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Obijective: To fest the hypothesis that polymorphic variation in insulin signalling genes may underlie
the shared risk of dysfunctional insulin signalling and late onset Alzheimer’s disease (AD). The p85a
subunit of phosphatidyl inositol 3 kinase (PIK3R1) and the regulatory subunit 3 of protein phosphatase
1 (PPP1R3) were selected as candidate genes because both encode key proteins involved in insulin sig-
nalling and because polymorphisms in these genes have been previously implicated in insulin
resistance or type Il diabetes.

Methods: Analysis of the Met326lle PIK3R1 and the AspQ05Tyr PPP1R3 polymorphisms in 202
patients with late onset AD and 160 or 170 age matched normal subjects.

Results: Logistic regression analysis using the recessive genetic model showed significant differences
in genotype and dllelic frequencies between the AD group and normal controls (genotypes: odds ratio
(OR) 2.09, 95% confidence interval (Cl) 1.17 to 3.74, p = 0.01; alleles: OR 1.99, 95% CI 1.17 to
3.40, p = 0.01) for the Met326lle PIK3R1 polymorphism that were female specific. Additionally, in the
dominant genetic model a marginally significant association in genotype frequencies between the
Asp905Tyr PPP1R3 polymorphism and AD was observed (genotypes: OR 1.85, 95% CI 1.03 to 3.30,
p = 0.04; alleles: OR 1.68, 95% C1 0.98 to 2.88, p = 0.06). Both polymorphisms were tested for their
inferactions with sex and the presence of the apolipoprotein E €4 dllele.

Conclusions: The results support the hypothesis for a common genetic aetiology predisposing to insu-

lin resistance and AD.

dementia in the old population and is characterised by

progressive loss of cognition and personality changes.
Several genetic risk factors have been identified but little is
known about the complex aetiology of AD linked to the
pathogenesis of the disease. Recent epidemiological evidence
suggests that cardiovascular disorders and their risk factors
such as hypertension and type II diabetes are also risk factors
for late onset AD." Furthermore, it was reported that the
prevalence of the insulin resistance syndrome is also
associated with AD.* Postmortem studies have found no
significant differences in the concentrations of insulin in the
brain between control and AD subjects’; nevertheless, there is
evidence of altered insulin signalling as the abundance of
insulin receptors is increased and tyrosine kinase activity* is
decreased in the brain of AD patients compared with control
subjects. Moreover, biochemical evidence indicates that
insulin dysfunction may be directly related to the two
histopathological hallmarks of AD, the presence in the brain of
amyloid plaques and neurofibrillary tangles.” ® These findings
suggested that an impaired insulin mediated signal transduc-
tion system may underlie the pathogenesis of this disorder
and may imply a common genetic aetiology for AD and vascu-
lar disease.

Here, we targeted phosphatidyl inositol 3 kinase (PI3-K)
and protein phosphatase 1 (PP1) because they are key compo-
nents of the insulin signalling pathway. They are also involved
in the regulation of tau phosphorylation and amyloid precur-
sor protein (APP) processing. PI3-K and PP1 comprise regula-
tory and catalytic subunits, and we examined the relation with
AD of the 1020G - A (Met**/1le’**) polymorphism in the p85a
regulatory subunit of PI3-K (PIK3RI) and the 2713G-T
(Asp””/Tyr’”) polymorphism in the regulatory subunit 3 of PP1
(PPP1R3).

ﬁ Izheimer’s disease (AD) is the most common cause of

METHODS

Subijects

Two hundred and two patients with late onset AD were
recruited from the Camberwell/Southwark Dementia Case
Register, a community based study in South London.” The
diagnostic process for this group of patients has been
described previously and, in brief, includes a clinical
interview, an assessment with the Manchester and Oxford
University scale for the psychological assessment of
dementia,* a Cambridge examination for mental disorders of
the elderly,” a mini-mental state examination,' and a physical
examination. Dementia was diagnosed according to the
National Institute of Neurological and Communicative Disor-
ders and Stroke and the Alzheimer’s Disease and Related Dis-
orders Association (NINCDS-ADRDA) criteria, the National
Institute of Neurological Disorders and Stroke in association
with the Association Internationale pour la Recherche et
I'Enseignement en Neurosciences criteria for vascular
dementia," and the Newcastle criteria for dementia with Lewy
bodies.”” Only patients who met the NINCDS-ADRDA criteria
for probable or possible AD participated in this study.” Where
patients had the capacity, consent was obtained. Where they
lacked such capacity, agreement from a near relative was
obtained. The subjects were aged above 70 years and were
white. The control group consisted of a subset of 160/170 eld-
erly people over 75 years old resident in the UK from the

