where AR 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 Af. 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-AB,_y, antibody, specific for AB.g; Wako)
or horseradish-peroxidase-conjugated BC05 Fab' fragment
(anti-AB35_43 antibody, specific for AB,,, Wako). Chemilumi-
nescence was developed using SuperSignal ELISA Pico
Chemiluminescent substrate (Pierce, Rockford, IL) on a Veri-
tas microplate luminometer (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 wvalues 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” A 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 A 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 I-1I, n = 35;
Braak NFT stages III-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 [-II) and in those with mild cogni~
tive impairment (Braak stages III-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 CSF.
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 AR, 40 monomers (Fig. 2A) and ABy 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
AB species in fractions 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 A 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 Ay, 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:
ABs 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., 2005).
Along with our findings, it is likely that the conversion
of lipoprotein-free monomeric soluble Af 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 AR into
amyloid plaques. Several lines of evidence support this
hypothesis; for example, an inverse correlation was
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Fig. 3. Quantitation of AB4 and AP, in native and lipoprotein-
depleted CSF. The relative amounts (mean ® SD expressed as the
percentage of total AB) of A4, (open bars) and AB,s (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 AB species were measured
by BNT-77-BA27 or BNT77-BCO05 ELISA as described in Materials
and Methods. Student’s unpaired r-test revealed a statistically signifi-
cant reduction (*P = 0.0305) in the relative amount of lipoprotein-
free ABy, in sporadic AD patients.

found between CSF APy, levels and brain amyloid bur-
den as evaluated by Pittsburgh compound B (PIB)-PET
mmaging (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 sABMs were similar
in both groups (Fig. 3A). The LPD-CSF total ABM

—265—



Takamura et al.

820

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 SAPMs (~30%) remained essentially unchanged
in sporadic AD patients, the amount of lipoprotein-free
AB4y 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 AB4, 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 sABMs 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 AP assembly. From this point of view, a key mole-
cule to maintain monomeric sAf4, 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 AR depositions is
enhanced in PDAPP transgenic mice under conditions
of markedly suppressed HDL (Wahrle et al., 2005),
whereas A 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 sAB4, 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 sA4, peptides in the brain.
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TICRE SN TE EEOREEMFMIC L3 0L

EoLA_LORERLI IV FY) TDNALA LY

SEEZEOFIZE» S, EFLE L TOEBRESE L
it eELTCNWS, LT, Z2Om Polgl Tg
<y ZDOEH ARE LTEIEIC W TR S h
7= AR T E A LR B DITE S & — V DRE &
ErbEMBELUM I M EINZEELLNE, &5
TSR LT, RURMEREE R ORERER
e, RENERIREETHD Y F v L01M,
pouTalg, SEMNIFEY, AT UFEVEERE
B ZePRE SN TND, E7z, I DWICIHD
HORD 5N T B BRI D E BRMEESE
FEIIBIT LS ORBIHLTHRETAZILIZLD,
Brtis 2 SREIROBIL AR b W 2 FEA H 5, LIENC
WELLSIZ, Z0Om Polgl Tg~v o A THEX
N-HRE LITEIEEIS, UV F Y APBRIT VAR
ENEYTB I, PHIBYENRENEE
A b7z, BT, ZBRRPI ODFEISHT I RIBICD
Wik, 73 b FFY V200 mg/L % 10 HEES:
BIZ BRI S L= 24, m Polgl Tg~ U ADH
IR EREOTEEN RS %, G RARBINL, ik
ExiE» =i d, Bol -z OB EE L =515
A, BROBEATEY X4 BT 51E
EAR 5, FIRMEREEREO > DERICE L TH
EXNTWD, BiEeEEmREAOBTIZENL
TATEIELA A SN, EFLE L TORYMENTR
Nz,

