean  age  at  onset  was  higher
in  G2019S  mutation  carriers  than  non-carriers  (66.67  vs 58.78  years).  Asymmetrical  tremor  as  initial
symptom  and  non-motor  symptoms  occurred  at  similar  frequencies  in  both  groups.  The G2019S  mutation

carriers  showed  a non  significant  increase  in dyskinesias,  and  2/3 developed  Dopamine  Dysregulation
Syndrome  and  visual  hallucinations.  Systemic  disorder  identified  in  G2019S  mutation  carriers  included:
celiac  disease,  hypothyroidism,  Hashimoto’s  Thyroiditis  and arterial  hypertension.
Conclusions:  The  prevalence  of  LRRK2  G2019S mutation  in  this  Argentinean  cohort  was  similar  to  other
international  series,  with  a  higher  prevalence  in Ashkenazi  Jewish.  The  phenotype  was  indistinguishable

from  patients  with  idiopathic  PD.  Interestingly,  we  identified  immune  mediated  disorders  in two  PD
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patients  carrying  the  G2019S  mutation.  Within  this  context,  recent  studies  have  identified  full-length
LRRK2  as  a relatively  common  constituent  of  many  cell  types  in  the  immune  system  including  human
peripheral  blood  mononuclear  cells.  Nevertheless,  a  casual  association  could  not  be  excluded  and  the
analysis  of more  extensive  series  is  required.
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PD (Fig. 1) and Ashkenazi-Jewish ancestry with a median age of
onset of the disease of 66.67 years (range 65–69), median disease
duration of 16 years (range 14–19) and a Hoehn and Yahr scale
ranging between 3 and 5. The most frequent symptom at onset in
. Introduction

Mutations in the leucine rich repeat kinase 2 gene (LRRK2) are
onsidered to be the most frequent monogenic cause of Parkinson
isease (PD) [13] and are responsible for 5% familial and 1–2% spo-
adic PD, approximately, in North American and in most European
opulations studied [9,12].  Among the different pathogenic LRRK2
utations, a glycine to serine substitution located in the highly

onserved kinase region of exon 41 (G2019S) has been reported
s the most common substitution in individuals from Southern
urope and North Africa, accounting for ∼20% and up to 40% respec-
ively in these populations [4,6]. On the other hand, the LRRK2
1441G substitution has been observed to be more prevalent in the
asque region of Northern Spain, where it is found in 46% of famil-

al PD and in 2.5% of sporadic PD [21]. Although the penetrance
f LRRK2 G2019S mutation is clearly incomplete, the phenotype of
RRK2-associated PD has been described as indistinguishable from
diopathic PD (iPD) with minor exceptions, including motor and
on-motor symptoms [1,9,14,22].

Different genetic studies conducted in our country showed that
he average genetic structure of Argentine population contains up
o 78% European ancestry [2,7,16], probably as a result of great
nfluence of Spain during the colonial period and the “great Euro-
ean immigration wave” (in the majority of cases from Italy and
pain) during the late 19th and early 20th centuries. Based on that,
e hypothesized that occurrence of G2019S and R1441G LRRK2

ubstitutions in Argentinean individuals could be similar to the
reviously mentioned European countries.

Data about the prevalence and phenotype of G2019S and R1441G
RRK2 mutations in Latin American and specifically in Argentinean
D patients still scarce [15,17,20,23].  Herein, we conducted the
resent study to assess the frequency of LRRK2 mutations (exons:
5–51) in a cohort of patients with PD from Argentina, and to deter-
ine clinical characteristics of LRRK2 mutation carriers.

. Subjects and methods

The study was approved by the Institutional Review Board (IRB)
nd local ethics committee.

