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(97,324,281 bp), 13496641 (97,347,389 bp) and 15749049
(97,366,086 bp), were genotyped, but no association was
detected for our exploratory sample set. Thus, none of the
SNPs in the above-described candidate genes was significantly
associated with LOAD with the A4POE-£3*3 genotype in the
Japanese population examined here. However, it is still poss-
ible that this finding is due to the ethnic difference.

The novel association locus found in this study contains five
genes, ENTPD7, COXI5, CUIC, ABCC2 and DNMBP
(Fig. 1). SNP 1911541 occurs in intron 3 of ENTPD?7, also
known as LAPLI, which encodes apylase with an intracellular
catalytic domain (35). ENTPD7 exhibits 71% similarity to
LALP70 (36), a lysosomal/autophagolysosomal membrane
protein, suggesting that ENTPD?7 is also located in a lysoso-
mal/autophagic compartment, but its physiological function
is unclear. The SNP 1s3740066 (ATC — ATT, lle1324lle) is
in exon 28 of ABCC2, which is a member of the ATP-binding
cassette transporter superfamily that transports various mol-
ecules across extra- and intracellular membranes. 4ABCC2 is
expressed predominantly in the liver but was undetectable in
human brain on immunocytochemistry (37). The SNP
rs11190302 is located in the intergenic region between
ABCC2 and DNMBP. Three SNPs, 1511190305,
C_11214959_10 and rs3740058, are present at a high
density in the 3’ region of DNMBP: 111190305 causes a non-
synonymous exchange (TGT — TGG, Cys1413Trp). Taking
these data together, we focussed on DNMBP, although
ENTPD7 and ABCC2 may also influence the pathogenesis of
AD. This is the first description of a significant association
between a DNMBP polymorphism and the risk of LOAD
with the APOE-g3*3 genotype or lacking the 4POE-g4 allele.

DNMBP binds to dynamin selectively through four
N-terminal Src¢ homology-3 (SH3) domains. GTPase
dynamin is an essential component for vesicle formation in
receptor-mediated endocytosis, synaptic vesicle recycling,
caveolae internalization and possibly vesicle trafficking in
and out of the Golgi complex (38,39). DNMBP also binds to
several actin regulatory proteins including direct binding part-
ners, i.e. N-WASP (neuronal Wiskott—Aldrich syndrome
protein) and Ena (Enabled)/VASP (vasodilator-stimulated
phosphoprotein), via two SH3 domains at the C-terminus.
The DH domain in the middle of DNMBP is involved in the
activation of Cdc42. The molecule promotes F-actin nuclea-
tion and/or recruitment within cells (28). N-WASP, which
acts as a key molecule for fillopodium formation through
Cdcd42 activation (40), is increased in the AD brain and may
be involved in aberrant neuronal sprouting (41). DNMBP is
co-localized with synapse-enriched proteins, amphiphysin-1
and dynamin-1 (28). The BAR domain of amphiphysin-1 is
required for the triggering of dynamin GTPase activity and
fission of the endocytic pit (42). Amphiphysin-knockout
mice have defects in synaptic vesicle recycling and major
learning deficits (43). The polymorphism of T/G in
1811190305 corresponds to an amino acid change of cysteine
to tryptophan (Cysl413Trp). The Cysl413Trp mutation
occurs at a position between the two SH3 domains at the
C-terminus of DNMBP. It is possible that this amino acid
change leads to a conformational alteration, and subsequently
affects the interactions with binding partners, although further
experiments are necessary to confirm this. To find a new

variation, we sequenced all exons, exon—intron boundaries
and an about 200 bp 5 upstream region of DNMBP in 92
LOAD patients, but found no polymorphism in these
sequenced regions (data not shown).

