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The CYP2D6B allele is not overrepresented in a

population of German patients with idiopathic
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Abstract
The frequency of the CYP2D6B allele of
the gene for debrisoquine 4-hydroxylase
was studied in 115 patients with sporadic
idiopathic Parkinson's disease, 55 of their
healthy siblings, 63 patients with familial
Parkinson's disease, 55 unaffected rela-
tives, and 92 patients with Alzheimer's
disease and 73 age matched healthy con-
trols. By contrast with several previous
studies, no significant variation of allele
frequencies could be found between any
of the groups studied. The results argue
against a significant role of the CYP2D6
gene in the aetiology of sporadic and
familial idiopathic parkinsonism in this
patient population.
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Environmental as well as genetic factors are
thought to play a part in the pathogenesis of
idiopathic Parkinson's disease. It has been
suggested that a variant allele of the gene for
debrisoquine 4-hydroxylase (the CYP2D6B
allele), which causes a "poor-metaboliser"
phenotype, may be more prevalent in patients
with both sporadic'-3 and familial4 Parkinson's
disease, but not in patients with multiple sys-
tem atrophy.5 This enzyme is involved in the
detoxification of xenobiotic compounds.
Although confirmed in several independent
studies, the data are not entirely conclusive.
Smith et al found a higher proportion of
homozygotes for the B-allele in patients with
Parkinson's disease.' Armstrong and cowork-
ers found a higher proportion of heterozygotes
of the wt/CYP2D6B genotype,2 whereas in the
study of Kurth and Kurth, both homozygotes
and heterozygotes were overrepresented
among patients with Parkinson's disease.3
We have studied the frequency of the

CYP2D6B allele in 115 patients with sporadic
Parkinson's disease, 55 of their healthy sib-
lings, 63 patients with familial Parkinson's dis-
ease from 34 families, 55 of their unaffected
relatives, 92 patients with Alzheimer's disease,
and 73 age matched healthy controls.

Methods
Blood was obtained by venepuncture from
consenting subjects and DNA was isolated.
Allele status for the CYP2D6B allele was
determined by amplifying the respective
region of the gene using the polymerase chain
reaction. Fragments were digested with BstNI,
separated by agarose gel electrophoresis, and
detected by ethidium bromide staining, as
described previously.'

Patients
Patients with Parkinson's disease were diag-
nosed according to the United Kingdom
Parkinson's disease brain bank criteria.6 Their
unaffected siblings were questioned for the
presence of symptoms of parkinsonism,
but not examined neurologically. Familial
Parkinson's disease was defined as Parkinson's
disease with at least one additional affected
person among first degree relatives (from nine
of these families, only one affected member
was available for DNA studies. In these cases,
diagnosis of affected relatives was based on
hospital records). Patients with Alzheimer's
disease were ascertained from an Alzheimer's
disease outpatient clinic by one of us (EZ).
Spouses were used as neurologically healthy
controls.

All patients with sporadic Parkinson's dis-
ease, as well as all spouses, were of white ethnic
origin. 68 patients originated from southern
Bavaria, the remaining patients from other
parts of Germany. Likewise, all patients with
familial Parkinson's disease were white; their
place of origin however, was more diverse: 11
families (19 patients) originated from southern
Germany, 16 families (26 patients) from other
parts of Germany. Fourteen patients from five
families were ascertained in the United States;
their ancestors however were traced to north-
ern Germany (four families) and England.
Four patients from two families were from
Italy.

Results
The table shows the results of the genotyping.
Total allele frequencies did not differ signifi-
cantly between any of the groups (P > 0-2 for
all comparisons when applying correction for
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Frequencies of the CYP2D6B allele in patients and controls

Genotype
Patients Age (y) Chromosomes

Group (n) (mean) (n) wt(%) B(%) wt/wt(%) wt/B(%) B/B(%)

