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Figure 2. Relationships between the levels of AB40 and 38, and between

those of AB43 and 42 in CSF from controls and MCI/AD patients. .

A. The levels of In(AB40) were proportional to those of In(AB38)
(In(AB40) =0.910 x In(AB38) + 1.642, R=0.913).

B. The levels of In(AR43) were proportional to those of In(AB42)
(In(AB43) =1.333 x In(AB42) — 4.09, R=0.979). It should be noted that
the levels of both In(AB42) and In(AB43) in MCI [filled triangle (n = 19)]/AD
[filled circle (n=24)] are lower than those in controls [open circles
(n=121)].

concentrations of AB40 were significantly increased in AD

- compared to control (Table 1; p<0.05, Dunnett’s t-test).

Additionally, the CSF concentrations of AB38 tended to be
increased in AD patients compared to controls. In contrast, those
of AR42 and 43 were significantly decreased in MCI/AD
compared to controls (p < 0.05, Dunnett’s t-test). Interestingly,
as reported previously (Schoonenboom et al, 2005), the CSF
concentrations of AB40 and AB38 were proportional to each
other in all subjects [Fig 2A; In(AB40) =0.910 x In(AB38) +
1.642, R=0.913, where In(AB40) is the logarithm of ABR40],
even in MCI/AD cases. This was despite the fact that these
species are derived from and the final products of the two
different product lines of y-secretase activity (Fig 1; Takami et
al, 2009). In other words, the amounts of products in the third
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Figure 3. Relationships between the levels of AB43 and 40, and between
those of AB42 and 38 in CSF from controls (open circles) and MCI (closed
triangle)/AD patients (closed circle).

A. The levels of In(AB43) correlate with those of In(AB40) within controls
(R=0.688), and barely within MCI/AD subjects (R=0.507/0.736). The plots
for MCI/AD were located below the regression line for control (p < 0.001,
ANOVA).

B. The levels of AB42 correlate with those of AB38 within controls (R=0.723),
and barely within MCI/AD (R=0.500/0.393). The plots for MCI/AD were
situated below the regression line for controls (p < 0.001, ANOVA).

step of cleavage were strictly proportional to each other across
the product lines. )

AR42 and AR43 are produced by the second cleavage step of
each product line. Like AB40 and AB38, the CSF concentrations
of AB42 and AB43 are also proportional to each other in controls
and in MCI/AD patients [Fig 2B; In(AB43)=1.333 x
In(AB42) — 4.09, R=0.979]. On the other hand, the levels of
AR43 and AB40 (a precursor and its product) were correlated in
control [Fig 3A; In(AB43)=0.884x In(Ap40)—4.118,
R=0.688] and in MCI/AD subjects (R=0.507/0.736 for MCI/
AD, respectively) but the MCI/AD values were located below the
regression line for controls and thus provided lower AR43
measures compared with controls for a given AB40 measure
(Fig 3A; p<0.001, analysis of variance, ANOVA). Conversely,
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for a given AP43 value, the plot provided a higher AB40 measure
in MCI/AD cases. There was a similar situation for the levels of
AB42 and AB38. The levels of AR42 and AB38 were correlated
each other in control subjects [Fig 3B; In(Ap42)=0.724 x
In(AB38) +0.251, R=0.723], but barely in MCI/AD (R=0.500
for MCI; 0.393 for AD), and the MCI/AD plots were situated
below the regression line for controls (p < 0.001, ANOVA). Fora
given AP42 value, the plot provided a higher AB38 measure in
MCI/AD compared with controls.

These lower concentrations of ABR42 appeared to be
compensated with higher concentrations of AB38 as the levels
of In(AB38 + AB42) did not vary even in MCI/AD (p=0.293,
ANOVA). Thus, this points to the possibility that more AR42 and
A[B43 are converted to AB38 and AR40, respectively, in MCI/AD
brains. According to numerical simulation based on the
stepwise processing model, as the levels of BCTF decline to
null, the levels of AB43 and 42 decrease and the ratios of AR40/
43 and AB38/42 increase (unpublished observation). However,
this situation can be excluded as the mechanism for lower
concentrations of AB42 and 43, because the levels of BCTF have
never been reported to be reduced in AD brains nor in plaque-
forming Tg2576 mice that show lower CSF AB42 concentrations
(Kawarabayashi et al, 2001). Thus, it is reasonable to suspect
that the final cleavage steps from AB43 mostly to 40 and from
APB42 to 38 are significantly enhanced in parallel (increases in
released tri- and tetrapeptides) in brains affected by MCI/AD
compared with controls (Fig 1).

This relationship in vy-secretase cleavage becomes clearer by
plotting the product/precursor ratio representing cleavage
efficiency at the step from AB42 to 38 (AB38/42) against that
representing the cleavage efficiency at the step from AB43 to 40
(AR40/43) (Fig 4). The ‘apparent’ cleavage efficiency of AP43
was approximately 40-fold larger than that of AP42. The two
ratios in CSF samples from MCI/AD and control subjects
were largely proportional to each other, indicating that the
corresponding cleavage processes in the two lines are tightly
coupled (Fig 4). All plots were situated on a distinct line
[In(AB38/42) = 0.748 x In(AB40/43) — 2.244, R=0.936] and its
close surroundings. An increase in the cleavage from AB43 to 40
(i.e. more AB43 is converted to AB40) accompanied an increase in
the cleavage from AR42 to 38 and vice versa, although the
mechanism underlying this coupling between- the two product
lines remains unknown. This reminds us of the ‘NSAID effect’
in the 3-([3-cholamidopropyl]dimetylammonio)-2-hydroxy-1-
propanesulfonate (CHAPSO)-reconstituted +-secretase system
(Takami et al, 2009; Weggen et al, 2001) in which the addition
of sulindac sulfide to the y-secretase reaction mixture, as expected,
significantly suppressed AB42 production and increased AB38
production presumably by increasing the amounts of released
tetrapeptide (VVIA) (Takami et al, 2009) and other peptides.

Most importantly, this graph provides a clear distinction
between the control and MCI/AD groups (Fig 4; AB40/43 for
MCI/AD vs. control, p=0.000; AB38/42 for MCI/AD vs. control,
p=0.000; ANOVA, followed by Dunnett’s t-test). The control
values plotted close to the origin, whereas those for MCI/AD
patients were distant from the origin along the line [In(AB38/
42)=0.748 x In(AB40/43) — 2.244, R=0.936]. It is also of note
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Figure 4. Ln(AB40/43) versus In(AB38/42) plot. The ratios represent the
cleavage efficiency at the final step of each line. Both ratios are largely
proportional to each other (y=0.748 x —2.244, R=0.936) and plots are
located on the line and its close surroundings. This plot clearly distinguishes
between control subjects and MCI/AD patients (AB40/43 for MCI vs. control,
p=0.000; AR38/42 for MCI vs. control, p=0.000; ANOVA, followed by
Dunnett’s t-test). Control plots [open circles (n=21)] are located close to the
origin and MCI/AD plots [closed triangles (n=19) and closed circles (n=24),
respectively] are a little distant from the origin.

that there was no significant difference between MCI and AD
patients (Fig 4; AB40/43 for AD vs. MCI, p=1.000; AB38/42 for
AD vs. MCI, p=1.000; Bonferroni’s t-test). Two control values
were a little farther from the origin, which may suggest that these
subjects already have latent AR deposition or are in the preclinical
AD stage. Additionally, we examined quite a small number of CSF
samples from presenilin (PS) 1-mutated (symptomatic) familial
AD (FAD) patients (T116N, L173F, G209R, L286V and L381V).
Out of the three FAD cases near the regression line, two (T116N
and L286V) were distant from the origin like sporadic AD cases
and one (L381V) was closer to the origin than controls (both
AP42/43 levels were lower than control; unpublished data). The
remaining two (G209R and L173F) were extremely displaced
from the line. Thus, a larger number of FAD cases are needed to
give an app:opdaté explanation for their unusual characteristics
in the plot, and the alteration of CSF ABs shown above seems to
be applicable only for sporadic AD.

