
Parkinson’s disease and related disorders

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

neurodegenerative disease in the developing world, 

aff ect ing 1% of the population over 65  years of age and 

4% to 5% over 85 years of age. It is characterized clinically 

by resting tremor, bradykinesia, postural insta bility, and 

muscle rigidity [1,2]. Th ese motor impairments have 

been attributed largely to a progressive and exten sive loss 

of dopaminergic neurons in the substantia nigra pars 

compacta (SNpc) [3-5]. PD is associated with a range of 

other progressive clinical manifestations such as dementia, 

autonomic dysfunction, depression, seborrhea, sleep dis-

tur bance, and sensory symptoms, which most likely are 

associated with the demise of additional specifi c neuronal 

populations [2,6-9]. Although some therapeutic (for 

example, Levodopa) and surgical (for example, deep 

brain stimulation) interventions can alleviate some of the 

motor symptoms of PD, there is still no treatment to 

prevent disease progression. In addition to displaying 

neuronal loss and neuro-infl ammation, most PD brains 

display the presence of intracytoplasmic inclusions 

known as Lewy bodies (LBs) and Lewy neurites (LNs) in 

some of the remaining dopaminergic neurons of the 

SNpc, but many other neuronal populations are also 

aff ected [9-12]. LBs and LNs are formed as a result of the 

aberrant amyloid-type aggregation of the neuronal pre-

synaptic protein α-synuclein [12-14]. α-Synuclein 

neuronal inclusions can present in a spectrum of neuro-

degenerative disorders, termed synucleinopathies, as 

exemplifi ed by the more widespread presentation of LBs 

and LNs in the brains of patients with the disorder 

dementia with LBs (DLB) [12,13]. DLB often presents 

con currently with Alzheimer’s disease pathological 

markers (that is, neurofi brillary tangles and Aβ amyloid 

plaques), a disease entity sometimes referred to as the LB 

variant of Alzheimer’s disease. Th ere is also evidence that 

Aβ and neurofi brillary tangle pathologies can spread in a 

similar prion-type mechanism as α-synuclein and that α-

synuclein may cross-seed both of these pathologies [15], 

but in this review we will focus only on the fi ndings 

directly involving α-synuclein.

Etiology of Parkinson’s disease

Although PD used to be viewed predominantly as an 

idiopathic disease and most cases are still sporadic, many 

gene defects that can cause PD have been identifi ed 

(reviewed in [16-18]). Indeed, missense mutations in the 
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Mounting evidence indicates that α-synuclein amyloid 

pathology may spread during disease progression 

by a prion-like (self-templating alteration in protein 

conformation) mechanism. Clear in vitro and cell 

culture data demonstrate that amyloidogenic 

α-synuclein can readily induce the conversion of other 

α-synuclein molecules into this conformation. Some 

data from experimental mouse studies and autopsied 

brain analyses also are consistent with the notion 

that a self-promoting process of α-synuclein amyloid 

inclusion formation may lead to a progressive spread of 

disease in vivo. However, as pointed out in this review, 

there are alternative explanations and interpretations 

for these fi ndings. Therefore, from a therapeutic 

perspective, it is critical to determine the relative 

importance and contribution of α-synuclein prion-

like spread in disease before embarking on elaborate 

eff orts to target this putative pathogenic mechanism.
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α-synuclein (SNCA) gene were the fi rst genetic causes of 

PD identifi ed and this fi nding led to a disease paradigm 

shift toward the importance of the aberrant aggregation 

of this protein in the etiology of PD. To date, three 

missense mutations (A53T, A30P, and E46K) have been 

identifi ed and linked to PD or DLB [19-21]. In addition, 

short chromosomal duplications or trisomies containing 

the SCNA gene, plus relatively short fl anking regions on 

chromosome  4, were discovered in patients with PD or 

DLB [22,23], indicating that a 50% increase in the expres-

sion of α-synuclein is suffi  cient to cause disease. Although 

the precise mechanism of toxicity of α-synuclein is still 

debated, most evidence indicates that some form of 

protein aggregation is involved [13,24].

Evidence for a prion/spreading mechanism of 

α-synuclein pathology

Th e cause of disease progression in PD and DLB has long 

been elusive, but recent fi ndings suggest that α-synuclein 

aggregation may proceed via a ‘prion-like’ mechanism 

that leads to a spreading of α-synuclein pathology. Th e 

term ‘prion-like’ is used because there is no evidence that 

α-synuclein aggregates are transmitted between indi-

viduals (that is, there is no evidence for infectability), but 

as reviewed below, α-synuclein aggregation can clearly 

seed and self-template in vitro and in cultured cells under 

conditions that favor the entry of preformed amyloid into 

cells. Furthermore, it may be able to propagate between 

cells.