Thus far, there has been no information about the expression
level of DNMBP in the AD brain. In this study, we demon-
strated a significant reduction of DNMBP transcripts in the
cerebral cortex of autopsy-confirmed AD patients using quanti-
tative real-time RT—~PCR (Fig. 2A~C). Although risk alleles of
three SNPs, 1511190305 (allele G), C_11214959_10 (allele C)
and rs3740058 (allele A), obviously decreased the DNMBP
expression level in a dominant model, there were no significant
interactions between DNMBP gene expression, genotype vari-
ation and diagnosis (Fig. 2D—F). APOE-g4-carrying AD sub-
jects also tended to exhibit decreased levels of DNMBP
expression (data not shown). An alternative and attractive
interpretation would be that reduced DNMBP expression is
caused not only by the SNPs identified here but also by
altered expression of other genes. Thus, it is possible that
several pathways lead to the reduced DNMBP expression that
acts as a risk factor for LOAD.

Recently, Yao et al. (29) described the reduced expression of
a group of genes including those of dynamin 1 and
amphiphysin-1, all of which are involved in synaptic vesicle
trafficking, in the frontal cortex of AD brains. AD begins with
subtle alterations of hippocampal synaptic function prior to
AP deposition followed by frank neuronal degeneration (31).
Dynamin I is an important mediator of clathrin-dependent endo-
cytosis and synaptic vesicle recycling. These facts may be con-
sistent with our observation that DINMBP is a genetic risk factor
for LOAD. The decrease in the level of DNMBP mRNA might
be related to the pathogenesis traced to synapses in the brain of
LOAD patients and is probably caused by multiple environ-
mental and genetic factors and their combination.

MATERIALS AND METHODS

Subjects

To search for susceptibility genes for LOAD by means of
genome-wide screening, the Japanese Genetic Study Consortium
for AD (JGSCAD) was organized in 2000, and blood samples
were collected. The subject information is summarized in
Table 1. Expectedly, the APOE-e4 allele was found to be a
highly significant risk factor for LOAD (OR 4.96, 95% Cls
4.22-5.84; p of chi-square test <<0.0001). All individuals
included in this study were Japanese. Probable AD cases met
the criteria of the National Institute of Neurological and Com-
municative Disorders and Stroke-Alzheimer’s Disease and
Related Disorders. Controls who had no signs of dementia and
lived in an unassisted manner in the local community were also
recruited. AAO is here defined as the age at which the family
and/or individuals first noted cognitive problems while working
or in daily activities. For evaluation of cognitive impairment,
the mini-mental state examination (MMSE) was used.

A total of 41 post mortem brains from LOAD patients and
control subjects were obtained from the Bioresource Center,
Brain Research Institute, Niigata University (Supplementary
Material, Table S3). The distribution of the APOE-g4 allele
was significantly different between ILOAD and control




subjects, as expected (OR 5.70, 95% Cls 1.25-25.93, Fisher’s
exact P = 0.0367). Autopsies were performed after a mean
post mortem interval of 4.2 h (range 1-22 h). LOAD patients
with dementia were neuropathologically characterized based
on consensus criteria that included physiologically age-
matched densities of senile plagues and neurofibrillary
tangles as distinguished from other neurodegenerative dis-
orders, i.e. dementia with Lewy body disease, frontotemporal
dementia and Parkinson’s disease according to published cri-
teria. Autopsied controls were confirmed to have no diagnosa-
bie brain disease.

The present study was approved by the Institutional Review
Board of the University of Niigata and by all participating
institutes. Informed consent was obtained from all controls
and appropriate proxies for patients, and all samples were
anonymously analyzed for genotyping.

