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FIG 2 Formation of PrP%-seeded rPrP fibrils in the 2nd round (2nd-rPrP-fib%) and 5th round (5th-rPrP-fib>) of RT-QUIC. (A) Between each round, the
reaction mixtures from the previous reaction were diluted 100-fold into fresh rPrP. The reaction buffer contained 300 mM NaCl, 50 mM HEPES (pH 7.5), and
10 wM ThT. The rPrP concentration was 100 wg/ml. (B) TEM analysis of PrP:-seeded rPrP fibrils generated in the second and fifth rounds of RT-QUIC. Bars,

100 nm.

which was markedly higher than that of 1st-rPrP-fib> (Fig. 5B and
Table 1). Additionally, we tested the conformational stability of
2nd- and 5th-rPrP-fib> but found no significant differences be-
tween strains (Fig. 5C and D and Table 1).

P

Chandler
M BH P BH P
PK(+) PK(+)
221 Chandler

B 2oL

FIG 3 Silver staining and Western blot analysis of purified PrP*:. (A) The
purified PrP*° samples (P) were examined by silver-stained SDS-polyacryl-
amide gel analysis (left). For comparison, the electrophoretic pattern of prion-
infected BHs containing 100 p.g total protein digested with PK (20 pg/ml, 37°C
for 1 h) is shown (left). The purified PrP* samples were immunoblotted with
polyclonal anti-PrP antibody M20 (right). Molecular mass markers (lane M)
are indicated in kilodaltons (kDa) on the left side of each panel. (B) Electron
microscopy analysis of purified 22L PrP*¢ (left) and Chandler PrP* (right).
Bars, 100 nm.
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Bioassay for rPrP fibrils generated in QUIC reactions. To
determine whether the infectivity was transmitted to the rPrP fi-
brils, we performed a bioassay using wild-type mice. To prepare
the control materials, seed-only solutions containing the same
concentration of PrP*¢ as that in Ist- or 5th-rPrP-fib> were sub-
jected to a mock RT-QUIC procedure and then mixed with the
same amount of soluble rPrP (Table 2). The survival periods of
mice inoculated with 40-pl aliquots containing rPrP fibrils were
185.5 = 4.0 days postinoculation (dpi) for 1st-rPrP-fib" and
213.0 = 8.9 dpi for 1st-rPrP-fib*** (Table 2). In contrast, the at-
tack rate of these control mice was only 50% (2/4) for Chandler
and 20% (1/5) for 22L. Moreover, the survival period of the af-
fected mice was much longer than that of the mice inoculated with
1st-rPrP-fib> (Table 2). For comparison with the 50% lethal dose
(LDs,) of the original PrP*¢, the LDs of 1st-rPrP-fib> was deter-
mined from the linear regression relationship between infectious
titers and survival periods. The infectious titers (per 40 wl) of
1st-rPrP-fib“" and 1st-rPrP-fib**" were estimated to be 407.2 =
226.6 and 1,067.0 = 678.7 LD4s, respectively, whereas the titers of
the Chandler and 22L prions were 20.2 and 28.9 LD, units/40 pg
of PrP%, respectively. Because the QUIC reaction in the first
round resulted in a 20- to 37-fold increase in the infectious titer,
the seed contribution to infectivity is estimated to be about 3 to
5%. In contrast, none of the mice inoculated with 5th-rPrP-fib%
developed symptoms related to TSE (Table 2), suggesting that the
5th-rPrP-fib> has no substantial infectivity.

We analyzed by Western blotting the levels of PrP5 in the brain
tissues of mice in the terminal stage that had been inoculated with
1st-rPrP-fib% or control materials (mock 1st QUIC) and found no
apparent differences in the accumulation of PrP>® between them
and mice inoculated with mock 1st QUIC (Fig. 6A). In addition, a
conformational stability assay with GdnHCI revealed that the
strain-specific digestion pattern was preserved in mice inoculated
with 1st-rPrP-fib* (Fig. 6B).
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FIG 4 FTIR spectroscopic characterization of rPrP fibrils and purified PrP*. (A) Second-derivative FTIR spectra are shown for purified PrP%, 1st-rPrP-fib%,
5th-rPrP-fib*", spontaneously formed rPrP fibrils (rPrP-fib®*°"), and native rPrP. Overlaid spectra are from independent preparations. (B) FTIR spectra of rPrP
fibrils generated at pH 7.5 in the presence of a small amount (1 pg) of PrP*¢ and rPrP fibrils generated at pH 4 in the presence of 100 pg of PrP*,

Next, the degree of vacuolation in brain sections, including the ~ 1st-rPrP-fib> was examined histologically (Fig. 6C and D). Of
hippocampus (HI), cerebral cortex, thalamus, pons, and cerebel-  note, we found that the spongiform change in mice inoculated
lum (CE), from affected mice inoculated with 1st-rPrP-fib> or  with 1st-rPrP-fib> was less severe in the HI and CE than that in the
mock 1st QUIC and those inoculated with the second passage of ~HIand CE of mice inoculated with mock 1st QUIC strains (Fig. 6C
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FIG 5 Conformational stability assay for PrP*° in BH and rPrP fibrils. (A) Chandler-infected (top left) or 22L-infected (bottom left) BHs were treated with 0 to
3.5 M GdnHCl and subjected to PK digestion. PrP*° was detected by R20 anti-PrP polyclonal antibody. The denaturation curves were plotted using Boltzmann
curve fitting (right). (B to D) PK-digested 1st-rPrP-fib> (generated as described in the legend to Fig. 1) and rPrP-fib®*°" (B), 2nd-rPrP-fib% (C), or 5th-rPrP-fib*
(D) were analyzed by Western blotting following GdnHCI treatment (0 to 5 M). The PK-resistant fragments of the rPrP fibrils were detected by antibody R20.

TABLE 1 Conformational stabilities of purified PrP> and rPrP fibrils®

[GdnHC], > (mol/liter)

Purified rPrP fibrils
Strain Prpse Ist 2nd 5th
Chandler 3.3 2104%* 32 = 01* 3.7 £ 0.1 3.3 £0.3
22L L7 £4.3 23 = 0.6 38 Z 0.2 3:5 = L0
Spontaneous >5

“The [GdnHCl],  values (mol/liter) are means * standard deviations from three
independent experiments. Statistical significance was determined using one-way
ANOVA, followed by Student’s ¢ test. **, P < 0.01 (compared with 22L); *, P < 0.05
(compared with 22L).

October 2014 Volume 88 Number 20

and D). Furthermore, these different lesion profiles observed in
mice inoculated with 1st-rPrP-fib* were preserved upon second
passage (Fig. 6D), suggesting that the characters of 1st-rPrP-fib>
are partially distinct from those of the original strains. These find-
ings support the notion that 1st-rPrP-fib* provoke the emergence
of a mutant strain beyond seed-derived infectivity.