Although α-synuclein was viewed typically as a 

cytoplasmic protein, investigators have shown that both 

soluble and aggregated α-synuclein can be released from 

cells [25,26] and that α-synuclein is present in brain 

inter stitial fl uid, cerebrospinal fl uid, and blood plasma 

[26-30]. Furthermore, recent studies have demonstrated 

the ability of α-synuclein to be imported or exported 

across cell membranes [31-34] and to be transferred 

between host and grafted neurons in mouse brains 

[33,35,36].

It is well established that in vitro α-synuclein aggrega-

tion into amyloid is a nucleation-dependent process and 

can be greatly induced by the addition of a ‘seed’ or 

‘nucleus’ of pre-aggregated α-synuclein [37,38]. Cellular 

studies have shown that the entry of a small amount of 

preformed α-synuclein fi brils using reagents that 

promote the entry of these seeds across the plasma 

membrane can very effi  ciently induce the formation of 

large intracellular amyloid inclusions [39-41]. More 

recently, it was shown that the simple addition of extra-

cellular α-synuclein fi brils to primary neurons can also 

induce the formation of intracellular α-synuclein inclu-

sions [42]. Collectively, these studies suggest that α-

synuclein amyloid formation may have the ability to 

spread between cells, although in a robust cellular model 

of seeded intracellular α-synuclein inclusion formation, it 

was not possible to observe transmission or propagation 

of α-synuclein amyloid between cells [40].

A prion-like spreading of α-synuclein pathology is 

consistent with the Braak staging of disease that appears 

to follow neuroanatomical pathways [43]. Th is staging is 

based on the semi-quantitative immunocytochemical 

analysis of brain α-synuclein pathology distribution in 

patients with PD and age-matched controls and indicates 

a temporal sequence or stages of ascending severity. 

Other studies also suggest that α-synuclein can spread in 

human brains and that it may even start in the peripheral 

nervous system, more specifi cally the enteric nervous 

system [44-46]. Th is has led to the speculation that a 

pathogen, perhaps a virus or agent that could alter α-

synuclein conformation, may initiate disease at the peri-

phery and propagate back to the brain. Th e in vivo propa-

gation of α-synuclein is also suggested by the presence of 

LB formation in fetal dopaminergic neurons that were 

transplanted in the striatum of PD patients as attempted 

therapeutic interventions [47-49].

More recently, it was reported that intracerebral injec-

tion of extracts from sick A53T human α-synuclein 

trans genic mice (line M83) into younger healthy M83 

transgenic mice could induce disease [50,51]. Th e M83 

transgenic mice normally develop a late-onset (8 to 

15 months of age) severe motor phenotype that leads to 

death and that results from the widespread formation of 

neuronal α-synuclein amyloidogenic inclusions [52]. Th e 

intracerebral injection of extracts from aff ected M83 

mice resulted in an earlier presentation of both pathology 

and phenotype, and this induction was not observed in 

the younger mice injected with extracts generated from 

healthy mice [50,51]. Furthermore, brain injection of 

preformed recombinant α-synuclein fi brils can induce α-

synuclein pathology that appears to spread from the 

injection site [50], suggesting that these α-synuclein 

species can initiate and perhaps lead to transmission of 

α-synuclein pathology. Nevertheless, it is also possible 

that the observed induced pathology from both types of 

injections could be the result of a focal brain insult that 

initiates alternatively proposed pathological cascades 

such as oxidative stress, excitotoxicity, and neuro-

infl ammation [53] that could result in similar 

observations.

Is the apparent spread of α-synuclein due solely to 

intra- and intercellular templating of α-synuclein 

aggregation?

Although many lines of evidence support the notion that 

α-synuclein may propagate in vivo via a prion-like mech-

anism, several fi ndings are not completely consis tent 

with this model. For example, pathological assessment of 

A53T (line M83) and E46K (line M47) human α-synuclein 
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transgenic mice demonstrated that α-synuclein inclusion 

formation in these mice is late-onset, relatively rapid, and 

likely synchronized, but there is a paucity of neuronal 

inclusion clustering that is incon sis tent with a spreading 

mechanism [54].

Although Lewy pathology was observed in some 

transplanted cells of several PD patients who received 

fetal mesencephalic grafts [47-49], this phenomenon was 

observed in only a minority of these patients, even 

though some patients without Lewy pathology in grafted 

cells survived for a similar period of time following the 

transplant surgery [47,53,55]. It is possible that transmis-

sion is a very slow or ineffi  cient process or, as noted 

above, that other alternative mechanisms may also lead 

to the observed induction of Lewy pathology in the 

transplanted cells [53]. Furthermore, extensive reviews of 

large cohorts of autopsied patients with PD/DLB have 

revealed that, for a signifi cant percentage of patients, the 

distribu tion of α-synuclein pathology is not consistent 

with the Braak scheme of α-synuclein neuronal pathology 

spread [56-58].

