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Abstract
The expression of cytosolic phospholipase A2 (cPLA2) expression is up-regulated in animal model
of ALS and in patients with familial amyotrophic lateral sclerosis (fALS). Inhibition of cyclooxygenase 2 (COX2), which is a downstream enzyme of cPLA2, ameliorates the impairment of motor
function in the ALS model mice. Therefore, the arachidonic acid cascade, including the cPLA2COX2 pathway, is an important therapeutic target of ALS. The current study was designed to investigate the potential of AK106-001616, an inhibitor of cPLA2, in protection of motor neuron cell
death induced by mutant superoxide dismutase (SOD1G93A). AK106-001616 (1 - 10 μM) protected
NSC34 cells (mouse motor neuron like cells) against SOD1G93A-induced motor neuron cell death.
Furthermore, aspirin, an inhibitor of COX1/2, reduced the SOD1G93A-induced motor neuron cell
death at a concentration that inhibited COX2. Celecoxib, a selective COX2 inhibitor, also reduced
the SOD1G93A-induced motor neuron cell death. These results suggest that the arachidonic acid
cascade is important for SOD1G93A-induced motor neuron cell death and AK106-001616 has a potent neuroprotective effect against it. AK106-001616 may be a useful therapeutic agent against
SOD1G93A-induced ALS.
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1. Introduction

Amyotrophic lateral sclerosis (ALS) is a neuromuscular disorder characterized by the degeneration of spinal
motor neurons [1]. Riluzole and edaravone are used for the treatment of ALS in Japan, but these drugs have limited effects and only slightly prolong life of the patients. The mutation of superoxide dismutase 1G93A (SOD1G93A;
glycine residue 93 of SOD1 changes to alanine) causes familial ALS (fALS) [2]. In SOD1G93A transgenic mice,
there is a motor neuron loss from the spinal cord followed by paralysis in one or more limbs; they serve as a
model for ALS [3]-[6].
Cytosolic phospholipase A2 (cPLA2) serves as a starting point for the arachidonic acid cascade. It catalyzes
the release of arachidonic acid from cell membranes that result in the release of inflammatory mediators such as
prostaglandins and leukotrienes, which are synthesized downstream of arachidonic acid cascade [7].
There have been some reports of cPLA2 involvement in ALS pathology. For example, the expression of
cPLA2 at the protein and mRNA level was elevated in the spinal cord of SOD1G93A mice [8] [9]. Furthermore,
the involvement of COX2 and prostaglandin 2 (PGE2) which are downstream molecules of cPLA2, in ALS pathology has also been actively studied. For instance, the expression of PGE2 was elevated in the spinal cord of
SOD1G93A mice; the administration of a COX2 inhibitor, celecoxib and refecoxib, extended the survival times of
these mice [10]. In addition, PGE2 induced cell death in NSC34 cell murine motor neuron cell line [11]. Therefore, cPLA2-COX2-PGE2 pathway may be an important therapeutic target for ALS.
AK106-001616 was synthesized as a novel cPLA2 inhibitor and the combination therapy with methotrexate
was reported to be effective on rheumatoid arthritis patient [12]. The present study focused on the arachidonic
acid cascade and evaluated the neuroprotective effect of AK106-001616 [12] against SOD1G93A-induced motor
neuron cell death.

2. Materials and Methods
2.1. Materials
AK106-001616 was gifted from Asahi Kasei Pharma Corporation (Tokyo, Japan). Aspirin and celecoxib were
purchased from Cayman chemical company (Ann Arbor, MI, US) and Abcam (Cambridge, UK) respectively.

2.2. Cell Cultures
The murine motor neuron cell line, NSC34 was maintained in Dulbecco’s modified Eagle’s medium (DMEM;
Nacalaitesque, Kyoto, Japan) containing 10% fetal bovine serum (FBS), 100 units/mL penicillin (Meiji Seika
Kaisha Ltd., Tokyo, Japan), and 100 μg/mL streptomycin (Meiji Seika) in a humidified 95% air and 5% CO2
atmosphere at 37˚C. Cells were passaged by trypsinization every 2 or 3 days, and maintained in a 10-cm cell
culture dishes (BD Biosciences, Franklin Lakes, NJ, USA).

