
Parkinson’s disease (PD) is the second most common neurodegenerative

disorder, affecting up to 1.5% of the American population.1 It has been

estimated that up to 10% of the affected population develops the disease

by 40 years of age.2 The definition of early-onset PD (EOPD) varies among

studies, and usually ranges between 40 and 50 years of age.2–4 While

familial clustering of PD has been well described,5,6 it is only as recently

as 19977 that the first gene associated with PD was identified. To date, all

of the genes associated with PD have also been identified in people who

developed PD before 50 years of age (i.e. EOPD) and, with the exception

of the leucine-rich repeat kinase 2 (LRRK2), mutations are more often

identified in people who develop EOPD rather than late-onset PD. 

EOPD is considered to be a complex disorder, which means that it is

associated with the effects of multiple genes in combination with

lifestyle and environmental factors. In EOPD, traditional genetic

definitions of autosomal dominant and autosomal recessive may not

fully apply. Most of the carriers of autosomal dominant mutations do 

not develop the disease, i.e. incomplete penetrance (e.g. LRRK2 and

possibly synuclein), and some of the autosomal recessive genes 

may actually increase the risk for EOPD even when only a single 

copy of the mutated gene is inherited (e.g. Parkin [PRKN], PTEN-induced

kinase 1 [PINK-1]).8 Several genes and chromosomal loci have been

associated with EOPD and were designated PARK1 to PARK14 

(see Table 1). In this article we will summarize the available data on each

separate gene. 

PARK1, PARK4—α-synuclein
α-synuclein (SNCA) was the first gene identified as a cause of EOPD in

1997.7 The gene encodes for synuclein, which has since been found to

comprise a major component of Lewy bodies,9 which are the

pathologic hallmark of PD and EOPD. Gain-of-function mutations,

duplications, and triplications have all been found in EOPD patients,

most often in those with a strong family history.10 However, very few

cases have been described in the literature and penetrance

estimations vary. Only 33% of duplication carriers in a single family

developed PD in one report.10 Unfortunately, carriers of gain-of-

function mutations and copy number variation (CNV) in the gene may

also develop dementia.10

Gene dosage may dictate the severity of the EOPD phenotype

according to one report. Carriers of triplications were more likely 

to develop EOPD and dementia, while carriers of duplications were

more likely to develop late-onset PD.11 Interestingly, single-nucleotide

polymorphisms (SNPs) in the promoter region of SNCA were

implicated by genome-wide association studies (GWAS) in the

pathogenesis of PD.12–14 Whether these SNPs are also associated with

EOPD is unknown.

PARK2—Parkin
Mutations in the PRKN gene15,16 are the most common genetic risk

factors for EOPD. The relationship between PRKN mutations and EOPD
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was discovered in 1998.15 PRKN mutations were initially identified in

familial cases of EOPD,17 which were usually indistinguishable from

idiopathic PD. 

PRKN-associated EOPD was initially thought to present with dystonia

and brisk reflexes. Subsequent studies comparing PRKN carriers with

other patients with EOPD demonstrated that carriers develop the

disease at a younger age compared with non-carriers,18 require less

levodopa treatment, and present with a similar frequency of brisk

reflexes or dystonia to non-carriers after adjustment for age at onset.19

Therefore, presentation with dystonia was associated with younger age

at onset rather than with PRKN mutation status.19

Many of the phenotypic features of PRKN carriers may be explained by

the early age at onset rather than by the genetic mutation status.19

Given the early age at onset of PRKN carriers, many ultimately require

surgical intervention in the form of deep brain stimulation (DBS). Data

suggest that mutation carriers benefit from DBS, but the clinical

response is not superior to that of non-carriers.20

The likelihood that EOPD patients will carry a PRKN mutation is higher

in Hispanic people,18 but mutations have been described in multiple

ethnicities.16 Many mutations have been identified in the PRKN gene,

and include point mutation and CNV.18 There is an ongoing academic

controversy as to whether PRKN mutations are a risk factor for

‘Parkinson’s disease’ or whether they are the cause of a similar

disease that can be named ‘Parkin disease.’21 Autopsies provide

conflicting data. Only six carriers of two PRKN mutations—

homozygotes or compound heterozygotes—have been described.