Altogether, in MCI/AD, more AB42 and 43 are processed to
AB38 and 40, respectively, than in controls. Even in MCI/AD,
strict relationships are maintained between the levels of AB42
and AP43, and between those of AB38 and AB40 as seen in
controls, which are predicted by the stepwise processing kinetics
(unpublished observation). Thus, our observations suggest that
lower CSF concentrations of AB42 and 43 and presumably higher
CSF concentrations of AB38 and 40 are the consequence of altered
y-secretase activity in brain rather than the effect of preferential
deposition of the two longer AR species (AB42 and 43) in
senile plaques, which would not have maintained such strict
relationships between the four AR species in CSF.
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In(AB40/43) vs In(AB38/42) for raft assay
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Figure 5. Ln(AB40/43) versus In(AB38/42) plot based on direct
quantification of raft-associated y-secretase activity. The raft-associated
y-secretase prepared from control and MCI/AD brain specimens was
incubated with BCTF for 2 h at 37°C (see Materials and Methods Section).
Produced ABs were quantified by Western blotting using specific
antibodies. This plot distinguishes between control subjects and MCI/AD
patients (AB40/43 for control us. MCI/AD, p < 0.001; AB38/42 for control
vs. MCI/AD, p = 0.001; Welch’s t-test). MCI/AD plots [closed triangles
(n=10) and closed circles (n= 13), respectively] are as a whole a little
distant from the origin, whereas control plots [open circles (n=16)] are
close to the origin.

To further test our hypothesis, we directly measured +-
secretase activities associated with lipid rafts isolated from AD,
MCI and control cortices (Brodmann areas 9-11). For definite
confirmation of the AR species, the reaction mixtures were
subjected to quantitative Western blotting using specific
antibodies rather than ELISA. At time 0, deposited AR42/43
species were detected in rafts from MCI/AD brains but not in
control specimen (Supporting Information Fig S3). The amounts
of In(AB38+ AB42), which reflect the total capacity of the
AB38/42-producing line, did not vary between AD, MCI and
controls (Supporting Information Fig S4; p=0.969, ANOVA).
Thus, the gross activities of raft y-secretase were comparable
among the three groups. However, the plotted values for AB40/
43 versus AB38/42 are divided into two groups: MCI/AD and
controls (Fig 5; AB40/43 for control vs. MCI/AD, p <0.001;
AB38/42 for control vs. MCI/AD, p=0.001; Welch’s t-test) in
the same way as those derived from CSF (Fig 4). It is notable that
Figs. 4 and 5 are based on different methods, ELISA and Western
blotting, respectively, but give similar results. There were no
significant differences between MCI and AD specimen, although
MCI patients (91 +4.9-year-old) were older than controls
(77 £6.5-year-old) or AD patients (80 =+ 5.0-year-old) (AR40/
43 for MCI vs. AD, p=0.342; AB38/42 for MCI vs. AD,
p=0.911). There were similar significant differences between
control versus AD in the groups of which the ages were not
significantly different (AR40/43 for control vs. AD, p<0.001;
AB38/42 for control vs. AD, p=0.03).
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DISCUSSION

Here, we assume that (i) ABs in CSF are produced exclusively by
y-secretase in the brain, possibly in neurons; and (ii) ABs in CSF
are in the steady state. With these assumptions, the combined
measurement of four AR species in CSF should predict the
activity of y-secretase in the brain. Here, the alterations in the «y-
secretase activities do not mean the gross activity, i.e. total AR
production, but the cleavage efficiency of the intermediates,
AB42 and AB43.

In the present study, we quantified in CSF the four AR species,
AB38/42 and AR40/43, but the Western blotting indicated the
presence of additional AR species, AB37 and 39, in CSF
(Supporting Information Fig S2). At present, we cannot exclude
the possibility that a certain carboxyl terminus-specific
protease(s) in CSF acts on the pre-existing AP species and
converts them to AB37 and 39 (Zou et al, 2007). However,
according to our unpublished data (Takami et al, unpublished
observations), it is plausible that AB37 is derived from Ap40,
whereas AB39 is derived from AB42. Even if so, these pathways
are very minor (~20-100-fold less) compared to the two major
pathways, AB42 to AB38, and AR43 to AB40, when assessed by
a reconstituted system (Takami et al, 2009). Thus, such strict
relationships between four ABs may have been relatively
independent of AB37 and 39. The detailed relationship between
all ABs in the CSF awaits further quantification of the additional
two AP species. :

Currently, we do not know why the observation that AB40 is
higher in MCI/AD CSF has so far not been reported except a
recent paper (Simonsen et al, 2007). In fact, some of us
previously reported no significant differences in CSF Ap40
between AD and control subjects using a different ELISA (Shoji
et al, 1998). It may be notable that we used newly constructed
ELISA for AB40 based on a different set of monoclonal
antibodies and thus, those discrepancies may come from the
different antibody/epitope combination used for ELISA and/or
different assay methods. In particular, it should be noted that all
ELISAs used here detect AB1-x only, but not amino-terminally
truncated forms. In this context, the ratio of AB40/43 appears to
be more informative to discriminate between control and MCI/
AD than the absolute levels of AB40 alone (Table 1 and Fig 5). It
is possible that even if AB40 is not different between control and
MCI/AD, the ratio AB40/43 could discriminate them. '

We are the first to measure CSF AB43 using ELISA. The CSF
concentrations of AB43 are 10-fold less than those of ABR42.
Nevertheless, the specificity of the newly constructed ELISA
made the quantification of accurate levels of AB43 possible
(Supporting Information Fig S1). Regarding the AB43 measures,
we observed that its behaviour is entirely similar to that of AB42
in MCI/AD. Our preliminary observations using immunocyto-
chemistry and ELISA quantification strongly suggest that AB43
deposits in aged human brains at the same time as Ap42
(unpublished observations). Furthermore, Saido and colleagues
have only recently reported that a PS1 R278I mutation in mice
(heterozygous) caused an elevation of AB43 and its early and
pronounced accumulation in the brain (Saito et al, 2011). It is
possible that the cleavage of BCTF by this R2781 y-secretase may
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be profoundly suppressed in the third cleavage step of the
product line 1 (see Fig 1), which would result in negligible
levels of AB40 and unusually high levels of AB43 (Nakaya et al,
2005). These results suggest that the role of AB43 should be
reconsidered for the initiation of 8-amyloid deposition and thus
in AD pathogenesis. ,

Lower CSF concentrations of AB42 and 43 are not exclusively
limited to MCI/AD. For example, similar low concentrations
of AB42 and 43 were found in the CSF from eight patients
with idiopathic normal pressure hydrocephalus (iNPH)
(AB42, 76.3£37.3 pM, p=0.012 compared to controls: AR43,
5.2+2.9pM, n=8, p=0.004 compared to controls: Bonferro-
ni’s t-test; Silverberg et al, 2003). Thus, lower CSF concentra-
tions of AB42 and 43 alone were unable to distinguish between
iNPH and MCI/AD, and further, it is claimed that the former is
often associated with abundant senile plaques, raising the
possibility that AB deposition is enhanced by iNPH (Silverberg
et al, 2003). However, when their partners AB38 and 40 were
measured in CSF, both were found not to be significantly
increased in iNPH (AR38, 459.24+138.5pM, p=10.484 com-
pared to controls; AB40, 1094.4+375.3pM, n=8, p=0.103
compared to controls; Table 1) in sharp contrast to MCI/AD
indicating that the cleavage in iNPH at the steps from AB43 to 40
and from AB42 to 38 is not enhanced as it is in MCI/AD. Thus, it
may be that the dilution effect elicited by ventricular enlarge-
ment would be the cause of lower CSF AB42 and 43 found in
iNPH. .

Currently, we do not know the mechanism behind the altered
activity of brain y-secretase in MCI/AD (Fig 4). First, it is of note
that rafts prepared from MCI/AD brains but never from control
brains at SP stage 0/A accumulated AB42 and AB43 (Supporting
Information Fig S3; Oshima et al, 2001). It is possible that raft-
deposited ABR42/43 could induce a change in the y-secretase
activity, although the extent of the alteration in the activity
appears not to be related to the extent of accumulation
{(unpublished observation). In this regard, it is of interest to
note that Tg2576 mice, the best characterized AD animal model,
shows reduced levels of AB42 in plasma as well as in CSF at the
initial stage of AR deposition (Kawarabayashi et al, 2001). If
the assumption here is correct, this may suggest that y-secretase
that produces plasma ABs could also be altered. However, thus
far, we have failed to replicate significantly lower AB42 levels or
AB42/AB40 ratios in plasma from AD patients.