DISCUSSION

Recent studies show that RT-QUIC assays are useful for the sen-
sitive detection of PrP* in most species and strains, including
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TABLE 2 Bioassay for rPrP fibrils generated in QUIC reactions in wild-
type mice”

Mortality (no.
Concn of seed  Survival of dead mice/
Inoculum PrP*¢ (pg/ul)  period (dpi)®  total no. tested)
Ist-rPrP-fibch 1 1855 + 4.0*  4/4
Mock Ist QUIC (Ch)° 1 201, 220° 2/4
Lst-rPrP-fib?2t 1 213.0 = 8.9%¢  ¢/6
Mock 1st QUIC (22L)° 1 333¢ 1/5
5th-rPrP-fib<h 1x1078 >660" 0/4
Mock 5th QUIC (Ch)* 1Xx 1078 >660" 0/4
5th-rPrP-fib>2t 11078 >660" 0/6
Mock 5th QUIC 1x 1078 >660" 0/6
(22L)¢
rPrP-fib*Pen 0 >660/ 0/6

Second passage of 152.0 + 8.5 5/5
1st-rPrP-fib"

Second passage of
mock Ist QUIC
(Ch)*

Second passage of
Ist-rPrP-fib*?"

Second passage of
mock Ist QUIC
(221)"

“ Mice were intracerebrally inoculated with 40 pl of each inoculum. For the second
passage, 10% BH was used.

b Statistical significance was determined using the log rank test. **, P < 0.01 (compared
with the controls); *, P < 0.05 (compared with the controls). dpi, days postinoculation.
¢ After subjecting seed-only mixtures containing the same concentration of PrP*“ as Ist-
or 5th-rPrP-fib to a mock QUIC procedure, the same amount of rPrP was added. The
solutions were inoculated into mice as controls for rPrP fibrils.

9 Data represent means = standard deviations.

¢ Data represent the survival periods of the TSE-positive mice. All nonsymptomatic
mice were negative for PrP*¢ at 660 dpi.

/ Data represent the day postinoculation when the experiment was ended.

¢ A sample from a mouse obtained at 201 dpi was used.

" A sample from a mouse obtained at 333 dpi was used.

148.4 + 5.9¢ 5/5

153.5 + 0.6% 5/5

149.6 = 10.4%  4/4

Creutzfeldt-Jakob disease (CJD) in humans (28, 35-37), scrapie in
rodents (29, 38), and chronic wasting disease (CWD) in cervids
(39). In the RT-QUIC reaction, soluble rPrP is converted to
amyloid fibrils in a seed-dependent fashion in the presence of
PrP*¢. Previous studies using FTIR and hydrogen-deuterium ex-
change have shown that there are structural differences between
PrP*-seeded fibrils and spontaneous rPrP fibrils generated in
rPrP amplified by PMCA (7, 40). We also found that the structural
morphology (Fig. 1C), secondary structure (Fig. 3), and confor-
mational stability (Fig. 4B and Table 1) distinguish 1st-rPrP-fib>
from rPrP-fib’*°". However, it has been unknown whether rPrP
retains the conformational properties of the original PrP*¢ in the
RT-QUIC. Consistent with previous reports (7, 11), we observed
strain differences in the 3-sheet structure and conformational sta-
bility of PrP*° between the Chandler and 22L strains. Likewise, the
differences in the shape of the B-sheet spectrum between strains
were common to both PrP*¢ and 1st-rPrP-fib%. Furthermore, the
conformational stability of 1st-rPrP-fib>*" was significantly lower
than that of 1st-rPrP-fib", as was the case with Chandler and 22L
PrP%. Since the original PrP> remaining in 1st-rPrP-fib> was
equivalent to only about 0.01 to 0.02% of the PK-resistant Ist-
rPrP-fib> (1 to 2 pg/10 ug of total PrP) in our estimation, the
contribution to the FTIR spectra and the conformational stability

11798 jvi.asm.org

of 1st-rPrP-fib> are considered to be negligible. Taken together,
these studies demonstrate that at least some strain-specific con-
formational features, especially in the B-sheet region, are con-
served between PrP>° and Ist-rPrP-fib>, However, these unique
structural features disappeared in subsequent rounds.

One of the reasons for the loss of strain specificity may be due
to differences between E. coli-derived rPrP and brain-derived
PrPC. Studies using circular dichroism and 'H nuclear magnetic
resonance spectroscopy showed that the tertiary structure and the
thermal stability of bovine rPrP from positions 23 to 230 are es-
sentially identical to those of healthy calf brain-derived PrP© (41).
However, it should be noted that E. coli-derived rPrP lacks post-
translational modifications of PrP<, such as glycosylation and a
glycosylphosphatidylinositol (GPI) anchor. PrP has two N-linked
glycosylation sites at amino acids 180 and 196, resulting in di-,
mono-, and unglycosylated forms. Mature PrP is rich in the dig-
lycosylated form, whereas the glycoform ratio of PrP* is known to
vary among strains (42—44). Studies using PrP glycan-lacking Tg
mice revealed that the strain-specific characteristics of strain 79A
were affected by the glycosylation status of PrP<, but those of
strains ME7 and 301C were not (45). Meanwhile, enzymatic
deglycosylation of PrP€ failed to affect strain-specific pathological
changes in serial PMCA experiments seeded with two murine
strains, RML and 301C (46). However, the same two strains were
converted into a new single strain during serial rPrP-PMCA in the
presence of synthetic PE (27). Similarly, the emergence of mutant
strains whose lesion profiles differed from the lesion profile of the
seed strain was also observed in a bioassay using hamster rPrP
fibrils generated in seeded rPrP-PMCA (25) or 1st-rPrP-fib> (Fig.
6C and D). These results raise the possibility that the lack of a GPI
anchor in rPrP leads to alterations in strain-specific characteris-
tics. Furthermore, the cell tropisms determined by the cell panel
assay were altered in strains RML, 1394, 79A, and ME7 but not in
strain 22L when the strains were propagated in Tg mice expressing
PrP devoid of a GPI anchor (47). These studies demonstrate that
glycosylation and a GPIanchor are not necessarily required for the
propagation of prion infectivity but can influence the strain prop-
erties. Although the molecular basis of the emergence of mutant
strains remains elusive, we can speculate that the posttranslational
changes to PrP might affect the conformation of PrP*° or the in-
teraction with some cofactor(s) in a strain-specific manner.