Marker selection and genotyping

SNP information was obtained from four open databases:
NCBI dbSNP (Build 125, http://www.ncbinlm.nih.gov/SNP/),
International HapMap Project (Rel#20/phasell on NCBI
Build 35 assembly and dbSNP Build 125, http//www.
hapmap.org/index html), Ensemble Human (Version 37 on
NCBI Build 35, http://www.ensembl.org/Homo_sapiens/)
and Celera myScience (Version R27 g on NCBI Build 35,
http://myscience.appliedbiosystems.com/). We selected 1322
SNPs in the region from 60 to 107 Mb on chromosome 10g
(Supplementary Material, Tables S1 and S2); mean inter-
marker distance +SD, 34.9 + 87.4kb; 95% CIs, 30.2-
39.6kb. To examine the genotyping quality of the 1322
SNPs, the HWE test was performed with 337 control subjects
(carrying APOE-£3*3 in the exploratory sample set, as shown
in Table 1). These SNPs consisted of 29 missense mutations,
27 silent mutations, six SNPs in the 5-UTR, 29 SNPs in the
3-UTR, 921 SNPs in introns, 282 SNPs in intergenic
regions and 28 SNPs in four loci shared by two different
genes (CTNNA3/LRRTM3, CDH23/Cl0orf54, ClOorf55/
PLAU and PGAMI/EXOSCI). We used 1206 SNPs that
were shown to be actually polymorphic in the Japanese popu-
lation and showed P > 0.05 in the HWE test; mean intermar-
ker distance + SD, 38.3 + 93.3 kb; 95% Cls, 33.0-43.6 kb.

Genomic DNA was extracted from peripheral blood with a
QIAamp® DNA Blood Maxi Kit (Qiagen, Duseldorf,
Germany) and examined fluorometrically with a PicoGreen®
dsDNA quantification kit (Molecular Probes, CA, USA).
SNP genotyping for individual samples was performed with
an ABI PRISM® 7900HT instrument using TagMan technol-
ogy, and TagMan SNP Genotyping Assays were purchased
from Applied Biosystems (CA, USA).

Sequencing

APOE genotyping of all samples was performed by direct
cycle sequencing with an ABI 3100 sequencer and a
BigDye® Terminator v3.1 kit (Applied Biosystems) using
the following primers: C19APOEOGL-F (sense
5-GCCTACAAATCGGAACTGGA-3) and C19APOEOO1-R
(antisense 5'-ACCTGCTCCTTCACCTCGT-3'). All exons
and their exon—intron boundaries and the 5 upstream region
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of DNMBP were sequenced with 20 primer pairs (Supplemen-
tary Material, Table S5).

Case—control study

To identify candidate loci in a broad region of chromosome 10q
(60--107 Mb on NCBI build 35), two independent sample sets
comprising case—control subjects with APOE-3*3 were con-
structed (Table 1). The exploratory sample set comprising
363 LOAD patients and 337 contro} subjects was genotyped,
and SNPs showing significant association (allelic P < 0.01)
were used for further examination using the validation sample
set comprising 336 LOAD patients and 372 control subjects.
Subsequently, we increased the samples and stratified them as
the APQOE-g4 carrier status: Negative-e4, APOE-¢ 272, 2*3
and 3*3; Positive-e4, APOE-g 274, 3*4 and 4*4; All, all geno-
types of APOE. The sample numbers for LOAD patients and
controls in All, Negative-e4, £3*3 and Positive-e4 were 1526
and 1666, 749 and 1378, 699 and 1243, and 777 and 288,
respectively. To examine the genetic association of multiple
SNP combinations, case—control haplotype analysis with sig-
nificant SNPs was performed using the following sample sets:
All, Negative—e4, £3*3 and Positive-e4.

Statistical analysis

Using SNPAlyze ver. 3.2.3 software (DYNACOM, Chiba,
Japan; http://www.dynacom.co.jp/index.htmlen), we per-
formed the HWE test, single SNP case—conirol analysis,
haplotype estimation based on the EM algorithm, case—
control haplotype analysis with 10 000 iterated permutations
and calculation of LD measures (|D'|) to elucidate the LD
block structure. The Mantel—Haenszel test was performed
using Statcel 2 software (OMS, Tokyo, Japan). Evidence of
replication, rather than multiple testing corrections, was used
to evaluate the significance of associated SNPs (32-34). We
carried out the two-sided Student’s r-test for comparison of
the mean DNMBP expression levels between the AD and
control brain tissues, using Prism 4.0 b (GraphPad Software,
CA, USA). The effects of variation on gene expression were
examined using the two-way ANOVA (Prism 4.0 b) with the
genotype and case—controls as independent variables.

