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bstract

Insulin-degrading enzyme (IDE) is a strong biological and positional candidate gene for Alzheimer’s disease (AD). Previously some studies
ave examined the role of common variation in the IDE gene with AD risk but the results have been inconsistent. In this study we examined the role
f 5 SNPs that define a linkage disequilibrium (LD) block spanning 276 kb around IDE. Our sample comprised up to 1012 late-onset AD (LOAD)

ases and 771 older white controls. In addition, we also examined the association of these SNPs with quantitative measures of AD progression,
amely age-at-onset (AAO), disease duration and Mini-Mental State Examination (MMSE) score. None of the SNPs examined in this fairly large
ase-control sample revealed significant association with AD risk. These SNPs also showed no significant association with AD quantitative traits.

2006 Published by Elsevier Ireland Ltd.
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lzheimer’s disease (AD) is a neurodegenerative disorder char-
cterized by progressive deposition of �-amyloid (A�) peptide
n extracellular senile plaques. Rare mutations in amyloid pre-
ursor protein (APP) and presenilin 1 and 2 genes are associated
ith increased production of A� [22]. Although the increased
roduction of A� is a key step for peptide accumulation, its
mpaired clearance also defines the steady-state level of this pep-
ide. Insulin-degrading enzyme (IDE) is one of several enzymes
inked to A� degradation [20]. IDE deficiency has been shown
o promote significant net increase in A� deposition in mouse
rain [10,14] and also preventing A� toxicity [15]. Neuron-
pecific overexpression of IDE or neprilysin in mice significantly
educed brain A� levels [11], suggesting a potential role of
DE in AD treatment. Moreover, IDE is located on chromosome
0q q23–q25 between two regions showing linkage to LOAD
2,4,9,16,17].
Despite the linkage data and biological relevance of IDE with
D, several case-control studies did not provide convincing evi-
ence of association of IDE with AD [1,6,9,18,21]. However, in

∗ Corresponding author. Tel.: +1 412 624 3066; fax: +1 412 383 7844.
E-mail address: ikamboh@hgen.pitt.edu (M.I. Kamboh).

1 Current address: Department of Periodontology, School of Dental Medicine,
ndokuz Mayis University, Samsun 55139, Turkey.

s
t
i
I
(
(
a
I
l

304-3940/$ – see front matter © 2006 Published by Elsevier Ireland Ltd.
oi:10.1016/j.neulet.2006.07.054
comprehensive study by Prince et al. [19], significant associ-
tions with the severity of disease, as measured by quantitative
raits such as MMSE score, protein tau levels in cerebral spinal
uid, AAO, and degree of brain pathology was found. Prince et
l. [19] concluded that the effect of IDE might be in the sever-
ty of the disease rather than on disease risk. A recent study
y Ertekin-Taner et al. [8] replicated the results of Prince et al.
19] in case-control series and also found significant associa-
ion of IDE haplotypes with plasma A�42. One study reported a
ossible association of IDE with AD risk among non-APOE*4
arriers [7], but the sample size was too small for a meaning-
ul interpretation. Although IDE is an excellent biological and
ositional candidate for AD, its association with AD is yet to be
stablished.

To evaluate the potential influence of genetic variation in IDE
n AD risk and correlated quantitative traits, we examined five
ingle nucleotide polymorphisms (SNPs) located in and around
he IDE gene in a large Caucasian case-control cohort. The phys-
cal locations of these SNPs, as taken from Prince et al. [19], are:
GS6 (rs967878), IDE7 (rs2251101), IDE8 (rs551266), IDE14
rs1832196), HHEX23 (rs1544210) from pter (94.31 Mb) to qter

94.62 Mb) along chromosome 10. IDE7, IDE8 and IDE14 SNPs
re located within the IDE gene and they are flanked by the
GS6 SNP located in an intergenic region and the HHEX23 SNP
ocated in the hematopoetically-expressed homeobox (HHEX)
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ene. The IDE7, IDE14, and HHEX23 were haplotype tagging
NPs that capture the common variation (>5%) in the 276.5 kb
enomic region harboring the IDE, kynesin like 1 (KNSLI), and
HEX genes [19]. The IGS6 and IDE8 SNPs have been found

o be associated with AD risk [8,19]. The same 5 SNPs have also
een typed by Ertekin-Taner et al. [8]. Thus, all the tested SNPs
ave shown to be associated with AD risk in at least one study.
he purpose of the present study was either to confirm or refute

he published findings in a well powered case-control sample.
The study sample compromised 1012 white LOAD sporadic

ubjects and 771 white control subjects. The LOAD (≥60)
ases (66.7 % female, 25.8% autopsy-confirmed) were from the
niversity of Pittsburgh Alzheimer’s Disease Research Center