Two had Lewy bodies and four did not.22 Furthermore, impaired

olfaction, which is frequently seen in EOPD and idiopathic PD, is not

present in most PRKN patients.23

Another uncertainty with regard to PRKN mutations is the role of

heterozygote mutations.8,19,24–36 While traditionally considered an

autosomal recessive disease, even the earliest reports of PRKN mutations

reported carriers of a single mutation.17 While a comprehensive study

showed a similar frequency of heterozygous point mutations in PD cases

and controls,35 positron-emission tomography (PET) studies show reduced

fluorodopa uptake in nigrostriatal terminals in the caudate and posterior

putamen of both symptomatic and asymptomatic PRKN heterozygotes

compared with controls. This was similar to the reduction found in

sporadic PD.37–39 Regardless of the risk conveyed by a single PRKN

mutation, carriers of a single PRKN mutation often develop EOPD with a

later age at onset than carriers of two mutations.18

PARK3
The PARK3 locus was mapped to chromosome 2p13; however, the

associated gene has not yet been identified and disease onset is

described as late-onset PD.40

PARK4—see PARK1

PARK5—Ubiquitin C-terminal Hydrolase L1 
Mutations in ubiquitin C-terminal hydrolase L1 (UCHL1) were described

in a German family.41 Of the two siblings described, one was 49 years of

age and the other 51 years of age at disease onset. The disease course

of both was indistinguishable from idiopathic PD.41

Table 1: Genes and Chromosomal Loci Associated with Early-onset Parkinson’s Disease

Name Locus Gene Where Found Pathogenic Mutations
PARK1 4q21.3 α-synuclein Families in Germany, Italy, US, A53T, A30P

Greece, Spain, Korea 

PARK2 6q25.2–q27 Parkin Ubiquitous; more common in Over 70 mutations found; 

juvenile onset deletions are common

PARK3 2p13 Four families from southern Unknown

Denmark and Germany

PARK4 4q α-synuclein American and European families Duplications and triplications 

of α-synuclein

PARK5 4p14 Ubiquitin C-terminal hydrolase L1 Germany 

PARK6 1p35–p36 PTEN-induced kinase-1 (PINK-1) Ubiquitous; however, very rare

PARK7 1P36 DJ-1 Families in The Netherlands,  L166P, M26I, A104T

Italy, Uruguay

PARK8 12p11.2–q13.1 Leucine-rich repeat kinase 2 Ubiquitous; most common in North G2019S, R1441C, I2020T,

(LRRK2) African Arab and Ashkenazi Jews and Y1699C

PARK9 1p36 ATP13A2 Jordan

PARK10 Unknown

PARK11 2q36–q37 GIGYF2? (controversial) Families in the US

PARK12 Xq21–q25 Unknown X-linked

PARK13 2p12 HtrA serine peptidase 2 (HRTA2)?

PARK14 22q.13.1 Phospholipase A2, 

group VI (PLA2G5)

Glucocerebrosidase 1q21 Glucocerebrosidase (GBA) Ubiquitous; common in N370S, L444P, 84gg, and others

Ashkenazi Jews

POLG1 15q25 DNA polymerase gamma 1
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PARK6—PTEN-induced Kinase-1 
PINK-1 was initially described in three consanguineous families from

