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The ε4 allele of the gene encoding
apolipoprotein E (APOE) is the only

well-replicated genetic risk factor for non-
autosomal dominant forms of Alzheimer
disease1 (AD). However, the APOE geno-
type is estimated to account for less than
one-half of the genetic variance2. Follow-
ing reports that the DCP1*D allele of a
common insertion (I)/deletion (D) poly-
morphism in the gene encoding
angiotensin converting enzyme3 (dipep-
tidyl carboxypeptidase 1; DCP1) is associ-
ated with increased longevity4, we

hypothesized that DCP1*D might protect
against the development of AD and that,
similarly, the DCP1*I allele may confer
increased risk. We tested this hypothesis in
a case-control sample from Cardiff and
independent replication samples from
London and Belfast (Table 1).

Our analysis of the Cardiff data showed
a significant association between AD and
DCP1 genotypes (χ2=8.98, d.f.=2,
P=0.011) and alleles (χ2=5.34, d.f.=1,
P=0.02). The variance in genotypic distri-
bution appeared attributable to an excess

of DCP1*I/*I and DCP1*I/*D genotypes in
AD cases (P=0.006; odds ratio (OR)=2.43,
95% CI=1.35−4.39, after Bonferroni cor-
rection for multiple testing in the present
study; P=0.046 after correction for 8 genes
studied previously in this sample). We sub-
sequently tested this finding in the London
and Belfast samples and found similar sig-
nificant associations (London, P=0.0008,
OR=2.71, 95% CI=1.5−4.9; Belfast,
P=0.017, OR=1.82, 95% CI=1.11−2.98).

We combined the samples in a stratified
analysis5, and found that AD cases had a
highly significant excess of DCP1*I/*I and
DCP1*I/*D genotypes (n=542) compared
with controls (n=386; χ2=24.22, d.f.=1,
P=0.000001). This yielded an OR of 2.22
(95% CI=1.62−3.1) with no evidence of
heterogeneity between samples (P=0.6).

We then used logistic regression to test
for the presence of the DCP1 association
after accounting for the effects of APOE
(Table 2). After we stratified the total data
set for APOE, the case-control differences
remained highly significant and confirmed
that a dominant model provides a best fit
for the data (DCP1*I/*I and DCP1*I/*D
versus DCP1*D/*D, χ2=16.10, d.f.=1,
P=0.00006). We observed no evidence of
an interaction between alleles of DCP1 and
APOE (P=0.89). In addition, there was no
evidence of association with age of onset,
gender or family history (data not shown).

These findings suggest that genetic vari-
ation at the DCP1 locus predisposes to AD
in a manner that is independent of APOE
variation. They might also help explain the
unexpected association of DCP1*D/*D
with longevity4. However, we must con-
sider the possibility that the low frequency
of the DCP1*D/*D genotype in AD may
have been due to the exclusion of cases
with cardiovascular disease, for which
some evidence exists of an association with
the DCP1*D/*D genotype6. This appears
unlikely for a number of reasons. First, the
impact of the DCP1*D/*D genotype on
cardiovascular disease is controversial, rel-
atively small and restricted to specific geo-
graphical areas and to patient subgroups
with highly heterogeneous clinical mani-
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Table 1 • DCP1 genotype and allele distributions

Genotypes Alleles

II ID DD I D ORII,ID/DD
(95% CI)

Cardiff casesa 41 121 36 203 193
(n=198) (0.21) (0.61) (0.18) (0.51) (0.49) 2.43
Cardiff controls 12 38 27 62 92 (1.4−4.4)
(n=77) (0.16) (0.49) (0.35) (0.40) (0.60)
London casesb 23 88 24 134 136
(n=135) (0.17) (0.65) (0.18) (0.50) (0.50) 2.71
London controls 22 48 41 92 130 (1.5−4.9)
(n=111) (0.20) (0.43) (0.37) (0.41) (0.59)
Belfast cases 63 114 32 240 178
(n=209) (0.30) (0.55) (0.15) (0.57) (0.43) 1.82
Belfast controls 55 94 49 204 192 (1.1−3)
(n=198) (0.28) (0.47) (0.25) (0.51) (0.49)
Total casesc 127 323 92 577 507
(n=542) (0.23) (0.60) (0.17) (0.53) (0.47) 2.22
Total controls 89 180 117 358 414 (1.6−3.1)
(n=386) (0.23) (0.47) (0.30) (0.46) (0.54)

