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Aim: To identify a small molecule L655,240 as a novel B-secretase (BACE1) inhibitor and to investigate its effects on B-amyloid (AB)
generation in vitro.

Methods: Fluorescence resonance energy transfer (FRET) was used to characterize the inhibitory effect of L655,240 on BACE1. Sur-
face plasmon resonance (SPR) technology-based assay was performed to study the binding affinity of L655,240 for BACEL1. The
selectivity of L655,240 toward BACE1 over other aspartic proteases was determined with enzymatic assay. The effects of L655,240
on AB40, AB42, and sAPPB production were studied in HEK293 cells stably expressing APP695 Swedish mutant*>%®V">%6- (HEK293-
APPswe cells). The activities of BACE1, y-secretase and a-secretase were assayed, and both the mRNA and protein levels of APP and

BACE1 were evaluated using real-time PCR (RT-PCR) and Western blot analysis.

Results: L655,240 was determined to be a competitive, selective BACE1 inhibitor (IC5,=4.47+1.37 umol/L), which bound to BACE1
directly (K,=17.9+0.72 umol/L). L655,240 effectively reduced AB40, AB42, and sAPPJ production by inhibiting BACE1 without
affecting the activities of y-secretase and a-secretase in HEK293-APPswe cells. L655,240 has no effect on APP and BACEL mRNA or

protein levels in HEK293-APPswe cells.

Conclusion: The small molecule L655,240 is a novel BACE1 inhibitor that can effectively decreases AB production in vitro, thereby
highlighting its therapeutic potential for the treatment of Alzheimer’s disease.
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Introduction

Alzheimer’s disease (AD) is a progressive neurodegenera-
tive disorder that is characterized by cognitive impairment
and memory dysfunction. The elderly are at high risk for
developing AD, especially those aged 65 years and older!".
The incidence of AD is expected to rise as the aging popula-
tion grows and to create an increasingly heavy burden for
families and society. To date, several therapeutic strategies
have been identified to treat AD. For example, acetylcholin-
esterase inhibitors (AChEIs), N-methyl-D-aspartate (NMDA)
antagonists, antihypertensive drugs and anti-inflammatory
drugs™ have been reported to be effective in combating AD.
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However, only AChEIs (eg, donepezil, galantamine, tacrine
and rivastigmine)” and one NMDA antagonist (memantine)!*!
have been approved by the Food and Drug Administration
(FDA) to treat AD. These drugs also have several limitations,
including short half-lives, considerable side effects and high
costs. Some antihypertensive drugs, such as angiotensin con-
verting enzyme (ACE) inhibitors®, calcium channel blockers!®
and nonsteroidal anti-inflammatory drugs (NSAIDs)”), have
also been shown to reduce mental decline in AD patients or
to decrease the risk of acquiring AD. However, they have not
been used for AD treatment. Because secretase [[-secretase
(beta-site APP-cleaving enzyme 1, BACE1) and y-secretase]
inhibitors can reduce A production and no secretase inhibi-
tors are currently marketed to treat AD, the development of
BACETL inhibitors offers a potentially powerful clinical option
for AD therapy.

The factors that have most commonly been suggested to
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cause AD are intracellular neurofibrillary tangles composed
of a hyperphosphorylated form of the microtubule-associated
protein tau and extracellular neuritic plaques aggregated by
B-amyloid (AP) peptides (AB40 and AP42)®*. The membrane-
spanning amyloid precursor protein (APP) is sequentially
cleaved into AP by BACE1 and y-secretase. BACE1 initially
cleaves APP at the N-terminus, yielding the soluble APPJ
(sAPPp) and the C-terminal, membrane-bound stub of 99
amino acids (C99). C99 is further cleaved by y-secretase to
generate AP (AP40 and AP42) and the amyloid intracellular
domain (AICD)™ ",

As mentioned, both BACE1 and y-secretase play essential
roles in AP production. Previous results have indicated that
knocking out the BACE1 gene abrogates pathogenic A} pro-
duction in mice and that this gene ablation rescues memory
deficits and cholinergic dysfunction in APP transgenic
micel™13, Similarly, mice with a BACE1 gene deletion remain
healthy, fertile and viable, except for partial hypomyelination

at the juvenile development stage!"**!

. However, previous
reports have revealed that y-secretase can cleave not only APP
but also Notch (an essential protein for proper formation of
the axial skeleton, normal neurogenesis and neuronal survival

in the embryo)!"”"