Moreover, the progression of pathology via a prion-like 

mechanism is not consistent with what is observed in 

multiple system atrophy (MSA). MSA is an adult-onset 

neurodegenerative disease that is characterized by vary-

ing degrees of parkinsonian features, cerebellar ataxia, 

and autonomic dysfunction [59-61] but that is defi ned 

pathologically by the presence of glial cytoplasmic 

inclusions (GCIs) [62]. GCIs usually appear as fl ame or 

sickle inclusions in oligodendrocytes found throughout 

the white matter, but the greatest abundance of these 

inclusions occurs in the basal ganglia, the substantia 

nigra, the pontine nucleus, medulla, and cerebellum [63-

65]. Like Lewy pathology, GCIs are comprised predomi-

nantly of polymerized amyloidogenic α-synuclein 

[63,66,67]. Whereas most pathological inclu sions in MSA 

are in oligodendrocytes, some α-synuclein protein aggre-

gates can also be observed in the form of neuronal cyto-

plasmic inclusions, most of which are indistinguishable 

from LBs, and in neuritic processes, especially in the 

pontine nuclei and striatum [65,68,69]. α-Synuclein is 

expressed predominantly in neurons where it is localized 

to presynaptic terminals [70-72] and is expressed only at 

very low levels or levels below detectability in oligo-

dendrocytes [73,74], and its expression is not increased 

in MSA [63,66,73]. Th erefore, it is unclear why oligo-

dendro cytes are aff ected predominantly in MSA. More 

importantly, if a prion-like mechanism is the primary 

mechanism for the spread of α-synuclein pathology, why 

is it confi ned predominantly to cells that express low 

levels of α-synuclein in MSA? Why does it not effi  ciently 

transmit to neurons? One possible mechanism that has 

been suggested to contribute to the spread of α-synuclein 

pathology is the release of amyloidogenic α-synuclein 

from dying cells. In MSA brains, ‘ghost’ GCIs where the 

cells have died are a common observation, suggesting 

that amyloidogenic α-synuclein from these cells should 

be readily available for the seeding in other neighboring 

cells.

Conclusions

Despite mounting evidence that a prion-like mechanism 

may contribute to the spread/progression of α-synuclein 

pathology in PD and DLB, several inconsistencies or 

alternative explanations [53,75] for the observed experi-

mental fi ndings indicate that the pathogenic landscape is 

complex. Further experimental studies are needed to 

determine the relative importance and involvement of 

various pathogenic mechanisms, including self-templat-

ing resulting in altered protein conformation, neuro-

infl am mation, oxidative stress, and excitotoxicity, in the 

apparent spread of α-synuclein pathology. Th is is espe-

cially important since extracellalar α-synuclein aggregates 

that would likely be involved in a prion-like spread of 

disease could lead to the design of novel therapeutic 

interventions such as conformation-specifi c monocloncal 

antibody therapy and regulation of specifi c extracellular  

proteases. Th e validity of pursuing this target will require 

a clearer understanding of both the pathological fi ndings 

and experimental paradigms that point in this direction. 

Nevertheless, the possibility of preventing PD/DLB 

disease progression by blocking brain prion-like amyloid 

spread is an attractive hypothesis.

Abbreviations

DLB, dementia with Lewy bodies; GCI, glial cytoplasmic inclusion; LB, Lewy 

body; LN, Lewy neurite; MSA, multiple system atrophy; PD, Parkinson’s disease; 

SNpc, substantia nigra pars compacta.

Competing interests

The authors declare that they have no competing interests.

Published: 17 December 2012

References

1. Hoehn MM, Yahr MD: Parkinsonism: onset, progression and mortality. 
Neurology 1967, 17:427-442.

2. Simuni T, Hurtig HI: Parkinson’s disease: the clinical picture. In 

Neurodegenerative Dementias. Edited by Clark CM, Trojanoswki JQ. New York: 

McGraw-Hill; 2000, 14:193-203.

3. Damier P, Hirsch EC, Agid Y, Graybiel AM: The substantia nigra of the human 
brain. II. Patterns of loss of dopamine-containing neurons in Parkinson’s 
disease. Brain 1999, 122 (Pt 8):1437-1448.

4. Pakkenberg B, Moller A, Gundersen HJ, Mouritzen DA, Pakkenberg H: The 
absolute number of nerve cells in substantia nigra in normal subjects and 
in patients with Parkinson’s disease estimated with an unbiased 
stereological method. J Neurol Neurosurg Psychiatry 1991, 54:30-33.

5. Lang AE, Lozano AM: Parkinson’s disease. First of two parts. N Engl J Med 

1998, 339:1044-1053.

6. Lang AE, Lozano AM: Parkinson’s disease. Second of two parts. N Engl J Med 

1998, 339:1130-1143.

