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Abstract

Background: Bupivacaine-induced neurotoxicity has been shown to occur through apoptosis. Recently,

bupivacaine was shown to elicit reactive oxygen species (ROS) production and induce apoptosis accompanied by
activation of p38 mitogen-activated protein kinase (MAPK) in a human neuroblastoma cell line. We have reported
that WDR35, a WD40-repeat protein, may mediate apoptosis through caspase-3 activation. The present study was

independent from WDR35 expression in Neuro2a cells.

undertaken to test whether bupivacaine induces apoptosis in mouse neuroblastoma Neuro2a cells and to
determine whether ROS, p38 MAPK, and WDR35 are involved.

Results: Our results showed that bupivacaine induced ROS generation and p38 MAPK activation in Neuro2a cells,
resulting in apoptosis. Bupivacaine also increased WDR35 expression in a dose- and time-dependent manner.
Hydrogen peroxide (H,0,) also increased WDR35 expression in Neuro2a cells. Antioxidant (EUK-8) and p38 MAPK
inhibitor (SB202190) treatment attenuated the increase in caspase-3 activity, cell death and WDR35 expression
induced by bupivacaine or H,0,. Although transfection of Neuro2a cells with WDR35 siRNA attenuated the
bupivacaine- or H,O,-induced increase in expression of WDR35 mRNA and protein, in contrast to our previous
studies, it did not inhibit the increase in caspase-3 activity in bupivacaine- or H,O,-treated cells.

Conclusions: In summary, our results indicated that bupivacaine induced apoptosis in Neuro2a cells. Bupivacaine
induced ROS generation and p38 MAPK activation, resulting in an increase in WDR35 expression, in these cells.
However, the increase in WDR35 expression may not be essential for the bupivacaine-induced apoptosis in
Neuro2a cells. These results may suggest the existence of another mechanism of bupivacaine-induced apoptosis
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Background

Bupivacaine is a sodium channel blocker administrated
for local infiltration, nerve block, epidural, and intra-
thecal anesthesia [1]. Several clinical observations have
suggested that the administration of bupivacaine in close
proximity to nerves causes critical dysfunction, such as
radiculopathy and paresthesia [2]. An increasing number
of studies have shown that bupivacaine-induced neuroto-
xicity occurs through apoptosis, and it can be speculated
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that the administration of local anesthetics in clinical
practice induces apoptotic cell death of neurons [1,3,4].
However, the mechanisms by which bupivacaine triggers
neurotoxicity have not been elucidated precisely.

Reactive oxygen species (ROS) are known to stimulate
a number of events and pathways that lead to apoptosis,
including mitogen-activated protein kinase (MAPK)
signal transduction pathways [5]. In neuronal cells, p38
MAPK, a member of the MAPK family, is preferentially
activated by environmental stress and inflammatory
cytokines, and it has been shown to promote neuronal
cell death [6]. Recent studies have demonstrated that
bupivacaine-induced apoptosis involves generation of
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ROS in Schwann cells [7] and activation of p38 MAPK
in dorsal root ganglion (DRG) neurons [8]. Furthermore,
a study using the human neuroblastoma SH-SY5Y cell
line has shown that bupivacaine-induced apoptosis is
associated with ROS production and activation of p38
MAPK [9].

The WD40 repeat, also known as the beta-transducin
repeat or the WD, is a small structural motif of approxi-
mately 40 amino acids, typically bracketed by glycine-
histidine and tryptophan-aspartate (GH-WD) [10]. Repeated
WD40 motifs form a domain called the WD domain that
is involved in protein-protein interactions. Proteins with
WD40 repeats have important roles in a variety of cellu-
lar functions such as cell growth, proliferation, apoptosis,
and intracellular signal transduction [10,11]. WD repeat-
containing protein 35 (WDR35) is a novel member of
this protein family [12]. Recently we reported that rat
WDR35, also referred to as naofen, activates caspase-3
and promotes tumor necrosis factor (TNF)-a —induced
apoptosis in HEK293 cells [13]. More recently, we
reported that enhanced expression of WDR35 may medi-
ate the activation of caspase-3 through a mitochondrial
signaling pathway in lipopolysaccharide (LPS)-induced
hepatocyte apoptosis [14].