Another possible explanation is that nonspecific rPrP fibrils are
generated during the serial RT-QUIC and replicate more rapidly
than the fibrils with strain-specific conformations. The term
“nonspecific rPrP fibrils” arises from our findings that there was
little difference in the infrared spectra and conformational stabil-
ity of 5th-rPrP-fib> between strains. It has been reported that the
propagation of prion strains in cells cultured under different en-
vironmental conditions often leads to the formation of quasispe-
cies that are assumed to be composed of a variety of conforma-
tional variants (48, 49). Once generated, the competition among
the variants is thought to occur during propagation. Indeed, two
conformational variants of rPrP fibrils have been shown to be
mutually exclusive and compete for monomeric rPrP as a sub-
strate in fibril formation (30). Furthermore, competitive amplifi-
cation of two prion strains was demonstrated by BH-PMCA (50).
Similarly, nonspecific rPrP fibrils would be expected to become
the majority if they had a selective growth advantage in the RT-
QUIC. We found that the B-sheet spectra of rPrP fibrils generated
in the presence of a small amount (1 pg) of PrP*® or rPrP fibrils
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FIG 6 Bioassay of rPrP fibrils in mice. (A) PrP* in the brains of prion-affected mice inoculated with Ist-rPrP-fib“" or 1st-rPrP-fib**" was analyzed by Western
blotting using anti-PrP antibody M20. Lanes M, mock 1st QUIC for strains Chandler and 22L. (B) The strain-specific properties of PrP* in the brains of mice
inoculated with 1st-rPrP-fib%® were examined by a conformational stability assay with GdnHCI (0 to 3.5 M). (C) Sections of the hippocampus (HI) and
cerebellum (CE), stained with hematoxylin-eosin, from healthy mice, mice inoculated with Ist-rPrP-fib*¢, and mock 1st QUIC-inoculated mice at terminal stages
are shown. Bars, 50 pm. (D) Lesion profiles of spongiform changes in the hippocampus, cerebral cortex (Cx), thalamus (TH), pons (Po), and cerebellum were
compared. Data are expressed as means = SDs (n = 3). Statistical significance was determined using Mann-Whitney’s U test. **, P < 0.01; *, P < 0.05.

generated at pH 4 in the first round were similar to those seen for
5th-rPrP-fib* (Fig. 4B). These observations also support this hy-
pothesis and suggest that the amplification of nonspecific rPrP
fibrils is accelerated by certain conditions, such as an acidic envi-
ronment. Further studies are needed to investigate whether un-
known cofactors or environmental conditions are required to
maintain the strain-specific conformations in subsequent rounds.
On the other hand, this hypothesis also explains why prion infec-
tivity was lost in the fifth round of RT-QUIC, as nonspecific rPrP
fibrils generated during the serial RT-QUIC would be noninfec-
tious. Although there remains the question as to what exactly the
conformational differences between the noninfectious and infec-
tious forms of rPrP fibrils are, the lack of cofactor molecules, such
as SDS and synthetic PE, in the RT-QUIC might enhance the
amplification of nonspecific rPrP fibrils lacking prion infectivity.
Moreover, the fact that prion infectivity is sometimes too low to be

October 2014 Volume 88 Number 20

detected and, more frequently, the fact that prion infectivity de-
clines in the serial rPrP-PMCA (24, 25) or BH-PMCA (51-53) are
consistent with the hypothesis.
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HEBAER 2T HRBOREBME - BHEES

SEICHET L, S5ICHRMER BT AR R

B CREENER EOBRKBIORBE b HE 412
HMELTWA, —HRARRIEREIS, FRARER
ExBHELERIIE S TrHRAES LTE
ENICRBHETIZE-I0ETET S,

L Lad s 7 )4 vine &0 Sl EI TR

FEIL, FRAEREREE AN 1-2 E U BEICHET L
R SELIAICEA & DIk D, SUEETIERED
AR R ERBROEIN TS Y, MK - #
HRE - BEMRECEERIGL > T 5.

SEE b7 & X IROBET OHF L vBETEICD
WTFRER T 5.

New diagnostic method, “Real-time quecking-induced conver-
sion (RT-QUIC) method”, in CSF analysis of patients with prion
disease

Katsuya Satoh, Ryuichiro Atarashi, Noriyuki Nishida

B XZEHEERETRMBES TEITSESH [T 852-8523
RISERITIRA 1-12-4 25 8F]

Department of Molecular Microbiology and Immunology, Nagasaki
University Graduate School of Biomedical Sciences (1-12-4 Saka-
moto, Nagasaki 852-8501, Japan)

2. BEOTUF L ROBHEE (F1)
(Brandel et al., 2000)

T F IRIZ BT B MR T L 1996 4 Hsich &
PR D 14-3-3 EHOEHMEE R L (Hsich et
al., 1996), 1998 4F WHO Wi OHBHEE O —
DERolilzdl, T T VIRICB BBEBRES
FEHEND LS 2% - 7 (Brandel et al., 2000) (3
1), E5IINAFT—H—E LTRY YEROER
P, 70 F VBB ARTUREN S HICEER
ENTWD, LALSZYoMIMEE )+ VRO
BT CIIBE TR O 14-3-3 EHPR Y YR OB
FEEEIZIRV (Satoh et al., 2007).

—HIMEME ) 4 Ri% 1999 4E Parchi O &
(Parchi et al., 1999) T3 7 * Y IFEEE O KAR -
REBRET7) A VERERET T MY 120 0%EICE
TLEE2DHTIATIHPEENRLLEDRTW
5 (R2)., T0O620H T84 TOFRT, HET
W EZnEEZ SR TwW5A MM2-REEE & MM2-
BRI D20 % A 712 WHO BRTELHE 2 il /- X v,
SHICHEF O 14-3-3 EHRHR Y VEHOBHSE
PRV, FD40T7 ) F VIEOMETOBEED N A
= —PNOBEEOERENEUEICR T
W5,

8512 MM2-FE BT & MM2-BRENL, S5EFT
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F1. WHO BREFEE

1 EITHEERANRAEREE
2. A 3Fsu—xRA
B HERE /DK
St R S XA B E
EBEET
ik £ PSD
R 14-3-3 ZEBHE CEEREED 2 ERIHT
HBLO,

possible CJD : (ZIZREEF & FIROBRERE*ET
A%, B EoRAERSERELZD 2w D,
EEMCHBER2EQHETCIRT2T2EHEM
EBHERY.
probable CJD : JRERR - BE ) F VEQOEH
RELR TRV, EFEEAEZRL, 55
W EOBRSEREREY RO 5. BAEMIC
it
1RU2TC2HED EBEERL, 3TIHERMNL
FptEd R o &, XId 13, BEWEI 1M1 56T,
fus@zwﬁafé%%%ﬁﬁzﬁimf%é
)
definite CJD : BSAIC BV CJD W EHEH 2 HE
FREEHETE,, ThdvzAsroyoy b
PHREMEFHIREICCEE T A Y EAIRE
EhbD. WEECD IR LEFREGEYHED
Z &,

w
W g0

PEFRAEE & DETIDHED TEETH Y, WIEZUITLL
NOFEPEETH S (MM2-1R R BN FFE 0 72
MRLEGAAEGROMR LR E R0 I D% W),
ZDI-OREEDOHNEE, 2F0H ) F VROK
RWETHLRE ) 4+ Y EHOBREE, MK E
iz MEEHES DBBTAENLEIC R Ty
5.
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3. FTUFAREER TN EREETY
PR & 1 ?