7. McKeith IG, Galasko D, Kosaka K, Perry EK, Dickson DW, Hansen LA, Salmon 

DP, Lowe J, Mirra SS, Byrne EJ, Lennox G, Quinn NP, Edwardson JA, Ince PG, 

Bergeron C, Burns A, Miller BL, Lovestone S, Collerton D, Jansen EN, Ballard C, 

de Vos RA, Wilcock GK, Jellinger KA, Perry RH: Consensus guidelines for the 
clinical and pathologic diagnosis of dementia with Lewy bodies (DLB): 

Sacino and Giasson Alzheimer’s Research & Therapy 2012, 4:48 
http://alzres.com/content/4/6/48

Page 3 of 5



report of the consortium on DLB international workshop. Neurology 1996, 

47:1113-1124.

8. Erro ME, Moreno MP, Zandio B: Pathophysiological bases of the non-motor 
symptoms in Parkinson’s disease. Rev Neurol 2010, 50 Suppl 2:S7-13.

9. Dickson DW, Fujishiro H, Orr C, DelleDonne A, Josephs KA, Frigerio R, Burnett 

M, Parisi JE, Klos KJ, Ahlskog JE: Neuropathology of non-motor features of 
Parkinson disease. Parkinsonism Relat Disord 2009, 15 Suppl 3:S1-S5.

10. Braak H, Del Tredici K, Rub U, de Vos RA, Jansen Steur EN, Braak E: Staging of 
brain pathology related to sporadic Parkinson’s disease. Neurobiol Aging 

2003, 24:197-211.

11.  Braak H, Braak E:Pathoanatomy of Parkinson’s disease. J Neurol 2000, 

247 Suppl 2: II3-10.

12.  Goedert M: Alpha-synuclein and neurodegenerative diseases. Nat Rev 

Neurosci 2001, 2:492-501.

13. Waxman EA, Giasson BI: Molecular mechanisms of alpha-synuclein 
neurodegeneration. Biochim Biophys Acta 2008, 1792:616-624.

14.  Spillantini MG, Schmidt ML, Lee VMY, Trojanowski JQ, Jakes R, Goedert M: 

Alpha-synuclein in Lewy bodies. Nature 1997, 388:839-840.

15.  Cushman M, Johnson BS, King OD, Gitler AD, Shorter J: Prion-like disorders: 
blurring the divide between transmissibility and infectivity. J Cell Sci 2010, 

123:1191-1201.

16.  Martin I, Dawson VL, Dawson TM: Recent advances in the genetics of 
Parkinson’s disease. Annu Rev Genomics Hum Genet 2011, 12:301-325.

17.  Lesage S, Brice A: Parkinson’s disease: from monogenic forms to genetic 
susceptibility factors. Hum Mol Genet 2009, 18:R48-R59.

18.  Westerlund M, Hoff er B, Olson L: Parkinson’s disease: Exit toxins, enter 
genetics. Prog Neurobiol 2010, 90:146-156.

19.  Polymeropoulos MH, Lavedan C, Leroy E, Ide SE, Dehejia A, Dutra A, Pike B, 

Root H, Rubenstein J, Boyer R, Stenroos ES, Chandrasekharappa S, 

Athanassiadou A, Papapetropoulos T, Johnson WG, Lazzarini AM, Duvoisin RC, 

Di Iorio G, Golbe LI, Nussbaum RL: Mutation in the alpha-synuclein gene 
identifi ed in families with Parkinson’s disease. Science 1997, 276:2045-2047.

20.  Kruger R, Kuhn W, Muller T, Woitalla D, Graeber M, Kosel S, Przuntek H, Epplen 

JT, Schols L, Riess O: Ala30Pro mutation in the gene encoding alpha-
synuclein in Parkinson’s disease. Nat Genet 1998, 18:106-108.

21.  Zarranz JJ, Alegre J, Gomez-Esteban JC, Lezcano E, Ros R, Ampuero I, Vidal L, 

Hoenicka J, Rodriguez O, Atares B, Llorens V, Gomez TE, del Ser T, Munoz DG, 

de Yebenes JG: The new mutation, E46K, of alpha-synuclein causes 
Parkinson and Lewy body dementia. Ann Neurol 2004, 55:164-173.

22.  Farrer M, Kachergus J, Forno L, Lincoln S, Wang DS, Hulihan M, Maraganore D, 

Gwinn-Hardy K, Wszolek Z, Dickson D, Langston JW: Comparison of kindreds 
with parkinsonism and alpha-synuclein genomic multiplications. Ann 

Neurol 2004, 55:174-179.

23.  Singleton AB, Farrer M, Johnson J, Singleton A, Hague S, Kachergus J, Hulihan 

M, Peuralinna T, Dutra A, Nussbaum R, Lincoln S, Crawley A, Hanson M, 

Maraganore D, Adler C, Cookson MR, Muenter M, Baptista M, Miller D, 

Blancato J, Hardy J, Gwinn-Hardy K: alpha-Synuclein locus triplication 
causes Parkinson’s disease. Science 2003, 302:841.

24.  Goldberg MS, Lansbury PT Jr.: Is there a cause-and-eff ect relationship 
between alpha-synuclein fi brillization and Parkinson’s disease? Nat Cell Biol 

2000, 2:E115-E119.