Abbreviations: AD, Alzheimer’s disease; ADRDA, Alzheimer’s Disease
and Related Disorders Association; APP, amyloid precursor protein; GSK
3, glycogen synthase kinase 3; IGF 1, insulin-like growth factor 1;
NINCDS, National Institute of Neurological and Communicative
Disorders and Stroke; OR, odds ratio; PI3K, phosphatidyl inositol 3
kinase; PIK3R1, p85a regulatory subunit of phosphatidyl inositol 3
kinase; PKB, protein kinase B; PP1, protein phosphatase 1; PPPIR3,
regulatory subunit 3 of protein phosphatase 1
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Table 1

are also presented

Genotype and allele frequencies of the Met326lle p85a regulatory subunit of phosphatidyl inositol 3 kinase
(PIK3R1) polymorphism resulting from the 1020-G/A base substitution in 202 patients with Alzheimer’s disease (AD) and
170 age matched controls for the total population and after stratification by sex. Results from logistic regression analysis

OR 1.55, C1 0.99 to 2.43, p=0.05

Total Men Women
PIK3R1 AD (n=202) Controls (n=170) AD (n=44) Controls (n=73) AD (n=158) Controls (n=97)
Genotypes
GG 151 (0.75) 112 (0.6¢) 32 (0.73) 53 (0.72) 119 (0.75) 59 (0.61)
GA + 48 (0.24) 54 (0.32) 11 (0.25) 18 (0.25) 37 (0.23) 36 (0.37)
AA 3(0.01) 4 (0.02) 1(0.02) 2 (0.03) 2 (0.01) 2 (0.02)
OR 1.60, Cl 0.98 to 2.62, p=0.06 OR 0.83, Cl 0.34 to 2.03, p=0.48 OR 2.09, CI 1.17 to 3.74, p=0.01*
Alleles
G 350 (0.87) 278 (0.82) 75(0.84) 124 (0.85) 275 (0.87) 154 (0.79)
A 54 (0.13) 62 (0.18) 13 (0.16) 22 (0.15) 41 (0.13) 40 (0.21)

OR0.65, Cl0.16 to 2.79, p=0.56

OR 1.99, Cl 1.17 to 3.40, p=0.01*

Cl, 95% confidence interval; OR, odds ratio. *p<0.05. Data are number (%).

Medical Research Council trial of assessment and manage-
ment of elderly people in the community. All these subjects
had screening assessment including the mini-mental state
examination and gave consent to participate in this study. The
subjects were genotyped for polymorphisms in the PIK3R1
(5q13-12) and the PPP1R3 (7q31.1-q31.2) genes. This study
was approved by the Bethlem and Maudsley Local Research
Ethics Committee. All subjects were white.

Genetic analysis

DNA was extracted from peripheral blood leucocytes using the
Nucleon BACC2 kit (Amersham Biosciences, Little Chalfont,
UK) and following a standard procedure involving deproteini-
sation with sodium perchlorate and chloroform/NucleonResin
extraction. The DNA was diluted to 25 ng/pl and stored in 96
deep well plates at =20°C for their use in the experiments.
Genotyping for the Met326lle polymorphism in the p85a
PI3-K subunit was carried out by mismatched polymerase
chain reaction followed by Ndel restriction enzyme digestion,
as previously described." Genotyping for the Asp905Tyr poly-
morphism of PPP1R3 was carried out by polymerase chain
reaction and followed by restriction enzyme digestion with
Ddel as described previously.” DNA was amplified in a 25 pl
volume containing 50-100 ng genomic DNA, 0.5 pmol of each
primer, 200 pM deoxynucleotide triphosphates, 2.0-2.5 mM
MgCl,, and 0.05U Tag polymerase in 1x enzyme buffer
consisting of 10 mM Tris Cl (pH 8.3), 50 mM KCl, and 0.001%
wt/vol gelatin. After initial denaturation at 94°C for five min-
utes, 30 cycles of amplification were performed with
denaturation at 94°C for 30 seconds, annealing for 30 seconds
at the temperature optimised for each primer pair, and exten-
sion at 72°C for 45 seconds, followed by a final extension at
72°C for 10 minutes. The bands were visualised with silver
stained polyacrylamide gels (10%).

Association study

The case and control groups were compared by logistic
regression analysis to test for variation in the genotypic and
allelic frequencies between AD subjects and controls, and
p < 0.05 was considered significant. Odds ratios (OR) with
95% confidence intervals (CI) were estimated for the effects of
high risk genotypes and alleles. All comparisons were adjusted
for the effects of apolipoprotein E allele €4 on AD. The values
for statistical power of the samples were estimated with the
aid of the computer package Epilnfo (version 6, Epidemiology
Program Office, Atlanta, Georgia, USA), and in each case 95%
was the level of confidence. Compliance with the Hardy-
Weinberg equilibrium was examined in ¥* tests using the Epi-
Info software package.
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RESULTS

