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ABSTRACT

Regulation of Nuclear factor-xB nuclear
translocation by agmatine in primary cultured

astrocytes following ischemic insults

Sung Hwan Yoon

Department of Medical Science

The Graduate School, Yonsel University

(Directed by Professor Jong Eun Lee)

Agmatine is a primary amine formed by the decarkaiion of
L-arginine and is an endogenous clonidine-disptacgubstance synthesized
in mammalian brain. Many studies suggest that aigmateduces various
brain injury. We investigated the protective effeof agmatine in the
primary cultured astrocytes under ischemic-likeulipj Agmatine protected
the astrocytes from necrotic and apoptotic celltldeander oxygen-glucose

deprivation. Especially, agmatine decreased necrgils in OGD phase, but



at the end of OGD-R, agmatine reduced delayed apoptells. These
protections were associated with an induction otlear factorxB (NF-kB)

nuclear translocation. Western blotting analysisowdd that agmatine
increased nuclear translocation of NB; which were inhibited by the
inhibitor (MG132). Futhermore, agmatine increashd expression of p-lkB

and p-IKKa/B in astrocytes under ischemic conditions. Agmatinkso a
regulated phosphorylation of p42/p44 MAPK (ERK1&)d c-Jun N-terminal
kinase (IJNK), which were attenuated by U0126 or (BR@5, respectively.
Especially, the expression of p-ERK was slighthcreased with agmatine,
while that of p-JNK was significantly reduced intrasytes under ischemic
injury. However, phosphorylated p38 was not infleesh by agmatine. But
these MAPKs regulated by agmatine regulated celittden OGD treated
astrocytes. NReB nuclear translocation by agmatine was linked witte

expression of other anti-apoptotic protein such Bxd-2, and the Bcl-2
expression was downregulated by MG132 in astrocyteder OGD. These
results demonstrated that neuroprotective effectagiatine seemed to be
related with the regulation of Bcl-2 via N&B pathway and the regulation
of MAPKs expression by agmatine did not seemed dorddated with NRe

B translocation directly.

Key words : Agmatine, Oxygen-glucose deprivationstrAcyte, NF«B,
MAPKSs, Bcl-2
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I. INTRODUCTION

Astrocytes play a crucial role in the central neirwvosystem (CNS).
They modulate synaptic transmission and plasticiggide axonal growth
during development and secrete growth factors topmi neuronal
survival”®® Therefore, dysfunction or loss of astrocytes ¢ead to neuronal

® Since astrocytes play a central role in mainteyni

death or dysfunctiol
neuronal viability both under normal conditions addring stress such as
ischemia, its function to stress is essential todewstand various brain
pathology. A significant amount of brain damage seml from ischemic

stroke can be attributed to neuronal cell deatbult@g from an insufficient



supply of glucose and oxygen to brain tidsuelo understand the
mechanisms of neuronal cell death after ischemisulinand to identify
potential protective agents, in vitro cell cultuneodel of ischemia has been
developeﬁ The experimental paradigm includes an initial rshphase of
oxygen and glucose deprivation (OGD) followed bypwlonged phase of
restoration (adding back oxygen and glucose, OGD-R)e OGD phase
mimics the lack of oxygen and glucose supply, sumh a thrombus
formation during stroke, while the OGD-R phase e the restoration of
oxygen and glucose supply to the injured brain.

Agmatine, a naturally occurring guanidino compouridund in
abundance of bacteria and plants was recently ifthtin mammalian
brains*°. Agmatine is formed from decarboxylation of L-amge by the
arginine decarboxylase (ADE) It is hydorolyzed to putrescine and urea by
agmatinasé'® Agmatine is an endogenous clonidine-displacingpsgncé’
an agonist for thea2-adrenergic and imidazoline receptdrsand an
antagonist for the N-methylaspartate (NMDA) receptoﬁ% Recent studies
have shown that agmatine may be neuroprotectiveeimrotrauma, neonatal
ischemia models and cultured neurdn’ Agmatine is synthesized, stored in
astrocytes, and released from specific networksnedirons’. However, the
molecular mechanisms of agmatine action in astescyre still unknown.

