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Astrocytes are actively involved in brain development, in
mature CNS regulation, and in brain plasticity. They play
a critical role in response to cerebral injuries and toxi-
cants through a reaction known as “reactive gliosis,”
which is characterized by specific structural and func-
tional features. A large amount of literature highlights the
central role of astrocytes in mediating methylmercury
(MeHg) neurotoxicity. In fact, mercury is the major neuro-
toxic pollutant that continues to arouse interest in
research because of the severe risk it poses to human
health. In this article, we focus on the action of MeHg on
human astrocyte (HA) reactivity. We clearly demonstrate
that MeHg induces a state of cellular suffering by promot-
ing delayed and atypical astrocyte reactivity mediated by
impairment of the proliferative and trophic component of
the astrocyte together with an inflammatory state. This
condition is generated by negative modulation of the
major proteins of the filamentous network, which is mani-
fested by the destabilization of astrocytic cytoarchitec-
ture. Our data confirms the toxic effects of MeHg on HA
reactivity and allows us to hypothesize that the establish-
ment of this state of suffering and the delayed onset of a
typical astrocytic reactivity compromise the main protec-
tive function of HA. VC 2013 Wiley Periodicals, Inc.
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Methylmercury (MeHg) is a major neurotoxin,
which continues to arouse interest in research because of
the severe risk it poses to human health. Each year
between 1.5 and 2 million children in the EU are born
with MeHg exposure above a safe limit of 0.58 lg/g,
with another 200,000 children above the WHO-
recommended maximum of 2.5 lg/g (Bellanger et al.,
2013). There are numerous sources of exposure for
humans, but a diet including fish represents one of the
greatest risks. In fact, MeHg enters the food chain and
affects human health through bioaccumulation and bio-
magnification phenomena. Numerous human population

studies show that maternal exposure to MeHg during
pregnancy is associated with neurological and neuropsy-
chological deficits in children, including negative effects
on IQ (World Health Organization, 2010; Bellanger
et al., 2013). It has been widely demonstrated that this
metal induces acute or chronic neurotoxicity exacerbating
an oxidative stress condition and also age-related condi-
tions, generating inflammatory reactions in the brain
(Farina et al., 2011a,b). These findings support the
hypothesis that MeHg and many other environmental
pollutants have the potential to cause neurodegeneration,
through a variety of pathways similar to those described
for human neurodegenerative diseases (Crichton et al.,
2008; Jomova et al., 2010). However, despite numerous
in vivo and in vitro studies, almost entirely on rat/mouse
models, the issue remains controversial, and the effects of
MeHg on the human population are not completely
known. Thus, there is an urgent need to understand the
mechanisms and consequences of MeHg exposure for
CNS function. A large amount of data highlights the cen-
tral role of astrocytes in mediating MeHg-induced neuro-
toxicity (Shanker et al., 2003; Ni et al., 2011). In fact,
astrocytes are actively involved in brain development, in
mature CNS regulation, and in brain plasticity (Colangelo
et al., 2012). Recent studies have shown that these cells
play a pivotal role in response to cerebral injury, and their
functional deficiency may contribute to the development
of various neurodegenerative diseases as well as being
involved in “brain ageing” (Araque, 2006). A brain injury
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causes a reaction by one of the glial components, defined
as “reactive gliosis” (Norton et al., 1992; Pekny and Nils-
son, 2005). Astrocytes react to the injury by increasing in
volume (hypertrophy), proliferating, and starting inflam-
matory pathways, and thus isolate the damaged area by
forming a glial scar. This phenomenon is very useful in
the short and medium term, because it contains the
injured area and limits the inflammatory process (Kawano
et al., 2012). In any event, in an excitotoxic state, the
protective functions of reactive astrocytes, such as the
uptake of glutamate, the maintenance of electrolyte
homeostasis, and the elimination of free radicals remain
essential for the containment of neuronal damage (Iwata-
Ichikawa et al., 1999; Chen et al., 2001). It is clear that
this kind of glial activation, typical of reactive gliosis, plays
a key role in the mediation of the metabolic processes of
neurons in physiological, toxic, and neurodegenerative
processes (Kawano et al., 2012). Therefore, the aim of
this study is to define the state of astrocytic reactivity in
its three main aspects (hypertrophy, proliferation, inflam-
mation), using primary cell cultures of human astrocytes
treated with MeHg. We analyzed the cytoarchitecture,
specific markers of astrocytic reactivity, and the expres-
sion of some proteins involved in pathways of prolifera-
tion, cell differentiation, and inflammation.

