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Olfaction in Parkin heterozygotes and

compound heterozygotes

The CORE-PD study
ey

ABSTRACT

Background: While Parkinson disease (PD) is consistently associated with impaired olfaction, one
study reported better olfaction among Parkin mutation carriers than noncarriers. Whether olfac-
tion differs between Parkin mutation heterozygotes and carriers of 2 Parkin mutations (com-
pound heterozygotes) is unknown.

Objective: To assess the relationship between Parkin genotype and olfaction in PD probands and
their unaffected relatives.

Methods: We administered the University of Pennsylvania Smell Identification Test (UPSIT) to 44
probands in the Consortium on Risk for Early-Onset Parkinson Disease study with PD onset =50
years (10 Parkin mutation heterozygotes, 9 compound heterozygotes, 25 noncarriers) and 80 of
their family members (18 heterozygotes, 2 compound heterozygotes, 60 noncarriers). In the pro-
bands, linear regression was used to assess the association between UPSIT score (outcome) and
Parkin genotype (predictor), adjusting for covariates. Among family members without PD, we
compared UPSIT performance in heterozygotes vs noncarriers using generalized estimating
equations, adjusting for family membership, age, gender, and smoking.

Results: Among probands with PD, compound heterozygotes had higher UPSIT scores (31.9) than het-
erozygotes (20.1) or noncarriers (19.9) (o < 0.001). These differences persisted after adjustment for age,
gender, disease duration, and smoking. Among relatives without PD, UPSIT performance was similar in
heterozygotes (32.5) vs noncarriers (32.4), and better than in heterozygotes with PD (p = 0.001).

Conclusion: Olfaction is significantly reduced among Parkin mutation heterozygotes with PD but not
among their heterozygous relatives without PD. Compound heterozygotes with PD have olfaction within
the normal range. Further research is required to assess whether these findings reflect different neuropa-
thology in Parkin mutation heterozygotes and compound heterozygotes. Neurology® 2011;76:319-326

GLOSSARY

AAO = age at onset; CORE-PD = Consortium on Risk for Early-Onset Parkinson Disease study; EOPD = early-onset Parkinson
disease; GEE = generalized estimating equation; MMSE = Mini-Mental State Examination; PD = Parkinson disease; UPSIT =
University of Pennsylvania Smell Identification Test.

Mutations in the Parkin gene (PARK2; OMIM 600116)"? are the most common genetic risk
factors for early-onset Parkinson disease (PD) (EOPD)*'3; however, the role of heterozygous
Parkin mutations in the pathogenesis of PD remains controversial.'*'” While a comprehensive
study showed a similar frequency of heterozygous point mutations in PD cases and controls,' PET
studies show reduced fluorodopa uptake in nigrostriatal terminals in the caudate and posterior
putamen of both symptomatic and asymptomatic Parkin heterozygotes compared to controls, sim-
ilar to the reduction found in sporadic PD.8-20

Impairment in olfactory function is one of the earliest manifestations of idiopathic PD and
has been reported up to 4 years before motor manifestations.?’ While impaired olfaction is
frequently associated with PD, olfactory identification was reported to be better among 22
patients with parkinsonism with one or more Parkin mutations when compared to noncarrier
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Parkinson disease probands with Parkin mutations (n = 19): mutation type, demographics, disease characteristics, and
UPSIT performance

Table 1
UPSIT
score
Compound
heterozygotes
1 37
2 36
3 35
4b 34
5 88
6 32
7 32
8 27
9° 21
Heterozygotes
10 34
11 29
12 26
13 24
14 21
15 19
16 19
17 12
18 11
19 6

