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Abstract

Objective: Memantine, a low-affinity N-methyl-D-aspartate receptor antagonist, is one of the primary pharmacological therapies for Alzheimer’s disease. To
explore novel actions of memantine, we analyzed effects of memantine on cell viability, cell growth, and protein profile of neuroblastoma cells. Methods: A human
neuroblastoma cell line of GIMEN was used. GIMEN cells were cultured in the presence or absence of 1-100 pM memantine for 48 hours. Effects of memantine on
the cell viability and growth were evaluated by counting cell numbers. Proteins, extracted from GIMEN cells treated or non-treated with 10 ulM memantine, were
separated by 2 dimensional-differential image gel electrophoresis (2D-DIGE). Protein spots of interest were subjected to protein identification by mass spectrometry.
Results: The viability of GIMEN cells was 99.0% or more in the range of 1-10 pM memantine compared to that in the absence of memantine. The viability was
slightly decreased in the presence of 100 pM memantine (97.5%, p<0.01). In contrast, the cell growth was suppressed by memantine in a dose-dependent manner (2-
100 uM, 85.5-63.0%; 2-10 pM, p<0.05; 20-100 pM, p<0.01). For the protein profile analysis, we used GIMEN cells treated with 10 pM memantine which showed
the viability of 99.4% and the growth of 76.1%. As a result, 892 protein spots were detected in the 2D-DIGE results of 10 pM memantine-treated and non-treated
GIMEN cells. 13 protein spots showed 1.2-fold or higher intensity and 19 protein spots showed -1.2 (1/1.2)-fold or lower intensity in the memantine-treated cells
than in the non-treated cells (p<0.05). We identified proteins in 7 out of the 32 spots: coronin-1C (1.44-fold increased), B-actin (-1.21-fold decreased), y-enolase
(-1.21-fold decreased), glutathione synthetase (-1.28-fold decreased), spermatogenesis-associated protein 24 (-1.46-fold decreased), and V-set transmembrane
domain-containing protein 2B (-1.46-fold decreased). Interestingly, B-actin, y-enolase, and glutathione synthetase are known to be involved in cell proliferation.
Conclusion: Memantine suppressed the growth of GIMEN cells and affected their protein profiles. Our data suggested a novel action of memantine to suppress the

neuroblastoma cell growth, which may be associated with the decreased expression of B-actin, y-enolase, and glutathione synthetase.

Introduction

Alzheimer’s disease (AD), a neurodegenerative disorder, is the
main cause of dementia [1, 2]. Although the etiology of AD remains
obscure, it is believed to be associated with the formation of senile
plaques and neurofibrillary tangles in the brain due to the extracellular
deposition of amyloid p (AP) peptides and hyperphosphorylation of
intracellular tau protein [2]. Vaccines or antibodies targeting these
aberrant peptides/protein and inhibitors for -secretase or y-secretase,
which interfere with the production of amyloid B peptides, are under
investigation for treatment of AD [3]. However, none of these drugs
has brought a fundamental breakthrough [4]. Choline esterase
inhibitors and N-methyl D-aspartate (NMDA) receptor antagonist are
currently the main treatment for AD, the latter of which has a unique
neuroprotective effect [4, 5].

NMDA receptors, one of ion channel-type glutamate receptors, are
crucial for neuronal communication [6]. To date, 7 different subunits of
NMDA receptors have been identified: NR1, NR2A-D, and NR3A and
B [6, 7]. NMDA receptors are heterotetramers that consist of two NR1
subunits and two NR2 subunits or two NR1 subunits and a mixture
of NR2 and NR3 subunits [6]. Glycine and glutamate bind to NR1
and NR2, respectively, and the glycine sites must be occupied before
the glutamate-binding for the activation of the receptors [7]. NMDA
receptors that are non-selective cation channels have a potential for
high Ca?* permeability [6]. At rest, Mg?* binds to NMDA receptors
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to block the activation. On sufficient depolarization of the synaptic
membrane, Mg?* dissociates from NMDA receptors in a voltage-
dependent manner [6, 7]. Simultaneously, glutamate must bind to the
receptors for their activation. The activation of NMDA receptors opens
their ion channels for Ca®* influx to mediate long-term potentiation
(LTP) [6, 8]. LTP has been implicated to play a crucial role in the
processes of learning and memory formation [8].