Italy in 2001.42,43 Like PRKN, carriers of two mutations, either

homozygotes or compound heterozygotes, develop EOPD. PINK-1-

related EOPD is very similar to PRKN-related EOPD: carriers often report

positive family history and the disease course has been described as

slowly progressive, with early onset of drug-induced dyskinesias.43,44 Like

PRKN carriers, PINK-1 carriers may benefit from DBS;20 however, in

contrast to PRKN, PINK-1-related EOPD may be associated with

psychiatric symptoms including affective and delusional disorders.45

Furthermore, PINK-1-related EOPD is associated with impaired

olfaction46 and, in one report, with Lewy body pathology at autopsy.47

Mutation frequency has been estimated to be very low (ranging 

from 0 to 8%, including heterozygous carriers) in samples of EOPD 

cases from different ethnicities, including Caucasian,48–50 Indian,51

Taiwanese,52–54 Korean,55 and Japanese patients.56

As with PRKN, the role of heterozygous carrier status as a risk factor for

EOPD is controversial.57–59 Most family studies support the hypothesis

that even a single PINK-1 mutation conveys a risk for PD,56,60,61 but 

a couple of studies reported conflicting evidence.58,62 Imaging 

and psychophysical studies support the hypothesis that PINK-1

heterozygotes compensate for mild dopamine deficiency even when

no motor signs of PD are apparent.63,64

PARK7—DJ-1
The association between DJ-1 mutations and EOPD was discovered in

2003 in two European families: a Dutch family and an Italian family.65

Mutations in DJ-1 are less common than PRKN or PINK-1,66 and are very

rare in Asian patients with PD.67 When 89 American EOPD cases were

genotyped for DJ-1 mutations, a single heterozyogote was identified.68

DJ-1-associated EOPD is described as being similar to PRKN65 and

indistinguishable from idiopathic EOPD. One study reported normal

olfaction in DJ-1 carriers similar to PRKN carriers, but the number of

mutation carriers was small.69

PARK8—Leucine-rich Repeat Kinase 2 
The association between leucine-rich repeat kinase 2 (LRRK2)

mutations and PD was discovered in 2004.70 In contrast to the other

PARK genes, the frequency of LRRK2 mutations is similar in EOPD and

late-onset PD.71,72 The most frequently reported LRRK2 mutation,

G2019S (nt. 2877510G→A), is found in up to 1% of sporadic and 4% of

familial PD cases worldwide.72 However, up to 39% of Northern

African Arab73 and 18.3% of Ashkenazi Jewish74,75 individuals with PD

carry the mutation. Additional mutations, including the I2020T in

Japanese patients76 and the R1441C, Y1699C in Caucasians,77 have

been described. 

The presentation of LRRK2-related PD is heterogeneous,78–80 but it is

usually associated with good response to treatment with levodopa

and dopamine agonists, and may be complicated by dyskinesia.72

Thirty-four LRRK2 G2019S carriers were compared with 891 non-

carriers in a study of EOPD cases. Disease characteristics between

the groups were similar, except that LRRK2 carriers were less likely to

suffer from tremor and were more likely to manifest the postural

instability gait difficulty motor phenotype (PIGD).81 There were 

no other clinical differences between carriers and non-carriers,

including other manifestations of PIGD (e.g. worse motor

performance and cognitive impairment).81

Gan-Or and others also found that carriers of G2019S mutations were

more likely to present with gait impairment compared with gluco-

cerebrosidase (GBA) mutation carriers.82 Studies of LRRK2 carriers (not

restricted to EOPD cases) reported impaired olfaction.83 There were

variable findings on pathology, but most cases demonstrated Lewy

body pathology.77,84,85

In summary, while not restricted to early-onset illness, the LRRK2

mutation is among the most common genetic mutation that can be

identified in EOPD cases with and without a family history of PD.72

PARK9—ATP13A2
Mutations in ATP13A2 were identified in 2006 in consanguineous

Jordanian families with Kufor Rakeb syndrome.86 In contrast to the

rest of the genetic forms of EOPD, carriers of ATP13A2 have a distinct

phenotype, different from non-carriers. 

The Kufor Rakeb syndrome is associated with juvenile, atypical

parkinsonism, usually rapidly progressive with only transient

response to levodopa treatment.87 The syndrome is inherited in an

autosomal recessive fashion and presents with dementia and

spasticity in addition to parkinsonism. Magnetic resonance imaging

(MRI) findings suggest iron accumulation; however, autopsy data are

not available.88

Glucocerebrosidase 
While GBA mutations are among the most frequently recognized

genetic mutations in EOPD, a PARK assignment was never made for

this gene. Case series have reported early-onset parkinsonism in

Gaucher disease patients who, by definition, carry two GBA

mutations.89 Even a single mutation in GBA may increase the risk for

PD. Case–control studies have shown that carrying a single GBA

mutation (heterozygous) is more common among PD patients than

among healthy controls.90 As many as 8.3% of Ashkenazi Jews and up

to 1% of non-Jews carry a mutation.90

Among PD patients, GBA mutations have been associated with earlier

age at onset.91 One study suggested that carriers of severe GBA

mutations (e.g. L444P) may have a higher risk for PD than carriers of

milder mutations (e.g. N370S).92 Most studies assessing the GBA

mutation carriers did not distinguish between EOPD and late-onset PD.

In 699 EOPD cases, including 37 GBA carriers, mutation carriers were

more likely to self-report cognitive impairment than non-carriers.