The typical transcription factor NEB plays an important
physiological and pathological role in a variety dissues and cells,
including brain cel®. In astrocytes, NEB activity is required for the
inducible expression of various genes involved ime tpathogenesis of
cerebral ischemia. NEB complexes are mainly composed of p65 and p50
subunits in astrocytds” and remain sequestered in the cytoplasm of
resting cells by association with a family of inhilby 1kB proteins.

Following the appropriate stimuli, the xB proteins are rapidly



phosphorylated by the kB kinase complex (IKK), ubiquitinated, and
degraded by the 26 S proteasé‘fne&s a result, NR¢B translocates to the
nucleus to bind specificcB DNA motifs and promote expression of target
gene§4. Recent attempts to identify the upstream kinage IKK have
revealed the involvement of MEK kinase 1 (MEKRY, and NFx
B-inducing kinase (NIK37. In addition, NF«B activity is highly related to
mitogen-activated protein kinases (MAPKs) pathways many signal
cascades. Nevertheless, the molecular mechanismsowf MAPKs pathway
contribute to the activation of NEB in astrocytes remain to be
characterized. This suggests that protective eféécagmatine can be related
to MAPKs and NF«B pathway in OGD-R injury. In this study, we
investigated the protective effects of agmatine #mel role of MAPKs and

NF-kB regulated by agmatine in OGD-R stimulated astexy



1. MATERIALS AND METHODS

1. Materials

Polyclonal anti-NF<B-p65 antibody and monoclonal anti-phospho p38
and actin antibodies were purchased from Santa @iozechnology (Santa
Cruz, CA, USA). Anti-phospho-IKK/3, phospho#Ba, phospho-JNK and
phospho-p42/p44 MAPK were obtained from Cell Sign@kechnology
(Beverly, MA, USA). Horseradish peroxidase-conjegatsecondary antibodies
and enhanced chemiluminescence (ECL) western rgottietection system
were obtained from Amersham Biosciences (Uppsalayed8n). Other

inhibitors were obtained from Sigma (St. Louis, MOSA).

2. Astrocyte cultures

Primary cortical astrocytes were cultured from 1-fday old
postnatal ICR mouses and maintained in Minimum réegdemedium (MEM,
Gibco) containing 10% fetal bovine serum and 10%uires; serum
(Hyclone). Briefly, hemispheres of newborn ICR mesiswere removed
aseptically from the skulls, freed of the meningsid cortex was dissected,
treated with 0.09% trypsin for 20 min at 87 and triturated. Cells were
plated onto 6-well and 24-well plates at a densityl hemisphere per plate

and the culture medium was changed twice a week2@ays.

3. Oxygen-glucose deprivation

To initiate oxygen-glucose deprivation (OGD), cuds were
transfered into an anaerobic chamber (Forma SfientOH, USA) (Q
tension < 0.1%), washed three times with deoxygehatglucose-free
balanced salt solution (B9S containing 116mM NaCl, 1.8mM Cagl
0.8mM MgSQ, 54mM KCI, 1mM NaHPQO, 14.7mM NaHCQ@ 10mM



HEPES and 10mg/L phenol red at pH 7.4 and incubated3SS at an
oxygen-free incubator for 4 h. Following OGD, glseoadded to culture
medium to a final concentration of 5.5mM and celere incubated under

normal growth conditions for indicated time.

4. Measurement of Lactate dehydrogenase (LDH) activity
Cell lysis was quantified by assay of LDH activitgleased into the
culture mediurff. Total LDH release, corresponding to complete chdhth,
was determined at the end of each experiment &fémzing at -70C and

rapid thawing.

5. Hoechst-PlI nuclear staining
The cell death was evaluated by staining of nobleiacells with
propidium iodide (Sigma), and live cells with Hoeth33258 dye (Sigma).
Staining with the fluorescent dyes propidium iodidéed Hoechst 33258
allows discrimination of apoptotic cells on the isasf nuclear morphology
and evaluation of membrane integrity. Hoechst dyses vadded to the culture
medium to a final concentration of 24g/mL and the cultured cells were
kept at 37C for 30min. Propidium iodide solution was then addguhal
concentration 2-5ug/mL) just before observation in a Olympus micrgseo

equipped for epifluorescence with UV filter block.

