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DBH is a candidate gene in Parkinson’s disease (PD) and con-
tains a putative functional polymorphism (-1021C—T) that
has been reported to modify PD susceptibility. We examined
—1021C—T in a sample of 1,244 PD patients and 1,186
unrelated control subjects. There was no significant difference
in allele (p = 0.14) or genotype (p = 0.26) frequencies be-
tween the two groups. A similar result was obtained after pool-
ing our data with those previously published. Furthermore, we
found no evidence for an effect of genotype on age at onset
among patients. Our findings argue against DBH
—1021C—T as a risk factor or age at onset modifier in PD.
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Parkinson’s disease (PD) is characterized by loss of do-
paminergic neurons in the substantia nigra and norad-
renergic (NA) neurons in the locus ceruleus.! The clin-
ical significance of central NA neuronal loss in PD is
still debated, but one possible consequence is to render
dopaminergic neurons more vulnerable to toxic insult.”
Support for this hypothesis comes from studies on an-
imal models of PD in which prior lesioning of the lo-
cus ceruleus markedly enhances 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine— and 6-hydroxydopamine—
mediated injury of nigral dopaminergic neurons.>*
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Thus, factors that modulate NA transmission might in-
fluence susceptibility or progression of PD.

The DBH gene encodes the enzyme dopamine
B-hydroxylase that converts dopamine to noradrena-
line. Plasma activity levels of the enzyme vary 100-fold
among European Americans, and a putative functional
polymorphism (-1021C—T) in the DBH promoter ac-
counts for approximately 50% of the variance.” Be-
cause the circulating enzyme is derived from neuronal
sources,’ —1021C—T might also serve as a marker for
locus ceruleus dopamine B-hydroxylase content, which
could affect NA outflow. Furthermore, DBH resides
within a region on chromosome 9q with suggestive ev-
idence of linkage for PD affection status and age at
onset (AAO).”® Thus, DBH is of interest as both a
biological and positional candidate gene in PD.

In the only study published to date that has assessed
the contribution of DBH —1021C—T to PD risk,
Healy and colleagues’ reported that the T/T genotype,
which is associated with low levels of plasma dopamine
B-hydroxylase activity, was protective against PD. We
sought to replicate this finding in a large sample of
well-characterized PD patients and control subjects.

Subjects and Methods

Subjects

The study population comprised 1,244 PD patients (mean
AAO, 57.9 * 12.2 years; mean age at enrollment, 67.9 =
10.6 years; male, 69.9%) and 1,186 unrelated control sub-
jects (mean age at enrollment, 66.9 = 14.1 years; male,
46.3%) of self-defined European American or “white” ances-
try. All patients met standardized clinical diagnostic criteria
for PD'° as determined by a movement disorder specialist,
and 16.2% reported having one or more first-degree relatives
with PD. The PD cohort was consecutively recruited at six
movement disorder clinics in the Portland, OR, and Seattle,
WA, areas. Control subjects had no history of parkinsonism
and were either spouses of PD patients or individuals re-
cruited from the community. The institutional review boards
at each participating site approved the study, and all subjects
gave informed consent.

Genotyping and Data Analysis

DBH —1021C—T (rs1611115) was genotyped by TagMan
assay on an ABI 7900HT Sequence Detection System (Ap-
plied Biosystems, Foster City, CA). Quality control of geno-
typing was assessed by sequencing 47 randomly selected
DNA samples.

We used Pearson ¥’ tests to test for deviation from
Hardy—Weinberg equilibrium and for association between
—1021C—T alleles and PD. Logistic regression was used to
test for an association between genotype and PD risk. We
adjusted for sex and age at enrollment divided into five cat-
egories (<50, 50—60, 60—70, 70—80, and >80 years). We
also performed a pooled association analysis combining our
data with those of Healy and colleagues.”

