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Abstract
Mutations in the LRRK2 gene are the most common genetic cause of Parkinson’s disease, with
frequencies displaying a high degree of population-specificity. Although more than 100 coding
substitutions have been identified, only seven have been proven to be highly penetrant pathogenic
mutations. Studies however are lacking in non-white populations. Recently, Lrrk2 p.Q1111H
(rs78365431) was identified in two affected Hispanic brothers and absent in 386 non-Hispanic
white healthy controls. We therefore screened this variant in 1460 individuals (1150 PD patients
and 310 healthy controls) from 4 Latin American countries (Peru, Chile, Uruguay and Argentina).

In our case-control series from Peru and Chile we observed an increased frequency of Lrrk2
p.Q1111H in patients (7.9%) compared to controls (5.4%) although the difference did not reach
significance (OR 1.38; p=0.10).

In addition, the frequency of Lrrk2 p.Q1111H varied greatly between populations and further
screening in a set of pure Amerindian and pure Spanish controls suggested that this variant likely
originated in an Amerindian population. Further studies in other Latin American populations are
warranted to assess its role as a risk factor for Parkinson’s disease. Screening in Parkinson’s
disease patients from under-represented populations will increase our understanding of the role of
LRRK2 variants in disease risk worldwide.
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Introduction
Genetic forms of Parkinson’s disease (PD) have revolutionized the way we view this late-
onset sporadic disorder. Mutations in five genes (Parkin, Pink1, DJ-1, SNCA and LRRK2)
are sufficient to cause parkinsonism, however most are rare and found in patients with a
family history or early-onset symptomatic presentation. The complexity of the more
frequent sporadic late-onset PD suggests the combined effect of a number of common low
penetrant genetic variations which increase the risk of developing the disease. To date, most
LRRK2 studies have examined populations of European or Asian origin, and have helped to
determine the role of variants in PD susceptibility in these populations. Through these
studies, it has become clear that the frequency of LRRK2 variants may be population
specific. For example, the prevalence of Lrrk2 p.G2019S varies greatly, accounting for
approximately 1% of PD cases in populations of European origin and less than 1% in Asian
populations, but increasing up to 41% in North Africans [1-2]. Also, the identification of PD
risk factors Lrrk2 p.R1628P and p.G2385R in Asia shows the power of good ethnically-
matched case-control studies [3-4].

In a comprehensive LRRK2 sequencing study of all 51 exons, Nichols and colleagues found
several putative pathogenic variants in patients from 88 multiplex families, mostly of
European-origin [5]. A Glutamine to Histidine substitution (p.Q1111H; rs78365431), was
identified in 2 Hispanic siblings; DNA was not available for any other family members and
thus segregation analysis could not be performed. This Glutamine in position 1111 is highly
conserved in most species, thus a change from this uncharged amino acid, to a positively
charged Histidine could modify the leucine-rich repeat domain and have an impact in Lrrk2
activity. Since this variant was absent in 368 white healthy controls, the authors nominated
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Lrrk2 p.Q1111H as potentially pathogenic. However, this finding has not been confirmed as
several subsequent studies that screened the entire LRRK2 coding region in PD case-control
samples of European and Asian origin failed to detect this variant [2, 6-8].

Given that Lrrk2 p.Q1111H was identified in Hispanics siblings, and that this amino acid is
highly conserved across most species, we sought to determine the frequency and
pathogeneicity of this variant by screening samples from four countries in Latin America.

Samples and Methods
For this study, we screened a total of 1150 patients with PD from four different countries in
Latin America (Table 1). The samples from Peru, Uruguay and Argentina were collected
through the Latin American Research Consortium on the Genetics of PD (LARGE-PD). The
Chilean sample originated from the capital, Santiago and was recruited independently. All
patients met UK PD Society Brain Bank clinical diagnostic criteria. Healthy controls came
from Peru (n=197) and Chile (N=162). Since admixture is very different in these
populations, both patients and controls were asked about maternal and paternal ancestry. All
subjects from Chile and almost all from Peru defined themselves as “mestizo”, a term that
indicates a mixture of European (mostly Spanish) and Amerindian ancestry. On the other
hand, the vast majority of subjects from Argentina and Uruguay reported exclusively
European ancestry.

We also screened 49 controls of pure Amerindian ancestry, based on origin of both parents
and all 4 grandparents, from Peru (Aymara, n=16; Quechua, n=25; Aymara and Quechua,
n=8), and 250 controls from Spain to estimate the frequency of p.Q1111H in the parental
populations.

Seventeen patients carrying known pathogenic genetic PD-variants in the LRRK2 gene were
excluded in this study (15 with p.G2019S and 2 with p.R1441G).

Ethical approval for the research was obtained from the Ethical Committee of each
institution and all study subjects gave informed consent. All experiments on human subjects
were conducted in accordance with the Declaration of Helsinki (http://www.wma.net).

DNA was isolated from peripheral blood lymphocytes for all subjects. DNA was genotyped
for LRRK2 c.3333G>T (p.Q1111H; rs78365431) by direct sequencing of exon 24 using the
Applied Biosystems Big-Dye terminator v3.1 Cycle Sequencing Kit as previously reported
or ABI TaqMan probes “by-design” (Applied Biosystems, Foster City, CA) [7]. Analysis
was performed using Phred/Phrap (University of Washington Genome Sciences) or
SeqScape (Applied Biosystems) for sequencing and SDS 2.2.2 software on an ABI 7900 for
TaqMan. Positive and negative controls where included on all TaqMan assay plates. Positive
and ambiguous results in the TaqMan assay were also confirmed with direct sequencing.
Association of PD with p.Q1111H alleles was assessed by logistic regression analysis under
an additive model, adjusting for gender, age and site.