ER L2 X S ICBEET) & FEO MM2-KEE
& MM2-HARENT B0R ISR REEESET T4
WRIEATHERRAE & &R 2 LEEDH D,

EEETHIEAERIN T AN T REF TS
v ¥ A 2D Geschwind 2% 2008 £ IZFRIE L&
THY, BEAOHETITBHICRIEL R LA 179
EFNZ DWW THRE 21T o T b (Geschwind et al,,
2008). ZDIOEFFT, F)FVHREER
62%, FET V4 UIHIE38% BER LT T
F VIHBREOHTH 0% I HBEEERET, 22%
X EHOREREERMET, 6% XEERS - BIE
Thol.

% O # Josephs & Mayo Clinic * %5 L e84k
BEFZE LIRS R o - HBRENEEDOFT, BR
HAED 4 ELLROIERI TH o 72 22 FEFN OV TR
1 #4To 7> (Josephs et al,, 2009). #36% X7 oA
V72 lb - ¥ 275 (Creutzfeldt-Jakob disease :
MEEHE 7 ) & V) T& o 72745, frontal temporal
lobular dementia with motor neuron disease (TDP-43
proteinopathy) 7% 23%, tauopathy %% 9% T& o
7z,

Stoeck 5 P EREITHRIEIC DV T 10 £ M
(1998 4:-2007 4£) DBIFFE L7z 10,731 fEFI DK
T, 7Y VAT 3% MEEHERR
28%, RIEMERBIIN 7%, HEFEBETEIELN 3%,

w2 URETVA BOKE

#ETE : BEEE MM 1 MM 2 MM 2 MV1 MV 2 Vv1 Vv2
i SR CID | REE | ARE | MEECD | i | R | S
TOAVERD | vryam | vraam | vrm | vroam | ZI7AR vronm | 52750
TFsU—RXA + - - + + - +
FEAERMERE + ~ - + ih - Fh
14-3-3 ZH + + - + in + +
AT Hak o4 B ZES iRk "% i HEEME
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TUF Y ROH L BT

B EREBIIH 5% TH o 7> (Stoeck et al,,
2012). MBRMERBEOF TR, 7royng < —#
FRANEDS 37%, Bl EERREYED 7%, L ¥ —/ME
BIFRSNIE A5 14.4%, WIEARIBEE & H B HIE A 6%
ThHoi.

FEREOBFZE - MEHERIC X ) ST AE R
RIEETT Y 4 VREERTREEEE, T
A —BIAE PR A L ERMNE R Lo
MWREEMWES, BABNEL 8078 CREREER
§E, limbic encephalitis 7 & OEEBEGER COIEN

HE ) v /3E - glioblastoma 7% L OEMEE, B

EHELETH A,

NAEABRIE, limbic encephalitis 72 & O IEEEE
B OB EMNE, REBRE S 213 MR LEGRH
EBICTREEESESETZRL, SEkRHReE
BEZBET 5. INbORBERETOERED A
FR=H =TT VIREDENPBDTHEL
V., FOOBREORVRE, 0F hIRETY

FUROBERYETCHLBEE VS VEHOKBY

%, Wz EO-v MEAME» OB AEAD
BEillhoTwb,

4. BRTFEOERPONAFY—DH—E147

41 14-3-3E8

14-3-3 &8 Hsich 5 2 WEHE 7Y + V HRE
DR TSRS T ) F VR ERE & EE A0
Hax RTERRETHRE - RFT L, 14-3-3&H
rREEL, WY+ VREAE TORER - HE
B TORESE%R L7 (Hsich et al,, 1996). [4F
Zerr LSREMET ) 4 VRBE OME W % Hsich
EREER FETHTL 4-3-3 BB REL, HE
FHEFHTO14-3-3FBHOFHAMEEZR LA (Zerr et
al.,, 1996). Zerr 57 ) F VIREBEE 289 EHFIICD
WTHREHEIToTw3 (Zerretal, 1998). ®AD
Hsich & DOIRETIIREE 96%, HEFEIZ 9% TH -
7o, D% Zerr H OFRE T, WEET) A4 ¥
FRBEICBWTIX 173 FEFIH 155 FEB) (89.5%) T
iR L7 (Zerretal, 1998).

14-3-3FBHIE YAy 70y b TRF%4TS

-2223 -
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728, Pk (—BRPUERL ZRIUER) o Tna %y
N EANE) oI EE L BB EE L V. 200
KA YD Zerr bAHFLERY, 14-3-3FBHOKRE
DIEEABIE STV b,

Stoeck b W EEETERMEBZFICBIT 3
14-3-3 BEHBEOMBES  HREHEREERT
RE - BREILOWTKREFESNTWS (Stoeck et al.,
2012).

42 #WavER

1998 £ WHO 0 2 Wi £ # D IL KB W EE TIL,
BHRETIE U-3-3 EAPWHPINSHEERED
—DELTHALATWAS, AAREI—a v S5
YT F VIR — A SR N—TF, IWEES
VF URBEORMETO 14-3-3BEH YR v EH
REMICENTH B EWE LT

—77 1997 4% Otto & ITWBEMBFR K VERD
BEEESEYHEL (Otto et al, 1997), & 5122002
12 Otto 513 297 ADIMEMET Y 4 v fHEZE DK
FEHBOU3ISEHLEY VEAOLBR %
iTo72 (Otto et al,, 2002). TN bHDIWETIIHRY
TEBAVKE 94% - HEE D THAHIZ LERL,
U433 BHIVEREE - BREIBVWTERTYS
ZEERRER L

Stoeck H VR MBI THEEMERZICBITHE
7 EH (>1,300 pg/ml) BHEOMBES - HREEMN
RREAPRTER  BREILODVWTRF STV
(Stoeck et al., 2012).

A4 2004 FERFEETHRMEO R CIHRARM 2
TUINAT—RBHERS Y, ByoEQD
>1,160 pg/ml * R % & 5 L BHEETET VYA
< —BRMENFEET S, TOLDMBEET )4V
& & BT T Vo A < —BIFRANAE & BRI AN
BThreEZ, VVBALIYOEBERS VEEAD
WCERNTAIENFTARTHAZ L ERLT (Satoh
et al., 2006).

HERIE OBUES b2 0IRY VEH
DAy bET7H#E (51,300 pg/ml) BEE L7

PR LY IREES) + v HREEOREFORS
VEEVPZIICE TH B, BEETET VY
A< —BBHETIRY VB v EH LR VER




—192—

DLTENT LI EDTEETHS.