However, no difference on cognitive screening with the Mini-Mental

State Exam (MMSE) was noted.93

Two independent autopsy studies suggest that GBA carriers are more

likely to have cortical Lewy bodies associated with dementia with

Lewy bodies.94,95 Therefore, it is possible that EOPD GBA carriers are

more likely to develop cognitive impairment. 
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Summary
In summary, EOPD is a complex disorder likely caused by an interaction

between genetic and environmental factors. The overall genetic

contribution to EOPD has received limited analysis. Mellick and others

looked at 74 EOPD participants and found a mutation frequency of 7%.96

Macedo and others looked at 187 EOPD participants in The Netherlands

and reported a mutation frequency of 4%.29 More recently, a study 

from 13 movement disorder centers in the US reported a mutation

frequency of 16%. There are several reasons for the higher rate of

mutation carriers in this latter study. They included genotyping 

of common GBA mutations, L444P and N370S, which were not analyzed

in the other studies, and they used participants from diverse ethnicities

including Ashkenazi Jews and Hispanic patients, in whom mutation

frequency is higher (G2019S LRRK2 in Ashkenazi Jews and PRKN in

Hispanics). While much has been discovered during the past decade,

most risk factors for EOPD remain unknown. n

Neurodegenerative Disease  Parkinson’s Disease

44 U S  N E U R O L O G Y

Roy N Alcalay, MD, MSc, is an Assistant Professor 

in the Division of Movement Disorders in the 

Department of Neurology at Columbia University 

Medical Center in New York, where he recently completed

a post-doctoral fellowship. His primary research interests

are the genetic risk factors for Parkinson’s disease and

cognitive impairment.

Cheryl Waters, MD, FRCP(C), is the Albert B and 

Judith L Glickman Professor in the Division of Movement

Disorders in the Department of Neurology at Columbia

University Medical Center. She has been involved in

research on the genetics of Parkinson’s disease and the

treatment of this disorder and has been an investigator in

numerous studies involving a variety of new medical and

surgical treatments. Dr Waters has authored numerous

articles and book chapters.

1.    Hirtz D, et al., Neurology, 2007;68(5):326–37.

2.    Schrag A, et al., Lancet Neurol, 2006;5(4):355–63.

3.    Kostic VS, et al., J Neurol Neurosurg Psychiatry,

1994;57(10):1265–7.

