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IMPORTANCE Biochemical abnormalities present in GBA (mut/wt) carriers may offer new
pathogenetic insights to and potential therapeutic targets in Parkinson disease (PD).

OBJECTIVE To determine whether patients having PD with vs without GBA mutations differ in
clinical phenotype or plasma protein expression.

DESIGN AND SETTING Case-control study of patients having PD with vs without GBA
mutations. Clinical characteristics were compared between groups, and biochemical profiling
of 40 plasma proteins was performed to identify proteins that differed in expression
between groups.

PARTICIPANTS The discovery cohort included 20 patients having PD with GBA mutations.
Clinical characteristics of GBA-associated PD cases were compared with those of 242 patients
having PD in whom GBA mutations were excluded by full gene sequencing.

MAIN OUTCOME MEASURES Biochemical profiling was available for all 20 GBA-associated PD
cases, as well as a subset (87 of 242) of the GBA-negative PD cases. The replication cohort
included 19 patients having PD with GBA mutations and 41 patients having PD without GBA
mutations.

RESULTS Compared with patients having PD without GBA mutations, patients having PD with
GBA mutations were younger at disease onset (P = .04) and were more likely to demonstrate
cognitive dysfunction (P = .001). In a multiple regression model that included age, sex, and
assay batch as covariates, GBA mutation status was significantly associated with plasma
levels of interleukin 8 (P = .001), monocyte chemotactic protein 1 (P = .008), and
macrophage inflammatory protein 1α (P = .005). The association between interleukin 8 and
GBA mutation status was replicated (P = .03) in a separate cohort of patients having PD with
vs without GBA mutations.

CONCLUSIONS AND RELEVANCE Patients having PD with GBA mutations have earlier age at
disease onset and are more likely to demonstrate cognitive dysfunction. Monocyte-
associated inflammatory mediators may be elevated in patients having PD with GBA
mutations.
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P arkinson disease (PD) is a neurodegenerative disorder
characterized by clinical features of parkinsonism and
the pathological finding of neuronal α-synuclein–

positive Lewy bodies. A strong association has been estab-
lished between PD and mutations in the GBA gene (OMIM
606463),1-3 encoding the lysosomal enzyme glucocerebrosi-
dase. Pathogenetic mutations in both alleles of GBA (GBA [mut/
mut]) cause the lysosomal storage disorder Gaucher disease. Car-
riers of a single mutant GBA allele (GBA [mut/wt]) are unaffected
by Gaucher disease. However, recently, heterozygous GBA mu-
tations have been demonstrated to be the most common single
gene mutation associated with sporadic PD, occurring 5 times
more often in patients with PD than in the general population.2

While the underlying reason for the association between
GBA mutations and PD is unknown,4 a direct mechanistic link
between glucocerebrosidase and α-synuclein may exist be-
cause abnormal glucocerebrosidase activity has been shown
to impair α-synuclein processing in vitro and in vivo.5,6 Ac-
cordingly, biochemical abnormalities present in GBA (mut/
wt) carriers may offer new pathogenetic insights to and po-
tential therapeutic targets in PD. In this study, we compared
clinical characteristics and levels of 40 plasma proteins in a
group of patients having PD with vs without GBA mutations.

Methods
Patient Cohorts
This was a case-control study of a group of patients having PD
with GBA mutations (GBA [mut/wt] and GBA [mut/mut]) and
a comparator group of patients having PD without GBA mu-
tations (GBA [wt/wt]). Institutional review board approval at
all involved institutions was obtained.

The discovery cohort included individuals evaluated at the
University of Pennsylvania with a clinical diagnosis of PD based
on United Kingdom Brain Bank criteria.7 For comparison of clini-
cal characteristics, the discovery cohort consisted of 20 pa-
tients having PD with GBA mutations and 242 patients having
PD in which GBA mutations were excluded (the mutation screen-
ing method is described in the next subsection). For compari-
son of biochemical characteristics, a convenience subset of these
patients with PD was used, including 20 GBA-associated PD cases
and a subset (87 of 242) of the GBA-negative PD cases. For the
full discovery cohort and the subset of 107 patients (87 con-
trols plus 20 mutation carriers) for whom biochemical profil-
ing was performed, patients were recruited without bias for spe-
cific characteristics or prior knowledge of genetic status.

To replicate significant biochemical findings in an inde-
pendent cohort, plasma samples were obtained from 60 pa-
tients with PD at the University of Washington, recruited as pre-
viously described.8 Among these, the replication cohort
consisted of 17 GBA (mut/wt) cases, 2 GBA (mut/mut) cases, and
41 GBA (wt/wt) cases.

