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1 In the central nervous system (CNS), glutamate rapidly upregulates the activities of different
excitatory amino-acid transporter subtypes (EAATs) in order to help protect neurons from
excitotoxicity. Since human platelets display a specific sodium-dependent glutamate uptake activity,
and express the three major glutamate transporters, which may be affected in neurological disorders,
we investigated whether platelets are subject to substrate-induced modulation as described for CNS.

2 A time- and dose-dependent upregulation of [*’H]-glutamate uptake (up to two-fold) was observed
in platelets preincubated with glutamate. There was an increase in maximal velocity rate without
affinity changes. Glutamate receptor agonists and antagonists did not modulate this upregulation and
preincubation with glutamate analogues failed to mimic the glutamate effect. Only aspartate
preincubation increased the uptake, albeit ~35% less with respect to glutamate.

3 The effect of glutamate preincubation on the expression of the three major transporters was
studied by Western blotting, showing an increase of ~70% in EAATI] immunoreactivity that was
completely blocked by cycloheximide (CEM). However, L-serine-O-sulphate, at a concentration
(200 uM) known to block EAATI/3 selectively, did not completely inhibit the effect of glutamate
stimulation, indicating the possible involvement of EAAT2.

4 In fact, glutamate stimulation was completely abolished only when, following CEM pre-
incubation, the experiment was run in the presence of the selective EAAT?2 inhibitor dihydrokainic
acid. Since surface biotinylation experiments failed to show evidence of EAAT2 translocation, our
results suggest the existence of a different way of regulating EAAT2 activity.

5 These findings indicate that human platelets display a substrate-dependent modulation of
glutamate uptake mediated by different molecular mechanisms and confirm that ex vivo platelets are a
reliable model to investigate the dysfunction of glutamate uptake regulation in patients affected by

neurological disorders.
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Introduction

In the central nervous system (CNS), glutamate transporters
play a fundamental role in regulating the physiological
clearance of neurotransmitter from the synaptic cleft (Tong
& Jahr, 1994; Diamond & Jahr, 1997). Interestingly, under
specific circumstances, glutamate transporters may also play a
neuroprotective role (Rothstein et al., 1996; Tanaka et al.,
1997; Gegelashvili et al., 2001), since high and prolonged
exposure to glutamate in CNS is a critical event for the
pathogenesis of numerous neurological disorders (Choi, 1994;
Maragakis & Rothstein, 2001), either acute, such as stroke
(Rossi et al., 2000) and epilepsy (Dutuit et al., 2002), or
chronic, such as Alzheimer’s disease (Masliah er al., 1996),

*Author for correspondence; E-mail: carlo.ferrarese@unimib.it
3These authors contributed equally to this work.

Parkinson’s disease (Plaitakis & Shashidharan, 2000), and
amyotrophic lateral sclerosis (Rothstein et al., 1992). It is
worth noting that glutamate uptake in the brain is tightly
regulated via distinct cellular mechanisms. In particular, it has
been shown that the activity of the excitatory amino-acid
transporter-1 (EAAT1/GLAST) can be rapidly modulated by
substrate interaction (Duan et al., 1999; Munir et al., 2000).
Therefore, in light of the important role played by glutamate
transporters in the pathogenesis of several neurological
disorders, the characterization of suitable peripheral models
addressing both pathophysiological and diagnostic issues is of
great interest. Human platelets appear to be a good target
since they display functional similarities with neuronal
elements such as the storing, releasing and uptaking of neuro-
transmitters such as glutamate, serotonin, GABA and dopamine,
expressing their specific receptors and/or transporters
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(Da Prada et al., 1988). Regarding the glutamatergic system,
N-methyl-D-aspartate (NMDA) receptors have recently been
described in megakaryocytes (Genever et al., 1999; Skerry &
Genever, 2001) and they appear to play a role in platelet
activation and/or aggregation (Franconi ez al., 1998). More-
over, a sodium- and energy-dependent glutamate transport
system, similar to that described in synaptosomes, has been
characterized previously (Mangano & Schwarcz, 1981).
Finally, we have recently shown that platelets express both
mRNA and protein for the three major glutamate transpor-
ters, namely EAATI1, EAAT2 and EAATS3 (Zoia et al., 2004).
Further, recent studies support the hypothesis that platelets
could be used as peripheral models for studying specific
biochemical and pharmacological alterations in neurodegen-
erative diseases (Di Luca et al., 2000). Since glutamate uptake
has been consistently shown to be dramatically affected in
this peripheral model in different neurological conditions
(Ferrarese et al., 1999; 2000; 2001), it would be interesting to
investigate the mechanisms responsible for the modulation of
the expression and activity of platelet glutamate transporters.
Therefore, the goal of this study was to investigate whether
platelet glutamate transporter activity and/or expression is
modulated by glutamate and whether this modulation shares
the same pharmacological profile and regulatory pathways
described in CNS (Gegelashvili et al., 1996; Gegelashvili &
Schousboe, 1997; Swanson et al., 1997; Davis et al., 1998;
Schlag et al., 1998). In fact, platelets might also be used as
peripheral models to investigate the relevance of the same
mechanisms in determining the dysfunction of glutamatergic
homeostasis in patients affected by neurological diseases.