, and the absence of the catalytic subunits of
y-secretase (presenilin 1 and 2) is known to cause embryonic
lethality due to the disruption of Notch. Therefore, BACE1
has been suggested to be a more attractive therapeutic target
than y-secretase for the treatment or prevention of AD.
Because BACEL is a rate-limiting enzyme during A{ secre-
tion, many research groups have focused on the identification
of BACE1 inhibitors. The first class of BACE1 inhibitors was
designed based on the specificity of BACE1 cleavage of APP,
an example of which is the first-generation inhibitor OM99-2,
an eight-residue peptide™. Although the bulky structure of
this inhibitor has prevented its application in vivo, the BACE1/
OM99-2 co-crystal structure has provided vivid molecular
insight into the interaction of BACE1 with the ligand, paving
the way for design of later BACE1 inhibitors™. Subsequently,
some penta-peptidic BACEL1 inhibitors, such as KMI-429, KMI-
570 and KMI-684 were reported to significantly decrease A3
production when directly injected into the hippocampus of
APP transgenic micel®" *.
designed based on the substrate, small molecular non-peptidic
compounds, including GSK188909"**), compound 11** and
CTS-21166"!, were reported to be highly effective in reduc-
ing AP production when administered orally to APP/PS1
transgenic mice. Of these substrate-based BACEL1 inhibitors,
CTS-21166 has passed Phase 1 clinical trials®. Another class
of non-peptidic BACE1 inhibitors were obtained from a high-

In addition to these compounds

throughput screening (HTS) technology-based assay targeting
chemical libraries. Typical examples of this class of inhibitors
include compounds 10d*, 3a*"), and TAK-070**, which are
orally active and show good selectivity over other aspartic
proteases. The third class of BACE1 inhibitors includes natu-
ral products, such as catechins obtained from Green tea™,
lavandulyl flavanones extracted from Sophora flavescens™, res-

veratrol obtained from Vitis vinifemm and TDC obtained from
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Glycyrrhiza glabra®™.

Currently, significant research efforts have been undertaken
to find small molecule BACE1 inhibitors with satisfactory
pharmacological properties. However, due to the difficulty
in developing drugs that can efficiently cross the blood-brain
barrier and reach appropriate therapeutic concentrations in
the cerebral parenchyma without causing other side effects, no
BACEL inhibitor has yet been marketed to treat AD, although
some inhibitors have passed Phase 1 clinical trials. Therefore,
the discovery of new BACE 1 inhibitors remains highly signifi-
cant.

In the current study, we identified a new type of BACE1
inhibitor, L655,240 (Figure 1). L655,240 was previously
reported to be a potent, orally active thromboxane/ prostaglan-
din endoperoxide antagonist®, which significantly attenuated
Sephadex-induced bronchial hyper-responsiveness”! and
protected against reperfusion-induced ventricular fibrillation
and early (Phase 1a) ischemia-induced arrhythmias™'. Here,
we report a novel biological role for L655,240 as a potential
BACE]1 inhibitor. Our work provides novel structural infor-
mation for the development of potential AD drug lead com-
pounds in the future.

OH

Cl

Figure 1. Chemical structure of L655,240 (1-[(4-chlorophenyl)methyl]-5-
fluoro-a,a, 3-trimethyl-1H-indole-2-propanoic acid).

Materials and methods

Materials

L655,240 was purchased from Enzo Life Sciences (Farm-
ingdale, NY, USA). All cell culture regents were obtained
from Gibco (Rockville, MD, USA). The BACE1 FRET assay
kit, human AP40 ELISA kit, human AB42 ELISA kit and the
Rh-EVNLDAEFK-Quencher substrate were from Invitro-
gen (Carlsbad, CA, USA). Black 384-well microplates were
obtained from Greiner Bio-One GmbH (Frickenhausen, Ger-
many). GAPDH antibody was from Kangchen (Shanghai,
China). APP antibody and the human sAPP (highly sensi-
tive) assay kit were purchased from Immuno-Biological Labo-
ratories (IBL) (Takasaki-Shi, Gunma, Japan). BACE1 antibody,
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide), Geneticin (G418), and complete protease inhibi-
tor cocktail were from Sigma-Aldrich (St Louis, MO, USA).
Cathepsin D from human liver was from Merck (Darmstadt,
Germany). Renin activity assay kits were from Anaspec (Fre-
mont, CA, USA). RIPA buffer, Pierce BCA Protein Assay kits
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and SuperSignal West Dura chemiluminescence kits were
obtained from Thermo Scientific (Rockford, IL, USA). RNAiso,
PrimeScript™ RT reagent kits and SYBR Premix Ex Taq were
purchased from Takara (Otsu, Shiga, Japan). Anti-rabbit IgG
and anti-mouse IgG were from Jackson ImmunoResearch
(West Grove, PA, USA). Hybond-C nitrocellulose membranes
for Western blot experiments were obtained from GE Health-
care (Uppsala, Sweden).