 ZhEDEREM S ZDOmPolgl Tgv ™ AE32D
FUMEAW T EFLE LCHETESZ LEDA
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7zo POLGIEEFIZEEMEI PV FYTHTH
BIBMEETENMNRGREDREBETFTHD, 20
RRAETIRECHESIEE AT I L35
SHEIRTWSE, 207, TRTOIGRMEESE
DBEFIZPOLCIEEFIZEELZEODIT TIREL,
—HOBWTHRINI LV L L EETH B, %
NTHEILFIVFY TDNAEREZFHEDOYY A TH
RS &7 &5 afFEERE, MRy s
VU TBERROENDENE S e RETH I ETH
BUEECB T I LBOSTEE L MEETE 508
MaEil, KBOERESIZREITHEALPDOE
PR ERE D EE L, FROERESIEEI 0T
L, TOEBURREEDO A =X LEMS
ZEIZE > TRRMICIIREENEE 28 T5 2
EBTE, TOERERET 5 20 DENHFHE
BINFIRICHER T 2 RESEL 6N S, ‘

2. -m Polgl Tg ¥ 7 ABABEGFHRELZ

7 2T, m Polgl Tg~ 7 AWAIZHB T 5EET
REELEEEL-, SXTOREYY ZDEE,

BRI EENS & L, Affymetrixttd v 2 H

DNA~A 707 L4 %MW TS W THEER
EARTEBEFHEZRAEL:. KESED b
¥9 20,000 @DEEZTFDS B, WERIZILKL Tm
Polgl Tg< v A TliL, WISHET1I4711E, BHT
922 {HDBRFREL ARNICHERLEVIER LN
7zo ZODMERTEOEETALBEL TR, TD
55 33 BETFARGEICELL T, 51233
BETFOS 5, 1SBEFHARBICKEETZ2RL
(1), 205 b, BEICIBVWTRIAERIZELL
TWEBETFRI/ALTIILFIA PEREEE -
4 B 38{ET Nuclear receptor subfamily 3, group C,
member 1 (NR3C1) 75572, NR3CI %, Wit T
TR 7 2RI IR U CE RIS L ~L B K
TLThD, BETEEENPCREIZLSZHET
PEBICETLTWEZEAER SN (p<
0.001), ZLaa)F a4 FEEEROFERZE(IIM
D3 OEROEFRI 2RI ET LICBWTER
BB, 3 ORERZ L ARIGEICEEST S L
Ez b T\wanew, ZORES m Polgl Tgvy
ZDESEEETFLE L TOBRYMETRTS, £
72, I5BETFAREERFL (F2), RLERICE
L TOWFDRATIA YV ST 70 4 —D—DT
H5SfHgL VI BEFE o7, ERENT LI
SFPQEEFHE L ~LOZEE, DEEEEEE
RS AW O F - LA TODNAYA 70



BREMSOBBESETHE 2525 111
21 mPolgl Tgv o ADEE, FMBEEICBOTHEFEN Y 2H L TARICREL NABETFTLTOWEETFY X b
Hippocampus Frontal cortex
Symbol Gene title Fold  pvalue*  Fold pvalue* PublicID . ProbesetID
Nr3cl Nuclear receptor subfamily 3, group C, member 1 -112 <0001  -133  0.035  NM_008173 1421866 at
Eroll ERO {endoplasmic reticulum oxidoreductin) 1-like (S. cerevisiae) -1.08 0.001 -121 0043 BM234652 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 0.028  NM_009849 1418259 a_at
2900052N01Rik  RIKEN cDNA 2900052N01 gene -1.36 0.009 -132 0026  AU067665 1436231 _at
Kifsc Kinesin family member 5C -1.32 0.009 -150  0.047 Al844677 1450804 _at
Flnb Filamin, beta -1.15 0.016 -129  0.002  AW538200 1426750 at
Rapgefs rap guanine nucleotide exchange factor (GEF) 6 : -1.10 0017 -111 0038 BQI77TI8 1427412 s at
Usp31 Ubiquitin specific peptidase 31 -1.09 0.017 -119  0.038 BM227490 1442099_at
Prmt3 Protein arginine N -methyltransferase 3 ~1.21 0.020 -124  0.005 AKO008118 1431768 _a_at
Aifll Allograft inflammatory factor 1-like -1.22 0.035 -1.07 0016  BC024599  1424263_at
Cntn3 Contactin 3 -1.09 0.036 -113 0024 NM_008779 1420739 _at
Ppif Peptidylprolyl isomerase F {cyclophilin F) -1.12 0.038 -118 0008  NM_134084  1416940_at
Copg Coatomer protein complex, subunif gamma -1.16 0.044 -113  0.009 BC024686 1415670_at
Enophl Enolase -phosphatase 1 -1.10 0.044 -1.28  0.002 BC021429 1423705_at
Smad3 MAD homolog 3 (Drosophila) -1.25 0.045 -128  0.019 BI150236 1450472 s_at
BC003266 ¢DNA 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).

