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Abstract The lectin, concanavalin A (Con A), is the most
extensively investigated member of the lectin family of plant
proteins, but its effects on cortical neurons and astrocytes
are poorly understood. In cultured cortical neurons and
astrocytes, Con A exhibited dose-dependent neurotoxicity,
but this was not observed in astrocytes. Similarly, in the
cortical areas of rat brains, intracranial administration of
Con A caused neuronal but no astrocyte damage. Methyl-
a-D-mannopyranoside, a competitor of Con A, blocked
Con A-induced cell death, whereas AMPA/KA receptor
antagonists showed partial blocking effects. Furthermore,
the mRNA levels of TNF-a, IL-1p, and IL-6 were elevated
in astrocytes and cortical neurons treated with Con A.
Intracellular reactive oxygen species (ROS) levels were
increased in Con A-treated cortical neurons, and N-acetyl-
cysteine (NAC, an antioxidant) and diphenyleneiodonium
(DPI, a NADPH oxidase inhibitor) reduced intracellular
ROS accumulation. Likewise, AG556 (a TNF-a inhibitor)
and AGS2 (a tyrosine kinase inhibitor) both reduced Con
A-induced intracellular ROS accumulation. Furthermore,
Con A-induced tyrosine phosphorylation was decreased
by NAC and by AG556. Taken together, Con A-induced
apoptosis in cortical neurons occurred as a sequel to Con
A binding to neuronal glycoproteins and intracellular ROS

< Seikwan Oh
skoh@ewha.ac.kr

Department of Molecular Medicine, School of Medicine,
Ewha Womans University, Anyanchonro 1071,
Yangchon-ku, Seoul 07985, South Korea

Department of Pharmacology, School of Medicine, Ewha
Womans University, Seoul 07985, South Korea

Research Unit of Pharmacology, School of Pharmacy, Nihon
University, Chiba 274-8555, Japan

@ Springer

accumulation. Interestingly, Con A-induced cellular dam-
age was observed in cortical neurons but not in astrocytes
or microglia.

Keywords Concanavalin A - Neuronal apoptosis -
Intracellular ROS - Tyrosine kinase

Introduction

Many plant lectins are capable of binding to the carbohy-
drate moieties of complex glycoconjugates without altering
the covalent structures of recognized glycosyl ligands [1].
Concanavalin A (Con A) is a lectin that consists of four
subunits of protein molecules, which can cross-link cell
surface glycoproteins containing a-p-mannopyranosyl or
a-D-glucopyranosyl residues [2]. Lectins induce apoptosis
in a wide variety of cell types, and experimental studies
have shown Con A-induced acute hepatitis in murine mod-
els resembles viral or autoimmune hepatitis in man. Con A
has also been reported to trigger in vitro cellular processes,
such as, cytokine secretion, nitric oxide production, and
T-lymphocyte activation [3, 4], and has been used in mod-
els of acute liver injury [5, 6]. Con A induces liver injury
by activating type 1 and type 2 TNF-a receptors (TNFR),
and TNFR2 is important for Con A-induced JNK activation,
as mice lacking JNK2 were found to be highly resistant to
Con A-induced apoptotic and necrotic cell death in liver [7].
Con A-induced hepatotoxicity is commonly associated with
releases of tumor necrosis factor o (TNF-o) and interleukin
1B (IL-1P) and reactive oxygen species (ROS) generation,
which ultimately results in cellular apoptosis and autophagy
[8].

Con A has been reported to induce membrane type-1
matrix metalloproteinase (MT1-MMP) over-expression
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in brain cancer via an inhibitory kappa B kinase (IKK)/
nuclear factor kappa B (NF-xB)-dependent pathway, and
Con A-induced MT1-MMP expression has been linked
with cyclooxygenase-2 (COX-2) up-regulation and cancer
cell death via endoplasmic reticulum (ER) stress signaling in
glioblastoma cells [2, 9]. Moreover, several cell lines treated
with Con A have exhibited tyrosine phosphorylations of
major intracellular proteins, including protein-zero related
(PZR) cell surface molecules [10], and Con A has been
shown to selectively block kainate receptor (KAR) desensi-
tization and to markedly increase KAR-mediated neurotoxic-
ity [11]. Recently, we reported that Con A-mediated NMDA
receptor subunit modulation in cultured cortical cells was
associated with a-amino-3-hydroxy-5-methyl-isoxazole-4-
propionate (AMPA) receptor activation [12]. Considering
the roles played by ROS generation and tyrosine kinase acti-
vation in neuronal death [13-15], we asked whether Con
A-induced neuronal apoptosis might occur via ROS genera-
tion and tyrosine kinase activation. To investigate the toxic-
ity of Con A in neuronal systems, it was treated to cultured
neuronal cells and directly injected into rat frontal cortices.