Results
We screened a total of 1150 patients and identified 130 carriers, including 10 homozygotes,
for the p.Q1111H variant. However the allele frequency distribution varied greatly across
sites, from more than 10% in Peru to approximately 1% in Uruguay and Argentina (Table
2). The frequency in controls from Peru (7.4%) and Chile (3.4%) was slightly lower than
that observed in patients from the same sites (10.3% and 4.6%); however this difference did
not reach significance in either the Peruvian or Chilean series alone, or in the combined
dataset (Table 2). In the combined Chilean and Peruvian sample, the odds ratio (OR) in
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favor of PD under an additive model adjusted by age, sex and site was 1.38 (95% confidence
interval [CI], 0.94-2.03; p =0.10).

Screening of controls from the parental populations showed that the allele frequency of
p.Q1111H in pure Amerindians (18.4%) was nearly double that seen in the Peruvian case-
control sample, while the variant was absent in controls from Spain (Table 2). The latter
observation is consistent with our on-going studies of coding LRRK2 variants in over 14,000
subjects from Caucasian and Asian populations that did not identify any carriers of
p.Q1111H in these populations (data not shown).

Discussion
In the present study we have screened for the Lrrk2 p.Q1111H substitution in PD cohorts
from four Latin American countries: Peru, Chile, Uruguay and Argentina. In contrast to the
findings of Nichols and colleagues [9], our results suggest that p.Q1111H is not a
pathogenic mutation, but rather a polymorphism that occurs primarily in populations with
Amerindian admixture. Whether p.Q1111H is a risk variant for PD is not entirely clear.
Though we did observe a higher frequency of the “H” allele in PD patients in both the
Peruvian and Chilean samples, the difference did not reach significance. These findings
highlight the need for ethnically-matched control subjects when nominating a variant
identified through sequencing as putatively pathogenic.

We found that the frequency of p.Q1111H in controls was highest in “pure” Amerindians
(18%), intermediate in “mestizos” from Peru and Chile (3-7%), and absent in controls from
Spain. These data, combined with our unpublished results in which we failed to detect the
variant in thousands of subjects of European origin strongly suggest that p.Q1111H
originated in an Amerindian population. This is consistent with the low frequencies seen in
the case series from Uruguay and Argentina where historically much less Amerindian
admixture has occurred.

Differences in admixture proportion are also likely the source of variation reported in the
frequency of another Lrrk2 variant (p.G2019S) across South America. Haplotype analyses
indicate that G2019S was introduced into South American populations via European settlers
[10-11]. Accordingly, G2019S mutation frequency and European admixture proportion
parallel one another: both are higher in Uruguay and Argentina and lower in Peru and Chile
[12].

We observed a trend toward a higher frequency of p.Q1111H in PD patients in our Peruvian
and Chilean samples. This, together with the fact that this variant results in substitution of an
uncharged for a charged amino acid in a highly conserved position within Lrrk2 suggests
that the role of p.Q1111H as a PD risk factor merits further study in Latin America. Given
the findings of the present study, future analyses will require larger case-control samples and
careful matching for ancestry. Use of ancestry informative markers to test and account for
population structure would also be useful.

To date, studies on the genetics of PD have largely focused on individuals of European
origin. However, as demonstrated by the work presented here, a great deal of knowledge
stands to be gained from analyses of non-European populations.

Establishing consortiums like LARGE-PD will help getting access to those understudied
populations in Latin America.
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Table 1

Patient characteristics for each series

Series PD cases Healthy controls

Peru n=492 n=148

    Age 62.4 ±11.6 (27-89) 53.5 ±12.4 (24-85)

    Age at onset 62.0 ±12 (18-77) ---

    Early-Onset (≤50 years old) 124 (25.2%) ---

    Family History of PD 103 (20.9%) ---

    Gender

        Male 270 (54.9%) 47 (31.8%)

    Mestizo 486 (98.8%) 147 (99.3%)

    Caucasian 2 (0.4%) 0

    Other 4 (0.8%) 1 (0.7%)

Chilean n=358 n=162

    Age 71.8 ±8.8 (50-94) 67.6 ±8.8 (48-91)

    Age at onset * 63.0 ±8.9 (46-86) ---

    Early-Onset (≤50 years old) 32 (17.0%) ---

    Family History of PD 82 (22.9%) ---

    Gender

        Male 211 (58.9%) 84 (51.8%)

    Mestizo 358 (100%) 162 (100%)

    Caucasian 0 0

    Other 0 0

Uruguay n=205 ---

    Age 63.1 ±12.8 (18-85)

    Age at onset 56.0 ±13.4 (18-83)

    Early-Onset (≤50 years old) 63 (30.7%)

    Family History of PD 50 (24.4%)

    Gender

        Male 97 (47.3%)

    Mestizo 2 (1.0%)

    Caucasian 197 (96.1%)

    Other 6 (2.9%)

Argentina n=95 ---

    Age 62.2 ±11.2 (32-85)

    Age at onset 55.8 ±10.9 (29-83)

    Early-Onset (≤50 years old) 33 (34.7%)

    Family History of PD 25 (26.3%)

    Gender

        Male 56 (58.9%)

    Mestizo 0

    Caucasian 94 (98.9%)
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Series PD cases Healthy controls

    Other 1 (1.1%)

- The sample mean ± SD (minimum – maximum) is given for age and age at onset.

*
Data missing for 170 individuals
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