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Endoplasmic reticulum (ER) stress responses play an important role in neurodegenerative diseases. So-
dium 4-phenylbutyrate (4-PBA) is a terminal aromatic substituted fatty acid that has been used for the treat-
ment of urea cycle disorders. 4-PBA possesses in vitro chemical chaperone activity and reduces the accumula-
tion of Parkin-associated endothelin receptor-like receptor (Pael-R), which is involved in autosomal recessive
juvenile parkinsonism (AR-JP). In this study, we show that terminal aromatic substituted fatty acids, includ-
ing 3-phenylpropionate (3-PPA), 4-PBA, 5-phenylvaleric acid, and 6-phenylhexanoic acid, prevented the ag-
gregation of lactalbumin and bovine serum albumin. Aggregation inhibition increased relative to the number
of carbons in the fatty acids. Moreover, these compounds protected cells against ER stress-induced neuronal
cell death. The cytoprotective effect correlated with the in vitro chemical chaperone activity. Similarly, cell
viability decreased on treatment with tunicamycin, an ER stress inducer, and was dependent on the number
of carbons in the fatty acids. Moreover, the expression of glucose-regulated proteins 94 and 78 (GRP94, 78)
decreased according to the number of carbons in the fatty acids. Furthermore, we investigated the effects
of these compounds on the accumulation of Pael-R in neuroblastoma cells. 3-PPA and 4-PBA significantly
suppressed neuronal cell death caused by ER stress induced by the overexpression of Pael-R. Overexpressed
Pael-R accumulated in the ER of cells. With 3-PPA and 4-PBA treatment, the localization of the overex-
pressed Pael-R shifted away from the ER to the cytoplasmic membrane. These results suggest that terminal

aromatic substituted fatty acids are potential candidates for the treatment of neurodegenerative diseases.
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Recent studies have shown that small molecular weight
compounds help to prevent aggregation of amyloid-f pro-
teins,? prion proteins,” and polyglutamine proteins.” Neuro-
degenerative diseases are typically caused by unfolded protein
accumulation. Thus, a variety of pharmacological approaches
have been undertaken in order to prevent protein aggregation.

Molecular chaperones, such as heat shock proteins (Hsps),
provide cellular protection by protecting nascent proteins from
misfolding and reducing protein—protein aggregate formations.
Hsp70 reduces the in vivo and in vitro amounts of misfolded
and aggregated a-synuclein (a-syn), which is the major com-
ponent of Lewy bodies in Parkinson’s disease (PD), and pro-
tects neuronal cells from a-syn-dependent neurotoxicity.”

Chemical chaperones are low molecular weight com-
pounds that mimic the functions of intracellular molecular
chaperones. We are interested in chemical chaperones as
potential candidates as therapeutic agents, especially for
neurodegenerative diseases. Mutations in the gene of Parkin,
an ubiquitin ligase, have been linked to autosomal recessive
juvenile parkinsonism (AR-JP).® Mutations of Parkin reduce
the activity of the ubiquitin—proteasome degradation pathway
and presumably cause an accumulation of its substrates, such
as Parkin-associated endothelin receptor-like receptor (Pael-
R), which is expressed in dopaminergic neurons of the zona
compacta of the substantia nigra in the AR-JP brain.”? The
mutant Parkin-induced accumulation of Pael-R causes endo-
plasmic reticulum (ER) stress, and this mechanism has been
proposed to be responsible for neuronal cell death in AR-JP.2?
We have previously reported that 4-phenylbutyrate (4-PBA)
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possesses in vitro chemical chaperone activity, which prevents
the aggregation of denatured a-lactalbumin (a-LA) and bovine
serum albumin (BSA).!” Furthermore, we investigated the ef-
fects of 4-PBA on the accumulation of Pael-R. 4-PBA restored
the normal levels of expression of Pael-R protein and sup-
pressed ER stress induced by the overexpression of Pael-R.'”
In addition, we have previously reported that 4-PBA protected
against ischemic injury and ER stress-induced neuronal cell
death.!"” 4-PBA is an orally bioavailable terminal aromatic
substituted fatty acid that is used in the treatment of various
diseases, such as urea metabolism disorders,'” homozygous
P-thalassemia,'” and spinal muscular atrophy,'” and for the
treatment of tumors.!”” Additionally, 4-PBA is remarkable
to novel therapeutic agents of type 2 diabetes'® and familial
hypercholesterolemia.'” Furthermore, 4-PBA exerts signifi-
cant neuroprotective effects in some mouse models of human
PD'® and Alzheimer’s disease.’” Moreover, 4-PBA pos-
sesses histone deacetylase (HDAC)-inhibitor activity, and it is
able to penetrate the blood—brain barrier.'® 2

