
SHORT COMMUNICATION

LRRK2 P755L variant in sporadic Parkinson’s disease

Hiroyuki Tomiyama Æ Ikuko Mizuta Æ Yuanzhe Li Æ Manabu Funayama Æ
Hiroyo Yoshino Æ Lin Li Æ Miho Murata Æ Mitsutoshi Yamamoto Æ
Shin-ichiro Kubo Æ Yoshikuni Mizuno Æ Tatsushi Toda Æ Nobutaka Hattori

Received: 20 June 2008 / Accepted: 31 August 2008 / Published online: 16 October 2008

� The Japan Society of Human Genetics and Springer 2008

Abstract Parkinson’s disease (PD) is a neurodegenerative

disorder of unknown etiology with probable involvement of

genetic-environmental factors. The majority of PD cases

(approximately 90–95%) are sporadic, while familial cases

account for approximately 5–10% of PD. In a recent report, a

heterozygous LRRK2 P755L mutation within LRRK2 exon

19 was found in 2% of Chinese sporadic PD patients and in

0% of normal controls or Caucasians, suggesting that the

mutation is disease-associated with ethnic specificity. To

further evaluate the role of LRRK2 P755L variant in sporadic

PD, we performed direct sequencing of LRRK2 exon 19 in

501 Japanese sporadic PD patients (male 249, female 252,

aged 28–92 years, mean 65.0 years) and 583 controls of the

Japanese general population as an extended association

study. In this group, we found six patients (6/501 = 1.2%)

and eight controls of the general population (8/583 = 1.6%)

with a heterozygous P755L variant (P = 0.80, v2 = 0.064).

No other variants were found in exon 19. Together with

previous reports, our extended case-controlled study of large

sample size suggests that LRRK2 P755L is a non-disease-

associated polymorphism in PD patients.
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Introduction

Parkinson’s disease (PD, OMIM #168600) is the second

most common neurodegenerative disorder next to Alzhei-

mer’s disease. The clinical features are characterized by

levodopa-responsive parkinsonism, such as rigidity, resting

tremor, bradykinesia, and postural instability. Although the

cause of PD remains unclear, genetic-environmental

interaction is suggested for the development of the disease.

One of the autosomal-dominant forms of PD, PARK8, was

originally mapped from a Japanese Sagamihara family

(Funayama et al. 2002) and LRRK2 (PARK8; leucine-rich

repeat kinase 2, OMIM *609007) was identified as the

causative gene for PARK8-linked PD (Paisán-Ruı́z et al.

2004; Zimprich et al. 2004). Among LRRK2 mutations, the

most common LRRK2 G2019S mutation in North Africans

and Ashkenazi Jews has shown ethnic differences among

Caucasian, Japanese, and Chinese (Nichols et al. 2005;

Gilks et al. 2005; Lesage et al. 2006; Tomiyama et al.
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2006; Tan et al. 2005). On the other hand, LRRK2 G2385R

variant has recently been found the most common genetic

risk factor among Chinese and Japanese, but not Cauca-

sians (Di Fonzo et al. 2006; Funayama et al. 2007; Tan

et al. 2007; Farrer et al. 2007). Moreover, in a recent report

(Wu et al. 2006), a heterozygous LRRK2 p.P755L

(c.2264c [ t, rs34410987) mutation within LRRK2 exon

19, corresponding to a predicted ankyrin-repeat-like

domain of LRRK2, was found in 2% (12/598) of Chinese

sporadic PD and 0% (0/765) of Chinese normal controls,

suggesting its association with the disease. However,

LRRK2 P755L was reported as a polymorphism (3% of 92

normal controls) in the dbSNP database of Taiwanese.

Thus, to determine the frequency and the role of LRRK2

P755L in Asian PD, we screened for LRRK2 exon 19 in

Japanese sporadic PD patients.

Subjects and methods

The nucleotide sequences of LRRK2 exon 19 were

determined by direct sequencing in 501 sporadic Japa-

nese PD patients and 583 controls of the Japanese

general population (Table 1). All blood samples and

clinical information were obtained by the attending

neurologists after obtaining informed consent from their

patients. The study was approved by the ethics review

committees of Juntendo and Osaka Universities. Diag-

nosis of PD was made by the attending neurologists

based on the presence of parkinsonism and good

response to anti-PD treatment. Controls of the Japanese

general population were evaluated by neurologists to

ensure none of them had PD. DNA was prepared using

standard methods. They were amplified by polymerase

chain reaction (PCR) of exon 19 and sequenced using

BigDye Terminator Chemistry and ABI310 and 3130

Genetic Analyzer (Applied Biosystems, Foster City, CA).

