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Abstract. Tissue amyloid plaque immuno-reactive (TAPIR) antibody was better related to the effect of immunotherapy in
Alzheimer's disease (AD) than ELISA antibody. Here we used a hybridoma technique to develop a TAPIR-like anti-human
amyloid-/3 (A ) mouse monoclonal antibody. The obtained monoclonal antibody, 3.4A 10, was an IgG2b isotype and recognized
N-terminal portion of Af; - 42 without binding denatured or native amyloid-3 protein precursor. It had higher affinity to A/ -2
than to A3 40 by Biacore affinity analysis and stained preferably the peripheral part of senile plaques and recognized the plaque
core less than 4G8. It inhibited the AS; - 42 fibril formation as well as degraded pre-aggregated A% 42 peptide in a thioflavin T
fluorescence spectrophotometry assay. The in vivo studies showed that 3.4A10 treatment decreased amyloid burden compared
1o the control group and significantly reduced A /%2 levels rather than A yolevels in brain lysates as well as the A3*56 oligomer
(12mer) in TBS fraction of the brain lysates. 3.4A10 entered brain and decorated some plaques, which is surrounded by more
Ibal-positive microglia. 3.4A10 therapy did not induce lymphocytic infiltration and obvious increase in microhemorrhage. We
conclude that 3.4A10 is a TAPIR-like anti-human amyloid monoclonal antibody, and has a potential of therapeutic application
for AD.

Keywords: Alzheimer’s discase, immunotherapy, TAPIR-like anti-amyloid antibody

INTRODUCTION ic neurodegenerative disorder that is characterized by
progressive disturbances of cognitive functions includ-
Alzheimer’s disease (AD) is the most common de- ing memory, judgment, language and so on clinically,
mentia in the elderly population. It has been estimated 20 Selective neuron and synapse losses, extracellular
that up to 5% of the population older than 65 years is senile plaques containing amyloid-3 mla (AB) de-
affected by AD (3] and the prevalence doubles approxi- Py o) 2% c‘:ﬁ' % '22“"2"8“““‘“' ey . =
mately every 5 years beyond age 65 [4). AD is achron- peéhologioally | } Abough . "
treatment for AD, based on thegmmngmdermndmg

of the pathogenesis, several novel therapeutic strategies
~Comesponding suthor: Takeshi Tabira, National Institate for gmﬁwmw‘mwﬁ@“
Loagevity Sciences, National Center for Geriatrics and Gerontology, potential methods [13]. Active and passive A im-
36-3 Genko, Morioka, Obu, Aichi 474-8511, Japan. Tel: +81 562 munotherapies can reduce AD-like pathology and im-
45 0183; Fax: +81 562 45 0184, E-mail: tabira@nils.go jp. prove cognitive performance in animal models of the
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disease [1,5,8,11,14,19,20,27] and potentially in AD
patients (7,10]. Due to the side effects (meningoen-
cephalitis) of the active immunization in a human trial
and reduced response Lo active vaccination in the elder-
ly [23,24), passive administration of anti-AJ antibod-
ies might be a more plausible approach. Hock and col-
leagues suggested that tissue amyloid plaque immuno-
reactive (TAPIR) antibodies were corresponding to the
slower cognitive decline in AD patients who received
active vaccination [10]. In this study, we developed
a TAPIR-like anti-human A3 monoclonal mouse an-
tibody by a hybridoma technique and characterized it
in vitro and also evaluated its therapeutic effects in 18
months old Tg2576 mice.

MATERIALS AND METHODS
Animals

Female BALB/c mice were purchased from Cen-
tral Science Company (Nagoya, Japan) and amyloid-
A protein precursor (AGPP) transgenic (Tg2576) mice
were purchased from Taconic Farms (Germantown,
NY, USA). They were housed in plastic cages and re-
ceived food (CE2, Clea Japan Inc., Tokyo, Japan) and
water ad libirum, and were maintained on a 12/12 hours
light-dark cycle. All experiments were performed un-
der the guidelines for Animal Experiments of National
Center for Genatrics and Gerontology and approval of
the institute’s ethical committee for animal experiment.

Antibodies

The antibodies used in this study were listed as
follows: mouse anti-human A/ monoclonal antibod-
ies: 6E10 (recognizes 1-17 amino acid residues of
AJ3, Chemicon International, Temecula, CA, USA),
4G8 (recognizes 17-24 amino acid residues of AjJ,
Signet, Dedham, MA, USA) and 12F4 (recognizes C-
terminus of A/3;_4z, Signet); mouse anti-AGPP A4
monoclonal antibody 22C11 (Chemicon Internation-
al); hamster anti-mouse CD3e monoclonal antibody
and rat anti-mouse CD19 monoclonal antibody (BD
Bioscience Pharmingen, San Jose, CA, USA); rabbit
polyclonal anti-pan A/ antibody (Biosource, Camar-
illo, CA, USA); rabbit anti-Ibal polyclonal antibody
(a gift from Dr. Imai at the National Institute of Neu-
roscience, NCNP); Cy3 conjugated mouse anti-glial
fibrillary acidic protein (GFAP) monoclonal antibody,
clone G-A-5 (Sigma-Aldrich, Saint Louis, MO, USA).

Immunization and establishment of hybridoma cell
lines

The 6--8 weeks old female BALB/c mice were immu-
nized with emulsion of 100 ul complete Freund'’s adju-
vant (containing | mg/ml mycobacterium tuberculosis
H37Ra, Difco Laboratories, Deteriot, MI, USA) and
100 g Af; 43 peptide (Peptide Institute, Inc., Osaka,
Japan) in 100 ul PBS as previously described [27] and
boosted with emulsion of 100 ul incomplete Freund's
adjuvant (Difco Laboratories)and 100 ug A3, 42 pep-
tide in 100 ul PBS 2 weeks after the immunization.
Just the day before the fusion, the mice received 100 ;g
A4 peptide in 100 1 PBS intraperitoneally. The
spleens were harvested aseptically 4 weeks after the
first immunization and the isolated splenocytes were
fused to a myeloma cell line X63-Ag8.653 at 5:1 ra-
tio in $0% w/v PEG (Hybri-Max®, MW 1450, Sigma-
Aldrich). The cell suspension was added into the
96-well plates (Becton Dickinson Labware, Franklin
Lakes, NJ, USA) at 100 ul/well. The hybridoma cells
were selected by adding 100 pl culture medium con-
taining 2 x HAT (Hybri-Max®, Sigma-Aldrich) to each
well two days after fusion. When the most growing
wells demonstrated 10 to 25% confluence, 100 pul of
culture medium from each well to be tested was used
to detect positive clones by an ELISA screening assay.
To get monoclonal antibodies, limiting dilution at 5
cells/ml in concentration was performed twice. To keep
the cells growing in the low concentration, 10% fetal
bovine serum (ICN Biomedicals, Aurora, OH, USA)
and 10% hybridoma cloning factor (BioVeris, Gaithers-
burg, MD, USA) were added into the culture medium
(RPMI medium 1640, Gibco®, Invitrogen, Grand Is-
land, NY, USA). The cells were cultured in a humidified
37°C, 5% CO; incubator.