Quantitative real-time PCR

Frozen materials (Supplementary Material, Table S3) were
prepared on dry ice blocks from 1 cm thick slices of the cer-
ebral cortices. RNA was extracted directly from the frozen
preparations with an ISOGEN solution (Nippongene, Tokyo,
Japan). The first strand ¢cDNA was synthesized from total
RNA (2.0 pg) with SuperScriptsIII™ (Invitrogen, CA, USA)
and random hexamers in a total volume of 20 ul according
to manufacturer’s protocol. The synthesized ¢cDNA solution
was diluted 1:20 and then used for quantitative real-time
PCR amplification with TaqgMan Gene Expression Assays
(Applied Biosystems) and an ABI PRISM 7900HT instrument
in a total volume of 10 pl according to manufacturer’s
instructions. Briefly, 2.5 pl of a diluted ¢cDNA solution
(corresponding to 12.5ng of total RNA) was mixed with
5.0 ul of 2 x TagMan Universal PCR Master Mix (Applied
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Biosystems), 0.5 .} of 20 x TagMan Gene Expression Assay
and 2.0 pl of distilled water on a 384-well optical PCR
plate. The PCR conditions were: 95°C for 10 min, followed
by 40 cycles of 95°C for 15s and 60°C for 1 min. All
measurements were performed in quadruplicate. The threshold
cycle was determined in the linear range and relative gene
expression was calculated as the cycle difference. Each
measurement of DNMBP mRNA (Celera assay ID,
Hs00324375_m1) was normalized to the expression levels of
GUSB (Celera assay 1D, Hs99999908_m1) and 18S rRNA
(Celera assay ID, Hs99999901_s1), which were selected
from among the 11 housekeeping genes [acidic ribosomal
protein, beta-actin, cyclophilin, glyceraldehyde-3-phosphate
dehydrogenase, phosphoglycerokinase, beta-2-microglobulin,
GUSB, hypoxanthine ribosyl transferase, transcription factor
D (TATA binding protein), transferring receptor genes and
18S rRNA] on a TagMan Human Endogenous Control Plate
(Applied Biosystems) as internal standards.

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG Online.
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ABSTRACT

Background: With the aging population in Japan, the inevitable increase in
the prevalence of Alzheimer’s disease (AD) and the difficulty in diagnosing
the condition. Reliable early diagnostic biomarkers for early stage of AD are
needed.

Method: We examined a total 570 CSF samples from a variety of diseases,
including AD, other types of dementia and controls to quantitate levels of
tau protein phosphorylated at serine 199 by sandwich ELISA. WGA-binding
glycoproteins were measured by western blot analysis.

Results: The CSF phosphorylated tau protein levels in the AD group were
significantly elevated compared to those in all the other non-AD groups. CSF
phosphorylated tau protein levels in the AD progressed from mild cognitive
impairment (MCI) group were significantly elevated compared to those in no
progression AD from MCI groups and controls. A comparison of the phos-
phorylated tau protein: WGA-glycoprotein fragment A ratio for AD and other
tauopathies showed that this ratio has potential for differentiating between
AD and other tauopathies, particularly dementia with Lewy bodies.

Conclusion: Our data showed that measuring cerebrospinal fluid (CSF)
levels of phosphorylated tau protein may be useful as an early diagnostic
marker in AD and MCI. Furthermore, the measurement of WGA-binding
glycoprotein in CSF may provide a useful tool for differentiating AD from
dementia of Lewy bodies and other tauopathies.

With the aging population in Japan, the inevitable
increase in the prevalence of Alzheimer’s disease and
the difficulty in diagnosing the condition, reliable bio-
logical diagnostic biomarkers for both mild cognitive
impairment (MCl) and Alzheimer’s disease are
needed.

