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decreased the secretion of aggregable AP42 in viro and
in vive without affecting the total A levels (Weggen et al.
2001; Takahashi et al. 2003). Impornantly, this class of
compounds also affected the cleavage sites by y-secretase in
Notch without apparent inhibition of Notch signaling, suggest-
ing that these compounds modulate only the scissile bond
position within TMD of the substrate (Okochi et al. 2006).
Thus, it may be possible to avoid the envisaged adverse
effects of y-secretase inhibition by developing Notch-sparing
y-secretase inhibitors and y-secretase modulators.

Elucidation of the mechanism by which these y-
secretase inhibitors and modulators regulate y-secretase
activity awaits further investigation. Recently, however,
chemical biological approach is emerging for the under-
standing of the mode of action of inhibitors. In fact, the
affinity-based labeling and isolation experiments using
transition-state inhibitors revealed that PS complex repre-
sents the long-sought y-secretase (Li et al. 2000b; Esler
et al. 2000). We recently developed the novel y-secretase
inhibitor-based chemical probes that camry photoaffinity
(i.e., benzophenone) and biotin moieties for crosslinking
and purification, respectively (Morohashi et al. 2006: Fuwa
et al. 2007). These photoprobes enable us to directly
identify the molecular target of the small compounds by
irradiation experiment.

Using this technique, we unequivecally identified that
dipeptidic inhibitors such as DAPT, compound E and DBZ
targeted directly to PS fragments, the catalytic subunit of
y-secretase. Importantly, DAPT, the y-secretase specific
inhibitor, bound to PS CTF. while compound E and DBZ
that have cross-inhibitory potency against other family
protease (i.e., signal peptide peptidase) targeted to PS NTF.
These results provide molecular information of the specific-
ity of y-secretase inhibitors. Identification of the molecular
target of the sulfonamide-based Notch-sparing y-secretase
inhibitor is currently underway (Fuwa et al. 2006). More-
over, structural analyses using fluorescence resonance energy
transfer and SCAM identified that y-secretase modulators
caused conformational changes in PS polypeptides (Lleo
et al. 2004; Isoo et al. 2007), suggesting that the structural
modulation of the y-secretase is the target molecular
mechanism for therapeutic intervention. Further attempts to
define the molecular mechanism of the compounds and to
screen its derivatives specifically relevant to APP cleavage
will facilitate not only development of novel therapeutic drug
for AD, but also understanding of the unusual intramem-
brane proteolytic activity.

Conclusion

During the past two decades, the molecular details for the
pathogenesis of AD have become clear enough to enable us

@ Springer

1o develop therapeutic strategies. Genetic and biochemical
studies strongly implicate AB as a key molecule in the
etiology of AD, suggesting that interfering with the
production of AR could be a promising therapeutic strategy.
y-Secretase is an unusual enzyme that cleaves scissile bond
within TMD and one of the plausible molecular targets for
AD treatment. Moreover, discovery of several y-secretase
inhibitors and application for biological swdies dramatical-
ly enhanced our understanding of the enzymatic character-
istics of y-secretase. Selective inhibition of APP cleavage
remains to be a critical issue because y-secretase activity is
important for other signaling events. Nonetheless, certain
compounds that specifically reduce APP cleavage are
recently emerging. Further extensive efforts in both
academic and pharmaceutical laboratories may raise high
hopes for the promising therapeutics for AD.
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ARTICLEINFO ABSTRACT
Article history: Antibodies to amyloid b protein (Ag) are present naturally or after Ag vaccine therapy in human
Accepted 15 February 2008 plasma. To clarify their dinical role, we examined plasma ples from 113 pati with
Available online 4 March 2008 Alzheimer's disease (AD) and 205 nommal controls using the tissue amyloid plaque
immunoreactivity (TAPIR) assay. A high positive rate of TAPIR was revealed in AD (45.1%) and
Keywords: age-matched controls (41.2%), however, no significance was observed. No significant difference
Amyloid was observed in the MMS score or disease duration between TAPIR-positive and negative
Ap samples. TAFIR-positive plasma reacted with the Ap40 monomer and dimer, and the Ap42
Alzheimer’s disease monamer weakly, but not with the Ap42 dimer. TAPIR was even detected in samples from young
Antibodies normal subjects and young Tg2576 transgenic mice. Although the AR40 level and Ap40/42 ratio
Plasma increased, and Ap42 was significantly decreased in plasma from AD groups when compared to

controls, nosignificant correlations were revealed between plasma Aj levels and TAPIR grading.
Thus animmune response to AR40 and immune tolerance to Ag42 occurred naturally in humans
without a close relationship to the Ag burden in the brain. Clarification of the mechanism of the
immune response to Ap42 is neceseary for realization of an immunotherapy for AD.

© 2008 Elseveir B.V. All rights reserved.

1 Introduction deposition of Az42 (43) and A;r40, and subsequent tauopathy

characterized by intracellular accumulation of neurofibrillary
AD brains are invariably characterized by two pathological tangles consisting of abnormally phosphorylated tau. Since
features: initial A¢s amyloidosis characterized by extracellular  familial AD-linked mutations of amyloid 14 protein precursor
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(rAPP), presenilin-1 (PS-1), and presenilin-2 (PS-2) increase the
extracellular concentration of Ap42 (43) and protofibril Ap,
these peptides are likely to be initiating factors in the path-
ogenesis of all types of AD (Hardy and Selkoe, 2002, Selkoe,
2002). Transgenic mouse models reproducing substantial
brain Ap amyloid support these hypotheses, and the appear-
ance of neurofibrillary tangles (NFT) enhanced by Ag amyloid
in Tg2576 x tau P301L double transgenic mice further indicates
that Apt amyloidosis is the most important target for curing AD
(Lewis et al., 2001).