Linear regression was used to compare mean AAO for
cases by genotype. To further examine the relation between
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genotype and AAQO, we stratified the sample into three age
categories based on quantiles of AAO (<53 years: n = 402
cases and 195 control subjects; 53—64 years: n = 436 cases
and 279 control subjects; >64 years: n = 406 cases and 712
control subjects). Categories were defined using AAO for
cases and age at enrollment for control subjects. Logistic re-
gression was used to test for association between genotype
and case—control status in each age category and for an in-
teraction between genotype and age category.

Power calculations were performed using Genetic Power
Calculator'" software assuming a T-allele frequency of 0.2
and a disease prevalence of 0.015. All other statistical analy-
ses were performed using STATA version 8.

Results

TagMan and sequencing-derived DBH —1021C—T
genotype calls were concordant for all 47 samples as-
sessed by both methods. There was no significant de-
viation from Hardy—Weinberg equilibrium in either
cases (p = 0.85) or control subjects (p = 0.43).

There were no significant overall differences in ge-
notype or allele frequency between cases and control
subjects (Table). With or without adjustment for age
and sex, we did not observe an underrepresentation of
the T/T genotype among patients with PD (T/T wvs
C/C: adjusted odds ratio [OR], 1.29; 95% confidence
interval [CI], 0.85-1.96; see the Table). Similarly, we
found no evidence of an effect for the T allele on dis-
ease risk under an adjusted log-additive model (OR,
1.12; 95% CI, 0.97-1.31; p = 0.10). In the pooled
data set, there was no significant association between
genotype (x* = 1.49; p = 0.48) or allele (x* = 0.16;
p = 0.69) and PD (see the Table).

The mean AAO did not significantly differ between
genotype groups (mean = standard deviation [SD] for
all genotypes, 57.9 = 12.2 years; C/C: 58.1 = 11.9
years; C/T: 57.1 = 12.8 years; T/T: 59.8 = 12.2

years; p = 0.16). There was no association between
genotype and disease status within any of the three age
categories (<53 years: p = 0.17; 53—-64 years: p =
0.82; >064 years: p = 0.59) and no evidence of an
interaction between genotype and age category (p =
0.68).

Because the effect of DBH —1021C—T on plasma
dopamine B-hydroxylase activity has previously been
shown to be additive,” we assumed an additive model
for PD risk in performing power calculations. Our
sample provided 99% power (o = 0.05) to detect an
effect on PD risk equal to or greater than that Healy
and colleagues’ reported, and 80% power for a T/T
genotype relative risk of 0.64.

Discussion

In contrast with a previous study,” our data suggest
that DBH —1021C—T does not modify susceptibility
to PD. Although there was a substantial difference in
sex ratios between cases and control subjects in our
sample, adjusting for sex in a logistic regression model
had little effect on the results of the analysis (see the
Table). In addition, we observed no evidence that
—1021C—T impacts AAO in PD because there was
no significant difference in mean AAO between geno-
type groups within patients and no difference in geno-
type frequencies between cases and control subjects in
any of the three age quantiles.

Healy and colleagues’ examined DBH —1021C—T
genotype and allele frequencies in a PD cohort (n =
809) and two independent control cohorts (Control A:
n = 637; Control B: n = 450) of European ancestry.
In the primary analysis of the PD and Control A
groups, there was a significant overall difference in ge-
notype frequency (x> = 9.1; » = 0.01) and an under-

Table. Association Testing of DBH -1021C—T in Parkinson’s Disease

Allele or This Study Healy and colleagues® Pooled Data

Genotype
Cases, Control OR* 95% CI pl’ OR®  95% CI pd Cases, Control Control Cases, Control OR®* 95% CI 7
n (%) Subjects, n (%) A, n B, n n (%) Subjects,

n (%) (%) (%) n (%)

C 1,932 1,883 Reference 1,313 987 707 3,245 3,577 Reference
(77.7)  (79.4) (81.1) (77.5) (78.6) (79.0) (78.7)