Parkin mutations

Age, UPDRS-III Disease History of

y score duration, y smoking Mutation

58 8 14 Never? Cys212Tyr

53 18 20 Never Exon 3 deletion

45 16 26 Past Exon 3 40 bp
deletion

30 15 11 Never 255delA

39 20 15 Current 255delA

50 2 8 Never Arg42Pro

54 25 47 Past Arg275Trp

40 23 14 Never Arg275Trp

59 17 24 Never Exon7-8
duplication

46 14 13 Current Arg42Pro

48 21 9 Never 202-3delAG

39 27 14 Never Exon 8 deletion

38 18 24 Never Exon 3 40 bp
deletion

57 15 8 Never Arg275Trp

58 22 14 Never Arg42Pro

59 22 21 Never Arg275Trp

36 23 11 Never Arg275Trp

51 19 22 Never Arg275Trp

54 26 B Never Exon 3 40 bp
deletion

Location within
functional

Location within
functional

protein domain Mutation protein domain
Unknown Arg275Trp RING1
Ubiquitin Exon 5 deletion Unknown
Ubiquitin Arg275Trp RING1
Ubiquitin Exon 3-4 deletion Ubiquitin
Ubiquitin Arg275Trp RING1
Ubiquitin Exon 3 deletion Ubiquitin
RING1 Exon 4 deletion Ubiquitin
RING1 Gly430Asp RING2
RING1 Exon 10 deletion Unknown
Ubiquitin

Ubiquitin

Unknown

Ubiquitin

RING1

Ubiquitin

RING1

RING1

RING1

Ubiquitin

Abbreviations: UPDRS = Unified Parkinson's Disease Rating Scale; UPSIT = University of Pennsylvania Smell Identification Test.
2 Never was defined as less than 100 cigarettes in a lifetime.
b These probands did not have sufficient family data to conclude that the 2 mutations are on 2 different alleles.
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patients with PD.?223 Four of these carriers of
Parkin mutations were heterozygotes (Dr. N.
Khan, personal communication). Olfactory per-
formance in Parkin mutation heterozygotes vs
compound heterozygotes has never been re-
ported. The purpose of this study was to com-
pare olfactory function among carriers of a
single Parkin mutation, carriers of 2 Parkin mu-
tations, and noncarriers with and without PD.

METHODS Participants. This study included 44 individu-
als with EOPD (probands) who participated in Part II of the
Consortium on Risk for Early-Onset Parkinson Disease study
(CORE-PD), and 80 of their family members. The details of the
CORE-PD study are described elsewhere.? In brief, patients
with PD were recruited from 13 sites based on age at onset
(AAO) of PD =50 years and performance on the Mini-Mental
State Examination (MMSE)?» >23 to ensure that a reliable his-

tory could be obtained from each subject. A blood sample for
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DNA was sent to the NINDS Human Genetics Resource Center
DNA and Cell Line Repository (http://ccr.coriell.org). In part I
of CORE-PD, patients who carried Parkin mutations and a sam-
ple of those who did not carry Parkin mutations, as well as their
family members, underwent a detailed neurologic, neuropsycho-
logical, and psychiatric assessment. Beginning in 2007, olfactory
function was measured by the University of Pennsylvania Smell
Identification Test (UPSIT,* Sensonics, Inc., Haddonfield, NJ).
The UPSIT consists of 40 standardized encapsulated odors. Raw
scores are calculated as the simple number of correct identifica-
tions ranging from 0 to 40; higher scores indicate better olfac-
tion. Anosmia is defined as a score of 18 or lower and severe
microsmia is defined as a score of 19-25 in people above age
15.7 The reliability of UPSIT is well-established.?* The UPSIT
was obtained only if participants denied any upper respiratory
illness, as suggested by the UPSIT manual. Smoking history was
obtained on all participants. All examiners were unaware of the
genetic status of the participants at the time of recruitment and
thereafter.

Probands and family members were screened for Parkin muta-

tions, as well as for common mutations in LRRK2 and glucocere-
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Figure 1 Box plot showing the University of Pennsylvania Smell
Identification Test (UPSIT) scores in early-onset Parkinson
disease participants who are Parkin compound heterozygotes,
heterozygotes, or noncarriers
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brosidase (GBA), using previously described methods,* after the
examination was complete. In addition, most participants, includ-
ing 31 of the 43 probands with PD and all family members, were
screened for mutations in a-synuclein (SNCA; A157T, A88P, and
E136K), DJ-1 (L166P, M26I, D149A, and A104T), and PTEN-
induced putative kinase 1 (PINK-1; W437X and G309D).” None
were aware of their mutation status. Carriers of LRRK2 or GBA were
excluded from the analyses. No carriers of mutations in SNCA,
DJ-1, or PINK-1 were detected.

Standard protocol approvals, registrations, and patient
consents. Institutional review boards at all participating sites
approved the protocols and consent procedures. Written in-

formed consent was obtained from all participants in the study.