Recent studies suggested that A immunotherapy is the
most promising among the many candidate therapies for AD.
Schenk and others showed that an Aj\42 peptide vaccine clearly
reduced the Ap amyloid burden in transgenic model mice
(Schenk et al., 199%; Weineret al., 2000; Janus et al., 2000; Morgan
etal., 2000). Passive immunization using anti-Ap antibodies was
also shown to be effective for reduction of the Ap amyloid bur-
den (Bard et al., 2000). These findings suggest peripheral and-
bodies to At may serve a protective role against AD. A detectable
increase in antibodies to Ap42 was observed in about 25% of
patients who received AN1792in a Phase | study (Orgogozoetal.,
2003; Nicoll et al., 2003). Analysis of serum samples by ELISA
indicated that 15 of 18 patients experiencing meningoencepha-
liis in & Phase Il study had antibodies against Ap42. CSF anti-
bodies to Aj42 were present in 6 of 8 patients tested after the
onset of encephalitis. However, titers of antibodies to A42 were

CINET
Py -

not correlated with the occurrence or severity of symptoms or
relapses (Orgogozo et al,, 2003). An autoantibody to Ap40 was
first detected in human B cell lines from AD patients (Gaskin
et al,, 1993). Naturally occurring antibodies to synthetic Ap40
were confirmed by ELISA in the CSF and plasma of non-immu-
nized humans and titers were significantly higher in healthy
controls than in patients with AD (Du et al,, 2001). Titers of anti-
A[42 peptide antibodies were lower in AD patients compared
with healthy individuals (Weksler et al,, 2002), orelevated in AD
patients and elder transgenic mice (Nath et al,, 2003). Naturally
occurring anti-Ap42 antibodies were detected at very low levels
by ELISA in over 50% of elderly individuals and at modest levels
in 5% of them. Neither the presence nor the amount of naturally
occurring anti-A342 antibodies correlated with the presence, or
age of AD onset, or the plasma levels of Ap40 and Ait42 (Hyman
et al., 2001). Normal levels of antibodies to Ap42 and Ap40 were
present in both AD and control groups, even in a young popu-
lation (Baril et al., 2004). Thus, the previous reports suggested
complex relationships for naturally occurring antibodies to Ap.

In the Zurich cohort of a Phase Il study, patients who gen-
erated antibodies to j:-amyloid plaques in the plasma as de-
termined by tissue amyloid plaque immunoreactivity (TAPIR)
assay showed significantly slower rates of decline for cogni-
tive functions and daily living activides suggesting that
antibodies against {‘-amyloid plaques may be protective
against AD (Hock etal., 2002, 2003; Gilman et al., 2005; Bombois

Fig. 1 - TAPIR using plasma and Tg2576 mouse brains. Many senile plaques in Tg2576 brains were labeled prominently in
A (AD group, TAPIR grading ++) and B (aNC group, TAPIR grading ++). C: control A immunostaining with Ab9204;

no senile plaques were labeled in D (AD group, TAPIR grading -) and E (aNC group TAFIR grading -). F to I are examples of
TAPIR grade. F: TAPIR —; Gi#; H: +; I: ++. Scale bar=6.25 ym in A-E and 25 ym in F-L



BRAIN RLSEARCH

171

et al,, 2007). Here, we examined 113 AD cases and 155 age-
matched normal controls by TAPIR assay in order to clarify the
positive rates, antibody characters, correlations with clinical
symptoms, and clinical roles of naturally occurring antibodies
against {t-amyloid plaques. Modification of plasma Ap40 and
Ap42 concentrations by antibodies to Ajl was also studied based
on age- or AD-dependent alterations of plasma Ag levels.

2 Results

2.1.  High positive TAPIR rate but no difference between
AD and aNC groups

Some plasma samples from AD and aNC groups strongly labeled
nearly all amyloid plaque cores (Fig. 1A, B and I; grading ++) as did
AbS201 (Fig. 1C). Other plasma samples from both groups showed
negative (Fig. 1D, E, F, grading -), weak (Fig. 1G, grading <), or
positive (Fig. 1H, grading +) labeling. The TAPIR staining was
detected by anti-lgG second antbody, but not with sm:iJ-lgM or
IgA antibodies (not shown), thus TAPIR-positive antibody was
shown to be IgG antibody. The specificity of TAPIR-positive
antibody was examined by immuneprecipitation of Ap as
described in 2.3, In the AD group, 42 cases (37.2%) were TAPIR —,
20 (17 .8%) were =, 44 (38.9%) were grading +, and 7 (6.2%) were ++.
Fifty one of 113 AD patients were ++ and +, suggesting frequent
appearance (45.1%) of naturally occurring antibodies to amyloid
plague cores. In the aNC group, 54 cases (34.8%) were TAPIR -, 37
(23.9%) were +, 44 (28.4%) were +, and 20 (12.9%) were ++. Sixty-
four cases of 155 aNC group (413%) were TAPIR ++ or +. No
significant differences were detected by Mann-Whitney's U tests
in the positive rates of naturally occurring antibodies to amyloid
plaque cores among groups (p=0.77), or comparisons between
the positive AD group (++ and +), negative AD group (= and -),
positive aNC group (++ and +) and negative aNC (+ and -} group
(p=0.54) (Table 1).

2.2, TAPIR was not correlated with clinical symptoms
There were no significant differences in gender or mean age in

both AD and aNC groups (Table 1). No significant differences
were observed in MMS scores and disease duration among the

TAPIR -, 2, +, ++ subgroups of ADsamples (Table 1 and Fig. 2A, B).
There were also no significant differences in the progressive
decline of MMS scores among these AD subgroups (Fig. 2C). The
presence of naturally occurring antibodies to Ap as detected by
TAPIR may therefore not improve prognosis of AD.