25.  Su X, Maguire-Zeiss KA, Giuliano R, Prifti L, Venkatesh K, Federoff  HJ: 

Synuclein activates microglia in a model of Parkinson’s disease. Neurobiol 

Aging 2008, 29:1690-1701.

26.  Lee HJ, Patel S, Lee SJ: Intravesicular localization and exocytosis of alpha-
synuclein and its aggregates. J Neurosci 2005, 25:6016-6024.

27.  El-Agnaf OM, Salem SA, Paleologou KE, Cooper LJ, Fullwood NJ, Gibson MJ, 

Curran MD, Court JA, Mann DM, Ikeda S, Cookson MR, Hardy J, Allsop D: 

Alpha-synuclein implicated in Parkinson’s disease is present in 
extracellular biological fl uids, including human plasma. FASEB J 2003, 

17:1945-1947.

28.  El-Agnaf OM, Salem SA, Paleologou KE, Curran MD, Gibson MJ, Court JA, 

Schlossmacher MG, Allsop D: Detection of oligomeric forms of alpha-
synuclein protein in human plasma as a potential biomarker for 
Parkinson’s disease. FASEB J 2006, 20:419-425.

29.  Borghi R, Marchese R, Negro A, Marinelli L, Forloni G, Zaccheo D, Abbruzzese 

G, Tabaton M: Full length alpha-synuclein is present in cerebrospinal fl uid 
from Parkinson’s disease and normal subjects. Neurosci Lett 2000, 

287:65-67.

30.  Emmanouilidou E, Elenis D, Papasilekas T, Stranjalis G, Gerozissis K, Ioannou 

PC, Vekrellis K: Assessment of alpha-synuclein secretion in mouse and 

human brain parenchyma. PLoS One 2011, 6:e22225.

31.  Ahn KJ, Paik SR, Chung KC, Kim J: Amino acid sequence motifs and 
mechanistic features of the membrane translocation of alpha-synuclein. 
J Neurochem 2006, 97:265-279.

32.  Lee HJ, Suk JE, Bae EJ, Lee JH, Paik SR, Lee SJ: Assembly-dependent 
endocytosis and clearance of extracellular alpha-synuclein. Int J Biochem 

Cell Biol 2008, 40:1835-1849.

33.  Desplats P, Lee HJ, Bae EJ, Patrick C, Rockenstein E, Crews L, Spencer B, 

Masliah E, Lee SJ: Inclusion formation and neuronal cell death through 
neuron-to-neuron transmission of alpha-synuclein. Proc Natl Acad Sci U S A 

2009, 106:13010-13015.

34.  Emmanouilidou E, Melachroinou K, Roumeliotis T, Garbis SD, Ntzouni M, 

Margaritis LH, Stefanis L, Vekrellis K: Cell-produced alpha-synuclein is 
secreted in a calcium-dependent manner by exosomes and impacts 
neuronal survival. J Neurosci 2010, 30:6838-6851.

35.  Hansen C, Angot E, Bergstrom AL, Steiner JA, Pieri L, Paul G, Outeiro TF, Melki 

R, Kallunki P, Fog K, Li JY, Brundin P: alpha-Synuclein propagates from 
mouse brain to grafted dopaminergic neurons and seeds aggregation in 
cultured human cells. J Clin Invest 2011, 121:715-725.

36.  Lee HJ, Suk JE, Patrick C, Bae EJ, Cho JH, Rho S, Hwang D, Masliah E, Lee SJ: 

Direct transfer of alpha-synuclein from neuron to astroglia causes 
infl ammatory responses in synucleinopathies. J Biol Chem 2010, 

285:9262-9272.

37.  Narhi L, Wood SJ, Steavenson S, Jiang Y, Wu GM, Anafi  D, Kaufman SA, Martin 

F, Sitney K, Denis P, Louis JC, Wypych J, Biere AL, Citron M: Both familial 
Parkinson’s disease mutations accelerate alpha-synuclein aggregation. 
J Biol Chem 1999, 274:9843-9846.

38.  Wood SJ, Wypych J, Steavenson S, Louis JC, Citron M, Biere AL: alpha-
synuclein fi brillogenesis is nucleation-dependent. Implications for the 
pathogenesis of Parkinson’s disease. J Biol Chem 1999, 274:19509-19512.

39.  Waxman EA, Giasson BI: A novel, high-effi  ciency cellular model of fi brillar 
alpha-synuclein inclusions and the examination of mutations that inhibit 
amyloid formation. J Neurochem 2010, 113:374-388.

40.  Luk KC, Song C, O’Brien P, Stieber A, Branch JR, Brunden KR, Trojanowski JQ, 

Lee Exogenous alpha-synuclein fi brils seed the formation of Lewy body-
like intracellular inclusions in cultured cells. Proc Natl Acad Sci U S A 2009, 

106:20051-20056.