In the brains of AD patients, AP peptides mediate an increase
in extracellular glutamate by increasing glutamate release from
presynaptic neurons, induction of glutamate release from astrocytes
and microglia, and inhibition of glutamate uptake by astrocytes and
microglia [9, 10]. Prolonged activation of synaptic NMDA receptors
and another ion channel-type glutamate receptor, a-amino-3-hydroxy-
5-methylisoxazole-4-propionic acid (AMPA) receptors, leads to their
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desensitization and internalization, resulting in synaptic depression.
Finally, excess glutamate activates extra-synaptic NMDA receptors,
which results in multiple deleterious downstream events, including cell
death and impairment of LTP [6, 9]. Hyperphosphorylated tau targets
the receptor protein kinase Fyn that phosphorylates NR2B to stabilize
their association with postsynaptic density 95 (PSD95), which enhances
the above glutamatergic excitotoxicity induced by AP peptides.

Memantine is a low affinity, voltage-dependent, non-competitive
NMDA receptor antagonist which is currently used in the treatment of
moderate to severe AD [6, 11, 12]. Compared to other NMDA receptor
channel blockers, memantine has a higher affinity than that of Mg,
but a lower affinity than those of ketamine, phencyclidine, and MK-801
[13]. Memantine enters NMDA receptor channel preferentially when
the channel is excessively open [14]. Thereby, memantine inhibits
the Ca*" influx by blocking the channel activity that is induced by
relatively low, tonic levels of glutamate [11-13]. This may contribute to
symptomatic improvement of AD and protect neuronal cells from the
glutamatergic excitotoxicity [12, 13]. Most importantly, the off-rate of
memantine from NMDA receptors is relatively fast, which allows for
the preservation of the physiological function of the receptors including
expression of LTP [11, 14]. NMDA receptors blocked by memantine
can be activated by higher concentrations of glutamate released after
depolarization of the presynaptic neurons [11, 13].

Besides the above-mentioned action as an NMDA receptor
antagonist, memantine has been found to influence protein expression
of neuronal cells. Memantine reduces levels of total AR precursor
protein (APP), APPa isoform, and ABL © secreted from neuroblastoma
cells, and lowers the amyloidogenic AB, ,, secretion in primary rat
cortical neuronal culture [15, 16]. Memantine also inhibits and
reverses protein phosphatase 2A inhibition-induced abnormal
hyperphosphorylation and accumulation of tau in organotypic culture
of rat hippocampal slices [17]. Furthermore, memantine affects
physiologically expressed genes/proteins in rat and mouse brains [18,
19]. However, no comprehensive study of physiologically expressed
proteins in human neuronal cells under the effect of memantine has
been conducted to date as far as we searched. It is important to collect
information concerning the molecular pharmacology of memantine to
understand its actions and anticipate potential adverse effects.

In this study, we analyzed effects of memantine on the viability,
growth, and protein profile of neuroblastoma cells. We found that
memantine almost did not affect the cell viability but decreased the cell
growth in a dose-dependent manner. Protein profile of neuroblastoma
cells was changed by memantine, showing altered expression levels of
at least 6 proteins. Our findings suggest novel actions of memantine,
which may underlie the success of AD treatment.

Materials and methods

Cell culture

A human neuroblastoma cell line of GIMEN (CLS Cell Lines Service
GmbH, Eppelheim, Germany) was used in this study. GIMEN cells
were cultured in DMEM supplemented with 10% FBS. To investigate
effects of memantine on the cell viability and proliferation, GIMEN
cells were cultured in the presence or absence of 1-100 uM memantine
for 48 hours. Specifically, the cells were plated onto a 96-well plate at
7.0x10* cells/cm?. Then, the culture medium was replaced with FBS-
free DMEM that contained or did not contain 1-100 uM memantine.
After culturing for 48 hours, the cell viability was calculated as ratios of
the viable cell numbers to the total cell numbers. The cell growth was
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calculated as ratios of the viable cell numbers (at 48 hours) to the seeded
cell numbers (2.2 x 10* cells, at 0 hour). To perform 2-dimensional
differential image gel electrophoresis (2D-DIGE), cytokine array, and
ELISA, the cells were cultured for 48 hours in the presence or absence of
10 uM memantine. All the experiments were performed in triplicates.