Unami et al. [15] reported that both death receptor
and mitochondrial signaling are involved in the process
of bupivacaine-induced apoptosis in HL-60 cells. In con-
trast, a recent study showed that the local anesthetic
lidocaine induces apoptosis via the mitochondrial path-
way independently of death receptor signaling [16].
Although bupivacaine has been reported to induce cell
death and critical neuronal dysfunction, the precise
mechanistic cascades of these effects remain unclear.
The present study was undertaken to investigate whether
bupivacaine induces apoptosis in the mouse neuroblastoma
Neuro2a cell line and to examine the potential involvement
of WDR35, ROS, and p38 MAPK in bupivacaine-induced
Neuro2a cell neurotoxicity.

Results

Bupivacaine induces ROS generation and p38 MAPK
activation, resulting in apoptosis in Neuro2a cells

As Werdehausen et al. reported that 2 mM bupivacaine
induces apoptosis in human neuroblastoma cells [4], we
first examined cell injury in 2 mM bupivacaine-treated
Neuro2a cells by measuring cell viability. Bupivacaine
significantly decreased cell viability of Neuro2a cells in a
time-dependent manner (?<0.05 at 1 h, P<0.01 at 3 h,
and P<0.001 at 6 h and later; Figure 1A). Treatment
with 2 mM bupivacaine significantly activated caspase-3
from at time points from 1 to 9 h (P<0.05 at 1 h and
P <0.001 thereafter; Figure 1B) and induced DNA frag-
mentation in Neuro2a cells (Figure 1C).

Page 2 of 10

As shown in Figure 1D, after treatment with 2 mM
bupivacaine, intracellular ROS levels in Neuro2a increased
significantly in a time-dependent manner at time points
from 0.5 to 9 h (P<0.01 at 0.5 h and P <0.001 thereafter).
To determine whether p38 MAPK is activated in
bupivacaine-treated Neuro2a cells, protein levels of p38
and phospho-p38 were determined by Western blotting
and expressed as the phospho-p38/p38 ratio. Bupivacaine-
induced phospho-p38 protein expression significantly at
time points from 0.5 to 3 h (P<0.05); the increase in
phospho-p38 levels was not statistically significant at later
time points (Figure 1E). In addition, phospho-p38 protein
expression was also significantly increased at time points
from 0.5 to 3 h when ROS levels were induced in Neuro2a
cells by cellular exposure to H,O, (P < 0.05, Figure 1E).

Bupivacaine increases WDR35 expression in Neuro2a cells
To determine whether WDR35 is upregulated in
bupivacaine-treated Neuro2a cells, the expression of
WDR35 mRNA and protein was analyzed by qPCR and
Western blotting, respectively. As shown in Figure 2A,
bupivacaine significantly increased WDR35 mRNA ex-
pression in a dose-dependent manner, with 2 mM
bupivacaine producing an 18.1-fold increase in WDR35
mRNA over the control level (P<0.001). Treatment
of Neuro2a cells with 2 mM bupivacaine for 3 to 9
h significantly increased WDR35 mRNA expression
(P<0.05 at 3 and 6 h and P <0.001 at 9 h; Figure 2B). The
maximal effect was reached at 9 h, when there was an 18.3-
fold increase in WDR35 mRNA over the control level.
WDR35 protein expression was significantly increased in
cells treated with bupivacaine for 9 h (P < 0.05, Figure 2C).
In control experiments, treatment of Neuro2a cells with the
sodium channel blocker tetrodotoxin did not alter WDR35
mRNA expression (data not shown), suggesting that the
upregulation of WDR35 expression in bupivacaine-treated
cells was not mediated by sodium channel blockade.

