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A clear pathologic hallmark like that identified in
sporadic Parkinson’s disease (PD) is lacking in many
of the monogenic causes of PD. In leucine-rich repeat
kinase 2 (LRRK2) mutations (PARK8), alpha-synu-
clein pathology in the form of Lewy bodies (LBs) is
frequently, but not consistently, observed. Other path-
ologies reported in LRRK2 cases include tau inclu-
sions of the Alzheimer, progressive supranuclear palsy,
and frontotemporal lobar degeneration types, and
TAR DNA-binding protein 43 (TDP-43) inclusions.1

There has been only a single report of a compound
heterozygous, phosphatase and tensin homolog
(PTEN)-induced, putative kinase 1 (PINK1; PARK6)
patient coming to autopsy.2 That patient presented
with asymmetrical rigidity at age 31 years and had a
good motor response to dopaminergic therapy, but
died at age 39 years. Pathologic study revealed nigral
neuronal loss and gliosis, with a few LBs and Lewy
neurites identified in the substantia nigra (SN), nucleus
basalis of Meynert (NBM), and reticular formation of
the brainstem, but not in the locus coeruleus (LC),
amygdala, or hippocampus. This finding is interesting,
because PINK1 and parkin share a similar clinical
phenotype, are believed to share a mechanistic path-
way in the pathogenesis of PD,3 and, overwhelmingly,
parkin-linked disease (PARK2) has been considered a
non-LB disorder.

Case reports of genetically confirmed parkin disease
and our recent case series of 5 unrelated parkin com-
pound heterozygotes describe the pathology of parkin

disease as a severe nigropathy with LBs present in
only a minority of patients.4–15 The LC is consistently
affected by neuronal loss, and tau pathology is occa-
sionally described but is not a significant feature.
Miyakawa and colleagues describe the first homozy-
gous parkin disease case with definite LB pathology at
postmortem examination.16 The female patient devel-
oped gait difficulty at age 61 years, and examination
revealed all the cardinal features of PD. She appeared
to respond well to dopaminergic therapy and devel-
oped motor fluctuations after 7 years, which were
managed with bilateral deep-brain stimulation of the
subthalamic nuclei. Her parents were first cousins, and
her mother also possibly was affected. She was homo-
zygous for deletions of exons 2 through 4 of parkin.
Neuropathologic examination after 11 years of disease
revealed a depigmented SN and LC. Histopathologic
study confirmed SN neuronal loss with LBs and Lewy
neurites in various brainstem nuclei (SN, LC, dorsal
motor nucleus of the vagus, and NBM), the amygda-
loid nucleus, the striatum, and the anterior cingulate
cortex without evidence of other significant patholo-
gies. Those authors suggested that the presence of
truncated parkin protein (assumed to result from the
homozygous deletion) may have resulted in LB forma-
tion; and they also considered the older age of onset
but eventually concluded that coexistent sporadic PD
may have led to the pathologic changes described.

There are several possible theories regarding the
finding of LB pathology in both parkin and PINK1-
related disease. First, it is possible that the LBs identi-
fied in these patents represent incidental LB disease
(iLBD), which is described on postmortem examina-
tion in controls of increasing age,17–19 ie, the LBs rep-
resent presymptomatic PD, but the parkin or PINK1
mutations have produced the clinical syndrome. The
patient reported by Miyakawa et al., although
aged>70 years at death, had Braak stage IV20 LB pa-
thology, which extends beyond what is considered
iLBD. That brings us to the authors’ conclusion that

their case had coincidental sporadic PD. The patient’s

age at onset (61 years) was typical for sporadic PD,

and it is possible the parkin phenotype had not yet
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become clinically established; we note that there exist

occasional reports of parkin cases that did not mani-

fest any signs of parkinsonism at ages well above that

expected (>55 years),8,21 but those cases were com-

pound heterozygous, and the possibility of reduced

penetrance of 1 mutant allele would not apply in the

homozygous situation. Conversely, the family history

suggests that PD was not sporadic: the patient’s

parents were first cousins, and her mother possibly

also suffered from parkinsonism. Like the cases

reported by Farrer et al.8 and Pramstaller et al.,12 this

produces an atypical inheritance pattern for parkin

disease and makes us wonder about digenic disease

and whether other genes, such as LRRK2, had been

considered.
Age at disease onset is an intriguing explanation for

the finding of LBs at postmortem examination in
patients with parkin disease and is supported by the
fact that no juvenile-onset cases have ever been
reported with LBs postmortem.22,23 We have analyzed
the age of onset in all reported cases and observed that
the patients with LBs were significantly older when
their symptoms began (mean age of onset: without LBs
postmortem, 27 years; with LBs postmortem, 46
years).15 We can speculate that patients with a younger
age at onset may have a different mechanism for deal-
ing with abnormal protein accumulation; as a result,
only neuronal dropout and gliosis are the neuropatho-
logic findings when the disease overwhelms.