43 F&H

2010 £ DA A F1) A2 (Otto et al, 2002) 754
(Stoeck et al, 2012) % &® /%< DE A T7 ) %+
VIRBE B BT 0N F v — B — R A
RETON, BE - BRESFHREINTES =
o OMETIERE - FREIL 70-80% BETH -
7o, TROLOMLTD BT O 14-3-3 BABRE
Ly o ER (1,300 pgml) BEMEE RS RA L%
F, BT A EOEBMERLE. LALENS
CORLEEDTIRET ) 4 U IROBW A F
== ORIV A VWA LEE G ATV,
BB v —h—CHE S NS 14-3-3EH
Ry T ERIIEEMTE B b, HAELEM
DB TE B &) IR DA AA 2012 4E & D
P sz, BAERR O 14-3-3 BHOWEN /-
DOYERHR Y TEHEZMETE ) 5 ELISA F v
MECHMICHROAELRY, Iy M TEERT)
el el

5. Real-time qucking-induced conversion
(RT-QUIC) FHICLBBET UL EADBE

BHEITHRAEOR T T T VRS RN Tk
PRV, BT EPROTEETH Y, L
UPEF o TEL.

TN F R ERITREREE, T4
(PrP) &M, TUFVERBZLLEE—DY
YNNI ETHLEFR PP OAPLERERLTY
B, LT D5 Ny BEREARES R, FNEE
T4 OEREROER LRI, ZORHEIZ
FANBNG &I I2%oTWw:S (Satohet al,, 2006).

BT PP iE, EHT PP AHE LB L2 D
DT, HERE ) BET PP EEMBENICEAT
&, MIAANTEFGICEE T2 EER PP ok
HL, E#L PP 25 RED PP ~ORBEEEL
FUEND. BEEPPLEEMPP CET I/
BRECSI ISV IE R <, ZOVNBBEOANEL 5T
Wa, EHB PP I a-helixBEa £ &, WHE
WCERK2BEZ L TWE2, EFEH PP B
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sheet EBAIEH ICHE L, Z2010BELLTLR
W, BRI IR oM R .
L2L, EHEE PP DL RSN PP A ELTHE
TREADN TN IRORBETH L EEZ LT
A, BERPP R, ECHERIRBELCWAIE
FHPPIMELENLAbOT, JEE Y BE
PP AEEMBEMICBAT A L, MBATES
BICRET AIEHE PP I/EA L, EHE PP »
SEEL PP ANOHEER(LFE S NS, BE
PrP & BT PP T 7 3/ BEIRAICEVA, 20
THEBEOARNEL > T D EHEPP I
a-helix % % & h, THEETRKAHEES L
TWBHS, EHT PrP i3 B-sheet S EIEFIZE <,

ZOIHEE LT NG, BESMRESRLEC

IR EOME R . EETD S RERADLE
WA BEEE LTE—IZ, 7Y F v s
DERIZEY, B SERAICEA L7z B
FEHZ KA CEFES R UBEICERT2 Ln
FANZALHBT NG, S 5ICEEATERE

PrP 78, BEW PP ANEZELL, FNAERIIGD

ey, EHEHPSAEHUOERFSHHETT
BEVILDTHA.

EETFHE PP 2 USEEE LT, BBRENTH
EOREE PP MBS LAV THIEY
BT ENTRER T LG SN, 2RV
LHWEORBIME SN TELE, LA LERZR
DB T ) 4 Y HRIC L D BIEYRSRR S
b, MELTY F U HTOEREOBIRIEER
ERTWhhotz, —F, i QuC # (Quaking-
Induced Conversion) &9, INEMHTY F »HKic
WL CIREIREOE VBT PrP BEIEE %2 5
THIETHIL, ThAEBHWAIRE )+ V%
BEEBB AT BE T B = & 77 L7- (Chohan et al.,
2012). BFER 4 DB L 72 BR T PrP Bk iE
# (Real-time QuIC i) 137 ) F Y WO AT,
MRREHEBISHATEL L EDNE. &AL B
I EE R PrP BRSNS (Real-time QulC #: & &
&) FEEL, b 7Y vIEEE RN
DEFEHPP EHRET IR LA S0k
Bk, BEHPPEFBMERGOE (- F) &L



7 F VRO L VB ETE

AR —FE
.................................... S
Partlal unfoldmg sgg;ﬁiéon

i l u -

Detergent

RERT)F B0 RMISEEICE T HEIEAD=X L

Denaturant 6'
GPI anchir'?o ** EL‘}J_ZTL ’EL‘&E

=193 —

BRNT 17 VIILEK
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I BUOES

Sonication
Shaking
EEE | |
| | | | NN

‘@ EBEBTYAL 32184 (PrPsen/PrpQ)

| BERTA B8 (PrPres/PrP)

.

— REFEET 1« TUILER

1.

THWT, Jary ¥+ PrP (tPrP) D%tk (74
TYNERK) RS BRI HABRENTITDE,
TN (REMR) FORFEE PP ZHIEL TR
Hysen)FRTHE (M1 ICHIBEREDOET IV
#T). REL BT, BEERIEE 25720121
U= F (RFEPrP) KEFENE SIS, B
SREEEEW 72 7 4 7 ) WIER G D& (spontaneous
formation) # A REZLFR D #PHIT A& AT
EWRLETH o728, B L7,

6. b bTUFRBEDERIREN DHE

DN DOILIERT-QUIC D 7)) F VIRZH~OF
FAUEBGETALOICF—A N T TDRANVEN
K& & ILERFZE & L T blind study %47 - 7= (Atarashi
etal, 2011). 30EFI OB EMAFAIZEMNF L TD
b\, BEALFEN~—1—HlE & RT-QuIC %%
Tof. MEERTHE F—A TV TICERE AN
LEEBFREBE L. ZO&KFE. 7V 4 VRER
Tl i4/16 (875%) TRttt Z&h, —A, 77U F

VIEBICIZ 2 TEYE (0/14) THhHoZ (£3).
2012 fE |2 E 4 F 1) A D Green 5D 7 )V — 78
IHQMC&L&%%&?U?/% S W OWET & AT
\, FORRRRELTWAE (McGuire et al., 2012).
DILIZE B E, 7V F IHRIER TIE 109/123
(88.6%) THMHTHY, 7Y 4 VHEFTIE
1/103 THRFEEIZ99% Th o7z, B, bEEL L
7= 1 BN E R RED B Tdh - 1248, WEMR
HIEEhTESY, 2 AOM L-#wBAREICL
ZHARTRTIA VHROTHREDBETCE VL
#EHANTWDS. Green b DIEAKRAY % RT-QuIC #ED
EERF1E (McGuire et al,, 2012) kbbbt & It
THaED, BhsraE LT BT %recPP i3
bitbhate MEFIOLDTHLDIZH L T/HAL R
y—EFHOLORHWTWAZ L E, HESL—b
) =¥ —OBENE) ZEBBIToNE. bhibh
OEHLTWAHE (77 vy flsEt7 L — M) —
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New diagnostic method, “Real-time qucking-induced conversion (RT-QulC) method”,

in CSF analysis of patients with prion disease

Katsuya Satoh, Ryuichiro Atarashi, Noriyuki Nishida

Department of Molecular Microbiology and Immunology, Nagasaki University Graduate School of Biomedical Sciences

