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Abstract

Introduction: We recently discovered a short synthetic peptide derived from the

ANA/BTG3 protein Box A region called ANA-TA9 (SKGQAYRMI), which possesses cat-

alytic activity. Herein we demonstrated the proteolytic activity of ANA-TA9 against

amyloid beta 42 (Aβ42).
Methods: The proteolytic activity of ANA-TA9 against both the authentic soluble form

Aβ42 (a-Aβ42) and the solid insoluble form Aβ42 (s-Aβ42) was analyzed by high-

performance liquid chromatography and mass spectrometry. Plasma clearance, brain

uptake, and cell viability were examined.

Results: ANA-TA9 cleaved not only a-Aβ42 but also s-Aβ42. Proteolytic activity was

partially inhibited by 4-(2-aminoethyl) benzenesulfonyl fluoride hydrochloride, a ser-

ine protease inhibitor. Plasma clearance was very rapid, and the brain concentration

indicated efficient brain delivery of ANA-TA9 via nasal application. Cell viability analy-

sis indicated that ANA-TA9 did not display toxicity.

Discussion:ANA-TA9 is an attractive potential candidate for the development of novel

peptide drugs in Alzheimer’s disease treatment.

KEYWORDS

administered nasally (i.n.), Alzheimer’s disease, ANA/BTG3, Aβ fragment peptide, Aβ42, cat-
alytide, neurodegenerative disease, serine protease, synthetic peptide

1 BACKGROUND

We first reported on the proteolytic activity of a short synthetic pep-

tide, JAL-TA9 (YKGSGFRMI), derived from the Box A region of Tob1

Abbreviations: AD, Alzheimer’s disease; AEBSF, 4-(2-aminoethyl) benzenesulfonyl fluoride

hydrochloride; Aβ, amyloid beta; HPLC, high-performance liquid chromatography; HSA,

human serum albumin; MS, mass spectrometry; NMR, nuclear magnetic resonance; TFA,

trifluoroacetic acid
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(Figure S1).1 JAL-TA9 cleaved three types of amyloid beta (Aβ) frag-
ment peptides, including Aβ11-29, which is derived from the cen-

tral region and thought to be the core region for Aβ42 aggrega-

tion or oligomerization.2 No reports on the catalytic activity of the

short synthetic peptide were published prior to our serial studies

on hydrolase-like peptides; therefore, we coined catalytide (catalytic

peptide) as the general name of proteolytic peptides. In addition,

5-mer peptides derived from the active center of JAL-TA9 cleaved the
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Aβ-fragment peptides.3 These proteolytic activities were inhibited by

the serine protease inhibitor 4-(2-aminoethyl) benzenesulfonyl fluo-

ride hydrochloride (AEBSF).1,4 Of interest JAL-TA9cleaved the authen-

tic soluble form Aβ42 (a-Aβ42) and the solid insoluble form Aβ42 (s-

Aβ42), which cause Alzheimer’s disease (AD) in the central region.4

AD is well known as the most common age-related neurodegenera-

tive disorder, and Aβ is predicted to be the most efficient target of

drug therapies.5–14 Many studies have been conducted to develop an

AD treatment that targets Aβ42 degradation, clearance, and inhibi-

tion of aggregation or oligomerization; however, the results have not

been promising, as all of the strategies thus far have failed in clinical

trials.13–18

In the present study we successfully determined that the ANA-TA9

(SKGQAYRMI) sequences from the ANA/BTG3 protein Box A region

corresponding to JAL-TA9 also possessed proteolytic activity and was

composed of two kinds of catalytides (ANA-SA5: SKGQA and ANA-

YA4: YRMI) (Figure S1).19 However, we also observed two interesting

differences between ANA-TA9 and JAL-TA9. One was the inhibitory

effect of AEBSF. The proteolytic activity of JAL-TA9 was completely

inhibited by AEBSF, but that of ANA-TA9 was only partially inhibited.