41.  Nonaka T, Hasegawa: Seeded aggregation and toxicity of alpha-synuclein 
and tau: cellular models of neurodegenerative diseases. J Biol Chem 2010, 

285:34885-34898.

42.  Volpicelli-Daley LA, Luk KC, Patel TP, Tanik SA, Riddle DM, Stieber A, Meaney 

DF, Trojanowski JQ, Lee VM: Exogenous alpha-synuclein fi brils induce Lewy 
body pathology leading to synaptic dysfunction and neuron death. 
Neuron 2011, 72:57-71.

43.  Braak H, Bohl JR, Muller CM, Rub U, de Vos RA, Del TK: Stanley Fahn Lecture 
2005: The staging procedure for the inclusion body pathology associated 
with sporadic Parkinson’s disease reconsidered. Mov Disord 2006, 

21:2042-2051.

44.  Wakabayashi K, Takahashi H, Takeda S, Ohama E, Ikuta F: Parkinson’s disease: 
the presence of Lewy bodies in Auerbach’s and Meissner’s plexuses. Acta 

Neuropathol 1988, 76:217-221.

45.  Braak H, de Vos RA, Bohl J, Del TK: Gastric alpha-synuclein immunoreactive 
inclusions in Meissner’s and Auerbach’s plexuses in cases staged for 
Parkinson’s disease-related brain pathology. Neurosci Lett 2006, 396:67-72.

46. Saito Y, Kawashima A, Ruberu NN, Fujiwara H, Koyama S, Sawabe M, Arai T, 

Nagura H, Yamanouchi H, Hasegawa M, Iwatsubo T, Murayama B: 

Accumulation of phosphorylated alpha-synuclein in aging human brain. 
J Neuropathol Exp Neurol 2003, 62:644-654.

47.  Kordower JH, Chu Y, Hauser RA, Freeman TB, Olanow CW: Lewy body-like 
pathology in long-term embryonic nigral transplants in Parkinson’s 
disease. Nat Med 2008, 14:504-506.

48.  Li JY, Englund E, Holton JL, Soulet D, Hagell P, Lees AJ, Lashley T, Quinn NP, 

Rehncrona S, Bjorklund A, Widner H, Revesz T, Lindvall O, Brundin P: Lewy 
bodies in grafted neurons in subjects with Parkinson’s disease suggest 
host-to-graft disease propagation. Nat Med 2008, 14:501-503.

49.  Li JY, Englund E, Widner H, Rehncrona S, Bjorklund A, Lindvall O, Brundin P: 

Characterization of Lewy body pathology in 12- and 16-year-old 
intrastriatal mesencephalic grafts surviving in a patient with Parkinson’s 
disease. Mov Disord 2010, 25:1091-1096.

50.  Luk KC, Kehm VM, Zhang B, O’Brien P, Trojanowski JQ, Lee VM: Intracerebral 
inoculation of pathological alpha-synuclein initiates a rapidly progressive 

Sacino and Giasson Alzheimer’s Research & Therapy 2012, 4:48 
http://alzres.com/content/4/6/48

Page 4 of 5



neurodegenerative alpha-synucleinopathy in mice. J Exp Med 2012, 

209:975-986.

51.  Mougenot AL, Nicot S, Bencsik A, Morignat E, Verchere J, Lakhdar L, 

Legastelois S, Baron T: Prion-like acceleration of a synucleinopathy in a 
transgenic mouse model. Neurobiol Aging 2012, 33:2225-2228.

52.  Giasson BI, Duda JE, Quinn SM, Zhang B, Trojanowski JQ, Lee VM: Neuronal 
alpha-synucleinopathy with severe movement disorder in mice 
expressing A53T human alpha-synuclein. Neuron 2002, 34:521-533.

53.  Brundin P, Li JY, Holton JL, Lindvall O, Revesz T: Research in motion: the 
enigma of Parkinson’s disease pathology spread. Nat Rev Neurosci 2008, 

9:741-745.

54.  Emmer KL, Waxman EA, Covy JP, Giasson BI: E46K human alpha-synuclein 
transgenic mice develop Lewy-like and tau pathology associated with 
age-dependent, detrimental motor impairment. J Biol Chem 2011, 

286:35104-35118.

55.  Mendez I, Vinuela A, Astradsson A, Mukhida K, Hallett P, Robertson H, Tierney 

T, Holness R, Dagher A, Trojanowski JQ, Isacson O: Dopamine neurons 
implanted into people with Parkinson’s disease survive without pathology 
for 14 years. Nat Med 2008, 14:507-509.

56.  Jellinger KA: A critical evaluation of current staging of alpha-synuclein 
pathology in Lewy body disorders. Biochim Biophys Acta 2009, 

1792:730-740.

57.  Burke RE, Dauer WT, Vonsattel JP: A critical evaluation of the Braak staging 
scheme for Parkinson’s disease. Ann Neurol 2008, 64:485-491.