Materials and Methods
Chemicals

Con A (Type IV salt free), methyl-a-p-mannopyranoside
(M-a-MP), L-glutamine, glucose, HEPES, poly-p-ly-
sine, dimethyl sulfoxide (DMSO), N-acetyl cysteine
(NAC), diphenyleneiodonium chloride (DPI), AG556 (a
TNF-a inhibitor), AG82 (a tyrosine kinase inhibitor), and
H,DCF-DA were obtained from Sigma-Aldrich (St. Louis,
MO). Horse serum, fetal bovine serum (FBS), Eagle’s mini-
mal essential media (MEM) and Dulbecco’s modified eagle
medium (DMEM) were purchased from Hyclone (Logan,
Utah, USA). Antibodies were obtained from Cell Signal-
ing Technology®, 6-cyano-7-nitroquinoxaline-2,3-dione
(CNQX), 2,3-dihydroxy-6-nitro-7-sulfamoyl-benzol[f]
quinoxaline-2,3-dione (NBQX), and 1-(4-aminophenyl)-
4-methyl-7,8-methylenedioxy-5H-2,3-benzodiazepine
(GYKI524666) were purchased from Calbiochem (La Jolla,
CA, USA).

Animals and Cell Culture

Cerebral cortices were removed from the brain of 15.5 days
old ICR fetal mice for neuronal culture. Male Sprague—Daw-
ley rats (260-280 g) were obtained from Daehan Biolink
(Eumsung, Korea). Rats (3—4 per group) were kept under
standard conditions; at 24 +3 °C under a 12 h light/dark
cycle with free access to rodent chow and water. All pro-
cedures involving rats were performed according to the

guidelines issued by the Animal Care and Use Committee
of the School of Medicine, Ewha Womans University in
South Korea.

The neocortices of fetal mice were triturated and plated
on 24 well plates (~10° cells/culture well) pre-coated with
100 pg/mL poly-D-lysine and 4 pg/mL laminin, and cul-
tured in MEM (supplemented with horse serum (5%), FBS
(5%), 2 mM glutamine, and 20 mM glucose). Cultures were
maintained at 37 °C in a humidified 5% CO, atmosphere.
After 6 days in vitro (DIV), the medium was changed to plat-
ing medium containing 10 pM cytosine arabinoside but not
FBS. Media were changed twice weekly. To assess cell con-
dition, mixed cortical cell cultures containing neurons and
glia (DIV 12-14) were exposed to Con A in horse serum free
culture medium. Cell morphologies of degenerating neurons
were observed under a phase contrast microscope every 24 h
after exposing cells to Con A.

Primary astrocytes and microglia were prepared from
1-day-old Sprague—Dawley rats. Cortices were triturated
into single cells in MEM containing 10% FBS, and then
plated into 75 cm? T-flasks for 10—14 days. To prepare pure
astrocytes, microglia were removed from T-flasks by mild
shaking and remaining astrocytes were sub-cultured twice
for experiments. Astrocyte purity was confirmed by staining
for astrocyte-specific glial fibrillary acidic protein (GFAP,
Chemicon), and was usually >99%. Detached microglia were
used for co-culture experiments. The enriched microglia
used were >95% pure as assessed by immunocytochemical
staining for the microglia-specific marker, CR3 complement
receptor, which was detected using OX-42 antibody (Sero-
tec, UK).

Measurement of Cell Viability

Cell counts and viabilities were assessed using WST-1 rea-
gent (Roche, Indianapolis, IN, USA). Cells were incubated
with WST-1 at a dilution of 1:10 in original conditioned
media at 37 °C for 2 h. After washing with medium, cells
were collected and lysed. Relative amounts formazan pro-
duced by metabolically active cells were assessed indirectly
by measuring absorbance at 450 nm.