The average (SD) age at onset of AD in patients was 82.3 (6.7)
years and in the control group (n = 170) was 80.4 (4.3) years.
Case and control groups were genotyped for the Met326lIle
PIK3R1 and the Asp905Tyr PPPIR3 polymorphisms and X’
analysis for Hardy-Weinberg equilibrium showed that there
was no deviation. Genotype frequencies for the Met326Ile
polymorphism in PIK3R1 subunit did not differ significantly
between the total AD group (75% for 1020-G/G and 25% for
1020-G/A plus 1020-A/A) and the controls (66 and 34, respec-
tively; OR 1.60, 95% CI 0.98 to 2.62, p = 0.06; table 1). Exam-
ination of the interactions between sex, apolipoprotein E €4,
and PIK3R1 genotype showed that there is an interaction
between the effect of 1020-G/G genotype and female sex.
Therefore, the association was analysed after stratification by
sex, confirming that the frequency of the 1020-G/G genotype
was significantly higher than the sum of 1020-G/A and 1020-
A/A genotype frequencies only in the female members (76 and
24, AD female group v 61 and 39, control female group,
p = 0.01). The OR for the effect of the 1020-G/G genotype was
2.09 (95% CI 1.17 to 3.74). Similarly, allele-wise comparisons
resulted in significance for the female group due to a higher
frequency of the 1020-G allele and a lower 1020-A allele
frequency in AD female subjects than in normal female
controls (87% for 1020-G and 13% 1020-A v 79 and 21%,
respectively, p = 0.01; table 1). Calculation of the OR indicated
that carriers of the 1020-G allele were 1.99 times more likely
to develop AD (95% CI 1.17 to 3.40). These effects remained
significant after Bonferroni correction in the stratified sample
(p = 0.03 for the 1020-G/G genotype and p = 0.02 for the
1020-G allele).

To test whether the significant differences we identified
were linked to the strong effects of apolipoprotein E in this
sample,'® we stratified the case and control groups for apolipo-
protein E allele e4 (table 2). The genotype differences between
the AD subjects and the non-dementia controls were
significant in the absence of apolipoprotein E allele €4 (77%
for 1020-G/G and 23% for 1020-G/A plus 1020-A/A, AD group
v 65 and 35%, respectively, control group, OR 1.88, 95% CI 1.00
to 3.52, p = 0.05). On the contrary there was no significant
difference between patients and controls among the apolipo-
protein E allele €4 carriers (73 and 27%, AD group v 71 and
29%, control group, OR 1.21, 95% CI 0.53 to 2.77, p = 0.65).
Allele-wise comparisons showed that the extent of the
frequency difference of the 1020-G allele between the AD
group and the control group was increased among the non-e4
allele carriers (OR 1.92, 95% CI 1.05 to 3.51, p = 0.03). When
the combined effect of female sex and genotype was examined
on the risk for AD in the non-e4 carriers’ group, the OR was
increased to 2.65 (95% CI 1.23 to 5.71) for the GG genotype
(p=0.01) and to 2.66 (95% CI 1.25 to 5.65) for the G allele
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Table 2 Genotype and allele frequencies of the Met326lle PIK3R1 polymorphism
resulting from the 1020-G/A base substitution in female patients with AD and age
matched controls stratified by apolipoprotein E €4 allele carriers and apolipoprotein E
€4 allele non-carriers, and results from statistical analysis

Apolipoprotein E €4 carriers

Apolipoprotein E e4 non-carriers

PIK3R1 AD (n=86) Controls (n=132) AD (n=116) Controls (n=38)
Genotypes

GG 66 (0.77) 85 (0.65) 85 (0.73) 27 (0.71)

GA + 20 (0.23) 44 (0.33) 28 (0.24) 10 (0.26)

AA - 3 (0.02) 3 (0.03) 1(0.03)

OR 1.88, Cl 1.00 to 3.52, p=0.05 OR 1.21, ClI 0.53 to 2.77, p=0.65

Alleles

G 152 (0.88) 214 (0.81) 198 (0.85) 64 (0.84)

A 20 (0.12) 50 (0.19) 34 (0.15) 12 (0.16)

OR 1.92,Cl 1.05t0 3.51, p=0.03*

OR 1.15, CI 0.56 to 2.35, p=0.70

*p<0.05). Data are number (%).

analysis are also presented

Table 3 Genotype and adllele frequencies of the Asp905Tyr polymorphism of regulatory subunit 3 of protein
phosphatase 1 (PPP1R3) resulting from the 2713-G/T base substitution in 202 patients with AD and 160 age matched
controls for the total population and after stratification by apolipoprotein E e4 allele. Results from logistic regression