Methods

NMDA, dihydrokainic acid (DHK), L(—)-threo-3-hydroxy-
aspartic acid (THA), L-serine-O-sulphate potassium salt
(SOS), (RS)-a-methyl-4-carboxyphenylglycine (MCPG) and
6-cyano-7-nitroquinoxaline 2,3 dione disodium salt (CNQX)
were purchased from Tocris Coockson Inc. (Bristol, U.K.).

Sample preparation

For platelet separation, whole blood was collected from
healthy donors by venipuncture, into 15% K,-EDTA. To
minimize spurious platelet activation, blood withdrawal was
performed using a 19-G needle and by releasing the
tourniquet. Samples were centrifuged at 380 x g for 10 min at
4°C. The supernatant platelet-rich plasma (PRP) was trans-
ferred into ice-cold tubes and centrifuged at 6340 x g for
10 min at 4°C. The pellet was rinsed in 0.32 M sucrose, pH 7.4,
and platelets were then resuspended in a volume of sucrose
equal to one-fifth the original volume of PRP (Mangano &
Schwarcz, 1981). Total protein concentration was estimated by
spectrophotometer using Bradford’s method.

Glutamate uptake assay

For glutamate preincubation experiments, platelets were
treated with 100 uM glutamate (except where noted) in
sodium-citrate buffer for 1h at 37°C on a shaker. Control
samples were preincubated in the same conditions, but without
glutamate. Careful removal of the preincubation medium was

performed by twice rinsing platelets in glutamate-free buffer
followed by centrifugation at 6340 x g for 10min, before
resuspension of the platelets in the uptake medium. Platelet
aliquots in sucrose buffer were settled on a shaker at 37°C for
Smin into tris-citrate buffer before starting the assay. For
blank samples tris-citrate buffer had equimolar choline in
place of sodium chloride and sodium citrate was replaced with
equimolar potassium citrate.

The uptake assay was initiated by the addition of [*H]-
glutamate (specific activity 42.9Cimm™'; NEN Life Science
Products, Milan, Italy) at a final concentration of 60 uM. After
20 min, the uptake reaction was stopped by adding ice-cold
tris-citrate buffer containing 10mM cold glutamate and
placing the tubes on ice for 1 min, followed by centrifugation
for 10min at 6340 x g. After rinsing, platelet pellets were
dissolved overnight in formic acid—acetone (15:85), and then
measured by f-counter. Net high-affinity glutamate uptake
was calculated by subtracting sodium-free control measure-
ments from uptake assays performed in the presence of
sodium. Glutamate transport rate was expressed as pmol-

glutamate mg-proteins ™' min~".