In addition, H,O, significantly increased WDR35
mRNA expression in a dose-dependent manner (P < 0.01,
Figure 2A). Treatment of cells with 0.5 mM H,0O, signifi-
cantly increased WDR35 mRNA expression in a time-
dependent manner (P<0.05 at 6 h and P<0.001 at 9 k;
Figure 2B). Expression of WDR35 protein was significantly
increased at 9 h (P < 0.05, Figure 2C).

Antioxidant EUK-8 and p38 MAPK inhibitor attenuate
bupivacaine-induced cell death

EUK-8, a synthetic catalytic free radical scavenger, has
protective effects in numerous models of disease pro-
cesses associated with oxidative stress, including in-
flammation, cardiovascular diseases and neurological
disorders [17-19]. To determine whether ROS gene-
ration and p38 MAPK activation are involved in
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bupivacaine-induced apoptosis, the effects of EUK-8
and SB202190 on ROS levels, caspase-3 activity and cell
viability were measured. Neuro2a cells were treated
with EUK-8 (100 uM; Calbiochem, La Jolla, CA, USA)
and/or SB202190 (10 pM; Calbiochem) for 1 h, followed
by bupivacaine (2 mM) for 9 h. EUK-8 treatment signifi-
cantly attenuated the bupivacaine-induced increase in
intracellular ROS levels (P<0.01), whereas SB202190
treatment did not (Figure 3A). As shown in Figure 3B
and C, both EUK-8 treatment and SB202190 treatment
significantly attenuated the bupivacaine-induced increase
in caspase-3 activity (P<0.05 and P<0.01) and cell
death (P <0.01).

Similarly, treatment with EUK-8 significantly atte-
nuated the H,O,-induced increase in intracellular ROS
levels (P <0.001; Figure 3A), and both EUK-8 treatment
and SB202190 treatment significantly attenuated the
H,0,-induced increase in caspase-3 activity (P <0.01
and P <0.001; Figure 3B) and cell death (P<0.05 and
P<0.001; Figure 3C). The combination of EUK-8
and SB202190 showed no apparent additive effects
or synergism (data not shown).

Antioxidant EUK-8 and p38 MAPK inhibitor attenuate
bupivacaine-induced increase in WDR35 expression
Neuro2a cells were treated with EUK-8 for 1 h, followed
by bupivacaine (2 mM) for 9 h. As shown in Figure 4A
and B, EUK-8 significantly attenuated the bupivacaine-
induced increase in expression of WDR35 mRNA
(P <0.01) and protein (P < 0.05).

In order to explore the relationship between WDR35
expression and p38 MAPK activation, Neuro2a cells were
treated for 1 h with the p38 MAPK inhibitor SB202190
(10 uM), followed by bupivacaine (2 mM) for 9 h. As
shown in Figure 4C and D, SB202190 significantly attenu-
ated the bupivacaine-induced increase in expression of
WDR35 mRNA (P < 0.001) and protein (P < 0.05).

In addition, treatment with EUK-8 and SB202190 sig-
nificantly attenuated the H,O,-induced increase in ex-
pression of WDR35 mRNA (P < 0.01; Figure 4A and C)
and protein (P < 0.05; Figure 4B and D). The combin-
ation of EUK-8 and SB202190 showed no apparent addi-
tive effects or synergism (data not shown).

WDR35 siRNA does not inhibit the increase in caspase-3
activity and cell death in Neuro2a cells

Finally, in order to examine the effects of WDR35
siRNA in bupivacaine-treated Neuro2a cells, cells were
transfected with WDR35 siRNA (5 nM) for 24 h, then
bupivacaine (2 mM) or H,O, (0.5 mM) was added and
the cells were incubated for another 9 h. Although trans-
fection of Neuro2a cells with WDR35 siRNA attenuated
the bupivacaine- and H,O,-induced increase in expres-
sion of WDR35 mRNA (P < 0.001; Figure 5A) and protein
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(P<0.05; Figure 5B), it did not inhibit the increase in
caspase-3 activity (Figure 5C) or the increase in cell death
(Figure 5D). Control-siRNA had no effect on the expres-
sion of WDR35 mRNA and protein and on caspase-3
activation in bupivacaine- or H,O,-treated Neuro2a cells.