2.3.  TAPIR-positive plasma recognized Ap40 and FAS,
but AB42 very weakly

As indicated in Fig. 3, freshly prepared Ap40 and A42 were
composed of monomers and dimers. However, formic acid
extractable Aj (FAB) exhibited polymerization as shown by
the higher molecular mass of its oligomers (Fig. 3, left panel).
Immunoprecipitation with TAPIR ++/+ plasma obtained from
the AD and aNC groups retrieved Ap40 monomers and dimers
as well as higher molecular mass polymers. Immunodetection
of monomeric Ap42 using 6E10 was very weak, whereas no
dimeric form of Ap42 was detected (Fig. 3 right panels). These
findings suggest that TAPIR-positive plasma reacts with Ap,
but its reactivity to Ap42 is very weak.

2.4.  Antibodies to A appeared before A3 amyloid deposits
in the brain

In order to clarify when these antibodies against Ap appear,
we additionally examined the remaining 50 plasma samples
from subjects younger than 43 yeas old in the tNC group.
Surprisingly, TAPIR revealed that antibodies to Ap. appeared in
a 2 year-old child and also in some young subjects (TAPIR +;
Fig. 4A, B and C). TAPIR-positive rates were 57% by 10 years old
(n=7; 4 TAPIR +), 64% by 20 years old (n=11; 6 TAPIR +), 20% by
30 years old (n=10; 2 TAPIR +) and 10% by 40 years old (n=10; 1
TAPIR +). To confirm further this early appearance of anti-
bodies to Af, immunoprecipitation was performed. Essen-
tially identical finding to those seen in the AD and aNC groups
were revealed (Fig. 4 D-F). Ap40 and FAp monomers and
dimers were strongly immunoprecipitated (arrows). However,
immunoprecipitation of the Ap42 monomer was also weak
and the Ap42 dimer was absent in TAPIR-positive plasma from
younger controls.

This was also the case in plasma obtained from Tg2576
model mice. Plasma from younger and older Tg2576 mice labeled

Table 1 - Summarn

ssue amyloid plaque immunoreactivity (TAPIR) in AD and control groups

Grade Cases rate (%) Gender (M/F) Mean age (SD),yr Mean MMSE (SD) Mean duration (SD), mo

AD (n=113) - 42 372 1131 754 (7.2) 147 (7.2) 50.9 (34.4)

+ 20 178 5715 75.0 (8.0) 154 (73) 395 (27.4)

+ 44 389 14/30 745 (82) 149 (63) 7.5 (247)

++ 7 6.2 /4 773 (53) 147 (6.2) 47.7 (19.7)
aNC (n=155) - 54 348 21/33 747 (9.5) 29,8 (03) -

P a7 ns 16/21 760 (8.7) 296 (0.5) -

+ a4 284 18/25 77,9 (8.0) 29.7 (0.4) -

++ 20 129 nz 742 (11.8) 299 (0.3) <

In the AD group, 42 cases (37 2%) were TAPIR -, 20 (17.8%) were +, 44 (38.9%) were +, and 7 (6.2%) were ++; 51 of 113 AD patients were ++ and +,
suggesting high rate of TAPIR (45.1%). In the aNC group, 54 cases (34.8%) were TAPIR -, 37 (23.9%) were £, 44 (28.4%) were +, and 20 {12.9%) were ++;
64 of 155 aNC controls (41.3%) were TAPIR-positive. No significant differences were found in the positive TAPIR rate within each group (p=0.77),
or in comparisons between the positive AD group (++ and +), negative AD group (= and -}, positive aNC group (++ and +), and negative aNC (=
and ~) group (p=0.54). There were no significant differences in gender, mean age, mean MMS score or mean disease duration according to TAPIR

grade in both AD and aNC groups. yr: years old; mo: months.
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Fig. 2 - TAPIR was not correlated with clinical symptoms. There were no significant differences in MMS scores (A), disease
duration (B) or decline of the clinical course of AD according to TAPIR grade. No significant difference in the dedine of MMS
scores according to duration was shown among AD subgroups (C). Y=-0.09X+19.54, r’=0.19, p=0.01 in TAPIR - (c);

Y=-0.06X + 18.50, r* = 18.50, p=0.52 in TAPIR 2 (0); Y=0.12X+20.59, r* =0.17, p=0.02 in TAPIR + (s); Y=~0.06X +18.63, r’ =0.04,

p=0.72 in TAPIR ++ (s).

amyloid cores in AD brains (Fig. 4G-I). The appearance rate was
1/3 at 4 months old (1 TAPIR +), 3/3 at 8 months old (1 TAPIR ++
and 2 TAPIR +), 1/1 at 16 months old (1 TAPIR ++) and 1/1 at
23 months old mice (1 TAPIR +).

Finally, we summarized age-dependent TAPIR-positive rates
(TAPIR grading + and ++) in 10 year increments in both AD and
tNC groups (Fig. 4]). TAPIR-positive rates were high in young
subjects (1-20 years old), low during adulthood (21-50 years old)
and then increased again after 50. No differences were observed
between AD and tNC samples from 50 to 91 years old. Thus, the
appearance of antibodies to Ap preceded Aft amyloid deposition
in human and model mouse brains.