6. Flow cytometry analysis of cell death

Apoptosis was determined using an apoptosis detedtit (BioVision
Inc., CA. USA). Briefly, cells were collected aftéreatment, washed twice
in ice-cold PBS, and then resuspended in bindinffebuat a density of
1x10 cells/mL. Cells were incubated simultaneously wifiTC-labled

annexin V and propidium iodide (PI) for 10min. Flowytometry was



performed to determine the populations positive &omexin V-FITC (FL-1
channel) and/or PI (FL-2 channel) by a FACScan {&ecDickinson,
Mountain View, CA). Data were analyzed using Cellue&t software

(Beckton Dickinson Immunocytometry Systems).

7. Preparation of cytosolic and nuclear extracts

Primary cultured astrocytes were washed with idd-c®BS and
harvested cells were solubilized with buffer A [MdmHEPES, pH 7.4,
10mM KCI, 0.1mM EDTA, 0.1mM EGTA, 1mM DTT, ilg/mL leupeptin, 1
ug/mL aprotinin, 1ImM PMSF]. After 15min on ice, Igdpwere added to
the lysates to a final concentration 0.5%. The dubgere vigorously
vortexed for 10sec and the nuclei collected by rdegation at 14000 rpm
for 30sec. The supernatants were stored atC{8@tosolic fraction), and the
nuclei pellet was resuspended with buffer B [20mMERES, ph 7.4,
400mM NaCl, 1mM EDTA, 10% glycerol, 1mM DTT,u@/mL leupeptin, 1
ng/mL aprotinin, ImM PMSF]. The nuclei solution im&aied on ice for
30min vortexing every 10min, nuclear proteins wembtained by
centrifugation at 14000rpm for 15min, and the soptnts stored at -80.
Protein concentration was quantified using the B@iotein assay kit
(Pierce, Rockford, IL, USA).

8. Western blot analysis

Equal amounts of protein were subjected to elebtogsis on 10%
SDS-polyacrylamide gels. Separated proteins weren tlelectro-transferred
tolmmobilion-NC membrane (Millipore, Bedford, MA, SA). The
membranes were blocked for 1h at room temperatmré% skim milk in
TBS plus 0.1% Tween-20 (TBS-T). The membranes wéneubated
overnight with anti-NFR¢<B-p65, anti-phospho(Ser32) kBa, anti-lkBa,



anti-phospho  IKKi(Serl80)B(Ser181), anti-phospho p42/p44  MAPK,
anti-phospho JNK, and anti-phospho p38. After waghi3 times with

TBS-T for every 5min, blots were incubated with geédase-conjugated
anti-rabbit or anti-mouse secondary antibodies Ibr at RT. Finally, blots
were rinsed and proteins were visualized using @b PBrotein detection kit

according to the manufacturer's instructions.

9. Statistical anaysis
Results are presented as the mean + SEM of at thest different
experiments performed in separate cell preparatidmplicate or triplicate
determination were performed in each experimentqie-@ay ANOVA
followed by Student's t-test was used as indicatedrder to examine the

statistical significance; p-values less than 0.0frewconsidered significant.



[1l. RESULTS

1. Protective effect of agmatine on OGD-R injury

To investigate the protective effect of agmatine O&GD-R injury,
primary cultured astrocytes were subjected to OGDa#Ad restoration up to
20h in the absence or presence of agmatine pfp0 Effect of agmatine
was analyzed by Hoechst-Pl nuclear staining. Fify. shows the results of
representative experiment out. Hoechst-stained enufblue) of astrocytes
after OGD-R injury were gradually decreased follogvi restoration
time-dependent manner. In contrast, Pl-stained enufted) increased by
OGD-R injury. However, agmatine treated astrocytdsad more
Hoechst-stained nuclei in comparison with cellsendog no treatment. To
further examine this phenomenon, we carried outayas®f lactate
dehydrogenase (LDH) release. Fig. 1B shows thecteftd agmatine on
LDH release into the culture medium. In normoxidlsceLDH level in the
medium was very low (3.59%). In OGD-R subjectedlsceLDH level in
the medium was gradually increased to 36.85%. Hewetreatment with
agmatine caused an attenuation of LDH release tro@ges under OGD
(approximate 12% of LDH level; p<0.01, as compangith the agmatine
untreated level in the end of OGD-R). These resaliggest that agmatine

may be involved in protective effect of astrocytasder OGD-R injury.