Sequences of the primers, conditions of PCR, and con-

ditions of sequencing were based on a previous report

(Zimprich et al. 2004).

Results

We found 6 patients (6/501 = 1.2%) and 8 controls of the

Japanese general population (8/583 = 1.6%) with a het-

erozygous P755L variant (P = 0.80, odds ratio = 1.15,

95% CI: 0.40–3.32, v2 = 0.064) in LRRK2 exon 19

(Table 2). No other variants were found in exon 19.

Discussion

The purpose of the present study was to clarify the role of

an ethnic-specific variant in the causative gene for PD.

Although PD is considered a heterogeneous disease with

genetic-environmental interaction, some cases certainly

exhibit a Mendelian-inherited disease or are associated

with strong genetic and ethnic background. Indeed, the

reported frequency of LRRK2 G2385R was higher in Asian

sporadic PD patients than in controls (Di Fonzo et al. 2006;

Funayama et al. 2007; Tan et al. 2007), although this is not

the case in Caucasians. Moreover, Wu et al. (2006) in

Nanjing, China, recently reported that a heterozygous

LRRK2 P755L mutation was found in 2% (12/598) of

Chinese sporadic PD and 0% (0/765) of normal controls,

whereas none (0/463) of the Caucasian PD patients had this

mutation (Deng et al. 2007), suggesting ethnic differences,

like LRRK2 G2385R. However, our results of large case-

controlled study in Japanese revealed that LRRK2 P755L is

a non-disease associated polymorphism. Consistent with

our data, this variant was present at similar frequency in

Taiwanese PD patients (7/578 = 0.99%) and Taiwanese

normal controls (10/339 = 0.97%) (Di Fonzo et al. 2006).

Furthermore, the latest report in the Chinese population in

Singapore showed the absence of segregation and associ-

ation of P755L with PD (case 4/204 = 2.0%, control 6/

235 = 2.6%, P = 0.76) (Tan et al. 2008). These findings

might be based on ethnic or native differences in human

migration history or human genetics.

We reported previously that the most common LRRK2

G2019S mutation in Mendelian-inherited and sporadic PD

Table 1 Profile of analyzed

samples in this study

a Data are mean ± SD (range)

Parameter Patients Controls of general population

Total sample, n (%) 501 (100) 583 (100)

Male, n (%) 249 (49.7) 312 (53.5)

Female, n (%) 252 (50.3) 271 (46.5)

Age at sampling (years)a 65.0 ± 9.6 (28–92) 45.0 ± 17.0 (21–98)

Malea 64.3 ± 10.2 (28–92) 43.6 ± 15.0 (22–92)

Femalea 65.4 ± 9.9 (28–92) 46.8 ± 19.0 (21–98)

Age at onset (years)a 58.0 ± 10.5 (20–88)

Malea 57.7 ± 10.9 (20–88)

Femalea 58.3 ± 10.1 (25–82)
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was rare in Asians compared to North Africans or Cauca-

sians (Tomiyama et al. 2006). LRRK2 variants are reported

to spread worldwide with some ethnic differences among

each variant, such as R1441G, R1441C, R1441H (exon 31,

ROC domain), G2019S, I2020T (exon 41, MAPKKK

domain), and G2385R (exon 48, WD40 domain) (Mata

et al. 2005). Since LRRK2 consists of as many as 51 exons,

it is important to decide which exon(s) of this gene should

be screened first for efficient analysis of mutation in

patients with various ethnic backgrounds. In this regard,

LRRK2 exon 41 and 31 are reasonable to be screened first;

however, exon 19 is not likely a candidate exon for caus-

ative mutation screening in PD. In addition, although

MAPKKK and ROC domain are reported to be associated

with kinase activity of LRRK2 (Paisán-Ruı́z et al. 2004;

Zimprich et al. 2004; Smith et al. 2006), the existence and

the role of the predicted ankyrin repeat-like domain in

LRRK2 have not been established yet.