Hybridoma screening and antibody isotyping

The 96 well ELISA plates (Nunc-lmmuno plate,
Maxisorb surface, Roskilde, Denmark) were coated
with 100 pl of 4 ug/ml AB;_4 peptide in 55 mM
NaHCOj3 solution (PH 9.0) ovemight at 4°C. Plates
were washed with 20 mM Tris-HCI, pH 7.4 containing
150 mM NaCl and 0.05% Tween20 (TBS-T) 2 times
and blocked with 1% BSA and 2% normal goat serum in
TBS-T (blocking buffer) for 1 hour at room temperature
(RT). Plates were washed 2 times and incubated with
100 p! hybridoma culture medium for 2 hours at RT.
Plates were washed 4 times and incubated with 100 ul
goat anti-mouse 1gG+I1gM (H&L)-HRPO (American
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Qualex, San Clemente, CA, USA) diluted 1:2000 in
blocking buffer for 2 hours at RT. Plates were washed
4 times and added 100 ¢l SureBlue Reserve ™ TMB
Microwell Peroxidase substrate (KPL, Baltimore, MD,
USA) and allowed to develop color in dark for 30 min-
utes at RT. The plates were read at 450 nm wave length
by a microplate reader (model 550, Bio-Rad Labora-
tories, Hercules, CA, USA) after adding 100 ul TMB
stop solution (KPL). The isotypes of the monoclonal
antibodies were detected by a mouse immunoglobulin
isotyping ELISA kit (BD Biosciences Pharmingen) ac-
cording to the assay procedure of the product instruc-
tion.

Ascites development and antibody purification

0.5 ml pristane (Sigma-Aldrich) was administrated
to 6-8 weeks old female BALB/c mice intraperitoneal-
ly one week before hybridoma injection. The hybrido-
ma cells were washed with PBS twice to eliminate fe-
tal bovine serum and suspended with PBS at 5 x 10°
cells/ml. Each mouse received 2 ml hybridoma cell
suspension intraperitoneally. The ascites was allowed
to develop for 2 weeks. If there was no ascites de-
veloped, hybridoma cell suspension was administrat-
ed to the mice again. The ascites was drained every
3 days by a 16 G needle till no ascites was drained
or the mice died. The ascites was centrifuged for 10
minutes at 1500 x g, RT. The supematants were har-
vested and kept at 4°C till purification. The mono-
clonal antibody was purified by an Affi-Gel® Protein
A MAPS® kit (Bio-Rad Laboratories) according to the
product manual and under the monitor of an AKTA
FPLC system (Amersham Biosciences AB, Uppsala,
Sweden). The purified monoclonal antibody was di-
alyzed against PBS. After 4 times dialysis, the anti-
body was filtrated by 0.22 um filter (MILLEX®-GV
PVDF syringe driven filter unit, Millipore, Cork, Ire-
land) and the concentration was measured by a BCA ™
protein assay kit (Pierce Biotechnology, Rockford, IL,
USA) with pre-diluted bovine gamma globulin (Pierce
Biotechnology) as the standard. For in vivo study, the
endotoxin was removed by a ProteoSpin ™ endotoxin
removal kit (Norgen Biotek, Ontario, Canada) follow-
ing the product manual.

In vitro characterization of the monoclonal antibody

Dot blot and western blot for detection of A3 peptide
fragments and ABPP fragments

Several A3 peptide fragments were used. Af,_2s
and Af3;-4z were purchased from Sigma-Aldrich.

ﬁﬁg{, ~35, Aﬂ]_w and Aﬁl—u ‘WEre pl.lﬂ:l'l&sﬂd from
Peptide Institute. All the peptides were dissolved in
DMSO at the concentration of 1mM. Then an aliquot
of each peptide was diluted with PBS to the final
concentration at 4 ug/ml. 100 ul of each peptide
solution was added to 0.2 pm nitrocellulose trans-
fer membrane (Whatman GmbH, Dassel, Germany)
in a dot blot device (Bio-Rad Laboratories). Then
the membrane was blocked by 5% skim milk in TBS
for 30 minutes at RT. After a short wash with dH;0,
the membrane was incubated with primary antibod-
ies (3.4A10, our anti-AS monoclonal antibody and
4G8) at 1 pg/ml in StartingBlocking™ T20 (TBS)
blocking buffer (Pierce Biotechnology) for 1 hour at
RT. The membrane was washed 3 times with TBS-T
and incubated with goat anti-mouse 1gG (H&L)-HRPO
(American Qualex) diluted 1:2000 in blocking buffer
for 1 hour at RT. After washing, the dots were visual-
ized by a western lightning chemiluminescence reagent
(PerkinElmer, Boston, MA, USA). For western blot,
100 ng of Aﬁl_u. Aﬂl_qu and Af; 42 was loaded
into 16.5% peptide SDS-PAGE gels (Bio-Rad Labo-
ratories, Tokyo, Japan) and transferred onto 0.2 pum
nitrocellulose membrane at 200 mA for | hour. The
subsequent steps were the same as dot blot. sAGPPa,
immature ASPP and mature ASPP were got from the
lysate of wild type human AGPP-transfected human
neuroblastoma SH-SY5Y cells (generous gift from Dr.
K. Takeda). 10 ul of the cell lysate was loaded into
7.5% SDS-PAGE gels (Daiichi Pure Chemicals, Tokyo,
Japan) and the bands were detected by 1 pg/ml 3.4A10
or 22C11 in blocking buffer and visualized as described
above.