Second, there could be heterogenous populations of
y-secretase complexes that have distinct activities due to
subtle differences in their components. vy-Secretase is a
complex of four membrane proteins including PS, nicastrin
(NCT), anterior pharynx defective 1 (Aphl) and presenilin
enhancer 2 (Pen 2) (Takasugi et al, 2003). Aph 1 has three
isoforms, and each can assemble active y-secretase together
with other components (Serneels et al, 2009). NCT, a
glycoprotein, is present in immature and mature forms
(Yang et al, 2002). The abundance of these heterogenous
populations of proteins in the brain is probably under strict
control. During MCI/AD, a certain population could replace
other populations of y-secretase and thus may show a distinct
activity as a whole.
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The data shown here represent only a cross-sectional study,
but our keen interest is how the CSF levels of the four A species
would shift during the longitudinal course in an individual who
is going to develop sporadic AD. Does one have any period
during life when AB42 and 43 are at higher levels in CSF, and
thus the ratios of AB38/42 and AB40/43 are smaller? At this
period when the final cleavage steps of y-secretase would be
suppressed, the ISF concentrations of AB43 and 42 would
increase, which would start or promote their aggregation in the
brain parenchyma. If so, during life span, the individual’s plot
would move down along the regression line and move up as
senile plaques accumulate, and the individual would eventually
develop sporadic AD. However, thus far the period when there
are increases in CSF AR42/43 has never been reported for
sporadic AD. Nor has it been reported for asymptomatic FAD
qarriers (Ringman et al, 2008), whereas their plasma is known to
contain higher levels (and percent) of AB42 (Kosaka et al, 1997;
Ringman et al, 2008; Scheuner et al, 1996). It is likely that the
stage of normal cognition and AR accumulation already
accompanies reduced CSF AB42. If so, the alterations of v-
secretase should continue on for decades. Most interestingly,
this alteration of CSF AP regulation seems to be planned to
prevent further accumulation of AB42 and 43 in the brain.

However, Hong et al (2011) have recently shown, using
in vivo microdialysis to measure ISF AB in APP transgenic mice,
that the increasing parenchymal A is closely correlated with
decreasing ISF AB, suggesting that produced AB42 is preferen-
tially incorporated into existing plaque-AB. This is a prevailing
way of the interpretation of the data. Another way of the
interpretation of data would be that during aging from 3 to
24 months, y-secretase activity becomes altered and produces
decreasing amounts of AR but with an increasing ratio of AB38/
42 (and Ap40/43). It is worth to mention that produced AB42
{(but not AP40) appears to be selectively bound to rafts (from
CHO cells) after long incubation (>4 h; Wada et al, unpublished
observation). Also of note is that we quantified the total (free
and bound) AR produced by an in vitro reconstituted system
(Fig 5). What is claimed here is that decreased levels of CSF
APB42 are largely due to alterations of y-secretase activity rather
than due to selective deposition of AB42 in preexisting plaques.
What proportions of decreased ISF (CSF) Ap42 levels would be
contributed to by altered +y-secretase activity and selective

_deposition of AB42/43 to parenchymal plaques awaits future

studies.
Finally, our observation has therapeutic implication. As

- shown elsewhere and here above, if AB42 is the culprit for MCl/

AD, non-steroidal anti-inflammatory drugs (NSAIDs) would
have been quite a reasonable therapeutic compound, which
enhances cleavage at the third step in the stepwise processing,
leading to lower levels of AR42 without greatly interfering with
the AB bulk flow (Weggen et al, 2001). This sharply contrasts
with some of the wy-secretase inhibitors currently under
development and in clinical trial, which block the AP bulk
flow. However, the present study raises the possibility that even
if NSAIDs are administered, the expected beneficial effect could
be minimal in MCI/AD patients, because in these patient brains,
y-secretase is already shifted to an NSAID-like effect.
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MATERIALS AND METHODS

Subjects

Cerebrospinal fluid samples from 24 AD patients (mild to moderate
AD; 50-86 years old), 19 MCI patients (57-82 years old) and 21
control subjects (61-89 years old) were collected (see Table 1) at
Department of Neurology, Hirosaki “University Hospital and at
Department of Geriatrics and Gerontology, Tohoku University Hospital,
and at Department of Neurology, Niigata University Hospital. The CSF
samples from (symptomatic) 5 FAD (mPS1) pétients (T116N, L173F,
G209R, L286V and L381V) were from Niigata University Hospital.
Probable AD cases met the criteria of the National Institute of
Neurological and Communicative Disorders and Stroke-Alzheimer's
Disease and Related Disorders (NINCDS-ADRDA) (Kuwano et al, 2006;
McKhann et al, 1984). Additional diagnostic procedures included
magnetic resonance imaging. Dementia severity was evaluated by the
Mini-Mental State Examination (MMSE). Diagnosis of MCI was made
according to the published criteria (Winblad et al, 2004). Diagnosis of
iNPH was made according to the guideline issued by the Japanese
Society of NPH (Ishikawa et al, 2008). Controls who had no sign of
dementia and lived in an unassisted manner in the local community
were recruited. All individuals included in this study were Japanese
and 24 AD patients examined here were judged to have sporadic AD
because of negative family history. This study was approved by the
ethics committee at each hospital or institute.

Human cortical specimens for quantification of raft-associated v-
secretase activity were obtained from those brains that were removed,
processed and placed in —80°C within 12 h postmortem [Patients
were placed in a cold (4°C) room within 2 h after death] at the Brain
Bank at Tokyo Metropolitan Institute of Gerontology. For all the brains
registered at the bank we obtained written informed consents for their
use for medical research from patient or patient’s family. Each brain
specimen (~0.5g) were taken from Brodmann areas 9-11 of 13 AD
patients [804 5.0 years of age, Braak NFT stage> 1V, SP stage=C
(retrospective) CDR > 1], 10 MCI patients (91 4 4.9 years of age, Braak
NFT stage <1V, SP stage<C, CDR=0.5) and 16 controls (77 +6.5
years of age, Braak NFT stage <1, SP stage = 0/A, CDR=0) (Adachi et
al, 2010; Li et al, 1997).

Cerebrospinal fluid analysis

Cerebrospinal fluid (10-15ml) was collected in a polypropylene or
polystyrene tube and gently inverted. After brief centrifugation CSF was
aliquotized to polypropylene tubes (0.25-0.5 ml), which were kept at
—80°C until use. In our experience, AB42 (possibly, other AB species too)
are readily absorbed even to polypropylene tubes (~20% per new
exposure, as shown by Luminex xMAP quantification), and repeated
aliquotization to new tubes may cause profoundly lower measures of
ABs (Tsukie and Kuwano, unpublished data, 2010). This may partly
explain why absolute levels of ABs in CSF greatly vary among
laboratories, whereas their relative ratios (eg. AB42/40) seem to be
roughly consistent. The CSF concentrations of AB38, 40 and 42 were
quantified using commercially available ELISA kits (Cat no. 27717,
27718 and 27712, respectively, IBL, Gunma, Japan). To measure AB43,
anti-AB43 polyclonal antibody as a capture antibody was combined
with amino terminus-specific antibody (82E1) (Cat no. 10323, IBL,
Gunma, Japan) as a detector antibody. The detection limit of AB43
quantified by the ELISA was 0.78 pM (data not shown). Thus all ELISAs
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used here detect AB1-x, but not amino-terminally truncated ABs. The
specificities of ELISAs are provided in Supporting Information Fig S1.

CSF immunoprecipitation and Western blotting

When required, CSF ABs were immunoprecipitated with protein
G-sepharose conjugated with 82E1 at 4°C by keeping a container in
gentle rotation overnight. The mixture was centrifuged at 10,000xg
for Smin, and resultant pellets were then washed twice with
phosphate-buffered saline. The washed beads were suspended with
the Laemmli sample buffer for SDS—polyacrylamide gel electrophoresis
(SDS—PAGE). The immunoprecipitated ABs were separated on Tris/
Tricine/8 M urea gels (Kakuda et al, 2006), followed by Western
blotting using 82E1. To immunodetect AB42 and AR43, ABR42
monoclonal antibody (44A3, IBL) and AB43 polyclonal antibody (I1BL)
were used (Supporting Information Fig S3).

Numerical simulation based on the stepwise processing
model of y-secretase

The temporal profiles for the ratios of AB40/43 and AB38/42 were
simulated based on the stepwise processing model. Parameters
including rate constants were set to fit maximally the temporal
profile of the cleaving activity in the reconstituted y-secretase system
(Takami et al, 2009). ’

We set the condition that BCTF substrate is supplied steadily from the
external source. When BCTF supply is balanced roughly in the order
with -y-secretase processing rate, the stepwise-processing model was
found to have the two successive steady states, with each
accompanying linear changes in [ES] or [S] concentrations. The first
steady state is just after the initial transition period that corresponds
to the acute saturation phase of y-secretase with BCTF. The second
steady state is associated with the constant concentrations of the
enzyme/substrate complex except ES38 and ES40. Because these
steady states kept the ratios of AB38/AB40 and AB42/AB43 constant,
the simulation was quite consistent with the CSF data.