Western blotting analysis

Following preincubation with or without glutamate, platelets
were sonicated in phosphate buffer containing protease
inhibitors. Samples were then separated by 8% SDS-PAGE
electrophoresis, and subsequently transferred to Hybond
nitrocellulose membranes (Amersham Pharmacia, Piscataway,
NJ, U.S.A.). After blocking in PBS/5% nonfat dry milk/0.1%
Tween® 20 (Sigma, Milan, Italy) for 1h, the blots were
incubated with antibodies against either EAATTI (1:800, Santa
Cruz, Santa Cruz, CA, U.S.A.), EAAT2 or EAAT3 (1:1000
Chemicon Int., Temecula, CA, U.S.A.) for 2h at room
temperature. Actin antibody (1:2000, Sigma) was also used
to normalize for sample loading. Following washing in PBS/
0.1% Tween® 20, the membranes were incubated for 1h with
the corresponding peroxidase-conjugated secondary antibody
(1:1000 Chemicon Int.). Signals were detected using the ECL
plus system (Amersham Pharmacia), and quantitative analysis
was performed using a densitometer (Biorad).

Biotinylation procedure

Biotinylation of platelet surface proteins was performed as
previously described by Qian et al. (1997), with minor
modifications. Following glutamate preincubation, platelets
were centrifuged at 3700 x g for 10 min at room temperature
and then incubated with 1 ml biotin solution (sulpho-NHS-
biotin, 1 mg/ml in PBS, Pierce, Rockford, IL, U.S.A.) for
20 min at 4°C with gentle shaking. Blocking of biotin solution
was performed by adding 1vol glycine solution (0.1 M) for
45 min. Then, pellets were washed with the same solution twice
and finally stocked at —80°C overnight. Platelet pellets were
then sonicated as described. Whole-cell fractions were
incubated with 1vol avidin-conjugated beads (Pierce) for 1h
and then centrifuged at 12,400 x g for 15min. The super-
natants, containing the intracellular fraction, were collected
and stored for Western blot analysis and the pellets, containing
the biotinylated cell-surface proteins, were rinsed before
resuspension in Laemmli Buffer for 30min at 4°C. These
suspensions were centrifuged a final time at 12,400 x g for
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10 min, the supernatants removed and the pellets (i.e., the
biotinylated fraction) stored for Western blotting. The purity
of both intracellular and membrane fractions was confirmed,
respectively, by the presence or absence of beta-actin
immunoreactivity.

High-performance liquid chromatography (HPLC)
glutamate assay

To avoid glutamate degradation, 1 ml aliquots of plasma were
immediately inactivated with 100 ul 4M HCIO,, and neutra-
lized with 50 ul 7M K,COs, then filtered and stored at —80°C
until analysis (Ferrarese et al., 1993). After precolumn
derivatization with orthophthaldialdehyde (OPA), samples
were run through a C18 reverse-phase column (Waters,
30cm x 4.9 mm) by a multistep gradient of two solvents (A:
0.1 M Na-acetate buffer pH 7.2; B: methanol/tetrahydrofuran
97:3volvol™), at a flow rate of 1.5mlmin~'. Glutamate peaks
were easily detected in plasma as described previously
(Ferrarese et al., 1993).

Statistical analysis

Data are expressed as mean+s.e.m. of at least four indepen-
dent experiments. Either Student’s #-test or analysis of variance
(ANOVA) followed by Bonferroni post hoc analysis were used
to evaluate the differences among treatments. The significance
criteria are indicated in the figure legends.

Results

Glutamate preincubation enhances [*H J-glutamate
uptake in human platelets

Following platelet preincubation with 100 uM glutamate for
60min at 37°C, [*H]-glutamate uptake by the platelets
increased about 90% compared to controls preincubated with
glutamate-free medium (Figure la, inset). This increase was
observed for sodium-dependent glutamate uptake, but not for
the sodium-independent uptake (see Figure 1a, inset). The dose
and preincubation time used were chosen because they were
previously shown to induce a maximal stimulatory effect on
glutamate uptake in primary murine astrocyte cultures (Duan
et al., 1999).

A dose-response curve shows an ECs, of about 42um
(Figure la). Analysis of this curve highlighted that glutamate
preincubation stimulated platelet uptake only when glutamate
concentration was at least 30 uM. This value, interestingly,
is of the same order of magnitude of that assessed by HPLC
in the corresponding plasma samples (plasma glutamate
levels =27+2.3 uM; mean+s.e.m., n=7). Time dependence
of glutamate stimulation was also analysed using 100 uM
glutamate (Figure 1b). After about 30min preincubation,
there was already a significant stimulation (~30%) of
glutamate transport. This increase reached maximal values
(about two-fold) at 60-90min, and then decreased. After
150 min, glutamate uptake of pretreated platelets was compar-
able to control samples.