The other was the number and position of cleavage sites on Aβ peptide
fragments. It goeswithout saying that the cleavagemechanismmust be

clarified; however, ANA-TA9 and JAL-TA9 are two of the most attrac-

tive novel drug candidates not only for AD treatment but also for pre-

vention.

Herein we presented the proteolytic activity of ANA-TA9 against

both a-Aβ42 and s-Aβ42.

2 METHODS

2.1 Chemical synthesis of the peptides

ANA-TA9 and s-Aβ42 were synthesized from Fmoc-protected L-amino

acid derivatives according to the method described previously4,19,20

using an automated peptide synthesizer (model 433A; Applied Biosys-

tems, Foster City, CA, USA) and a 0.1 mmol scale with preloaded

resin. After deprotection according to the manufacturer’s protocol,

ANA-TA9 was purified using reversed-phase high-performance liquid

chromatography (HPLC; Capcell Pak C18 column, SG, 10 or 15 i.d. ×

250mm; Shiseido Co., Ltd., Tokyo, Japan) with a linear elution gradient

from 0.1% trifluoroacetic acid (TFA) to 50% or 70%CH3CN containing

0.1% TFA over 30minutes. The flow rate was set at 3 or 6 mL/min. The

primary peak fractionswere collected and lyophilized. Thepurity of the

synthetic peptides and progress of the enzymatic reaction were con-

firmed by analytical reversed-phase HPLC (Capcell Pak C18 column,

MGII, 4.6 i.d. × 150mm; Shiseido Co., Ltd.) at a flow rate of 1.0 mL/min

with a linear elution gradient from0.1%TFA to 70%CH3CNcontaining

0.1% TFA. The column eluate was monitored with a photodiode-array

detector (SPD-M20A; Shimadzu, Kyoto, Japan). Each purified peptide

was characterized by electrospray ionization mass spectrometry (ESI-

MS) using the Qstar Elite Hybrid liquid chromatography (LC)-MS/MS

system (Applied Biosystems).1,3,4,19,20

HIGHLIGHTS

∙ ANA-TA9 cleaves both authentic and soluble forms,

respectively (a-Aβ42 and s-Aβ42) of amyloid beta 42.

∙ ANA-TA9 does not display toxicity.

∙ ANA-TA9 is a novel potential drug target for Alzheimer’s

disease (AD) treatment and prevention.

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the literature

using PubMed, Web of Science, and through meeting

abstracts and presentations. We included our serial pub-

lications, which associate catalytides, or hydrolase-like

peptides, with important new aspects for treating and

preventing Alzheimer’s disease (AD) pathophysiology.

2. Interpretation: This is the first study to demonstrate pro-

teolytic activity against amyloid beta 42 (Aβ42) through
animal experiments, including plasma clearance, brain

uptake, and growth effects of ANA-TA9 A549 cells. The

data obtained in this study suggest that ANA-TA9 is an

attractive potential candidate for novel strategic drug

development in AD treatment and prevention.

3. Future directions: Prospective clinical observations and

validation in model systems are needed to develop novel

drug treatments for AD.

The preparation of synthetic s-Aβ42, including deprotection and

purification processes, is very difficult because Aβ42 is insoluble in

most solvents except strong acids, such as TFA, and also polymerizes

or aggregates, which interferes with AD studies. Thus we changed

the deprotection and cleavage method conditions from those rec-

ommended by the manufacturer. A slightly brownish solid material,

referred to as s-Aβ42, was obtained after lyophilization and continu-

ously washedwith CH3CN and CH3OH.4

2.2 Analysis of proteolytic activity and
determination of the cleavage sites

ANA-TA9 (final concentration: 0.2mM)was individually incubatedwith

or without the a-Aβ42 in the presence of human serum albumin (HSA;

final concentration: 0.025% w/v) in phosphate-buffered saline (PBS;

pH 7.4) at 37◦C. A portion of the reaction mixture was analyzed in a

time-dependent manner using the analytical HPLC system described

in preceding text. The peak fractions monitored at 220 nm were col-

lected in microtubes (Eppendorf Safe-Lock Tubes, 1.5 mL; Eppendorf,
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Hamburg, Germany). After lyophilization, the appropriate quantity of