MATERIALS AND METHODS

Chemicals and Reagents

MeHg was purchased from Sigma (St. Louis, MO).
Astrocyte growth supplement (AGS) was obtained from Scien-
Cell (Carlsbad, CA). Dulbecco’s modified Eagle’s medium
(DMEM), penicillin-streptomycin, trypsin-EDTA, and fetal
bovine serum (FBS) were obtained from Gibco-Invitrogen
(Carlsbad, CA).

Primary Human Astrocyte Cell Line and Treatments

Primary human astrocytes (HA) were obtained from
ScienCell. Cells were cultured and plated onto 75-cm2 cell
culture flasks and grown at 37�C (humidified 5% CO2 and
95% air at one atmosphere) in DMEM supplemented with
10% FBS, 1% AGS, 100 U/ml penicillin, and 100 lg/ml
streptomycin. When the culture had reached subconfluence,
the cells were treated with MeHg 1.125 lM for 24 or 72 hr.
This concentration was chosen based on preliminary experi-
ments to assess toxicity (data not shown). To simulate acute
and chronic damage conditions, two different times of expo-
sure (24 and 72 hr) were used. The cells were plated at a
constant density to obtain identical experimental conditions
in the different tests, and cells not exposed to MeHg were
used as reference, thereby ensuring high accuracy of the
measurements.

Mitochondrial Functionality Assessed by MTT Assay

HA were treated with MeHg (1.125 lM) for 24 hr/72
hr. The MeHg cytotoxic effect was evaluated as previously
described (Malfa et al., 2010). This cell viability test is based on
the conversion of 3-(4,5-dimethylthiazol-2-yl)22,5-diphenyl-

tetrazolium bromide (MTT) into insoluble blue formazan crys-
tals by mitochondrial dehydrogenases of metabolically active
cells. The optical density of each well sample was measured
with a microplate spectrophotometer reader (Titertek Multis-
kan; Flow Laboratories, Rockville, MD) at k 5 550 nm. The
results are reported as a percentage of cell viability with respect
to untreated control cells.

Lactate Dehydrogenase Release

Lactate dehydrogenase (LDH) activity, as a membrane
breakdown marker, was spectrophotometrically determined,
both in the culture medium and in the cell lysate, at k 5 340
nm, by analyzing the decrease in NADH absorbance during the
pyruvate–lactate transformation as described by Murphy and
Baraban (1990). The reaction was carried out in 100 mM potas-
sium phosphate buffer (pH 7.5), 10 mM sodium pyruvate, 1
mM NADH. Briefly, the amount of LDH released was
detected for each sample in 100 ll of supernatant medium
obtained by centrifugation at 400g for 10 min. The obtained
pellet (dead cells floating in the medium) was mixed together
with the corresponding cells in the dish. Cells were lysed with
digitonin (2.5 mg/ml) and centrifuged at 10,000g for 15 min,
and endocellular LDH was measured in 30 ll cellular lysate.
Values were expressed as a percentage of LDH released in the
medium with respect to total LDH, considered the sum of the
enzymatic activity present in the cellular lysate (intracellular)
and that in the culture medium (extracellular). The decrease in
NADH absorbance (Dmin) was measured by spectrophotome-
ter (Hitachi U-2000) at k 5 340 nm.