The saturation curves of [*H]-glutamate uptake in control-
and glutamate-treated platelets were compared in order to
determine if glutamate-induced uptake stimulation was due to
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Figure 1 (a) Dose dependence of glutamate preincubation
(60 min). ECso=42 uM; n=7. (Inset) Glutamate (100 uM) preincu-
bation for 60 min (stimulated) induced ~90% increase in sodium-
dependent platelet glutamate uptake (4 Na) with respect to
glutamate-free medium preincubated samples (basal). Glutamate
failed to stimulate glutamate uptake when incubated in Na-free
medium (—Na). ***P<0.0005 vs + Na/basal, °°°P<0.0005 vs
+ Na/stimulated, Student’s t-test; n=25. (b) Time course of
glutamate preincubation (100 uM). A significant increase in gluta-
mate uptake with respect to basal levels occurred after ~30min
(**P<0.001, Bonferroni test) and reached the maximal value after
~90min (***P<0.0005, Bonferroni test); n=4.

either changes in the affinity (K,) or in the maximal velocity
(Vmax) of glutamate internalization. Glutamate pretreatment
(100 uM/60 min) induced about a 40% increase in Vi,
(Figure 2a), while the K, value did not change, as shown by
the Eadie-Hofstee plots (Figure 2b).

Characterization of glutamate stimulation of platelet
glutamate uptake

Since NMDA receptors sensitive to MKS801 have been
described in human platelets (Franconi et al., 1998), the
possibility that these receptors mediate glutamate stimulation
of [*H]-glutamate uptake was investigated. Preincubation with
100 uMm NMDA or 100 M MKB801 had no effect on either
basal or glutamate-stimulated uptake (Figure 3a). No other
types of glutamate receptors have been described in platelets,
but in any case, we preincubated platelets with a kainate-
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Figure 2 (a) Saturation curves of glutamate transport in control
(black squares) and glutamate-stimulated (100 xM/60 min; black
triangles) platelets. (b) Eadie-Hofstee plots. Glutamate treatment
induced a significant increase in V. (control: 11.74+0.5 vs
stimulated: 16.2+0.9 pmol mg-proteins~' min~'; P<0.01, Student’s

t-test; n=>5) without changing the K, value (33.54+2.7 vs
354+4.7 uM, respectively, for control and stimulated platelets).

receptor antagonist (100 uM CNQX) and a metabotrobic
receptor antagonist (200 uM MCPG). CNQX did not show
any effect on basal- or glutamate-stimulated uptake, while
MCPG did not alter basal transport, but was apparently able
to induce a small, albeit significant, decrease in glutamate-
stimulated uptake (Figure 3a).

We also investigated the effect of preincubation with the
following glutamate analogues (Figure 3b): 100 uM D-aspartic
acid, SOS (200 um), THA (500 uM) or the nontransportable
DHK (500 uM). Only D-aspartic acid had any effect, resulting
in a significant increase in glutamate transport (although
weaker than that elicited by equimolar glutamate concentra-
tions), while SOS and DHK had no effect on glutamate
uptake.

Effects of glutamate preincubation on platelet expression
of glutamate transporters

To investigate whether the substrate modulation of glutamate
uptake in human platelets might be due to changes in the
expression profile of specific transporters, we performed a
Western blot analysis. As shown in Figure 4, a significant
increase in EAATI was shown for glutamate-treated platelets
with respect to controls. In contrast, preincubation with