2.5.  Levelsofplasma AB40and AB42 were age-dependently
regulated in the tNC group

To examine the effect of antibodies to Ap on plasma Ap
concentrations, we measured levels of Ap40 and Ap42 in 318
plasma samples by specific ELISA. In the tNC group, plasma
AB40 levels increased after 40 years of age (Fig. 5A; p<0.0001).
On the contrary, plasma Ag42 levels increased between the
teens and twenties, then gradually declined with age (Fig. 5B;
p=0.0158). The AP ratio (Ap40/Ap42) was stable until
~30years old and then gradually increased (Fig. 5C; p<0.0001),

2,6.  Plasma A ratio is increased in AD

Significantly increased levels of plasma A40 were observed in
the AD group (112+39.51 pmol/L) compared to the aNC group
(95.38 = 32.30; p<0.0002; Fig. 5D). Al42 levels were significantly
decreased in the AD group (10.29+13.80 pmol/L) compared to
the aNC group (12.13£12.29; p<0,0001; Fig. SE), Based on these
changes, the Ap ratio (Ar40/A;:42) was more strongly increased
in the AD group (14.42£10.00) thanin the aNC group (8.34=3.83;
p<0.0001; Fig. 5F). ROC analysis of the Ap ratio indicated that
the significant cut off value was 9.0, which provided high
sensitivity (78.8%) and low specificity (30.3%) for clinical
diagnosis of AD. When the mean+2 SD (15.9) of the aNC
group was used as a cut off value, the sensitivity was 24% and
the specificity was 96%. When AD was divided into 3subgroups
according to clinical stage, increasing Ai40levels and A ratio,
as well as decreasing Ap42 levels progressed from the early

stage 1o the advanced stage (Fig. 5G-I). Thus, the plasma Ap
ratio can be used as a specific biomarker for AD although the
sensitivity and specificity are lower than those of CSF samples
(Kanai et al., 1998; Shoji et al., 2001; Shaji, 2002).

2.7.  TAPIR did not modify A concentration

Finally, we examined whether antibodies to Al could affect levels
of plasma Ap40 and Ap42, There were no significant differences
in the concentrations of plasma Aj340 or Ai342, or in the Ag ratio
among AD and aNC classified by TAPIR score (Fig. 6A-C).

Immunoprecipitation
human plasma/6E10
Western blot AD- AD+ AD++

-

va ) -—

— - —-—

#a"yﬁ‘&

Fig. 3 - TAPIR-positive plasma immunoprecipitated AB40
and amyloid A, but AB42 very weakly. On direct westermn
blotting of synthetic AB40, AB42, and FAP from the AD brain,
antibody 610 detected monomers and dimers of AB40, AB42
and brain amyloid AB with smear aggregates (left panel).
Immunoprecipitations of AB40, AB42, and FAB using
TAPIR -, +, and ++ plasma from the AD group (right upper
panel, AD) or the aNC group (right lower panel, NC) were
labeled by antibody 6E10, showing that monomers (arrow)
and dimers (arrow) of AB40 were recognized by
TAPIR-positive plasma (grading + and ++) in addition to AB42
monomers, and brain AP amyloid monomers and dimers
with smear aggregates, which showed weak signals.
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3. Discussion

In our study, a high positive rate of TAPIR was found in both AD
(45.1%) and aNC (41.2%) groups, but no significant difference
was found between these groups. Essentially the same
findings were observed even in strongly positive (++) sub-
groups of AD (6.2%) and aNC (12.9%). Non-parametric analysis
revealed that neither MMSE score nor disease duration
correlated with TAPIR grade, indicating that the physiological
impact of naturally occurring anti-Ap antibodies is below

Tg2576 brain
human plasma

w e &
LY R

Immunoeprecipitation
human plasma
6E10

clinical significance. This is consistent with previous reports
describing frequent presence of low levels of antibodies to
Ap40 or Ap42 peptides as detected by ELISA in plasma and CSF.
A large scale study by Hyman et al. showed by ELISA that there
were low and modest levels of anti-Ap42 peptide antibodies in
52.3% and 4.7% of 365 plasma samples from AD and age-
matched controls, respectively (Hyman et al., 2001), Neither
the presence nor the amounts of anti-Ap antibodies correlated
with the likelihood of developing dementia or plasma levels of
Ap40 and Ap42 (Hyman et al., 2001; Orgogozo et al., 2003; Moir
et al., 2005; Li et al., 2007). Qur study indicated that TAPIR-

18Y
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25— CIJINC I AD
g 501
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=000 al
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Fig. 4 - Antibodies to AP appeared before AP amyloid deposits in the brain. TAPIR was positive in 7 years old (TAPIR 4; A, 7Y),
14 years old (TAPIR +; B, 14Y), and 18 years old young persons (TAPIR +, C, 18Y). TAPIR-positive plasma strongly
immunoprecipitated monomers and dimers (arrow) of AB40 and FA, and weakly immunoprecipitated monomers of AB42 and
AR amyloid (D, E and F; corresponding plasma of upper panels; D and A 7Y, Eand B 14Y and F and C18Y). Plasma from younger
and older Tg2576 mice also labeled amyloid cores in AD brains (G: 4 months old TG; H: 8 months old Tg and I: 16 months old Tg).
Bar scale=15 pm. J: TAPIR-positive rates in the tNC group according to age. Columns show the TAPIR-positive rate

(TAPIR grading + and ++) for 10 year increases in the AD (black columns) and tNC (white columns) groups. TAPIR-positive rates
were high in young subjects (1-20 years old), low during adulthood (21-50 years old) and then increased again after age 50.
No differences were observed between AD and tNC groups in samples from subjects S0 to 91 years old.
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positive antibodies to Aps amyloid plaques also occur naturally
and frequently in human plasma and that their titers are not
sufficient to prevent development of dementia. High titer of
antibodies are necessary toimprove the Ap burden as shownin
AD patients treated with an Ap vaccine (Hock et al., 2002) or an
anti-Ap antibody infusion therapy (Dodel et al., 2002).