Genetic Screening for GBA Mutations
In the University of Pennsylvania discovery cohort of pa-
tients with PD, GBA mutations were identified by 1 of 2 ap-
proaches. For 254 patients with PD, long-range polymerase

chain reaction amplification, followed by sequencing of all 11
exons of the GBA gene, was conducted as previously described9

(eMethods in Supplement). All patients having PD with GBA
mutations identified in this manner were included as GBA mu-
tation carriers; those without an identified mutation were in-
cluded in the comparator nonmutation group. For an addi-
tional 231 patients with PD, screening was performed for only
the 2 most common GBA mutations, N370S and L444P2

(eMethods in Supplement3,10). All patients having PD with GBA
mutations identified through the abbreviated screening tech-
nique were included as cases. Because other GBA mutations
were not assessed in these 231 individuals, no persons from
this group were included in the comparator group of patients
having PD without GBA mutations.

In the University of Washington replication cohort of pa-
tients with PD, GBA mutation status was ascertained by long-
range polymerase chain reaction amplification, followed by se-
quencing of all 11 exons of the GBA gene.9 Additional details
are given in the eMethods in Supplement.

Clinical Characterization (Discovery Cohort)
Information obtained included demographics, age at the time
of diagnosis of PD by a physician, and age at the time of PD
symptom onset (reported by the patient), as well as modified
Hoehn and Yahr (H&Y) staging of PD.11,12 Cognition was clas-
sified as normal cognition, mild cognitive impairment (MCI),
or dementia as determined by consensus clinical determina-
tion (eMethods in Supplement).13,14

Biochemical Characterization By Multiplex Immunoassay
(Discovery Cohort)
Simultaneous screening of plasma samples from patients hav-
ing PD with vs without GBA mutations was initially per-
formed for a commercially available panel of 71 plasma pro-
teins on a multiplex bead–based immunoassay (Rules-Based
Medicine; Myriad RBM, Inc) as previously described15; 40 of
the 71 plasma analytes met quality control measures and were
included in the analysis (eTable 1 in Supplement). The
eMethods in Supplement describe the methods for sample han-
dling and processing and quality control.

ELISA (Replication Cohort)
Enzyme-linked immunosorbent assay (ELISA) was used to rep-
licatebiochemicalfindings.Usingstandardmanufacturerinstruc-
tions for ELISA, monocyte chemotactic protein 1 (MCP1) (R&D
Systems) and interleukin 8 (IL-8) (BD Biosciences) were mea-
sured. Further details are given in the eMethods in Supplement.

Statistical Analysis
Survival curve analyses using log-rank tests were used to com-
pare age at disease onset and age at PD diagnosis for patients
having PD with vs without GBA mutations. Binomial logistic
regression was used to examine the effect of GBA status on cog-
nition using consensus clinical determination of normal or ab-
normal cognition (MCI or dementia) as ordinal outcomes. For
analyses pertaining to plasma protein levels, levels of 40 mea-
sured plasma proteins were compared in patients having PD
with vs without GBA mutations by Mann-Whitney test (the cut-
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off for initial screening was 2-tailed P ≤ .05). Markers identi-
fied as nominally significant in this initial screening were then
entered into a multivariate linear regression model designat-
ing sex, assay batch, and age at plasma draw as covariates.

In the replication cohort, candidate plasma protein levels
were compared between patients having PD with vs without
GBA mutations in univariate analysis and with a multivariate
model adjusting for sex and age at plasma draw (no adjust-
ment was needed for assay batch because all samples were as-
sayed simultaneously). Significance was set at 1-tailed P ≤ .05
because expected directionality was known.

The association between levels of replicated plasma ana-
lytes and cognitive function (consensus clinical determina-
tion) was examined by linear regression with sex and age at
consensus clinical determination as covariates. An associa-
tion with motor impairment (modified H&Y stage) was as-
sessed using a linear regression model that included sex and
age at plasma draw as covariates.

All statistical analyses were performed using available soft-
ware (R, version 2.14.0; http://cran.r-project.org/bin/windows
/base/old/2.14.0/). R-scripts are available on request.