36% CH3CN containing 0.1% HCOOH was determined based on the

chromatographic peak height and added via stirring with an automatic

mixer. The cleavage sites were determined by ESI-MS using the flow

injection method with 70% CH3CN containing 0.1% HCOOH on the

Qstar Hybrid LC-MS/MS system (Applied Biosystems). The flow rate

was set at 0.1mL/min.

On the other hand, s-Aβ42was incubated with or without ANA-TA9
and analyzed under the same conditions as a-Aβ42 after continuous

washing with CH3CN and CH3OH to remove the amino acid protect-

ing groups and other byproducts. Because s-Aβ42 was not dissolved in
the reaction buffer, the experiment scale was set to five times larger

than that of a-Aβ42with the same ratios of all reagents.

2.3 Animal studies

All animal experimentswere conducted according to the principles and

procedures outlined in the National Institutes of Health Guide for the

Care and Use of Laboratory Animals (NIH publication #85-23). All ani-

mal experiment protocols were approved by the Animal Experiment

Committee of Kobe Pharmaceutical University. Male Wistar/ST rats

weighing 230-250 g for the examination of plasma clearance and male

ddY mice weighing 25 g for the evaluation of brain uptake were pur-

chased from Japan SLC (Shizuoka, Japan).

2.4 Plasma clearance of ANA-TA9 following
intravenous bolus injection

MaleWistar/ST rats were anesthetizedwith intraperitoneal pentobar-

bital sodium (52 mg/kg), and the right femoral artery was cannulated

with polyethylene tubing. ANA-TA9 (10 mg/mL; 200 μL) was injected
into the left femoral vein at a dose of 2 mg/head. At the appropriate

time intervals, blood sampleswere collected and centrifuged at 5000×

g for 5 minutes to obtain the plasma. The plasma samples were frozen

and stored at−40◦C until the assay.

2.5 Brain uptake of ANA-TA9 following
intraperitoneal and nasal administration

The PBS solution of ANA-TA9 (100 mg/mL PBS) was administered

intranasally (i.n.) via the left nostril of male ddY mice at a dose of 1 mg

(10 μL). ANA-TA9 (10 mg/mL PBS) was administered intraperitoneally

(i.p.) at the same dose of 1 mg (10 μL). Thereafter, blood was col-

lected at 5, 15, and 30 minutes post-administration. After blood sam-

pling at 30 minutes, the abdomen of each mouse was opened, and a

saline and heparin solution was flushed by perfusion from the left car-

dioventricule to remove the blood from the cerebral blood vessel. The

whole brainwas removed andwashedwith ice-cold saline. The concen-

trations of ANA-TA9 in the plasma and brain were determined using

LC/MS.

2.6 ANA-TA9 assay

The plasma and brain concentrations of ANA-TA9 were determined

using the LC-20A and LCMS-2020 instruments (Shimadzu). Briefly,

100μLof plasmawasmixedwith1000μLofmethanol. Themixturewas

centrifuged, and the supernatant was evaporated until dry. Separately,

100 μL of purified water was added to the brain section, and the mix-

ture was homogenized. To the homogenate, 4000 μL of methanol was

added. The mixture was centrifuged, and the supernatant was evap-

orated until dry. The evaporated samples from the plasma and brain

were reconstituted with 100 μL of themobile phase. Chromatographic

separation was performed using a C18 analytical column (TSKgel ODS

100V, 3 μm, 2.0 mm inner diameter (i.d.) × 100 mm; TOSOH, Tokyo,

Japan). The mobile phase was acetonitrile:0.1% acetic acid = 10/90

(v/v), and the flow rate was 0.2 mL/min. ANA-TA9 eluted from the col-

umn was analyzed in positive mode. Other conditions (temperatures

and voltages) were maintained at the default settings. Nitrogen was

used as the nebulization gas at a flow rate of 1.5 L/min.