Quantification of human brain raft-associated

y-secretase activity ‘

Since -y-secretase is thought to be concentrated in rafts (Hur et al,
2008; Wada et al, 2003), we measured raft-associated vy-secretase
activity rather than CHAPSO-solubilized activity. Rafts were prepared
from human brains which were frozen within 12 h postmortem, as
previously described (Oshima et al, 2001; Wada et al, 2003) with
some modifications. We do not know exactly whether the y-secretase
activity depends upon the sampling site. In our hands, there appear no
large differences in the activity among the sampled sites in a given
prefrontal slice. No significant differences in the activity were noted
between outer and inner layer of the cortex. After carefully removing
leptomeninges and blood vessels, small (<0.5 g) blocks from prefrontal
cortices (Brodmann areas. 9-11) were homogenized in ~10
volumes of 10% sucrose in MES-buffered saline (25 mM MES, pH
6.5, and 150 mM NaCl) containing 1% CHAPSO and various protease
inhibitors. The homogenate was adjusted to 40% sucrose by the
addition of an equal volume of 70% sucrose in MES-buffered
saline, placed at the bottom of an ultracentrifuge tube, and overlaid
with 4 ml of 35% sucrose and finally with 4 ml of 5% sucrose in MES-
buffered saline. The discontinuous gradient was centrifuged at
39,000rpm for 20h at 4°C on a SW 41 Ti rotor (Beckman, Palo
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Alto, CA). An interface of 5%/35% sucrose (fraction 2) was carefully
collected (referred to as raft fraction). Raft fractions were
recentrifuged after dilution with buffer C (20mM PIPES, pH 7.0,
250 mM sucrose and 1 mM EGTA). The resultant pellet was washed
twice and resuspended with buffer C, which was kept at —80°C
until use. '

As the method of measuring the raft y-secretase activity was not yet
established, we first determined the assay conditions. The incubation of
raft fraction with BCTF generated exactly the same tri- and tetrapeptides
we previously observed in the detergent-soluble vy-secretase assay
system (Takami et al, unpublished observation). This suggests that the
cleavage by raft-associated y-secretase proceeds in the identical manner
as by CHAPSO-reconstituted y-secretase (Takami et al, 2009). In our
hands, preexisting BCTF bound in rafts generated only negligible
amounts of ABs, and their generation was dependent exclusively on
exogenously added BCTF. Thus, we concluded that the addition of BCTF
to raft fraction make possible to measure the raft-associated y-secretase
activity, although we do not know how the exogenously added BCTF is
integrated into raft, gets access to and is degraded by raft-embedded
y-secretase. Using this assay method, the activities of raft-associated
y-secretase in human brains were found to be only a little affected
postmortem, when compared with that prepared from fresh rat brains. A
progressive decline in the activity was barely detectable from 4 to 17 h
postmortem. The discrepancy in the postmortem decay between our and
the previous data (Hur et al, 2008) would be ascribed to the assay
method: the latter are based on the activity measured by using
endogenous (raft-bound) substrate that is also susceptible to proteolytic
degradation (Hur et al, 2008). )
Each raft fraction, adjusted to 100 wg/ml in protein concentration, was
incubated with 200 nM C99FLAG for 2 h at 37°C (Kakuda et al, 2006).
The produced ARs were separated on SDS-PAGE, and subjected to
quantitative Western blotting, using specific antibodies, 3B1 for AB38,
BA27 for AB40, 44A3 for AB42 and anti-AB43 polyclonal for AB43.

Statistical analysis

All statistical analyses were performed using SPSS version 14.0. The
results were expressed as means = standard deviations. Because data
transformations were required to achieve normally distributed data,
all analyses including AB38, AB40, AB42 and AB43 were performed
after a logarithmic transformation. Pearson’s correlation coefficients
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were calculated to indicate the strength of the linear relationship
between two variables. An ANOVA was used to test the equality of
mean values of continuous variables among three groups, that is
control, MCI and AD. Multiple comparisons were done by Dunnett’s
t-test, Bonferroni’s t-test and Welch’s t-test between control and MCI/
AD, and among three groups, respectively. A two-tailed p-value of
<0.05 was considered to be statistically significant.
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Monoclonal 2C3 specific to B-amyloid (AB) oligomers
(ABOs) enabled us to test our hypothesis that the aiter-
ation of lipoprotein—-AB interaction in the central nerv-
ous system (CNS) initiates and/or accelerates the
cascade favoring AR assembly. Immunoprecipitation of
frontal cortex employing 2C3 unequivocally detected
soluble 4-, 8-, and 12-mers in Alzheimer’s disease (AD)
brains. Immunoblot analysis of the entorhinal cortex
employing 2C3 revealed that the accumulation of solu-
ble 12-mers precedes the appearance of neuronal loss
or cognitive impairment and is enhanced as the Braak
neurofibrially tangle (NFT) stages progress. The dissoci-
ation of soluble AB from lipoprotein particles occurs in
cerebrospinal fluid (CSF), and the presence of lipopro-
tein-free oligomeric 2C3 conformers (4- to 35-mers)
was evident, which mimic CNS environments. Such
CNS environments may strongly affect conformation of
soluble AB peptides, resulting in the conversion of solu-
ble ABsz monomers into soluble AB4, assembly. The
findings suggest that functionally declined lipoproteins
may accelerate the generation of metabolic conditions
leading to higher levels of soluble AB4, assembly in the
CNS. ©2011 Wiley-Liss, Inc.

Key words: Alzheimer’s
oligomer; monomer

disease; Ap; lipoprotein;

Accumulating lines of evidence indicate that mem-
ory loss represents a synaptic failure caused directly by
soluble B-amyloid (AR) oligomers (ABOs; Klein et al.,
2001; Selkoe, 2002; Hass and Selkoe, 2007). The possx-

ble mechanism underlying the neurotoxic action

© 2011 Wiley-Liss, Inc.

of ABOs has been postulated as neurotoxic ligands
(Lambert et al., 1998; Walsh et al., 2002; Chromy et al.,
2003; Gong et al., 2003; Lacor et al., 2004; Cleary
et al., 2005; Lesné et al., 2006; Shankar et al., 2008;
Noguchi et al,, 2009), iron channel formation (Lin
et al., 2001; Quist et al., 2005), pore formation (Lashuel
et al., 2002; Kayed et al., 2009), and dysfunction of cho-
lesterol metabolism in neurons (Michikawa et al., 2001;
Gong et al., 2002; Zou et al., 2002). However, the exact
metabolic conditions conuollmg the in vivo generation
of soluble ABOs remain unknown. It is well known that
aging is the most prevailing risk factor for sporadic AD.
In vivo studies have shown that AR neurotoxicity is
closely related to the brain aging via unknown age-
related factors (Geula et al., 1998), perhaps reﬁecnno
metabolic alterations. Notably, the APOE genotype is
also the major genetic risk factor for late-onset sporadic

(Schmechel et al., 1993; Tanzi and Bertram, 2001;
Wellington, 2004). "HDL-like lipoproteins, mainly
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lipidated apoE, are in charge of cholesterol transport to
" and from neurons (Michikawa et al., 2001; Gong et al.,
2002), in which cholesterol metabolism is quite different
from that in systemic circulation. In addition to lipid
trafficking, apoE as a form of HDL-like lipoprotein plays
a major role in AP metabolism in the central nervous
system (CNS). Under physiological conditions, HDL-
like lipoproteins unequivocally interact with soluble A
in cerebrospinal fluid (CSF; Koudinov et al, 1996).
Interestingly, when the generation of HDL-like lipopro-
teins in the AD mouse model is suppressed or overex-
pressed via the specific regulation of ATP-binding
cassette A1 (ABCAT1), AB deposition exhibits augmenta-
tion or reduction, respectively, which depends on the
degree of ABCA1l-mediated lipidation of apoE in the
CNS (Wahrle et al., 2005, 2008). From these points of
view, lipidic environments in the CNS represent one of
the prevailing metabolic conditions. We hypothesized
that an alteration of the lipoprotein—sAf interaction in
the CNS is capable of initiating and/or accelerating the
cascade favoring AP assembly. Actually, we demonstrate
that functionally declined lipoproteins may be the major
determinants in the generation of metabolic conditions
leading to higher levels of the soluble dimeric form of
AR in AD brains (Matsubara et al., 1999, 2004). To ver-
ify this hypothesis and extend previous observations
(Matsubara et al., 1999, 2004), we focused on the entor-
rhinal cortex (EC) as well as CSF, which mimics CNS
environments, followed by biochemical analyses using an
antioligomer specific antibody. The presence of lipopro-
tein-free soluble AROs in CSF was assessed in age-
matched normal controls (NCs) and patients with
Alzheimer’s disease (AD) by size-exclusion chromatogra-
phy (SEC) and enzyme-linked immunosorbent assay
(ELISA) specific for either ABOs or ABMs to test our
hypothsis.