TAPIR is a new method to detect anti-A8 antibodies (Hock
et al., 2002, 2003). The fact that cognitive impairment was
improved in patients who generated anti-Ap antibodies after Ap
vaccination leads us to hypothesize that TAPIR-positive anti-Af
antibodies are substantially different from naturally occurring
ant-Ap peptides antibodies in their specificity for Ap40 and
Ap342 species or conformational epitopes of A oligomers (Mirra
et al., 1991; Kayed et al,, 2003). Antibodies labeling Ap amyloid
plaques were more effective for the clearance of the Ap burden
of transgenic mice in passive immunization experiments (Bard
et al,, 2000). Direct action of the ant-Ap antibody through the
blood-brain barrier without T-cell proliferation as well as

microglial clearance via the Fe or non-Fc portion of the and-
bodies mediated disruption of the plaque structure (Bard et al,,
2000; Bacskai et al., 2002; Lombardo et al,, 2003). Binding of an
1gG2a antibody to the special N-terminal region of A@ correlated
with a clearance response (Bard et al,, 2003). Injected antibodies
may bind and sequestrate blood Ap completely and disturb the
balance between CSF Ap and blood Ap, leading to increased
clearance from the brain into the blood (DeMattos et al., 2001;
DeMattos et al,, 2002), Clearance of diffusible Ap oligomers
that impair cognitive function was considered to be another
target for passive immunization (Kayed et al., 2003). Recently a
56-kDa soluble amyloid-p assembly termed Ap*S6 has been
shown to disrupt memory (Lesné et al,, 2006), and AR oligomers
have been shown to be increased in CSF from AD patients
(Georganopoulou et al., 2005).

These reports all support the hypothesis that naturally
occurring TAPIR-positive antibodies to AP recognize special
AP species. Our immunaoprecipitation study suggested that
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Fig. 5 - Age-dependent regulation of plasma A levels in controls, and their alteration in AD. Plasma AB40 and AB42 levels
showed different age-dependent alterations in the tNC group. AB40 levels increased from age 50 and decreased from age 70 (A).
AB42 levels were high in the teens and twenties, then gradually decreased with age (B). Based on these different changes,

the AP ratio (AB40/AB42) progressively increased from age 40 (C). Significantly increased levels of AB40 (D: p=0.0002) and

increased AB ratio (F: p<0.0001) as well as decreased levels of AB42 (E: p <0.0001) were shown between the AD and aNC groups.
When the mean +2SD of the AP ratio in the aNC group was used as a diagnostic marker for AD, the cut off value 15.9 (dot line)
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Fig. 6 = TAPIR did not modify AP concentration.

No significant differences were found in AB40 and Ap42
concentrations as well as AP ratios among all TAPIR
grades (-, =, + and ++) in AD (+) and aNC (=) group (A, B and C).

TAPIR ++/+ plasma obtained from AD and aNC subjects re-
trieved Ap40 monomers and dimers as well as higher
molecular mass polymers. Immunodetection of monomeric
Ap42 using 6E10 was very weak, whereas no dimeric form of
Ap42 was detected under our testing conditions. The absence
of anti-Ap42 dimer antibodies and the relatively low levels of
anti-Ap42 monomers were characteristic of naturally occur-
ring antibodies to Ap. These findings are considered to be
another reason why naturally occurmring antibodies to Ap are
not sufficient for prevention of development of dementia.
Our TAPIR assay also showed that anti-Ap antibodies were
naturally present throughout the entire human life span. Itis
relevant to note that naturally occurring anti-Ag antibodies
were unequivocally detected in young human subjects as well
. as young Tg2576 mice. In relative terms, the positive rates of
anti-Ap antibodies were highest in young individuals, lowest
in those middle-aged and higherin the elderly. The presence of
anti-Ap antibodies in young human subjects was character-
ized by the subsequent immunoprecipitation study. Anti-Ap
antibodies retrieved A40 monomers and dimers as well as
high molecular mass oligomers in FAR fractions, but they
retrieved fewer Ai42 dimers. To our knowledge, this is the first
report showing the relatively selective presence of anti-Ap40
antibodies, and reduced amounts of anti-A;42 antibodies in

young individuals. We also found that this was the case in
normal elderly as well as AD patients, suggesting that the
immune response to A was unchanged in the two groups
tested. Impaired spontaneous production of ant-Ap42 ant-
bodies also took place in elderly human subjects as well as AD
patients, It is unknown why these antibodies to Ap appeared
more frequently in the young and the elderly populations and
how specific immune tolerance for A42 monomers and
oligomers could be present. However, it should be noted that
naturally occurring antibodies to Ap appear in young human
subjects and young Tg2576 mice, which do not develop an Ap
burden in their brain. The appearance of naturally occurring
antibodies to AR is not carrelated with the Ap burden in the
brain,

The exact mechanism underlying spontaneous ant-Ap
antibody production remains unknown. Although increased
Ap42 levels have been detected in transgenic animal models
(Kawarabayashi et al., 2001), immune hyporesponsiveness to
Ap42 was also shown (Monsonego et al., 2001). Increased T-cell
reactivity to Ap42 was shown to increase in elderly individuals
and patients with AD (Monsonego et al.,, 2003). However, the
previous findings and our results could not show increased
titers of anti-Ap42 antibodies in these groups. Thus, hyopoim-
munue responses to Ap42, especially to the Ap42 oligomer,
actually occurred in AD and healthy populations. Since App42is
highly pathogenic and neurotoxic, Ap42 may be sequestered
and spontaneous immune responses to Aj may be suppressed
in human populations, For effective immunotherapy as shown
in transgenic mice studies and App vaccine trials (Orgogozo
etal,, 2003; Hock et al., 2003), it is necessary to further generate
antibodies to Ap42 oligomers as well as monomers and
monitor their titers. Furthermore, in order to prevent unex-
pected adverse reaction as seen in the Phase Il trials of AN1792,
detection of these spontaneous antibodies to Ap will be
necessary before treatment.