Data analysis. Probands. Demographics, clinical characteris-
tics, and UPSIT performance were compared among the 3
groups defined by Parkin genotype using univariate analysis of
variance and X tests as appropriate. A linear regression model
was constructed to assess the association between UPSIT score

(outcome) and mutation status (predictor), adjusting for age,

gender, disease duration, and history of smoking (past and cur-
rent vs never). Finally, we compared the proportion of probands
with severe olfactory impairment (either severe microsmia or
anosmia), defined as a score of 25 or lower (UPSIT manual)?’
among the genetic groups.

Unaffected family members. Given that only 2 family
members without PD carried 2 Parkin mutations (both com-
pound heterozygotes), we restricted the analysis of UPSIT per-
formance in family members to Parkin mutation heterozygotes
and noncarriers. We used generalized estimating equations
(GEE) to adjust for familial clustering, age, gender, and history
of smoking. Finally, we compared UPSIT performance between
Parkin mutation heterozygotes with and without PD using the
GEE model, to assess whether hyposmia was associated with PD

among mutation carriers.

RESULTS Probands with PD. Probands with PD in-
cluded 9 carriers of 2 Parkin mutations (all compound
heterozygotes), 10 Parkin mutation heterozygotes, and
25 noncarriers. The specific mutations in Parkin carri-
ers are described in table 1. All the Parkin mutations
reported are considered pathogenic.?* Seven of the 9
carriers of 2 Parkin mutations had sufficient family data
to conclude that the 2 Parkin mutations are on 2 differ-
ent alleles (table 1).

Probands with PD who carried 2 Parkin muta-
tions performed significantly better on the UPSIT
(31.9) than probands who were heterozygotes (20.1)
or noncarriers (19.9), despite longer disease duration
(figure 1, table 2). Mean UPSIT performance of pro-
bands who were Parkin mutation heterozygotes was
within the range of severe microsmia (19-25), and
was not significantly different from probands who
were noncarriers. In a linear regression model includ-
ing all probands with PD, carrying 2 Parkin muta-
tions was associated with higher UPSIT scores when
compared to Parkin mutation heterozygotes (10.9-
point difference, p = 0.005) or to noncarriers (10.7-
point difference, p = 0.003), after adjustment for
gender, age, disease duration, and history of smok-
ing. We did not find any association between olfac-
tion and Parkin mutation type (point mutations vs

gene dosage alterations), or with disease severity indi-

Table 2

UPSIT performance, demographics, and disease characteristics of noncarriers, Parkin

heterozygotes, and Parkin compound heterozygotes

Noncarriers

(n = 25)
UPSIT score (SD, range) 19.9(7.2,8-35)
Age, y (SD, range) 56 (8, 36-66)
Disease duration, y (SD, range) 13(7,1-27)
UPDRS-III (SD, range) 19(6,10-32)
Male sex (% male) 13(52.0)

History of smoking 2 current, 6 past

Heterozygotes Carriers of 2 mutations

(h=10) (n=9) p Value
20.1(8.6,6-34) 31.9(5.0,21-37) <0.001
49 (9, 36-59) 48(10, 30-59) 0.015
14 (6, 5-24) 20(12,8-47) 0.073
21(4,14-27) 16 (7,2-25) 0.295
8(80.0) 3(33.3) 0.116
1 current, O past 1 current, 2 past 0.319

Abbreviations: UPDRS = Unified Parkinson’s Disease Rating Scale; UPSIT = University of Pennsylvania Smell Identification

Test.
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Figure 2
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cators, including Unified Parkinson’s Disease Rating
Scale-III and disease duration. The proportion of
Parkin mutation heterozygote and noncarrier pro-
bands who were either severely microsmic or anos-

mic combined (i.e., UPSIT score lower than 26)
was higher than Parkin compound heterozygotes
(p = 0.02, figure 2). The significant difference
between Parkin mutation heterozygotes and com-
pound heterozygotes did not change after exclud-
ing the 2 compound heterozygotes on whom there
were insufficient family data to confirm com-

pound heterozygocity status.