Intracranial Con A Injection
and Immunohistochemistry

Rats (260-280 g) were implanted with guide cannula for
intracranial injection. Briefly, a rat was anesthetized with
an intramuscular injection of ketamine (50 mg/kg) and
xylazine (1 mg/kg), before standard stereotaxic surgery
was performed on a Kopf stereotaxic frame. A 21-gauge
stainless steel cannula was implanted in the frontal cortex
(ML: 0.7 mm; AP: 3.2 mm; and DV: —2.3 mm); bregma was
chosen as the stereotaxic reference point. The cannula was
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inserted into cortex and anchored in place with rapid-setting
dental acrylic (Lang Dental Mfg. Co., Chicago, IL, USA)
and to the skull by a plastic protective cap. Prior to microin-
jection, saline or Con A was filtered through a 0.2 um ster-
ile syringe filter and then infused using a 6-cm long PE-60
polyethylene tube connected to a Hamilton syringe. Con A
(5 pl; 50 or 100 ng/pl) was microinfused over 10 min. The
syringe was left in place for 5 min after injection completion
to prevent diffusion up the cannula, and was then removed
when a clean stylet was inserted into the cannula.

Three days after Con A infusion, rats were anesthetized
with ether and hearts were perfused with 0.05 M PBS.
Brains were removed, fixed in 4%-paraformaldehyde (in
0.1 M phosphate buffer), and cryoprotected by infiltration
using increasing concentrations of sucrose (10-30%), frozen
in freezing medium. Coronal sections (20 pm thick) were
prepared using a cryostat (LEICA CM 3000), and collected
on gelatin-coated slides. Antigen retrieval from tissue sec-
tions was performed with sodium acetate and this was fol-
lowed by immersion in 0.3% hydrogen peroxide (in PBS) for
20 min at room temperature. Slides were then preincubated
with 10% normal horse serum (Vector Laboratory) for 1 h
and incubated with mouse anti-MAP2 (6 pg/ml, Upstate)
and mouse anti-GFAP antibody (1:800, Chemicon) over-
night at 4 °C. A second slide of an adjacent brain section was
incubated with either Alexa 488- or Alexa 555-conjugated
secondary antibodies for 1 h at room temperature. In addi-
tion, appropriate controls not incubated with primary anti-
bodies were included. After counterstaining with Hoechst
33,342, tissue sections were mounted with ProLong Gold
antifade reagent and coverslipped. Finally, stained slides
were visualized under an epifluorescence microscope. The
immuno-positive cells were measured and the numbers of
particle (pixel) at certain area (100 pmz) were calculated
using analysis software (Soft Image Systems, Munster,
Germany).

Immunoblot Analysis

After incubation with ConA, neuronal cells were washed
twice with cold PBS, lysed in ice-cold modified lysis buffer
(150 mM NaCl, 50 mM Tris, 1 mM EDTA, 0.01% Triton
X-100, and protease inhibitor pH 8.0) and centrifuged at
12,000 rpm for 5 min. Cells were aliquoted and stored at
-70 °C until required. Protein concentrations were deter-
mined using the bicinchoninic acid (BCA) assay (Rockford,
IL, USA). Unlike the Bradford and Lowry assay, the BCA
assay features a relatively small protein-to protein variation
[16]. Samples were incubated at 60 °C for 15 min to ensure
the lowest protein-to-protein variation. Proteins were loaded
and separated by SDS-polyacrylamide gel electrophoresis
and transferred to polyvinylidene difluoride (PVDF) mem-
branes, which were blocked with 5% non-fat dry milk in
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TBST solution. Blots were then incubated with antibodies
for anti-MAP2, anti-GFAP, anti-phosphotyrosine, 4G10
(Upstate, USA), phosphorylated or total forms of ERK1/2,
p38 MAPK, JNK, Bcl-xL, and cleaved caspase-3 (Cell Sign-
aling Technology, MA, USA). After washing with TBST,
HRP-conjugated secondary antibodies (Cell Signaling
Technology) were applied and blots were developed using
an enhanced chemiluminescence detection kit (Amersham
Biosciences, Piscataway, NJ, USA).