Recent studies have shown that plasma concentrations of
Ap40 and Ap42 are possible biomarkers (Ertekin-Taner et al,,
2000; Fukumoto et al., 2003; Mayeux et al,, 1999, 2003; van
Oijen et al., 2006; Graff-Radford et al., 2007) and can be used to
monitor the effects of special treatments for AD (Dodel et al.,
2002; DeMattos et al., 2001, 2002). After administration of an
antibody to A, the rapid increase in plasma Apg was highly
correlated with the amyloid burden in the brain (DeMattos
et al., 2002), suggesting the possibility that naturally occurring
anti-Ap antibodies may cause increases the plasma Aj con-
centration. In order to clarify this effect, we first analyzad age-
dependent levels of plasma Ap40 and Ap42, and then
examined alterations of Ap40 and Ap42 levels according to
the presence or absence of AD and antibodies to Ag, In the tNC
group, plasma Ap40 levels increased from age 40. Plasma Ap42
levels increased between age 10 and 20, then gradually
declined with age. The Ap ratio (Ap40/Ap42) was stable until
about 30 years and then gradually increased. These natural
time courses were identical to those of CSF Ap40 levels, but
completely different from those of CSF Ai42 levels. CSF levels
of Ap40 and AB42 showed U-shaped age-dependent curves,
suggesting their correlation with brain development and
decline (Kanai et al., 1998; Shoji et al., 2001; Shoji, 2002). The
correlation was prominent between the appearance of natu-
rally occurring anti-Ag antibodies and increased Ap40levelsin
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the CSF and plasma. Increased opportunities for immunolo-
gical exposure to Ap40 monomers and oligomers in immature
or declining brains in young and elderly indivisuals may be
sources for the naturally occurring immune response to Ap40.
Based on these natural time courses of plasma Ap con-
centrations, a comparison between AD and aNC groups was
performed that provided intriguing findings. Significantly
increased levels of plasma Ap40, increased Ap ratio and
decreased levels of Aj42 were revealed in the AD group when
compared to the aNC group. Since a clear separation was
obtained in the Ajl ratio between the AD and aNC groups, we
evaluated the value of the Ap ratio as a diagnostic or monitor
maker of AD. ROC analysis indicated high sensitivity (78.8%)
and low specificity (30.3%) for diagnosis of AD. When the
mean+2 SD (15.9) of the aNC group was used as a cut off value,
the sensitivity was 24% and specificity was 96%. When AD was
divided into 3 groups according to clinical stage, the Ag ratio
increased progressively from the early stage to the advanced
stages of AD. These findings show that plasma Ap ratio can be
used as an easy, non-invasive, and useful biomarker for diag-
nosis and monitoring of clinical symptoms of AD, although
the sensitivity and specificity are lower than those in CSF
samples (Kanai et al, 1998; Shoji et al,, 2001; Shoji, 2002).
However, naturally occurring antibodies to Ap did not affect
plasma App40 or Ap42 levels, or the A ratio. There was a
possibility that our ELISA system could not detect increased
levels of Ap40 and Ap42 oligomers. However, all results taken
together, suggest that the titer and specificity of naturally
occurring anti-Af antibodies were not sufficient to elevate
plasma Ap concentrations and increase Ap clearance from the
brain to the peripheral blood with subsequent improvement of
clinical symptoms. Higher titers of antibodies to Ap42
oligomers will likely be necessary to facilitate Ap clearance
from brain amyloid to peripheral blood for AD treatment.

4, Experimental procedures

4.1. Patients and normal controls

After informed consent was given, blood samples were
collected into 0.1% EDTA from a total of 318 subjects including
113 patients with AD (AD group) and 205 normal controls (total
normal control group: tNC group). As age-matched controls

Table 2 - Summary of the study sub
No.of Gender Meanage Mean Mean
subjects (M/F) (range), MMS duration
yT Score (SD) (SD), mo
AD 13 32/81  75(55-89) 14.9(67) 44 (28)
tNC 205 84/121 64 (1-91) 298 (0.3) -
aNC 155 59/96 76(43-91) 297 (0.4) -
Total 3 116/202 68 (1-91)

AD: Alzheimer's disease patients; tNC: total normal controls; aNC:
age-matched controls over 43 years old selected from the tNC
group. I\W male and female; yr: years old; MMS: Mini-Mental State
E» SD: standard deviation; Duration: duration from
onset, mo months.

(aNC group), 115 samples from subjects over 43 years old were
selected from the tNC group. The basic findings for the respec-
tive groups are summarized in Table 2. The clinical diagnosis of
AD was based on NINCDS-ADRDA criteria (McKhann et al,,
1984), Appropriate diagnostic studies including magnetic
resonance imaging and single photon emission computed
tomography were used to exclude other disorders of dementia.
The clinical severity of AD was evaluated using the Mini-
Mental State Examination (MMS) (Folstein et al., 1975). AD
patients were divided into 3 subgroups according to clinical
stages: early stage MMS score >20, moderate stage MMS scare
10-20, advanced stage MMS score <10, Controls were judged to
be normal based on their MMS score (>28 points) and follow-up
with neurological evaluation. After separation of plasma from
blood cells, plasma was stored frozen at —80 *C until use.