F2 mPolglTgw Y Z0WEE, MEECEOTHETEA Y ZIH L TERICRBEL XAUB LR L TOREETFY X b

Hippocampus Frontal cortex
Synthol Gene title . Fold  pvalue®  Fold pvalue* PublicID  ProbesetID
Shq Splicing factor proline/glutamine rich (polypyrimidine tract binding protein associated) 1.26 0.003 127 0.039 BG061796 1439058 at
Erdr1 protein Clone IMAGE : 3983821 2.12 0.005 198 0022  BC021831 1427820_at
TopImt DNA topoisomerase 1, mitochondrial 113 0.005 119 0.002 AF362952 1460370 _at
Zc3h13 Zinc finger CCCH type containing 13 : 118 0.006 118 0031  AWS36655 1434894 at
Pspel Paraspeckle protein 1 h 1.37 0.013 - 127  0.009 BB590675 1423192_at
Hist2h2aal Histone cluster 2, H2aal : 1.33 0.032 148 0.024 BC010564 1418367 x_ at
ImmP2l Mitochondrial inner membrane protease subunit 2 (IMP2-like protein).  1.38 0.039 127 0.029 BB291417 1458099_at
EG633640 Predicted gene, EG633640 1.28 0.039 112 0040  BGO686T2 1426607 at
Sle35el Solute carrier family 35, member E1 1.20 0.041 121 0038  BB041864 1434103 at
Ube3c Ubiquitin protein ligase E3C 1.22 0.041 129 0.019 BE690666 1444562_at
Rbm25 RNA binding motif protein 25 118 0.042 131 0024 A1159652 1437862_at
Piprn2 Protein tyrosine phosphatase, receptor type, N polypeptide 2 1.16 0.045 145 0.009 U57345 1425724 _at
Polg Polymerase (DNA directed) , gamma 1.42 0.045 123 0.007 BG064799 1423272_at
4930447A16Rik  RIKEN cDNA 4930447A16 gene 128 0.046 135 0027  BB(12182 1431671 at
Tradd TNFRSF1A -associated via death domain ~ 120 0.047 139 0050  AA201054 1452622 a at

* Paired ttest (< 0.05).

TUA ZHWBETREBMERICK > TEHE
ENTnB®, F7- Le-Niculescu 51EDBP (D-

~ box binding protein) /v Z 7 W b v A TOEE

FTRABER2» 5 SHoBIETFREELIZDONT
RHBIEREE - 351 BBIEAIRBL T 59,

HEE(ICH T 2EES

3. BEREBE m Polg! Tg ¥ 7 ABAEIEF

KHRPEREE DRREIZ BRI § 5 i Ay 2R 4 5k
T 57:%, m Polgl Tg v U ZDWNBETHRELE

fbzfAL, DENcRE Lk FIERRY v FLT
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OBETREMBITERE OXBEEBRE L, BE
FUTILTHHBIZEL L TWBFRALD PN
W, BT AORBEEE BEOREICHBIZH
BN TOBMEADADLEELAONEINPETH
%, XKiZm Polgl Tg~ 7 AMPY CEAERNC LB L
THEBEELL T BEFIS O TSRS TR
MTOFRBEL ~ULEFEEL 7=,