Results
Patients Having PD With GBA Mutations Demonstrate
Earlier Age at Disease Onset and More Cognitive Impairment
Discovery cohort characteristics are given in the Table. The
mean (SEM) age at onset of PD symptoms was younger in 20
patients having PD with GBA mutations (eTable 2 in Supple-
ment) compared with 242 patients having PD without GBA mu-
tations (59.0 [2.0] vs 63.1 [0.6] years; P = .04, log-rank test)
(Figure 1A). The mean (SEM) age at PD diagnosis was also
younger in patients having GBA mutations compared with
those not having GBA mutations (59.4 [2.1] vs 64.7 [0.6] years;
P = .01, log-rank test) (Figure 1B).

Cognitive performance differed between patients having
PD with vs without GBA mutations. Specifically, 15 of 20 GBA
mutation carriers (75.0%) had a consensus clinical determi-
nation of MCI or dementia compared with 105 of 242 mutation-
negative patients (43.4%) with PD (χ2 = 7.61, P = .02). In a mul-
tivariate model adjusting for sex and age at consensus clinical
determination, GBA mutation carriers were still more likely to
show MCI or dementia (odds ratio, 7.65; 95% CI, 2.34-25.05;
P = .001); this relationship persisted after adjusting for de-
gree of motoric impairment (modified H&Y stage) and dis-
ease duration at consensus clinical determination (odds ra-
tio, 9.95; 95% CI, 2.69-36.87; P = .001).

Patients Having PD With GBA Mutations Have Higher Plasma
Levels of Monocyte-Associated Inflammatory Mediators
In univariate analyses, 6 plasma analytes were associated with
the presence of GBA mutations, with higher analyte levels
among mutation carriers (Figure 2). These included IL-8
(P = .008), MCP1 (P = .004), stem cell factor (P = .02), pulmo-
nary and activation–regulated chemokine (PARC) (P = .005), and
macrophage inflammatory protein 1α (MIP1α) (P = .003) and
MIP1β (P = .003). Notably, 5 of these 6 plasma proteins (IL-8,
MCP1, MIP1α, PARC, and stem cell factor) were elevated even
in GBA (mut/wt) PD cases. Furthermore, plasma analytes dif-
fering between patients having PD with vs without GBA muta-
tions in this initial analysis were highly enriched for monocyte-
associated inflammatory mediators. Specifically, of 40 analytes
screened, only 8 are monocyte-associated inflammatory me-
diators, but 5 of 6 plasma proteins differentiating GBA-
associated PD (IL-8, MCP1, MIP1α, MIP1β, and PARC) fell within
this group (P < .001, Fisher exact test).

Markers identified as significant in screening were en-
tered into a multivariate model adjusting for sex, assay batch,
and age at plasma draw. Interleukin 8, MCP1, and MIP1α, again
enriched for monocyte-associated inflammatory mediators
(P = .006, Fisher exact test), remained elevated in carriers of
GBA mutations (Figure 2B).

We next sought to determine whether, in the multivari-
ate model, these differences between GBA mutation carriers
and GBA (wt/wt) PD cases were driven by the 3 GBA (mut/mut)
PD cases. Confining our analysis to GBA (mut/wt) (n = 17) vs
GBA (wt/wt) (n = 87) PD cases only, we found that increases in
IL-8 (P = .004) and MCP1 (P = .01) persisted in GBA heterozy-
gote mutation carriers, while the apparent increase in MIP1α
levels was primarily due to very high levels in the 3 GBA (mut/
mut) PD cases (Figure 2B).

GBA Mutation Carriers Demonstrate Increased Plasma
Levels of IL-8 in an Independent Cohort of Patients With PD
To test the robustness of the finding of elevated IL-8 and MCP1
plasma levels among GBA (mut/wt) PD cases, we evaluated an in-
dependent replication cohort (19 patients having PD with GBA
mutationsvs41patientshavingPDwithoutGBAmutations)using
ELISA as an alternative measurement method. Despite differ-
ences in clinical characteristics between the discovery and rep-
licationcohorts(eTable3inSupplement),thecorrelationbetween
GBA mutation status and IL-8 levels persisted (P = .03), with the
same directionality, in a multivariate model adjusting for sex and
age at plasma draw. Removing the 2 GBA (mut/mut) individuals
and comparing only 17 GBA (mut/wt) with 41 GBA (wt/wt) PD
cases, the increase in IL-8 levels in GBA (mut/wt) individuals re-

Table. Characteristics of Discovery Cohort by GBA Genotype

Characteristic GBA (wt/wt) GBA (mut/wt) GBA (mut/mut)
Total No. 242 17 3

Male sex, No. 168 14 0

Female sex, No. 74 3 3

Modified Hoehn and Yahr stage, mean 2.7 2.3 2.3
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mained significant in univariate analysis (P = .04) (Figure 3) but
lost strict statistical significance in multivariate analysis (P = .10).