In this study, in order to investigate the structure—activity
relationships of 4-PBA analogs, we examined the effect of
terminal aromatic substituted fatty acids, which act as chemi-
cal chaperones, on protein aggregation and ER stress-induced
cell death.

MATERIALS AND METHODS

Materials and Reagents Tunicamycin (Tm) was obtained
from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
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3-Phenylpropionic acid (3-PPA), 4-PBA, S5-phenylvaleric acid
(5-PVA), and 6-phenylhexanoic acid (6-PHA) were purchased
from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).

Cell Culture Human neuroblastoma SH-SYSY cells were
maintained in Dulbecco’s modified Eagle’s medium (Sigma-
Aldrich Co., St. Louis, MO, U.S.A.) with 10% heat-inactivated
fetal calf serum. Cell lines were routinely cultured at 37°C in
humidified 5% CO,/95% air.

Induction of a-Lactalbumin Aggregation and Measure-
ment of Chaperone Activity «a-LA from bovine milk was
purchased from Sigma-Aldrich Co. Holo-a-LA was obtained
by dissolving the protein in phosphate buffer containing
0.ImmM CaCl,?Y The phosphate buffer consisted of 14mm
KH,PO,, 86mm K,HPO,, and 150mm KCI (pH 7.5). Apo-a-
LA was obtained by dissolving the protein in phosphate buffer
containing 2.5mm ethylenediaminetetraacetic acid (EDTA).
Reduced o-LA (-LA) was prepared by incubating the pro-
tein in phosphate buffer containing 2.5mm EDTA and 5mwm
dithiothreitol for 30min at 25°C.*» BSA was denatured with
7.2m guanidine hydrochloride at 25°C overnight in 210um
phosphate buffer (pH 7.5).>Y Aggregates of denatured BSA
were formed by a 50-fold rapid dilution in phosphate buffer
at 25°C and incubation for 3.5h. For the induction of r-LA ag-
gregation, r-LA was mixed with BSA aggregates in phosphate
buffer, and the mixture containing 14um of r-LA and 2.6 um of
BSA was incubated at 37°C. The aggregation of r-LA induced
by BSA aggregates was monitored in the presence or absence
of different terminal aromatic substituted fatty acids [0.3, 1, or
3mwm of 3-PPA, 5-PVA, and 6-PHA or 3mwm 4-PBA]. Aggrega-
tion was monitored by measuring turbidity at 488nm using
a spectrophotometer (Hitachi Research Laboratory, Hitachi,
Ltd., Ibaraki, Japan).

Cell Death Assay Subconfluent SH-SY5Y cells grown
in 6-well plates were treated with Tm in the presence of the
test compounds for 48h. In order to measure the remaining
viable adherent cells, the culture medium was removed and
then stained with 0.1% crystal violet (Wako Pure Chemical
Industries, Ltd.) for 20min at 20°C. After removal of the
dye, the medium was washed with 1 mL of PBS 2 times and
then allowed to dry. Stained cells were lysed with 500uL of
0.5% sodium dodecyl sulfate by incubation with agitation
for 20min at 20°C. The absorbance of the extracts was mea-
sured at 590nm. The percent viability compared to untreated
controls was calculated by using the following equation:
(OD +ODbackground)/(OD _ODbackground)Xlooz% viabil-
1ty.