Western Blot Analysis

HA were washed twice with ice-cold PBS, collected in
lyses buffer (10 mM Tris-HCl plus 10 mM KCl, 2 mM MgCl2,
0.6 mM PMSF, and 1% SDS, pH 7.4), incubated for 20 min at
0�C, and then sonicated. Equal amounts of total protein (30
lg/lane), measured according to Bradford (1976), were sepa-
rated by different concentrations of TGX precast gel electro-
phoresis (Bio-Rad Laboratories, Hercules, CA) and transferred
into nitrocellulose membranes (Bio-Rad Laboratories) with a
semidry system. After verifying the protein transfer by Ponceau
S staining, the membranes were blocked with Tris-buffered
saline containing 0.01% Tween 20 (TBST) and 5% nonfat
milk, washed briefly, incubated with primary antibodies at 4�C
overnight, and then incubated with corresponding conjugated
secondary antibodies for 2 hr at room temperature. All primary
monoclonal and secondary antibodies were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA; NFjB: sc8008;
cPLA2: sc-454; GAPDH: sc-365062; cyclin D1: sc-718; p38
MAPK: sc-4708; nestin: sc-23927), except for monoclonal
antibodies GFAP and vimentin (GFAP: MAB360 clone: GA5
[Chemicon, Temecula, CA]; vimentin: MAB3400 clone: V9
[Chemicon]); all the concentrations employed were set up
experimentally according to the manufacturer’s instructions.
The complex protein–primary–secondary antibody was
detected by chemiluminescence methods using the Gel Logic
2200 Imaging System. Chemiluminescent signals were densito-
metrically analyzed using Kodak-MI software. Values were
expressed as arbitrary densitometric units (A.D.U.). The values
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reported have been normalized with respect to glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) levels.

Indirect Immunofluorescence (a-Tubulin)

For the immunofluorescence staining, cells were fixed in
3.7% paraformaldehyde in PBS for 30 min and permeabilized
with 0.2% Triton X-100 in PBS for 5 min at room temperature
and blocked in 6% BSA/PBS. After three washes in PBS, sam-
ples were incubated with 1:2,000 mouse monoclonal anti a-
tubulin (clone B 5-1-2; Sigma-Aldrich). After washes in 1%
BSA/PBS, samples were labelled with Alexa Fluor 594 Signal-
Amplification Kit (Molecular Probes, Eugeene, OR) for 1 hr at
room temperature in the dark. Finally, samples dried and
mounted with mounting medium were examined with an
Olympus BX50 and photographed with a Leica DC500 digital
camera.

Direct Immunofluorescence (FITC-Phalloidin)

The analysis of cytoskeleton microfilaments was per-
formed using FITC-phalloidin (Sigma-Aldrich). Fluoriescein-
labeled phalloidin was used as described by Dejana et al. (1988).
Samples dried and mounted with mounting medium (Calbio-
chem, La Jolla, CA) were visualized with an Olympus BX50
and photographed with a Leica DC500 digital camera.

Scanning Electron Microscopy

The morphological analysis was carried out on cell samples
allowed to adhere to circular glass coverslips 13 mm in diameter
(Electron Microscopy Sciences [EMS], Fort Washington, PA).
HA were fixed in 2% glutaraldehyde in 0.1 M sodium-
cacodylate (EMS) buffer, pH 7.2, for 1 hr at 4�C and then post-
fixed in 1% osmium tetroxide (EMS) for 1 hr at 4�C. After
dehydration in graded ethanol and critical-point drying using
CO2 (Emscope-CPD 750), the coverslips were coated with
vacuum-evaporated gold (Emscope-SM 300) and observed with
a Hitachi S4000 field emission scanning electron microscope.

Statistical Analysis

Each experiment was repeated three times in triplicate,
and the means and standard deviations for each value were cal-
culated. Statistical analysis of results was performed using paired
Student’s t-test with the statistical software OriginPro 8.5. Dif-
ferences were considered significant at P 5 0.05.