T 556 489 1.11  0.96-1.27 0.14 305 287 193 861 969 0.98 0.88-1.09 0.69
(22.3)  (20.6) (18.9) (22.5) (21.4) (21.0) (21.3)

C/C 749 743 Reference Reference 529 390 283 1,278 1,416 Reference
(60.2)  (62.6) (65.4) (61.2) (62.9) (62.3)  (62.3)

C/IT 434 397 1.08 0.92-1.29 0.35 1.13 0.93-1.35 0.20 255 207 141 689 745 1.02  0.90-1.17 0.71
(34.9) (33.5) (31.5)  (32.5) (31.3) (33.6) (32.8)

T/T 61 46 1.32 0.89-1.95 0.17 129 0.85-1.96 0.23 25 40 26 86 112 0.85 0.64-1.14 0.28

(4.9 (3.9 (3.1) 6.3) (5.8) (4.2) (4.9)

“Unadjusted.

"For the overall unadjusted comparison of genotype groups, p = 0.30.

“Adjusted for sex and age at enrollment in 10 year categories (<50, 50—60, 60—70, 70—80, and >80 years).

9For the overall adjusted comparison of genotype groups, p = 0.26.

For the overall comparison of genotype groups, p = 0.48.

CI = confidence interval; OR = odds ratio.

100 Annals of Neurology Vol 62 No 1 July 2007



representation of both the T allele (OR, 0.80; 95% ClI,
0.67-0.97) and T/T genotype (T/T vs C/C: OR, 0.46;
95% CI, 0.27-0.80) among PD patients. The authors
then reported that a similar deficic in T/T homozy-
gotes seen among PD patients in comparison with
Control B subjects (T/T vs C/C: OR, 0.51; CI, 0.28-
0.94) validated their findings. However, the assertion
that the latter results validate —1021C—T as a risk
factor for PD should be tempered by the following
facts: (1) an independent PD cohort was not included;
and (2) if one performs x* analyses of the PD and
Control B data, there are no significant overall differ-
ences in genotype (p = 0.07) or allele (p = 0.12) fre-
quencies. Finally, a pooled analysis of their PD and
control groups (A and B) and our case—control sample
did not support an association of —1021C—T with
PD risk (see the Table).

Lack of reproducibility of findings among genetic as-
sociation studies has been attributed to a number of
factors including inadequate power in attempts at rep-
lication, variation in study design, and population
stratification.'™'* We considered the role of each of
these in our failure to replicate Healy and colleagues’
findings. Our study had adequate power (99%) to de-
tect a risk effect of the magnitude they observed, so
sample size was unlikely a major issue. For design, PD
was defined using the same clinical diagnostic criteria'®
in both studies, though approximately one third of the
cases in their study, and none in ours, was confirmed
by autopsy.” However, a recent clinicopathological se-
ries utilizing these same diagnostic criteria, applied by
movement disorder specialists, reported a positive pre-
dictive value of 98.6% for PD.'® Thus, the rate of mis-
diagnosis between studies was probably equally low.
Selection of control subjects differed substantially in
that the majority (60%) of their Control A group were
actually patients with “various neurological disorders,”
and their Control B group was entirely female and
nearly a decade younger (mean age, 45 years) than the
mean AAO (54.3 years) of their PD group. These con-
founding factors were not accounted for in their anal-
ysis. Lastly, neither study tested for population stratifi-
cation, which can lead to false-positive or negative
associations if cases and control subjects are drawn dif-
ferendally from subpopulations that differ in disease
prevalence and marker allele frequencies.'® However,
because —1021C—T allele frequencies are quite simi-
lar across intercontinental populations,” this was likely
of little consequence in either study.

With the limited success of genetic association stud-
ies in complex disease, stringent criteria that favor
strong protection from bias and extensive replication
have been proposed for evaluating data on candidate
susceptibility genes.'” We propose that the “candidacy”
of DBH as a risk factor in PD be placed on hold until
further supportive evidence becomes available.
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