Staining of A3PP-transfected SH-SY5Y living cell
Human neuroblastoma SH-SYSY cells were trans-
fected with an expression plasmid encoding wild
type human AGPP. Staining of the cell surface
AfPP ectodomains was performed as previously de-
scribed [9]. Briefly, the cells were incubated with
5 ug/ml 3.4A10, 6E10 or normal mouse IgG in culture
medium at 4°C for 30 minutes. After brief washing
with PBS, the cells were fixed in 4% paraformaldehyde
for 15 minutes, blocked, stained with Alexa-594 la-
beled Donkey anti-mouse IgG (Molecular Probes, Eu-
gene, OR, USA) at 1:500 dilution and counter-stained
the nuclei with Hoechst 33342 (Molecular Probes).
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Biacore epitope and affinity analysis

Freshly prepared 50 ug/ml A, - g0 and AS3; 43 pep-
tides in 10 mM sodium acetate buffer, pH 4.0 were im-
mobilized to the CMS5 sensor chips (Biacore AB, Upp-
sala, Sweden) according to the user manual. All anal-
yses were run on a Biacore J system (Biacore AB). For
the competitive epitope analysis, an A, ;7 immobi-
lized CMS chip was firstly saturated with 200 pg/ml
3.4A10in PBS for 5 minutes at a flow rate of 30 ul/min,
then 20:1 ratio antibody mixtures (3.4A10:6E10, 4G8
or 12F4) was injected at the same flow rate for 3 min-
utes and the response levels of each cycle were record-
ed. For the affinity analysis, 3.4A 10 at concentrations
ranging from 100 nM to 500 nM in PBS was injected
into A _ 40 or Af3) - 42 immobilized CMS5 sensor chips
at a flow rate of 30 xl/min for 5 minutes. Dissociation
of bound antibody in PBS flow was followed for 3 min-
utes and the data were analyzed by BlAevaluation soft-
ware (Biacore AB). The chips were regenerated with
- 50 mM NaOH at a flow rate of 30 ul/min for 2 minutes
after each cycle.

Thioflavin T fluorescence spectrophotometry

To determine whether 3.4A10 can inhibit AS; _42
aggregation and disaggregate pre-aggregated A3, 42,
the experiments were performed as described previous-
ly [29,30]. For the inhibition assay, the freshly prepared
25 mM Af,_42 in PBS was incubated with 2.5 mM
3.4A10 in a final volume of 25 ul at 37°C for 1 week,
and 1 ml of 5§ mM thioflavin T (Sigma Aldrich Chemie
Gmbh, Steinheim, Germany) in PBS was added to the
system and fluorescence was measured using a fluo-
rescence spectrophotometer (Model F-2500, Hitachi,
Tokyo, Japan) at an excitation wavelength of 445 nm
and an emission wavelength of 490 nm. For the disag-
gregation assay, 10 pl of 62.5 mM Aj; 4 was incu-
bated in PBS at 37°C for | week and then 3.4A10 was
added at the final concentration of 2.5 mM and the final
volume is adjusted to 25 ul. The mixture was incubated
for another 48 hours and 1 ml of 5 mM thioflavin T was
added to the mixture and fluorescence was measured as
described above, PBS without antibody was added for
the control. These experiments were repeated 3 times
and duplicated each time. The results were the means
of three independent experiments and the percentage
of the control was used as presentation.

Senile plague staining

The frozen sections of AD patient brain (with the
permission of the family for AD study) were fixed with
70% formic acid for 20 minutes at RT. After washing

with TBS-T, the sections were incubated with 0.3%
H,0;3 in methanol for 30 minutes to block endogenous
peroxidase. The sections were washed with TBS-T
and then incubated with | pg/ml 3.4A10 or 4GE in the
blocking buffer (5% skim milk in TBS containing 0.4%
Triton X-100 and 10% normal horse serum) for 1 hour
at RT. The sections were washed with TBS-T, 1:500 bi-
otinylated horse anti-mouse IgG (Vector Laboratories,
Burlingame, CA, USA) was added to the sections and
incubated at RT for | hour. Afier washing, the sections
were stained with Avidin-HRP/DAB kit (Vector Lab-
oratories). Senile plaques with or without the plaque
core were counted, and the difference between 3.4A10
and 4G8 was compared.

Passive immunization with 3.4A10

3.4A10 was administrated to 18 months old female
Tg2576 mice intraperitoneally at 10 mg/kg body weight
weekly for 8 weeks (n =4). The control group received
PBS only (n = 4).

Immunohistochemistry

After 8 weeks treatment, the mice were anesthetized
by inhalation of diethyl ether. After blood samples
were taken from heart, the mice were sacrificed by cer-
vical dislocation. The brains were removed and cut
in half sagittally. The hemisphere from each mouse
was fixed in 4% paraformaldehyde at 4°C over night.
The brains then were washed with PBS and dehydrated
with gradient concentration of sucrose, and embedded
in O.C.T. (Sakura Finetechnical, Tokyo, Japan). The
frozen sections were cut with a Leica CM 1850 cryo-
stat microtome (Leica Microsystem Nussloch GmbH,
Nussloch, Germany) at 9 um in thickness. Sections
were washed with PBS and incubated with blocking
buffer (5% skim milk in TBS containing 0.4% Triton
X-100 with 10% normal second antibody relevant an-
imal serum) for 30 minutes at RT. Sections were then
incubated at RT for 2 hours with the antibody indi-
cated below, washed with TBS-T, incubated with rel-
evant biotin conjugated second antibody for 2 hours
at RT, washed with TBS-T again, and stained by the
avidin-biotin HRP/DAB method. The primary anti-
body against CD3e and CD19 were used at | pg/ml.
Af plague-containing sections were stained with rab-
bit polyclonal anti-pan A antibody at | ug/ml. The
samples were counterstained with hematoxylin.

A quantitative analysis of amyloid burden was per-
formed by using a Winroof software (version 5.7, Mi-
tani, Fukui, Fukui Ken, Japan) in the whole cortex and
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hippocampus. AJ burden was expressed as the per-
centage of brain tissue occupied by Af deposits. Three
immunolabeled sections were analyzed per mouse, and
the average of the individual measurements was used
to calculate group means.

Immunofluorescence staining

To prove peripherally administrated 3.4A 10 had en-
tered the brain, the brain sections were firstly stained
with 1 pg/ml rabbit anti-pan A3 antibody in block-
ing buffer (10% normal donkey serum and 2% bovine
serum albumin in TBS) for 1 hour at RT following
30 minutes incubation with blocking buffer. After 3
time washes with TBS-T, the sections were incubat-
ed with 1:500 Alexa 594-labeled donkey anti-mouse
IgG antibody and 1:500 Alexa 488-labeled donkey anti-
rabbit IgG antibody (Molecular Probes) for 1 hour at
RT. After washing, the fluorescence was observed by
a Olympus 1X70 microscope (Olympus, Tokyo, Japan)
and recorded by a Nikon digital camera DXM1200F
(Nikon, Tokyo, Japan).