We endeavored to determine whether the loss of a signifi-
cant difference in IL-8 levels when the analysis was confined
to comparing just GBA (mut/wt) with GBA (wt/wt) PD cases was
due to the loss of power from decreased sample size or from par-
ticularly high IL-8 plasma levels in GBA (mut/mut) cases. There-
fore, we randomly sampled 17 of 19 mutation carriers in the rep-
lication cohort 100 times; we obtained P > .05 approximately
30% of the time, suggesting that the loss of sample size may ac-
count for the observed result.

In contrast to our IL-8 findings, we observed no associa-
tion between GBA mutation status and plasma MCP1 levels in
the replication cohort (Figure 2B). However, this finding is com-
plicated by the fact that MCP1 levels measured by multiplex im-
munoassay differed from MCP1 levels measured by ELISA, de-
spite internal consistency (low coefficient of variation) within
each technical platform (eFigure in Supplement).

Elevated IL-8 LEVELS Are Associated With Poorer Cognition
For the cohort as a whole, higher IL-8 levels predicted worse cog-
nitive function in a multivariate model that included age and sex
as covariates (β = .04, P = .01). The results of subgroup analyses
suggested that this relationship between higher IL-8 levels and
consensus clinical determination of MCI or dementia is more
prominent in the subgroup of GBA-associated PD cases (β = .04,
P = .06) than among the patients having PD without GBA muta-
tions (P = .76).

There was no association between IL-8 levels and modi-
fied H&Y stage in the cohort-wide analysis. Similarly, no as-
sociation was observed between IL-8 levels and modified H&Y
stage in the GBA-associated subgroup analysis.

Discussion
Three key findings arose from our assessment of differences
between patients having PD with vs without GBA mutations.

Patients having PD with GBA mutations had a younger age at
onset and were more likely to have clinical evidence of MCI
or dementia. Biochemically, elevated plasma levels of several
monocyte-associated inflammatory mediators were found in
patients having PD with GBA mutations compared with those
without GBA mutations. Elevated plasma levels of IL-8 among
patients having PD with GBA mutations were then confirmed
in an independent replication cohort.

Our findings agree with previous evidence that patients hav-
ing PD with mutations in the GBA gene have a younger age at
PD onset.2,16 Patients having PD who are heterozygous for a GBA
mutation have also been reported to have more subjective cog-
nitive dysfunction.2,17-19 In early-onset PD (at <50 years), cog-
nitive impairment among GBA mutation carriers has been sub-
stantiated by neuropsychological test results,17 and otherwise
asymptomatic GBA mutation carriers may also have impaired
performance on cognitive tests compared with noncarriers.20

Consistent with these data, we found that GBA mutation car-
riers were more likely to have MCI or dementia in a large co-
hort of patients having PD with typical age at PD onset.

In this study, we also report on biochemical differences be-
tween patients having PD with vs without GBA mutations. Al-
though it has long been known that patients with Gaucher dis-
ease, carrying 2 mutant copies of the GBA gene (GBA [mut/mut]),
show elevated levels of several blood-based markers,21-23 hetero-
zygous GBA mutation carriers have not been previously evalu-
ated in a systematic way. In our screening analysis, we found el-
evated levels of MCP1, MIP1α, IL-8, and PARC, all previously
shown to be increased in GBA (mut/mut) individuals,21,24,25 in the
GBA (mut/wt) carriers with PD in our cohort as well. For most of
these proteins, differences between patients having PD with vs
without GBA mutations did not survive adjustment for poten-
tial confounders or replication efforts, suggesting that they are
false-positive signals or that our study was underpowered to de-
tect true differences. However, the cytokine IL-8 emerged from
our screening of 40 plasma proteins as robustly elevated in GBA-
associated PD, replicating in an independent cohort of patients
assayed by a different method.

Figure 1. Clinical Characteristics in GBA Mutation Carriers Compared With Those Without GBA Mutations
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having PD without GBA mutations (P = .04, log-rank test). B, Age at diagnosis

was also younger in GBA mutation carriers compared with those without GBA
mutations (P = .01, log-rank test).
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It is worth noting the preponderance of monocyte lineage–
associated inflammatory mediators found to be elevated in our
GBAmutationcarriers.26-28 InGaucherdisease,astateofsystemic
and (in the case of the neuronopathic form) central nervous sys-
teminflammationhaslongbeenrecognized,29-31 attributedtoglu-
cocerebroside deposition in monocyte-lineage cells. Therefore,
it isnotentirelysurprisingthatindividualswithonemutatedGBA
alleleshoulddemonstratesignsofinflammationaswell,although
this has not been previously demonstrated.