Protein expression and purification

BACE1 expression, refolding and purification were performed
as previously reported”™. Briefly, a BACE1 cDNA fragment
encoding residues 43 to 454 was cloned into a pET28a vector
with a six-residue His tag at the N-terminus. The pET28a-
BACEL1 plasmid was transfected into Escherichia coli (E coli)
cells, and BACE1 was expressed in inclusion bodies, then
denatured and refolded into the active monomeric form.

BACE1 activity assay

BACE1 enzyme activity was assayed by measuring the cleav-
age of the FRET substrate, Rh-EVNLDAEFK-Quencher, which
was designed based on the APP695 Swedish mutant*>™N/M5%L,
The assay was performed in a 50 mmol/L sodium acetate reac-
tion buffer at pH 4.5. BACE1 enzyme was diluted in the reac-
tion buffer to make a 3xworking solution (the concentration of
BACE1 enzyme purchased from Invitrogen was 1.56 ng/mL;
the concentration of BACE1 enzyme purified from E coli was 2
pg/mL). BACEI substrate was diluted in the reaction buffer
to make a 3xstock solution (750 nmol/L). L655,240 was also
diluted to various concentrations to make 3xworking solu-
tions. The assay was performed in black 384-well microplates
in a final volume of 30 pL containing 10 pL of 3xsubstrate
stock, 10 pL of 3xBACE1 working solution and 10 pL of vari-
ous concentrations of L655,240. The reaction mixture was
incubated at 37°C for 90 min with vehicle (dimethyl sulfoxide,
DMSO) at a final concentration of 1% (v/v). After incubation,
10 pL of stop solution (2.5 mol/L sodium acetate) was added
to stop the reaction. Finally, the fluorescence intensity of the
enzymatic product was measured at Ex/Em=535 nm/585 nm
on a TECAN GENios reader (Tecan, Mannedorf, Switzerland).

To determine the inhibitory type, double-reciprocal (Lin-
eweaver-Burk) plot analysis was performed using a series of
concentrations of L655,240 (final concentrations of 0, 2, and 5
pmol/L) and of substrate (final concentrations of 0, 62.5, 125,
250, 500, and 1000 nmol/L). Substrate was added to BACE1
mixed with vehicle or L655,240 to start the kinetic reaction,
and the fluorescence intensity was measured immediately at
Ex/Em=535 nm/585 nm. Data were recorded continuously
every 1 min for 90 min. Finally, the initial velocity of the
enzyme reaction was obtained by determining the slope of the
linear portion of the data plot.

To evaluate the inhibitory effect of L655,240 on BACE1
activity in cells, a series of concentrations of L655,240 were
incubated with cultured cells for 24 h until cells reached con-
fluence in six-well plates. After incubation, the cultures were
removed, and the cells were washed with ice cold PBS. Next,

150 pL of RIPA buffer containing 1% (v/v) complete protease
inhibitor cocktail was added, and the samples were incubated
for 30 min on ice. The samples were finally centrifuged at
20000xg at 4°C. The supernatant was collected and stored at
-80 °C until later use. Total protein levels were determined
using the BCA Protein Assay Reagent kit. The BACE1 activ-
ity of the cell lysates was assayed according to the methods
described above.

Renin and cathepsin D activity assays

The activity and inhibition of renin by L655,240 were assayed
according to the manufacturer’s instructions using a renin
activity assay kit. The activity of cathepsin D derived from the
human liver and inhibition of cathepsin D activity by L655,240
was determined using Rh-EVNLDAEFK-Quencher as the sub-
strate. Briefly, a series of concentrations of L655,240 was incu-
bated with 250 nmol/L Rh-EVNLDAEFK-Quencher substrate
and 0.02 unit/mL cathepsin D in reaction buffer (50 mmol/L
sodium acetate, pH 4.5) for 1 h. Then, the fluorescence inten-
sity of the enzymatic products was measured at Ex/Em=>535
nm/585 nm.