2. Role of agmatine on OGD-R induced necrosis and/or apoptosis

To determine function of agmatine on necrosis andapoptosis
induced by OGD-R, astrocytes were stained with bBthand FITC-AV,
then analyzed by flow cytometry. Necrotic cells ademonstrated by
AV/PI" staining, since Pl enters cells when membranegiityeis lost and

binds nucleic acids. Apoptotic cells are demonsttaby AV/PI staining,
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since annexin V binds to phosphatidylserine thaingdlocates to the outer
side of the plasma membrane during apoptosis.”/RV stained cells are
likely to be late apoptotic or necrotic and A cells represent viable
cells. Fig. 2 shows representative dot plots oflscetained with Pl and
FITC-AV. OGD 4h resulted in a significant increage the percentage of
necrotic cells (AVPI") from a control value of 15.6 to 38.2%. Few
apoptotic cells (AVIPI) were detected. At the end of OGD-R, 31.6% of
the cells population was late apoptotic and necroatbmpared to 19.8% of
the normoxic cells. These results indicate that OG&used necrosis and
late apoptosis occured during the OGD-R. To detmemivhether agmatine
reversed either necrotic or late apoptotic celltlleastrocytes were exposed
to OGD and OGD-R. Agmatine reduced necrosis at Og&liod, while, at

the end OGD-R, reduced late apoptosis and necrosis.

3. Effect of agmatine on localization of NF-kB into the nuclel

To determine the regulation of NEB-p65 translocation to the nuclei
by agmatine, we performed western blot analysisboth the cytosolic and
the nuclear fractions harvested from OGD-R stiredagstrocytes treatment
with 10QuM agmatine. Fig. 3A shows effect of agmatine on H-p65
nuclear translocation induced by OGD-R injury. lmormoxic cells, NFs
B-p65 proteins were mainly localized in the cytosiol cells under OGD 4h
and restoration up to 2h, however, nuclear tramasioc of NFxB-p65 was
apparent, reaching maximal levels before restaratghase was started.
Furthermore, administration of agmatine increadeel amount of NFReB-p65
detected in the nuclear extracts. Consistent wittse¢ results,kBa levels of
cytosol were decreased in agmatine treated cellslewp-lkBa levels were
increased (Fig. 3B). SincexBa proteins regulated byxkB kinase (IKK)

complex, we measured the expression of pdKKby western blot analysis.

- 11 -



As shown in Fig. 3B, in OGD treated astrocytes, regpion of p-IKKi/3
was increased equal to N@B-p65 nuclear translocation. In agmatine treated
astrocytes p-IKK/B and p-kBa were increased. These results suggest that
agmatine may be involved in NEB-p65 nuclear translocation induced by
OGD-R through regulation of p-IKd&3.

4. Role of agmatine on phosphorylation of MAPKs

Since MAPKs were known to be related to neuronaltgmtion, we
investigated the roles of agmatine to the phosphtiop of MAPKs in
OGD-R induced astrocytes. Fig. 4 shows the exmessievel of
phosphorylated MAPK family members by western bbnalysis. OGD-R
injury induced expression of p-ERK, p-JNK and p-p88the different time
point. In normoxic cells, p-ERK, p-JNK and p-p38 reve not mainly
expressed. In OGD-R induced cells, however, theresgion of p-ERK
gradually were increased at restoration time-depehdmanner and were
expressed maximum levels at the end of OGD-R. Agmatslightly
increased p-ERK under OGD-R. In case of JNK, theression of p-JNK
increased by OGD 4h, and rapid decreased. Howeagmatine markedly
decreased p-JNK levels under OGD 4h. p-p38 alsoedsed by OGD 4h,
and prolonged to restoration 2h. The expressionp-@i38 had no changes
with agmatine treatment. These data suggest thatkBNB65 nuclear
translocation by agmatine may be involved with espron of p-ERK and
p-INK.