Immunoblotting Cells were lysed in 20mm N-(2-
hydroxyethyl)piperazine-N'-2-ethanesulfonic acid (HEPES)-
NaOH (pH 7.4), 150mm NaCl, Smm EDTA, 1% Nonidet P-40,
ImM phenylmethylsulfonyl fluoride, 10xg/mL aprotinin, and
10ug/mL leupeptin. The following were used as primary
antibodies: KDEL (Enzo Life Sciences, Inc., Farmingdale,
NY, US.A) (diluted 1:1,000), glyceraldehyde-3-phosphate
dehydrogenase (GAPDH; Santa Cruz Biochemistry, Santa
Cruz, CA, U.S.A)), acetyl-histone H3 (Lys9) antibody (Cell
Signaling Technology, Inc., Beverly, MA, U.S.A)), and FLAG
(M2) (Sigma-Aldrich Co.) (diluted 1:2000). Horseradish per-
oxidase-conjugated anti-mouse immunoglobulin G (IgG) (GE
Healthcare Bio-Sciences Corp., Piscataway, NJ, U.S.A.) (dilut-
ed 1:2000) and anti-rabbit IgG (GE Healthcare Bio-Sciences
Corp.) or anti-goat IgG (Cell Signaling Technology, Inc.) (di-
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luted 1:2000) antibodies were used as secondary antibodies.
Bands were detected using the enhanced chemiluminescence
system (GE Healthcare Bio-Sciences Corp.).

Immunocytochemistry SH-SYS5Y cells that were stably
transfected with human Pael-R expression vectors were fixed
with cold methanol at —20°C for 20 min. The cells were then
stained with anti-FLAG (M2, 1:200) and anti-cleaved cas-
pase-3 (1:200; Cell Signaling Technology, Inc.). Anti-mouse
antibody that was conjugated to Alexa 488 and anti-rabbit
antibody that was conjugated to Alexa 546 (1:200; Invitrogen
Corporation, Burlingame, CA, U.S.A.) were used as second
antibodies. Fluorescent images were acquired using a Zeiss
LSM 510 Meta confocal microscope (Carl Zeiss Microlmaging
Oberkochen, GmbH, Germany).

Statistical Analyses Results are expressed as means=S.E.
Statistical analyses were performed using the Jonckheere—
Terpstra and Dunnett’s tests.

RESULTS

Terminal Aromatic Substituted Fatty Acids Act as
Chemical Chaperones in Vitro 4-PBA acts as a chemi-
cal chaperone. 2% In order to elucidate whether terminal
aromatic substituted fatty acids possess chaperone activity, we
examined the effects of the test compounds on the in vitro ag-
gregation of a-LA with BSA. Holo-a-LA is a 4-disulfide bond
calcium-binding protein. r-LA, which is formed by calcium
depletion and dithiothreitol treatment, exists in an even more
relaxed and expanded structure, and it is a target recognized
and bound by molecular chaperones. r-LA is soluble in neu-
tral and reduced buffer at 25°C but forms aggregates in the
presence of other denatured proteins.?' > The aggregation of
r-LA, which was induced by the addition of denatured BSA
that was produced by guanidine hydrochloride and incubated
at 37°C, was detected as increased turbidity. A time-depen-
dent increase in turbidity was suppressed by the addition of
terminal aromatic substituted fatty acids in a dose-dependent
manner, indicating that these compounds inhibited the aggre-
gation of -LA and BSA (Fig. 1).

The chemical chaperone activity of different concentrations
of each terminal aromatic substituted fatty acid was compared
with 3mm 4-PBA (Figs. 1A—C). The inhibitory effects of
each terminal aromatic substituted fatty acid on aggregation
were compared at a concentration of 3mm. There was a ten-
dency for the aggregation inhibition of these compounds to
increase according to the number of carbons in the terminal
aromatic substituted fatty acids (Fig. 1D).