2.7 Effect of ANA-TA9 on the growth of A549
cells

Cisplatin (CDDP) was purchased from FUJIFILM Wako Pure Chem-

ical Corporation (Osaka, Japan). WST-8 (Cell Counting Kit-8) was

purchased from Dojindo Laboratories (Kumamoto, Japan). The FLAG

peptide (DYKDDDDK) was purchased from Sigma-Aldrich (St. Louis,

MO, USA). The human lung cancer cell line A549 was obtained from

Riken Cell Bank (Ibaraki, Japan). A549 cells were maintained in Dul-

becco’sModified EagleMedium (DMEM) supplementedwith 10% fetal

bovine serum, 100 units/mL penicillin, and 100 μg/mL streptomycin

at 37◦C in a humidified atmosphere of 5% CO2. Cell viability was

evaluated using the WST-8 method. A549 cells were seeded into 96-

well plates (4 × 103 cells/well). After incubation for 24 hours, the

medium was replaced, and the cells were treated with 0.2 mM ANA-

TA9, 0.2 mM FLAG peptide, and 4 μM CDDP. After incubation for 72

hours, the medium was replaced with 110 μL of medium containing

WST-8 reagent (10 μL WST-8 reagent and 100 μL DMEM). The cells

were further incubated for 1 hour, and the absorbancewas determined

at 450 nmwith a reference wavelength of 620 nm using a SpectraMax

Plus384microplate reader (Molecular Devices, Sunnyvale, CA, USA).

3 RESULTS

3.1 Proteolysis of a-Aβ42 by ANA-TA9

We first examined the proteolytic activity of ANA-TA9 to a-Aβ42 pur-

chased from the Peptide Institute (Osaka, Japan) in PBS (pH 7.4) with

HSA at 37◦C.4 The reaction mixtures of ANA-TA9 and a-Aβ42 were

analyzed every day up to 7 days (Figure 1A). ANA-TA9 was initially

eluted as a single peak at ≈10 minutes, and a-Aβ42 was co-eluted

with HSA at around ≈13 minutes. On day 1, ANA-TA9 completely
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F IGURE 1 Cleavage reaction of the authentic soluble form amyloid beta 42 (a-Aβ42) by ANA-TA9. Aβ42 (final concentration: 0.05mM)was
incubated in presence of human serum albumin (HSA; final concentration: 0.025%w/v) in phosphate-buffered saline at 37◦Cwith (A) or without
ANA-TA9 (B). From day 0 to day 7, 10 μL of the reactionmixture was analyzed by high-performance liquid chromatography. After 7 days, 20 μL of
the reactionmixture was injected, and all of the new peaks were collected. A1-A6 and a1-a6were identified as the fragment peptides of ANA-TA9
and a-Aβ42, respectively (Table 1A)

disappeared, and six typesof peaks (A1-A6)wereobserved.Of interest,

the chromatogrampatterns, especially the comparative heights of indi-

vidual peaks, were changing up to day 7 after ANA-TA9 disappeared.

ANA-TA9 consists of twodifferent catalytic peptides: YRMI (ANA-YA4)

andSKGQA (ANA-SA5).19 The chromatogramchanging afterANA-TA9

disappeared might be due to the cleavage reaction against a-Aβ42 by

these two proteolytic peptides produced fromANA-TA9. In the case of

a-Aβ42alone, no fragment peptidewas identified (Figure1B).Onday7,

all appearing peaks were collected (Figure 1A), and eight kinds of pep-

tides from six peaks (a1-a6)were identified asAβ42-derived fragments

(Table 1A). To calculate the decreasing ratio of a-Aβ42, Aβ36-42 (a4:

VGGVVIA) on the chromatogram (Figure 1A) was synthesized as the

standard peptide because the amino acid sequence ofAβ36-42was not
identified in another fragment peptide. As a result, the decreasing ratio

of a-Aβ42 was calculated as 12% after 7 days of incubation (Figure S3

in Supporting Information).