PD 115 62-9 230 182 (79-1) 48 (20 9) 74 (64 3) 34 (29-6) 7 (6-1)
PD sibs 55 62-5 110 79 (71-8) 31 (28-2) 29 (52-7) 21 (38-2) 5 (9 1)
fPD 63 67-7 126 104 (82-5) 22 (17-5) 44 (69-8) 16 (25-4) 3 (4-8)
fPD index 34 65-2 68 56 (82 3) 12 (17-6) 25 (73 5) 6 (17 6) 3 (8 8)
fPD relatives 55 69-5 110 87 (79-1) 23 (20 9) 34 (61-8) 19 (34-5) 2 (3-6)
fPD relatives > 65 y 35 73-5 70 58 (82-9) 12 (17-1) 24 (68-6) 10 (28-6) 1 (2 9)
Alzheimer's disease 92 70 5 184 137 (74-5) 47 (25 5) 55 (59-8) 27 (29 3) 10 (10-9)
Controls 73 63-2 146 117 (80-1) 29 (19 9) 47 (64-4) 23 (31-5) 3 (4-1)
Controls > 65 y 68 68-1 136 108 (79-4) 28 (20 6) 43 (63-2) 22 (32-4) 3 (4 4)
Total 453 67-2 906 706 (77-9) 200 (22-1) 283 (62-5) 140 (30 9) 30 (6 6)

wt = Wild type allele; B = CYP2D6-B allele; PD = Parkinson's disease; PD sibs = healthy siblings of patients with sporadic
Parkinson's disease; fPS = familial Parkinson's disease (at least one additional affected first degree relative); fPD relatives =
healthy relatives of patients with fPD; fPD-index = index-patients with fPD.

multiple testing, X2 test). There was no signifi-
cant difference in the proportion of subjects
homozygous for the CYP2D6B allele between
any of the groups. If only controls over 65
years of age were included to minimise the
possibility of including presymptomatic
patients with Parkinson's disease, there was no
difference in allele frequencies. The same was
true if only index cases of familial cases were
analysed. Agundez and coworkers found a
higher proportion of wt/CYP2D6B genotypes
in patients with Parkinson's disease with onset
before 50 years of age.7 Among our 40 spo-
radic patients with onset under 50 years (32 to
49 years, mean 42-6 years), the frequency of
the B allele (18%), as well as the proportion of
homozygotes, was not different from controls.

Discussion
By contrast with several previous reports,147
our study did not show a significant difference
in the frequency of the CYP2D6B allele
between patients with sporadic or familial
Parkinson's disease and three different control
groups: patients with Alzheimer's disease,
healthy siblings, and relatives of patients with
Parkinson's disease, and neurologically
healthy age matched subjects. The number of
patients studied should have been sufficient to
detect differences in allele frequencies at a
level found in the previous studies (odds ratios
between 2 and 3), as a simulation showed a
power of more than 95% to detect a twofold
increase in the frequency of the rarer B-allele
at a 5% significance level.
The frequency of the CYP2D6B allele

varies considerably among different previous
studies. In controls, it ranged from 0-10 to
0-21, whereas in the Parkinson's disease
groups, the proportion of the B-allele ranged
from 0-22 to 0.36.23 Allele frequencies in our
control and Parkinson's disease populations
were exactly between affected and unaffected
subjects in previous studies.

Several different explanations for these dis-
crepancies are possible:

(1) The results may reflect true differences
between German and other populations of
patients with Parkinson's disease. This seems
unlikely, as there are no known differences in
clinical or biographical features between these
populations.

(2) As allele frequencies may vary between

populations, their ethnic background is of
prime importance in association studies. The
association reported in previous studies might
therefore- be due to the selection of the sample.
Kurth and Kurth' investigated patients living
in the south western United States; their con-
trols were taken from a pool of CEPH families
collected in western Europe. Although both
populations are white, differences in allele fre-
quencies are possible. Smith and coworkers'
did not match their controls for age and sex. It
is conceivable that this may cause differences
in genetic background, as the ethnic composi-
tion of a population, especially in urban areas,
may depend on biographical factors.
To avoid these potential pitfalls, we exam-

ined unaffected siblings as one of our control
groups. Any gene conveying a genetic suscepti-
bility to a disease should be more frequent in
affected than in unaffected siblings.8 In addi-
tion, we selected spouses from patients with
Parkinson's disease and Alzheimer's disease as
unrelated healthy controls. As most of our
patients originated from Bavaria and were
referred to our hospital by local physicians,
our cohort may be more homogeneous geneti-
cally than in previous studies. The group of
patients with familial Parkinson's disease is
more heterogeneous, as investigators from dif-
ferent countries have contributed cases. Due
to low numbers, subgroups among patients
with familial Parkinson's disease could not be
evaluated.