Effect of Terminal Aromatic Substituted Fatty Acids on
Neuronal Cell Death Next, we investigated the effect of ter-
minal aromatic substituted fatty acids on neuronal cell death
induced by the ER. We used Tm, an inhibitor of protein N-
glycosylation and an ER stress inducer.”**> Cells were treated
with 0.1 ug/mL of Tm in the presence of terminal aromatic
substituted fatty acids for 48h. We examined the effects of
the test compounds on cell viability in SH-SY5Y cells under
ER stress using a crystal violet assay (Fig. 2). There was a
tendency for the protective effects on neuronal cell death to
increase according to the number of carbons in the terminal
aromatic substituted fatty acids. Interestingly, these results
correlated well with the potency of the preventive action of
these compounds on protein aggregation.



86
03
—i— control

0.25 H ~0-0.3 mM 3-PPA
g --&-- 1 mM 3-PPA i
s 02
2 V4[| -2&- 3 mM 3-PPA
= —8—3 mM 4-PBA
= 015 H
3
E o001}
2

0.05

o 8
0 30 60 90 120 150 180 210 240 (min)
B 03
—— control

0.25 H =0 0.3 mM 5-PVA
s -1 mM 5-PVA
o 02 M -#-3mMS5-PVA /é
3
3 ——3 mM 4-PBA p
— 015 | ~
=
£
Z o01f
E

0.05 [

00 30 60 90 120 150 180 210 240  (min)
Fig. 1.

Vol. 35, No. 1

C 025 ¢
—l— control
~ o 1 ~B03mMe6-PHA
g ----1 mM 6-PHA
S -4+ 3 mM 6-PHA
T o015 b
z —@—3 mM 4-PBA
£ —O—DMSO
2 o1
5
2
0.05
N

0 30 60 90 120 150 180 210 240

(min)
D 12
*
1 - . CO,H
— n
]
- L 3-PPA: n=1
g 08 . 2PBA
3 5-PVA: n=
- 6-PHA: n=4
2
g 0.6 |
£ *
2
2 o4t I
=
2]
[~
02 f M

]

control 3-PPA 4-PBA 5-PVA 6-PHA
3 3 3 3 (mM)

Inhibitory Effects of Terminal Aromatic Substituted Fatty Acids on the Protein Aggregation of a-Lactalbumin in Vitro (A—C)

Reduced a-lactalbumin (-LA) was prepared by treating a-LA with 2.5mm ethylenediaminetetraacetic acid and 5mwm dithiothreitol for 30 min at 25°C. Bovine serum
albumin (BSA) was denatured with 7.2m guanidine hydrochloride and diluted 50-fold to form aggregates. Aggregation of r-LA was induced by the addition of denatured
BSA at 37°C. Aggregation increases were monitored by measuring the optical density at 488nm. Aggregation was indicated by turbidity in the presence or absence of
the indicated additives [0.3, 1, or 3mwm of 3-phenylpropionate (3-PPA), S-phenylvaleric acid (5-PVA), and 6-phenylhexanoic acid (6-PHA) or 3mwm 4-PBA] for the periods
indicated. The values are the means®S.E. of four independent experiments. (D) Due to slight difference of experimental condition, maximum turbidity and time to reach
peak are changed in these experiments. Relative turbidities are expressed as the ratios of the turbidities of terminal aromatic substituted fatty acids to the corresponding
controls. The peak points of each control experiment were 210 min (Fig. 1A), 240 min (Fig. 1B) and 210min (Fig. 1C), respectively. The values are the means*S.E. of four
independent experiments (*»=0.0005: compared with control, Jonckheere—Terpstra test).