In addition, an emerging literature increasingly suggests
connections among PD, glucocerebrosidase, and inflamma-

tion relevant to our present findings. Specifically, a bidirec-
tional loop has been demonstrated between glucocerebrosi-
dase and α-synuclein: accumulated glucocerebroside leads to
accumulation of insoluble α-synuclein amyloid fibrils, which
block intracellular trafficking and further reduce glucocer-
ebrosidase activity in neuronal lysosomes.5 Moreover, in neo-
natal rat glial cells, exposure to α-synuclein can induce the re-
lease of multiple inflammatory mediators (including MCP1 and
MIP1α), with a potentially greater response for PD mutation–
associated forms of α-synuclein.32 Finally, the introduction of
an inflammatory stimulator into the substantia nigra of mice

Figure 2. Biochemical Differences in GBA Mutation Carriers Compared With Those Without GBA Mutation
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significantly elevated in carriers of GBA mutations with Parkinson disease (PD),
but only IL-8 and MCP1 were significantly elevated in GBA (mut/wt) patients
with PD compared with GBA (wt/wt) patients with PD. *P< .05; †P< .01.
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induces a neuroinflammatory response that seems to be de-
pendent on α-synuclein because mice null for α-synuclein do
not mount this response.33 Therefore, it is hypothetically pos-
sible that glucocerebrosidase, α-synuclein, and monocyte lin-
eage–mediated inflammation participate in a pathogenic cas-
cade. If so, the fact that heterozygous GBA mutations may be
sufficient to induce some degree of inflammation (as sug-
gested by the present data) is relevant to understanding the
predisposition of GBA mutation carriers, including GBA (mut/
wt) individuals, to develop PD at an earlier age and with more
risk for cognitive dysfunction. Indeed, our finding that higher
IL-8 levels correlate with poorer cognitive performance in the
full cohort and in the GBA-associated PD cases is consistent
with this interpretation.

Several limitations to our study warrant mention. We used
a case-control design to compare PD with GBA mutations vs
PD without GBA mutations. Therefore, our sample may not be
representative of the general PD population. However, both
clinical characterization and plasma profile screening were con-
ducted blinded to GBA mutation status, so it is unlikely that
the differences found were related to bias in mutation carri-

ers selected. In addition, in 231 individuals, screening was per-
formed for only the 2 most common GBA mutations (N370S
and L444P). Therefore, it is possible that in this second group
several more patients with PD carried rarer GBA mutations.
However, we guarded against the possibility that those indi-
viduals undetected by our screening method had dramati-
cally different clinical characteristics or plasma profiles from
the ones analyzed in this study by covering both a severe GBA
mutation (L444P) and a less severe GBA mutation (N370S) with
our approach. Of note, for our comparison GBA (wt/wt) group,
we only included individuals in whom GBA mutations had been
excluded by complete sequencing.

While the number of GBA mutation–associated PD cases
in this study is large, our study may not have had adequate sta-
tistical power to detect all differences. For instance, in the rep-
lication cohort, the difference in IL-8 values between PD with
vs without GBA mutations achieved statistical significance
when all 19 GBA mutation carriers were considered but fell to
nonsignificance when the 2 GBA (mut/mut) individuals were
excluded. Subsequent analyses randomly omitting 2 cases
demonstrated that statistical significance was lost 30% of the
time, suggesting that our study may have been underpow-
ered to detect a true difference. Therefore, replication of our
results in other cohorts or among larger numbers of patients
would be a valuable addition to the data presented herein. Fur-
thermore, regarding MCP1 measurements, ELISA and multi-
plex immunoassay values for duplicate plasma samples were
poorly correlated, despite internal consistency within each
technical platform, suggesting that technical limitations may
have resulted in our failure to replicate higher MCP1 levels in
the second cohort.

Finally, although we used an unbiased screening ap-
proach with a commercially available multiplex immunoas-
say to identify biochemical markers differentiating patients
having PD with vs without GBA mutations, our 40-protein
panel is certainly not comprehensive, and there may be many
other plasma proteins that differentiate these groups. How-
ever, we note that, even within the 40 proteins evaluated here,
a significant enrichment for monocyte-lineage inflammatory
mediators was observed and may be biologically meaningful.