4.2, Tissue amyloid plaque immunoreactivity (TAPIR)

Five micrometers serial paraffin sections of brains from Tg2576
mice (16-18 months old) or Alzheimer's patients were used.
Sections were immersed in 0.5% periodic acid for blocking
intrinsic peroxidase and treated with 99% formic acid for 3 min
to increase Af staining. Sections were then immersed with
blocking solution with 5% normal serum in 50 mM phosphate-
buffered saline (PBS) containing 0.05% Tween20 and 4% Block
Ace (Snow Brand Milk Products, Saporo, Japan) for 1 h; goat
serum was used to stain human plasma, and horse serum was
used to stain mouse plasma. Sections were incubated at 4 °C
overnight with human or mouse plasma diluted with blocking
solution (1:100). Sections were then incubated with biotinyzed
second antibody (anti-human goat antibody or anti-mouse
horse antibody), and horseradish peroxidase-conjugated avi-
din-biotin complex of Vectastain Elite ABC kit (Vector,
Burlingame, CA). Immunoreactivity was visualized by incuba-
tion with 0.03% 3, 3'-diaminobenzidine, and 0.02% H,0,. Tissue
sections were counterstained with hematoxylin. Immunos-
taining with Ab9204 (Saido et al., 1995) (1:1000, antibody to a
synthetic Ag peptide starting from the amino-terminus of
normal L-aspartate) or without the primary antibody were used
as positive and negative controls, respectively.

4.3, Grading of TAPIR

TAPIR findings were classified into 4 levels: negative -, no
senile plaque core (Fig, 1F); weakly positive %, senile plaque
cores were stained weakly and less than 5 cores were stained
in each brain section on a slide (Fig. 1G); positive +, 25 senile
plaque cores were stained clearly in at least one brain section
per slide (Fig. 1H); strongly positive ++, most senile plaque
cores were strongly labeled when compared to Ab9204
immunostaining (Fig. 11). Immunostaining findings of diffuse
plaques, amyloid angiopathy, positive neurons, degenerative
neurites and glial cells were excluded from this grading.

4.4, Purification of amyloid AS (FAB)

An autopsy brain fulfilling the CERAD criteria for definite
AD (MirTa et al., 1991) was selected. About 2 g of gray matter of
the AD brain was homogenized with 4 volumes of TBS (10 mM
Tris, 150 mM NaCl, pH 8) with protease inhibitors (1 pg/ml
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Leupeptin, 1 pg/ml TLCK, 0.1 pg/ml Pepstain A, 1 mM
phenylmethysulfonyl fluoride and 1 mM EDTA), and centri-
fuged at 100,000 xg for 1 h. The resulting pellet was extracted
with 10 ml of 10% sodium dodecyl sulfate (SDS) in TBS and
then with 1 ml of 99% formic acid (FA). The final supernatant
was lyophilized, dissolved with 20 ul of 99% dimethylsulfoxide
(DMS0), and stored at —80 "C until use (formic acid soluble
amyloid Ap fraction: FAR) (Harigaya et al.,, 1995; Matsubara
et al., 1999).

4.5.  Immunoprecipation

20 pl of protein G agarose (Roche diagnostic GmbH, Germany)
was washed 3 times with 1 ml RIPA buffer (50 mM Tris, 1%
Triton X-100, 0.1% SDS, 0.5% cholic acid and 150 mM NaCl, pH
8.0). Prewashed protein G agarose was mixed with 600 ng
synthetic Ap40, 600 ng synthetic Ap42 (Sigma, Mo) or 300 ng
FAp in 1 ml of RIPA buffer and incubated at room temperature
for 30 min. After centrifugation, the resulting supematant was
mixed again with 20 ul of prewashed protein G agarose and
10 ul of plasma, incubated at room temperature for 3 h, and
then centrifuged. The pellet was boiled with 1x NuPage LDS
sample buffer containing 0.1 M dithiothreitol for 10minat70°C
and separated on a 4 to 12% NuPage Bis-Trnis gel (Invitrogen,
CA). After electro-transfer, the blot membrane was blocked
with 10% skim milk (Snow Brand Milk Products, Saporo, Japan)
in TBS with 0.05% Tween 20 (TBST), and incubated with
monoclonal 6E10 (specific to Ap1-16, 1:1000, Signet Lab.
Inc. MA) at 4 “C overnight. After washing and incubation with
horseradish-peroxidase-conjugated goat anti-mouse IgG
(1:2000, Amersham Biosci, Buckinghamshire, UK) at RT for
2 h, the signal was developed by SuperSignal west Dura ex-
tended duration substrate (Pierce Biotechology, CA), and
quantified by a luminoimage analyzer (LAS 1000-mini, Fuji
film, Japan).

4.6,  Quantification of plasma A 340 and A 342 concentrations
by ELISA

Sandwich ELISA was used to specifically quantify whole
plasma Ap, as previously described (Matsubara et al., 1999).
Microplates were pre-coated with monoclonal BNT77 (IgA,
anti-Ap11-28, specific Ag11-16) and sequentially incubated
with 100 ul of samples followed by horseradish-peroxidase-
conjugated BA27 (anti-Ap1-40, specific A(*40) or BCOS (ant-
Ap35-43, specific Ap42 and Ap43) (Kawarabayashi et al., 2001).
Synthetic A40 (peptide content: 79.95%, Sigma, MO) and Ap42
(peptide content:76.58%, Sigma, MO) were used for standard
Ap. The sensitivity was 40 fmol/ml in the Ap40 assay and 10
fmol/ml in the Ap42 assay. Both intra-assay coefficients of
variation were less than 10% (Matsubara et al.,, 1999),

4.7,  Statistical analysis

Compansons among the groups using Student’s t-test, one-
way analysis of variance or a non-parametric test with post hoc
tests, a receiver-operating characteristic (ROC) curve analysis
to determine the cut off value, Mann-Whitney U test for ap-
pearance rates, and 1st order regression analysis of the
relationship between MMS score and AD duration were all

performed using SPSS 11.0 (SSPS Inc., IL) and GraphPad Prism,
Version 4 (GraphPad Software, San Diego, CA).
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Abstract

Background: Calpastatin is an endogenous inhibitor of calpain, intracellular calcium-activated
protease. It has been suggested to be involved in molecular mechanisms of long-term plasticity and
excitotoxic pathways, However, functions of calpastatin in vivo are still largely unknown. To
examine the physiological roles of calpastatin, we subjected calpastatin-knockout mice to a

comprehensive behavioral test battery.