=9, m Polgl Tgv 7 Ak L MBEETHRIELL
SOUHRREIFEIZET L TWAEEETFIZONWTR by
VINTHRTEDLLIICT S0, v AHET O
—TEFEL T u-TEFEBIIERLLLEIA, b
PTCIE39EETICHY LT W, 20U X+ AT
12, ARV L —BE» bRt & h - EEE L TUEE
B E ONTEE (BA46) AW THENLNE
EFRATERICE S 2 BRED 75 72,
b BRI Y 7L pH MKW & B R
FHBSE -V HPRELEFH T ENMESNT
WA pHOWERD B EEDhBY VT
ERAV L, [EEEE 255, EEE 18% Vv TRET
Uiz, EEHFICHN, BEICBVWTHRELVANLEE
BIEL LT EBETFRI T —-T 50, Ppif,
SHhgD2DODERFEI—-F LTz, EB5DE
ZF 3 BB L ~ it m Polgl Tg~ v A L REFHAIC
HHL Tz (F3), SHelcoP0 T Ld 4D
DREBZTu—Th~v{ a7 4 FICEEL, B
WUNRLEDOFEIZE 6 DEN D 722 &, £72
Phif BBV RUAZDWTHE, FiZ22o0 7 e -7 T
BRAZEPRONIZEEECI Fa v P 7EEE
BFTHBI NG, BAPHAZIER Lz, &9
Lé POLGIBRFERARIZAVEEH TS m
Polgl Tg~v v A LEMROERVERE A &

5, ZOBERTHRRELE, TGRIERSDRHEICE

BIBAETH D EEA BN,

4. Ppif BEHIES &I AL N 7HEER

Ppifidy a7 4 Y VD (cyclophilin D © CypD)

ZaA—-FTB58EFTH5, CypDIZIbav Ry
T M)y ZICHEEL, ABRENCERETAEAE
IZHEA U C permeability transition pore (PTP) &I
HWN2F v A LHAOICES L TWA Z EMRIEXh
THH®, PIPHOR TR -2 2950 —3v 2
ICBEETH L ENTWwAY, S bay Py 7ok
Ca*DEID AR L PEHICBI 532 T ZhIiT L 7=
EARES S D, MRRENCTREX LT3 L
BBICZ=R—2 =M &, Catr &) ZHpEh%
BT5, #IZI bV FYT7THODCartix, Fic
Na**/Ca B RIC I DI S h s L& 2 6 h
Tn5H, CrREABRENICERLAFICE, 2o
PTP <DL, I +a v F U 7HALE Cattht
BHEND, S bV Py 7, 20L&k
ELBITHlERD YA Za P A4 VEBRLT, &
MR CariBE A4 L Tw b,

KA PERESE & fIREP Ca2 B RR R & D BE M +
TYFRIE, BEDL 5, BHEM/MR LN
fagflnfRIZED), GEARBRERENLT
LA I R IV AR L R (RS el =R 1 A
Ca*RIBERFE & L TRE s o0 TRMEREED
FRIC L > T BRI EEENRE ST 5,

T4, PrifBEENEI bay FY 7HgeE1L
HHERR T 5728, m Polgl Tg~ 7 ZAMh 6 BEE L
I baVF) T TCaRDIAABEAHIEL 77,
—EREDCa2 & I b IV F Y 7D ASRETF
ZRICART, mPolgl Tgv U ZAHFI bV FY
T, BEM Y A0 by Y FICbN,
IV Y THOCatA, O T Car it 5
HIDFFIE L ~NIVICR A EE BB S iz, ]
L LTCHEHIRATWS, Y7028 YA
CypDIHEHRTHD, Y270 ARY VAFHETT
PTPRICIZHIHIT 5 Z L ARENTNAED ZEnb
%, mPolgl TgwY A3 bV FY) 7TPIPIC
54 2% CypDREETIZ& Y, PTPRIL 23#05] &
hiceEzohis,