Before this case and that reported by Sasaki et al.11

it was assumed that large homozygous deletions of
parkin were not associated with a-synuclein pathology
because of the complete loss of parkin protein func-
tion, whereas incomplete loss of function is recognized
with some missense mutations.24 The argument of
partial protein function resulting from compound het-
erozygous mutations may explain the LBs found post-
mortem in the young onset PINK1 case2 but holds less
well for this recent parkin case, in which homozygous
deletions of exons 2 through 4 are likely to have ren-
dered the resulting protein completely lacking in
function.

Another interesting point is the patient’s cardiac io-
dine-131 metaiodobenzylguanidine (MIBG) imaging.
Decreased uptake of MIBG indicates cardiac sympa-
thetic denervation and is typical for sporadic PD. The
imaging was normal in this patient, as has been
reported before in parkin-linked disease,14,25 in which
it was suggested to signify the absence of LB pathol-
ogy in parkinsonism cases.14 The relative preservation
of epicardial sympathetic fascicles observed postmor-
tem was in keeping with the antemortem imaging, but
a-synuclein aggregates and LBs also were discovered
in these structures.

The consistent neuropathologic findings in parkin
disease remain those of severe SN and moderate LC

neuronal loss. The variable findings of LBs and tau
inclusions are not pathognomic or imperative for the
condition. The discrepancy between areas of neuronal
loss and areas of LB pathology described in the car-
diac sympathetic system in this case provides addi-
tional support that these processes are not closely
linked in parkin disease. The selective localization of
the lesion in parkin disease is reminiscent of the local-
ization of the lesion in 1-methyl-4-phenyl-1,2,3,6-tet-
rahydropyridine (MPTP)-induced parkinsonism.26

Parkin is a protein with the function of mitochondrial
quality control,3 and MPTP is a mitochondrial
toxin.27 The extent to which the nigral selectivity in
MPTP-related disease reflects this mitochondrial
selectivity or reflects selective uptake of the MPTP
metabolite 1-methyl-4-phenylpyridinium (MPP1) into
dopaminergic neurons28 is deserving of further study.

In summary, the clinical features and corresponding
pathologic lesion of parkin disease appear to be dis-
tinct from those of sporadic PD, but the correlation
remains unclear between the clinical syndrome of par-
kinsonism, the pathologic finding of LBs, and the
underlying genetic predispositions of these features in
the context of variable ages of onset.

References
1. Poulopoulos M, Levy OA, Alcalay RN. The neuropathology of

genetic Parkinson’s disease. Mov Disord 2012;27:831–842.

2. Samaranch L, Lorenzo-Betancor O, Arbelo JM, et al. PINK1-
linked parkinsonism is associated with Lewy body pathology. Brain
2010;133:1128–1142.

3. Deas E, Wood NW, Plun-Favreau H. Mitophagy and Parkinson’s
disease: the PINK1–parkin link. Biochim Biophys Acta 2011;1813:
623–633.

4. Yamamura Y, Kuzuhara S, Kondo K, et al. Clinical, pathologic
and genetic studies on autosomal recessive early-onset parkinson-
ism with diurnal fluctuation. Parkinsonism Relat Disord
1998;4:65–72.

5. Mori H, Kondo T, Yokochi M, et al. Pathologic and biochemical
studies of juvenile parkinsonism linked to chromosome 6q. Neurol-
ogy 1998;51:890–892.

6. Hayashi S, Wakabayashi K, Ishikawa A, et al. An autopsy case of
autosomal-recessive juvenile parkinsonism with a homozygous
exon 4 deletion in the parkin gene. Mov Disord 2000;15:884–888.

7. van de Warrenburg BPC, Lammens M, Lucking CB, et al. Clinical
and pathologic abnormalities in a family with parkinsonism and
parkin gene mutations. Neurology 2001;56:555–557.

8. Farrer M, Chan P, Chen R, et al. Lewy bodies and parkinsonism
in families with parkin mutations. Ann Neurol 2001;50:293–300.