To evaluate activation of microglia, the sections were
stained with | pg/ml rabbit anti-microglia polyclon-
al antibody (Iba-1), the microglia and senile plaques
were visualized with 1:500 Alexa 488-labeled donkey
anti-rabbit IgG antibody and Alexa 594-labeled donkey
anti-mouse IgG antibody and the images were recorded
by a Zeiss LSM510 image system (version 2.3, Carl-
Zeiss Co., Lid, Tokyo, Japan). The numbers of mi-
croglia associated with 3.4A10 positive and negative
plagues were counted, and the average cell number per
plaque was compared. The astrocytes were stained by
1:500 Cy3-conjugated mouse anti-GFAP monoclonal
antibody. The fluorescence was observed and recorded
as described above.

Berlin blue staining

To detect the hemorrhagic lesion in the mouse brain
sections, Berlin blue stain was used. Briefly, brain sec-
tions were stained in potassium ferrocyanide solution
(2% potassium ferrocyanide: 2% Hydrochloric acid =
1 vol:1 vol; Muto Pure Chemicals Co., Lid, Tokyo,
Japan) for 30 minutes at RT. After washing in distilled
water, sections were incubated in Kemechtrot stain so-
lution (Muto Pure Chemicals) for 2 minutes. The pos-
itive blood vessel numbers were counted in 3 sections
per mouse, and average of the individual measurements
was used to calculate group means.

ELISA measurements for A3 levels in brain tissue
lysate

The samples for measurement of insoluble and sol-
uble A3 was prepared as previously reported [8,20].
The brain hemispheres of both therapeutic and control
groups were homogenized with a homogenizer in | ml
of TBS with complete protease inhibitor plus 20 pg/ml
pepstatin A (Roche Diagnostics GmbH, Mannheim,
Germany), then centrifuged at 100,000 g for 1 hour at
4°C using an Optima TLX ultracentrifuge (Beckman-
Coulter, Fullerton, CA, USA). The pellets were homog-
enized in 1 ml of 2% SDS/TBS with complete protease
inhibitor, then centrifuged at 100,000 g for 1 hour at
25°C following 15 minutes incubation at 37°C. The
pellets (corresponding to insoluble fraction of A# pep-
tides) were homogenized in 1 ml of 70% formic acid
and centrifuged at 100,000 g for | hour. The super-
natants were neutralized with | M Tris-HCI, pH 8.0 at
1:20 ratio. The samples were kept in —80°C. The A
levels of SDS-fraction and formic acid fraction were
quantified with an A3 ELISA kit (Wako Pure Chem-
icals Industries) according to the product instruction.
The supernatants were diluted with standard dilution
buffer at 1:2000 (Af;_40) or 1:400 (A3 _42). The
obtained values were corrected with the wet weight
of each brain hemisphere samples and expressed as
nmoV/g brain.

Western blot for detection of A8 oligomers in TBS
Jfraction of brain lysate

For analysis of Af oligomers in the soluble fraction
of mouse brain lysate, 10 ul of each TBS fraction of
soluble brain lysates was loaded to 15/25 SDS-PAGE
gel (Daiichi Pure Chemicals) and transferred to 0.2 ym
nitrocellulose membrane. The bands were detected
with 6E10 at 1: 2000 dilution and HRP-conjugated
goat anti-mouse IgG (H&L) at 1: 5000 dilution and
visualized as described above. The size of the bands
was determined by using Alpha Ease FC software (Al-
pha Innoteck, San Leandro, CA, USA) based on the
molecular weight of the standard.

Statistic analysis

All results were expressed as the mean + SD except
mentioned otherwise. The difference of the two groups
was analyzed with Student’s t test.
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Fig | 3.4A10 had mgher affinity 10 A —42 and did not bind native or denatured ASPP fragments. A) 400 ng of different A5 fragments were
immohilized onto the nitrocellulose membrane, | pug/ml 3.4A10 or 4G8 was used to detect the dots. 3.4A10 recognized Al — 25, A — 40 and
Ay 43 with an increasing signal density and did not bind Ads - 35 and A B34 - 42 (data not shown). B) As a positive control, 4GB recognized
Ay _28. ADy 40 and AS) _ 42 with an equal signal density. C) The western blot results showed that 3.4A 10 recognized Af - 43 monomer
better than A - 4o monomer, and did not recognized A 28 monomer. D) 3.4A10 did not recognize the denatured sASPPa, immature
ASGPP and mature A PP separated on SDS-PAGE from cell lysate of human neuroblastoma SH-SY5Y cells transfected with wild type human
A PP, while as a positive control anti-A PP N terminal-specific antibody 22C1 1 recognized these bands. 1. mature A JPP; 2, immature AGPP;
3, sAGPPa: *, 100 kD, E) 3.4A10 did not bind native AFPP that was expressed on the surface of human neuroblastoma SH-SYSY cell line
transfected with wild type human AJPP by a living cell staining assay, 6E10 as a positive control (F), normal mouse 1gG as a negative control

(G). Bar = 20 pm: Blue, Hochst33342; Red. ASPP.
RESULTS

One IgG2b secretary hybridoma cell line was
established

Each immunized spleen was used to perform one fu-
sion. Totally 5 fusions were performed, and 8 anti-Aj3
antibody secretory hybridoma cell lines were detected
by an ELISA screcning assay. The monoclonal hy-
bridoma cell line was established by twice limiting di-
lution. Then the isotype assay was performed. One cell
line 3.4A10 was an lgG2b isotype, while others were
an IgM isotype, and the clone 3.4A 10 was investigated
further in this study.

Results of in vitro studies

3.4A10 recognized N-terminal epitope of A3y —a2

To analyze the epitope of 3.4A10, the different A4
fragments were used firstly. Even though same amount
of peptides was loaded to the membrane or SDS-PAGE
gel, 3.4A10 had different signal density to the dif-
ferent peptide. Dot blot results showed that 3.4A10
rucugmzcd AB 28, ABi—n and AB)_ 42 with an in-
creasing signal density (Fig. 1A) and did not recognize
ABas_ 35 and Ay 42 (data not shown), while as a
positive control 4GR recognized A3, 25, Ay —40 and
A - 42 with a similar signal density (Fig. 1B). 3.4A10

bound A, . s» monomer with much higher density than
Af _gomonomer and did not recognize the A3, 25
monomer on western blot (Fig. 1C). The epitope of
3.4A10 cannot be determined according to the data as
above mentioned, to clucidate the epitope further, Bi-
acore competitive epitope analysis was used. Biacore
data showed that after saturation of Ajd; ;3 immobi-
lized CM5 chip with 3.4A10, only the antibody mixture
which contained 6E10 did not increase the response
level, while the antibody mixture which contained 4G8
or 12F4 could increase the response levels (>2000 IU)
(Table 1). This data suggested that 3.4A10 competi-
tively inhibited binding of 6E 10 to the sensor chip and
its epitope located in the N-terminal portion of A3, 42
as 6E10 did.