OR 1.68, C1 0.98 to 2.88, p=0.06

Total Apolipoprotein E €4 non-carriers Apolipoprotein E €4 non-carriers
PPP1R3 AD (n=202) Controls (n=160) AD (n=85) Controls (n=126) AD (n=117) Controls (n=34)
Genotypes
GG 154 (0.76) 134 (0.84) 61 (0.72) 105 (0.83) 93 (0.79) 29 (0.85)
GT + 45 (0.22) 24 (0.15) 23 (0.27) 19 (0.15) 22 (0.19) 5(0.15)
T 3(0.02) 2 (0.01) 1(0.01) 2 (0.02) 2 (0.02) 0 (0.00)
OR 1.85, CI 1.03 to 3.30, p=0.04* OR 1.95, Cl 0.98 to 3.85, p=0.06 OR 1.62, CI 0.55 to 4.77, p=0.38
Alleles
G 353 (0.87) 292 (0.91) 145 (0.85) 229 (0.91) 208 (0.89) 63 (0.93)
T 51(0.13) 28 (0.09) 25(0.15) 23 (0.09) 26 (0.11) 5(0.07)

OR 1.69, CI 0.91 to 3.14, p=0.10

OR 1.66, Cl 0.59 to 4.66, p=0.33

*p<0.05. Data are number (%)

Table 4 Comparison of probable with possible AD according to National Institute of Neurological and Communicative
Disorders and Stroke and Alzheimer’s Disease and Related Disorders Association criteria

Total Men Women
Polymorphism OR Cl OR Cl OR Cl
PIK3R1
Probable + possible 1.60 0.98 to 2.62 0.83 0.34 t0 2.03 2.09 1.17 t0 3.74
Probable 1.34 0.79 to 2.27 0.61 0.24t0 1.56 2.03 1.06 to 3.86
Possible 1.86 0.92 10 3.78 3.20 0.36 to 28.82 2.05 0.93 to 4.47
Total Apolipoprotein E €4 carriers Apolipoprotein E e4 non-carriers
OR Cl OR Cl OR Cl
PPP1R3
Probable + possible 1.85 1.03 to 3.30 1.95 0.98 to 3.85 1.62 0.55 t0 4.77
Probable 1.56 0.82 to 2.60 0.39 0.681t02.77 1.69 0.59 to 4.81
Possible 2.02 1.04 to 3.92 2.41 1.10to0 5.26 1.37 0.44 to 4.26

dosage (p = 0.01). All above comparisons were adjusted for
the effects of sex on AD. Significance remained after
Bonferroni correction for multiple testing (p = 0.02 for GG
genotype and p = 0.02 for G allele). Therefore, the Met326Tyr
polymorphism of PIK3R1 modifies the risk for AD in the
female members and for patients where the AD phenotype is
not explained by the effects of apolipoprotein E.

A significant association was also found between the geno-
types of the Asp905Tyr PPP1R3 polymorphism and AD, with
the T allele-bearing genotypes being more frequent among the
AD group (76% for 2713-G/G and 24% for 2713-G/T plus

2713-T/T, AD group v 84% and 16%, respectively for the control
group). Logistic regression analysis showed that the associ-
ation was significant for the total group of subjects
(genotypes: OR 1.85,95% CI 1.03 to 3.30, p = 0.04; alleles: OR
1.68, 95% CI 0.98 to 2.88, p = 0.06; table 3). No significant
interactions were found between sex or apolipoprotein E €4
allele and the PPPIR3 genotype. Stratification by apolipopro-
tein E allele €4 of the AD patients and controls resulted in
slightly reduced effects compared with the non-stratified
sample, with a nearly significant increased risk for AD by the
presence of GT and TT genotypes in the non-apolipoprotein E
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€4 carriers (OR 1.95, 95% CI 0.98 to 3.85, p = 0.06) and no
effect among the e4 carriers (OR 1.62, 95% CI 0.55 to 4.77,
p = 0.38; table 3). This was probably due to loss of power in
the reduced size of the sample after stratification. The results
did not remain significant after Bonferroni correction.
Finally, to determine whether confidence of diagnosis
affected the strength of the associations, we separately
analysed probable from possible AD. In most analyses ORs did
not differ much between possible AD and probable AD, but the
sample is too small to test confidently for an association in
these multiply stratified analyses (table 4). For PIK3R1 no
analysis gave a significant OR that was greater for possible AD
than for probable AD, suggesting that these associations are
true associations with AD and not with other dementias. For
PPPIR3 the OR for both the apolipoprotein E €4 positive group
and the combined apolipoprotein E groups was higher for
possible AD than for probable AD (95% CI > 1 in each).