In conclusion, in this study, we extend previous findings
that patients having PD with GBA mutations have distinctive
features compared with patients having PD without GBA mu-
tations. Clinically, these include an earlier age at onset and
worse cognitive function. In addition, we show for the first time
to date that patients having PD with GBA mutations, includ-
ing heterozygous GBA mutations, may also have biochemical
differences detectable in plasma, namely, elevated levels of
monocyte-associated inflammatory mediators. Together, our
findings suggest that GBA mutations, even in a heterozygous
state, may be sufficient to cause some systemic inflamma-
tion, which may in turn contribute to PD pathogenesis.

ARTICLE INFORMATION

Accepted for Publication: October 3, 2012.

Published Online: May 13, 2013.
doi:10.1001/jamaneurol.2013.1274.

Author Affiliations: Department of Neurology,
Perelman School of Medicine at the University of
Pennsylvania, Philadelphia (Chahine, Qiang,
Ashbridge, Minger, Horn, Colcher, Hurtig,
Chen-Plotkin); Department of Pathology and

Laboratory Medicine, Center for
Neurodegenerative Disease Research, Perelman
School of Medicine at the University of
Pennsylvania, Philadelphia (Lee, Van Deerlin,
Trojanowski); Morris K. Udall Center of Excellence

Figure 3. Comparison of Interleukin 8 (IL-8) and Monocyte Chemotactic
Protein 1 (MCP1) Levels in Those With vs Without GBA Mutations in the
Replication Cohort

5

15

10

IL
-8

 L
ev

el
, p

g/
m

L

GBA
(wt/wt)

GBA
(mut/wt)

*

IL-8 Replication

GBA (mut/wt) Only
Plasma
Analyte

IL-8

MCP1

1.3

–3.7

.10

.32

2.2

5.1

.03

.29

GBA (mut/wt) and
GBA (mut/mut)

GBA
(mut/wt)
and GBA

(mut/mut)

100

160

130

M
CP

1 
Le

ve
l, 

pg
/m

L

GBA
(wt/wt)

GBA
(mut/wt)

MCP1 Replication

GBA
(mut/wt)
and GBA

(mut/mut)

β Coefficient P Value β Coefficient P Value

*

A

B

The observation that GBA mutation carriers have higher levels of IL-8 was
replicated. In contrast, no significant difference in MCP1 levels was observed.
Raw values are shown in A, and age-adjusted and sex-adjusted regression
models are summarized in B. *P < .05.

Patients Having PD With vs Without GBA Mutations Original Investigation Research

jamaneurology.com JAMA Neurology July 2013 Volume 70, Number 7 857

Downloaded From: https://jamanetwork.com/ on 05/22/2023



for Parkinson’s Disease Research, Perelman School
of Medicine at the University of Pennsylvania,
Philadelphia (Horn, Colcher, Hurtig, Lee, Van
Deerlin, Trojanowski, Chen-Plotkin); Institute on
Aging, Perelman School of Medicine at the
University of Pennsylvania, Philadelphia (Lee, Van
Deerlin, Trojanowski, Chen-Plotkin); Avid
Radiopharmaceuticals, Philadelphia, Pennsylvania
(Siderowf); Veterans Affairs Puget Sound Health
Care System, University of Washington School of
Medicine, Seattle (Yearout, Leverenz, Zabetian);
Department of Neurology, University of
Washington School of Medicine, Seattle (Yearout,
Leverenz, Zabetian); Department of Psychiatry and
Behavioral Sciences, University of Washington
School of Medicine, Seattle (Leverenz).

Author Contributions: Study concept and design:
Chahine, Lee, Trojanowski, Zabetian, Chen-Plotkin.
Acquisition of data: Chahine, Qiang, Ashbridge,
Minger, Yearout, Horn, Colcher, Lee, Van Deerlin,
Leverenz, Siderowf, Trojanowski, Zabetian,
Chen-Plotkin.
Analysis and interpretation of data: Chahine, Qiang,
Ashbridge, Hurtig, Lee, Trojanowski, Chen-Plotkin.
Drafting of the manuscript: Chahine, Qiang,
Ashbridge, Lee, Trojanowski, Chen-Plotkin.
Critical revision of the manuscript for important
intellectual content: Ashbridge, Minger, Yearout,
Horn, Colcher, Hurtig, Lee, Van Deerlin, Leverenz,
Siderowf, Trojanowski, Zabetian, Chen-Plotkin.
Statistical analysis: Chahine, Qiang, Lee,
Trojanowski, Chen-Plotkin.
Obtained funding: Leverenz, Zabetian,
Chen-Plotkin.
Administrative, technical, and material support:
Yearout, Lee, Van Deerlin, Siderowf, Trojanowski,
Zabetian.
Study supervision: Zabetian, Chen-Plotkin.