3.4410 had higher affinity to A3 _ 42 than AP _s0

Biacore affinity analyses were performed to measure
the afﬁnily of 3.4A10 to A _4 and APy —43. The
Biacore binding curves obtained using concentrations
of 3.4A10 from 100 nM to 500 nM were analyzed
assuming a one to one interaction by a Bl Aevaluation
software. The dissociation constants (KD) of 3.4A10
to Ay 40 and A3, _ 42 were 3.77 x 10 “8 M and 5.64
%1071 M, respectively (the x* of the two analyses
were 10.4 and 11.7, respectively) (Table 2). These data
were consistent to the results of dot blot and western
blot as well as the results of senile plaque staining as
mentioned below.
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Table 1
Biacore competitive epitope analysis of 3.4A10
Cycle | Cycle 2 Cycle 3
bascli 3JAAID  with 6E10 baseli JAAID  with 4GB bascline  3.4A10  with 12F4
Responsc level (RU) 30016 79378 79271 27505  B620.0 106846 27527 #6024 10937.7

The A8y _ 42 immobilized CMS5 sensor chip was firstly saturated with 200 ug/ml 34A10 in PBS, then a 20:1 mtio antibody mixture
(3.4A10: 6E10, 4G8 or 12F4) was injected and the response levels of each cycle were ded. Results showed that 3. 4A10 compesed
binding site with 6E10, as & result there was no increase in response levels afier antibody mixture injection, while 3.4A10 did not
compete binding site with 4G& or 12F4, so after injection of antibody mixture, there was an increase in response levels (>2000 RU).
The result suggests that the epitope of 3.4A 10 exists in the same region as that of 6E10.

Table 2
Dissocistion constant of 3.4A10 10 A _ 40 and A _43

Abi-s0 Abi-q2
Dillociiﬁmmtlnt[KD] 377 x10°M 564 x10 1M
; 10.4 1.7
The Biscore binding curves obtained ioms of
!4A|D&mlmmwman1mlymdmlm
o one ion by BlAevaluati fa The data show that

3.4A10 has more affinity to Ay 42 than to Afly 40.

3.4A410 did not bind ABPP fragments

One of TAPIR antibody’s features is that the antibody
does not recognize both native and denature A/PP frag-
ments. Western blot results showed that 3.4A10 did not
recognize the denatured sA 3PPa, immature AGPP and
mature A GPP separated on SDS-PAGE from the lysate
of human neuroblastoma SH-SY5Y cells transfected
with wild type human ASPP, and mouse anti-A3PP
A4 monoclonal antibody 22C11 was used as a posi-
tive control (Fig. 1D). To demonstrate that 3.4A10 did
not bind native AFPP, a living cell staining was used.
The results showed that 3.4A10 did not recognize the
native A/PP that expressed on the surface of the cells
(Fig.1E), while as a positive control 6E10 stained the
cells (Fig. 1F).

3.4A410 inhibited AB, _ 4 fibrillar aggregation and
disaggregated pre-aggregated A 42

To determine whether 3.4A10 has an effect on inhi-
bition of A3 _ 42 aggregation, 3.4A10/freshly prepared
A3 _ 4o was incubated at 1:10 molar ratio at 37°C for
1 week. 3.4A10 inhibited A3, _ 42 aggregation to 36,7
+ 0.67% of the control (PBS only without antibody)
by a thioflavin T fluorescence spectrophotometry as-
say (Fig. 2A). To elucidate the solubilization effect of
34A10 on A3y 42, 3.4A10 was also incubated with
pre-aggregated A3, _ goabout 1:10 molar ratio at 37°C
for 2 days, and the results of fluorescence spectropho-
tometry assay showed that 3.4A10 reduced 490 nm
emission value of pre-aggregated A, _4; by 223 =
3.48% compared to the control (Fig. 2B).

3.4410 recognized less senile plague core than 4G8

Consecutive AD brain sections were cut, and 3 pairs
of the sections 100 ym apart were stuined with 3.4A10
or 4G8. The 3.4A10 stained both classical and diffuse
plaques in a similar pattern with 4GS, but only 7.5 +
1.57% of the plagues had the core, while 4G8 stained
the core in 14.93 + 2.7% of the plaques (P < 0.05)
(Fig. 3). To confirm this result, we stained another 3
pairs of the sections and got similar results (data not
shown).

Therapeutic effects of 3.4410

One mouse in the treatment group died after receiv-
ing 4 times injection due to an unknown reason. So at
the end point of the experiment, 3 mice in the thera-
peutic group and 4 mice in the control group enrolled
in further studies.

3.4410 reduced the amyloid burden

The effect of 3.4A 10 administration on development
of an AD-like neuropathology in Tg2576 mice was in-
vestigated by a quantitative image analysis. Adminis-
tration of 3.4A10 for 8 weeks resulted in marked reduc-
tion of amyloid burden in cortex and hippocampus com-
pared with the control group (Fig. 4A). The mean value
of amyloid burden in therapeutic group (cortex: 0.31 £
0.09%, hippocampus: 0.59 + 0.08%) was significantly
reduced compared with the control group (cortex: 0.72
+ 0.23%, hippocampus: 0.99 + 0.25%, P < 0.05)
(Fig. 4B).
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Fig. 2. 3.4A10 inhibited Ay 42 fibrillation and degraded
pre-aggregated A% —42 by thioflavin T-based fluorescence spec-
trophotometry. A) The freshly prepared 25 mM Ay 42 in PBS was
incubated with 2 5 mM 3 4A10 in a final volume of 25 ul at 37°C
for | week, and | mi of 5 mM thioflavin T was added 1o the system
and fluorescence was measured at an excitation wavelength of 445
nm and an emission wavelength of 490 nm. The results showed that
3 4A10 decreased the fluorescence to 36.7% =+ 0.67% of the control,
B) For degradation assay, 3.4A10 was incubated with pre-aggregated
A1 -4z about 1;10 molar ratio at 37°C for 2 days, and fluorescence
spectrophotomiry assay showed that 3.4A10 reduced 490 nm emis-
sion value of pre-aggregated A% 43 by 22.3 + 3.48% compared to
the control. The figure shows the values (mean £ SD) of an example
of similar results.