Reverse-transcription polymerase chain reaction (RT-PCR)

RNA extraction and RT-PCR were performed using TagMan
Gene Expression Cells-to-CT Kit (Thermo Fisher Scientific, Waltham,
MA, USA) and ExTaq (Takara Bio Inc., Shiga, Japan). Sequences of
primers for NMDA receptor subunits and 18S ribosomal RNA were
previously reported [20]. PCR products were separated by 3% agarose
gel electrophoresis.

2D-DIGE

Proteins extracted from GIMEN cells were separated by 2D-DIGE
as described previously [21]. Briefly, an equal weight of proteins taken
from six lysates (three of 10 uM memantine-treated and three non-
treated) were mixed and labeled with Cyanine dye 3 (Cy3, Cy Dye
DIGE Saturation dye, GE Healthcare, Buckinghamshire, UK) for
preparation of an internal control “standard sample”. Each of the six
samples was labeled with Cyanine dye 5 (Cy5, GE Healthcare). 2.5 pg
of the individual Cy5-labeled samples were mixed with 2.5 ug of the
Cy3-labeled standard sample. Then each of the mixed protein sample
was applied to an isoelectric focusing (IEF) gel strip (Immobiline
Drystrip pH 3-11, 24 cm, non-linear, GE Healthcare). After the
proteins were separated by IEF, they were further separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. The resultant
protein spots were scanned using an image analyzer (Typhoon 9400
Imager, GE Healthcare). The Cy5-fluorescent intensity of each protein
spot was normalized by the Cy3-fluorescent intensity of an identical
spot by using a quantitative analysis program (Progenesis, Nonlinear
Dynamics, Newcastle, UK). The normalized Cy5-fluorescent intensity
was compared between the memantine-treated and non-treated
samples using Progenesis.

Protein identification

Proteins were identified by mass spectrometry (MS) [21]. In brief,
50 ug of proteins was separated by 2-dimensional electrophoresis. Gel
specimens corresponding to protein spots of interest were recovered.
Then proteins in the gel fragments were digested with trypsin. Peptides
produced by the digestion were analyzed using a matrix-assisted laser
desorption/ionization time of flight mass spectrometer (MALDI-TOEF/
MS) (Ultraflex, Bruker Daltonics, Ettlingen, Germany). Based on the
mass spectra, some peptides were selected for MS/MS analysis. The
obtained MS and MS/MS spectra were used to identify the proteins by
database searching (Mascot, http://www.matrixscience.com) against
the Swiss Prot human protein sequence database. Protein identification
was accepted when MASCOT search results delivered significant
MOWSE scores (p<0.05).

Analysis of the secretion of humoral factors from GIMEN
cells treated with memantine

Humoral factors in culture supernatants were measured in
duplicate by a cytokine array (Human Neuro Discovery Array Cl,
RayBiotech, Norcross, GA, USA). The analyzed humoral factors were
as follows: BDNF, BNGF, GCSF, GDNF, HB-EGF, IFNy, IGF-1, IL-
10, IL-1a, IL-1, IL-6, IL-8, MCP-1, MIP-1a, MMP-2, MMP-3, S100B,
TGEp, TNFa, and VEGF-A. Humoral factors detected as specific spots
were visualized using an image analyzer (LAS-3000, Fujifilm, Tokyo,
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Japan). The intensity of each spot, which was measured by Science Lab
2003 Image Gauge software program (Fujifilm), was normalized based
on the intensity of positive control spots. MCP-1, a chemokine selected
by the cytokine array, was measured in triplicate using an ELISA kit
(R&D Systems, Minneapolis, MN, USA).