After signing a written informed consent, 55 consecutive PD
atients from 2 Argentinean (Buenos Aires) Movement Disorder
nits were recruited between January 2007 and December 2007.
ince pathogenic LRRK2 mutations are clustered among the last
ve functional domains of dardarin, all patients were screened for
utations within exons 25–51 of the LRRK2 gene. Genomic DNA
as isolated from peripheral blood using standard methods and the
utation screening was performed as previously described [18,19].

atients were examined by a neurologist specialized in movement
isorders. Family history, ethnic and ancestry data were collected.
shkenazi or Basque ancestries were established by questions
bout the patients’ ancestors’ places of birth up to the third gen-
ration. Patients fulfilled the United Kingdom Parkinson’s Disease
ociety Brain Bank Clinical Diagnostic Criteria for PD; secondary or
typical Parkinsonisms were excluded.
A comprehensive neuropsychological examination was con-
ucted in LRRK2 mutation carriers, including the following tests:
olstein Mini Mental Status (MMSE), Signoret’s memory battery,
rail Making Test-form A (TMT-A) and B (TMT-B), the Digit Span
© 2013 Elsevier Ireland Ltd. All rights reserved.

subtest from the Wechsler Adult Intelligence Scale III and the “7-
subtraction task” from the Mini Mental State Exam.

The Trail Making Test-form B (TMT-B) and the phonological flu-
ency task were used as measures of executive functioning. In order
to avoid any motor confounds on the TMT, a difference score was
obtained by subtracting time to perform Part A from time to per-
form Part B (TMT B-A). This score is considered a purer indicator of
executive function.

Every test score was converted to Z-score based on the per-
formance of normal control subjects. The executive function score
consisted of the mean Z-score of performance on TMT  B-A and on
phonological fluency.

Additionally, social cognition tasks related to Theory of Mind
(ToM) were assessed: Faux Pas test (FPT), which evaluates hurtful or
insulting social situations and Reading the Mind in The Eyes (RMTE)
that was  used to assess emotional inference.

3. Results

LRRK2 sequencing was  performed in 30 women and 25 men
with PD, mean age 68.8 ± 10.6 years (range 44–88 years). Sample
composition included 9 Ashkenazi-Jewish patients.

Familial PD (first or second degree relative affected) was
reported in 16 patients (29.09% of PD patients); amongst these
patients 4 reported Ashkenazi-Jewish ancestry, and 3 Basque
ancestry. Clinical and demographic data of the analyzed population
are present in Table 1.

The LRRK2 R1441G substitution was  not present in the pop-
ulation analyzed. And only the LRRK2 G2019S mutation and 11
non-pathogenic single nucleotide polymorphisms (SNPs) were
identified in this series. Among the familial PD cases, 3 unrelated
individuals were found to be heterozygous G2019S mutation car-
riers. It represents the 18.75% of familial cases, 33.33% among
patients with Ashkenazi-Jewish ancestry and the 5.45% of the over-
all analyzed population. All of them had positive family history of
Fig. 1. Pedigrees of LRRK2 G2019S mutations carriers. Filled square, circle or dia-
mond = PD; striped = family data about PD were reported indirectly by other family’s
members.
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Table  1
Clinical and demographic characteristics of PD patients. Ref.: AJ: Ashkenazi-Jewish.

LRRK2 G2019S Carriers LRRK2 Non carriers p value

Age at onset, means (SD) 66.67 ± 4.04 58.78 ± 12.45 NS
Age  at examination 79.33 ± 2.52 68.19 ± 10.61 0.0353
Disease duration 14.67 ± 2.51 8.94 ± 6.38 NS
Education (university) 2/3 13/47 NS
Female 1/3 29/52 NS
AJ  ancestry 3/3 6/42 0.0003
Family history of PD 3/3 13/50 0.0067
Family history of PD in AJ individuals 3/3 1/6 0.0177
Report of hallucinations 3/3 12/48 0.0057
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Rest tremor as presenting symptom 2/3 