Discussion

In this study we showed that bupivacaine induced
caspase-3 activation and DNA fragmentation, indicating
the occurrence of apoptosis, in Neuro2a cells. The p38
MAPK signaling pathway has been implicated in apop-
tosis occurring in response to distinct stimuli, such as
ROS [20]. Excessive production of ROS can activate p38
MAPK, eventually causing apoptosis [6]. Bupivacaine has
previously been shown to increase intracellular ROS levels
in Schwann cells [7] and SH-SY5Y cells [9]. In the present
study, we examined whether bupivacaine induces ROS in
Neuro2a cells. We found that bupivacaine significantly
and time-dependently elevated intracellular ROS levels in
Neuro2a cells. H,O, also elevated ROS levels in Neuro2a
cells. We then confirmed the activation of p38 MAPK in
cells treated with bupivacaine or HyO,. Our results are in
agreement with recent reports that bupivacaine elicits
ROS production and induces apoptosis accompanied by
activation of p38 MAPK in other cell types [8,9]. Further,
EUK-8 significantly attenuated the bupivacaine-induced
increase in intracellular ROS levels, caspase-3 activity
and cell death. In contrast, SB202190 attenuated the
bupivacaine-induced increase in caspase-3 activity and
cell death, but had no effect on ROS levels. Effects on
H,0,-induced increases in intracellular ROS levels,
caspase-3 activity and cell death were similar. These
results indicate that bupivacaine-induced ROS gene-
ration may be upstream of p38 MAPK activation,
leading to apoptosis in Neuro2a cells.

The family of WD40-repeat proteins comprises a large
number of proteins and is involved in a wide variety of
cellular processes such as signal transduction, cell
growth, proliferation, and apoptosis [10,11]. WDR35
encodes a novel member of this protein family. In a
mouse mutation screen for developmental phenotypes,
Mill et al. [12] identified a mutation in the WDR35 gene
as a cause of midgestation lethality associated with
abnormalities characteristic of defects in the Hedgehog
signaling pathway. More recently, clinical studies have
identified relationships between the WDR35 gene and
coronary artery disease [21] and Sensenbrenner syn-
drome [22]. On the cellular level, we reported that
WDR35 siRNA inhibited both TNF-« — induced caspase-
3 activation and apoptosis in HEK293 cells [13]. More
recently, we reported that WDR35 elicits an inhibitory
effect on the anti-apoptotic proteins Bcl-2 and Bcl-xL in
hepatocytes treated with LPS, causing release of cyto-
chrome ¢ from mitochondria and activation of caspase-
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Figure 1 Effect of bupivacaine on cell death, ROS generation and p38 MAPK activation. Neuro2a cells were treated with 2 mM
bupivacaine for the time indicated. (A) Cell viability was measured with the MTT assay. (B) Caspase-3 activity was measured with a fluorometric
substrate. (C) DNA extracted from the cells was analyzed by agarose gel electrophoresis. (D) Intracellular levels of ROS were measured with a
fluorogenic probe. (E) Expression of p38 and phospho-p38 (P-p38) following cell exposure to bupivacaine (2 mM) or H,O, (0.5 mM) was
measured by Western blotting. *P < 0.05, **P < 0.01 and ***P < 0.001 vs. control (not treated with bupivacaine or H,0,, n =6).

3, resulting in LPS-induced hepatocyte apoptosis [14].  induced increase in WDR35 expression. Collectively, we
These results indicate that WDR35 is involved in apop-  provided the first evidence that bupivacaine-induced
tosis mediated by caspase-3 activation via both the death ~ WDR35 expression may be downstream of ROS gener-
receptor and mitochondrial signaling pathways. ation and subsequent p38 MAPK activation.