(3) The increased frequency of poor
metabolizer alleles in patients with Parkinson's
disease may be a chance finding. The fact that
two of the subsequent studies47 did not con-
firm the original association, but found varia-
tions in allele frequencies only in subgroups,
argues in favour of this explanation. Multiple
testing in different subgroups requires an
increased level of significance.9

(4) Finally, of course, our study may fail to
detect an existing association between the
CYP2D6B allele and Parkinson's disease, due
to insufficient numbers of patients studied,
especially if subgroups are analysed.

In a previous study, linkage analysis argued
against a mutation in CYP2D6 as a significant
determinant in familial Parkinson's disease.'0
Our results argue against a major role of the
CYP2D6B allele in the aetiology of
Parkinson's disease in our population,
although an effect in a particular subgroup
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cannot be excluded. Allele association studies
are hampered by several possible sources of
error." Our study emphasises the need for
additional, carefully designed studies when
applying this potentially useful method in the
search for genetic factors contributing to the
aetiology of Parkinson's disease.

The study was supported in part by the Bundesministerium fur
Bildung und Forschung, Germany (Research program on
Parkinson's disease and other basal ganglia disorders, grant No
O1KL9001).
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HISTORICAL NOTES

The Marcus Gunn pupil

Marcus Gunn (1850-1909) is most often remembered
for his description of jaw-winking. The sign consists of
widening of a ptosis when the patient chews or opens

the jaw. Seen in congenital ptosis, there is an aberrant
connection between the innervation of the pterygoids
and levator palpebrae. However, Gunn also described
an abnormal pupillary response: "dynamic anisocoria"
that bears his name.

"It is not sufficient" he says,' "to find that it
[the pupil] contracts well or fairly well on expo-

sure; the eye must also be kept under direct stim-
ulation of light and the pupil watched as to
whether or not it shows that secondary dilatation
under continued exposure that is found associ-
ated with the amblyopia of retro-ocular neuritis.
If the vision of one eye only is affected, it is
important to compare the behaviour of the two

pupils when stimulated directly or consensually.
Thus, in partial affection of the right optic nerve

the right pupil will show this secondary dilatation
during continued exposure to direct stimulation,
while the left pupil will show the same behaviour
on consensual stimulation. On the other hand, on

stimulation of the left eye both the right and left
pupil will behave normally. I need not remind
you of the importance of this observation, inas-
much as it not infrequently enables us to diag-
nose a retro-ocular neuritis in the absence of all
ophthalmoscopic evidence."
Levatin's "swinging flashlight test for pupillary

escape"2 is a modification of Gunn's technique.
However, the appropriate speed of swinging the light
from one eye to the other has to be found by trial and
error; and, the procedure is unreliable in the presence of
bilateral afferent defects of light conduction.3
The Marcus Gunn pupil in effect is an adaptation of

the light reflex during persistent stimulation. It corre-

sponds to the decrement of evoked axonal potentials in
the optic nerve of the rabbit that follows after a bipha-
sic response to light (figure).4 In afferent lesions the
input of the residual stimulus that normally triggers
pupillary constriction after several seconds of contin-
ued stimulation is reduced and approximates to the
background light. The pupil again dilates.

Born in Culgower in Sutherland, Marcus Gunn, a

contemporary of Robert Louis Stevenson at

Edinburgh, graduated aged 23. His fascination with
ophthalmology was aroused by Walker and Argyll

200 ms

Optic nerve response to fullfieldflash for 200 ms (arrow).
Biphasic "on" response followed by low voltage sustained
activity, andfinal brief "off" wave. Modifiedfrom
Bartley and Bishop.4

Robertson. After a brief visit to Moorfields Eye
Hospital, he studied comparative anatomy at
University College, London. Returning to Scotland, at
a Perth asylum, single handed, he produced a series of
relatively original observations of the fundus using the
recently developed direct ophthalmoscope. (It was not
until 1897 that Gowers' Medical Ophthalmology was
published as the first major atlas of the fundus as
revealed by direct ophthalmoscopy). A visit to Vienna in
1874 brought further training with Jaeger. Moorfields
again drew him to London, where he improved med-
ical records. He managed to reduce the sepsis rate of
cataract surgery by implementing Lister's aseptic tech-
niques. After a visit to Australia he became the senior
surgeon at Moorfields. He made outstanding observa-
tions of the human retina and vessels, describing the
poor prognosis of soft exudates in "albuminuric retini-
tis". A keen student of nature, Gunn collected the fos-
sils of plants and fish of the Jurassic period from
sandstone rocks. Many of his specimens were retained
by the British Museum.
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