DISCUSSION

Increasing evidence suggests that late onset AD has some
phenotypic and pathological features in common with type II
diabetes (non-insulin dependent diabetes mellitus), suggest-
ing that the two disorders may share a similar aetiology."” Epi-
demiological studies have shown that the complications of
type II diabetes, namely stroke and hypertension,* * are also
risk factors for dementia or AD.” Case-control and prospective
studies have suggested that cognition is impaired in patients
with non-insulin dependent diabetes mellitus,” ** and cross
sectional studies have reported that diabetes is a risk factor for
dementia in general and even specifically for AD." Type II
diabetes may increase the risk of AD through the known vas-
cular consequences such as stroke and hypertension. However,
insulin resistance is also a risk factor for AD, suggesting that
the risk is through a failure of insulin signalling itself rather
than the consequences of that failure.” In line with this, the
abundance of insulin receptors in the AD brain is increased,
possibly to compensate for an impaired insulin signal
transduction system, and insulin activity is reduced.’

If insulin signalling has an important role in AD pathogen-
esis then polymorphic variation in the normal population,
underlying variation in the genes encoding components of the
insulin signalling pathway and leading to the quantitative
trait of relative insulin resistance, would also underlie popula-
tion variation in the risk of AD. Indeed, studies in our labora-
tories have found evidence for an association between late
onset AD and polymorphic variation in the gene encoding
angiotensin I converting enzyme, which has also been identi-
fied as a risk factor for insulin resistance abnormalities.” **

Firstly, we examined whether polymorphic variation in the
gene encoding PIK3R1 is associated with genetic risk for late
AD because PI3-K holds a key position in mediating multiple
downstream metabolic effects of insulin.” The p85 subunit
exists in two isoforms: p85a (PIK3R1) and p853 (PIK3R2). We
identified a female specific significant association between the
homozygous form of the Met326Tyr PIK3R1 polymorphism
and AD. This polymorphism has been previously associated
with insulin response but not with type II diabetes per se."
Another study reported an association of the homozygous
form of Met326 with type II diabetes in Pima women, a find-
ing consistent with the sex specificity of the effect in our
study.” The frequency of the polymorphism in our sample was
similar to that of the Centre d’Etude du Polymorphisme
humain samples (0.83 and 0.17 for the Met-326 and Ile-326
alleles, respectively) and slightly lower than the frequency
among the Pima population (0.75 and 0.25, respectively).”
Therefore, there seem to be ethnicity specific and sex specific
differences in the frequency distribution of the Met3261le
PIK3R1 polymorphism. We also assessed the frequency of this
polymorphism after stratification of the sample by apolipopro-
tein E allele 4. The association was more profound among the

www.jnnp.com

Liolitsa, Powell, Lovestone

female non-carriers of apolipoprotein E allele €4, suggesting
that these polymorphisms explain the risk of AD independ-
ently of apolipoprotein E. This is consistent with the observa-
tion of changes in plasma insulin concentrations, which are
suggestive of insulin resistance, in patients with AD who are
non-e4 carriers.”’

Subsequently, we examined whether polymorphic variation
in the gene encoding PPP1R3 is a risk factor for AD because of
the observed role of PPI in insulin stimulated inhibition of
glycogen synthase kinase 3 (GSK 3)* and the previously
reported associations of polymorphisms in PPP1R3 and insu-
lin resistance abnormalities.” *” Furthermore, PP1 regulates
downstream events leading to the generation of neurofibril-
lary tangles,” and recently it was suggested that PPl can
maintain low levels of phosphorylation of tau when it is
bound to microtubules.” PPl is a serine-threonine phos-
phatase consisting of at least three isoforms of catalytic
subunit—PPP1CA, PPP1CB, and PPP2CA—encoded by differ-
ent genes. All three subtypes bind to PPP1R3, also named gly-
cogen associated subunit of PP1. We looked at the Asp905Tyr
polymorphism and we identified an increased prevalence of
the Tyr905 allele-bearing genotypes among the AD group
compared with the controls. The association was in the same
direction as that identified by Hansen and colleagues” for fea-
tures of the insulin resistance syndrome. It is noteworthy that
such an association with insulin resistance has not been found
universally in different ethnic groups.”

It is possible that the association between dementia and
diabetes is with vascular dementia and not AD,™ although
community based studies continue to find an association with
both vascular dementia and AD independently.” ** Perhaps
this is not surprising, as even in AD there is some vascular
change and in turn isolated vascular disease is not a common
cause of dementia.” We think it unlikely that our sample was
significantly contaminated with true vascular dementia.
Previously the clinical diagnostic accuracy of the Camberwell
case register was examined with respect to postmortem
examination, finding a positive predictive value of 0.92 for
probable AD according to the NINCDS criteria.” However, in
our sample as in all other studies there were high rates of
mixed pathology and so we cannot exclude an effect of the
polymorphic variation we identified on the secondary
pathology often found in AD. PIK2RI is as strongly associated
with probable as with possible AD but the strength of the
association is more robust between PPP1R3 and possible AD
than it is with probable AD. As possible AD is most likely to be
a mixed dementia, this might indicate that polymorphic vari-
ation in PPPIR3 is associated with increased non-AD
pathology—vascular disease, for example. However, the
number of possible AD cases in this sample is relatively small
for such analyses to be treated with confidence and we would
not want to put too much weight on a small difference
between possible and probable AD.