MATERIALS AND METHODS
Generation of Monoclonal 2C3

Monoclonal 2C3, which is specific to ABOs with a mo-
lecular mass larger than tetramers (unpublished data), was gen-
erated and characterized as described elsewhere.

Patients

CSF samples (5 ml) were collected from 13 age-matched
normal controls (NCs; 70.6 * 8.2 years old) and 12 AD
patients (73.2 = 7.8 years old) after 12 hr of fasting. None of
the individuals in the two groups had a history of stroke or
other neurological conditions in the CNS that might have
affected their lipoprotein profile, and none was taking drugs
known to affect lipid metabolism. The diagnosis of AD was
made in accordance with the NINCDS-ADRDA criteria, and
only those who met the criteria of probable AD were
included.

Lipoprotein Separation and Depletion

After separation of CSF collected from 12 patients with
AD and 13 NGs, lipoprotein depletion was carried out by

preparative sequential density flotation ultracentrifugation
using 600 pl of CSF and a protocol previously described
(Matsubara et al.,, 2004). Briefly, the density of the collected
CSF was adjusted to 1.25 g/ml using KBr, and the CSF was
ultracentrifuged at 100,000 rpm for 8 hr at 16°C using a Hita-
chi RP100AT rotor. The infranatant at a density of 1.25 g/
ml, named lipoprotein-depleted CSF (LPD-CSF), and the
floated lipoproteins were subjected to ultrafiltration using a 3-
kDa cutoff membrane (Microcon 3; Amicon, Inc.) and stored
either frozen or at 4°C until use.

SEC

SEC (molecular exclusion, 2 X 10% void volume varied
from fraction (Fr.) 7 to Fr. 9 enabled us to separate specifically
not only ABMs from ABOs, but also lipoprotein-associated
AB from lipoprotein-free AR, as previously reported (Matsubara
et al., 2004). The AB species either in whole CSF or in lipo-
protein-depleted CSF were fractionated on a Superose 12
size-exclusion column (1 cm X 30 cm; Pharmacia, Uppsala,
Sweden) equilibrated with the corresponding mobile-phase
solution at a flow rate of 0.5 ml/min. Twenty-eight fractions
of 1 ml each were collected and analyzed. Lipoprotein was
depleted as described previously (Matsubara et al., 2004).
Details are also described below. To determine where AR
eluted, a 100-pl aliquot from each fraction was analyzed in a
BNT77-BC05 or BNT77-BA27 enzyme-linked immunosor-
bent assay (ELISA) as described previously in detail (Matsubara
et al., 2004). For evaluation of lipids, total cholesterol levels
were enzymatically measured using a standard kit (Wako,
Osaka, Japan). Under our experimental conditions, CSF lipo-
proteins were eluted in Frs. 7-14, whereas Frs. 15-28 con-
tained cholesterol-free proteins. To determine further where
the AR oligomers eluted, a 100-pl aliquot from each fraction
was analyzed by 2C3-based oligomer sandwich ELISA.

Human Tissue Subjects and Extractions

The current study is based on autopsy cases (n = 50; 26
men, 24 women) from the Brain Bank at the Tokyo Metro-
politan Institute of Gerontology (Itabashi, Tokyo, Japan). All
of the subjects and the sampling methods were reported previ-
ously in detail (Katsuno et al., 2005). In this project, we
focused on the soluble brain fraction, which was not charac-
terized in a previous study (Katsuno et al., 2005). Briefly,
frozen tissue samples (the anterior portion of the entorhinal
cortex) were homogenized in 9 volumes of Trs-saline (TS)
buffer containing a cocktail of protease inhibitors as described
previously (Katsuno et al., 2005). The homogenates were cen-
trifuged at 265,000¢ for 20 min. One-third (0.5 ml) of the
homogenates was subjected to 2C3 immunoblot analysis.

ELISA Specific for Either ABMs or ABOs in CSF

After informed consent had been obtained, CSF samples
were collected and stored in the human resource bank of the
Department of Neurology, Okayama University School of
Medicine. All human age-matched CSF samples were ran-
domly -selected from this bank and used for this study. To
characterize the presence of ABOs in CSF, the CSF samples
were subjected to SEC as described above. To determine
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where AP was eluted, 100-pl fractions were analyzed by
ABM-specific BNT77-BA27 or BNT77-BC05 ELISA as
described previously in detail (Matsubara et al., 2004). With
regard to ELISA specific for ABOs, a chemiluminescence-
based ELISA was carried out to detect specifically ABOs, not
monomeric AP. Microplates (Maxisorp White Microplate;
Nunc, Roskilde, Denmark) were precoated with monoclonal
2C3 (IgG2b isotype) and sequentially incubated for 24 hr at
4°C with 100 pl of different samples, followed by 24-hr incu-
bation at 4°C with horseradish-peroxidase-conjugated BA27
Fab' fragment (anti-Af_yo antibody, specific for AB4q; Wako)
or horseradish-peroxidase-conjugated BC05 Fab’ fragment
(anti-ABs5.43 antibody, specific for AB4,, Wako). Chemilumi-
nescence was developed using SuperSignal ELISA Pico
Chemiluminescent substrate (Pierce, Rockford, IL) on a Veri~
tas microplate lJuminometer (Promega, Madison, WI).

Human Materials Including Brain and CSF

All human brains were used under a protocol provided
by the human studies committee for research-related use of
human materials of the Faculty of Medicine, University of
Tokyo; Tokyo Metropolitan Institute of Gerontology; Tokyo
Metropolitan Geriatric Hospital; and National Center for Ger-
iatrics and Gerontology. This research project was approved
by the local ethical committee of the Faculty of Medicine,
University of Tokyo; Tokyo Metropolitan Institute of Geron-
tology; Tokyo Metropolitan Geriatric Hospital; and National
Center for Geriatrics and Gerontology.

Statistical Analyses

‘We used factorial design analysis of variance (ANOVA)
or Student’s unpaired f-test to analyze data as appropriate.
Significant ANOVA values were subsequently subjected to
analyses of simple main effects or post hoc comparisons of
individual means using Tukey’s or Dunnett’s method as
appropriate. We considered P < 0.05 as significant for all
studies.

RESULTS AND DISCUSSION

We determined the ability of monoclonal 2C3 to
capture AP oligomers in AD-affected brains. Multiple
“saline-soluble” AP species with molecular masses corre-
sponding to those of 1-, 2-, 4-, 8-, and 12-mers were
immunoprecipitated using monoclonal 6E10 from the
cerebral cortex of the AD brain (Fig. 1A, lane 1). In
contrast, monoclonal 2C3 unequivocally retrieved
“soluble” 4-, 8-, and 12-mers from the AD brain
(Fig. 1A, lane 2), but not those from the control brain
(Fig. 1A, lane 3) under the conditions studied. These
findings clearly demonstrated that monoclonal 2C3 is
specific to ABOs, not ABMs. ,

Among the soluble oligomers identified, 12-mer
has been shown as a candidate AR assembly responsible
for plaque-independent cognitive decline in AD (Lesné
et al.,, 2006). We then assessed the levels of 12-mer in
saline-soluble fractions by immunoblotting using mono-
clonal 2C3 in 50 autopsy cases as previously reported
(Katsuno et al, 2005): the entorhinal cortices (ECs)
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Fig. 1. Soluble oligomeric 2C3 conformers exist in human brain. A:
4G8 immunodetection of 6E10 or 2C3 immunoprecipitates in sa-
line-soluble AD brain (lanes 1, 2) and control brain (lane 3). B:
Relative intensity (percentage AD) of soluble 2C3-immunoreactive
12-mer in human entorhinal cortices obtained from 50 autopsy cases
from the general aged population (Braak NFT stages 1-1I, n = 35;
Braak NFT stages [II-IV, n = 13, Braak NFT stages > IV, AD
cases, n = 2).

were obtained from two AD individuals, 35 individuals
with Braak NFT stages I-II, and 13 individuals with
Braak NFT stages III-IV. As depicted in Figure 1B,
approximately 45% and 60% levels of 12-mer (AD cases,
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100%) had already accumulated in the ECs from NCs
(Braak NFT stages I-II) and in those with mild cogni-
tive impairment (Braak stages II[-IV), respectively, sug-
gesting that the accumulation of 12-mer precedes the
appearance of cognitive impairment and increases as the
Braak NFT stages progress. These findings clearly
showed that the ECs of AD patients exhibit metabolic
conditions that accelerate AR assembly.