Effects of Terminal Aromatic Substituted Fatty Acids on
the ER Stress-Induced Expression of ER Chaperones ER
stress triggers cellular unfolded protein responses, which
result in an increase in the expression of unfolded protein
response-regulated genes, such as GRP78 and GRP94, which
are ER-resident chaperones. We investigated whether the lev-
els of expression of GRP94 and GRP78 that were induced by
treatment with Tm were suppressed by the terminal aromatic
substituted fatty acids (Fig. 3A). Although the relative density
of GRP94/GAPDH increased in SH-SY5Y cells on treatment
with Tm, we observed that the relative density of GRP94/
GAPDH was increased with 3-PPA treatment compared to that
of vehicle (Fig. 3B). Treatment with 5-PVA and 6-PHA sig-
nificantly suppressed the relative density of GRP94/GAPDH,
indicating that these compounds reduced ER stress. Similarly,
although the relative density of GRP78/GAPDH was decreased
on treatment with only 5-PVA and 6-PHA, we observed that
the relative density of GRP78/GAPDH in cells treated with
3-PPA and 4-PBA was not decreased but actually higher than
that of the vehicle control. These results correlated well with
the potency of these compounds in protecting against ER
stress-induced neuronal cell death and their preventive actions
on protein aggregation

Effects of Terminal Aromatic Substituted Fatty Acids
against Neuronal Cell Death Induced by Overexpression
of Pael-R Almost all neurodegenerative disorders are char-
acterized by the accumulation of misfolded and aggregated
proteins in a variety of intracellular or extracellular regions,

120 ‘
*
— | - *
e 100 *
E *
S 80
G
=3
S 60t
z
g 40t
>
S 20t
control vehicle 3-PPA 4-PBA 5-PVA 6-PHA
3 3 3 03 (mM)
Tunicamycin ( Tm )
Fig. 2. Protective Effects of Terminal Aromatic Substituted Fatty Acids

against ER Stress-Induced Cell Death in Human Neuroblastoma SH-
SYSY Cells

SH-SYSY cells were treated with 0.1 ug/mL tunicamycin (7,,) in the presence or
absence of test compounds for 48h. Cell viability was determined using a crystal
violet assay, and the results are expressed as the means*S.E. (22 independent ex-
periments in duplicate) (*p<<0.05: compared with vehicle control, Dunnett’s test).

including the ER. The pathophysiological mechanisms of
AR-JP, which is one such disorder, are possibly linked to ER
stress.®>” We investigated whether terminal aromatic substitut-
ed fatty acids, as well as 4-PBA, possess protective effects on
neuronal cell death induced by an overexpression of Pael-R.
We examined the effects of terminal aromatic substituted fatty
acids on cell viability in SH-SYSY cells under ER stress in-
duced by the overexpression of Pael-R using the crystal violet
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Fig. 3. Effects of Terminal Aromatic Substituted Fatty Acids on the
Levels of Expression of ER Stress-Induced GRP94 and GRP78 in Human
Neuroblastoma SH-SY5Y Cells

(A) Effect of the test compounds on the expression of GRP94 and GRP78 in-
duced by ER stress. SH-SY5Y cells were treated with 100ng/mL Tm in the pres-
ence or absence of test compounds, and immunoblotting was performed using an
anti-KDEL antibody. GAPDH served as internal control in the immunoblotting
analysis. The data presented are from a representative experiment of five indepen-
dent experiments performed. (B,C) The levels of GRP78 and GRP94 were quanti-
fied by densitometric analysis and normalized to that of the corresponding GAPDH
internal control (*»<<0.05: compared with vehicle control, Dunnett’s test).

assay. Pael-R-induced cell death was suppressed by 3-PPA and
4-PBA (Fig. 4). In contrast, treatment with 5-PVA and 6-PHA
did not suppress this Pael-R-induced cell death.

Effects of Terminal Aromatic Substituted Fatty Acids
on the Intracellular Localization of Overexpressed Pael-
R We found a tendency for the inhibitory potency of these
compounds to increase on aggregation according to the num-
ber of carbons in the terminal aromatic substituted fatty acids.
This tendency was not consistent with the potency of these
compounds to protect against Pael-R-induced cell death. These
data suggest that other mechanisms exist to protect against
Pael-R-induced cell death. To elucidate this possibility, the ef-
fects of terminal aromatic substituted fatty acids on Pael-R in-
tracellular localization were assessed by immunocytochemical
analyses. Overexpressed Pael-R was mainly localized in the
ER and perinuclear sites. The accumulation of Pael-R in the
ER was prevented by treatment with 3-PPA and 4-PBA, which
resulted in the partial restoration of the Pael-R localization in
the ER to the plasma membrane (Fig. 5).