%3 mPolgl Tg~v Y A LAEMEERETLEMI B THBIIREBL A REL T EBETY 2 b

pH = 6.5 samples

All samples

(bipolar n = 18, controln = 25)  (bipolar n = 33, control n = 34)

Symbol Gene title Fold change Fold change  pvalue*  PublicID ProbesetID  Locus
PPIF Peptidylprolyl isomerase F -1.20 -1.19 0.005 NM_005729 201490 s at 10q22-q23
PPIF  Peptidylprolyl isomerase F -1.17 -1.11 0.095 BC005020  201489_at  10g22-q23
SFPQ  Splicing factor proline/glutamine -rich R 1.10 0.215 AV705803 221768 at  1p34.2

(polypyrimidine tract binding protein associated)

* ttest (< 0.05).
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H1 mPolglTg~ v AR bay FY 7ok 3
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A CaltOEEELIZIE LCIMED Ca? HERED M
BESEAL L T, BE - BEESUMB5 I b 3
VI TEBENEETHEEL, ¥XEaETH 5 25n0M

Calcium Green-5N # &EFEWREICA v F 2 X~V a3 v L

o SPIVEYTIHRIFEBELLT20mM S K I VER

2mM v L4 VYEBERML~Z, 33V FY 7INEOREY
B (Ex488 nm, Em530 nm)Z Ml LAA 5, BRAIRE
‘D Ca?t¥E (100 nmol/mg 3 b2V F U 7EQE) %M
U7z, —@MIC ERUAABACa2 L~ pary R
UTICEAMDRABIC L DRAICEHRD L7, RIS LR
TYAHEFEOI bV FY T CRTERMEIO L ~ULIZD 5
KDERBDIZHN, m Polgl Tg~v v AHFEDI by
FUZEESRICHOALFRFHEE I E,

B Ca?TOHDALKRE, Ca?tiRMBEOY — o2 55M

AMOVARLIZES £ TO0%RERERE 6 TEYL,
ML 7=,

e AEE

FREE 22525 113

5. Y7087+ DEEFEDM Polg! Tg
v ATEIRE T 3R

EHIZCypDFHEH# AW Tm Polgl Tg w7 2D
TEHREBEISTTSEREEE L2, e e L
THRMICFER IR TS 7 a X8 YA, 3
Y FY 7T PTPREOZEEST S Z & 2556
NTn%, Zhid, EHE Tolypocladium inflatum
GamsTEDGHEM L L (EE X h A RRLEWT
b0, 1IEOCT I /BEDEBZBRE)RTSFF
TH b, ZOGBHENERE, MIEEOHI LY =1
— Y UNDOIERIZKBZ 8D TH B, RYXRTFFD
—HERETHI L&D, A= -y Vo
TAEMzRDE, I b3 FY 7 CypD FHE/EH
DAEFDL ST U FEARE LT, NIM811 435
FEhTn589, JLlL, BEEI bav FyY 74
FAVAz in vitro EBE T, NIMS11 A% 7 1 ZH Y ¥ A
R LU TKDIRBE CPTPREOZME 52 &
EHER L 72, .

