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The butyrylcholinesterase K variant and
susceptibility to Alzheimer’s disease
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Abstract

Previous work has shown an association
between the K variant of the butyrylcho-
linesterase (BCHE) gene and Alzheimer’s
disease (AD) in patients carrying the &4
allele of ApoE. We attempted to replicate
this finding in 181 UK white AD cases and
71 controls. No difference was found in
BCHE-K genotypes (p=0.75) or alleles
(p=0.70) between patients and controls.
Moreover, despite a significant excess of
ApoE ¢4 in patients versus controls
(p<0.0001), we found no evidence to
support previous reports of an interaction
between ApoE and BCHE-K (y’=1.49,
df=4, p=0.83).

(F Med Gener 1998;35:1034-1035)
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Four genes have been implicated in the
actiology of Alzheimer’s disease (AD). Muta-
tions in three of these, APP, PS1, and PS2,
account for most cases of familial autosomal
dominant AD.' ? The great majority of cases of
AD do not show clear autosomal dominant
patterns of inheritance and these probably
reflect the co-action or interaction of several or
many genes together with environmental fac-
tors. One gene that is clearly implicated in this
form of the disorder is ApoE. The €4 allele of
ApoE, although neither necessary nor suffi-
cient to cause AD, is associated with increased
risk of early and late onset disease.’

Recently Lehmann ez al* reported an associ-
ation between the so-called K variant
(BCHE-K) of the butyrylcholinesterase
(BCHE) gene and late onset AD in carriers of

ApoE &4 with an odds ratio of 6.9 (95% CI
1.65-29) in people over 65 years of age and of
12.8 (1.9-86) in those over 75 years.

We attempted to replicate this finding in 94
AD cases confirmed at necropsy (PMAD), 87
clinically diagnosed probable AD patients
(CLAD), and 71 age matched controls
(AMC). The PMAD group (n=94), compris-
ing 32 males and 62 females, diagnosed
clinically for probable AD under NINCDS-
ADRDA criteria’ and later confirmed at
necropsy,” had an average age at death of 81.8
years (SD 7.5). Using available age of onset
and age at death information (n=78) the over-
all mean onset of PMAD was 73.7 years (SD
8.9). This included 11 early (<65 years) onset
cases (mean onset 58.0 years, SD 4.4) and 67
late (=65 years) onset cases (onset 76.3 years,
SD 6.5). Samples were collected from brain
banks in Bristol (n=39), the Institute of
Psychiatry, London (n=30), and Cardiff
(n=25). No data on family history were
available.

The CLAD group (n=87), comprising prob-
able AD cases (NINCDS-ADRDA),’ had an
average age of onset of 67.4 years (SD 9.2); 27
were early onset cases (onset 56.7 years, SD
6.4) and the remainder (n=60) late onset
(onset 72.2 years, SD 5.6). The group (41
males, 46 females) were UK white subjects and
43 had a family history of AD (defined by hav-
ing at least one first degree relative with the
disease). The AMC group (34 males, 37
females) were collected locally having scored
28 or higher on the Mini Mental State
Examination’ and had an average age of 73.46
years (SD 6.2) at collection. An additional
group (PC) of unrelated white subjects
(n=262) obtained locally were genotyped