Reverse Transcription Polymerase Chain Reaction
(RT-PCR)

Total RNA was isolated from cortical neurons and astrocytes
using TRIzol (Invitrogen, Carlsbad, CA, USA), according to
the manufacturer’s instructions. For cDNA synthesis, 2 g
of total RNA was reverse-transcribed using the SuperScript
First-Strand Synthesis System (Invitrogen, Carlsbad, CA,
USA). cDNA was amplified by RT-PCR using rat primers
for inducible nitric oxide synthase (iNOS), IL-1p, IL-6,
TNF-a, gp91-phox, p22-phox, p40-phox, p47-phox, p67-
phox, and B-actin, which was used as a loading control. PCR
products were separated by 1% agarose gel electrophoresis
and stained with ethidium bromide.

Measurement of Intracellular ROS

Intracellular ROS accumulation was measured using the oxi-
dant-sensing fluorescent probe dichlorodihydro-fluorescein
diacetate (H,DCF-DA). Cortical cultures were incubated
with 30 pM H,DCF-DA in HBSS buffer for 1 h at 37 °C
and then treated with Con A. DCF fluorescence intensities
were measured at excitation and emission wavelengths of
485 and 535 nm, respectively, using a fluorescence plate
reader (Molecular Devices, CA, and USA).

Statistical Analysis

Results are expressed as means + SEMs. Group comparisons
were performed using the one-tailed unpaired t-test or analy-
sis of variance (ANOVA) followed by the post hoc t-test.
Statistical significance was accepted for p values of <0.05
or <0.01, as indicated.

Results

Con A Induced Neuronal Cell Death and Astrocyte
Activation In Vitro

Con A (1, 10, 100 pg/ml) had a cytotoxic effect on cortical
neurons, as demonstrated by a reduction in cell viability of
70% and 50% (p <0.01) at concentrations of 10 and 100 pg/
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ml, respectively (Fig. 1a). In addition, MAP2 (microtubule
associated protein 2) expression was strongly suppressed
by Con A treatment in neuronal cells (Fig. 1b, c), but its
toxic effect on astrocytes was minimal, for example, GFAP
expression was not changed (Fig. 1b, c).

Intracranial Injection of Con A Detrimentally Affected
Neurons But Not Astrocytes

At 3 days after injecting 5 pl of Con A (50 or 100 ng/pl)
into cortical tissues in frontal cortices neuron dendrites were
degraded as indicated by only faint MAP2 expression (Con
A 50 ng/pl, p<0.05; Con A 100 ng/pl, p<0.01), whereas

Fig. 1 Con A had a cytotoxic (A)

astrocyte activation was not changed; glial filaments and
GFAP expression remained unchanged (Fig. 2).

Pretreatment with Methyl a-p-Mannopyranoside
Maintained the Viabilities of Con A-treated Neurons

We investigated the involvement of cross-linked cell surface
glycoproteins containing o-p-mannopyranoside (M-a-MP)
residue in Con A-induced neuronal death. M-a-MP, a com-
petitor of Con A binding to carbohydrate chain of a protein,
was used in the cell viability assay, which was conducted
on mixed cortical neurons. One way ANOVA revealed a
significant difference between the viabilities of cells treated
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Fig. 2 Morphological abnor- ( A)
malities of neuronal cells in

Con A treated rat brains. Con

A (5 ul of 50 or 100 ng/ul) was

directly injected into a frontal Neuron
cortex over 10 min (0.5 pl/min).
Neurons in cortical area were (MAPZ)

found to be damaged at 3 days
post-injection. Sections were
observed under a fluorescence
microscope at 800 (a). MAP2
or GFAP immuno-positive

cells in cortical tissues were
measured. The numbers of par-
ticle (pixel) at the certain areas
(100 um?) were calculated using

lysis software (Soft 1 Astrocyte
analysis software (Soft Image
Systems, Munster, Germany). (GFAP)

The one-tailed unpaired t-test

was used for intergroup com-

parisons. *p <0.05, **p<0.01
versus saline controls (each
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with Con A or M-a-MP plus ConA (F; ;,=57.36, p<0.01).
Pre-treatment with M-a-MP (10 mM) before ConA (10 pg/
ml) maintained cell viability (p <0.01) at the normal level
(Fig. 3a). The relationship between activation of AMPA/KA
receptor and Con A-induced cell death was investigated, as
Con A has been reported to be an inhibitor of AMPA recep-
tor desensitization [12]. We found Con A-induced cell death
was not modulated by the AMPA/KA receptor antagonist,
GYKI52466 (Fig. 3b), which suggested Con A-induced cell
death occurred after its binding to neuronal glycoproteins.