2.3. Cell Death Assay
NSC34 cells were seeded at a density of 7 × 103 cells per well into 96-well plates (BD Biosciences). After incubation, cells were transfected with EGFP-SOD1G93A plasmid vectors for 6 h using Lipofectamine 2000 (Thermo
Fisher Scientific K.K., Waltham, MA, USA) in OptiMEM. After transfection, the cell culture medium was replaced with fresh DMEM containing 10% FBS and the cell were cultured for 42 h. Subsequently, culture medium was replaced with serum-free DMEM or DMEM containing 1% FBS, AK106-001616 (1, 3 and 10 µM),
aspirin (1, 10, 100 and 10000 µM) and celecoxib (0.05, 0.5 µM) (dissolved in PBS containing less than 1%
DMSO).
Nuclear staining assays were carried out 27 h after serum deprivation. Cell death rate was assessed by combination staining with Hoechst 33342 (Thermo Fisher Scientific K.K) and propidium iodide (PI; Thermo Fisher
Scientific K.K). Images were captured using an inverted epifluorescence microscope (IX70; Olympus. Co.,
Tokyo, Japan). The number of cells per condition was counted with an image-processing software (Image-J,
version 1.33 f; National Institutes of Health, Bethesda, MD, USA). PI-positive cells rates were calculated as reported previously (Shimazawa et al., 2010).

2.4. Statistical Analysis
Data were presented as means ± S.E.M. Statistical comparisons were made using two-tailed t-test or one-way
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analysis of variance ANOVA followed by Dunnett’s test; P < 0.05 was considered to indicate a statistical significance.

3. Results
3.1. AK106-001616 Protects NSC34 Cells against SOD1G93A-Induced Motor Neuron Cell
Death
The effect of AK106-001616 against SOD1G93A-induced motor neuron cell death was evaluated by using combination staining with Hoechst 33342 and PI (representative images are shown in Figure 1(a)). Hoechst 33342
stains both alive and dead cells, whereas PI stains the dead cells only. As shown in Figure 1(b), AK106-001616
reduced the SOD1G93A-induced motor neuron cell death in a concentration-dependent manner (from 3 - 10 µM).

3.2. COX2 Selective Inhibition Protects NSC34 Cells against SOD1G93A-Induced Motor
Neuron Cell Death
To confirm that the inhibition of arachidonic acid cascade leads to the neuroprotection, the effect of aspirin against
SOD1G93A-induced motor neuron cell death was evaluated by combination staining with Hoechst 33342 and PI
(Figure 2(a)). Aspirin did not reduce the SOD1G93A-induced motor neuron cell death from 1 to 10 µM (Figure
2(b)), however, it showed neuroprotective effects against the SOD1G93A-induced motor neuron cell death from
100 to 1000 µM (Figure 2(b)). The effects of celecoxib against SOD1G93A-induced motor neuron cell death
were also evaluated in the same way (Figure 3(a)). It reduced SOD1G93A-induced motor neuron cell death at 0.5
to 5 µM (Figure 3(b)).

4. Discussion
The present study was designed to evaluate the protective effects of AK106-001616, a cPLA2 inhibitor [12],

Figure 1. AK106-001616 protects NSC34 cells against SOD1G93A-induced motor neuron cell death. (a) Representative fluorescence images of SOD1G93A-transfected NSC34 cells stained with Hoechst 33342 (blue) and propidium iodide (PI: red) after 27 h serum deprivation and treatment with or without AK106-001616. The images were captured using 10× objective
lens. Scale bar shows 50 μm. (b) The quantitative analysis of the ratio of PI positive cells to Hoechst 33342 positive cells
treated with or without AK106-001616. Each column and bar represents mean ± S.E.M. (n = 4). ##, P < 0.01 versus Mock
(empty vector, Student’s t-test). *, P < 0.05; **, P < 0.01 versus vehicle (Dunnett’s test).
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Figure 2. Aspirin does not protect NSC34 cells against SOD1G93A-induced motor neuron cell death. (a) Representative fluorescence images of SOD1G93A-transfected NSC34 cells stained with Hoechst 33342 (blue) and propidium iodide (PI: red) after 27 h serum deprivation and treatment with or without aspirin. The images were captured using 10× objective lens. Scale
bar shows 50 μm. (b) The quantitative analysis of the ratio of PI positive cells to Hoechst 33342 positive cells treated with or
without aspirin. Each column and bar represents mean ± S.E.M. (n = 6). ##, P < 0.01 versus Mock (empty vector, Student’s
t-test). *, P < 0.05; **, P < 0.01 versus vehicle (Dunnett’s test).