Statistical analysis

Significance of differences in cell viability, cell growth, intensity of
protein spots in 2D-DIGE, and humoral factor secretion was calculated
using Student’s t-test.

Results

Expression of all the NMDA receptor subunits in GIMEN
cells

We first examined which subunits of NMDA receptors GIMEN cells
expressed. As a result, all the subunits of NR1, NR2A-D, and NR3A,
B were expressed on GIMEN cells (Figure 1A). Thus, memantine was
considered to affect GIMEN cells by binding NMDA receptors.

Effects of memantine on the viability and growth of GIMEN
cells

To investigate effects of memantine on the viability and growth of
GIMEN cells, the cells were treated with 1-100 uM memantine under
FBS-free condition. The viability of GIMEN cells was 99.0% or more
in the range of 1-10 pM memantine compared that in the absence of
memantine (100%) (Figure 1B). The viability was slightly increased by
1 tM memantine (101.0%, p<0.05) and slightly decreased by 100 pM
memantine (97.5%, p<0.01). On the other hand, the viable cell numbers
in the range of 0-100 tM memantine were 4.22 to 2.66 x 10* cells after
the 48 hour treatment, all of which was increased from the seeded cell
numbers (2.2 x 10* cells). Interestingly, the growth of GIMEN cells
was decreased in a dose-dependent manner (2-100 pM, 85.5-63.0%;
2-10 uM, p<0.05; 20-100 uM, p<0.01) (Figure 1C). From these results,
we determined to treat GIMEN cells with 10 uM memantine in the
subsequent protein profile analysis. This was because the cell viability
was high enough (99.4%, p=0.05), while the cell growth was decreased
to less than 80% (76.1%, p<0.05) by that concentration (Figure 1B, C).

Change of the protein profile of GIMEN cells by treatment
with memantine

We compared protein profiles between 10 UM memantine-treated
and non-treated GIMEN cells by 2D-DIGE to find proteins involved
in the suppression of cell growth. As a result, 892 protein spots were
detected (Figure 2A, B). 45 out of the 892 protein spots showed
different intensity between the memantine-treated and non-treated
cells (p<0.05) (Table 1). Among the 45 protein spots, 13 protein spots
showed 1.2-fold or higher intensity in the memantine-treated cells
compared to the non-treated cells. In contrast, 19 protein spots showed
-1.2 (1/1.2)-fold or lower intensity in the memantine-treated cells
compared to the non-treated cells. Protein profile of GIMEN cells was
changed by the treatment with memantine.

Identification of the proteins expression of which was
changed by memantine

We tried to identify the proteins in the spots, intensity of which
was changed by the treatment with memantine. 32 protein spots
that showed +1.2-fold or more intensity change by memantine were
subjected to the identification. As a result, 6 proteins were identified
from 7 out of the 32 spots (Figure 2C, Table 2). Coronin-1C was
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identified from the 1 spot, intensity of which was increased 1.44-fold
by the treatment with memantine (Figure 2C, Figure 3A, Table 2).
In contrast, 5 proteins were identified from the 6 spots, intensity of
which was decreased by the treatment with memantine (Figure 2C,
Figure 3B-G). They were B-actin (-1.21-fold decreased), y-enolase
(-1.21-fold decreased), glutathione synthetase (-1.28-fold decreased),
spermatogenesis-associated protein 24 (-1.46-fold decreased), and
V-set transmembrane domain-containing protein 2B (-1.46-fold
decreased). f-actin was identified from 2 spots (ID 798 and ID 804).

Effects of memantine on humoral factor secretion from
GIMEN cells

Finally, we compared levels of humoral factor secretion between
the memantine-treated and non-treated GIMEN cells. A cytokine array
analysis using the culture supernatants showed clear spots of 2 humoral
factors, MCP-1 and BDNF (Figure 4A). After the normalization using
the positive control spot intensity, intensity of MCP-1 spots tended to
be higher in the memantine-treated cells than in the non-treated cells
(Figure 4B). We quantified the secreted MCP-1 by ELISA, however,
no difference in MCP-1 secretion was found between the memantine-
treated and non-treated cells (Figure 4C). Memantine did not affect
secretion of the examined 20 humoral factors from GIMEN cells.