Con A-Treated Cortical Neurons and Astrocytes
Exhibited Elevated mRNA Expressions
of Pro-Inflammatory Cytokines

Astrocytes and cortical neurons release cytokines dur-
ing mechanical and ischemic injury [17]. Therefore, we
examined whether Con A could induce inflammation in
cultured cortical cells and astrocytes by investigating the
gene expressions of proinflammatory cytokines. Expres-
sions of TNF-a, IL-1f and IL-6 mRNAs were markedly and
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dose-dependently elevated in cortical neurons and astrocytes
(Fig. 4a, b). Interestingly, although inducible nitric oxide
synthase (iNOS) gene expression was pronounced in astro-
cytes, its expression was not observed in cortical neurons.

Intracellular ROS Generation and NADPH Oxidase
Expression was Enhanced by Con A in Cortical Cells

It has been reported that activated astrocytes release intracel-
lular ROS [18, 19]. Therefore, we evaluated ROS generation
after Con A treatment (1-100 ug/ml) in cortical neurons,
astrocytes, and microglia. ROS levels were markedly and
dose-dependently increased in cortical neurons (p <0.05,
p<0.01) but not in astrocytes or microglia (Fig. 5a).
Although high concentrations (50, 100 pg/ml) of Con A
significantly increased ROS levels in astrocytes.

Because NADPH oxidase directly contributes to oxida-
tive stress by increasing the levels of ROS [20], we meas-
ured the mRNA expressions of NADPH oxidase gp91-phox,
p22-phox, p40-phox, p47-phox and p67-phox in cortical
cells treated with Con A (1-100 pg/ml). We found Con A at
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Fig. 3 Effects of methyl-a-p-mannopyranoside and AMPA/KA
receptor antagonist on Con A-induced cell death. Cortical neu-
rons (1x10° cells per well) were pretreated with methyl-o-n-
mannopyranoside (M-a-MP) or GYKI524666 for 30 min, and then
exposed for Con A (10 pg/ml) for 24 h. Cell viabilities were meas-
ured using WST-1. M-a-MP inhibited Con A-induced cell death (a),
whereas the AMPA/KA receptor antagonist, GYKI524666 did not
affect cell viability (b). Results are presented as the means + stand-
ard errors of three independent experiments. Columns represent mean
values and SEMs (n=8-10). ANOVA was used to compare signifi-
cance for M-a-Mp treatment, and the one-tailed unpaired t-test was
used to compare significance for GYKI524666 treatment. *p <0.05
versus Con A treated controls

concentrations of 5 pg/ml upregulated the mRNA expres-
sions of membrane and cytosolic subunits of NADPH oxi-
dase (Fig. 5b, ¢).

Con A-Induced Intracellular ROS Generation
and the Involvement of TNF-a and Tyrosine
Kinase-Mediated Signaling

Con A has been reported to have mitogenic activities in
various cells via receptor cross-linkages [10, 21]. Con
A-induced ROS generation was investigated using, that is,
M-a-MP, NAC (an antioxidant), and DPI (a NADPH oxidase
inhibitor). One way ANOVA revealed that treatments with
these agents ROS accumulation was decreased significantly
{M-a-MP (F, ,=99.58, p<0.01), NAC (F, ,=1531,
p<0.01), DPI (F, ;,=18.95. p<0.01), AG556 (F5 j;=41.16,
p<0.01) and AG82 (F5 ;=246.48, p<0.01)}. Post hoc
t-test analysis showed that pretreatment of cortical cells

with NAC or DPI significantly inhibited ROS accumula-
tion (p <0.01) (Fig. 6b, c), whereas treatment with M-o-MP
slightly suppressed ROS accumulation (p < 0.05) (Fig. 6a).
Next, we investigated the signaling pathway responsible for
Con A-induced ROS generation. Pretreatment of cortical
neurons with TNF-a inhibitor (AG556) or tyrosine kinase
inhibitor (AG82) significantly inhibited ROS generation in
a dose-dependent manner (p <0.05, p<0.01) (Fig. 6d, e),
indicating TNF-a and tyrosine kinase mediated signaling
pathways participated in Con A-induced ROS generation in
cortical neurons.