Family members without PD. Family members in-
cluded 80 individuals from 37 families: 60 noncarriers,
18 Parkin mutation heterozygotes, and 2 compound
heterozygotes. The specific mutations in family mem-
bers who were Parkin carriers are described in table 3. A
single heterozygote family member was diagnosed with
PD and was excluded from the analysis (table 3).
Among 79 family members without PD, the perfor-
mance on the UPSIT of Parkin mutation heterozygotes
(mean 32.5, range 1839, table 3) was similar to that of
noncarriers (mean 32.4, range 17-39, p = 0.69, ad-
justed for familial clustering, age, gender, and history of
smoking in GEE model).

[ Table 3 Family members with Parkin mutations (n = 20): mutation type, demographics, and UPSIT performance ]
Parkin mutations
Location within Location within
UPSIT Age, Historyof functional functional
score y smoking Mutation proteindomain  Mutation protein domain
Compound
heterozygotes
1 38 43 Current 202-3 deletion AG Ubiquitin Exon 3-4 deletion  Ubiquitin
2 37 48 Past 202-3 deletion AG Ubiquitin Exon 3-4 deletion  Ubiquitin
Heterozygotes
3 39 60 Past Exon 3 40 bp del Ubiquitin
4 38 29 Past Arg275Trp RING1
5 &7/ 45 Current Exon 3 40 bp deletion  Ubiquitin
6 37 85 Past Cys212Tyr Unknown
7 &3 24 Current Arg275Trp RING1
8 35 28 Never 255 del A Ubiquitin
9 35 47 Never Arg275Trp RING1
10 34 19 Never Arg42Pro Ubiquitin
11 34 19 Never Arg42Pro Ubiquitin
12 33 30 Never Arg275Trp RING1
13 33 57 Never Exon 3 40 bp deletion  Ubiquitin
14 32 85 Never 255 del A Ubiquitin
15 32 41 Never Arg275Trp RING1
162 29 55 Never Exon 5 deletion Unknown
17 28 37 Never Arg275Trp RING1
18 27 73 Never Exon 3 40 bp deletion  Ubiquitin
19 25 21 Never 255 del A Ubiquitin
20 18 77 Never Exon 3 deletion Ubiquitin

Abbreviation: UPSIT = University of Pennsylvania Smell Identification Test.
2 This heterozygote carrier was diagnosed with Parkinson disease at age 41 and was excluded from the analysis.
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Among individuals who were heterozygous carri-
ers of Parkin mutations (probands with PD and rela-
tives without PD), performance on the UPSIT was
better in relatives without PD than in probands with
EOPD (32.5 vs 20.1, p = 0.001, adjusted for famil-
ial clustering, age, gender, and history of smoking in
a GEE model); however, in 12% (2/17) of the het-
erozygote family members without PD (from 2 dif-
ferent families) UPSIT performance was consistent
with severe microsmia or anosmia. Both carried dele-
tions in the Parkin gene (table 3). Both Parkin com-
pound heterozygotes without PD had normal smell
performance (table 3); however, statistical analysis

was not performed given the small number (n = 2).

DISCUSSION Impairment in olfactory function is
an early finding in idiopathic PD, and is not associ-
ated with severity of motor function or medication
dosage.?3® Our study of olfaction in a genotyped
sample of EOPD confirms previous reports of better
olfaction in carriers of 2 Parkin mutations with
PD,*>?} and demonstrates impaired olfaction in Par-
kin mutation heterozygotes with PD, similar to that
of people with PD who were Parkin noncarriers and
significantly worse than compound heterozygotes with
PD. The role of Parkin mutation heterozygosity in the
pathogenesis of PD is controversial.'*'” Data support-
ing the hypothesis that heterozygous mutations convey
a risk for PD include imaging findings'®?® and studies
showing an increased frequency of heterozygous carriers
in PD cases compared to controls.!> Our finding of sim-
ilar olfactory performance in Parkin heterozygotes with
PD and noncarriers with PD may be viewed as consis-
tent with the hypothesis that Parkin mutation heterozy-
gosity is not an independent risk factor for PD.
Alternatively, poor performance on the UPSIT
may reflect a different distribution of pathology
among Parkin mutation heterozygotes compared
to compound heterozygotes.