Motor fluctuations 3/3 

Non  motor fluctuations 1/3 

utation and non mutation carriers was asymmetrical tremor. The
ustained l-Dopa response and occurrence of motor fluctuations
ere similar between the two PD groups (with and without muta-

ion).The mean age at onset was higher in G2019S mutation carriers
han non-carriers (66.67 vs 58.78 years). Asymmetrical tremor as
nitial symptom and non-motor symptoms occurred at similar fre-
uencies in both groups. The G2019S mutation carriers showed a
on significant increase in peak of dose dyskinesias; 2/3 developed
opamine dysregulation syndrome, and all of them reported benign
isual hallucinations. At the moment of the present study, executive
unctions and Theory of Mind (ToM) abilities were evaluated exclu-
ively in LRRK2 G2019S mutation carriers: MMSE  was  abnormal in
ne patient (MMSE  < 24/30). In the other two patients, the exten-
ive neuropsychological battery showed ToM impairment. Clinical
nd demographic data of PD patients carrying the LRRK2 G2019S
utation are shown in Table 2. These patients did not differ clin-

cally from non carriers. Brain MRI  of the three patients showed
ortical atrophy, gliotic ischemic lesions and leukoaraiosis.

Curiously, two out of these three LRRK2 G2019S mutation carri-
rs presented immune mediated disorders: celiac disease (CD) plus
ypothyroidism in one patient, and Hashimoto’s Thyroiditis in the
ther one.

One carrier died after 15 years of PD, pathological investigations
ould not be available.

. Discussion

The present study represents the first screening focused on iden-
ification of the LRRK2 G2019S mutation in a series of PD patients
rom Argentina. Although, heterozygous LRRK2 G2019S mutation
epresents a common monogenic cause of familial and sporadic PD
ases regardless of geographic origin and ethnicity [13,18],  data
bout the frequency of this mutations in Latin America countries
re scarce [15,17,20,23] and this study contributes to increase our
nowledge about this specific mutation in our country.

Herein, LRRK2 G2019S mutation was identified in 5.45% of over-
ll PD patients and in 18.48% of familial PD. In our series, non
poradic cases were identified, but it could be related with the small
ample analyzed.

Interestingly, these results are in order to that reported in
ruguayan PD patients with an overall estimated frequency of 4.0%
nd a familial occurrence of 20% [15]. Moreover, both populations
eported a higher frequency of a positive family history in the total
D patients (23.2% in the Uruguayan sample and 29.0% in the Argen-
inean series). Taking into account that both countries possess a
imilar population composition (with European ancestry, particu-
arly represented by Italian and Spanish people), the similar data

bserved in both populations contribute to support our results even
hough our small sample size [15].

On the other hand, our prevalence appears to be higher than the
reviously reported from others countries of Latino-America such
30/48 NS
31/48 NS
16/43 NS

as Chile, Brazil or Peru where the overall prevalence has been esti-
mated of 3% in Chilean PD patients, <2% in those from Brazil and
0.4% in Peruvian population. The discrepancy of frequency, partic-
ularly with respect to the Peruvian PD patients may  be explained
by the influence of Amerindian population, which is extremely rare
in the Argentinean population [15,16].

Unexpectedly and despite the high contribution of Spain
and Italy to the Argentinean population composition, (∼=80% of
Argentinean population possesses European ancestry), the over-
all frequency in our series was higher than it was  reported in Italy
(2.1–2.9%), and Spain (2.2–7.6%) [6,19].

Moreover, despite the extensive Basque community living
in Argentina (around 10% of the Argentine population is of
Basque descent) LRRK2 R1441G substitution was not present in
the population analyzed. Although, these findings agree with
the hypothesis of a restricted occurrence of LRRK2 R1441G sub-
stitution in northern regions of Spain or in restricted areas
from Italy [6,21],  larger studies are required to confirm this
hypothesis.

As in other series, clinical symptoms among LRRK2 G2019S
mutation carriers were indistinguishable from idiopathic PD, with
a typical l-Dopa responsive PD, mild symptoms, slow progres-
sion and long disease duration (∼=20 years). Nevertheless, as an
interesting observation, two of our three patients showed immune
mediated disorders.