Table 1 Genorype and allele distributions of the K variant of the BCHE gene

Genotype Allele
Sample wtlwt witlk klk wt k
CLAD (all cases) (n=87) 56 (0.65) 29 (0.33) 2 (0.02) 141 (0.81) 33 (0.19)
EOAD (onset <65 y) (n=27) 18 (0.66) 8 (0.30) 1 (0.04) 44 (0.81) 10 (0.19)
LOAD (onset 265 y) (n=60) 38 (0.63) 21 (0.35) 1 (0.02) 97 (0.81) 23 (0.19)
PMAD (all cases) (n=94) 57 (0.61) 30 (0.32) 7 (0.07) 144 (0.77) 44 (0.23)
EOAD* (onset <65y ) (n=7) 4 (0.57) 3 (0.43) 0 (0.0) 11 (0.79) 3(0.21)
LOADY (onset =65 y) (n=42) 27 (0.64) 12 (0.29) 3 (0.07) 66 (0.79) 18 (0.21)
CAD (n=181) 113 (0.62) 59 (0.33) 9 (0.05) 285 (0.79) 77 (0.21)
EOAD (onset <65 y) (n=34) 22 (0.65) 11 (0.32) 1 (0.03) 55 (0.81) 13 (0.19)
LOAD (onset =65 y) (n=102) 65 (0.64) 33 (0.32) 4 (0.04) 163 (0.80) 41 (0.20)
AMC (n=71) 45 (0.64) 24 (0.33) 2 (0.03) 114 (0.80) 28 (0.20)
PC (n=262) 163 (0.64) 83 (0.32) 16 (0.06) 409 (0.78) 115 (0.22)

Numbers in parentheses represent corresponding percentages.
wt = wild type (normal) BCHE alleles.
K = the K variant of BCHE with diminished enzymatic activity.

No evidence of any departure from Hardy Weinberg equilibrium for any of the groups.
CLAD = clinical AD; PMAD = post mortem AD; CAD = combined AD; AMC = aged matched controls; PC = population con-

trols.

EOAD* and LOADY = data only shown for PMAD cases where actual age of onset information was available.



The butyrylcholinesterase K variant and susceptibility to Alzheimer’s disease

Table 2 APOE ¢4 and BCHE-K distributions in unaffected and affected groups

Controls Cases
E4 BCHE-K (AMC) (CAD) OR 95% CI
- - 33 56 Reference
- + 18 24 0.79 (0.37,1.68)
+ - 12 58 2.85 (1.32, 6.16)
+ + 8 46 3.39 (1.40, 8.19)

solely for the BCHE-K polymorphism for a
frequency estimate in the general population.
This group (149 males, 113 females) had an
average age of 38.9 years (SD 12.6) at
collection. Genotyping for both ApoE and
BCHE-K was performed as previously
described.®® Statistical comparisons were by
standard Pearson chi-square tests and logistic
regression analyses.

Genotype and allele frequencies for the
BCHE gene are shown in table 1. No
differences between early and late onset cases
in either CLAD (genotype p=0.77, allele
p=0.92) or PMAD (genotype p=0.62, allele
p=0.99) were observed and they were thus
combined within each group. This contrasts
with the findings of Lehmann ez al* who did
find differences in K variant frequency between
early and late onset cases (0.09 versus 0.16
respectively). Comparing CLAD and PMAD
groups showed no significant differences
(genotypes p=0.28, alleles p=0.3) and they
were therefore combined. Comparisons be-
tween the combined patient group (CAD,
n=181) and the age matched control group
(AMC, n=71) showed no significant differ-
ences for BCHE-K genotypes (x’=0.57, df=2,
p=0.75) or alleles (x°=0.15, df=1, p=0.70). No
differences according to gender or family
history were found in the CLAD group.

We also used logistic regression to test for
any interaction between ApoE €4 and
BCHE--K in our patients. Following Lehmann
et al' four categories defined by the presence
(+) or absence (-) of an €4 or K allele with
respective numbers and odds ratios are defined
(table 2). As expected, ApoE &4 confers an
increased risk but this does not appear to vary
in the presence of BCHE-K. Logistic
regression showed the significant association
with ApoE (x°=16.95, df=1, p=0.00004) and,
after allowing for this, no significant association
with BCHE-K (%’=0.08, df=1, p=0.78) or
interaction between BCHE-K and ApoE ¢4
(x’=0.44, df=1, p=0.51) were found. Finally,
we found no evidence for an interaction
between BCHE-K and ApoE €4 when patients
over 75 years of age were considered alone
(x*=0.024, df=1, p=0.88).