Discussion

In this study, we explored novel actions of memantine by comparing
the memantine-treated GIMEN cells to the non-treated cells. GIMEN
cells expressed all the 7 NMDA receptor subunits, including NR2B
that is related to the glutamatergic excitotoxicity (Figure 1A) [6, 9].
Memantine was considered to affect GIMEN cells through NMDA
receptors as well as it affects neuronal cells in the AD brain. The subunit
composition of NMDA receptors is known to be plastic [6], therefore,
all the 7 subunits may be used to form heterotetrameric complexes
of the receptors in various combinations. Protein expression of the
NMDA receptor subunits in GIMEN cells should be further confirmed.

The viability of GIMEN cells was not decreased by memantine
except the 100 pM treatment (97.3%, p<0.01) Figure 1B. This result
was different from the previous study using another neuroblastoma
cell line, SK-N-SH [16]. The viability of SK-N-SH cells was relatively
increased by 10 uM and 100 pM memantine [16]. Since SK-N-SH cells
do not express functional NMDA receptors [22], memantine may
decrease the viability of GIMEN cells through NMDA receptors.

In contrast, the growth of GIMEN cells was apparently decreased
in a dose-dependent manner in the range of 2-100 pM memantine (2-
10 pM, 85.5-76.1%, p<0.05; 20-100 puM, 70.0-63.0%, p<0.01) Figure
1C. Thus, memantine was considered to suppress the growth of
GIMEN neuroblastoma cells by its pharmacological effect. In several
neuroblastoma cell lines, mRNA expression of NR1 subunit of NMDA
receptors was shown, however, the expression of NR2A-D was not
shown or was controversial among the studies [22-24]. In contrast,
protein expression of NMDA receptors and/or their involvement
in cell proliferation have been reported in other types of tumor cells
such as glioma, prostatic cancer, breast cancer, colon cancer, and small
cell lung cancer [25-27]. In such tumor cells, 20-900 uM memantine
reduced the cell growth probably by limiting signals from NMDA
receptors. In our results, relatively low doses of 2-50 uM memantine
showed suppression of the cell growth without affecting the cell viability
Figure 1BC. Interestingly, 1 uM memantine that is within therapeutic
serum concentrations for AD [28] also tended to suppress the cell
growth (89.1%, p=0.05) (Figure 1C). Memantine may have an effect

Volume 5(1): 3-8



Sekiguchi K (2018) Effects of memantine on the growth and protein profiles of neuroblastoma cells

A
NR 188
bp M 1 2A 2B 2C 2D 3A 3B RNA NC
200
150
100
B C
*
100 - 1.0
— *
X = * *
= B9 % 087 ™
E E’ B ek
> 90 8 06-
S 4 B
AiNdANNARD MENdANNAN
0 1 2 5 10 20 50 100 0 1 2 5 10 20 50100
Memantine (LM) Memantine (LM)

Figure 1. Effects of memantine on the viability and growth of GIMEN cells. A. Expression of NMDA receptor subunits in GIMEN cells was examined by RT-PCR. 18S ribosomal RNA
was used as a template as positive control. Distilled water was similarly used as negative control (NC). M, DNA size marker. B. The viability of GIMEN cells cultured for 48 hours in the
presence or absence of 1-100 uM memantine. Relative values of the viability to that in the absence of memantine are shown. C. The growth of GIMEN cells cultured for 48 hours in the
presence or absence of 1-100 uM memantine. Relative values of the growth to that in the absence of memantine are shown. All the experiments were performed in triplicates. Error bars,
standard deviations. “p<0.05, “p<0.01.
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Figure 2. Protein profile of GIMEN cells treated with memantine. A, B. Proteins extracted from 10 uM memantine-treated GIMEN cells (A) and non-treated GIMEN cells (B) were
separated by 2D-DIGE. Each analysis was performed in triplicates. Representative 2D-DIGE results are shown. C. Proteins in 7 out of the 32 protein spots, intensity of which were changed
+1.2-fold or more, were identified (Table 2). A square and circles show 1 and 6 spots, intensity of which was increased and decreased by the treatment with memantine, respectively.
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Figure 3. Comparisons of spot intensity of the identified proteins between the memantine-treated and non-treated conditions. Representative results of the identified 7 protein spots and
intensity difference of those spots between the memantine-treated and non-treated (control) GIMEN cells are shown.