Surface plasmon resonance (SPR) technology-based assay

The potential for direct binding of L655,240 to BACE1 was
investigated using a fully automated SPR-based Biacore 3000
instrument. During the experiment, BACE1 purified from E
coli was immobilized on a CM5 sensor chip according to the
Biacore manual. L655,240 was serially diluted with HBS buf-
fer [10 mmol/L HEPES, 150 mmol/L NaCl, 3 mmol/L EDTA
and 0.05% (v/v) surfactant P20] to a final concentration of
0.1% DMSO (v/v). The samples were injected into the chan-
nels at a flow rate of 30 pL/min and then washed with HBS
buffer. The binding RU (Response Unit) values of L655,240 to
BACE1 were recorded directly by the Biacore 3000 instrument
and calculated by subtracting the signal from the vehicle (0.1%
DMSO).

Cell culture and inhibitor treatment

HEK293 cells were purchased from the American Type Cul-
ture Collection (ATCC) and cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% (v/v) fetal
bovine serum (FBS), 100 unit/mL penicillin and 100 pg/mL
streptomycin at 37°C in 5% CO,. HEK293-APPswe cells were
grown in the same culture medium, with the addition of 1
mg/mL geneticin (G418).

Quantitation of Ap and sAPPj

HEK293-APPswe cells were seeded into 6-well plates. When
cells reached 80% confluence, cultures were refreshed with
DMEM supplemented with the indicated concentrations of
L655,240 for an additional 24 h. To determine the levels of
ApB40, ApP42, and sAPPp secreted in the medium, the medium
was directly collected from the plates, and a complete pro-
tease inhibitor cocktail was added to a final concentration of
1% (v/v). Then, the medium was centrifuged at 20000xg at
4°C for 5 min, and the supernatant was collected for A{340,
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AP42 and sAPPP quantitation. To measure sAPPp levels, the
supernatant was diluted 1:100 with the standard dilution buf-
fer from the sAPPB ELISA kit and assayed according to the kit
protocol. For quantitation of AP40 and Ap42, the supernatant
was directly assayed without dilution.

To quantify intracellular A40, AP42, and sAPPp levels in
cells, the cells were lysed as described above. To detect the
contents of AP40 and AP42 in the cell lysates, the samples
were diluted 1:2 in the standard dilution buffer from the
human A40 and AP42 kits, respectively. For sAPPp quanti-
tation, the samples were diluted 1:10 in the standard dilution
buffer from the human sAPPJ ELISA kit.

Cell viability assay

HEK293-APPswe cells were seeded into 48-well plates at a
density of 20% per well. After culturing for 12 h, the cells
were treated with different concentrations of L655,240 or
vehicle (DMSO) for 24 h. Subsequently, the medium contain-
ing L655,240 or vehicle was replaced with fresh medium sup-
plemented with 0.5 mg/mL MTT in the absence of L655,240
or vehicle, and the cells were cultured for an additional 4 h.
Finally, the medium was discarded, and 300 pL of DMSO was
added to each well. After incubation with DMSO for 10 min,
the absorption intensities of the samples were measured at 490
nm.

Western blot analysis

HEK?293 and HEK293-APPswe cells treated with L655,240 or
vehicle for 24 h were harvested in 2xsodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) sample buf-
fer (25% SDS, 62.5 mmol/L Tris-HCI, pH 6.8, 25% glycerol,
and 0.1% bromophenol blue). The samples were resolved
on 10% SDS-PAGE or 8% SDS-PAGE gels and transferred to
Hybond-C nitrocellulose membranes. The membranes were
blocked in 5% milk for 20 min and then incubated overnight
at 4°C with the corresponding primary antibody. On the next
day, the membranes were washed 3 times for 45 min with
TBST buffer (20 mmol/L Tris-HCI, pH 7.4, 140 mmol/L NaCl,
0.5% Tween-20) and then incubated in 5% milk (v/v) supple-
mented with anti-rabbit IgG or anti-mouse IgG for 2 h at room
temperature. After incubating with the secondary antibody,
the membranes were washed 3 times for 45 min with TBST
buffer. Finally, blots were visualized by incubation with a
SuperSignal West Dura chemiluminescence kit (Pierce Biotech-
nology, Rockford, IL, USA), and images were acquired using
an ImageQuant LAS 4000 mini (GE Healthcare Life Sciences,
CT, USA). GAPDH was used as a reference control for protein
loading. The bands were quantified using ImageQuant TL 7.0
software.