I, DCP1*I; D, DCP1*D; II, DCP1*I/*I; DD, DCP1*D/*D; ID, DCP1*I/*D; n, total number of individuals geno-
typed; CI, confidence interval. The ascertainment, diagnosis and collection of case and control groups for
the three centres are detailed elsewhere9−11. Mean age of onset for the cases from Cardiff, London and
Belfast were 70.25 y (s.d.±9.35), 82.3 y (s.d.±6.7) and 76.60 y (s.d.±6.26), respectively. Mean age of collection
for the control samples were 73.46 y (s.d.±6.2), 80.8 y (s.d.±4.5) and 77.09 y (s.d.±6.42), respectively. Cases
and controls in Cardiff and London were of UK origin, whereas patients and controls for the Belfast sam-
ple consisted of individuals with parents and grandparents born in Northern Ireland. All controls had a
minimum mini-mental state examination score12 of 25. APOE genotypes were produced as described13.
DCP1 genotypes were produced using established methods14 followed by a quality control amplification
step necessary in detecting under-amplified DCP1*I alleles15. a,b,cSignificant deviation from Hardy-Wein-
berg equilibrium (HWE; Pa=0.002; Pb=0.0004; Pc=0.000005), as would be expected with a genotypic associ-
ation with disease. Genotypes for control groups were all within HWE (Cardiff, P=0.78; London, P=0.26;
Belfast, P=0.5; total controls, P=0.47). Odds ratios for each centre and for the total samples were calculated
on the risk conferred by the presence of one or more copies of the DCP1*I allele. Standard χ2 test was used
to test for genotypic and allelic association and logistic regression to test for DCP1 and APOE interactions.
Combined analysis of data from the two centres used Woolf’s method5.

Although the ROSA26 promoter has been
shown to have activity on its own and
might lead to broad gene expression in
transgenic mice8, the high rate of homol-
ogous recombination and generalized
lacZ expression observed here suggest
that targeting of genes to the ROSA 26
locus may be a desirable method to
achieve ubiquitous expression during
development or in the adult.
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nificance, these results are unlikely to be
false positives arising from ethnic stratifi-
cation or multiple testing.

The mechanisms by which DCP1 influ-
ences susceptibility to AD is unknown,
however, several lines of evidence suggest
that ACE may have a role in AD by modu-
lating inflammation7 and implicate the
brain renin-angiotensin system in cogni-
tive processes8. Whatever the mechanism,
and in spite of an OR of little more than 2,
the presence of the DCP1*/I allele in over
70% of the elderly population warrants
further study of this gene and its role as a
significant risk factor for AD.

Acknowledgements
We thank members of the MRC Trial of Assessment
of the Elderly, in particular A. Fletcher and A.
Haines, for assistance in collecting the London
control sample. This work was supported by a
University of Wales College of Medicine studentship
to P.G.K. and grants from the MRC (G953075N
and G9605370), the Mental Health Foundation,

festations6. Second, cases with vascular
symptoms were only excluded from our
patient groups if they had histories of obvi-
ous stepwise cognitive deterioration con-
sistent with vascular dementia. Third,
vascular dementia cases were also excluded
from our screened age-matched control
groups. Fourth, our control allele and
genotype frequencies were similar to those
reported for the general population by a
number of studies, including one from a
very similar geographical location6.
Finally, analysis of DCP1 genotypes in
additional vascular dementia cases (n=15),
and in those dementia cases with a history
of stroke (n=21) excluded from the Lon-
don sample, showed an excess of the
DCP1*I allele (vascular, 0.50; other
excluded cases, 0.57) rather than an excess
of the DCP1*D/*D genotype.

Given that our findings have been repli-
cated in two independent case-control
samples and the high level of statistical sig-

Table 2 • DCP1 and APOE genotype data

APOE

DCP1 −/− −/ε4 ε4/ε4

Total cases (n=542)
II 59 53 15

(58.6) (53.6) (12.5)
ID 151 144 28

(152.8) (139.8) (32.5)
DD 47 34 11

(43.3) (39.6) (9.2)

Total controls (n=386)
II 71 17 1

(69.2) (17.8) (2.3)
ID 140 37 3

(141.5) (36.3) (3.6)
DD 92 23 2

(90.3) (23.2) (2.3)

Compound genotypes for DCP1 and APOE in cases and controls. The values expected, assuming indepen-
dence between DCP1 and APOE genotypes, are shown in parentheses. II, DCP1*I/*I; DD, DCP1*D/*D; ID,
DCP1*I/*D.
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