58.  Frigerio R, Fujishiro H, Ahn TB, Josephs KA, Maraganore DM, DelleDonne A, 

Parisi JE, Klos KJ, Boeve BF, Dickson DW, Ahlskog JE: Incidental Lewy body 
disease: do some cases represent a preclinical stage of dementia with 
Lewy bodies? Neurobiol Aging 2011, 32:857-863.

59.  Wenning GK, Ben Shlomo Y, Magalhaes M, Daniel SE, Quinn NP: Clinical 
features and natural history of multiple system atrophy. An analysis of 
100 cases. Brain 1994, 117 (Pt 4):835-845.

60.  Wenning GK, Tison F, Ben Shlomo Y, Daniel SE, Quinn NP: Multiple system 
atrophy: a review of 203 pathologically proven cases. Mov Disord 1997, 

12:133-147.

61.  Gilman S, Low PA, Quinn N, Albanese A, Ben Shlomo Y, Fowler CJ, Kaufmann 

H, Klockgether T, Lang AE, Lantos PL, Litvan I, Mathias CJ, Oliver E, Robertson 

D, Schatz I, Wenning GK: Consensus statement on the diagnosis of multiple 
system atrophy. J Neurol Sci 1999, 163:94-98.

62.  Papp MI, Kahn JE, Lantos PL: Glial cytoplasmic inclusions in the CNS of 
patients with multiple system atrophy (striatonigral degeneration, 
olivopontocerebellar atrophy and Shy-Drager syndrome). J Neurol Sci 1989, 

94:79-100.

63.  Duda JE, Giasson BI, Gur TL, Montine TJ, Robertson D, Biaggioni I, Hurtig HI, 

Stern MB, Gollomp SM, Grossman M, Lee VMY, Trojanowski JQ: 

Immunohistochemical and biochemical studies demonstrate a distinct 
profi le of alpha-synuclein permutations in multiple system atrophy. 
J Neuropathol Exp Neurol 2000, 59: 830-841.

64.  Lantos PL: Mutliple system atrophy. Brain Pathol 1997, 7:1293-1297.

65.  Arima K, Murayama S, Mukoyama M, Inose T: Immunocytochemical and 
ultrastructural studies of neuronal and oligodendroglial cytoplasmic 
inclusions in multiple system atrophy. 1. Neuronal cytoplasmic inclusions. 
Acta Neuropathol (Berl) 1992, 83:453-460.

66.  Tu PH, Galvin JE, Baba M, Giasson B, Tomita T, Leight S, Nakajo S, Iwatsubo T, 

Trojanowski JQ, Lee VMY: Glial cytoplasmic inclusions in white matter 
oligodendrocytes of multiple system atrophy brains contain insoluble 
alpha-synuclein. Ann Neurol 1998, 44:415-422.

67.  Spillantini MG, Crowther RA, Jakes R, Cairns NJ, Lantos PL, Goedert M: 

Filamentous alpha-synuclein inclusions link multiple system atrophy with 
Parkinson’s disease and dementia with Lewy bodies. Neurosci Lett 1998, 

251:205-208.

68.  Arima K, Ueda K, Sunohara N, Arakawa K, Hirai S, Nakamura M, Tonozuka-

Uehara H, Kawai M: NACP/alpha-synuclein immunoreactivity in fi brillary 
components of neuronal and oligodendroglial cytoplasmic inclusions in 
the pontine nuclei in multiple system atrophy. Acta Neuropathol (Berl) 1998, 

96:439-444.

69.  Kato S, Nakamura H: Cytoplasmic argyrophilic inclusions in neurons of 
pontine nuclei in patients with olivopontocerebellar atrophy: 
immunohistochemical and ultrastructural studies. Acta Neuropathol (Berl) 

1990, 79:584-594.

70.  Jakes R, Spillantini MG, Goedert M: Identifi cation of two distinct synucleins 
from human brain. FEBS Lett 1994, 345:27-32.

71.  Iwai A, Masliah E, Yoshimoto M, Ge N, Flanagan L, de Silva HA, Kittel A, Saitoh 

T: The precursor protein of non-A beta component of Alzheimer’s disease 
amyloid is a presynaptic protein of the central nervous system. Neuron 

1995, 14:467-475.

72.  Maroteaux L, Campanelli JT, Scheller RH: Synuclein: a neuron-specifi c 
protein localized to the nucleus and presynaptic nerve terminal. J Neurosci 

1988, 8:2804-2815.

73.  Miller DW, Johnson JM, Solano SM, Hollingsworth ZR, Standaert DG, Young 

AB: Absence of alpha-synuclein mRNA expression in normal and multiple 
system atrophy oligodendroglia. J Neural Transm 2005, 112:1613-1624.

74.  George JM, Jin H, Woods WS, Clayton DF: Characterization of a novel 
protein regulated during the critical period for song learning in the zebra 
fi nch. Neuron 1995, 15:361-372.