Real-time PCR (RT-PCR) analysis

Total RNA was extracted using an RNAiso reagent kit, and
complementary cDNA synthesis was performed using a Pri-
meScript™ RT reagent kit®”.
SYBR Premix Ex Taq, and products were detected using a

RT-PCR was performed using
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DNA Engene Opticon™ 2 system (M] Research, Waltham,
MA, USA). The specific primer pairs for human BACEI1,
human APP, and human B-actin were designed as previ-
ously described® *: BACE1, 5-CATTGGAGGTATCGAC-
CACTCGCT-3" (sense) and 5-CCACAGTCTTCCATGTC-
CAAGGTG-3’ (antisense); APP695, 5-GATGGCGGTGAA-
GACAAAGT-3 (sense), 5-CTTTGGCTTTCTGGAAATGG-3
(antisense) and B-actin, 5'-AGAGGGAAATCGTGCGTGAC-3’
(sense), 5'-CAATAGTGATGACCTGGCCGT-3’ (antisense).

PCR reaction cycles were performed as previously described
using the following conditions: 95°C for 5 s, 58 °C for 30 s and
72°C for 20 s,

Statistical analysis

All the experiments were performed at least three times. The
statistical difference between multiple treatments and control
was analyzed using one-way ANOVA. Data are presented as
the mean+SEM. of three independent experiments. "P<0.05
and °P<0.01 vs control group were considered statistically sig-
nificant.

Results

L655,240 is a BACE1 inhibitor

L655,240 is a competitive BACE1 inhibitor in vitro

To identify effective BACE1 inhibitors, we screened com-
pounds from our in-house library using a FRET-based assay.
Interestingly, we found that L655,240 could effectively inhibit
the activity of recombinant human BACE1 in the FRET assay
(Invitrogen) with an ICs, value of 4.47+1.37 pmol/L (Figure
2A). To further investigate the type of inhibition exhibited by
L655,240 against the BACE1 enzyme, we conducted a double-
reciprocal plot analysis based on the results of an enzyme
kinetics assay (Figure 2B-2C). The fitted lines generated by
the double reciprocal plots (Figure 2C) converged at an iden-
tical point on the y-axis, which indicted that L655,240 was a
competitive inhibitor of BACE1.

L655,240 directly binds to BACE1

To further confirm the interaction of L655,240 with BACE1,
we examined the direct binding of 1L655,240 to BACE1 using
the SPR technology-based assay. To obtain enough BACE1
enzyme for the SPR experiment, we purified BACE1 protein
from E coli as previously reported™. We tested the enzymatic
activity of BACE1 purified from E coli by defining an active
unit of BACE1 to be 2 pg. This definition is in accordance with
the active unit of 1.56 pg defined for BACE1 derived from
insect cells used in the FRET assay kit (Invitrogen). In addi-
tion, the ICs, value of L655,240 for inhibition of BACE1 puri-
fied from E coli was 8.10+0.09 pmol/L (Figure 2D), which was
consistent with the ICs, value (4.47+1.37 pmol/L) of L655,240
for inhibition of BACE1 derived from insect cells.

The SPR results clearly showed that L655,240 could directly
bind to BACELI in a concentration-dependent manner. The
dissociation equilibrium constant (Kp) was calculated to be
17.94£0.72 pmol/L (Figure 2E).
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L655,240 exhibited no inhibitory activity against other aspartic
proteases.

To study the selectivity of L655,240 toward other aspartic pro-
teases, we investigated the effects of various concentrations of
L655,240 on the activity of renin and cathepsin D from human
liver in an enzymatic assay. The results showed that 1L655,240
exhibited no significant inhibitory activity against renin and
cathepsin D, even at concentrations of 100 umol/L (Figure
3A-3B).

L655,240 may decrease AB40, AB42, and sAPPp production by
directly inhibiting BACE1 activity in cells

L655,240 decreased AB40, AB42, and sAPP3 production in cells
As mentioned, BACE1 is a rate-limiting enzyme in the cleav-
age of APP to produce AB. To further investigate the inhibi-
tory effects of L655,240 on BACE1, we examined the effects of
L655,240 on sAPPf, AP40, and AB42 production in HEK293-
APPswe cells. In this assay, HEK293-APPswe cells were
treated with various concentrations of L655,240 or vehicle as
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a control for 24 h. Then, the cell culture media was directly
assayed for sAPPB, AP40, and AB42. The cells were simulta-
neously collected and solubilized in RIPA buffer, and the cell
lysates were assayed for SAPPP, AP40, and AB42. Our results
showed that L655,240 could effectively decrease sAPPf, AB40
and Af42 secretion both in cultured cell media (Figure 4A-4C)
and cell lysates (Figure 4D-4E). However, we detected no
AP42 in cell lysates, which we tentatively attribute to the fact
that the yield of AP42 was too low to be detected.