Figure 3 (a) Effects of preincubation with glutamate receptor
agonists or antagonists (60 min, in bold) on platelet glutamate
uptake. NMDA (100 uM), MK801 (100 uM), kainate (KA; 100 uM) or
CNQX (100 um) preincubation all failed to modulate basal and
stimulated glutamate uptake. Only preincubation with the metabo-
tropic receptor antagonist MCPG (200 uM) appeared to reduce
glutamate-stimulated uptake. ***P<0.0001 vs CTRL/basal,
°P<0.02 vs CTRL/stimulated, Bonferroni test; n=7. (b) Effects
of preincubation with glutamate analogues (60 min) on glutamate
uptake. Platelets preincubated with D-aspartate (100 uM, Asp)
showed a significant increase in glutamate transport, although this
was weaker than that elicited by preincubation with equimolar
glutamate concentrations (Glu). ***P<0.0001 vs CTRL, °P<0.01
vs Glu, Bonferroni test; n="7. Preincubation with SOS (200 uM),
THA (500 uMm) or DHK (500 uM) failed to induce any increase in
glutamate transport.
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Figure 4 Expression of glutamate transporters in human platelets.
Glutamate treatment (100 4uM/60 min) increased EAAT] immunor-
eactivity, while coincubation with 10uM cycloheximide (CEM)
completely blocked the synthesis of new EAATI transporters.
**P<0.003 vs EAAT]/basal, ***P<0.0005 vs EAAT1/stimulated,
Student’s ¢-test; n=>5.
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glutamate did not significantly affect the expression of either
EAAT2 or EAAT3.

In order to clarify the molecular mechanisms responsible for
the observed increase in EAAT1 immunoreactivity, the effect
of CEM, an inhibitor of protein synthesis, was determined.
Coincubation with CEM (10 uM/60 min) completely blocked
the increase of EAAT1 mediated by glutamate, probably by
inhibiting the synthesis of new transporters, without influen-
cing the expression of the other two investigated transporter
subtypes, EAAT2 and EAAT3 (Figure 4). Moreover, in
functional experiments CEM preincubation failed to affect
basal glutamate transport, while it clearly reduced glutamate-
stimulated uptake (see Figure 5b, see CEM).
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Figure 5 (a) Pharmacological characterization of basal and gluta-
mate-stimulated glutamate uptake in platelets. The presence of THA
(500 uM, +THA) or SOS (200 uM, + SOS) strongly inhibited basal
glutamate transport (basal), while DHK (500 uM, + DHK) failed to
show any effect. Following glutamate preincubation (100 ¢M/60 min;
stimulated), the same profiles of inhibition were shown in the THA-
sensitive component, while the presence of DHK resulted in a
significant decrease in glutamate-stimulated uptake. Moreover,
SOS-mediated inhibition was lower in glutamate-stimulated platelets
with respect to control, suggesting EAAT2 involvement.
**¥*P<(0.0001 vs CTRL/basal, °°P<0.001 vs CTRL/stimulated,
°P<0.05 vs +SOS/basal, Bonferroni test; n=12. (b) Synergistic
effect of CEM preincubation (10 uM/60 min, CEM) and DHK direct
inhibition (+DHK) on stimulated platelet glutamate uptake.
Neither preincubating with CEM nor running the assay in the
presence of 500 uM DHK affected basal uptake (basal). Following
glutamate preincubation (100 uM/60 min; stimulated), the effect was
completely abolished only when both procedures were performed
together.*** P<0.0002 vs CTRL/basal, °*°P<0.0005, °°P<0.001 vs
CTRL/stimulated, Bonferroni test; n=4.
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Figure 6 Analysis of subcellular localization of EAAT?2 transpor-
ters in human platelets. Glutamate preincubation failed to induce
any rearrangement of EAAT2 on to the cell surface; n=>5.

In human platelets glutamate preincubation elicits a novel
DHK-sensitive component of glutamate uptake that is not
due to EAAT?2 membrane translocation

To determine which classes of glutamate transporters are
active in basal and in glutamate-induced transport, the
sensitivity to specific inhibitors was also evaluated. [*H]-
glutamate uptake in basal and glutamate-stimulated platelets
was assayed in the presence of either 500 uM THA, 200 uM
SOS, which preferentially inhibits EAAT1 and EAATS3
(Bridges et al., 1999), or 500 um DHK, selective for EAAT2
(Arriza et al., 1994). Basal glutamate uptake was strongly
inhibited in the presence of SOS and THA, but in contrast,
DHK did not have any effect. Following glutamate preincuba-
tion, no increase in THA sensitivity was observed, but,
surprisingly, the presence of DHK caused a reduction in
glutamate-stimulated uptake (Figure 5a). Moreover, in line
with this observation, SOS-mediated inhibition was lower in
glutamate-stimulated platelets, further suggesting the specific
involvement of EAAT2 (Figure Sa).