Hsich et al. reported 14-3-3 protein in CSF supports a diagnosis of human prion disease, and 14-3-3 protein is one of
supportive diagnostic criteria on WHO (1998). In the presence of 14-3-3 protein and total tau protein is widely used as a
surrogate marker in the pre-mortem diagnosis of human prion disease and other rapidly progressive dementia. Most
recent research report that the sensitivity of 14-3-3 protein was 43%-100%, and the specificity of 14-3-3 protein was 47%-
97%. And the sensitivity of total tau protein was 43%-100%, and the specificity of total tau protein was 47%-97%. In
other hand we recently developed a new in vitro amplification technology, designated “RT-QuIC assay”, for the detection of
PrP (Sc) in CSF of sCJD. Other group reported that CSF RT-QuIC method analysis has the potential to be a more spe-
cific diagnostic test for sCJD than current CSF tests, but their method is different from our method and their study was not
enough. Now we are analyzing for the sensitivity and specificity of biomarkers and RT-QuIC method in CSF of definite
cases of human prion disease, the number of definite cases of human prion disease is larger than that of other studies.

Address correspondence to Dr. Katsuya Satoh, Department of Molecular Microbiology and Immunology, Nagasaki University Graduate School of
Biomedicat Sciences (1-12-4 Sakamoto, Nagasaki 852-8501, Japan)
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514 Glial cells

Dynein dysfunction disrupts -amyloid clearance in astrocytes
through endocytic disturbances
Nobuyuki Kimura®®, Sachi Okabayashi®® and Fumiko Ono®*®

We showed previously that aging attenuates the interaction
between dynein—-dynactin complexes in cynomolgus
monkey brain and that dynein dysfunction reproduces age-
dependent endocytic disturbances, resulting in intracellular
p-amyloid (AB) accumulation, synaptic vesicle transport
deficits, and neuritic swelling. It remains unclear whether
such endocytic disturbances also occur in glial cells. Here,
we show that endocytic pathology, such as intracellular
accumulation of enlarged endosomes, occurs in astrocytes
of aged monkey brains. Also, Ap accumulates in these
enlarged endosomes. RNA interference studies have
shown that dynein dysfunction reproduces astroglial
endocytic pathology and disrupts Ap clearance in
astrocytes through endocytic disturbances. These findings
suggest that endocytic disturbances can alter astroglial
functions and may also be involved in age-dependent

Introduction

Increasing evidence suggests that endocytic disturbances
are involved in the pathogenesis of Alzheimer’s disease
(AD) [1-3]. We have reported previously that aging
attenuates interactions between dynein and dynactin, the
functional complex required for dynein-mediated trans-
port in cynomolgus monkey brains [4]. We also showed
that dynein dysfunction induces endocytic disturbances,
resulting in the accumulation of intracellular B-amyloid
(AB) protein, synaptic vesicle transport deficits, and
neuritic swelling [5,6]. Thus, dynein dysfunction could
be a causative factor in age-related endocytic distur-
bances, leading to AD pathogenesis.

Astrocytes are the most abundant glial cell type in the
brain. Several studies suggest that astrocytes are also
involved in the pathogenesis of AD, such as mediating
AP clearance [7,8]. However, it remains unclear whether
aging, independent of neurodegenerative disease, affects
astroglial functions.

In aged cynomolgus monkey brains, we documented the
spontancous formation of senile plaques (SPs) and
neurofibrillary tangles, both of which represent the major
pathological features of AD brains [9,10]. The observation
that the amino acid sequence of cynomolgus monkey AP is
completely homologous to human AP [11] supports the
idea that cynomolgus monkeys represent a good surrogate
model for investigating age-related A pathology.

In the present study, we investigated age-related changes
in astrocytes by using cynomolgus monkey brains. Here,
we show that endocytic pathology, such as intracellular
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accumulation of enlarged endosomes, occurs even in
astrocytes of aged monkey brains. Immunohistochemical
analyses also showed that affected astrocytes were
located near sites of cerebral amyloid angiopathy (CAA).
Moreover, RNA interference studies showed that dynein
dysfunction reproduced endocytic pathology in cultured
cynomolgus monkey astrocytes and disturbed AP clear-
ance in astrocytes through endocytic disturbances.

Materials and methods

Animals

The temporal lobes of 12 cynomolgus monkeys (Macaca
Jascicularis) were used for immunohistochemical analyses.
Of these, six brains were from young monkeys aged 4
(N=4) and 6 (N=2) years, and six were from aged
monkeys aged 26 (N = 2), 30, 32, and 36 (N =2) years.
All brains were obtained from the Tsukuba Primate
Research Center, National Institute of Biomedical
Innovation, Ibaraki, Japan.

For astrocyte culture studies, embryonic day 18 Sprague—
Dawley rats (SLC Japan, Shizuoka, Japan) and embryonic
day 80 cynomolgus monkeys were used. The embryonic
cynomolgus monkeys were also obtained from the
Tsukuba Primate Research Center. All animal experi-
ments were conducted according to the National
Institute of Biomedical Innovation rules and guidelines
for experimental animal welfare.

Immunohistochemistry
Brain samples were immersion fixed in 4% paraformalde-
hyde, embedded in paraffin, and cut into 4-pm-thick

DOI: 10.1097/WNR.0000000000000124
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sections. Sections were deparaffinized by pretreating
with 0.5% periodic acid and then incubated with rabbit
polyclonal anti-EEA1 antibody (Santa Cruz Biotechnol-
ogy, Santa Cruz, California, USA) overnight at 4°C.
Following brief washes, the sections were incubated
sequentially with biotinylated goat anti-rabbit IgG,
followed by streptavidin—biotin—horseradish peroxidase
complex (Vector, Burlingame, California, USA). Immuno-
reactive elements were visualized by treating the sections
with 3-3’ diaminobenzidine tetroxide (Dojin Kagaku,
Kumamoto, Japan). The sections were then counter-
stained with hematoxylin.