3.2 Proteolysis of s-Aβ42 by ANA-TA9

We next examined the proteolytic activity of ANA-TA9 against s-Aβ42
prepared by ourselves in PBS (pH 7.4) with HSA at 37◦C.4 Because

s-Aβ42 was not dissolved in the reaction buffer, it was not initially

identified. ANA-TA9 appeared as a single peak on day 0. The auto-

proteolytic reaction of ANA-TA9 was observed on day 1 similar to

a-Aβ42 (Figure 1). Time-dependent analysis of the reaction mixture

indicated that the cleavage reaction continuously progressed up to

7 days (Figure 2). Thus we collected all appearing peaks on day 7,

and 21 peptides were identified as fragments derived from s-Aβ42
(Figure 2A and Table 1B). On the other hand, in the case of s-Aβ42
alone, only four peptides were identified on day 7 (Figure 2B and

Table 1C), although there is no peak on day 0. These four peptides con-

tained the Ala residue of the C-terminal end in Aβ42 and might pos-

sess the insoluble character similar to s-Aβ42. In addition, these pep-

tides were also identified in the reaction mixture co-incubated with

ANA-TA9. Taken together, we concluded that these four peptides were

not products by cleavage reaction but by-products of Aβ42 synthesis

process.

Of interest, the s-Aβ42 figure changed after coincubation with

ANA-TA9 for 7 days (Figure 2C). In this case, the weight of s-Aβ42 also
decreased from 0.30 mg on day 0 to 0.22 mg after coincubation with

ANA-TA9 for 7 days. The decreasing ratio of s-Aβ42 was calculated to

be 27%. On the other hand, when s-Aβ42was incubated in the absence
of ANA-TA9, the weight of s-Aβ42 decreased from 0.30 mg on day 0
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TABLE 1 Mass spectrometry (MS) analyses of the reactionmixture of a-Aβ42 (A) and the solid insoluble form s-Aβ42 (B and C)

(A)

Peak Fragment TheoreticalMS ExperimentalMS

A1 YR 337.18 337.1731

I 131.09 131.0942

A2 Y 181.07 181.0724

RM 305.15 305.1610

A3 SKGQAYR 808.42 808.4268

A4 SKGQAY 652.32 652.3095

A5 MI 262.14 262.1355

A6 YRMI 581.30 581.3140

a1 YEVH 546.24 546.2572

HQKL 524.31 524.3210

a2 DAEFRH 773.35 773.3640

a3 DAEFR 636.29 636.2833

a4 VGGVVIA 613.38 613.3832

a5 VFFA 482.25 482.2516

EDVGSNKGAIIGLM 1402.71 1402.7366

a6 IIGLM 545.32 545.3267

(B)

Peak Fragment TheoreticalMS ExperimentalMS

A1 YR 337.18 337.1838

I 131.09 131.0942

A2 Y 181.07 181.9785

RM 305.15 305.1610

A3 SKGQAYR 808.42 808.4556

A4 SKGQAY 652.32 652.3426

A5 YRM 468.22 468.2980

A6 MI 262.14 262.1374

A7 ANA-TA9 1052.54 1052.5574

A8 YRMI 581.30 581.3567

s1 SGYE 454.17 454.2863

s2 YEV 409.18 409.2268

HDSGY 577.21 577.2943

s3 RHDSGYE 862.36 862.3662

s4 EFRH 587.28 587.3010

FRH 458.24 458.2579

s5 AEFRHDSGY 1080.46 1080.5766

KLVFFAE 852.47 852.4496

s6 RHDSGY 733.31 733.4028

VVIA 400.27 400.2698

GGVVIA 514.31 514.3103

s7 FAEDVGSNK 965.45 965.5390

GVVIA 457.29 457.2901

VGGVVIA 613.38 613.3732

s8 KGAIIGL 670.44 670.4088

LVFFAE 724.38 724.3462

s9 VHH 391.20 391.2900

s10 LMVGGVVI 786.47 786.4394

(Continues)
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TABLE 1 (Continued)