In order to determine whether WDR35 is involved in In our previous studies, WDR35 siRNA inhibited
bupivacaine-induced apoptosis, we examined the expres- increases in caspase-3 activity in HEK293 cells induced
sion of WDR35 in bupivacaine-treated Neuro2a cells. In by TNF-a [13], in hepatocytes induced by LPS [14],
the present study, we showed that WDR35 expression and in NRK52E cells induced by high glucose [23].
significantly increased with respect to both mRNA and Interestingly, we found that blocking upregulation of
protein levels. These results are consistent with our pre-  WDR35 expression with WDR35 siRNA in Neuro2a
vious reports of enhanced expression of WDR35 in the cells had no effect on the increase in caspase-3 activity
kidneys of streptozotocin-induced diabetic rats [23] and  or the increase in cell death induced by bupivacaine.
in the livers of LPS-treated rats [14]. Further, we exam-  The lack of WDR35 involvement in caspase-3 activa-
ined the effects of EUK-8 and SB202190 on WDR35 ex- tion in bupivacaine-induced apoptosis in Neuro2a cells
pression in bupivacaine-treated Neuro2a cells. These was unexpected. It is difficult to clearly explore the
compounds significantly attenuated the bupivacaine- discrepancy in results between the previous studies and
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Figure 2 Effect of bupivacaine or H,0, on WDR35 expression. (A) Neuro2a cells were treated with various concentrations of bupivacaine or
H,O, for 9 h. WDR35 mRNA expression was analyzed by gPCR and expressed relative to the expression of GAPDH mRNA. (B) WDR35 mRNA
expression and (C) WDR35 protein expression were measured after treatment of Neuro2a cells with 2 mM bupivacaine or 0.5 mM H-,0O, for the

time indicated. *P < 0.05, **P < 0.01 and ***P < 0.001 vs. control (not treated with bupivacaine or H,O,, n=6).
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Figure 4 Effect of antioxidant and p38 MAPK inhibitor on bupivacaine- or H,0,-induced WDR35 expression. (A) Neuro2a cells were
treated with various concentrations of EUK-8 for 1 h, followed by bupivacaine (2 mM) or H,O, (0.5 mM) for 9 h (n=6). (B) WDR35 protein
expression with or without 100 uM EUK-8 was analyzed by Western blotting (n=4). *P < 0.05 and ***P < 0.001 vs. control (not treated with
bupivacaine or H,0,), *P < 0.05 and **P < 0.01 vs. absence of EUK-8. (C) Cells were treated with 10 pM SB202190 (SB) for 1 h, followed by
bupivacaine (2 mM) or H,0, (0.5 mM) for 9 h (n=6). (D) WDR35 protein expression with or without SB202190 was analyzed by Western blotting
(n=4). *P < 0.05 and ***P < 0.001 vs. control (not treated with bupivacaine or H,05), *P < 0.05, P <001 and *#P < 0.001 vs. absence of SB202190.

the present study because available information relating
to physiological role of WDR35 is very limited. Never-
theless, our findings may paradoxically suggest the ex-
istence of another mechanism of bupivacaine-induced
apoptosis independent from WDR35 expression in
Neuro2a cells. In fact, several lines of evidence indi-
cated that bupivacaine-induced apoptosis has multiple
mechanisms with depending on the types of cell
Bupivacaine induces neurotoxicity through activation of
the AMP-activated protein kinase (AMPK)-dependent
pathway in Schwann cells [24] and SH-SY5Y cells [25],
and the extracellular signal-regulated kinase (ERK)-
dependent pathway in Neuro2a cells [26]. These find-
ings raise an interesting possibility that some, if not all,

of these pathways could modulate bupivacaine-induced
neurotoxicity independently or collaboratively. We will
perform further studies using caspase-3 inhibitors, other
cell types and other apoptotic stimuli to investigate the
sequence of events.