For double and triple immunohistochemistry, sections
were prestained with 1% Sudan Black B to reduce
autofluorescence. Sections were incubated overnight at
4°C in solutions containing the following primary
antibodies: mouse monoclonal anti-GFAP antibody
(Dako, Glostrup, Denmark); mouse monoclonal anti-A
antibody (82E1; IBL, Gunma, Japan); anti-EEA1; rabbit
polyclonal anti-Rab4 antibody (Santa Cruz Biotechnol-
ogy); rabbit polyclonal anti-Rab5 antibody (Santa Cruz
Biotechnology); and rabbit polyclonal anti-Rab7 antibody
(Santa Cruz Biotechnology). Sections were then incu-
bated with AlexaFluor 568-conjugated goat anti-rabbit
IgG (Invitrogen, Carlsbad, California, USA); AlexaFluor
488-conjugated goat anti-mouse IgG (Invitrogen); and
DAPI nuclear stain (Santa Cruz Biotechnology) for 1 h at
room temperature. For triple immunohistochemistry,
anti-GFAP was prelabeled using a Zenon AlexaFluor
405 anti-mouse IgG1 kit (Invitrogen). All sections were
examined using a Digital Eclipse C1 confocal microscope
(Nikon, Kanagawa, Japan).

Cell cultures

Rat and cynomolgus monkey astrocyte cultures were
prepared as described [12]. Cells were maintained in
Dulbecco’s modified Eagle’s medium with 10% fetal calf
serum. For western blot analyses, cells were plated at
2.0 x 10* cells/cm? onto six-well plates. For immunocyto-
chemical studies, cells were plated at 1.0 x 10* cells/cm?
onto two-well LAB-TEK chamber slides (Nalge Nunc,
Rochester, New York, USA).

RNA interference and Ap treatment study

For double-stranded RNA-mediated interference (RNAi)
studies, siRNAs were designed carefully by Enhanced
siDirect  (RNAi Inc., Tokyo, Japan). We used the
following short double-stranded RNAs (siRINAs) against
rodent dynein heavy chain (siDHCm) and primate
dynein heavy chain (siDHCp): siDHCm, 5'-GUAUCAGC
ACGGAGUUUUUGG-3' (sense) and 5-UCAGACACGC
UAGCAACGGAG-3 (antisense); siDHCp, 5-GAAAUCC
GAAGCACUUAAAGA-3' (sense) and 5-UUUAAGUGC
UUCGGAUUUCAG-3' (antisense).

Dynein dysfunction disrupts Ap clearance Kimura et al. 515

We also used other siRNAs to confirm their knockdown-
specific effects: siDHCm2, 5'-GCCAUUCGUGAAUACC
AGACC-3 (sense) and 5-UCUGGUAUUCACGAA
UGGCCC-3' (antisense); siDHCp2, 5-GGUGGGUG
UACAUUACGAAUU-3 (sense) and 5-UUCGUAAUGU
ACACCCACCUG-3' (antisense). The control siRINA had
a random sequence. RNAi experiments were conducted
using HilyMax lipid reagent (Wako, Osaka, Japan)
according to the manufacturer’s protocol.

For the AB treatment study, cells were treated with
AB1-40 after 72h of siRNA transfection at the final
concentrations indicated: 1 uM for western blotting and
100 nM for immunocytochemistry (AP40 was not preag-
gregated; Peptide, Osaka, Japan). For the AB clearance
study, cells were washed with 0.05% trypsin in PBS after
20 min of culture with AB. Cells were cultured another
2h and then harvested.

Cells were lysed in a sample buffer solution containing
62.5mM Tris-HCI (pH 6.8), 2mM EDTA, 0.5% Triton
X-100, 2% SDS, and a proteinase inhibitor cocktail
to extract total cellular proteins and then subjected to
western blot analyses. We used the following primary
antibodies: mouse monoclonal anti-B-actin (Sigma, St
Louis, Missouri, USA); mouse monoclonal anti-dynein inter-
mediate chain (DIC) (Millipore, Temecula, California,
USA); mouse monoclonal anti-Rab5 (Santa Cruz Biotech-
nology); anti-Ap; rabbit polyclonal anti-dynein heavy chain
(DHC) (Santa Cruz Biotechnology); and rabbit polyclonal
anti-Rab7 (Sigma). Immunoreactive bands were quantified
using commercially available software (Quantity One; PDI
Inc., Upper Saddle River, New Jersey, USA), and one-way
analyses of variance were performed, followed by the
Bonferroni/Dunn  post-hoc test. We conducted three
independent experiments (V=6 for each experimental
group), duplicating each experiment.

Cells plated on chamber slides were fixed with 4%
paraformaldehyde and then permeabilized with 0.5%
Tween 20. After blocking with 3% BSA, cells were
incubated overnight at 4°C with the following primary
antibodies: anti-DIC; anti-EEA1; anti-Af; and rabbit
polyclonal anti-LAMP1 (Abcam, Cambridge, Massachu-
setts, USA). Cells were then incubated with AlexaFluor-
conjugated secondary antibodies and DAPI nuclear stain
as mentioned above.

BDNF ELISA

We used a sandwich enzyme-linked immunosorbent assay
(ELISA) to assess brain-derived neurotrophic factor
(BDNF) production from astrocytes treated with Ap.
We used the Chemikine Brain-Derived Neurotrophic
Factor Sandwich ELISA kit (Millipore) for our ELISA
analyses according to the manufacturer’s instructions.
Culture media from rat and monkey astrocyte cultures
were harvested and then used for the sandwich ELISA
studies. We conducted three independent experiments

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

-2230 -



516 NeuroReport 2014, Vol 25 No 7

(V=6 for each experimental group), duplicating each
experiment. For statistical analyses, one-way analyses of
variance were performed, followed by the Bonferroni/
Dunn post-hoc test. Data are shown as mean+SD.

Results

Endocytic pathology in astrocytes of aged cynomolgus
monkey brains

To determine whether endocytic pathology was present
in the brains of aged cynomolgus monkeys, we immuno-
stained brain sections from aged cynomolgus monkeys
for EEA1, an early endosome marker. The intracellular
accumulation of enlarged early endosomes is a character-
istic feature of endocytic disturbances [1-3]. In aged
cynomolgus monkey brains, EEAl immunoreactivity was
increased. We also observed enlarged early endosomes in
several neural cells, confirming our previously reported
observations (Fig. 1a) [5].

To assess whether age-related endocytic disturbances
occur in astrocytes as well as in neurons, we double
immunostained brain sections for several early endosome
markers and GFAP, a marker for astrocytes. In young
monkey brains, GFAP-positive astrocytes contained small
granular early endosomes (Fig. 1b). By contrast, in aged
monkey brains, GFAP-positive astrocytes contained nu-
merous enlarged early endosomes (Fig. 1b). Clearly, the
number of early endosomes was increased. In aged
monkey brains, the immunoreactivity of Rab7, a marker
for late endosome, was also increased (Fig. 1c).