Although, the pathophysiologic mechanism of LRRK2-related
mutations is still unknown, LRRK2 activity does not appear to be
restricted to CNS, since sequence variants at or near the LRRK2
locus have been associated with susceptibility not only to PD but
also to Crohn’s disease and leprosy [10,24]. Several lines of evi-
dence support the role of inflammation in PD with microglial
activation and lymphocytes infiltration [10]. In line with this obser-
vation, the full-length LRRK2 has been identified as a relatively
common constituent of many cell types in the immune system
including human peripheral blood mononuclear cells, and addi-
tional experimental studies suggest that it plays an essential role
in lysosomal autophagy outside the nervous system [10,24].  Based
on these evidences, we  could hypothesize about a possible link
between LRRK2 mutations and autoimmune disorders occurring in
our patients. This hypothesis could be supported by recent GWAS
that confirms a strong influence of LRRK2 mutation and HLA  genes
in PD [11,13].

Nevertheless, previous epidemiological studies failed to demon-
strate a statistically significant association between CD (estimated
prevalence in Argentina 0.22%) and PD, since up to 10% of patients
with CD could express other neurological symptoms [3,8]. More-
over, the prevalence of thyroid autoimmunity in PD patients was

reported similar to that as described in the general population
(10.8% in PD patients vs 10% in controls) [5].

Beside those observations, we could not exclude a hazardous
co-occurrence of these entities. To the best of our knowledge, our
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study is the first to focus and report the occurrence of CD and
Hashimoto’s thyroiditis in PD patients carrying the LRRK2 G2019S
mutation. Therefore, we  strongly believe that the contribution of
these immune-related disorders in the PD pathogenesis is worth of
exploring.

One of the limitations of the present study is the absence of a
control series, and small size of sample restricted to one specific
area of the country. Nevertheless, this is the first clinical data avail-
able from Argentinean PD patients, and the frequency observed in
this series was  similar to that reported in other South American
countries with a similar population composition such as Uruguay
[15].

In summary, the prevalence of LRRK2 G2019S mutation in this
Argentinean cohort was  similar to other international series, with a
high prevalence of Ashkenazi Jewish, and the phenotype was  indis-
tinguishable from patients with idiopathic PD. One  condition to
highlight in these LRRK2 G2019S mutation carriers is the association
identified among immune-related disorders and PD pathogene-
sis. However, we  concluded that extensive epidemiological studies
with a larger number of patients are required to determine the
ultimate proof of the association between LRRK2-associated PD
and immune mediated diseases. These epidemiological studies will
allow the identification of environmental and/or additional genet-
ics factors that could modulate the expression, penetrance and
phenotype of PD.

Acknowledgements

Department of Neurology, Friedman Brain Institute and Child
Health and Development Institute at the Mount Sinai School of
Medicine support this work (C.P.-R).

The authors wish to thank Valeria G. Antico Arciuch, Ph, Depart-
ment of Developmental and Molecular Biology Albert Einstein
College of Medicine, NY for her review of the manuscript.

The authors wish to thank patients and their families for partic-
ipating in this study.

References

[1] R.N. Alcalay, H. Mejia-Santana, M.X. Tang, L. Rosado, M. Verbitsky, S. Kisselev, B.
Ross, E.D. Louis, C. Comella, A. Colcher, D. Jennings, M. Nance, S. Bressman, W.K.
Scott, C. Tanner, S. Mickel, H. Andrews, C. Waters, S. Fahn, D. Cote, S. Frucht,
B.  Ford, M.  Rezak, K. Novak, J.H. Friedman, R. Pfeiffer, L. Marsh, B. Hiner, A.
Siderowf, E. Caccappolo, R. Ottman, L.N. Clark, K. Marder, Motor phenotype of
LRRK2 G2019S carriers in Early Onset Parkinson Disease, Archives of Neurology
66 (2009) 1517–1522.