To assess further the disease-related metabolic con-
ditions, we focused on CSF, which mimics CNS envi-
ronments. By a novel 2C3-based ELISA specific for
sABOs and BNT77-based ELISAs specific for sABMs
(Enya et al., 1999; Funato et al., 1999), we directly eval-
uated the disease-related metabolic conditions in CSP.
To investigate the presence of native sABOs, pooled,
native, whole CSF (Fig. 2A,B) and pooled lipoprotein-
depleted CSF (Fig. 2C,D) were subjected to SEC. Total
cholesterol was detected in whole CSF fractions 7—14,
indicative of lipoprotein-associated fractions. BNT77-
based ELISAs revealed that the levels of lipoprotein-
associated APMs (fractions 7-14) in AD were similar to
normal control levels (Fig. 2A,B), whereas the levels of
lipoprotein-free AB,_4o monomers (Fig. 2A) and ARy 4
monomers (Fig. 2B) in native whole CSF were lower in
AD than in age-matched normal controls. In contrast,
ELISA of the oligomeric 2C3 conformer in pooled, lip-
oprotein-depleted CSF revealed the presence of larger
AR species in fractons 12-15 with molecular masses
ranging from 17 to 158 kDa, corresponding to 4- to-
35-mers (Fig. 2C,D). The levels of the oligomeric 2C3
conformer in each fraction appeared to be higher in AD
patients than in normal controls. To assess further the
pathological relevance of this finding, the oligomeric
2C3 conformer was measured in 12 AD patients and 13
NCs. To address the issue on the presence of any meta-
bolic conditions favoring AR assembly, ABMs were also
measured to evaluate the ABOs/ABMs ratio (the O/M
index). Interestingly, the levels of oligomeric 2C3 con-
formers composed of AB4, not ARy, are significantly
higher in AD patients than in NCs (P = 0.0103;
Fig. 1E). Noticeably, the O/M index for either ARy, or
APy is significantly higher in AD patients than in NCs:
ABsy O/M index (P = 0.0012) vs. ABsy O/M index
(P = 0.0051; Fig. 1F). Recently, Fukumoto et al.
(2010) reported a similar finding, supporting the reliabil-
ity of our finding. Another group also reported that the
levels of ABOs in CSF are significantly higher in AD
patients than in NCs (Georganopoulou et al.,, 2003).
Along with our findings, it is likely that the conversion
of lipoprotein-free monomeric soluble AP into oligo-
meric assembly preferentially occurs in AD CSF, mirror-
ing the disease-related metabolic conditions in the brain
parenchyma. In support of our findings, a similar AD-
related environmental alteration in CSF has been sug-
gested (Tkeda et al., 2010). In contrast, it has been
hypothesized that lower CSF ARy, levels in AD patients
can be ascribed to sequestration of soluble AB4, into
amyloid plaques. Several lines of evidence support this
hypothesis; for example, an inverse correlation was
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Fig. 3. Quantitation of AP, and AP4 in native and lipoprotein-
depleted CSF. The relative amounts (mean * SD expressed as the
percentage of total AP) of APy (open bars) and AP, (solid bars)
were quantitated in whole CSF (A) and lipoprotein-depleted CSF
(B) in age-matched controls (NCs) and patients with sporadic Alzhei-
mer’s disease (AD). The levels of soluble AP species were measured
by BNT-77-BA27 or BNT77-BC05 ELISA as described in Materials
and Methods. Student’s unpaired ttest revealed a statistically signifi-
cant reduction (*P = 0.0305) in the relative amount of lipoprotein-
free ARy, in sporadic AD patients.

found between CSF ARy, levels and brain amyloid bur-
den as evaluated by Pittsburgh compound B (PIB)-PET
imaging (Klunk et al,, 2004; Fagan et al.,, 2006). We
have clarified this issue by comparing the levels of lipo-
protein-free sABMs in lipoprotein-depleted CSF from
the 12 sporadic AD patients and 13 NCs. In the case of
whole CSF, the relative amounts of sSABMs were similar
in both groups (Fig. 3A). The LPD-CSF total ABM
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levels in both groups were relatively constant (302.8 =
203.1 fmol/ml in sporadic AD patients and 463.9 =
332.4 fmol/ml in NCs). In relative terms, the LPD-CSF
ABMs values represented 31.6% & 20.7% of the total
AB in sporadic AD patients and 32.2% = 13.5% of the
total ABMs in NCs. Although these relative amounts of
. total lipoprotein-associated sABMs (~70%) vs. lipopro-
tein-free sABMs (~30%) remained essentially unchanged
in sporadic AD patients, the amount of lipoprotein-free
AB4p was significantly lower (P = 0.0305) in the spo-
radic AD patients (9.3% = 3.9%) than in NCs (13.2% =
4.5%; Fig. 3B), which is in accordance with our above-
mentioned finding that the level of oligomeric 2C3 con-
formers composed of ARy, was significantly elevated in
AD patients (P = 0.0103; see Fig. 2E). Note that about
70% of CSF sABMs are normally associated with lipo-
protein particles, whereas ~90% of sABM:s that circulate
in normal plasma are associated with lipoprotein particles
(Matsubara et al., 1999). These findings clearly indicate
that the CNS constitutes a risky environment in which
the lipoprotein—sABMs interaction is impaired, leading
to AR assembly. From this point of view, a key mole-
cule to maintain monomeric sAP4, metabolism in CNS
appears to be HDL-like lipoprotein particles. A similar
intracerebral sequestration of sSABMs by an anti-Af anti-
body has been proposed to prevent the accumulation of
toxic AP assemblies (Yamada et al., 2009). In the case of
HDL, a previous study showed that AP depositions is
enhanced in PDAPP transgenic. mice under conditions
of markedly suppressed HDL (Wahile et al., 2005),
whereas AR depositions is inhibited in PDAPP trans-
genic mice under conditions of markedly overexpressed
HDL (Wahrle et al., 2008). ApoE4-HDL shows less
cholesterol exchange between lipid particles and the
neuronal membrane compared with apoE3-HDL (Zou
et al., 2002), leading to altered membrane functions,
e.g., signal transduction, enzyme activities, ion channel
properties, and conformation of sAP peptides, which
contribute to the disease-related metabolic conditions. In
this sense, the dissociation of sAPR4, from or the lack of
association with HDL-like lipoprotein particles not only
constitutes ‘a potential mechanism to initiate and/or
accelerate the cascade favoring AP, assembly in the
brain, but also results in a reduced clearance of physio-
logical lipoprotein-associated sAf4, peptides in the brain.
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Symbol Genetitle Fold  pvalue*  Fold pvalue*  PublicID . ProbesetID
Nr3cl Nuclear receptor subfamily 3, group C, member 1 112 <0001 -133  0.035 NM_008173 1421866 at
Enoll ERO (endoplasmic reticulum oxidoreductin) 1-like (S. cerevisiae) -1.08 0.001 -121 0043  BM?234652 1419029 at
Med26 Mediator complex subunit 26 -1.46 0.005 -1.62  0.007 AK017726 1452282 _at
Npdel Neural proliferation, differentiation and control gene 1 -1.12 0.008 -112 0028  NM_009849 :1418259_a_at
2900052N01Rik ~ RIKEN cDNA 2900052N01 gene -1.36 0.009 -132 0026  AU067665 1436231 at
Kifoc Kinesin family member 5C -1.32 0.009 -150  0.047 AIB44677 1450804 _at
Finb Filamin, beta -1.15 0.016 -129  0.002  AWS38200 1426750 at
Rapgefs rap guanine nucleotide exchange factor (GEF) 6 -1.10 0.017 111 0.038 BQI77183  1427412_s at
Usp3l Ubiquitin specific peptidase 31 -1.09 0.017 -119 0038  BM227430 1442099 at
Prmt3 Protein arginine N -methyltransferase 3 -1.21 0.020 -1.24  0.005 AKO008118 1431768 _a_at
Aifll Allograft inflammatory factor 1-like -1.22 0.035 -1.07  0.016 BC024599 1424263 _at
Cntn3 Contactin 3 -1.09 0.036 -113 0024  NM_008779 1420739 _at
Phif Peptidylprolyl isomerase F (cyclophilin F) -112 0.038 -118  0.008  NM_ 134084 1416940 at
Copg Coatomer protein complex, subunit gamma -116 . 0.044 -1.13 0,009 BC024686 1415670_at
Enophl Enolase -phosphatase 1 -1.10 0.044 -128 0002 BC021429 1423705_at
Smad3 MAD homolog 3 (Drosophila) -1.25 0.045 -128  0.019 BI150236 1450472 s_at
BC003266 cDNA sequence BC003266 ~1.04 0.049 -1.08 0039  NM_030252 1449189 at
Gludl Glutamate dehydrogenase 1 -1.10 0.049 -119  0.040 BI329832 1416209_at

* Paired ttest (< 0.05).