Finally, to exclude the possibility that the decreased levels
of sAPP(3, AP40, or AP42 were caused by L655,240 induction
of cell toxicity, MTT assays were conducted to evaluate cell
viability. The results clearly showed that even high concentra-
tions of L655,240 up to 50 pmol/L had no effect on cell viabil-

L655,240 exhibits no inhibitory effects against y-secretase or
o-secretase

To further confirm that the effects of L655,240 on decreas-
ing AP40, AP42, and sAPPp production were mediated by
modulation of BACE1 activity, cell lysates were used to assess
BACE]1 activity levels. The results showed that BACE1 activ-
ity in cells treated with L655,240 was significantly lower than
in cells treated with vehicle (Figure 5A).

Because y-secretase also contributes to AB production,
we next investigated the potential effects of L655,240 on
y-secretase activity. As expected, L655,240 did not alter
cleavage of Notch (Figure 5B), another important y-secretase
substrate!! that is an important receptor for neuronal devel-

opment!l, In addition, APP can be processed along two

ity (Figure 4F). major pathways, the a-secretase pathway and the p-secretase
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before harvesting. (A) L655,240 inhibited BACE1 activity in HEK293-APPswe cells in a concentration-dependent manner. (B) L655,240 had no effect
on either y-secretase activity or ADAM10 expression. Cell lysates were subjected to Notch and ADAM10 analysis by Western blot (upper panel); the
quantitative results are also shown (lower panel). (C) L655,240 had no effect on ADAM17 activity in HEK293-APPswe cells. Data are presented as the
mean+SEM of three independent experiments. ?P>0.05,°P<0.05, °P<0.01 vs DMSO group.

pathway, which competitively cleave the same APP substrate.
In the a-secretase pathway, APP is thought to be processed
at the “a-site” by the ADAM family members ADAM17 and
ADAM10™. Here, we also investigated the effects of L655,240
on ADAM17 activity and ADAM10 expression. Our results
showed that L655,240 did not affect ADAM17 activity (Figure
5C) or ADAMI10 expression (Figure 5B).

L655,240 has no effect on BACE1 transcript or protein levels

As the reduction of either BACE1 activity or protein levels
could decrease APP cleavage and generate sSAPPB and C99,
we next examined whether L655,240 could inhibit BACE1
transcription or translation in HEK293-APPswe cells. In this
assay, cells treated with different concentrations of L655,240
for 24 h were collected for RT-PCR analysis or Western blot
analysis. As expected, the results showed that L655,240 had
no effect on BACE1 protein or mRNA levels (Figure 6A, 6C).

L655,240 exhibits no effect on APP transcription, protein levels
or maturation

APP, the substrate for BACEI, plays a pivotal role in sAPP(
and AP production. APP has both immature and mature
forms in cells'. The mature form is generated through the
post-translational modification of APP** and is considered to
be produced in preparation for sequential cleavage by BACE1
and y-secretase. Therefore, we further evaluated APP mRNA

levels, protein levels and APP maturation in HEK293 cells
treated with L655,240 or vehicle (DMSO) as a control. The
results showed that L655,240 had no effect on the transcrip-
tion, protein levels or maturation of APP (Figure 6B, 6D).

Discussion
The Amyloid Cascade Hypothesis for AD has dominated
the research field in both academia and the pharmaceutical
industry since AP was first identified as the major compo-
nent of amyloid plaques in 1984, The central tenet of this
hypothesis is that the mismetabolism of APP is the initiating
event in AD pathogenesis and subsequently leads to exces-
sive production and deposition of AP, which is considered to
be the root cause of AD" *l. Formation of amyloid plaques
instigates further pathological events, including potential
inflammatory responses, neurofibrillary tangles, disruption of
synaptic connections and neuronal death, which finally results
in dementia®. AP is produced by sequential proteolysis of
APP by BACE1 and y-secretase. Since BACE1 is considered
to be the rate-limiting enzyme for this process, the develop-
ment of BACEI1 inhibitors is an attractive approach to decrease
AP production and deposition. However, to date, no BACE1
inhibitor has been used clinically, and the discovery of a novel
BACE]1 inhibitor is therefore highly significant.