Effects of Terminal Aromatic Substituted Fatty Acids
on Acetylated Histone H3 Expression in Cells under ER
Stress 4-PBA is not only a chemical chaperone but also
as a histone deacetylase inhibitor. 4-PBA has been shown
to facilitate the folding of several mutant proteins, including
AF508-cystic fibrosis transmembrane conductance regulator
(CFTR).2® Although 4-PBA has been shown to inhibit the
aggregation of several misfolded proteins, its properties as a
histone deacetylase inhibitor have left its chaperone-like prop-
erties rather controversial. As a histone deacetylase inhibitor,
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Fig. 4. Protective Effects of Terminal Aromatic Substituted Fatty Acids
against Pael-R-Induced Cell Death in Human Neuroblastoma SH-SYS5Y
Cells

SH-SYSY cells stably expressing Pael-R-FLAG were incubated in the presence
or absence of terminal aromatic substituted fatty acids for 48h. About 10% cells
overexpressed Pael-R underwent cell death. The cell viability was determined
using the crystal violet assay, and the results were expressed as the means*S.E.
(nine independent experiments in duplicate) (*»p<<0.05: compared with vehicle con-
trol, Dunnett’s test).

4-PBA has the ability to facilitate the transcription of a vari-
ety of genes, including those encoding hsps that are known to
be involved in protein folding.?” To investigate whether the
several protective effects of terminal aromatic substituted fat-
ty acids could be explained by their ability to inhibit histone
deacetylation, we analyzed the levels of acetylated histone H3
in human neuroblastoma SH-SYSY cells (Fig. 6). The level
of acetylated histone H3 was not changed by Tm. Among the
terminal aromatic substituted fatty acids tested, 4-PBA and
3-PPA significantly increased the level of acetylated histone
H3. These results suggest that a relationship between histone
deacetylase and chaperone interaction is related to the number
of carbons in the regulating terminal aromatic substituted
fatty acids.

DISCUSSION

In this study, we showed that terminal aromatic substituted
fatty acids possessed chaperone activity in vitro. This ef-
fect exhibited a concentration-dependent pattern. Although
the effective concentration of compounds used in this study
may appear to be high, especially for 4-PBA, it is not so for
6-PHA because the physical properties of 6-PHA, which is an
oil at room temperature, were different from those of other
compounds. Therefore, we assume that a low concentration
of 6-PHA (0.3mwm) is probably sufficient prevent aggregation
between hydrophobic regions of unfolded proteins through
physicochemical effects.

We previously reported that 4-PBA exhibits protective ef-
fects against ER stress-induced cell death.!” The other termi-
nal aromatic substituted fatty acids tested in this study are be-
lieved to exhibit similar mechanisms of action as for 4-PBA.
In fact, the compounds possessed chemical chaperone activity
(Fig. 1), reduced ER stress-induced cell death in the presence
of Tm (Fig. 2), and suppressed the induction of GRP94 and
GRP78 (Fig. 3). We found that 6-PHA was the most effective
compound in suppressing the ER stress-induced cell death in
the presence of Tm (Fig. 2). The protective effects of these
compounds against ER stress-induced neuronal cell death
tended to increase in relative to the number of carbons in the
terminal aromatic substituted fatty acids. Moreover, this ten-
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SH-SHSY cells stably expressing FLAG-tagged Pael-R were incubated with or without 3-PPA, 4-PBA, and 5-PVA for 48h at a concentration of 3mm. The intracellular
localization of Pael-R (green) and calreticulin (red) was visualized by immunofluorescence microscopy using anti-FLAG and anti-calreticulin antibodies, respectively.