R2 mPolgl Tg~ v Z0WSE, MRECHEVTREFER Y AN L TERICER LV NP EF L TCOEETY 2 b

) Hippocampus Frontal cortex
Symbol Gene title Fold  pvalue*  Fold pvalue* PublicID  ProbesetID
N Splicing factor profine/glutamine rich (polypyrimidine tract binding protein associated) 1.26 0.003 127 0.039 BG061796 1439058_at
Erdr] protein Clone IMAGE . 3983821 2.12 0.005 198 0.022 BC021831 1427820_at
TopImi DNA topoisomerase 1, mitochondrial 1.13 0.005 119 0.002 AF362952 1460370_at
Zc3h13 Zinc finger CCCH type containing 13 118 0.006 118 0031  AWS36655 1434894 _at
Pépcl Paraspeckle protein 1 . 1.37 0.013 127 0.009 BB590675 1423192 _at
HistZh2aal Histone cluster 2, H2aal 133 0.032 148 0024  BC010564 1418367 x at
ImmP2l - Mitochondrial inner membrane protease subunit2 (IMP2-like protein). 1.38 0.039 127 0029  BB291417 1458099 at
EG633640 Predicted gene, EG633640 1.28 0.039 112 0040  BGOSSET2 1426607 _at
Sle35e1 Solute carrier family 35, member E1 1.20 0.041 121 0.038 BB041864 1434103 _at
Ube3c Ubiquitin protein ligase E3C 122 0.041 129 0019 BE690666 1444562 _at
Rbm25 RNA binding motif protein 25 118 0.042 131 0024 AT159652 1437862 _at
Ptprn2 Protein tyrosine phosphatase, receptor type, N polypeptide 2 1.16 0.045 145  0.009 U57345 1425724 _at
Polg Polymerase (DNA directed) , gamma 142 0.045 123 0007  BGO64799 1423272 at
4930447A16Rik  RIKEN cDNA 4930447A16 gene 1.28 0.046 135 0027  BB012182 1431671 at
Tradd TNFRSFIA -associated via death domain ~ 1.20 0.047 139 0.050 AA201054 1452622_a_at

% Paired ttest (< 0.05).
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PTHEH3IEERTICHIEL T, 20U X M ETT
12, 28V -2 5 R X N RS L R
b R ORIERE (BA46) %W THENL M-
EFREMBITERICED E RRBO LB LT -7,
v MEERERGY V TL T Y 7L pH ME &BIE
THREANE -V HRELSBHTHI L NREINT
W57209 pHOEERSHEEBLIAEH VT
ERRIML, BEERE25H, BeET IS AW TRE
UZee EEFICHN, BHEIZBOTRELY N LRE
BIZZ L L TWEBETFIRITa—-T5 0, Ppif,
SfhgD2DODEIZFEI—-F LTz, E5560D8
BZFLFEL ~I)Lidm Polgl Tg~ 7 A & RFIAEIC
EFEIL T (B3, SHqicdonTiEd ey 4D
DEEBZTu—THRvLr7u7 4 RICFEEL, B
WUV OFRIZIZ 6D ENE 7228, £/~
Ppif BBLL ~NLIZDWTHE, FZ2200 72— 7T
FRAENRONZERABICI Fay FY 7EEE
BFTHBIEND, WA PHACER L, &7
LG POLGIERTFEREF 2L VEEHTEm
Polgl Tg~v v A LFAROBERVER Sz &n

5, COBETHRRENMZ, WREEEOREIZE

BT3B THBEELbNI,

4, Ppif#BEBAEI MO R 7HEE
Ppifizi 2 a 7 49 D (cyclophilin D : CypD)
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Z2—F528EFTH3, CypDIZI LI v RrY
T by ZZFEL, NEMICEET S ERE
IZ#% A L C permeability transition pore (PTP) & I
N5 F v XALBEDICEE L TWAZ ENEIE X
THDY, PIPEOR TR -V AR 70— %
CEET 2 ShTwn39, I bV FY 7ok
Ca* DD AL L PN 5§ 5 2 2Rl L7
WAEES S D, HMIEEN CaBRENS ERT 5 &
BBICZ =R -2 —2MF &, Ca*h & D IR %
BT5, I bav FY 7THDCarHd, Fic
Na*t/Ca* RBIAERICL VP s ha eE L b h
TW22, CarREMNBRICEF LRI, 2o
PTPRESHEOL, I bV FY 7L Caz+ad
BiEns, I3 FY T, Z0KS5 Ik
L RISHIlIAD YA 2 a F A4 VEBRLT, &
FEISHIEA CaBE 2 HIH L T\15, ,

M VEFEE & fifEA Caz BB R % & DB %
YR, BUED & 25, B /MR LR
BN ERBRICED, CEARERERENLT
MRS 770 v o EEELEE 2O M
CatRIBERFE & L TR E s om0 JRMEEED

-~
~
~

RS L > TR B HREMENRE ST 5,

T4, PrifBEZENE I bay P Y 7S
=R T 5728, m Polgl Tg~ w7 ZAWh b HEEL
723 b3 ) 7T TCatTRDIAARGBEEREL -,
—ERED Cazta I b3V P Y 7HAELDATRETF
ERIIICARY, mPolgl Tgv Y AHFI LI FY
TCE, BER Y ZOMI bay P TIisHR,
IPITVRY THOCatH, FOERE T Car it s
BIDFIE L~ LVICR B ERSBE Sz, faEiiE
BELTHEAINATWS, YZ2uzEY YAl
CypDIHEHETHD, Y27 aiA RV VAFETT
PIPROZHHIT 5 ZEBNRENTNBED Zehb
&, mPolgl Tgvw AI +2Y RY 7 TIEPTPIC
B53% CypDBREIETIC&K D, PTPEILIASHH X
nizeEi b,

%3 mPolgl Tg~ v A LAUBMERERBETERMIC B L TEBIZRR L ~LMWEL L TWEEFEF Y 2 b

pH = 6.5 samples

(bipolar n = 18, control n = 25)

All samples
(bipolar n = 33, controln = 34)

Symbol Gene tifle Fold change pvalue® Fold change pvalue*  PublicID ProbesetID  Locus
PPIF  Peptidylprolyl isomerase F -1.20 0.016 -1.19 0.005 NM_005729 201490_s at 10q22-q23
PPIF  Peptidylprolyl isomerase F -117 0.042 -1.11 0.095 BC005020  201489_at  10q22-q23
SFPQ  Splicing factor proline/glutamine -rich 1.33 0.002 1.10 0.215 AV705803 221768 at  1p34.2

{polypyrimidine tract binding protein associated)

* ttest (< 0.05).