It is more likely, however, that the findings of the present
study, showing genetic variability in PIK3R1 and PPP1R3 in
association with late onset AD, indicate a common underlying
aetiology for insulin resistance and late onset AD due to
genetic variation in genes encoding components of the insulin
triggered cascade. The two hallmark processes of AD are the
metabolism of APP leading to amyloid production and deposi-
tion in plaques, and the phosphorylation and aggregation of
tau in neurofibrillary tangles. Insulin has been shown to have
a role in both. Tau is phosphorylated in cells and in neurones
by GSK 3, a kinase first discovered through its role in insulin
signalling.” Insulin signalling leads to inhibition of GSK 3 and
in neurones leads to a decrease in tau phosphorylation.
Mutations in PS-1 causing AD also interact with insulin
signalling through protein kinase B (PKB), leading to an
increase in GSK 3 activity.” Starvation induced hypoglycae-
mia and subsequent reduced insulin availability in mice
results in tau hyperphosphorylation in the hippocampus.”


http://jnnp.bmj.com

Dysfunctional insulin signalling and late onset AD

Insulin signalling may therefore protect against the tau phos-
phorylation component of AD pathogenesis.

Recent evidence suggests that insulin may also be protective
of the amyloid component. APP is metabolised either by a
secretase to yield non-amyloidogenic products or by  and y
secretase to produce amyloid. Insulin increases soluble APPa
generation through a PI3-K/PKB pathway’ and decreases
intracellular concentrations of both amyloid 40 and amyloid
342.* Furthermore, both insulin and insulin-like growth fac-
tor 1 (IGF 1) reduce amyloid B induced neurotoxicity” *
through a PI3-K dependent pathway and the antiapoptotic
effects of IGF 1 are compensated by presenilin 1 mutations.”
Most recently it was shown that IGF 1 action protects cells
from apoptotic toxicity by the familial AD associated V6421
mutant of APP* In agreement, patients with early onset AD
have decreased plasma IGF 17 and this would result in
enhanced amyloid B induced neurotoxicity. In conclusion,
PI3-K activation is crucial in the modulation of insulin
induced tau phosphorylation and APP processing but also in
mediating the antiapoptotic effects of IGF 1, possibly through
a PKB/GSK 3 pathway.

The functional significance of the two polymorphisms we
examined is unknown and it may be that these variations are
in linkage disequilibrium with other, functional variants.
Nonetheless, the present findings suggest that genetic
variation in subunits of PI3-K and PP1, which hold a key posi-
tion in the insulin triggered cascade, may alter the risk for late
onset AD and support the hypothesis that peripheral insulin
resistance and late onset AD share a common genetic
aetiology.

ACKNOWLEDGEMENTS

This study was supported by Research into Ageing and the Wellcome
Trust. Control samples from participants in the MRC trial of
assessment and management of elderly people in the community
(MRC Elderly Study) were collected in collaboration with the trial
investigators: Professor Astrid Fletcher, London School of Hygiene &
Tropical Medicine (Principal investigator), and co-investigators Dr Dee
Jones, University of Wales College of Medicine and Professor Chris
Bulpitt, Imperial College. Cursten Rus genotyped the apolipoprotein E
of the control samples.

Authors’ affiliations

D Liolitsa, J Powell, S Lovestone, Department of Neuroscience and
Department of Old Age Psychiatry, Institute of Psychiatry, Denmark Hill,
SE5 8AF, London, UK

Competing interests: none declared

REFERENCES

Ott A, Stolk RP, van Harskamp F, et al. Diabetes mellitus and the risk of

dementia: The Rotterdam study. Neurology 1999;53:1937-42.

Kuusisto J, Koivisto K, Mykkénen L, et al. Association between features

of the insulin resistance syndrome and Alzheimer's disease independently

of apolipoprotein E4 phenotype: cross sectional population based study.

BMJ 1997;15:1045-9.

Frolich L, Blum-Degen D, Bernstein HG, et al. Brain insulin and insulin

receptors in aging and sporadic Alzheimer’s disease. J Neural Transm

1998;105:423-38.

4 Frolich L, Blum-Degen D, Riederer P, et al. A disturbance in the neuronal

insulin receptor signal transduction in sporadic Alzheimer’s disease. Ann

NY Acad Sci 1999,893:290-3.

Solano DC, Sironi M, Bonfini C, et al. Insulin regulates soluble amyloid

precursor protein release via phosphatidyl inositol 3 kinase-dependent

pathway. FASEB J 2000;14:1015-22.

6 Hong M, Lee VM. Insulin and insulin-like growth factor-1 regulate tau
phosphorylation in cultured human neurons. J Biol Chem
1997,272:19547-53.