RESULTS

MeHg Cytotoxicity on Human Astrocytes

We preliminarily analyzed whether MeHg treat-
ment has an impact on HA survival, evaluating its cyto-
toxic effects by MTT and LDH release assays. Figure 1A
reports the results of cell viability, showing that 24 hr and
72 hr after MeHg treatment cell survival was significantly
reduced by approximately 40% (P< 0.05 vs. control). We
further found that its harmful effect was not exerted by
astrocyte necrosis as demonstrated in Figure 1B, where
the values corresponding to both MeHg treatments are
completely comparable with those of untreated control
cells (P 5 0.12).

Alteration of Intermediate Filaments Network
Resulted in Hypertrophic Process Arrest

One of the main events of astrocyte reactivity is
hypertrophy of astrocytic processes sustained by a filamen-
tous network, composed of microfilaments (MF), microtu-
bules (MT), and intermediate filaments (IF), consisting
mostly of vimentin and GFAP (Bramanti et al., 2010a). In
our experimental model, GFAP protein expression was
markedly decreased after 24 hr (P< 0.05 vs. control),
whereas a recovery of its expression levels 72 hr after metal
exposure was observed (Fig. 2A; P< 0.05 vs. 24 hr;
P 5 0.09 vs. control). On the other hand, vimentin expres-
sion is downregulated both at 24 hr and at 72 hr (Fig. 2B;
P< 0.05 vs. control). Moreover, MeHg treatment resulted
in downregulation of nestin, another IF protein generally
re-expressed in reactive astrocytes (Lin et al., 1995), only
after 72 hr (Fig. 2C; P< 0.05 vs. control and 24 hr).

Fig. 1. Methylmercury (MeHg) reduces mitochondrial functionality
without cytolysis. A: Cell viability analysis (MTT assay) performed on
primary human astrocytes (HA) seeded in 96-well plates and treated
with MeHg 1.125 lM either for 24 hr or for 72 hr, showing cell sur-
vival significantly reduced by approximately 40% (P< 0.05 vs. con-
trol) by both treatments. The results are expressed as a percentage of
the control value. B: No difference in the amount of cell lysis (LDH
test) between HA treated with MeHg 1.125 lM either for 24 hr or
for 72 hr. Values are expressed as a percentage of LDH released in the
medium with respect to total LDH. Values are means of at least three
experiments, each performed in triplicate, with standard deviations
depicted by vertical bars. Mean values were significantly different
from those of the control group: *P 5 0.05.
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Destabilization of Human Astrocyte
Cytoarchitecture as Target of MeHg Neurotoxicity

As with the modulation of IF proteins, we observed
a time-dependent downregulation of b-tubulin, the main
constituent of the MT network (Fig. 3A; P< 0.05 vs.
control and 24 hr). Moreover, to better understand the
extent of the damage to the MT network, indirect immu-
nofluorescence analysis for a-tubulin was performed.

Figure 3B demonstrates that untreated astrocytes predom-
inantly showed a typical in vitro organization, with a thin
and well-ordered MT network pervading the whole cyto-
plasm and spreading out to cellular processes. Figure 3C
and D, respectively, show that MeHg treatment for 24 hr
and 72 hr resulted in disruption of the representative
cytoarchitecture; in fact, two areas could be detected: a
central and more compact cell area and another consisting
of a thicker MT network in the periphery of astrocytic
cell bodies. MTs, especially, were no longer organized in
a network but often aggregated to form a felt-like struc-
ture in the perinuclear area.