Con A-Induced Apoptotic Cell Death
and the Involvement of Caspase 3

To identify other signaling pathways involved in Con
A-induced cell death in cortical neurons, we examined
MAPK phosphorylation (of p38, ERK, and JNK) and the
protein expressions of Bcl-2, procaspases and caspases in
cortical cultures treated with Con A (1-100 pg/ml). Whereas
phospho-p38 protein expression was significantly (p <0.05)
upregulated, the phosphorylations of ERK and JNK were
unaltered (Fig. 7a). On the other hand, Con A downregulated
the expressions of the anti-apoptotic proteins Bcl-xL and
pro-caspase-3 and upregulated the expressions of cleaved
caspase-3 (Fig. 7b, c).

Discussion

The plant lectin concanavalin A (Con A) has a myriad bio-
logical effects. Con A exhibits a tetrameric conformation
at physiological pH and may play important roles in cell
adhesion, signal transduction, mitogenic stimulation, cyto-
toxic, and apoptotic mechanisms [22, 23]. Concanavalin A
induces programmed cell death in neurons via signals ema-
nating from the cross-linking of glycoprotein on neuronal
membranes [24]. However, Con A-induced neuronal toxic-
ity through inflammation-mediated ROS production and the
activations of tyrosine kinases is poorly understood. Here,
we found treatment with Con A led to toxicity in cortical
neurons and enhanced the gene expressions of proinflamma-
tory mediators, such as, IL-1p, IL-6, TNF-a, and NO. Con
A-induced neuronal cell death, but not astrocyte death, in rat
brain, indicating a cell-specific toxic effect, as has been pre-
viously reported [25, 26]. We observed Con A-induced ROS
generation was significantly more elevated in neurons than
in astrocytes or microglia in cultured cells, which suggests
that ROS generation induced by cortical neurons probably
caused the neuronal cell death observed, as has been previ-
ously reported [13]. In addition, we found ROS induction by
Con A was significantly reduced by 20 mM M-a-MP, but not
by 40 mM M-a-MP, which we speculate was due diminished
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(A) Cortical neuron
Vehicle 1 5 10 50 100
Con A (ug/ml)
©
14 4 FE——— Neuron
[ TNF-a -
1.2 A = -1 L
/16 *k

Relative Density (a.u.)

0 1 5 10 50 100

Con A (ug/ml)

Fig. 4 Effect of Con A on the expressions of iNOS and pro-inflam-
matory genes in cortical neurons and astrocytes. Cells were treated
with Con A (1-100 pg/ml) for 24 h and total RNAs were extracted.
Gene expression levels of iNOS and pro-inflammatory cytokines
were determined by RT-PCR. iNOS, TNF-«, IL-1f and IL-6 mRNA

membrane stability caused by osmolality changes. Con
A-induced ROS generation was also inhibited by NAC (an
anti-oxidant) and by TNF-a inhibitor (AG556), which sug-
gests ROS generation induced by Con A initiated TNF-a
and/or tyrosine kinase mediated signaling pathways that led
to neuronal cell death [7, 14]. Given the role of MEK/ ERK
pathway in Con A-induced autophagy in HeLa cells [27], we
investigated changes in MAPK, Bcl-2 and caspase protein
expressions during Con A-induced neuronal apoptosis. Con
A-treatment led to up-regulations of the expressions of p38
MAPK and cleaved caspase 3 protein expressions and to
the down regulation of Bcl-xL, indicating Con A-induced
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expressions in cortical neurons (a) and astrocytes (b). Results are
presented as the means +standard errors of three independent experi-
ments (¢, d). The one-tailed unpaired t-test was used intergroup com-
parisons. *p <0.01, *¥*p <0.01 versus treatment naive controls

neuronal cell death also involve autophagic cell signaling
pathways.