4.    Butterfield PG, et al., Neurology, 1993;43(6):1150–58.

5.    Waters CH, et al., Ann Neurol, 1994;35(1):59–64.

6.    Golbe LI, et al., Ann Neurol, 1990;27(3):276–82.

7.    Polymeropoulos MH, et al., Science, 1997;276(5321):2045–7.

8.    Klein C, et al., Lancet Neurol, 2007;6(7):652–62.

9.    Spillantini MG, et al., Nature, 1997;388(6645):839–40.

10.  Nishioka K, et al., Ann Neurol, 2006;59(2):298–309.

11.  Fuchs J, et al., Neurology, 2007;68(12):916–22.

12.  Edwards TL, et al., Ann Hum Genet, 2010;74(2):97–109.

13.  Satake W, et al., Nat Genet, 2009;41(12):1303–7.

14.  Simon-Sanchez J, et al., Nat Genet, 2009;41(12):1308–12.

15.  Kitada T, et al., Nature, 1998;392(6676):605–8.

16.  Hedrich K, et al., Mov Disord, 2004;19(10):1146–57.

17.  Lucking CB, et al., N Engl J Med, 2000;342(21):1560–67.

18.  Marder KT, et al., Arch Neurol, 2010;67(6):731–8.

19.  Lohmann E, et al., Ann Neurol, 2003;54(2):176–85.

20.  Moro E, et al., Neurology, 2008;70(14):1186–91.

21.  Klein C, et al., Neurology, 2009;72(2):106–7.

22.  Pramstaller PP, et al., Ann Neurol, 2005;58(3):411–22.

23.  Khan NL, et al., Neurology, 2004;62(7):1224–6.

24.  Lucking CB, et al., N Engl J Med, 2000;342(21):1560–67.

25.  Hedrich K, et al., Neurology, 2002;58(8):1239–46.

26.  Abbas N, et al., Hum Mol Genet, 1999;8(4):567–74.

27.  Periquet M, et al., Brain, 2003;126(Pt 6):1271–8.

28.  Camargos ST, et al., Mov Disord, 2009;24(5):662–6.

29.  Macedo MG, et al., Mov Disord, 2009;24(2):196–203.

30.  Hertz JM, et al., Eur J Neurol, 2006;13(4):385–90.

31.  Chung EJ, et al., Arch Neurol, 2006;63(8):1170–74.

32.  Bras J, et al., BMC Neurol, 2008;8:1.

33.  Vinish M, et al., J Neurol Neurosurg Psychiatry, 2010;81(2):166–70.

34.  Klein C, et al., Curr Opin Neurol, 2007;20(4):453–64.

35.  Kay DM, et al., Ann Neurol, 2007;61(1):47–54.

36.  Pankratz N, et al., Neurology, 2009;73(4):279–86.

37.  Hilker R, et al., Ann Neurol, 2001;49(3):367–76.

38.  Portman AT, et al., Neurology, 2001;56(12):1759–62.

39.  Scherfler C, et al., Brain, 2004;127:1332–42.

40.  Gasser T, et al., Nat Genet, 1998;18(3):262–5.

41.  Leroy E, et al., Nature, 1998;395(6701):451–2.

42.  Valente EM, et al., Am J Hum Genet, 2001;68(4):895–900.

43.  Bentivoglio AR, et al., Mov Disord, 2001;16(6):999–1006.

44.  Valente EM, et al., Ann Neurol, 2002;51(1):14–18.

45.  Steinlechner S, et al., J Neurol Neurosurg Psychiatry,

2007;78(5):532–5.

46.  Ferraris A, et al., Mov Disord, 2009;24(16):2350–57.

47.  Samaranch L, et al., Brain, 2010;133(Pt 4):1128–42.

48.  Deng H, et al., Neurosci Lett, 2008;430(1):18–22.

49.  Toft M, et al., J Neurol Neurosurg Psychiatry, 2007;78(1):82–4.

50.  Djarmati A, et al., Mov Disord, 2006;21(9):1526–30.

51.  Biswas A, et al., Parkinsonism Relat Disord, 2010;16(3):167–71.

52.  Lee MJ, et al., Mov Disord, 2009;24(1):104–8.

53.  Fung HC, et al., Neurosci Lett, 2006;394(1):33–6.

54.  Weng YH, et al., J Neurol, 2007;254(10):1347–55.

55.  Choi JM, et al., Neurogenetics, 2008;9(4):263–9.

56.  Kumazawa R, et al., Arch Neurol, 2008;65(6):802–8.

57.  Brooks J, et al., J Med Genet, 2009;46(6):375–81.

58.  Marongiu R, et al., Hum Mutat, 2008;29(4):565.

59.  Abou-Sleiman PM, et al., Ann Neurol, 2006;60(4):414–19.

60.  Ibanez P, et al., Brain, 2006;129(Pt 3):686–94.

61.  Hedrich K, et al., Arch Neurol, 2006;63(6):833–8.

62.  Chishti MA, et al., Arch Neurol, 2006;63(10):1483–5.

63.  Fiorio M, et al., J Neurol, 2008;255(9):1372–7.

64.  van Nuenen BF, et al., Neurology, 2009;72(12):1041–7.