PHOSPHORYLATED TAU IN

ALZHEIMER’S DISEASE

The measurement of cerebrospinal fluid (CSF) levels
of tau, a microtubule-associated protein that is an
important component of neurofibrillary tangles, is
helpful for diagnosing Alzheimer’s disease when used
in conjunction with other investigations. However,
some overlap has been found between levels of total
tau in patients and healthy controls." To further

526

improve and extend the diagnostic value of tau, a new
enhzyme immunoassay (EIA) system has been devel-
oped to measure phosphorylated tau (p-tau). While
total tau is thought to reflect neuronal degeneration,
p-tau levels are considered a marker for hyperphos-
phorylation of tau and, possibly, for the formation of
neurofibrillary tangles.

Phosphorylated tau 199 was discovered by our
group and an EIA was developed in collaboration
with Mitsubishi Chemical Company (Tokyo, Japan).
The selectivity and specificity of the p-tau assay
was compared with the existing total tau assay in a
study of CSF samples from over 550 patients
(Table 1) .2

Total tau levels were significantly higher in CSF
samples from Alzheimer's disease than normal con-



Markers for AD

Table 1 Patient demographic data

Diagnosis No. patients Mean age (years) Gender (no. patients, M/F)
Alzheimer's disease 2357 7119 66/172
Normal controls 95 57 +16 51/44
Neurological disease control 122 5913 70/52
Frontotemporal dementia 16t 63 £12 9/7
Progressive supranuclear palsy 21 6317 10/11
Corticobasal degeneration 15 64 +4 8/7
Dementia with Lewy bodies 137t 63 £10 8/5
Vascular dementia 23 7116 16/7
Meningoencephalitis 18 51 +21 711
Creutzfeldt-Jakob disease 11t 71+£6 6/5

TTwo patients with Alzheimer’s disease, one patient with frontotemporal dementia, one patient with dementia with Lewy bodies and four patients with Creutzfeldt-

Jakob disease were confirmed by autopsy.
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Figure 1 Distribution of cerebrospinal fluid (CSF) total tau concen-
trations in Alzheimer’s disease, other tauopathies and controls. AD,
Alzheimer’s disease; FTD, frontotemporal dementia; CBD, cortico-
basal degeneration; PSP, progressive supranuclear palsy; DLBD,
dementia with Lewy bodies; VD; vascular dementia; ME, menin-
goencephalitis; CJD, Creutzfeldt-Jakob disease; NC, normal con-
trols; NDC, neurological disease controls.

trols or neurological disease controls (Fig. 1). How-
ever, total tau levels displayed some overlap across
the tauopathy diagnoses and, in particular, very high
levels of total tau were evident in some patients with
meningoencephalitis and Creutzfeldi-Jakob disease.
All tauopathies had some cases with high levels of
total tau.

In comparison, p-tau 199 levels were also signifi-
cantly higher in Alzheimer’s disease than in normal
and disease controls but, importantly, there was less
overlap between the levels found in other tauopathies
{(Fig. 2). Meningoencephalitis and Creutzfeldt-Jakob
disease did not show the same outlying p-tau 199
values as had been found for total-tau. However, high
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Figure 2 Distribution of cerebrospinal fluid (CSF) phosphorylated
tau concentrations in Alzheimer’s disease, other tauopathies and
controls. AD, Aizheimer’s disease; FTD, frontotemporal dementia;
CBD, corticobasal degeneration; PSP, progressive supranuclear
palsy; DLBD, dementia with Lewy bodies; VD; vascular dementia;
ME, meningoencephalitis; CJD, Creutzfeldt-dakob disease; NC,
normal controls; NDC, neurological disease controls.

levels also existed in some patients with other tauo-
pathies and, in this respect, using p-tau 199 has not
solved this problem.

However, the p-tau 199 assay provides a substan-
tial improvement over total tau in sensitivity and spec-
ificity for differentiation of Alzheimer’s disease from
other causes of dementia. ROC analysis showed that
the sensitivity and specificity of the assay for total tau
were 77.1% and 77.6%, respectively. The p-tau 199
assay had a sensitivity of 85.2% and a specificity of
85.0%. This is the first report of an assay that exceeds
85% for both sensitivity and specificity. The cut-off
level of p-tau 199 for diagnosis of Alzheimer’s disease
was 1.05 fmol/mL.
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PHOSPHORYLATED TAU AND MCI

MCl is often, though not always, the transitional state
between normal aging and Alzheimer’s disease. Much
interest has focused on diagnosing patients with MCI
and, possibly, preventing progression to Alzheimer's
disease. In addition, being able to identify MCl patients
at highest risk of progressing to Alzheimer’s disease
could help to target treatment for those most in need.