So far, LRRK2 P755L as well as G2385R variants have

been found in only Chinese, Taiwanese, and Japanese

(Asians) with similar frequencies in some Asians, but have

not been found in Caucasians. Thus, these variants could

occur independently in very ancient Asians with a single

founder effect (Farrer et al. 2007). Although the HapMap

project has been very successful, the presence of ethnic

differences among LRRK2 variants such as G2019S,

R1441G, G2385R, and P755L suggest that further estab-

lishment of ethnic-specific or native-specific data is essential

for more accurate SNP analyses and genome-wide associa-

tion studies.

Conclusion

Our extended association study in Japanese with large

sample size suggests that LRRK2 P755L is a non-disease-

associated polymorphism in PD patients.
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A, Martı́-Massó JF, Pérez-Tur J, Wood NW, Singleton AB

(2004) Cloning of the gene containing mutations that cause

PARK8-linked Parkinson’s disease. Neuron 44:595–600

Smith WW, Pei Z, Jiang H, Dawson VL, Dawson TM, Ross CA

(2006) Kinase activity of mutant LRRK2 mediates neuronal

toxicity. Nat Neurosci 9(10):1231–1233

Tan EK, Shen H, Tan LC, Farrer M, Yew K, Chua E, Jamora RD,

Puvan K, Puong KY, Zhao Y, Pavanni R, Wong MC, Yih Y,

Skipper L, Liu JJ (2005) The G2019S LRRK2 mutation is

uncommon in an Asian cohort of Parkinson’s disease patients.

Neurosci Lett 384:327–329

Table 2 Allele frequency of LRRK2 c. 2264C [ T (p. P755L) in Japanese patients with Parkinson’s disease and controls of general population

Genotype, n (%) Allele, n (%)

C/C C/T T/T C T v2a OR (95% CI)

Patients (n = 501) 495 (98.8) 6 (1.2) 0 (0) 996 (99.4) 6 (0.6) 0.06 1.15 (0.40–3.32)

Controls of general population (n = 583) 575 (98.6) 8 (1.4) 0 (0) 1,158 (99.3) 8 (0.7)

a Compared with the control

OR odds ratio, CI confidence interval

1014 J Hum Genet (2008) 53:1012–1015

123



Tan EK, Zhao Y, Skipper L, Tan MG, Di Fonzo A, Sun L, Fook-

Chong S, Tang S, Chua E, Yuen Y, Tan L, Pavanni R, Wong

MC, Kolatkar P, Lu CS, Bonifati V, Liu JJ (2007) The LRRK2

Gly2385Arg variant is associated with Parkinson’s disease:

genetic and functional evidence. Hum Genet 120:857–863

Tan EK, Lim HQ, Yuen Y, Zhao Y (2008) Pathogenicity of LRRK2

P755L variant in Parkinson’s disease. Mov Disord (online 8 Feb

2008)

Tomiyama H, Li Y, Funayama M, Hasegawa K, Yoshino H, Kubo S,

Sato K, Hattori T, Lu CS, Inzelberg R, Djaldetti R, Melamed E,

Amouri R, Gouider-Khouja N, Hentati F, Hatano Y, Wang M,

Imamichi Y, Mizoguchi K, Miyajima H, Obata F, Toda T, Farrer

MJ, Mizuno Y, Hattori N (2006) Clinicogenetic study of

mutations in LRRK2 exon 41 in Parkinson’s disease patients

from 18 countries. Mov Disord 21:1102–1108

Wu T, Zeng Y, Ding X, Li X, Li W, Dong H, Chen S, Zhang X, Ma

G, Yao J, Deng X (2006) A novel P755L mutation in LRRK2

gene associated with Parkinson’s disease. NeuroReport 17:1859–

1862

Zimprich A, Biskup S, Leitner P, Lichtner P, Farrer M, Lincoln S,

Kachergus J, Hulihan M, Uitti RJ, Calne DB, Stoessl AJ, Pfeiffer

RF, Patenge N, Carbajal IC, Vieregge P, Asmus F, Müller-

Myhsok B, Dickson DW, Meitinger T, Strom TM, Wszolek ZK,

Gasser T (2004) Mutations in LRRK2 cause autosomal-domi-

nant parkinsonism with pleomorphic pathology. Neuron 44:601–

607

J Hum Genet (2008) 53:1012–1015 1015

123


	LRRK2 P755L variant in sporadic Parkinson&rsquo;s disease
	Abstract
	Introduction
	Subjects and methods
	Results
	Discussion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