ADRC). The mean age of patients was 76.57 ± [S.D.] 5.7 years
ith a mean AAO of 72.29 ± 6.33 years. Clinical diagnoses of

he patients were made according to the NINCDS/ADRDA cri-
eria [13]. The ADRC follows a standard evaluation protocol,
hich includes medical history, general medical and neurolog-

cal examinations, a psychiatric interview, neuropsychological
esting and a MRI scan. The controls (61.50% female, mean
ge 75.20 ± 5.63 years) were recruited from the same Western
ennsylvania region as the cases, and were determined to be
ognitively intact following extensive clinical examination (see
ang et al. [23] for details). This study was approved by the
niversity of Pittsburgh Institutional Review Board.
Genotyping was performed using pyrosequencing.

equences for the PCR (F,R) and sequencing (S) primers for
hese 5 SNPs are: IDE7-rs2251101; F:AGATCGCACGACTG-
ACTGTAG (biotinylated) R:TGAGTCCCTCCATGTATCAT-
AAT S:GGGGGACCTGCTG; IDE8-rs551266; F:ACAC-
GCTAGGTACACGGCAAA R:TGAATCCAACTGCTAGA-
AAATTATAAGTAGG (biotinylated) S:AATGCTCAATAAA-

GAGAGA; IDE14-rs1832196; F:ATGTGACCATTTTGGG-
TAGTG R:CCATTTTGCCTAGGCTAGTCTCAA (biotinyl-
ted) S:TTGGCACGCTGTTG; HHEX23-rs1544210; F:GG-

b
A
t

able 1
istribution of polymorphisms in and around IDE in LOAD cases and controls

olymorphisms n Genotype

(%)n (%)n

GS6/G → T (rs967878) AA CA
AD cases 910 17.69 (161) 50.33 (458)
Controls 744 14.65 (109) 50.27 (374)

DE7/T → C (rs2251101) GG AG
AD cases 966 10.56 (102) 39.75 (384)
Controls 732 9.29 (68) 39.75 (291)

DE8/T → C (rs551266) CC TC
AD cases 871 3.1 (27) 30.88 (269)
Controls 735 4.76 (35) 31.16 (229)

DE14/C → T (rs1832196) TT CT
AD cases 1012 1.78 (18) 24.11 (244)
Controls 698 1.72 (12) 23.5 (164)

HEX G → A (rs1544210) TT CT
AD cases 892 24.44 (218) 49.33 (440)
Controls 771 24.51 (189) 49.29 (380)
etters 406 (2006) 265–269

CTGGGATTTTACTGTACTATCA (biotinylated) R:TTCCT-
CATTTTGATTTTCTTCTTG S:GCTACTGTTTTCCTGCA;

GS6-rs967878; F:TGGTATCCGTGGGTTACAGACA (bioti-
ylated) R:CCTGCTCCTGGGTTCTCCTTTCATC S:ATCC-
GGACTTGCTGA. Allele frequencies were calculated by the
llele counting method. Goodness of fit to Hardy–Weinberg
xpected proportions was examined by chi-square test. The
ifferences in genotype frequencies between cases and controls
ere tested by chi-square tests. The pair-wise linkage dise-
uilibrium (LD) between markers was estimated using the D’
ethod [12]. Multiple logistic regression models were used to

xamine the association of each genetic marker with AD. The
stimated odds ratios (ORs) were adjusted for the effects of
ignificant covariates such as age, sex and APOE. The mean
AO between different genotype groups were compared using
ne-way analysis of variance (ANOVA) and adjusted for the
ffects of sex and APOE. Kaplan–Maier survival analysis was
lso used to compare the AAO between genotypes. The disease
uration was estimated by subtracting the AAO from the age at
eath and then mean disease duration was compared between
enotypes after adjusting for the effects of sex and APOE
enotype. Data on disease duration were available on 157 AD
atients. Mean disease duration was 9.73 ± 0.27 years. All
omputations were performed using R statistical 2.0.0 program
ttp://www.maths.lth.se/help/R/.R/doc/html/index.html). The
aplotype frequencies were estimated using the expectation-
aximization algorithm in the EH software program (http://

inkage.rockefeller.edu/ott/eh.htm).
The distribution of allele and genotype frequencies of the 5

NPs is presented in Table 1. The frequencies of all SNPs were
n Hardy–Weinberg equilibrium in AD patients and controls.

e found no differences in the allelic or genotypic frequencies

etween AD patients for any of the SNPs. Stratifying the data by
POE*4 and non-APOE*4 did not change the results. In addi-

ion to single site analysis we also performed 5-site haplotype

Allele frequency p-value genotype (allele)