Olfactory impairment in PD is associated with Lewy
body infiltration of the olfactory bulb and tract.>' Neu-
ropathologic staging of PD suggests the presence of
Lewy bodies in the olfactory bulb in Braak stages 1-2,
even before the disease reaches the substantia nigra
(stage 3).%? To our knowledge, 7 autopsies of individu-
als with Parkin mutations have been reported. Only 2
of the 6 homozygotes/compound heterozygotes had
Lewy bodies,**?* whereas the clinical course and pa-
thology from a single autopsy of a Parkin mutation
heterozygote was consistent with progressive su-
pranuclear palsy.®® Based on our findings of different
olfactory performance in Parkin mutation heterozy-
gotes and Parkin compound heterozygotes, we hy-
pothesize that better UPSIT performance is inversely
correlated with Lewy body pathology, and that Par-

kin heterozygotes with PD have Lewy bodies in the
olfactory bulb; however, autopsy data are lacking,
and further research is required to address the rela-
tionship between olfactory performance and the un-
derlying disease mechanism.

Limitations of our study include its sample size,
which did not allow us to analyze point mutation
carriers and gene dosage alterations carriers in the
Parkin gene separately. While we excluded carriers of
common mutations in LRRK2 and GBA to avoid
confounders, we only screened for specific mutations
and did not sequence the a-synuclein DJ-I or
PINK-1 genes, which are associated with impaired
olfaction.®

When Parkin mutation heterozygotes with and
without PD were compared, olfactory impairment
was associated with PD, supporting the notion that
hyposmia in Parkin mutation heterozygotes is re-
lated to PD rather than to Parkin genotype. How-
ever, we also noted that 2 (12%) of the Parkin
mutation heterozygotes without PD manifested
impaired olfaction. In light of 2 prospective stud-
ies that demonstrated that 10%—-13% of individu-
als who had both hyposmia and abnormal functional
imaging at baseline developed PD over a 2- to 5-year
period,?”?* a longitudinal follow-up of these carriers
is warranted to determine whether hyposmia can be
used as an early marker of PD in Parkin heterozygous
mutation carriers, and whether Parkin mutation het-
erozygosity is indeed a risk factor for PD.
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Editor’s Note to Authors and Readers: Levels of Evidence coming to Neurology®

Effective January 15, 2009, authors submitting Articles or Clinical/Scientific Notes to Neurology® that report on clinical
therapeutic studies must state the study type, the primary research question(s), and the classification of level of evidence assigned
to each question based on the classification scheme requirements shown below (left). While the authors will initially assign a
level of evidence, the final level will be adjudicated by an independent team prior to publication. Ultimately, these levels can be
translated into classes of recommendations for clinical care, as shown below (right). For more information, please access the
articles and the editorial on the use of classification of levels of evidence published in Neurology.'
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Classification scheme requirements for therapeutic questions

("Class |, A rando mized, controlled clinical trial of the intervention of interest )
with masked or objective outcome assessment, in a representative
population, Relevant baseline characteristics are presented and substantially
equivalent among treatment groups or there is appropriate statistical

\ 2djustment for differences. v
P
ﬁ:hu Il. A randomized, controlled clinical trial of the intervention of interest\
ina representative population with masked or objective outcome
assessment that lacks one criterion a-e in Class | or a prospective matched
cohort study with masked or objective outcome assessmentina
representative population that meets b-e in Class |, Relevant baseline
characteristics are presented and substantially equivalent among treatment

: groups or there is appropriate statistical adjustment for differences. :

Class 111, All other controlled trials (including well-defined natural history
controls or patients serving as their own controls) in a representative
population, where outcome is independently assessed, or independently
derived by objective outcome measurements.

Class IV, Studies not meeting Class |, I, or lll criteria including consensus or
expert opinion.

AAN classification of recommendations

A = Established as effective, ineffective, or harmful (or established )
as useful/predictive or not useful/predictive) for the given condition
inthe specified population. (Level A rating requires at least two
consistent Class | studies.)

B = Probably effective, ineffective, or harmful (or probably
useful/predictive or not useful/predictive) for the given condition in
the specified population. (Level B rating requires at least one Class|
study or two consistent Class |l studies. )

: C = Possibly effective, ineffective, or harmful (or possibly :
useful/predictive or not useful/predictive) for the given condition in

the specified population. (Level C rating requires at least one Class ||
study or two consistent Class |1l studies,)

U = Data inadequate or conflicting; given current knowledge,

T A,

treatment (test, predictor) is unproven.
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