A study of 17 individuals was conducted to deter-
mine whether p-tau levels differed between MCI
patients who progressed to Alzheimer’s disease and
those who did not. CSF p-tau levels were measured
in 13 cases with MCI and four control cases. MCl was
diagnosed according to the following criteria:® (i)
memory complaints; (i) impaired memory function; (iii)
preserved general cognitive function; (iv) intact activ-
ities of daily living; and {(v) not demented.

The study cohort was divided into three groups:
seven cases with MCI that had not progressed to
Alzheimer’s disease (MCI—NPMCI), six cases MCI
that later progressed 1o Alzheimer's disease
{MCI—-PMCI) and four controls (complainer—com-
plainer). Subjects in the control group presented to
the hospital with complaints of memory disturbance,
but no abnormalities were found after further exami-
nation. p-tau 199 levels in Alzheimer’s disease con-
verters were significantly higher than non-converters
and controls (Fig. 3). These results suggest that early
identification of patients who may develop Alzhe-
imer's disease is possible, using p-tau 199 levels
when the patients are suffering from MCI.

MCI displays considerable clinical and etiological
heterogeneity, and the challenge for future research
will be to investigate whether CSF p-tau and other
candidate diagnostic markers vary in different
situations.

WGA BINDING GLYCOPROTEIN

Wheat germ agglutinin (WGA)-binding glycoprotein is
a new candidate biomarker in Alzheimer’'s disease.
High concentrations of WGA-binding glycoprotein
exist in the cerebral cortex of the normal brain, but
levels are markedly reduced in the temporal-parietal
cortex of patients with Alzheimer’s disease.*® WGA-
binding glycoprotein  concentrations are also
decreased in the CSF of patients with Alzheimer’s
disease.® WGA binds specifically to sialic acid, and
detects O-type and N-type glucose chains, especially
mixed and complex N-type glucose chains.
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Figure 3 Comparison of p-tau 199 concentrations in cerebrospinal
fluid samples from patients with mild cognitive impairment and
controls. MCI, mild cognitive impairment; PMCI, progression from
mild cognitive impairment; NPMCI, no progression from mild cog-
nitive impairment; AD, Alzheimer’s disease.

Western blot analysis of WGA-binding glycoprotein
from CSF samples showed three bands of high
molecular weight: fragments A (75 kDa), B (30 kDa)
and G (25 kDa). The levels of fragment C from patients
with Alzheimer’s disease and a non-Alzheimer’s con-
trol group were not significantly different. However,
relative to the control group, significantly greater
amounts of fragments A and B were found in the
Alzheimer’s disease group (P< 0.01 and P <0.05,
respectively).

Calculating the ratio of p-tau 199 to WGA-binding
glycoprotein fragment A revealed that the ratio was
significantly lower in patients with Alzheimer’s disease
(n=40) than in non-Alzheimer’s controls (n = 36;
P < 0.001). A second comparison of the p-tau : WGA-
binding glycoprotein fragment A ratio for Alzheimer’s
disease and other tauopathies (corticobasal degener-
ation, progressive supranuclear palsy and dementia
with Lewy bodies) showed that this ratio has potential
for differentiating between Alzheimer’s disease and




Markers for AD

other tauopathies, particularly dementia with Lewy
bodies. Further studies are warranted to confirm this
initial finding, as differentiating Alzheimer’s disease
from other tauopathies is difficult with currently avail-
able methods.

CONCLUSION

Measuring CSF levels of p-tau may be useful as an
early diagnostic marker in Alzheimer’s disease and
MCI. Furthermore, the measurement of WGA-binding
glycoprotein in CSF may provide a useful tool for
differentiating Alzheimer’s disease from dementia with
Lewy bodies and other tauopathies.
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