Next, to further demonstrate cytoarchitecture desta-
bilization, we analyzed the MF system, focusing on actin
protein. As shown in Figure 3E, untreated astrocytes were
characterized by very thin stress fibers (arrow), with
numerous evident fluorescent spots at the end (arrow-
heads) indicating adhesion areas on the substrate. After
incubation for 24 hr with MeHg (Fig. 3F), the HA MF
network was composed of very thick bundles of microfila-
ments, which were often fragmented (Fig. 3F, white
arrows), and very fluorescent clusters in the perinuclear
area were frequently present (Fig. 3F, circles). Analysis at
72 hr revealed that astrocyte microfilaments, united to
form bundles or thick stress fibers, are disorganized and
irregular (Fig. 3G, yellow arrows). We believe that MeHg
may exert its neurotoxic action on the cytoskeleton,
inducing time-dependent changes in the MF system
(Hunter and Brown, 2000): first, actin is accumulated
around the nucleus (3100 photo not shown) and after-
wards is clustered in large microfilament bundles (Fig.
3C,D). MeHg mainly affects cytoskeleton organization,
so we addressed whether this alteration results in morpho-
logical changes to the astrocytes by performing SEM anal-
ysis. Figure 4A demonstrates that untreated HA show
uniform features: cells appear very flattened and arranged
in a single layer, with a heterogeneous shape rich in
microvilli (Fig. 4, arrowheads) and numerous specialized
cell surfaces (Fig. 4, arrows), typical of glia cells. Twenty-
four hours after treatment, cells maintain a more or less
flattened shape but have some cellular areas in which the
numbers of microvilli are apparently reduced compared
with untreated cells (Fig. 4B). HA treated for 72 hr still
have a regular shape even if their surfaces are decidedly
compromised by treatment. Interestingly, the microvilli
and other plasma membrane specializations also become
fewer and smaller in length (Fig. 4C). Together, these
results indicate that MeHg promotes disruption of cyto-
skeleton organization that, in turn, compromises the nor-
mal development of all cellular events related to its
correct assemblage.

Interaction Between Proliferation and
Inflammation Pathways

It is known that reactive astrocytes proliferate,
depending on the nature and severity of the injury and
the time of exposure to the toxicant, thus producing
proinflammatory cytokine by activation of MAPK and

Fig. 2. MeHg alters the intermediate filament (IF) network in HA.
Immunoblotting analysis for GFAP (A), vimentin (B), and nestin (C)
performed in HA untreated and treated with MeHg 1.125 lM either
for 24 hr or for 72 hr. MeHg differently downregulates IF involved
in astrocyte reactivity. Values are expressed as arbitrary densitometric
units (A.D.U.) corresponding to signal intensity and represent the
mean of three independent experiments 6 SD. Representative West-
ern blots from three independent experiments are shown. *,#Mean
values were significantly different from those of the control group or
24 hr MeHg treatment, respectively (P 5 0.05).
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NFjB signalling pathways (Block et al., 2007; Wu et al.,
2012). Taking into account the results of the cytoarchi-
tecture analysis, we addressed whether the other two
components of reactive astrocytic response are also influ-

enced by MeHg treatment by evaluating some proteins
involved in proliferation and inflammation.

Analysis of cyclin D1 protein expression revealed
that MeHg levels increased significantly after 24 hr

Fig. 3. MeHg toxicity resulted in modification of the representative
HA cytoarchitecture. Immunoblotting analysis for b-tubulin (A) per-
formed in HA treated with MeHg 1.125 lM either for 24 hr or for
72 hr, showing a time-dependent downregulation of the main constit-
uent of the MT network. Values are expressed as arbitrary densito-
metric units (A.D.U.) corresponding to signal intensity and represent
the mean of three independent experiments 6 SD. Representative
Western blots from three independent experiments are shown. Indi-
rect immunofluorescence analysis for a-tubulin was performed on
untreated HA (B), HA treated with MeHg 1.125 lM for 24 hr (C),