(B)

Peak Fragment TheoreticalMS ExperimentalMS

s11 VFFAEDV 825.39 825.3709

DVGSNKGAII 972.52 972.5461

EVHHQKLVFFAED 1597.79 1597.9410

(C)

Peak Fragment TheoreticalMS ExperimentalMS

b1 GGVVIA 514.31 514.4486

VVIA 400.27 400.3619

b2 GVVIA 457.29 457.4021

b3 VGGVVIA 613.38 613.5443

Cleavage sites were determined by electrospray ionization (ESI)-MS using flow injection methods on the Qstar Hybrid LC-MS/MS system (Applied Biosys-

tems, Foster City, CA, USA).

F IGURE 2 Cleavage reaction of s-Aβ42 by ANA-TA9. s-Aβ42 (0.3mg) was incubatedwith (A) or without (B) ANA-TA9 (final concentration:
1mM) in the presence of HSA (final concentration: 0.125%w/v) in PBS at 37◦C. From day 0 to day 7, 10 μL of the reactionmixture was analyzed by
HPLC. After 7 days, 100 μL of the reactionmixture was injected, and all of the new peaks were collected. A1-A8 and s1-s11were identified as the
fragment peptides of ANA-TA9 and s-Aβ42, respectively (Table 1B). (C) Photo of s-Aβ42 co-incubated with (C) or without (D) ANA-TA9 after 0 and
7 days
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F IGURE 3 Comparison of cleavage sites

F IGURE 4 Plasma clearance and brain uptake of ANA-TA9. The time-concentration profiles of ANA-TA9 in the plasma following intravenous
bolus injection plotted on normal (A) and semilogarithmic scales (B). The profiles of ANA-TA9 concentration in the plasma (C) and brain (D) at
30minutes following nasal and intraperitoneal application tomice

to 0.25 mg after 7 days, and the decreasing ratio was calculated to be

17% (Figure 2D). Considering these findings together, the decreasing

ratio of s-Aβ42 by ANA-TA9was calculated to be 10% over 7 days.

3.3 Comparison of cleavage sites

The cleavage sites on both a-Aβ42 and s-Aβ42byANA-TA9were deter-
mined on the basis of MS analyses (Figure 3). Overall, the number of s-

Aβ42 cleavage sites of s-Aβ42 are a lot by comparison with a-Aβ42. Of

interest, ANA-TA9mainly cleaved the central region of a-Aβ42. On the

other hand, many cleavage sites were identified on theN-terminus and

C-terminus of s-Aβ42. The difference of the cleavage site between a-

Aβ42 and s-Aβ42was probably caused by stereo-structural differences
of substrate. These results were similar to JAL-TA9.4

3.4 Plasma clearance

We next analyzed the concentration of ANA-TA9 in the plasma fol-

lowing intravenous bolus injection (Figure 4A and B). The profiles

indicated that the plasma clearance was very rapid with an initial half-

life of 10 seconds. The concentration within 15 minutes post-injection

was below the detection limit. These findings clearly suggest thatANA-

TA9 delivery to the brain through the blood-brain barrier (BBB) is very

difficult. ANA-TA9 is rapidly cleared from the blood before enough can

be taken up by the brain through the BBB. According to the area under

the curve (AUC) of ANA-TA9 (7.41 ± 1.31 μg min/mL), the total body

clearance was calculated as 270 mL/min. This value was surprisingly

higher than the body clearance ofmany drugs that undergo normal uri-

nary excretion and/or hepatic metabolism.