Previous studies have shown that the active site of BACE1

is quite open and large™. Therefore, it is challenging to find
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Figure 6. L655,240 had no impact on protein or mRNA levels of BACE1 or APP. All cell samples were prepared following treatment with L655,240 for
24 h. (A) L655,240 did not affect BACE1 protein levels in HEK293-APPswe cells. Cell lysates were subjected to BACE1 analysis by Western blot (upper
panel); the quantitative results are also shown below. (B) L655,240 had no effect on APP expression and maturation in HEK293 cells. Cell lysates were
subjected to APP analysis by Western blot, and the quantitative results are shown below. The “im” and “m” indicate the immature and mature forms of
APP, respectively. (C) L655,240 did not affect the mRNA levels of BACE1 in HEK293-APPswe cells. (D) L655,240 had no effect on APP mRNA levels in
HEK293 cells. Data are presented as the mean+SEM of three independent experiments.

potent and selective, drug-like small molecular BACE1 inhibi-
tors. In the current study, we successfully identified a novel
BACET1 inhibitor, L655,240, with a low molecular weight (373.9
Da) that exhibited good selectivity against other aspartic pro-
teases and displayed key characteristics of a BACE1 inhibitor
including successful inhibition of Ap and APP( production in
cell-based assays.

L655,240 has previously been reported to be a potent, orally
active thromboxane antagonist that has significant effects on
thromboxane receptor-mediated kidney disease and cardio-
vascular disease®™ *. In this work, we reported for the first
time that L655,240 could competitively inhibit recombinant
human BACE1 (Figure 2A) in a dose-dependent manner
(Figure 2B-2C). In addition, the affinity of L655,240 binding
to BACE1 was evaluated by the SPR technology-based assay
(Figure 2E).

Because BACEL1 is a member of a pepsin family of aspartic
proteases*”* and is a type I transmembrane protein, the selec-
tivity of L655,240 toward other aspartic proteases members
was also investigated. We tested the effects of L655,240 on the
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activity of recombinant renin and of cathepsin D derived from
human liver. As expected, L655,240 failed to affect the activi-
ties of either renin or cathepsin D (Figure 3A-3B).

To further confirm the biological functions of L655,240 in
cells, we quantitated the levels of sAPPB, which is the direct
product of BACET1 cleavage of APP, in HEK293-APPswe cells.
As expected, 1L655,240 dramatically decreased sAPPB produc-
tion (Figure 4C and 4E). Subsequently, we also measured the
levels of AP40 and APB42 in cells and found that L655,240 also
effectively reduced APB40 and AB42 production (Figure 4A, 4B
and 4D). Moreover, our results further indicated that L655,240
inhibited BACE1 activity in HEK293-APPswe cells (Figure
5A) without affecting mature APP and BACEI protein levels
(Figure 6A-6B). This finding confirmed that the reductions in
sAPPB, Ap40, and AP42 levels occurred through inhibition of
BACEL activity.

Because both a-secretase and y-secretase can affect Ap pro-
duction, we next investigated the potential effects of L655,240
on these two secretases through analysis of a-secretase activ-
ity and Notch protein levels (the substrate of y-secretase). As



expected, L655,240 did not affect a-secretase activity or Notch
protein levels (Figure 5B-5C). Therefore, our results further
indicated that the decreases in SAPPB, AB40 and Ap42 produc-
tion by L655,240 were mediated through inhibition of BACE1
activity.

As indicated, L655,240 is an ideal BACE1 inhibitor with
a small molecular size, potent BACE1 inhibitory action and
good selectivity. Therefore, L655,240 is a potential candidate
for a drug lead compound aganist AD. However, to further
confirm L655,240 as a potential lead compound for the treat-
ment of AD, more work is needed, including investigation of
L655,240 permeability through the blood brain barrier and
experiments in animal models to assess the effects of L655,240
on memory impairment, both of which are beyond the scope
of the current study.

In summary, our current findings demonstrate that L655,240
can effectively decrease AP40, AP42, and APP( production by
directly inhibiting BACE1 activity. Our work has therefore
provided structural information for the discovery of the drug
lead compound aganist AD in the future.
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