The glutamate-mediated effect on uptake was completely
abolished only when protein synthesis was blocked by co-
preincubation with CEM and the assay was then run in the
presence of DHK (Figure 5b). Hence, the possibility that this
DHK-sensitive component was due to increased expression of
EAAT2 in plasma membrane was investigated. Biotinylation
experiments showed that EAAT2-like immunoreactivity was
present only in the biotinylated fraction (plasma membrane)
both in control and in stimulated platelets, and no evidence for
translocation was detected (Figure 6).

Discussion

Accumulating evidence has been reported that several neuro-
transmitters can rapidly upregulate the activity and the
expression of the respective transporters in CNS (Qian et al.,
1997; Davis et al., 1998; Bernstein & Quick, 1999; Duan et al.,
1999). In particular, a substrate-induced modulation of
glutamate uptake was observed both in astrocytes where the
translocation of the glutamate transporter GLAST/EAATI
has been reported (Duan et al., 1999), and in neurons where
glutamate might rapidly stimulate the activity of glutamate
transporters without causing redistribution on the plasma
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membrane (Munir et al., 2000). Possibly, both mechanisms
could be involved in rapid and effective regulation of
glutamate transporters in neurons and glial cells in order
to control extracellular glutamate levels and prevent excito-
toxicity.

In this study, we used human platelets as a model for
studying the mechanisms involved in glutamate uptake
regulation. These cells express the three major glutamate
transporter subtypes and possess a high-affinity glutamate
uptake activity similar to that described in CNS, which have
been shown to be affected in neurodegenerative disorders
(Ferrarese et al., 1999; 2000; 2001). Here, we report clear
evidence that glutamate preincubation increases sodium-
dependent L-[*H]-glutamate transport in human platelets.
Moreover, glutamate treatment did not stimulate transport
in sodium-free medium, indicating that the increase in
glutamate transport was mediated by specific glutamate
transporters.

The involvement of kainate and/or metabotropic receptors
in this regulation was also excluded by preincubating with
specific agonists and antagonists. The observed MCPG effects
on glutamate-stimulated uptake might be due to a putative
steric interaction or competition for the transporters. This
hypothesis is partly sustained by the evidence that many
glutamate metabotropic receptor agonists can also serve as
substrates for glutamate transporters (Ye & Sontheimer,
1999), and that no evidence for the presence of metabotropic
receptors has been shown in platelets up to now. To rule out
the possibility that glutamate-mediated increase in uptake is
related to the activation of NMDA-like receptors, known to be
expressed in human platelets (Franconi et al., 1998; Berk et al.,
2001), the effects of both NMDA and of the specific antagonist
MKS801 were tested. No changes in basal or stimulated uptake
were shown, therefore excluding a role for NMDA receptors in
mediating the effect of glutamate. Moreover, maximal
stimulation of uptake was observed only for glutamate
concentrations saturating the transport mechanism and these
concentrations far exceed the known receptor affinity for
glutamate.

Interestingly, a direct correlation between glutamate plasma
concentrations and the starting point in the stimulation curve
(Figure 1a) was shown, a phenomenon that we hypothesize is
related to a physiologic role. In fact, platelets might be
involved in keeping glutamate plasma levels within a specific
range in order to modulate NK cell response, for example Kuo
et al. (2001), or to regulate platelet aggregation through the
activation of NMDA receptors (Franconi et al., 1998).

Analysing the time course of uptake following stimulation
with 100 uM glutamate (Figure 1b) showed an increase after
about 20 min, and the maximum effect was achieved at about
60-90 min, with a reduced effect after longer preincubation
times. These data reproduce what has been previously reported
in primary murine astrocyte cultures (Duan et al., 1999). This
may possibly be interpreted as a mechanism of deactivation
of EAATI1 and/or EAAT2, with the aim of avoiding large
changes in the glutamatergic homeostasis, operating both in
CNS and in platelets.