75.  Lema Tomé CM, Tyson T, Rey NL, Grathwohl S, Britschgi M, Brundin P: 

Infl ammation and alpha-synuclein’s prion-like behavior in Parkinson’s 
disease-Is there a link? Mol Neurobiol 2012, Apr 29. [Epub ahead of print].

doi:10.1186/alzrt151
Cite this article as: Sacino AN, Giasson BI: Does a prion-like mechanism play 
a major role in the apparent spread of α-synuclein pathology? Alzheimer’s 

Research & Therapy 2012, 4:48.

Sacino and Giasson Alzheimer’s Research & Therapy 2012, 4:48 
http://alzres.com/content/4/6/48

Page 5 of 5



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgfaRotisSansSerif
    /AgfaRotisSansSerif-Bold
    /AgfaRotisSansSerifExtraBold
    /AgfaRotisSansSerif-Italic
    /AgfaRotisSansSerifLight
    /AgfaRotisSansSerifLight-Italic
    /Aharoni-Bold
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AllegroBT-Regular
    /AmerTypewriterITCbyBT-Medium
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArabicTypesetting
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ATNebraska
    /ATNebraskaBold
    /ATNebraskaBoldItalic
    /ATNebraskaItalic
    /ATToronto
    /ATTorontoBold
    /ATTorontoBoldItalic
    /ATTorontoItalic
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BalticSans
    /BankGothicBT-Medium
    /Barmeno-ExtraBold
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Batang
    /BatangChe
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /Bembo
    /Bembo-Bold
    /Bembo-BoldItalic
    /Bembo-Italic
    /BenguiatITCbyBT-Bold
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniBT-Bold
    /BodoniBT-BoldCondensed
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /BremenBT-Bold
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptStd
    /Bulgarian-Ariel
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /CaslonFiveForty-Italic
    /CaslonFiveForty-Roman
    /CaslonThree-Roman
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondensed
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ComicSansMS
    /ComicSansMS-Bold
    /CommonBullets
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyOneAB
    /Copperplate-ThirtyTwoBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /DaunPenh
    /DauphinPlain
    /David
    /David-Bold
    /Dax-Regular
    /Dax-RegularExpert
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraversMT
    /EngraversMT-Bold
    /ErasITC-Bold
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EurostileBold
    /EurostileRegular
    /FangSong
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldItalic
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-LightOblique
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /FuturaTEE-BoldCond
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Gautami
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /GiddyupStd
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-BoldSC
    /Giovanni-Book
    /Giovanni-BookItalic
    /Giovanni-BookSC
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KaiTi
    /Kalinga
    /Kartika
    /KidsPlain
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /Latha
    /Latin725BT-Bold
    /Latin725BT-BoldItalic
    /Latin725BT-Italic
    /Latin725BT-Medium
    /Latin725BT-MediumItalic
    /Latin725BT-Roman
    /LatinExtraCondensedBT-Regular
    /LatinWidD
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-DemiBold
    /MaiandraGD-Italic
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Map-Symbols
    /Marlett
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatisseITC-Regular
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftSansSerif
    /MicrosoftUighur
    /MicrosoftYaHei
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Minion
    /MinionBlack
    /MinionBold
    /MinionBoldItalic
    /MinionItalic
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MinionSemibold
    /MinionSemiboldItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /MongolianBaiti
    /MonotypeSorts
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Web
    /Narkisim
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskerville-Roman
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewtextITCbyBT-Regular
    /NewtextITCbyBT-RegularItalic
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /NuptialScript
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldOblique
    /Optima-Oblique
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /PoplarStd
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PosterBodoniBT-Roman
    /PrestigeEliteStd-Bd
    /Pronto
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /RockwellBoldCondensed
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /RockwellExtraBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RockwellLight
    /Rod
    /RosewoodStd-Regular
    /ScriptMTBold
    /ScriptMT-Bold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Shruti
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StencilStd
    /StoneSans
    /StoneSansItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /SyntaxBlack
    /SyntaxBold
    /SyntaxItalic
    /SyntaxRoman
    /SyntaxUltraBlack
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Medium
    /TwCenMT-MediumItalic
    /TypoUprightBT-Regular
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vivaldii
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoodtypeOrnaments-One
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /AriosoBold
    /AriosoNormal
    /ChevaraNormal
    /ChevaraOutlineNormal
    /ChillerLetPlain
    /CongaBold
    /CongaNormal
    /ErasContourITC-Normal
    /HelmetBold
    /HelmetBoldItalic
    /HelmetCondensedBold
    /HelmetCondensedBoldItalic
    /HelmetCondensedItalic
    /HelmetCondensedNormal
    /HelmetItalic
    /HelmetNormal
    /LucidaSans-DemiOblique
    /LucidaSans-Oblique
    /StarBats
    /StarMath
    /TimesNewRomanMT-ExtraBold
    /TimmonsBold
    /TimmonsBoldItalic
    /TimmonsItalic
    /TimmonsNormal
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