(%)n

CC
31.98 (291) 42.9/57.1 0.14 (0.07)
35.08 (261) 39.8/60.2

AA
49.69 (480) 30.4/69.6 0.62 (0.45)
50.96 (373) 29.2/70.8

TT
66.02 (575) 18.5/81.5 0.59 (0.13)
64.08 (471) 16.4/83.6

CC
74.11 (750) 13.8/86.2 0.85 (0.80)
74.79 (522) 13.5/86.5

TT
26.23 (234) 49.1/50.9 0.71 (0.95)
26.2 (202) 49.2/50.8

http://www.maths.lth.se/help/R/.R/doc/html/index.html
http://linkage.rockefeller.edu/ott/eh.htm
http://linkage.rockefeller.edu/ott/eh.htm
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nalysis, including all 5 SNPs or 3-site haplotype analysis using
he tagSNPs. The overall 5-site (p = 0.60) or 3-site (p = 0.80)
nalyses were not significant.

We also examined the association of IDE and surrounding
hromosome 10 markers with quantitative traits related to AD,
amely disease duration, AAO, and measures of cognitive func-
ion such as MMSE scores at baseline and during the last phase
f the study (Table 2). No association was observed with any
f the 5 SNPs and AAO, disease duration or MMSE scores
t the baseline. The only significant association observed was
etween the IDE14 SNP and MMSE scores measured during the
ast phase of the study after adjusting for sex, APOE gene and
ohort (p = 0.03). The homozygous TT carriers had higher cogni-
ive scores (21.08 ± 1.53) than both CT and CC genotypes (19.0
± 0.32 and 19.89 ± 0.18, respectively). Since, we observed a
odest association after multiple comparisons only in last phase

f MMSE, this should be interpreted with caution because this
ould be a chance observation.

A number of studies have examined the role of IDE genetic
ariants with AD risk, but results are not consistent. The first
tudy that examined the IDE gene looked at the common genetic
ariation (>5%) in this gene covering all the coding and 5′ region

n relation to AD risk and found no significant association [1].
ater, meta analysis stratified by APOE status yielded a possi-
le association among non-APOE*4 carriers [7]. Studies of IDE
ariants in different ethnic groups yielded variable results. While

I
n
r
L

able 2
ean quantitative traits (±S.D.) among genotypes in LOAD

olymorphisms Genotype

GS6/G → T (rs967878) AA AC
AAO* 71.79 ± 0.51 (149) 72.
Disease duration** 9.47 ± 0.72 (35) 9.6
MMSE baseline† 22.43 ± 0.30 (219) 22.
MMSE last† 19.99 ± 0.42 (186) 19.

DE7/T → C (rs2251101) GG GA
AAO* 72.65 ± 0.60 (97) 72.
Disease duration** 7.71 ± 1.23 (13) 9.0
MMSE baseline† 22.10 ± 0.40 (146) 21.
MMSE last† 20.29 ± 0.46 (127) 19.

DE8/T → C (rs551266) CC TC
AAO* 73.15 ± 1.02 (26) 72.
Disease duration** 11.68 ± 2.31 (4) 10.
MMSE baseline† 22.97 ± 0.76 (37) 21.
MMSE last† 21.34 ± 0.73 (32) 19.

DE14/C → T (rs1832196) TT TC
AAO* 72.85 ± 1.91 (16) 72.
Disease duration** 6.81 ± 2.81 (2) 9.8
MMSE baseline† 22.31 ± 1.07 (26) 21.
MMSE last† 21.08 ± 1.53 (22) 19.

HEX G → A (rs1544210) TT CT
AAO* 71.48 ± 0.48 (190) 72.
Disease duration** 10.32 ± 0.73 (35) 9.9
MMSE baseline† 21.98 ± 0.23 (346) 22.
MMSE last† 19.78 ± 0.29 (303) 19.