7 Holmes C. The Camberwell dementia case register. Int J Geriatr

Psychiatry 1996;11:369-75.

Allen NH, Gordon S, Hope T, et al. Manchester and Oxford Universities

scale for the psychopathological assessment of dementia (MOUSEPAD).

Br J Psychiatry 1996,169:293-307.

9 Roth M, Tym E, Mountjoy CQ, et al. CAMDEX. A standardised
instrument for the diagnosis of mental disorder in the elderly with special
reference to the early detection of dementia. Br J Psychiatry
1986;149:698-709.

N

w

[¢,]

fee]

[ee]

fee]

oo

265

10 Folstein MF, Folstein SE, McHugh PR. Mini-metal state. A practical

method for grading the cognitive state of patients for the clinician. J
Psychiatr Res 1975;12:189-98.

Roman GC, Tatemichi TK, Erkinjuntti T, et al. Vascular dementia:
diagnostic criteria for research studies. Report of the NINDS-AIREN
international workshop. Neurology 1993;43:250-60.

McKeith IG, Galasko D, Kosaka K, et al. Consensus guidelines for the
clinical and pathologic diagnosis of dementia with Lewy bodies (DLB):
report of the consortium on DLB international workshop. Neurology
1996,47:1113-24.

McKahnn G, Drachman D, Folstein M, et al. Clinical diagnosis of
Alzheimer's disease: report of the NINCDS-ADRDA Work Group under
the auspices of Department of Health and Human Services Task Force on
Alzheimer's Disease. Neurology 1984;34:939-44.

Kawanishi M, Tamori Y, Masugi J, et al. Prevalence of a polymorphism
of the phosphatidylinositol 3-kinase p85 alpha regulatory subunit (codon
326 Met—>lle) in Japanese NIDDM patients. Diabetes Care
1997,20:1043.

Hansen L, Hansen T, Vestergaard H, et al. A widespread amino acid
polymorphism at codon 905 of the glycogen-associated regulatory
subunit of protein phosphatase-1 is associated with insulin resistance and
hypersecretion of insulin. Hum Mol Genet 1995;4:1313-20.

Russ C, Powell J, Lovestone S, et al. K variant of butyrycholinesterase
and late-onset Alzheimer’s disease. Lancet 1998;351:881.

Stewart R, Liolitsa D. Type 2 diabetes mellitus, cognitive impairment and
dementia. Diabet Med 1999;16:93-112.

Palumbo PJ, Elveback LR, Whisnant JP. Neurologic complications of
diabetes mellitus: transient ischemic attacks, stroke and peripheral
neuropathy. In: Schoenberg BS, ed. Advances of neurology and
epidemiology. New York: Raven Press, 1978:593-601.

Palinkas LA, Barrett-Connor E, Wingard DL. Type 2 diabetes and
depressive symptoms in older adults: a population-based study. Diabet
Med 1991;8:532-9.

Mortel KF, Wood S, Pavol MA, et al. Analysis of familial and individual
risk factors among patients with ischemic vascular dementia and
Alzheimer's disease. Angiology 1993;44:599-605.

Reaven GM, Thompson LW, Nahum D, et al. Relationship between
hyperglycemia and cognitive function in older NIDDM patients. Diabetes
Care 1990;13:16-21.

Rockwood K, Ebly E, Hachinski V, et al. Presence and treatment of
vascular risk factors in patients with vascular cognitive impairment. Arch
Neurol 1997;54:33-9.

Kehoe PG, Russ C, Williams H, et al. Variation in DCP1, encoding ACE,
is associated with susceptibility to Alzheimer’s disease. Nat Genet
1999,21:71-2.

Takezako T, Saku K, Zhang B, et al. Angiotensin | converting enzyme
gene polymorphism and insulin resistance in patients with angina
pectoris. Am J Hypertens 1999;12:291-7.

Terauchi Y, Tsuji Y, Satoh S, et al. Increased insulin sensitivity and
hypoglycaemia in mice lacking the p85 alpha subunit of
pﬁosphoinosiﬂde 3-kinase. Nat Genet 1999,21:230-5.

Baier LJ, Wiedrich C, Hanson RL, et al. Variant in the regulatory subunit
of phosphatidylinositol 3-kinase (p85alphal): preliminary evidence
indicates a potential role of this variant in the acute insulin response and
type 2 diabetes in Pima women. Diabetes 1998;47:973-5.

Craft S, Asthana S, Schellenberg G, et al. Insulin effects on glucose
metabolism, memory, and plasma amyloid precursor protein in
Alzheimer’s disease differ according to apolipoprotein-E genotype. Ann
NY Acad Sci 2000;903:222-8.

Brady MJ, Printen JA, Mastick CC, et al. Role of protein targeting to
glycogen (PTG) in the regulation of protein phosphatase-1 activity. J Biol
Chem 1997;272:20198-204.