Next, we performed triple immunostaining to investigate
the relationship between astroglial endocytic disturb-
ances and AP pathology in aged monkey brains. Although
we did not find an obvious relationship between
astrocytes showing endocytic pathology and SP deposi-
tion, we did observe accumulations of AP in enlarged
early endosomes in aged monkey brains (Fig. 1d). More-
over, we observed several CAAs near astrocytes showing
endocytic pathology, and some astrocytes appeared to
envelop what looked like affected blood vessels (Fig. 1d).

Dynein dysfunction reproduces endocytic pathology

in astrocytes

We showed previously that aging attenuates the dynein—
dynactin interactions required for dynein-mediated
transport and that dynein dysfunction reproduces en-
docytic disturbances, resulting in AD-associated pathol-
ogies such as the accumulation of intracellular AP in
neuronal cells [4-6]. To assess whether dynein dysfunc-
tion also reproduces endocytic pathology in astrocytes,
we carried out RNAI studies. As we showed previously
that species differences in astrocytes exist between
rodents and primates [12], we used both rat and
cynomolgus monkey astrocytes. We chose DHGC as
the main knockdown rtarget because it is well known
that siRNAs rtargeting DHC also induce significant

downregulation of DIC, resulting in sufficient dynein
dysfunction [5,6,13].

Western blot analyses confirmed that our siRNAs success-
fully downregulated DIC in both rat and monkey
astrocytes and that the depletion of dynein induced a
significant increase in endosome-associated Rab GTPases,
such as Rab5 and Rab7, as reported previously in neuronal
cells (Fig. 2a-d) [5,6]. Immunocytochemistry confirmed
that the depletion of dynein reproduced endocytic
pathology, that is, the intracellular accumulation of
enlarged early endosomes in both rat and monkey
astrocytes (Fig. 2e and f).

Endocytic disturbances disrupt Ap clearance in
astrocytes

The amino acid sequence of cynomolgus monkey AP is
completely homologous to that of humans. Thus, to
model proposed pathophysiological processes in AD,
we used cynomolgus monkey astrocytes to investigate
whether endocytic disturbances affect astroglial functions
such as AP clearance. After 20 min of AP treatment, the
depletion of dynein failed to affect the amount of AB, as
shown in western blot analyses (Fig. 3a and b). Several
studies showed that astrocytes can generate AP
in vitro [14]. However, our western blot system failed to
recognize endogenous AP in monkey astrocytes, suggest-
ing that AP detected in this study corresponds to AR
taken up by astrocytes (data not shown).

We observed that Af clearance by astrocytes was
disrupted by the depletion of dynein 2h after AP
depletion from culture medium (Fig. 3a and b). In
control siRNA-transfected astrocytes, the amount of Af
taken up decreased significantly 2 h after AR depletion
(Fig. 3a and b). In contrast, in dynein-knockdown
astrocytes, the amount of AP taken up remained high
(Fig. 3a and b). Immunocytochemical analyses showed
that after depleting AP for 2h in control siRNA-
transfected astrocytes, AP taken up was localized to
lysosomes (Fig. 3c). In siDHCp-transfected astrocytes,
AP taken up still remained in peripheral areas of the cell
and accumulated in enlarged early endosomes, even after
depleting AP for 2h, as we observed in aged monkey
astrocytes (Fig. 3¢).

This is the first study to show that deficits in intracellular
transport  specifically disrupt astroglial AP clearance
through endocytic disturbances. Besides playing a role
in AB clearance, astrocytes also play an important role in
the production of neurotrophic factors such as BDNF
[15]. Moreover, several studies suggest that the impair-
ment of BDNF signaling is associated with onset of
AD [16-19]. In both rat and monkey astrocytes, we did
not observe any significant changes in BDNF secretion
because of dynein depletion (Fig. 3d).
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Fig. 1

Dynein dysfunction disrupts Ap clearance Kimura etal. 517

(@)
.7,}'ez!i"s- ¥

30 years

30 years

30 years

(9)

30 years

28 years

31 years

(a) Photomicrographs of temporal lobe sections from a 7-year-old (young) cynomolgus monkey and a 28-year-old (aged) cynomolgus monkey.
Sections were immunostained with anti-EEA1 antibody and then counterstained with hematoxylin. In cynomolgus monkey brains, immunoreactivity
against EEA1 increased with aging (scale bar, 50 um). (b and c) Photomicrographs of temporal lobe sections from a 7-year-old monkey and a 30-
year-old monkey immunostained for GFAP and early endosome markers such as EEA1, Rab4, and Rab5 (b), or late endosome marker Rab7 (c) with
DAPL. In aged monkey brains, enlarged endosomes were observed within cells (scale bar, 10 um). (d) Photomicrographs of temporal lobe sections
from a 28-year-old monkey and a 31-year-old monkey. The sections were immunostained for GFAP, B-amyloid (AB), and EEA1. AB accumulated in
enlarged early endosomes in astrocytes of aged monkey brains. Arrowhead shows cerebral amyloid angiopathy (scale bar, 10 um).

Discussion

In the present study, we extended our previous findings
by showing that age-related endocytic pathology also
occurs in astrocytes. New observations in this study show
that dynein dysfunction disrupts AP clearance in astro-
cytes through endocytic disturbances. These observations
suggest that endocytic disturbances can alter astroglial

functions and that they could be involved in age-related
AP pathologies.

Our immunohistochemical analyses showed that endocy-
tic pathology such as the intracellular accumulation of
enlarged endosomes occurs even in astrocytes of aged
monkey brains and AP accumulated in enlarged early
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(a) Western blots showing the amount of DIC, Rab5, Rab7, and B-actin in rat astrocytes 72 h after siRNA transfection. In dynein-depleted cells, the
amount of Rab5 and Rab7 was increased. (b) Histograms showing the effect of dynein depletion on the amounts of DIC, Rab5, and Rab?7 in rat
astrocytes. All data were normalized according to B-actin levels. Values are mean=SD (*P<0.01, **P<0.001). Y-axes show the mean values of the
quantified data. (c) Western blots showing the amount of DIC, Rab5, Rab?7, and B-actin in cynomolgus monkey astrocytes 72 h after siRNA
transfection. In dynein-depleted cells, the amount of Rab5 and Rab7 was increased. (d) Histograms showing the effect of dynein depletion on the
amounts of DIC, Rab5, and Rab7 in monkey astrocytes. All data were normalized according to B-actin levels. Values are mean+SD (*P<0.01,
*#P<L0.001). Y-axes show the mean values of the quantified data. (e and f) Photomicrographs of rat astrocytes (e) and monkey astrocytes (f)
immunostained for DIC and EEA1 72h after siRNA transfection. In dynein-depleted cells, early endosomes were obviously enlarged and had
accumulated (scale bar, 10 um). CT, cells transfected with control siRNA; DIC, dynein intermediate chain; siRNA, cells transfected with siDHCr.
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