Error bars, standard deviations. “p<0.05.

Table 1. Change of the protein profile by addition of memantine

on the inhibition of neuroblastoma cell growth. On the other hand, the

therapeutic concentration of memantine, 1uM, may suppress growth
of normal neural cells in adult brains, i.e., the growth of adult neural

stem/progenitor cells. The suppressive effect on GIMEN cell growth

should be validated using other neuroblastoma cell lines expressing
NMDA receptors and also using normal neural cells.

Under therapeutic condition, serum concentrations of memantine
in man with daily maintenance doses of 20 mg range from 0.5-1.0

Total number (.)f Numbe.r of Protem Fold difference, Number of the
detected protein spots with different Memantine/Control rotein spot
spots intensity (p<0.05) emantine/L-ontro protein spots
x>1.5 5
1.5>x>13 6
1.3>x>1.2 2
892 45 1.2>x>-1.2 13
-12>x>-13 11
-13>x>-15 8
-1.5>x 0
Integr Mol Med, 2018 doi: 10.15761/IMM.1000317

uM, while the concentrations in cerebrospinal fluid (man) and brain
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Figure 4. Effects of memantine on humoral factor secretion from GIMEN cells. A. The secretion of humoral factors from GIMEN cells which cultured with medium-alone (left) or 10
uM memantine (right) was assayed using a humoral factor array, in which 20 different anti-humoral factor antibodies were blotted. PC, positive control; NC, negative control. B. The spot
intensity of BDNF and MCP-1, which were detected in the humoral factor array results, are shown. C. Concentration of MCP-1 was measured by ELISA. Error bars, standard deviations.

Table 2. Identification of protein spots intensity of which was changed by addition of memantine

Spot | Fold X R MW (kDa) pl Mascot Coverage | Confirmed sequences
. Proteins Accession ID o X

ID difference Theoret Observed | Theoret Observed  scores % (Mascot ion scores)

674 1.44 Coronin-1C CORIC_HUMAN |53.2 53 6.65 6.7 74 21 24ATFLADGNVFTTGFSR*’ (25)
PAVFPSIVGRPR* (23)

798 -1.21 Actin, cytoplasmic 1 ACTB_HUMAN  41.7 42 5.29 5.4 195 25 ZSYELPDGQVITIGNER>* (111)
30QEYDESGPSIVHR?™ (14)
PAVFPSIVGRPR? (6)

804 -1.21 Actin, cytoplasmic 1 ACTB_HUMAN  41.7 42 5.29 535 182 31 ZSYELPDGQVITIGNER?** (97)

0QEYDESGPSIVHR?™ (28)
SAAVPSGASTGIYEALELR® (8)
762 -1.21 Gamma-enolase ENOG_HUMAN  47.2 48 491 5.1 69 16 2IVIGM*DVAASEFYR? (4)
Y ITGDQLGALYQDEVR (19)
SEGIAQTVFLGLNR '™ (7)

721 -1.28 Glutathione synthetase |GSHB_HUMAN 52.4 50 5.67 55 67 15 2QIEINTISASFGGLASR' (8)
4L FVDGQEIAVVYFR>(24)

663 |-1.46 Spermatogenesis- SPA24 HUMAN  |23.6 55 7.77 8.0 59 30 “DVIESQEELIHQLRY (16)
associated protein 24
V-set and transmembrane