[2] S.A. Avena, A.S. Goicochea, J. Rey, Mezcla génica en una muestra poblacional de
la  ciudad de Buenos Aires, Medicina 66 (2006) 113–118.

[3] C. Begué, A.G. Beratarrechea, E. Varela, H.L. Piccioni, L. Rodota, M.E. Castro, M.F.
Koll, D. Bustos, A. Dawidowski, E. Langlois, M.  Marchetti, J.A. De Paula, Celiac dis-
ease: diagnosis prevalence in a community hospital, Acta Gastroenterologica
Latinoamericana 40 (2010) 317–322.

[4] H.T. Benamer, R. de Silva, LRRK2 G2019S in the North African population: a
Review, European Neurology 63 (2010) 321–325.

[5] U. Bonuccelli, C. D‘Avino, N. Caraccio, P. Del Guerra, A. Casolaro, N. Pavese, P. Del
Dotto, F. Monzani, Thyroid function and autoimmunity in Parkinson’s disease:
a  study of 101 patients, Parkinsonism & Related Disorder 5 (1999) 49–53.

[6] C. Criscuolo, A. De Rosa, A. Guacci, E.J. Simons, G.J. Breedveld, S. Peluso, G. Volpe,
A.  Filla, B.A. Oostra, V. Bonifati, G. De Michele, The LRRK2 R1441 C mutation is
more frequent than G2019S in Parkinson’s disease patients from southern Italy,
Movement Disorders 26 (2011) 1733–1736.

[7] D. Corach, O. Lao, C. Bobillo, K. Van Der Gaag, S. Zuniga, M.  Vermeulen, K. Van
Duijn, M.  Goedbloed, P.M. Vallone, W.  Parson, P. De Knijff, M.  Kayser, Infer-
ring continental ancestry of argentineans from autosomal, Y-Chromosomal and
mitochondrial DNA, Annals of Human Genetics 74 (2010) 65–76.

[8] H.J. Freeman, A. Chopra, M.T. Clandinin, A.B.R. Thomson, Recent advances in
celiac disease, World Journal of Gastroenterology 17 (2011) 2259–2272.

[9] S. Goldwurm, S. Tunesi, S. Tesei, M.  Zini, F. Sironi, P. Primignani, C. Magnani,
G.  Pezzoli, Kin-cohort analysis of LRRK2-G2019S penetrance in Parkinson’s

disease, Movement Disorders 26 (2011) 2144–2145.

10] M.  Hakimi, T. Selvanantham, E. Swinton, Parkinson’s disease-linked LRRK2 is
expressed in circulating and tissue immune cells and up regulated following
recognition of microbial structures, Journal of Neural Transmission 118 (2011)
795–808.



cience

[

[

[

[

[

[

[

[

[

[

[

[

[

E.M. Gatto et al. / Neuros

11]  T.H. Hamza, C.P. Zabetian, A. Tenesa, Common genetic variation in the HLA
region is associated with late-onset sporadic Parkinson’s disease, Nature Genet-
ics  42 (2010) 781–785.

12] D.G. Healy, M.  Falchi, S.S. O‘Sullivan, V. Bonifati, A. Durr, S. Bressman, A. Brice, J.
Aasly, C.P. Zabetian, S. Goldwurm, J.J. Ferreira, E. Tolosa, D.M. Kay, C. Klein, D.R.
Williams, C. Marras, A.E. Lang, Z.K. Wszolek, J. Berciano, A.H. Schapira, T. Lynch,
K.P. Bhatia, T. Gasser, A.J. Lees, N.W. Wood, International LRRK2 Consortium.
Phenotype, genotype, and worldwide genetic penetrance of LRRK2-associated
Parkinson’s disease: a case-control study, Lancet Neurology 7 (2008) 583–590.