3.5 Brain uptake after intranasal and
intraperitoneal administration

We next analyzed the concentration of ANA-TA9 in the plasma and

brain for 30 minutes after administration. The concentration of ANA-

TA9 in the plasma following intranasal administration was lower than

that after intraperitoneal administration (Figure 4C). The AUC up to

30 minutes after nasal administration (1.63 ± 0.03 μg min/mL) was

only 14% of that after intraperitoneal administration (11.6 ± 2.1 μg
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F IGURE 5 Effect of ANA-TA9 on the
growth of A549 cells. Cell viability was
evaluated by the Cell Counting Kit-8 (WST-8)
method. The cells were seeded into 96-well
plates (4× 103 cells/well) and treated with
0.2mMANA-TA9, 0.2mMFLAG peptide, and 4
μMcisplatin. After 72 hours, the absorbance at
450 nmwasmeasured usingWST-8 reagent

min/mL). On the contrary, the brain concentration within 30 min-

utes after intranasal administration was 1467% higher than that after

intraperitoneal administration, indicating the efficient brain delivery of

ANA-TA9 by nasal application (Figure 4D).

3.6 Effect of ANA-TA9 on the growth of A549
cells

To determine the cell toxicity of ANA-TA9, we examined its effect on

the growth of A549 cells (Figure 5). ANA-TA9 (0.2 mM) did not show

a significant inhibitory effect on the growth of A549 cells compared to

the FLAG peptide, which was used as a peptide control. On the other

hand, chemotherapeutic agentCDDP,whichwasusedas apositive con-

trol, inhibited the growth of A549 cells.21

4 DISCUSSION

Aggregation and accumulation of Aβ42 is known to be a primary cause

of AD, and the Aβ42 oligomer has shown strong neurotoxicity. This

study suggests thatANA-TA9may cleavenot only aggregatedAβ42but
alsooligomericAβ42and thus constitutes anovel potential peptide tar-
get forADdrug treatment aswell as JAL-TA9.4 In termsof clinical appli-

cation, what is important to determine is side effects, such as cleavage

reactions against various major proteins, in vivo stability, and adminis-

trationmethod.

We previously reported that ANA-TA9 did not cleave five native

proteins, specifically HSA, γ-globulin, rabbit immunoglobulin G,

cytochrome C, and lysozyme.19 These results strongly suggest that

ANA-TA9 does not result in severe side effects. The in vitro stability

of ANA-TA9 in plasma and whole blood is not particularly labile (data

not shown). Furthermore, ANA-TA9 is likely degraded on the surface

of endothelial cells, possibly after rapidly binding to them.

Many authors have reported on direct drug delivery to the brain via

nasal application.Our previous articles have clarified the efficient nasal

delivery of oxytocin and CPN-116 (the agonist peptide of type 2 neu-

romedin U receptor) to the brain.22,23 Nasal application of ANA-TA9

may allow for the development of novel therapeutic systems to treat

AD and dementia.

The ANA/BTG3 protein was initially identified as a novel antipro-

liferative agent based on its homology to the Tob gene.24 Although

there have been many reports about the Tob/BTG family of proteins,

the functions of their three regions are still notwell understood. There-

fore, the mechanism underlying cleavage reactions remains unclear.

The stereo-structureofANA-TA9estimatedwithuseof computer anal-

yses suggests that its cleavage mechanism may be similar to that of

JAL-TA9.4

5 CONCLUSION

This study proved that 9-mer synthetic peptide ANA-TA9 derived from

the ANA/BTG3 protein Box A region cleaves both soluble form a-

Aβ42 and insoluble form s-Aβ42 via proteolysis. In addition, a sufficient
amount of ANA-TA9 can be delivered to the brain via nasal application.

Furthermore, animal experiments and cell viability analysis indicated

that ANA-TA9 is likely nontoxic and safe for clinical use. Given these

findings,weconcludewith confidence thatANA-TA9aswell as JAL-TA9

are attractive candidates for the development of novel peptide drugs

that may be clinically applicable to AD prevention and treatment with-

out serious side effects.
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