NIM811 ##5 L7427 v M O TIE, Bt %
BETXAZLENIRENTNEY, KOREETH
3VFYLEERDT Y S BOMEERTZE
m52em NIM8ILE U F v AREDORARER
RAE2HES5, m Polgl Tg~ 9 A TCEEIN-IEME
FEEICEPIL 2 BETEHH SN2 0 Tidamnsy
ERFE L 72,

FIT, 2HEABONIMSIIEEREIZL S m
Polgl Tg v ABHETEHNDODIEHEZHRALZ, m
Polgl Tg ¥ v A THiE ST\ 258 2850 LT
BRI, S 5 BEIZE 0 Bb o 7150 3
BEEORMEIC, BEILENSLBEIhE LV
EDTHbB, I T, NIM811% m Polgl Tg v 7 A
DIEHERNIZ 40 mg/kg/day TS5 L, ZO#E LT
FEORFIIFH L CEHES+ /I ZEZ 5, m
Polgl Tg v A DBIEABRAAT: 3BERIC BT B 8RE L
TEEE, EPERSENICSERICHE SRz (T
2), ZOERM»S, CypDHERIINEMEEICE
WOREBENEZ A/ OWURENTRR I 5 L4,
m Polgl Tg~ U A BB HEEEDOEWETLE L
T, KORESEFERD /-0 OITEIREEER IZ Ay
BZENTRETH B I EVNRBEENTZ, THhETE
DREFEELUTAHEIN TS ) F U LEZTTE
<, LT aBERIEEIPUE R S e RE
TERERT I ENREINTNS, NEELBBRTE
ENRTRRENT YD VRNTEF LY R T A
VHI bV R THEEICEEN R E O L
EEZAbLED L, CypDHEERLRARIIKIRE
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B ABSTRACT

Auvailability of neuron-specific mutant Polgl transgenic mice as animal model of bipolar disorder

Mie Kubota, Tadafumi Kato

Laboratory for Molecular Dynamics of Mental Disorders RIKEN Brain Science Institute

We hypothesized that dysfunction of mitochondria in the brain is involved in the pathophysiology of bipolar disorder
(BD) . We previously reported that neuron-specific mutant Polgl (mitochondria DNA polymerase) transgenic (Tg)
mice exhibited BD-like phenotypes and proposed that the Tg mice would be an animal model of bipolar disorder. We
examined gene expression profiles in the brains of the Tg mice using DNA microarray analysis and the obtained data were
compared with the data in the postmortem brains of patients with bipolar disorder. We found that PPIF showed similar
changes. PPIF encodes cyclophilin D (CypD), a component of the mitochondrial permeability transition pore. A CypD
inhibitor, NIMS811, significantly improved the abnormal behavior of the Tg mice. These findings suggest that CypD is a
promising target for a new drug for BD and our model mouse is useful for the development of new mood stabilizers.

(Japanese Journal of Biological Psychiatry 22 (2) : 109-116, 2011)
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B ABSTRACT

Comprehensive analysis of rare variants of mitochondrial DNA polymerase gene (POLG1) identified in patients
* with biopolar disorder o

Takaoki Kasahara, Tadafumi Kato

Laboratory for Molecular Dynamics of Mental Disorders, RIKEN Brain Science Institute

The role of genetic factors in bipolar disorder has been established. Recently, genome-wide association studies, relying
on the common disease-common variant hypothesis, showed the association of several SNPs with bipolar disorder but the
P-values and odds ratios were very low. With the development of DNA sequencing technology, an alternative hypothesis,
common disease-rare variant hypothesis, becomes testable. We focused on the POLGI gene and searched for rare variants
in 505 patients with bipolar disorder and 550 controls obtained from multi-center collaborative study in Japan. POLGI
encodes mitochondrial DNA polymerase and is one of causative genes for chronic progressive external ophthalmoplegia
(CPEQ), which is a mitochondrial disease and occasionally accompanied by mood disorders. We identified dozens of non-
synonymous variants of POLG1. We are now screening them for deleterious variants by using several methods : biochemi-
cal experiments (i vitro) , referring to clinical data of CPEO patients with POLGI variants (i vivo) , and computer pre-
diction tools (i silico) . In this article, we also discuss important issues with rare variant studies, which were noticed in
the course of our study.

(Japanese Journal of Biological Psychiatry 22 (2) @ 97-102, 2011)
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