13] International Parkinson Disease Genomics Consortium M.A. Nalls, V. Plagnol,
D.G. Hernandez, M.  Sharma, U.M. Sheerin, M.  Saad, J. Simón-Sánchez, C. Schulte,
S. Lesage, S. Sveinbjörnsdóttir, K. Stefánsson, M.  Martinez, J. Hardy, P. Heutink,
A.  Brice, T. Gasser, A.B. Singleton, N.W. Wood, Imputation of sequence variants
for  identification of genetic risks for Parkinson’s disease: a meta-analysis of
genome-wide association studies, The Lancet 377 (2011) 641–649.

14] C. Marras, B. Schuele, R.P. Munhoz, E. Rogaeva, J.W. Langston, M.  Kasten, C.
Meaney, C. Klein, P.M. Wadia, S.Y. Lim, R.S. Chuang, C. Zadikof, T. Steeves, K.M.
Prakash, R.M. de Bie, G. Adeli, T. Thomsen, K.K. Johansen, H.A. Teive, A. Asante,
W.  Reginold, A.E. Lang, Phenotype in parkinsonian and nonparkinsonian LRRK2
G2019S mutation carriers, Neurology 77 (2011) 325–333.

15] I.F. Mata, C. Cosentino, V. Marca, L. Torres, P. Mazzetti, O. Ortega, V. Raggio,
R.  Aljanati, R. Buzo, D. Yearout, E. Dieguez, C.P. Zabetian, LRRK2 mutations in
patients with Parkinson’s disease from Peru and Uruguay, Parkinsonism and
Related Disorders 15 (2009) 370–373.

16] I.F. Mata, G.J. Wilhoite, D. Yearout, J.A. Bacon, M.  Cornejo-Olivas, P. Mazzetti,
V.  Marca, O. Ortega, O. Acosta, C. Cosentino, L. Torres, A.C. Medina, C.

Perez-Pastene, F. Díaz-Grez, C. Vilariño-Güell, P. Venegas, M.  Miranda, O.
Trujillo-Godoy, L. Layson, R. Avellom, E. Dieguez, V. Raggio, F. Micheli, C. Peran-
dones, V. Alvarez, J. Segura-Aguilar, M.J. Farrer, C.P. Zabetian, O.A. Rossc, Lrrk2
p.Q1111H substitution and Parkinson’s disease in Latin America, Parkinsonism
and Related Disorders 17 (2011) 629e–631e.

[

 Letters 537 (2013) 1– 5 5

17] M.  Mattos Gonc, A. Pimentel, K.C. Vasconcelos Mouraa, C. Bueno Abdalla, J.
Santos Pereira, A.L. Zuma de Rosso, D. Hack Nicaretta, M.  Campos Junior, R.
Morais de Almeida, J. Mendonc, A. dos Santos, I.C. Constantino Bastos, M.F.
Xavier Mendese, H. Maultasch, F.H. de Rezende Costa, A.L. dos Santos Werneck,
C.  Barros Santos-Rebouc, A study of LRRK2 mutations and Parkinson’s disease
in  Brazil, Neuroscience Letters 433 (2008) 17–21.

18] C. Paisan-Ruiz, LRRK2 gene variation and its contribution to Parkinson’s disease,
Human Mutation 30 (2009) 1153–1160.

19] C. Paisán-Ruiz, P. Nath, N. Washecka, J.R. Gibbs, A.B. Singleton, Comprehensive
analysis of LRRK2 in publicly available Parkinson’s disease cases and neurolog-
ically normal controls, Human Mutation 29 (2008) 485–490.

20] C. Perez-Pastene, S.A. Cobb, F. Dıaz-Grez, M.M. Hulihan, M.  Miranda, P. Venegas,
O.  Trujillo Godoy, J.M. Kachergus, O.A. Ross, L. Layson, M.J. Farrer, J. Segura-
Aguilar, Lrrk2 mutations in South America: a study of Chilean Parkinson’s
disease, Neuroscience Letters 42 (2007) 193–197.

21] J. Ruiz-Martínez, A. Gorostidi, B. Ibañez, A. Alzualde, D. Otaegui, F. Moreno, A.
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