Conflict of Interest Disclosures: None reported.

Funding/Support: The biomarker data in this
project were obtained through a partnership grant
between the University of Pennsylvania and Pfizer
(Penn Pfizer Alliance). The clinical data in this
project were collected through the support of
Morris K. Udall Center of Excellence for Parkinson’s
Disease Research grants NS-053488 and P50
NS062684 from the National Institute of
Neurological Disorders and Stroke. Dr Zabetian is
supported by grant R01 NS065070 from the
National Institutes of Health and by Merit Award
1I01BX000531 from the Department of Veterans
Affairs. Dr Chen-Plotkin is supported by grant
AG-033101 from the National Institutes of Health
and by a Burroughs Wellcome Fund Career Award
for Medical Scientists, a Doris Duke Clinician
Scientist Development Award, and the Benaroya
Fund.

Additional Contributions: Travis Unger, BS,
provided technical assistance. We thank our
patients and their families for their participation in
this research.

REFERENCES

1. Goker-Alpan O, Giasson BI, Eblan MJ, et al.
Glucocerebrosidase mutations are an important risk
factor for Lewy body disorders. Neurology.
2006;67(5):908-910.

2. Sidransky E, Nalls MA, Aasly JO, et al.
Multicenter analysis of glucocerebrosidase
mutations in Parkinson’s disease. N Engl J Med.
2009;361(17):1651-1661.

3. Mata IF, Samii A, Schneer SH, et al.
Glucocerebrosidase gene mutations: a risk factor
for Lewy body disorders. Arch Neurol. 2008;65(3):
379-382.

4. Westbroek W, Gustafson AM, Sidransky E.
Exploring the link between glucocerebrosidase
mutations and parkinsonism. Trends Mol Med.
2011;17(9):485-493.

5. Mazzulli JR, Xu YH, Sun Y, et al. Gaucher disease
glucocerebrosidase and α-synuclein form a
bidirectional pathogenic loop in synucleinopathies.
Cell. 2011;146(1):37-52.

6. Cullen V, Sardi SP, Ng J, et al. Acid β-glucosidase
mutants linked to Gaucher disease, Parkinson
disease, and Lewy body dementia alter α-synuclein
processing. Ann Neurol. 2011;69(6):940-953.

7. Hughes AJ, Daniel SE, Kilford L, Lees AJ.
Accuracy of clinical diagnosis of idiopathic
Parkinson’s disease: a clinico-pathological study of
100 cases. J Neurol Neurosurg Psychiatry.
1992;55(3):181-184.

8. Shi M, Bradner J, Hancock AM, et al.
Cerebrospinal fluid biomarkers for Parkinson
disease diagnosis and progression. Ann Neurol.
2011;69(3):570-580.

9. Tsuang D, Leverenz JB, Lopez OL, et al. GBA
mutations increase risk for Lewy body disease with
and without Alzheimer’s disease pathology.
Neurology. 2012;79(19):1944-1950.

10. Stone DL, Tayebi N, Orvisky E, Stubblefield B,
Madike V, Sidransky E. Glucocerebrosidase gene
mutations in patients with type 2 Gaucher disease.
Hum Mutat. 2000;15(2):181-188.

11. Hoehn MM, Yahr MD. Parkinsonism: onset,
progression and mortality. Neurology. 1967;17(5):
427-442.

12. Goetz CG, Poewe W, Rascol O, et al; Movement
Disorder Society Task Force on Rating Scales for
Parkinson’s Disease. Movement Disorder Society
Task Force report on the Hoehn and Yahr staging
scale: status and recommendations. Mov Disord.
2004;19(9):1020-1028.

13. Galasko D, Bennett D, Sano M, et al. An
inventory to assess activities of daily living for
clinical trials in Alzheimer’s disease: the Alzheimer’s
Disease Cooperative Study. Alzheimer Dis Assoc
Disord. 1997;11(suppl 2):S33-S39.

14. American Psychiatric Association. Diagnostic
and Statistical Manual of Mental Disorders. 4th ed,
text revision. Washington, DC: American Psychiatric
Association; 2000.

15. Chen-Plotkin AS, Hu WT, Siderowf A, et al.
Plasma epidermal growth factor levels predict
cognitive decline in Parkinson disease. Ann Neurol.
2011;69(4):655-663.

16. Nichols WC, Pankratz N, Marek DK, et al;
Parkinson Study Group-PROGENI Investigators.
Mutations in GBA are associated with familial
Parkinson disease susceptibility and age at onset.
Neurology. 2009;72(4):310-316.