and HA treated with MeHg 1.125 lM for 72 hr (D). MeHg treat-
ments resulted in destabilization of the representative cytoarchitecture.
The analysis of cytoskeleton microfilaments (MF) with FITC-
phalloidin performed in untreated HA (E, arrow: thin stress fibers;
arrowheads: adhesion areas on the substrate) and treated with MeHg
1.125 lM either for 24 hr (F, white arrows: thick bundles of frag-
mented microfilaments; circles: fluorescent clusters) or for 72 hr (G, yel-
low arrows: bundles or thick stress fibers of disorganized
microfilaments). MeHg exerts its neurotoxic action, inducing time-
dependent changes in the MF system.
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(P< 0.05 vs. control) until reaching a maximum (approx-
imately 2.5-fold of control levels) after 72 hr (P< 0.05 vs.
control and 24 hr; Fig. 5A). Figure 5B demonstrates that
p38 MAPK protein shows a peculiar expression trend: it
reached the lowest levels 24 hr after MeHg treatment,
then started to increase until 72 hr, with a level lower
than that of the untreated control (P< 0.05).

To confirm our hypothesis about inflammatory pro-
cess activation, we also evaluated NFjB and PLA2
expressions (Fig. 5C,D). Both acute and chronic treat-
ments significantly upregulate their expression compared
with the untreated control cells (P< 0.05), confirming
the inflammatory status induced by MeHg. This data
indicates the induction of a proliferative cyclin D1 signal
and an established inflammation pathway, suggesting a
cross-talk between these cellular processes.

DISCUSSION

It is well-known that astrocytes play a crucial role in CNS
homeostasis and in the response induced by several toxic

substances or by brain injuries through astrocyte activation
and, consequently, the development of a reactive gliosis
state (Norton et al., 1992; O’Callaghan, 1993). In this con-
text, the use of MeHg-treated primary cultures of HA
revealed that this neurotoxin, while reducing mitochondrial
functionality without cytolysis (Fig. 1), impaired astrocytic
reactivity primarily in one of its three main aspects, hyper-
trophy, without suppressing inflammatory and proliferative
signals. This conclusion was supported by several key find-
ings. The expression of proteins involved in cytoarchitec-
ture and, consequently, reactive astrocyte hypertrophy are
negatively modulated by MeHg treatment (Figs. 2, 3A).
Furthermore, the IF analysis of microfilaments and microtu-
bules (Fig. 3B–G) showed the toxic action of MeHg on the
structural organization of HA. It is clear that a disorganized
cytoarchitecture generates irregular spaces in the cerebellar
parenchyma and a decreased number of hemidesmosomes,
which are essential in the neuron–astrocyte dialogue and
even more so in detoxification processes (Sofroniew and
Vinters, 2010). After an injury to the CNS, the hallmark of
reactive gliosis is the characteristic hypertrophy of astrocytic

Fig. 4. SEM images representative of morphological features of HA untreated (A) arrowheads:
microvilli; arrows: specialized cell surfaces and treated with MeHg 1.125 lM for 24 hr (B) or
treated with MeHg 1.125 lM for 72 hr (C), showing that HA treated with MeHg still have a regu-
lar shape even if their surface is compromised by treatment.

100 Malfa et al.

Journal of Neuroscience Research



cellular processes, which is expressed by the upregulation of
proteins of IF: GFAP, vimentin, and nestin (Pekny and
Nilsson, 2005). These biomarkers were all negatively
modulated in our model, and, in our opinion, this may
hinder or delay the process underlying astrocytic reactivity.
This hypothesis is confirmed by the increase in GFAP after
72 hr, which may indicate that the reactive response was
about to start. In fact, GFAP represents the best marker of a
reactive state (Pekny and Nilsson 2005) as well as astrocyte
differentiation in normal cellular functioning and also
responses to any CNS injuries (Bramanti et al., 2010a). A
reactive state in astrocytes is usually associated with a prolif-
erative index sustained by the high expression of the cell
cycle proteins family, such as CDKs (Wu et al., 2012). The
increased expression of cyclin D1 observed after 72 hr
MeHg treatment (Fig. 5A) may, in our opinion, be associ-