705 -1.46 domain-containing VIM2B_HUMAN 303 50 7.88 79 69 35 “EGDDIEMPCAFR® (26)

protein 2B

32 protein spots, intensity of which changed to £1.2-fold or more after addition of memantine, were selected for protein identification. Proteins of 7 out of the 32 spots were identified.
*Oxidation of methionine.
MW: molecular weights.
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microdialysates (rat) are 20-50% lower due to albumin binding in
serum [28]. However, the brain homogenates in both man and rodents
contain much higher concentrations of memantine (10-30 fold)
probably due to lysosomal accumulation [28]. Recently, it was found
that macroautophagy occurs in neurons of an AD mouse model to
increase AP incorporation into secondary lysosomes [29]. A part of
such neurons undergo atypical cell death to release undegraded AP to
extracellular space [29]. In such condition, neurons can be exposed to
higher concentrations of memantine similarly released from lysosomes
of the dead cells. Taken together the above-mentioned reasons with the
results of cell viability and growth, we determined the concentration of
memantine to be 10 uM for the analysis of protein expression. Among
892 protein spots detected in the 2D-DIGE results, intensity of 32
spots was changed +1.2-fold or more between the memantine-treated
and non-treated GIMEN cells (p<0.05) (Table 1). The number of the
protein spots, intensity of which was changed, was comparable with
those in the other proteomic studies that similarly examined actions of
drugs or cytokines [30, 31].

We identified proteins in 7 out of the 32 spots and found the
decreased expression of B-actin, y-enolase, and glutathione synthetase
by the treatment with memantine (Table 2, Figure 3B-E). B-actin, a
cytoskeletal protein, involves in cytokinesis as well as in cell migration
and cell morphogenesis [32]. The decreased expression of B-actin
is considered to be associated with the suppression of GIMEN cell
growth. In contrast, expression of coronin-1C that contains multiple
actin-binding sites [33] was increased by the treatment with memantine
(Table 2, Figure 3A). Since coronin-1C has been suggested to act as
an integrator of actin filaments [34], coronin-1C may be increased
to recover the down-regulated functions of P-actin. y-enolase,
predominantly expressed in neurons and cells of the neuroendocrine
system, is an enzyme of the glycolytic pathway which catalyzes the
dehydration of 2-phospho-D-glycerate to phosphoenol-pyruvate [35].
y-enolase promotes survival of neuronal cells by regulating neuronal
growth factor receptor-dependent signaling pathway, which results
in extensive actin cytoskeleton remodeling [35]. Interestingly, p19™
was suggested to suppress proliferation of cancer cells through the
interaction with y-enolase [36]. The decrease of y-enolase may be also
involved in the suppression of GIMEN cell growth, relating to the
decrease of B-actin.

Glutathione is a tripeptide formed by glutamate, cysteine, and
glycine, which plays an important role in a multitude of cellular
processes, including cell proliferation and apoptosis [37]. Glutathione
synthetase is involved in the subpathway of glutathione biosynthesis, in
which glutathione is synthesized from y-glutamylcysteine and glycine.
Glutathione is required for cell proliferation and is essential for the cells
to enter the S phase [38, 39]. The level of glutathione is up-regulated by
glutathione synthetase and is correlated with cell growth rate [39]. The
decrease of glutathione synthetase by the treatment with memantine
would reduce the glutathione level in GIMEN cells, which may further
lead to the suppression of cell growth.

Effects of memantine on molecular profiles of neuronal cells were
previously studied by analyses of mRNA expression of rat cortex using
cDNA microarray [18] and protein expression and modification of
mouse hippocampus and cortex using reverse phase protein arrays
[19]. However, none of molecules found in these studies was detected
in our study. This may be due to the difference of materials (human
neuroblastoma vs mouse or rat brain tissue) and methods (2D-DIGE
and mass spectrometry vs cDNA or protein arrays). The effects of
memantine on protein profiles found in this study should be validated
using other neuroblastoma cells and normal neural cells in near future.

Integr Mol Med, 2018 doi: 10.15761/IMM.1000317

In conclusion, we found that memantine suppressed the growth of
GIMEN cells and affected the protein profile. Memantine may have an
effect to inhibit growth of neuroblastoma cells, whereas it may suppress
growth of normal neural cells even at the therapeutic concentrations.
The suppression of cell growth may be caused by the decreased
expression of P-actin, y-enolase, and glutathione synthase due to
the loss of their functions associated with cell proliferation. Further
investigations are needed to validate the above results and to elucidate
mechanisms of the newly found actions of memantine in this study.
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