The reduced amyloid burden was further confirmed
by a quantitative ELISA measurement for the A7 43 and
A 349 contents in brain lysates. The results showed that
Az levels of the 3.4A10 therapeutic group in both
SDS-soluble fraction and formic acid (non-soluble)
fraction were decreased significantly compared with
the control group (41.86 + 2.64 nmol/g and 53.06 +
4,99 nmol/g for SDS-soluble fraction of the therapeutic
and the control group, respectively, p = 0.017; 682,91
+ 107.17 nmolg and 1,040.40 + 212.21 nmol/g for
non-soluble fraction of the therapeutic and the control
group, respectively, p = 0.046). While 3.4A10 ther-
apy less interfered with the A5y, levels compared to
the control group (109.26 + 39.91 nmol/g and 118.71
4+ 13.89 nmol/g for SDS soluble fraction of the ther-
apeutic and the control group, respectively, p = 0.67;
3,331.29 = 2135.03 nmol/g and 5,485.44 + 2620.58
nmol/g for non-soluble fraction of the therapeutic and

n
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Fig 3. 34A10 recognized less plaque cores than 4G8. Pairs of
consecutive frozen sections of AD patient brain were stained with
I ug/ml 3.4A10 or 4G8. 3.4A10 stained preferably the peripheral
zone of senile plagues in the similar pattern with 4G8 and recognized
less plague cores compared with 4G8. The percentage of cored
plagues was comparcd b 3.4A10and 4GB (7.5 £ 1.57% versus
14.93 4+ 2.7%). Scale bar represents 100 pm, * P < 0.05.

the control group, respectively, p = 0.30) (Fig. 4C).
The A/ oligomers in TBS fraction were detected by
western blot. 3.4A10 therapy resulted in a reduction in
the contents of A#*56 (12mer) compared to the con-
trol, while no apparent effects on other A/7 oligomers
(Supplementary Fig. 1).

No lymphocytic infiltration and no obvious increase of
microhemorrhage in the brain of 3.4A10-treated mice

The lymphocytic infiltration was investigated in the
brain of Tg2576 mice treated with 3.4A10 by stain-
ing with hematoxylin and cosin (HE) and by immuno-
histochemical staining with antibodies against CD3e
and CD19, the markers of mature T-lymphocyte and
B-lymphocyte, respectively. There were no histolog-
ical or immunohistochemical differences in the brain
sections between the therapeutic and the control groups
(Fig. 5A-F).

The brain microhemorrhage is reported as an adverse
side effect of passive immunotherapy in AGPP trans-
genic mice due to the increased vascular amyloid bur-
den [25,26]. There was slightly increased microhemar-
rhage in the therapeutic group by counting the Berlin
blue-positive blood vessels but it was not statistically
significant (1.67 £+ 1.17 versus 0.42 + 0.21, P =0.27).
The Berlin blue-positive blood vessels of both groups
were shown in Fig. 5G-H.
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Fig. 4. 3.4A10 reduced the brain amyloid burden. A) Pan A5 saming in sagittal brain nmmsahuwed that 3.4A 10 therapy reduced the amyloid
burden markly compared to the control. The upper two pi the hipp P gy cortex of the 3.4A 10 therapeutic and the
wmlpwplnalmmlgn:ﬁuummﬂplmutn-dmmmmemgmmlhmmmmd:ﬁmbctmwmm & ¢ conex; b,
d: hippocampus, scale bar = 100 um. B) The percentage of the area occupied by A7 deposits in the brain section, which was determined by a
quantitative image analysis. 3 4A10 therapy significantly reduced the amyloid burden in cortex. and hippocampus compared to the control group.
* P < 0.05. C) The results of a quantitative ELISA for Ay0 and A 42 contents in the SDS-soluble and formic acid fractions of the brain lysate.

FA, formic acid. The 3 4A10 therapy significantly reduced A4z levels in both fraction and less interfered with A Gy levels.

3.4410 entered the brain and decorated some plaques
which were surrounded with more Ibal-positive
microglia

Alexa 594-labeled donkey anti-mouse IgG anti-
body was used to detect whether 3.4A10 could enter
the brain. The immunofiuorescence staining showed
3.4A 10 entered the brain and the fluorescence (red) was
co-localized with some of rabbit anti-pan A 4 antibody-
detected senile plagues (green) (Fig. 6A upper panel).
Alexa 594-labeled donkey anti-mouse IgG antibody did
not stain any plaques in the control group (Fig. 6A
lower panel).

Some plaques in the therapeutic group were sur-
rounded by more Ibal-positive microglia, but the av-
erage number of microglia per plaque was not differ-
ent between the two groups (data not shown). Then
the average number of microglia was compared be-
tween 3.4A10-decorated and non-decorated plaques
in the therapeutic group, the resulis showed that

3.4A10-decorated plaques were surrounded with more
Ibal-positive microglia compared to the non-decorated
plaques (9.28 + 1.80 versus 5.43 + 1.51, p < 0.001)
(Fig. 6B-C).

Astrocytes were investigated by GFAP immunofiu-
orescence staining. The results showed that there was
no difference in GFAP-positive astrocytes between the
two groups (Fig. 6D).

DISCUSSION

As one of key features of AD pathology, the ex-
tracellular amyloid deposits comprised of AJ is a
target of therapeutic approaches to AD, and the im-
munotherapies aimed at decreasing amyloid burden
have been shown their effects on improvement of patho-
logic changes and cognitive functions in animals [1,5,
8,11,14,19,20,27] as well as in humans [7,10,21]. As
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Fig 5 No lymphocytic infiltration and slight but not significant
increase of microhemorrhage in the brain sections. Staining with HE
(A, B), Berlin blue (G, F) and antibodics against CD3c (C, D) and
CDI19 (E, F) in the sagital brain sections of the Tg2576 mice. The
arrows in G and F show the Berlin blue positive vessels. Left panel,
3.4A10 therapeutic group: right panel, control group. Scale bar =
100 um. HE, hematoxylin and cosin stain; BB, Berlin blue stain,

one branch of immunotherapy, unlike active immuniza-
tion, the passive immunization would not elicit unde-
sired cellular responses, and more importantly, it al-
lows us to monitor the antibody titer to modify the
dosage and frequency of antibody infusion in order to
avoid any adverse cffects that might follow the pas-
sive administration of antibody without consideration
whether the vaccine could arouse the immune responsc
or not individually. Previous studies showed that anti-
A3 antibodies that efTectively reduced amyloid burden
had the following features: 1) ability to stain senile
plaques rather than bind soluble A3; and 2) epitope
location within N-terminus of A3 [1,2,18]. Moreover,
the TAPIR antibody was related to the slower decline of
cognitive functions in AD patients who received active
immunization [10].