Hegele RA, Harris SB, Zinman B, et al. Variation in the AU(AT)-rich
element within the 3'-untranslated region of PPP1R3 is associated with
variation in plasma glucose in aboriginal Canadians. J Clin Endocrinol
Metab 1998;83:3980-3.

Merrick SE, Trojanowski JQ, Lee VM. Selective destruction of stable
microtubules and axons by inhibitors of protein serine/threonine
phosphatases in cultured human neurons. J Neurosci 1997;17:5726-37.
Liao H, Li Y, Brautigan DL, et al. Protein phosphatase 1 is targeted to
microtubules by the microtubule-associated protein tau. J Biol Chem
1998;273:21901-8.

Xia J, Scherer SW, Cohen PT, et al. A common variant in PPP1R3
associated with insulin resistance and type 2 diabetes. Diabetes
1998;47:1519-24.

Shen GQ, lkegami H, Kawaguchi Y, et al. Asp905Tyr polymorphism of
the gene for the skeletal muscle-specific glycogen-targeting subunit of
protein phosphatase 1 in NIDDM. Diabetes Care 1998;21:1086-9.
Curb JD, Rodriguez BL, Abbott RD, et al. Longitudinal association of
vascular and Alzheimer’s dementias, diabetes, and glucose tolerance.
Neurology 1999,;52:971-5.

Peila R, Rodriguez BL, Launer L. Type 2 Diabetes, APOE gene, and the
risk for dementia and related pathologies: the Honolulu-Asia aging study.
Diabetes 2002;51:1256-62.

Luchsinger JA, Tang MX, Stern Y, et al. Diabetes mellitus and risk of
Alzheimer's disease and dementia with stroke in a multiethnic cohort.
Am.J Epidemiol 2001;154:635-41.

Anon. Pathological correlates of late-onset dementia in a multicentre,
community-based population in England and Wales. Neuropathology
Group of the Medical Research Council cognitive function and ageing
study (MRC CFAS). Lancet 2001;357:169-75.

Holmes C, Cairns N, Lantos P, et al. Validity of current clinical criteria
for Alzheimer’s disease, vascular dementia and dementia with Lewy
bodies. BrJ Psychiatry 1999;174:45-50.

www.jnnp.com


http://jnnp.bmj.com

266 Liolitsa, Powell, Lovestone

39 Lovestone S, Reynolds CH. The phosphorylation of tau: a critical stage 44 Dore S, Bastianetto S, Kar S, et al. Protective and rescuing abilities of
in neurodevelopmental and neurodegenerative processes. Neuroscience IGF-l and some putative free radical scavengers against
1997,78:309-24. beta-amyloid-inducing toxicity in neurons. Ann NY Acad Sci

40 Weihl CC, Ghadge GD, Miller R, et al. Mutant presenilin-1 induces 1999;890:356-64.
apoptosis and downregulates Akt/PKB. J Neurosci 1999;19:5360-9. 45 Tanii H, Ankarcrona M, Flood F, et al. Alzheimer's disease presenilin-1

41 Yanagisawa M, Planel E, Ishiguro K, et al. Starvation induces tau exon 9 deletion and L250S mutations sensitize SH-SY5Y neuroblastoma
hyperphosphorylation in mouse brain: implications for Alzheimer’s cells to hyperosmotic stress-induced apoptosis. Neuroscience
disease. FEBS lett 1999;461:329-33. 2000;95:593-601.

42 Gasparini L, Gouras GK, Wang R, et al. Stimulation of beta-amyloid 46 Niikura T, Hashimoto Y, Okamoto T, et al. Insulin-like growth factor |
precursor protein trafficking by insulin reduces intraneuronal (IGF-l) protects cells from apoptosis by Alzheimer’s V642l mutant amyloid
beta-amyloid and requires mitogen-activated protein kinase signaling. J precursor protein through IGF-l receptor in an IGF-binding
Neurosci 2001;21:2561-70. protein-sensitive manner. J Neurosci 2001;21:1902-10.

43 Takadera T, Sakura N, Mohri T, et al. Toxic effect of a beta-amyloid 47 Mustafa A, Lannfelt L, Lilius L, et al. Decreased plasma insulin-like growth
peptide (beta 22-35) on the hippocampal neuron and its prevention. factor-l level in familial Alzheimer's disease patients carrying the Swedish
Neurosci lett 1993;161:41-4. APP 670/671 mutation. Dement Geriatr Cogn Disord 1999;10:446-51.

For just US$25 you can have instant access to the whole website for 30 days. During this time you will be able to access the full
text for all issues (including supplements) available. You will also be able to download and print any relevant pdf files for personal
use, and take advantage of all the special features Journal of Neurology, Neurosurgery, and Psychiatry online has to offer.

Www.jnnp.com

www.jnnp.com


http://jnnp.bmj.com