To understand if this glutamate-stimulated uptake was
specific for glutamate itself, we analysed the effects of
preincubation with glutamate analogues. D-Aspartate mi-
micked the glutamate effect as has already been reported in
glial cells (Duan et al., 1999), although the rate of stimulation

was lower with respect to equimolar L-glutamate concentra-
tions. No other analogues were effective in stimulating
glutamate uptake, suggesting that only highly specific sub-
strates for glutamate transporters can enhance the uptake
activity through this mechanism.

Several strategies were used to identify the mechanisms
involved in this increase in transport activity and to test if
different transporter subtypes play a role. Since glutamate
stimulation resulted in a change in the rate of maximal velocity
(Vmax), but not in the affinity to the substrate (K),), and this
observation is in agreement with the assumption that there is
an increase in the number of functional transporters present on
the cell membrane, the immunoreactivity of EAAT1, EAAT2
and EAAT3 was measured in order to test the hypothesis that
these transporters are newly synthesised. Our results showed
that glutamate treatment induced an increase in EAATI total
expression, while EAAT2 and EAAT3 were unaffected.
Moreover, when CEM, a protein synthesis inhibitor, was
coincubated with glutamate, no increase in EAAT1 expression
was shown, sustaining the hypothesis that glutamate preincu-
bation may elicit the synthesis of novel EAATI1 molecules.
These data suggest that in platelets de novo synthesis might be
a rapid way to respond to various stimuli. Interestingly,
platelets lack a nuclear structure but do store mRNA, which is
readily available for translation, and they are characterized by
an extremely specialized functional profile necessary for a fast
and effective response to tissue injury. It is noteworthy that the
mRNA for the three major glutamate transporters has
previously been described in platelets (Zoia et al., 2004). In
accordance with this neosynthesis hypothesis, protracted
glutamate exposure induced the expression of GLAST/EAATI1
in both rat brain and astrocyte primary cultures (Gegelashvili
et al., 1996; Suarez et al., 2000). Moreover, an increase in
EAATI1 expression was recently observed in brains of
Alzheimer’s disease patients (Scott et al., 2002), possibly
representing an attempt to prevent the excitotoxic damage
known to be operative in the brain of these patients.

In order to clarify whether the synthesis of new transporters
is the only molecular mechanism involved, glutamate uptake
was measured following CEM coincubation with the result
that the effect of glutamate stimulation was reduced but not
completely abolished. In fact, it is only in the presence of DHK
(a nontransportable inhibitor of EAAT2 that has been
demonstrated to display little if no activity on the other
EAATSs; Bridges et al., 1999) that glutamate and CEM
coincubation completely fails to stimulate glutamate uptake.
This indicates that a new DHK-sensitive functional compo-
nent, not evidenced in basal uptake, becomes operative. These
data were further supported by the finding that 200 um SOS
was less able to inhibit glutamate uptake following stimula-
tion, if compared with basal conditions, since SOS at this
concentration does not block EAAT2.

However, Western blot experiments showed that EAAT2
immunoreactivity was unchanged following glutamate pre-
incubation, raising the possibility that EAAT2 might be
transported to the membrane. To test this, we preformed
biotinylation experiments that did not show any evidence of
membrane translocation of EAAT?2, suggesting that mechan-
isms other than redistribution of this transporter might be
involved. A possibility might be the direct activity modulation
of this transporter subtype, possibly through the activation of
kinases (O’Shea, 2002). Interestingly, our hypothesis that at
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least two different mechanisms are involved in the glutamate-
induced stimulation of the uptake rate is consistent with the
apparent biphasic increase of the uptake caused by varying the
preincubation time. In fact, as shown in Figure 1b, a first peak
was shown at 20-30 min, while a second peak was evident at
60-90 min, indicating the possibility of two distinct phenom-
ena operating with different velocities. It is conceivable that
the synthesis of new transporters would take a longer time
than direct activity modulation.

In conclusion, we demonstrated that glutamate can induce
a rapid upregulation of glutamate uptake in human platelets in
a manner which is similar to that previously described in glial
or neuronal cells. Western blot analysis and pharmacological
studies also provided evidence that not all transporter subtypes
are equally involved in this phenomenon, which is mediated at
least by two different mechanisms: new synthesis of EAATI1
transporters and a putative interaction of glutamate with
EAAT?2, possibly mediated by other associated proteins.
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