The obtained anti-human A 3 mouse monoclonal an-
tibody, 3.4A10, was selected by ELISA, but further im-
munohistochemical staining showed its ability to rec-
ognize senile plaques. The results of detection of A3
fragments by 3.4A10 with dot blot and western blot
simulated the patterns of anti-Af; _ 42 C-terminal spe-
cific antibodies, however, the competitive Biacore anal-

ysis showed that 3.4A10 only blocked the binding of
6E10, an anti-A3 N-terminal antibody, to the sensor
chip without inhibiting the binding of other two anti-
bodies that recognize the middle portion and C-terminal
portion of AJ. We concluded that epitope of 3.4A10
is located in the N-terminal portion of AJ. And the
ability of 3.4A10 to inhibit A3, _ 4 aggregation on lhe

amino acid residues EFRH of A 3 were presented as the
epitope of its anti-aggregating antibodies [6]. More in-
terestingly, 3.4A 10 had higher affinity to Ag, 43 than
to A/ 40, and this was consistent with the dot blot
and western blot results that 3.4A10 detected A3} 42
better than A3 _ 40, as well as the immunohistochemi-
cal staining results that 3 4A10 recognized less plaque
cores which contained mainly Af; 40 [17]. Similar-
ly, we also found that 3.4A 10 immunoreactivities were
rarely co-localized with von Willebrand factor-positive
blood vessels in AD brain samples (data not shown).
We termed 3.4A10 as a TAPIR-like antibody due to
above mentioned characteristics in addition to the fact
that it did not recognize native or denatured A GPPs.

We also evaluated the therapeutic effects of 3.4A10
ina small number of 18 months old Tg2576. As expect-
ed, 3.4A 10 significantly decreased the amyloid burden
in brain after 8 weeks treatment by a quantitative im-
age analysis. We also measured the Ay, and A
contents in the brain lysates by a sensitive sandwich
ELISA assay. As 3.4A10 had more affinity to Afsa
than to Afg, 3.4A10 significantly reduced the Ay
levels compared to the control group, while less inter-
fered with A3y levels. It was suggested that the extra-
cellular soluble A3*56 (12mer), a 56-kD A3 assembly
impaired memory independently of plaques or neuron
loss [16]. 3.4A10 therapy diminished the A3*56 levels
in the soluble fraction of brain lysates by a wesiem blot
analysis.

The major adverse effect of passive anti-Af anti-
body therapy in the mouse model of AD is the in-
creased incidence of microhemorrhage due to the age-
related cerebral amyloid angiopathy (CAA) [25,26].
Tg2576 mouse model of AD carries Swedish muta-
tion of ASPP under control of hamster prion protein
promoter, and was found that A3, g, is the predom-
inant amyloid deposit component [12]. The selective
increase of A3 4 results in development of high lev-
els of CAA and related cerebral microhemorrhage [25].
We investigated the microhemorrhage in the 3.4A10-
treated mice and control mice, and found that there was
slight but not significant increase in microhemorrhage.
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Fig. 6. 3.4A10 entered the brain and decorated some plaques which were surrounded with more [bal-positive microglia. A) That 3.4A10 entered
the brain was elucidated by direct smining of the sections with Alexn 594-labeled donkey anti-mouse 1gG antibody. The 3.4A10 decorated
plagues (red) were colocalized with rabbit anti-pan A4 antibody smined ones (green) as shown in the upper panel of A, Alexa 594-labeled donkey
anti-mouse 1gG antibody did not stain any plague in the brain sections of the control group as shown in lower pancl of A. Bar = 25 um. B)
3.4A10 decorated plagues (red) were surrounded more Ibal-positive microgha (green) than 3.4A 10 negative plaques in the 3.4A10 therapeutic
group, bar = 20 um. C) The numbers of microglin per plaque were compared between 3.4A 10 positive and negative plagues in the 3.4A10
therapeutic group. *p < 0.001. D) There was no difference in GFAP-positive sstrocytes between the two groups, bar = 20 um

This negative result may be due to the lower affinity of
3.4A10 to A, _ 40 and should be interpreted prudent-
ly. Meningoencephalitis was also reported to associate
with passive immunization [15], but we did not see any
inflammatory changes by HE staining and immunohis-
tochemical staining for T and B lymphocytes.

There have been three hypotheses used to explain
how antibodies reduced A deposition [31]. One is
that the direct effect of antibody on A S, leading to dis-
solution of amyloid fibrils [6,14,30]. The second hy-
pothesis is that anti-A 3 antibody induces Fc receptor
(FcR)-mediated phagocytosis of A/ by microglia [1,
27]. The third one is termed as peripheral sink hypoth-
esis, postulates that anti-A 7 antibody in the circulation

leads to a net efflux of A3 from brain to plasma [5]. Our
results suggested that all of these three possible mech-
anisms might contribute to the decreased amyloid bur-
den by 3.4A10 therapy. 3.4A10 degraded the Ad | 42
fibrils in vitro; 3.4A10 entered the brain and decorated
some senile plaques which were surrounded by more
Ibal-positive microglia; 3.4A 10 therapy increased the
serum A3z levels by a quantitative ELISA assay (data
not shown).

Although the clinical trial was halted, AS im-
munotherapy would still be a potential therapeutic or
preventive approach for AD. 3.4A10, the antibody we
developed in this study, recognizes N-terminal portion
of A with a different affinity to A/7 species (A7, _ 42 >



172 J Wang et al / Development and Characterization of a TAPIR-Like Mouse Monoclonal Antibody o Amyloid- (3

Fig. 7. Western blot results of AJ oligomers in TBS fraction of
the brain lysates. Compared 10 the control, the 3.4A10 reduced the
I12Zmer A4 oligomer without obvious cffects on other A oligomer.
The sAJPP and amyloid oligomers were detected by 6E10 and HRP
conjugated goat unti-mouse 1gG second antibody. a, immunoglobulin
heavy chain; b, immunoglobulin light chain.