* Adjusted for gender and APOE*4.
** Adjusted for gender, APOE*4 and AAO.
† Adjusted for age (controls), AAO (cases), disease status, gender and APOE*4.
etters 406 (2006) 265–269 267

DE was associated with AD risk in an APOE*4-dependent fash-
on in Han Chinese [3], no association was found in Japanese
21] and French [6] cohorts. An additional study examined a
arge 276-kb region harboring the IDE gene in relation to AD risk
nd quantitative traits associated with AD risk [19]. While no
ssociation was observed with AD risk, several significant asso-
iations with AD quantitative traits, including MMSE scores,
icrotubule-associated protein tau levels in cerebral spinal fluid,
AO, and the degree of brain pathology were found. It should
e emphasized, however, that as opposed to the AAO, which
s static over time and provides meaningful genetic association
ata, the initial association of genotype and severity of disease
ay be difficult to interpret unless it is confirmed in indepen-

ent studies. Recently, Ertekin-Taner et al. [8] analyzed the same
DE markers previously shown to be associated with quantita-
ive traits [19] and two additional markers, and found significant
ssociations with A�42 levels and LOAD. A follow-up of the
riginal study [19] has also reported association of one IDE SNP
ith A� deposition [5]. Thus, additional studies in independent

amples are important in clarifying the role of IDE genetic vari-
tion in relation to quantitative traits associated with AD.

In our study we examined 5 SNPs extending locally around

DE in a large Caucasian case-control cohort. In our study,
either variant was associated with LOAD risk or AAO when
eplication was sought up to 1012 LOAD cases and 771 controls.
ikewise, there was no difference between the cases and controls

p-value

CC
54 ± 0.31 (421) 72.11 ± 0.38 (261) 0.52
1 ± 0.41 (98) 10.41 ± 0.50 (61) 0.39
03 ± 0.18 (694) 21.72 ± 0.21 (473) 0.17
77 ± 0.22 (613) 19.62 ± 0.26 (411) 0.72

AA
05 ± 0.32 (356) 72.54 ± 0.30 (446) 0.63
6 ± 0.40 (77) 9.94 ± 0.43 (88) 0.12
98 ± 0.20 (566) 22.09 ± 0.17 (708) 0.91
78 ± 0.24 (497) 19.68 ± 0.22 (624) 0.53

TT
16 ± 0.39 (233) 72.83 ± 0.27 (516) 0.35
52 ± 0.70 (42) 9.64 ± 0.34 (102) 0.43
95 ± 0.24 (386) 22.22 ± 0.15 (878) 0.36
63 ± 0.29 (341) 19.78 ± 0.20 (776) 0.24

CC
51 ± 0.38 (220) 71.31 ± 0.24 (665) 0.55
0 ± 0.55 (53) 9.80 ± 0.32 (155) 0.59
54 ± 0.25 (354) 22.13 ± 0.14 (1068) 0.12
05 ± 0.32 (310) 19.89 ± 0.18 (941) 0.03

CC
68 ± 0.30 (396) 73.04 ± 0.43 (206) 0.07
0 ± 0.48 (70) 9.03 ± 0.45 (49) 0.37
15 ± 0.18 (703) 22.26 ± 0.22 (363) 0.70
86 ± 0.22 (615) 19.71 ± 0.29 (322) 0.93



2 nce L

a
s
N
a
c
t
e
a
p

a
i
c
u
e
a
e
r
i
a
e
c
c
e
s
w
t
c
g
a
s
m
[

A

g

R

[

[

[

[

[

[

[

[

[

68 A. Ozturk et al. / Neuroscie

fter stratifying the data by APOE status. Haplotype analy-
is revealed no significant association. Similar to our results,
owotny et al. [18] did not find any significant association in
large case control cohort consisting of 1217 cases and 1257

ontrols from four different series. They examined the same
agSNPs (IDE7, IDE14, and HHEX23) and additional 15 mark-
rs in and around the IDE. Although they found significant
ssociation of the IDE7 SNP in two samples (p = 0.0066, and
= 0.026), this result was not replicated in the other two series.

Inconsistency in reported AD association studies has been
ttributed to several factors, including among others, genotyp-
ng errors, ascertainment bias in patient selection (autopsy-
onfirmed AD cases versus clinically assessed AD cases), pop-
lation stratification, differences in the pattern of linkage dis-
quilibrium between population groups, relative effect size of
marker and locus heterogeneity [23]. Potential genotyping

rror was not a major confounding factor in our sample as we
epeated 10% of the genotypes for each SNP to confirm the valid-
ty of the genotyping systems. About 26% of our AD cases were
utopsy-confirmed and thus clinically least ambiguous. How-
ver, we found no significant difference in genotype frequen-
ies between our autopsy-confirmed and clinically-assessed AD
ases. Our sample size was sufficiently large to detect mod-
st effect sizes. Although the results of our large study do not
upport the role of common genetic variation in the IDE gene
ith LOAD, we cannot exclude a minor role of this gene in

he etiology of AD because we did not examine the entire
ommon variation, and more importantly rare variants in this
ene. We also did not evaluate the role of IDE genetic vari-
tion with A� levels because this trait is not available in our
ample. It is possible that the effect of the IDE on AD risk is
ediated through modulating A� levels, as shown by others

5,8].
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