Conclusions

In conclusion, our results indicate that bupivacaine
induces apoptosis in Neuro2a cells. Bupivacaine induces
ROS generation and p38 MAPK activation, resulting in
an increase in WDR35 expression. However, the increase
in WDR35 expression doesn’t seem to be involved in
bupivacaine-induced apoptosis in Neuro2a cells. These
results may suggest the existence of another mechanism
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of bupivacaine-induced apoptosis independent from
WDR35 expression in Neuro2a cells.

Methods

Cell culture

Mouse neuroblastoma Neuro2a cells were purchased
from the Health Science Research Resources Bank
(Tokyo, Japan). The cells were maintained in RPMI-1640
medium (Sigma-Aldrich, St. Louis, MO, USA) con-
taining 10% fetal bovine serum with 100 units/ml peni-
cillin and 100 g/ml streptomycin (Gibco BRL, Grand
Island, NY, USA). The cells were maintained at 37°C in a
humidified atmosphere with 5% CO,. The -culture
medium was replaced every 2-3 days. To prepare cell
suspensions, the cells were treated with trypsin (0.25%)-
EDTA (1 mM) (Gibco BRL, Grand Island, NY, USA),

transferred to a 6-cm culture plate at a density of 1 x 10°
cells per dish, and cultured overnight.

Measurement of cell viability using the MTT assay

Neuro2a cells were placed at a density of 1 x 10* cells
per well in a 96-well cell culture plate, and cell viability
was determined with a cell proliferation kit (Roche
Applied Sciences, Mannheim, Germany) according to
the manufacturer’s instructions. Briefly, after exposure
of the cells to 2 mM bupivacaine for a period of 1 to 12
h, 10 pl 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetra-
zolium bromide (MTT) was added to each well, and the
cells were incubated at 37°C for 4 h. The supernatants
were aspirated carefully and 100 pl of solubilization
buffer (10% SDS in 0.01 M HCl) was added to each well.
The absorbance at 550 nm was measured with a
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microplate reader (VersaMax, Molecular Devices, Sun-
nyvale, CA, USA).

Assessment of caspase-3 activity

Caspase-3 activity in cultured Neuro2a cells was measured
with a caspase-3/CPP32 fluorometric assay kit (Medical &
Biological Laboratories, Nagoya, Japan) according to the
manufacturer’s instructions. These assays are based on the
detection of the cleavage products of a fluorometric
caspase substrate for caspase-3; DEVD-AFC (Asp-Glu-
Val-Asp-7-amino-4-trifluoromethyl coumarin). In brief,
cells were homogenized in the cell lysis buffer supplied in
the kit. Samples (200 pg protein) were then mixed with 2x
reaction buffer containing 10 mM dithiothreitol (DTT).
After incubation at 37°C for 2 h, free AFC that had been
cleaved from the fluorometric substrate was quantified
using a Fluoroskan Ascent FL microplate fluorometer
(Labsystems, Helsinki, Finland) with excitation/emission
(Ex/Em) of 400/505 nm, as reported previously [27].

Analysis of DNA ladder formation

DNA fragmentation in Neuro2a cells exposed to bupiva-
caine was measured with an apoptotic DNA ladder assay
kit (Roche Applied Sciences) according to the manufac-
turer’s instructions. Briefly, 200 pl of a cell suspension in
PBS was mixed with 200 ul of binding buffer supplied in
the kit. After incubation for 10 min at room temperature,
100 pl of isopropanol was added to the sample and mixed
by vortexing. Total genomic DNA was then isolated by
using glass fiber filters, treated with RNase A (400 pg/ml)
at 37°C for 1 h, electrophoresed in a 1.5% agarose gel, and
visualized with ethidium bromide staining under UV light.