Figure 3. Celecoxib protects NSC34 cells against SOD1G93A-induced motor neuron cell death. (a) Representative fluorescence images of SOD1G93A-transfected NSC34 cells stained with Hoechst 33342 (blue) and propidium iodide (PI: red) after
27 h serum deprivation and treatment with or without celecoxib. The images were captured using 10× objective lens. Scale
bar shows 50 μm. (b) The quantitative analysis of the ratio of PI positive cells to Hoechst 33342 positive cells treated with or
without celecoxib. Each column and bar represents mean ± S.E.M. (n = 6). ##, P < 0.01 versus Mock (empty vector, Student’s
t-test). *, P < 0.05; **, P < 0.01 versus Vehicle (Dunnett’s test).
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against SOD1G93A-induced motor neuron cell death in NSC34 cell line. In the cell death assay using PI and
Hoechst 33342, AK106-001616 showed a neuroprotective effect at 3 to 10 μM (Figure 1(a) & Figure 1(b)).
The protective effects of aspirin and celecoxib were evaluated to confirm the contribution of the arachidonic acid cascade to SOD1G93A-induced motor neuron cell death. Aspirin is a non-selective COX1 and COX2 inhibitor
(IC50 is 3.57 µM and 29.3 µM, respectively) [13], whereas celecoxib is a selective COX2 inhibitor (IC50 is 0.04
µM) [14]. In this study, aspirin did not inhibit the motor neuron cell death at 1 to 10 μM, however, it inhibited
the motor neuron cell death at concentrations higher than its IC50 for COX2 inhibition (Figure 2(a) & Figure
2(b)) [15]. Furthermore, 0.5 μM celecoxib significantly inhibited the motor neuron cell death (Figure 3(a) &
Figure 3(b)). Therefore, it can be suggested that the inhibition of COX2 is more important than the inhibition of
COX1 in the protection of SOD1G93A-induced motor neuron cell death. These results showed that the inhibition
of cPLA2 and COX2 contributes to the suppression of SOD1G93A-induced motor neuron cell death. Furthermore,
the arachidonic acid cascade including cPLA2 and COX2 is important for the SOD1G93A-induced motor neuron
cell death.
Previous studies have shown that the inhibition of cPLA2 leads to a neuroprotective effect in the in vitro Alzheimer’s disease and Parkinson’s disease models [16] [17] It was also shown that the expression of cPLA2 is
increased in sporadic ALS and fALS patients [18], and in SOD1G93A mice [8] [9]. Furthermore, activated cPLA2
deteriorates various pathogeneses of neurodegenerative diseases such as the neuronal excitatory synapses secretion, nitrosative stress, apoptosis and inflammatory reactions [17] [19]-[23]. It is suggested that the activated
cPLA2 stimulates some signaling pathways following activation of the production of the protein kinases [24]
and the reactive oxygen species (ROS) [25].
Studies that use COX2-targeting as therapeutic strategy have been actively conducted to investigate the pathology of ALS. For example, the administration of various COX2 inhibitors such as sulindac, nimeslide and
celecoxib extended the survival times of SOD1G93A mice and suppressed the loss of neuronal cells in the spinal
cord of SOD1G93A mice [8] [10] [26] [27]. However, findings of these clinical reports are not consistent with the
expression of cPLA2 and COX2. In fALS patients, the expression of both cPLA2 and COX2 was increased,
however, in sporadic ALS patients, the expression of COX2 had no change, although the cPLA2 expression was
increased [8]. Furthermore, celecoxib had no effect on muscle strength, vital capacity and motor unit number of
ALS patient [28]. Taken together, it can be proposed that the cPLA2 inhibition could be a more effective therapeutic target in ALS treatment than COX2 inhibition.

5. Conclusion
In conclusion, AK106-001616 shows a neuroprotective effect on SOD1G93A-induced motor neuron cell death in
NSC34 cells through inhibition of p-cPLA2 expression. Furthermore, AK106-001616 may be a useful therapeutic agent against SOD1G93A-induced fALS.
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