Activated astrocytes aggravate neurodegeneration by
releasing proinflammatory mediators [28, 29] and they are
also key players in glia-neuron complex interactions associ-
ated with neuroinflammation [29]. We surmise NO, TNF-a,
IL-1p and IL-6 releases by Con A-activated astrocytes may
exert neurotoxic effects that ultimately lead to neuronal cell
death. The cytokine TNF-a is released by various cell types
including neurons and can induce cellular responses, such
as, inflammation and cell death [30, 31]. Furthermore, it has
been reported Con A-mediated liver injury associated with
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Fig. 5 ROS generation and NADPH oxidase gene expressions in
Con A-treated cortical cells. Cortical neurons were incubated with
H,DCF-DA for 1 h, treated with Con A (1-100 pg/ml) for 6 h, and
ROS levels were measured (RFUs, relative fluorescence units) (a).
Cells were treated with Con A for 24 h and the mRNA levels of
NADPH oxidase subunits, gp91-phox, p22-phox, p40-phox, p47-

phox, and p67-phox mRNA were determined by RT-PCR (b). Results
are presented as the means +standard errors of three independent
experiments (c). The one-tailed unpaired t-test was used for inter-
group comparisons. *p<0.01, **p<0.01 versus treatment naive con-
trols
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Fig. 6 Effects of oxidative stress, TNF-a generation, and the acti-
vations of tyrosine kinases by ROS in Con A-treated cortical neu-
rons. Cells were pretreated with the Con A competitor methyl-a-p-
mannopyranoside (M-a-MP) (a), the anti-oxidant NAC (b), or the
NADPH oxidase inhibitor DPI (¢) for 30 min and then exposed for
Con A (50 pg/ml) for 6 h. ROS generation (RFU) was assessed using
H,DCF-DA on a fluorescence plate reader. Both AG556 (d) and

ROS production and JNK activation is largely dependent
on TNF-«a [7]. Studies also indicate activated T-cells cause
hepatocyte apoptosis mediated by the TNF-a signaling cas-
cade via cell surface death receptors that activate caspase-8,
caspase-3 and caspase-7 [5, 31]. Our observations suggest
Con A-treated cortical cells may follow a similar scenario.
Protein tyrosine phosphorylation plays an important role
in cellular metabolism [32-34]. Cytoplasmic tyrosine kinase
activation and signaling induced by extracellular stimuli
[35] have been reported to lead to cellular apoptosis. We
observed Con A induced the tyrosine phosphorylation of
proteins (100—75 kDa) in cortical cells, which might explain
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AG82 (e) strongly suppressed ROS generation by Con A in cortical
neurons. Results are presented as the means + standard errors of three
independent experiments. Column represent mean values and SEMs
(n=8-10) as determined by ANOVA. Comparisons were made using
the one-tailed unpaired t-test. *p<0.05, **p<0.01 versus Con A
only treated controls

in part ROS generation and neuronal cell death (data not
shown). This topic requires further study.

NADPH oxidase mediated ROS generation appears
to be an initial “trigger” of neuronal apoptotic [36, 37].
Therefore, we speculated Con A-induced neuronal apopto-
sis might originate from the activation of NADPH oxidase
and exacerbated by astrocyte-induced NO and proinflam-
matory cytokine production. Thus, Con A-induced ROS
generation might be an immediate cause for neuronal tox-
icity. The over-expression of iNOS has also been docu-
mented to have hepatotoxic effects in a variety of animal
models, including a murine Con A-induced hepatitis model
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Fig. 7 Con A induced neuronal apoptosis was associated with cas-
pase activation. Cells were treated with Con A for 6 h and the pro-
tein expressions of p38, ERKI1/2, and JNK (a), Bcl-xL (b), and
cleaved caspase 3 (c¢) were measured. Results are presented as the

[38], in which it was associated with NO release by neutro-
phils and monocytes [5] through the p38 MAPK pathway
[1]. It appears reasonable to presume Con A-induced iNOS
overexpression in astrocytes accompanied by NO release
may further increase ROS generation.

The study indicates Con A induces ROS generation in
cortical cells, and that subsequent TNF-a signaling and

means + standard errors of three independent experiments. The analy-
sis was performed using one-tailed unpaired t-test. *p<0.05 versus
treatment naive controls

tyrosine kinase activation may interact and result in ROS
accumulation, and thus, cortical neuron damage and death.
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