17. Alcalay RN, Caccappolo E, Mejia-Santana H,
et al. Cognitive performance of GBA mutation
carriers with early-onset PD: the CORE-PD study.
Neurology. 2012;78(18):1434-1440.

18. Sidransky E, Samaddar T, Tayebi N. Mutations in
GBA are associated with familial Parkinson disease
susceptibility and age at onset. Neurology.
2009;73(17):1424-1425.

19. Brockmann K, Srulijes K, Hauser AK, et al.
GBA-associated PD presents with nonmotor
characteristics. Neurology. 2011;77(3):276-280.

20. McNeill A, Duran R, Proukakis C, et al.
Hyposmia and cognitive impairment in Gaucher
disease patients and carriers. Mov Disord.
2012;27(4):526-532.

21. Pavlova EV, Deegan PB, Tindall J, et al. Potential
biomarkers of osteonecrosis in Gaucher disease.
Blood Cells Mol Dis. 2011;46(1):27-33.

22. Boot RG, van Breemen MJ, Wegdam W, et al.
Gaucher disease: a model disorder for biomarker
discovery. Expert Rev Proteomics. 2009;6(4):
411-419.

23. Allen MJ, Myer BJ, Khokher AM, Rushton N,
Cox TM. Pro-inflammatory cytokines and the
pathogenesis of Gaucher’s disease: increased
release of interleukin-6 and interleukin-10. QJM.
1997;90(1):19-25.

24. Boot RG, Verhoek M, de Fost M, et al. Marked
elevation of the chemokine CCL18/PARC in Gaucher
disease: a novel surrogate marker for assessing
therapeutic intervention. Blood. 2004;103(1):
33-39.

25. Hollak CE, Evers L, Aerts JM, van Oers MH.
Elevated levels of M-CSF, sCD14 and IL8 in type 1
Gaucher disease. Blood Cells Mol Dis. 1997;23(2):
201-212.

26. Conductier G, Blondeau N, Guyon A, Nahon JL,
Rovère C. The role of monocyte chemoattractant
protein MCP1/CCL2 in neuroinflammatory diseases.
J Neuroimmunol. 2010;224(1-2):93-100.

27. Ehrlich LC, Hu S, Sheng WS, et al. Cytokine
regulation of human microglial cell IL-8 production.
J Immunol. 1998;160(4):1944-1948.

28. Johnson EA, Dao TL, Guignet MA, Geddes CE,
Koemeter-Cox AI, Kan RK. Increased expression of
the chemokines CXCL1 and MIP-1α by resident brain
cells precedes neutrophil infiltration in the brain
following prolonged soman-induced status
epilepticus in rats. J Neuroinflammation. 2011;8:41.
http://www.jneuroinflammation.com/content/8
/1/41/. Accessed April 2, 2013.

29. Farfel-Becker T, Vitner EB, Pressey SN, Eilam R,
Cooper JD, Futerman AH. Spatial and temporal
correlation between neuron loss and
neuroinflammation in a mouse model of
neuronopathic Gaucher disease. Hum Mol Genet.
2011;20(7):1375-1386.

30. Hong YB, Kim EY, Jung SC. Upregulation of
proinflammatory cytokines in the fetal brain of the
Gaucher mouse. J Korean Med Sci. 2006;21(4):
733-738.

31. Kaye EM, Ullman MD, Wilson ER, Barranger JA.
Type 2 and type 3 Gaucher disease: a morphological
and biochemical study. Ann Neurol. 1986;20(2):
223-230.

32. Roodveldt C, Labrador-Garrido A, Gonzalez-Rey
E, et al. Glial innate immunity generated by
non-aggregated α-synuclein in mouse: differences
between wild-type and Parkinson’s disease-linked
mutants. PLoS One. 2010;5(10):e13481.
http://www.ncbi.nlm.nih.gov/pmc/articles
/PMC2964342/. Accessed March 30, 2013.

33. Gao HM, Kotzbauer PT, Uryu K, Leight S,
Trojanowski JQ, Lee VM. Neuroinflammation and
oxidation/nitration of α-synuclein linked to
dopaminergic neurodegeneration. J Neurosci.
2008;28(30):7687-7698.

Research Original Investigation Patients Having PD With vs Without GBA Mutations

858 JAMA Neurology July 2013 Volume 70, Number 7 jamaneurology.com

Downloaded From: https://jamanetwork.com/ on 05/22/2023