Properly localized Pael-R is indicated by arrowheads. Scale bar=20um.

dency correlated well with that of the potency of these com-
pounds on GRP94 and GRP78 expression.

We reported previously that 4-PBA protected against Pael-
R-induced cell death, and that 4-PBA restored the normal lo-
calization of Pael-R.%® Overexpression of Pael-R induces cell
death. In the present study, in order to compare the effects of

terminal aromatic substituted fatty acids, we examined the
effect of these compounds on Pael-R-induced cell death (Fig.
4). Both 3-PPA and 4-PBA effectively suppressed Pael-R-
induced cell death. In addition, 5-PVA and 6-PHA showed a
tendency to suppress cell death. We hypothesized that 6-PHA
and 5-PVA would be more effective than 4-PBA in suppress-
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Fig. 6. Effects of the Test Compounds on ER Stress-Induced Acetylated
Histone H3 Expression in Human Neuroblastoma SH-SYSY Cells

(A) SH-SYS5Y cells were treated with 100ng/mL 7, in the presence or absence of
test compounds, and immunoblotting was performed using an anti-acetyl-histone
H3 antibody. GAPDH served as an internal control in the immunoblotting analy-
sis. The data presented are from a representative experiment of three independent
experiments performed. (B) The levels of acetylated histone H3 were quantified by
densitometric analysis and normalized to that of the corresponding GAPDH inter-
nal control (*»<<0.05: compared with vehicle control, Dunnett’s test).

ing Pael-R-induced cell death as we observed that 6-PHA
exhibited the most effective chemical chaperone activity
(Fig. 1). Moreover, 6-PHA and 5-PVA were more effective
than 4-PBA in suppressing ER stress-induced neuronal cell
death (Fig. 2). Surprisingly, 6-PHA and 5-PVA did not sup-
press Pael-R-induced cell death. Thus, for the suppression of
Pael-R-induced cell death, the suppression potency of these
compounds did not show any tendency to be related to the
number of carbons in the terminal aromatic substituted fatty
acids. Moreover, we examined the effect of these compounds
on the intracellular localization of overexpressed Pael-R pro-
tein. Pael-R protein migrates from the ER to the cytoplasmic
membrane. Overexpressed Pael-R protein tends to accumulate
in the ER. Both 3-PPA and 4-PBA reduced the accumulation
of Pael-R protein due to overexpression and they transported
Pael-R protein from the ER to the plasma membrane (Fig. 5).
In accordance with this finding, 3-PPA and 4-PBA suppressed
Pael-R-induced cell death.

A previous study reported that 4-PBA inhibits HDAC ac-
tivity,'” and, in the present study, we found that 3-PPA also
possessed HDAC inhibitor activity, even though the inhibitory
effect of 4-PBA was more potent than that of 3-PPA. However,
the inhibitory effects of 5-PVA and 6-PHA were lower than
that of 4-PBA and 3-PPA (Fig. 6). These differences in the po-
tencies in inhibiting HDAC activity may affect their suppres-
sive effects on Pael-R-induced neuronal cell death. That is, not
only chemical chaperone activity but also HDAC inhibitor ac-
tivity may be involved in cytoprotective effects against neuro-
nal cell death. In fact, HDAC inhibitors have been reported to

89

augment Spl-dependent gene expression, and protect against
oxidative stress-induced death.?”” Moreover, HDAC inhibitors
have been suggested as therapeutic agents for neurodegenera-
tive diseases such as multiple sclerosis.?®

4-PBA decreased the number of phosphorylated a-syn-
positive neurons in human a-syn A30P- and A53T-transgenic
mice.”” Moreover, 4-PBA increased the mRNA expression
levels of the components of the ubiquitin—proteasome pathway
and downregulated caspase-3 immunoreactivity in the stria-
tum from the N171-82Q transgenic mouse model of Hunting-
ton’s disease.?”

In conclusion, not only 4-PBA but also other terminal aro-
matic substituted fatty acids may be candidates for the treat-
ment of neurodegenerative diseases.
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