Results: Calpastatin-knockout mice showed decreased locomotor activity under stressful
environments, and decreased acoustic startle response, but we observed no significant change in

hippocampus-dependent memory function,

Conclusion: These results suggest that calpastatin is likely to be more closely associated with
affective rather than cognitive aspects of brain function.

Background

Calpastatin (CS) is the endogenous inhibitor of intracel-
lular cysteine protease calpain. CS inhibits the Ca2+-acti-
vated form of calpain. In other words, calpain is
bidirectionally regulated by Ca?* and CS, and this is called
the "calpain-CS system". CS inhibits two forms of calpain:
-calpain (calpain I) and m-calpain (calpain I1), which are
activated by micromolar and millimolar Ca?* in vitro,
respectively [1].

The physiological roles of the calpain-CS system have not
yet been well understood, though limited proteolysis by
calpain is known to modify the functions of various sub-
strates. Calpains are widely distributed in mammalian
organs [2], and some important functions are already well
known. For instance, the cyclin-dependent kinase 5
(Cdks5) activator, p35, is cleaved to p25 by calpain [3.4],
and the generated p25 hyperactivates Cdk5, possibly lead-
ing to neurodegeneration. Another calpain-mediated neu-
ronal death pathway involves the cleavage of Bid to
generate tBid, resulting in DNA fragmentation [5]. The
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levels of CS in most organs of normal animals are suffi-
cient to inhibit calpain [2], so CS can inhibit these calpain
cascades.

The calpain-CS system is hypothesized to be involved in
molecular processes of long-term potentiation (LTP)
[6,7), which is considered to contribute to the synaptic
changes associated with learning and memory [8-11].
One of the major calpain substrates in neurons is fodrin
(spectrin), a cytoskeltal molecule that contributes to the
post-synaptic structure, and this degradation of fodrin is
inhibited by CS. Therefore, it is possible that the calpain-
CS system contributes to the learning and memory proc-
esses, and there are several experiments that are related to
the contributions of calpain-CS system on memory
[12,13]. However, the calpain-CS system's involvement in
learning and memory processes remains controversial,

To investigate the physiological roles of CS, we have gen-
erated CS knockout (KO) mice. In a previous study, CS-
KO mice showed increased spectrin proteolysis following
kainate administration, which suggested increased activity
of calpain in such pathological conditions [5]. We also
found increased LTP in CS-KO mice in both the hippoc-
ampal CA1 and dentate gyrus regions (Huang and Saido,
unpublished data), even though no significant difference
in LTP was detected in p-calpain KO mice [12]. However,
Grammer et al. also found a decreased paired pulse ratio
in p-calpain KO mice, suggesting a presynaptic modula-
tory role of p-calpain [12]. In this report, we have sub-
jected CS-KO mice to a systematic and well-defined
comprehensive behavioral test battery [14-16|, to clarify
the physiological roles of CS in behavior.

Table |; General characteristics of C5-KO mice.
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Results

Physical features

Home cage behaviors and general health conditions of
both the genotype groups, WT (wild-type) and CS-KO,
appeared normal. Body weight and body temperature
were not significantly different between the genotypes
(Fy 3= 2.75, P = 0.106 for body weight, F, 5, =0.320, P =
0.575 for body temperature). The appearance of fur and
whiskers were not significantly different between the gen-

otypes (Table 1).

Neurological reflexes

Neurological reflexes were essentially normal in the CS-
KO mice as compared with WT mice. Key jangling,
whisker twitch response to a whisker touch from behind,
and righting reflex were similar across genotypes (Table
1). Ear twitch responses tend to be decreased in CS-KO
mice, but narrowly failed to achieve conventional meas-
ures of significance (P = 0.0594, Student’s 1-test).

Pain sensation and motor abilities

in the hot plate test, latency to the first paw response was
not affected by the lack of calpastatin (F 3= 1.93, P =
0.174). Muscular abilities appeared normal in terms of
the wire hanging test across genotypes (F; 4= 0.269, P =
0.607) and the grip strength test (F, 35 = 2.46, P = 0.126).
(Table 1)

Acoustic startle response and prepulse inhibition
(sensorimotor gating)

CS-KO mice displayed a significantly lower acoustic star-
tle response than WT mice (repeated measures ANOVA,
Fy 6 = 4.98, P = 0.032; Figure 1A). Analysis of variance

wWT CS-KO
Number of animals 20 18
Physical charocteristics
- Weight (g) 262 (£ 0.33) 27.1 (£ 0.40)
- Body temperatwre (*C) 369 (x 0.20) 37.1 (£ 0.18)
- Whiskers (% with) 100 B9
- Fur (% with normal fur) 100 100
Sensory and motor reflexes
- Ear twitch (% with normal responze) 100 83
- Key jangling (% with normal response) 95 B9
- Whisker twitch 100 94
- Righting reflex 100 100
Pain test
- Hot plate (latency; seconds) 6.75 (£ 0.349) 6,05 (+ 0.364)
Motor tests
- Wire hang (% stayed up to 60 5) 95 54
- Grip strength (N) 0.893 (+ 0.03) 0.825 (x 0.03)

No significant differences between genotypes were detected in physical characteristics (weight, body temperature, whiskers and fur), sensory and
motor reflex (ear twitch response, key-jangling response and righting reflex), hot plate test {latency to the first paw response), and muscular
abilities (number of animals that stayed up to 60 sec in wire hang test and grip strength).
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