9. Mori H, Hattori N, Mizuno Y. Genotype-phenotype correlation:
familial Parkinson disease. Neuropathology 2003;23:90–94.

10. Gouider-Khouja N, Larnaout A, Amouri R, et al. Autosomal reces-
sive parkinsonism linked to parkin gene in a Tunisian family. clini-
cal, genetic and pathological study. Parkinsonism Relat Disord
2003;9:247–251.

11. Sasaki S, Shirata A, Yamane K, Iwata M. Parkin-positive autoso-
mal recessive juvenile Parkinsonism with alpha-synuclein-positive
inclusions. Neurology 2004;63:678–682.

12. Pramstaller PP, Schlossmacher MG, Jacques TS, et al. Lewy body
Parkinson’s disease in a large pedigree with 77 Parkin mutation
carriers. Ann Neurol 2005;58:411–422.

13. Torres L, Cornejo M, Mata I, et al. A novel PARK2 mutation in a
Peruvian family: clinical and pathological characteristics. Mov Dis-
ord 2011;26:s311–s312.

P A R K I N D I S E A S E A N D T H E L E W Y B O D Y C O N U N D R U M

2 Movement Disorders, Vol. 00, No. 00, 2013



14. Orimo S, Amino T, Yokochi M, et al. Preserved cardiac sympa-
thetic nerve accounts for normal cardiac uptake of MIBG in
PARK2. Mov Disord 2005;20:1350–1353.

15. Doherty KM, Silveira-Moriyama L, Parkkinen L, et al. Parkin dis-
ease—a clinicopathological entity [serial online]? JAMA Neurol
2013;4:1–9.

16. Miyakawa S, Ogino M, Funabe S, et al. Lewy body pathology in a
patient with a homozygous Parkin deletion. Mov Disord
2013;28:388–391.

17. Parkkinen L, Soininen H, Laakso M, Alafuzoff I. alpha-Synuclein
pathology is highly dependent on the case selection. Neuropathol
Appl Neurobiol 2001;27:314–325.

18. Markesbery WR, Jicha GA, Liu H, Schmitt FA. Lewy body pathol-
ogy in normal elderly subjects. J Neuropathol Exp Neurol
2009;68:816–822.

19. Fearnley JM, Lees AJ. Ageing and Parkinson’s disease: substantia
nigra regional selectivity. Brain 1991;114(pt 5):2283–2301.

20. Braak H, Del Tredici K, Rub U, de Vos RA, Jansen Steur EN,
Braak E. Staging of brain pathology related to sporadic Parkin-
son’s disease. Neurobiol Aging 2003;24:197–211.

21. Deng H, Le WD, Hunter CB, et al. Heterogeneous phenotype in a
family with compound heterozygous parkin gene mutations. Arch
Neurol 2006;63:273–277.

22. Mizutani Y, Yokochi M, Oyanagi S. Juvenile parkinsonism: neuro-
pathological findings of 9 cases. Gendaiiryou (Tokyo) 1993;25:
11–17.

23. Takahashi H, Ohama E, Suzuki S, et al. Familial juvenile parkin-
sonism: clinical and pathologic study in a family. Neurology 1994;
44:437–441.

24. Sriram SR, Li X, Ko HS, et al. Familial-associated mutations
differentially disrupt the solubility, localization, binding and ubiq-
uitination properties of parkin. Hum Mol Genet 2005;14:
2571–2586.

25. Suzuki M, Hattori N, Orimo S, et al. Preserved myocardial
[123I]metaiodobenzylguanidine uptake in autosomal recessive
juvenile parkinsonism: first case report. Mov Disord 2005;20:
634–636.

26. Forno LS, DeLanney LE, Irwin I, Langston JW. Similarities and
differences between MPTP-induced parkinsonism and Parkinson’s
disease. Neuropathologic considerations. Adv Neurol 1993;60:
600–608.

27. Richardson JR, Caudle WM, Guillot TS, et al. Obligatory role for
complex I inhibition in the dopaminergic neurotoxicity of 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). Toxicol Sci
2007;95:196–204.

28. Langston JW, Irwin I, Langston EB, Forno LS. Pargyline prevents
MPTP-induced parkinsonism in primates. Science 1984;225:
1480–1482.

D O H E R T Y A N D H A R D Y

Movement Disorders, Vol. 00, No. 00, 2013 3