—97—



HAEEYEEERE

A BHEEITIZ

m Polg? Tg¥ 7 X

ﬂ

#
pil
Eﬁ
H
d
P
o
[
o
0]
o]

1 O
5s
B 10 p<0.05

2 °

Jiipend

3

B T

+

‘® 2

O

0 EEESR
By AE m Polg? Tg
YR <R
B1 mPolglTg vy AR by FUTIZET3
HNT T LB ALDTE

A Ca?TOREEICKIE L THED Ca2 TIERED R
BESELL T, KE - BRESUHR25 I b2
VP TR EBEARETHEEL, ¥XaRTH 5 251M
Calcium Green-5N & &#ME@WIZA VF2—Y 3 VL
oo SPIVEFYTIRFEBELLT20mM 7L 3 VER
2mM w4 VEBEBMLE, I3y R 7AEDOEY
MR (Ex488 nm, Em530 nm)ZHIE LA 5, BRAIRE
D Ca? g (100 nmol/mg 3 bV F U 7EHE) 2N
Uiz, =B EFLZABRAC2 L RLBI Fa vy F
UTIC X BELDARIC L DIRA TS Lz, REEER
TUAEEDI Y FY T CZTHRMEIOL LD 5
<ODERBDIZHA, m Polgl Tg v AHFDOI v
FU 7SRO AUHRTFHPEE I N,

B Ca2tOEIDIALKER, Ca2THRMBOY — 72 58N

RIOVAIZRES £ TO50%RERM% 65 TEHL,
ML 7=,

Fagk

o2k 0 B 113
5. Y787« DHEEEDmM Polg! Tg
v RAITHEBICHT B1ER

X 51 CypDPEEE AW Tm Polgl Tgv 7 A D
TEHEEICST2EHAEZEBEL 2, fENEFE L
TERMICFEHA IR TS 7Ry VA, 3
POV Y 7 TIXPTPEIOAFE T 2 2 L 23405
nTws, Zhid, EE Tolypocladium inflatum
GamsTEDRHBEW & U TEE I NI KRLAYWT
b0, 1HOT I /B LD K BBIRE Y NTF F
Thd, TOREIEEEE, MIREO ALY =2
— Y VADERICEBEDTH B, RYVNTF D
—EERETHILICKD, AV =2 -y VicH
T AEMEHRDYE, I +a Y P 7 CypDHEEH
DAERFD LS IZLzFEEk e LT, NIM811 46
FKEXhTndew, Reld, Bl tav Py 7 s
FAVA72 in vitro EER T, NIMSIL AL 2 0 AA Y ¥ A
CHBRU TR DRRE CPTPROZIH§5 2 &
RHERR L 72, .

NIMS11 &5 L 725 v PO T, BRI %
EETEBRILENRINTNEY, [KOREETH
35y 25205y ML ELREERTI L
252 NIM8IL S Y F U ARBRDRARER
BE&HEDB, m Polgl Tg~ 7 A CHEE & i Wi
BEEICELLZ2EETHIHHE SN DTSR
LARRE L7z, |

F 2T, 28O NIMSITIEEHEESIZ XS m
Polgl Tg~ U ARETHNDOEHAZHRAL 2, m
Polgl Tg ¥ U A THE ST 5 R 2dmE LT
BIEEI, B 6 BENCE D Bb o 7240 3R
EEORMTIC, BHLENSZSBEREIh LD
EDTHD, %I T, NIM81L % m Polgl Tg ¥ A
DOIERENIZ 40 mg/kg/day TS L, ZO&E LT
HEOEREIIFE LTEHEEZHK I LI A, m
Polgl Tg~ 7 A DOFAEARGH 3RFRIC B 1 A 8gEI L
TEIE, BYRSANICHANERICHE S A (K
2), ZOFERNSE, CypDEHERIINERMEEEICE
WTHRENBRE R/ OWRESTRIR I NS &4,
m Polgl Tg ¥ v ZA XN BEREOHWETLE L
T, SAREEBERD 70 OFHREEFRIC A
BIENABETH DI ENRBRINE, ZAE TR
SREREL L THEERATVWBE Y FYLRETTE
<, 77 uBRIER YIRS b e iR
ERARTILEARENTWDS, PNNRELIREBRTE
SMERTRERZT Y DV RNT EF LY R T A
VHRI IV R THEBICRENARER DI L

LEZHEDED L, CypDIEERLERICKIRE



114 - Japanese Journal of Biological Psychiatry Vol.22, No.2, 2011

A B ,
@80, 820 82 o 50 AR 00T NIMst1iEs B
1 el . %5 400+ 400
- YT S T ,
s e 9 F g00) 300
o bl L EE g — >
5 b o o b gl | N 35 200+ 200
R N Y L By mEN g © 5
T e 28 100 ke by - - 100
P e T RN 0 ) 0 s
o - Y " T ———
R b M s [ — TN -5 -10 -5 0 5 10 15 15 -10 -5 0 5 10 15
PO W 1 S N T T T n . N o At
C e i L dhioa g 6 BEFEBRALSH AT % AH D =
Lo i # ) ] HE# BERBEY SHABHE
£ TS s v — Sl aidom G - D
L aMe M S o R f L n e =
i e L ks = 4 gl i g - SREIR SR = 7 <
= Wil o 7 X = p<0.05
20 T PRI ‘m;ﬁ,. .:560- - NIMB113& &8 %3.0« -
Lot iy i 4 Bl VIR = | Iih r : -
N v i Jraey
PR ¢ |75 TR | Loy, WEARGS —;—40_ 55.2.0_ o T
oo a ki Wer D IR T T " P =
25 kil waw PR Y Y 8 [ e—, = P |
; T Wy . B e i ki s ool L10F — % - — — — o _ _
s ) it ey
W . K 1Lk TR % i Z‘ ﬂ% g =
PR I — [ R - _E "
30 Ty e TR N T e Iip °
e o 0 — — s . 0 —
B B BER #5% BE5 A5% s wE NIM811

pid=n e
B2 mPolgl Tg v v ADERE LITEIEE I T 5 NIMS1L B EREDHE

A 4EBNCHTZ B m Polgl Tg v ADE bﬁﬁb&%ﬂﬁﬂziﬁ v TR L7, NIM811 (40 mg/kg) ¥ & UVARIR 5
HeRETHRLZ GEHBBRBEISEE),
B RE5RmATEEEL L RE LTEHEEOE L, PREESEE 3 BEOBE LE 45 Ak (5t 812 6 R D H DB 8 I
£T) OflELRE TEELL (BEEZ AR TR, BETHOKIE (Delayed activity index, DAI) & UCHEIEL 7%,
FIEE6ILS % 1 H LIS L, NIMSLL B X UBHIOBERBHE 2B AL UCRE8 14 AR T 3, #5514 16 HRO DAI
WOEEEL T oy b L,
C NIM811 & K UVAAIDHRER 7 AL REHBEZ 0B, 5 16 HEZTO 7 AMO DAIEDFEY (@ : BERSEE, O
NIMS11 {358,
D #5Fnoxdd 5% "}fa@ DATEDM (@ : BHHR5E, O NIM811#58), NIMSI1 #&%ﬁmiﬁm Hflxhi- (p<
0.05 (Aspin-Welch's modified t test))

HEELTOBMIcAY A2 LBbhd, ZOEFIL -2 in the CNS. J Neurochem, 72 : 879-882.

VYA, Hie IR A RO WR R E D BR 3) Corson TW, Woo KK, Li PP, et al (2004) Cell-type

IEDRIFEZER, [OKREEDEHAA =X L %45 specific regulation of calreticulin and Bcl-2 expres-

FUNULTIRIAT 5 72 0 DS 2221 R T % sion by mood stabilizer drugs. Eur Neuropsy-

5&EBZENS, chopharmacol, 14 : 143-150.

e ARTIZEICHEA L 7- NIMS11 A 84t LTz 4) Crompton M (1999) The mitochondrial permeabili-
N2 NLT 4 AT 77—, b MBIV T ty transition pore and its role in cell death. Biochem
EEREHOZZGE2 4 Y L -BF], B L ONEET J, 341 : 233-249.

FEEUFAT ISR 3 72 220 2= SR B R SR R 4 0 5) Dubovsky SL, Christiano J, Daniell LC, et al (1989)

TR AR eI I SR L £ 7, Increased platelet intracellular calcium concentration

. in patients with bipolar affective disorders. Arch Gen
X #® Psychiatry, 46 . 632-538.

1) Boyle MP, Brewer JA, Funatsu M, et al (2005) 6) Hahn CG, Gomez G, Restrepo D, et al (2005)
Acquired deficit of forebrain glucocorticoid receptor Aberrant intracellular calcium signaling in olfactory
produces depression-like changes in adrenal axis neurons from patients with bipolar disorder. Am J
regulation and behavior. Proc Natl Acad Sci U S A, » Psychiatry, 162 . 616-618.

102 : 473-478. 7) Hansson MJ, Persson T, Friberg H, et al (2003)

2) Chen G, Zeng WZ, Yuan PX, et al (1999) The mood- Powerful cyclosporin inhibition of calcium-induced
stabilizing agents lithium and valproate robustly permeability transition in brain mitochondria. Brain
increase the levels of the neuroprotective protein bel Res, 960 : 99-111.