65.  Bonifati V, et al., Science, 2003;299(5604):256–9.

66.  Hedrich K, et al., Neurology, 2004;62(3):389–94.

67.  Tomiyama H, et al., Neurosci Lett, 2009;455(3):159–61.

68.  Clark LN, et al., Mov Disord, 2004;19(7):796–800.

69.  Verbaan D, et al., Neurology, 2008;71(23):1877–82.

70.  Paisan-Ruiz C, et al., Neuron, 2004;44(4):595–600.

71.  Goldwurm S, et al., J Med Genet, 2005;42(11):e65.

72.  Healy DG, et al., Lancet Neurol, 2008;7(7):583–90.

73.  Lesage S, et al., N Engl J Med, 2006;354(4):422–3.

74.  Clark LN, et al., Neurology, 2006;67(10):1786–91.

75.  Ozelius LJ, et al., N Engl J Med, 2006;354(4):424–5.

76.  Funayama M, et al., Ann Neurol, 2002;51(3):296–301.

77.  Zimprich A, et al., Neuron, 2004;44(4):601–7.

78.  Papapetropoulos S, et al., Arch Neurol, 2006;63(9):1242–6.

79.  Tomiyama H, et al., Mov Disord, 2006;21(8):1102–8.

80.  Gaig C, et al., J Neurol Neurosurg Psychiatry, 2007;78(6):626–8.

81.  Alcalay RN, et al., Arch Neurol, 2009;66(12):1517–22.

82.  Gan-Or Z, et al., Neurogenetics, 2010;11(1):121–5.

83.  Silveira-Moriyama L, et al., Neurology, 2009;72(19):1677–81.

84.  Khan NL, et al., Brain, 2005;128(Pt 12):2786–96.

85.  Wider C, et al., Neurodegenerative Dis, 2010;7(1–3):175–9.

86.  Ramirez A, et al., Nat Genet, 2006;38(10):1184–91.

87.  Williams DR, et al., Mov Disord, 2005;20(10):1264–71.

88.  Schneider SA, et al., Mov Disord, 2010;25(8):979–84

89.  Tayebi N, et al., Mol Genet Metab, 2001;73(4):313–21.

90.  Sidransky E, et al., N Engl J Med, 2009;361(17):1651–61.

91.  Clark LN, et al., Neurology, 2007;69(12):1270–77.

92.  Gan-Or Z, et al., Neurology, 2008;70(24):2277–83.

93.  Alcalay RN, et al., J Clin Exp Neuropsychol, 

2010 (Epub ahead of print).

94.  Clark LN, et al., Arch Neurol, 2009;66(5):578–83.

95.  Neumann J, et al., Brain, 2009;132(Pt 7):1783–94.

96.  Mellick GD, et al., Parkinsonism Relat Disord, 2009;15(2):105–9.

Waters_US Neurology  12/08/2010  13:09  Page 44


	US_Neuro_FC
	US_Neuro_IFC
	US_Neuro_01
	US_Neuro_02
	US_Neuro_03
	US_Neuro_04
	US_Neuro_05
	US_Neuro_06
	US_Neuro_07
	US_Neuro_08
	US_Neuro_09
	US_Neuro_10
	US_Neuro_11
	US_Neuro_12
	US_Neuro_13
	US_Neuro_14
	US_Neuro_15
	US_Neuro_16
	US_Neuro_17
	US_Neuro_18 
	US_Neuro_19
	US_Neuro_20
	US_Neuro_21
	US_Neuro_22
	US_Neuro_23
	US_Neuro_24
	US_Neuro_25
	US_Neuro_26
	US_Neuro_27
	US_Neuro_28
	US_Neuro_29
	US_Neuro_30
	US_Neuro_31
	US_Neuro_32
	US_Neuro_33
	US_Neuro_34
	US_Neuro_35
	US_Neuro_36
	US_Neuro_37
	US_Neuro_38
	US_Neuro_39
	US_Neuro_40
	US_Neuro_41
	US_Neuro_42
	US_Neuro_43
	US_Neuro_44
	US_Neuro_45
	US_Neuro_46
	US_Neuro_47
	US_Neuro_48
	US_Neuro_49
	US_Neuro_50
	US_Neuro_51
	US_Neuro_52
	US_Neuro_53
	US_Neuro_54
	US_Neuro_55
	US_Neuro_56
	US_Neuro_57
	US_Neuro_58
	US_Neuro_59
	US_Neuro_60
	US_Neuro_61
	US_Neuro_62
	US_Neuro_63
	US_Neuro_64
	US_Neuro_65
	US_Neuro_66
	US_Neuro_67
	US_Neuro_68
	US_Neuro_69
	US_Neuro_70
	US_Neuro_71
	US_Neuro_72
	US_Neuro_73
	US_Neuro_74
	US_Neuro_75
	US_Neuro_76
	US_Neuro_77
	US_Neuro_78
	US_Neuro_79
	US_Neuro_80
	US_Neuro_81
	US_Neuro_82
	US_Neuro_83
	US_Neuro_84
	US_Neuro_85
	US_Neuro_86
	US_Neuro_87
	US_Neuro_88
	US_Neuro_89
	US_Neuro_90
	US_Neuro_91
	US_Neuro_92
	US_Neuro_93
	US_Neuro_94
	US_Neuro_95
	US_Neuro_96
	US_Neuro_97
	US_Neuro_98
	US_Neuro_99
	US_Neuro_100
	US_Neuro_101
	US_Neuro_102
	US_Neuro_103
	US_Neuro_104
	US_Neuro_IBC
	US_Neuro_FC