ated with the onset of a proliferative state. In fact, it was
demonstrated that cyclin D1 levels in actively cycling cells
also increase during G2 phase, are maintained during mitosis
and G1 phase, and decline when DNA synthesis begins
(Yang et al., 2006). However, even if this proliferative sig-
nalling should stimulate cell proliferation, the cell cycle pro-
gression may be impeded through antimitotic effects (Fig.
1) exerted by MeHg-induced cytoskeletal instability (Figs.
2B,C, 3A–G; Choi et al., 1980; Curle et al., 1987; Hunter
and Brown, 2000; Crespo-L�opez et al., 2009). The closest
relative of CDKs is the MAPKs family (Bramanti et al.,
2010b). These are serine/threonine protein kinases involved
mainly in cellular responses to different stimuli, such as
mitogen, osmotic stress, heat shock, and proinflammatory
cytokines (Kaminska et al., 2009). In our experimental
model, a decrease of p38 MAPK expression was observed

Fig. 5. MeHg modulates proliferation and inflammation pathways in
HA. Immunoblotting analysis for cyclin D1 (A), p38 MAPK (B),
NFjB (C), and PLA2 (D) performed in HA untreated and HA
treated with MeHg 1.125 lM either for 24 hr or for 72 hr. MeHg
exposure in both treatments modulates proliferation and inflammation
signalling pathway biomarkers. Values are expressed as arbitrary densi-

tometric units (A.D.U.) corresponding to signal intensity and represent
the mean of three independent experiments 6 SD. Representative
Western blots from three independent experiments are shown.
*,#Mean values were significantly different from those of the control
group or 24 hr MeHg treatment (P 5 0.05).
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after 24 hr and 72 hr, allowing us to hypothesize about the
absence of a cross-talk between p38 MAPK and cyclin D1.
For the proliferative pathway we hypothesize that the
increase of cyclin D1 occurs through the inflammation–
proliferation cross-talk sustained by NFjB, which has been
shown to activate cyclin D1 expression (Guttridge et al.,
1999), but cytoskeleton destructuring probably inhibits its
normal performance, compromising it in the short and
medium term. Furthermore, astrocytic reactivity is associ-
ated with increased levels of proinflammatory cytokines and
NFjB expression, a ubiquitous transcription factor involved
in the immune response (Brambilla et al., 2005, 2009). We
observed a time-dependent increase in NFjB, which may
be indicative of the initiation and maintenance of an astro-
cytic inflammatory state. Enhanced PLA2 expression also
supports this state. Tong et al. (1998) have already demon-
strated, in immortalized astrocytes, that the proinflammatory
cytokines, such as tumor necrosis factor-a and interleukin-
1b, stimulate NFjB DNA binding, simultaneously induc-
ing PLA2 synthesis. In addition, in the CNS, under both
physiological and pathological conditions, PLA2 plays a key
role in the inflammatory response mediated by arachidonic
acid, directing a cross-talk with its isoforms and other
inflammatory mediators (Sun et al., 2004, 2010; Villanueva
et al., 2012).

In conclusion, our preliminary data indicates that
MeHg treatment induces inflammation and a state of cellu-
lar suffering in cultured HA, in which an atypical astrocyte
reactivity, probably mediated by impairment of the prolif-
erative and trophic cellular components, is observed. This
condition is generated by downregulation of the major
proteins of the FI, which, in turn, destabilizes the astrocytic
cytoarchitecture and compromises astrocytic reactivity and
the development of reactive gliosis. In this state of suffering
and in the presence of an atypical onset of reactive astro-
cytic response, the main protective function of astrocytes
may be compromised, exposing the neurons to the toxic
action of the metal and promoting a series of alterations,
also mediated by the inflammation state, in the CNS rang-
ing from neurocognitive deficits to neurodegeneration
(Bazan, 2009; Brown and Neher, 2010).
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