Measurement of ROS

The OxiSelect " intracellular ROS assay kit (Cell Biolabs,
Inc.,, San Diego, CA) was used according to the manufac-
turer’s instructions. This assay uses the cell-permeable
fluorogenic probe 2',7-dichlorodihydrofluorescein diacetate
(DCFH-DA). The fluorescence intensity is proportional to
the concentration of ROS within the cell cytosol. Briefly,
Neuro2a cells were placed in a clear 96-well cell culture
plate (5x 10* cells per well) overnight in the incubator.
The cells were then exposed to DCFH-DA in medium for
30 min. After being washed twice with PBS, the cells
loaded with DCFH-DA were exposed to 2 mM bupivacaine
for periods from 0.5 to 9 h. The cells were lysed by adding
100 pl of cell lysis buffer, mixing thoroughly, and incubat-
ing for 5 min at room temperature. The fluorescence was
read with a fluorometric plate reader at 480/530 nm.

Quantitative real-time polymerase chain reaction (qPCR)
analysis

Total RNA (1 pg) was extracted from cultured Neuro2a
cells with TRIzol® reagent (Invitrogen, Carlsbad, CA,
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USA) and reverse transcribed with the ReverTra Ace®
qPCR RT kit (Toyobo, Osaka, Japan). qPCR was per-
formed with the ABI StepOne Plus real-time PCR sys-
tem and a TagMan Gene Expression Assay (Applied
Biosystems, Tokyo, Japan) according to the manufac-
turer’s instructions. The primers and TagMan MGB
probe for mouse WDR35 (Mm00552650_m1l) were
purchased from Applied Biosystems. The amount of
WDR35 PCR product was calculated relative to the in-
ternal control glyceraldehyde-3-phosphate dehydrogenase
(GAPDH, Mm99999915_g1; Applied Biosystems) and was
compared between experimental and control groups by
the AACt method, as reported previously [13].

Western blot analysis

Protein samples from cultured Neuro2a cells were
homogenized in sample buffer [50 mM Tris—HCI, pH
6.8, 0.2 M DTT, 2% sodium dodecyl sulfate (SDS), 10%
glycerol, 0.1% bromophenol blue (BPB)] containing a
mixture of protease inhibitors (Complete Protease
Inhibitor Cocktail, Roche Applied Sciences) and heated
in boiling water for 5 min. Proteins were separated
by SDS-PAGE and transferred to PVDF membranes
(Immobilon-P, Millipore, Bedford, MA, USA). These
membranes were probed with anti-WDR35 peptide
antibody (amino acids 459-473, 1:500), which was
designed, produced, and purified by Medical & Bio-
logical Laboratories (Nagoya, Japan), or with anti-
bodies against p38 MAPK, phospho-p38 (P-p38)
MAPK, or GAPDH (Cell Signaling Technology,
Danvers, MA, USA; 1:1000). Detection was performed
with the Western blotting reagent ECL Prime (GE
Healthcare, Buckinghamshire, UK). Protein levels were
quantified by densitometric scanning with the Gel-Pro
Analyzer (Media Cybernetics, Inc., USA) and expressed
as the ratio to GAPDH levels as described previously
[23].

Small interfering RNA (siRNA) transfection

VNeuro2a cells were transfected with 5 nM WDR35-
specific siRNA (siRNA ID: $93029; Ambion, Austin, TX,
USA) or 10 nM control siRNA (negative control #1
siRNA, catalog no. 4390843; Ambion) using Lipofecta-
mine RNAIMAX (Invitrogen) according to the manufac-
turer’s instructions. Effects of WDR35 siRNA on the
expression of WDR35 mRNA were tested with qPCR after
24 h of transfection. In order to examine the effect of
WDR35 siRNA on bupivacaine- or HyO,-induced apop-
tosis, after 24 h of transfection with 5 nM WDR35 siRNA,
cells were further incubated with bupivacaine (2 mM) or
H,0, (0.5 mM) for 3, 6, or 9 h, and caspase-3 activation
was then examined in these cells.
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Statistical analysis

All results were expressed as the mean + standard error
of the mean (SEM). Data were analyzed with one-way
analysis of variance (ANOVA), and significant differences
between treatments were assessed by use of Tukey’s test.
Differences were considered significant at P < 0.05.
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