Our failure to replicate the findings of
Lehmann et al' could be for a number of
reasons. First, it is possible that our study rep-
resents a type 2 error. However, our results
support recent work by other groups'®'? who
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have also failed to replicate the findings of
Lehmann et al.* Moreover, we were careful to
match both groups of cases and the controls for
ethnicity and this lessens the likelihood that
differences between them were obscured by
population stratification, a point which is rein-
forced by the fact that frequencies of BCHE-K
in patients were similar in both studies.
However, there was a marked difference in K
allele frequency between control groups in the
two studies (Oxford 0.09, mean age 78.1 years;
Cardiff 0.20, mean age 73.5 years) though this
is hard to explain since both contained elderly,
non-demented, UK white subjects. Previous
frequency estimates for the K polymorphism of
0.12 in UK white subjects were based on enzy-
matic assays in relatively small groups.” '* We
therefore genotyped a large sample and ob-
tained a frequency of 0.22 which closely
matches that observed in all our other sample
groups and in the patient group of Lehmann ez
al.* This suggests that the original findings may
be in fact the result of a type 1 error, to which
genetic association studies are known to be
prone."” Further studies are required to resolve
this issue.

This work was supported by the Medical Research Council and
the Mental Health Foundation. We would also like to thank
Carole Johnston and Professor David Smith for supplying us
with the necessary oligonucleotides to perform the BCHE-K
characterisation and for access to their data before publication.

1 Hardy J. Amyloid, the presenilins and Alzheimer’s disease.
Trends Neurosci 1997;20:154-9.

2 Roses AD. Alzheimer diseases: a model of gene mutations
and susceptibility polymorphisms for complex psychiatric
disorders. Am ¥ Med Genet 1998;81:41-57.

3 Strittmatter WJ, Roses AD. Apolipoprotein E and Alzhe-
imer disease. Proc Natl Acad Sci USA 1995;92:4725-7.

4 Lehmann DJ, Johnston C, Smith AD. Synergy between the
genes for butyrylcholmesterase K variant and apolipopro-
tein E4 in late-onset confirmed Alzheimer’s disease. Hum
Mol Genet 1997;6:1933-6.

5 McKhann G, Drachman D, Folstein M, Katzman R, Price
D, Stadlan EM. Clinical diagnosis of Alzheimer’s disease:
report of the NINCDS-ADRDA work group under the
auspices of the Department of Health and Human Services
task force of Alzheimer’s disease. Neurology 1994;34:939-
44.

6 Braak H, Braak E. Neuropathological stages of Alzheimer-
related changes. Acta Neuropathol 1991;82:239-59.

7 Folstein MF, Folstein SE, McHugh PR “Mini-Mental
State”: a pracncal method for grading the cognitive state of
patients for the clinician. ¥ Psychiatr Res 1975;12:189-98.

8 Wenham PR, Price WH, Blundell, G. Apolipoprotein E

genotyping by one-stage PCR Lancet 1991;337:1158-9.

9 Jensen FS, Nielsen LR, Schwartz M. Detection of the
plasma cholinesterase K variant by PCR using an
amplification-created restriction site. Hum Hered 1996;46:
26-31.

10 Brindle N, Song Y, Rogaeva E, et al. Analysis of the butyryl-
cholinesterase gene and nearby chromosome 3 markers in
Alzheimer disease. Hum Mol Gener 1998;7:933-5.

11 Singleton AB, Smith G, Gibson AM, ez al. No association
between the K variant of the butyrylcholmesterase gene
and pathologically confirmed Alzheimer’s disease. Hum
Mol Genet 1998;7:937-9.

12 Russ C, Powell J, Lovestone S, Holmes C. K variant of
butyrylcholinesterase and late onset Alzheimer’s disease.
Lancet 1998;351:881.

13 Evans RT, Wardell] On the identification and frequency of
the J and K cholinesterase phenotypes in a caucasian popu-
lation. ¥ Med Genet 1984;21:99-102.

14 Whittaker M, Britten JJ. Recognmon of two new phenotypes
segregating the Elk allele form plasma cholinesterases.
Hum Hered 1988;38:233-9.

15 Owen M], Holmans P, McGuffin P. Association studies in
psychiatric genetics. Mol Psychiatry 1997;2:270-3.