A4, _40), and more importantly it recognizes the senile
plagues without binding the native or denatured form
of APPs. The animal experiment showed its ability
to decrease brain amyloid burden in a relatively short
period (8 weeks) without any obvious side effects re-
lated 1o immunotherapy as previous reported. Further
intensive study should be performed in order to provide
some insights for selecting anti-A 3 antibodies for AD
treatment.
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Juzen-taiho-to, an Herbal Medicine, Activates and
Enhances Phagocytosis in Microglia/Macrophages
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Microglia are the main resident immunocompetent and phagocytic cells in the central ner-
vous system (CNS). Activated microglia could play phagocytic roles as well as mediate
inflammatory processes in the CNS. Involvement of activated microglia in the pathogene-
sis has been demonstrated in several neurological diseases including Alzheimer's disease
(AD). Juzen-taiho-to (JTT), a traditional herbal medicine. has been reported to have
effects on activating immune responses and phagocytosis. So far, little is known about the
effects of this Kampo formulation JTT on microglia and in AD. In this report. we studied
the effects of JTT on the activation and phagocytic functions of mouse microglia and bone
marrow-derived macrophages (BMM). JTT could activate microglia, which was con-
firmed by the prominent morphological change and increased surface expression of an
activation marker CD11b. In addition, JTT was revealed 1o induce microglial prolifera-
tion, and enhance microglial phagocytosis of, without eliciting an excessive production of
nitric oxide. Furthermore, when mice were administrated with JTT in vivo, their BMM
showed more effective phagocytosis of fibrillar A ... These findings implicate the thera-
peutic potential of JTT in AD and other neurological diseases accompanied by microglial

activation.
(AD): phagocytosis: amyloid.
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Microglia are considered resident immune
cells of myeloid origin, that take up residence in
the central nervous system (CNS) during embryo-
genesis (Cuadros and Navascues 1998). They are
regarded as CNS macrophages, and many studies
gave evidence that immune reaction and inflam-
mation related with microglia play essential roles
in the pathological mechanism of some neurode-
generative diseases such as Alzheimer’s disease
(AD), multiple sclerosis, and so on (Rogers et al.

Juzen-taiho-to (JTT); microglia/macrophages; Alzheimer's discase

1988; Raine 1994). Activated microglia have
been demonstrated o play the phagocytic role
with extracellular f-amyloid deposits in AD
(Kopee and Carroll 1998; Weldon et al. 1998).
Therefore, microglia might be a therapeutic target
for AD.

Juzen-taiho-to (Shi-Quan-Da-Bu-Tang in
Chinese, JTT), a traditional herbal medicine, has
traditionally been administered to patients with
anemia. anorexia. or fatigue. From the pharmaco-
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logic view, JTT contains various immunomodula-
tory substances. For example, ginsenoside Rhl
has anti-allergic and anti-inflammatory activities
(Park ct al. 2004); glycyrrhizin extracted from
Glycyrrhizae Radix and the extracts of Astragali
Radix have anti-inflammatory activities (Shon
and Nam 2003; Matsui et al. 2004); the extracts
from Ginseng Radix, Cinnamomi Cortex,
Glycyrrhizae Radix, Radix Paconiae, and
Astragali Radix have anti-oxidative activities
(Dhuley 1999; Baltina 2003: Keum et al. 2003;
Lee et al. 2003: Wang et al. 2003). Furthermore,
recent studies demonstrated that ginsenosides Rg3
and Rh2 inhibited the production of nitric oxide
(NO), iNOS and pro-inflammatory cytokines
TNF-a, IL-18 in activated microglia (Bae et al.
2006). These results raised the possibility that the
Kampo formulation JTT might have an immuno-
modulatory effect on microglia/macrophages, and
might show its therapeutic potential in neurode-
generative diseases accompanied by microglial
activation, such as AD.

In this study, we examined the effects of JTT
on the activation and phagocytic functions of
microglia and bone marrow-derived macrophages
(BMM), as well as its effects on the production of
NO in microglia.

MaTeRIALS AND METHODS

Reagents
Synthetic human Af, ;. peptide was purchased from
Peptide Institute. Inc. (Osaka). Fibrillar Ag, . (TAfi.)

was obtained by dissolving the synthetic human peptide
firstly in DMSO and then in Dulbecco’s PBS (250 pM)
followed by incubating at 37°C for 7 days. Lipopolysac-
charide (LPS) from Escherichia coli 055: BS was pur-
chased from Sigma-Aldrich (St. Louis, MO, USA),
Fluorescein isothiocyanate (FITC)-conjugated rat anti-
mouse CD11b monoclonal antibody was purchased from
BD Biosciences Pharmingen (San Jose, CA, USA).
Rabbit anti-Ibal (ionized calcium binding adaptor mole-
cule 1) polyclonal antibody was purchased from Wako
Pure Chemicals Industries. Inc. (Osaka). Mouse anti-
human Af monoclonal antibody: 4G8 was purchased
from Chemicon International. Inc. (Temecula, CA,
LISA). Rabbit anti-Lysosome-associated membrane pro-
tein (LAMP)-2 polyclonal antibody was purchased from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA. USA).
Recombinant mouse granulocyte macrophage-colony
stimulating factor (GM-CSF) and recombinant mouse
macrophage-colony stimulating factor (M-CSF) were
from R & D Systems (Minneapolis, MN, USA).

Preparation of JTT

JTT. purchased from Tsumura and Co. (Tokyo), was
composed of 10 medical plants (Table 1). JTT was
prepared as follows. A mixture of Astragali Radix (3.0 g).
Cinnamomi Cortex (3.0 g), Angelicae Radix (3.0 g).
Paeoniae Radix (3.0 g), Cnidii Rhizoma (3.0 g),
Rehmanniae Radix (3.0 g), Ginseng Radix (3.0 g).
Atractylodis Lanceae Rhizoma (3.0 g), Poria (3.0 g), and
Glycyrrhizae Radix (1.5 g) was added to 285 ml of water
and extracted at 100°C for | hr. The extracted solution
was liltered and spray-dried to obtain the dry extract
powder (2.3 g).

Tanie |. The ratio of crude drugs of Juzen-taiho-to (JTT)

Crude drugs Ratio
Astragali Radix (root of Astragalus membranaceus Bunge) 3.0
Cinnamomi Cortex (bark of Cinnamomum cassia Blume) 30
Angelicae Radix (root of Angelica acutiloba Kitagawa) 30
Paeoniae Radix (rhizome of Paeonia lactifiora Pallas) 30
Cnidii Rhizoma (rhizome of Cnidium officinale Makino) 3.0
Rehmanniae Radix (roor of Rehmannia glutinosa Liboschirz var. purpurea Makino) 3.0
Ginseng Radix (roor of Panax ginseng C.A. Meyer) 30
Atractylodis Lanceae Rhizoma (rhizome of Atractylodes lancea De Candolle) a0
Pona (scletrotium of Poria cocos Wolf) 3.0

Glycyrrhizae Radix (roof of Glycyrrhiza uralensis Fischier) L5