5. Roles of ERK and JNK regulated by agmatine on the phosphorylation
of IxBa
We investigated the roles of ERK and JNK regulatyd agmatine

on NFxB-p65 nuclear translocation in astrocytes under @GDFig. 5

- 12 -



presents the effect of agmatine on p-ERK and p-Jbdttributed to the
expression of puBa by western blot analysis. In normoxic cells, we
observed very low density of p-ERK, p-JNK, andkBd. To investigate the
regulation of MAPK activity through NkB pathway, MEK inhibitor U0126
(10uM), specific IJNK inhibitor SP600125 (M), and 26S proteasome
inhibitor MG132 (5@M) were treated in primary cultured astrocytes unde
OGD 4h. Simultaneously co-administration of agmeatiwith U0126 caused
an slightly increase of p-ERK. However, almost rearmges were observed
in the phosphorylation of peBa when the cells were exposed to U0126.
We also observed that the expression of p-ERK dad mfluenced by
treatment of MG132. In case of JNK, lower levels BINK were detected
with co-administration of agmatine and SP60012%nilar with SP600125
alone, and treatment of SP600125 did not influentted expression of pel
Ba. However, p-JNK expression was increased by treatnof MG132,
while it was diminished when the cells were exposed MG132 and
agmatine, together. Also co-administration of agneatand MG132 induced
an significantly increase of reduced phosphoryfatistatus of p#Ba by
MG132 alone. These results suggest that the regulatf expression of p-I
kBa by agmatine seems to be indirectly linked with Ji#pendent pathway
in astrocytes during ischemic injury and the ERKthpay have not been

contributed to the expression of pBla.

6. Roles of ERK, JNK and NF-kB regulated by agmatine on the cell
death of astrocytes

To investigate the roles of ERK, JNK and NB-p65 regulated by
agmatine on cell death, we measured the releaseH t® the medium
following OGD-R injuries (Fig. 6). In control cellsve observed very low
percents of LDH release (7.3%). OGD 4h and R 20tremsed the LDH

_13_



release to 32.4%. The slight increase in LDH releams observed after an
additional exposure of astrocytes toulD U0126 under OGD-R (39.8%).
This observation appeared an apposite to exposute YWuM SP600125.
SP600125 reduced the increased LDH levels by OGQOeR 18.2%.
Ischemic cells treated with BM MG132 increased the released LDH levels
(49.7%). However, agmatine reduced the percentsLDH release in the
presence of U0126 or MG132 to 21.8% or 24.5%, mdspdy. There were
similar results on agmatine treatment in the albesemr presence of
SP600125. These data suggest that ERK andiBip65 act in cell survival
while JNK acts in cell death, and agmatine may qutcell death through
regulation of ERK, NFR¢B-p65 and JNK at least in part.

7. Effect of agmatine on the expression of anti-apoptotic proteins, Bcl-2
Following above results, agmatine induced ®NEp65 nuclear
translocation through the activation of IKK3 and kBa. We investigated
post-transcriptional regulation of anti-apoptoticroeins by NF«B-p65
activation. For this purpose, the western blot ysial of anti-apoptotic
protein Bcl-2 was performed. Fig. 7A shows thatagmatine-non stimulated
cells, Bcl-2 expression is increased by OGD 4h #&déh, and agmatine
helped more increase of Bcl-2 protein levels. Silm-2 are regulated by
NF-kB or JNK in apoptosis and agmatine regulates klBFp65 and JNK,
Bcl-2 expression may be regulated by NB-or JNK in astrocytes under
OGD-R injuries. We investigated the role of NB-p65 and JNK on Bcl-2
expression in the presence of agmatine. As showirign 7B, exposure of
MG132 in OGD stimulated astrocytes reduced expvessif Bcl-2. However
agmatine treatment increased Bcl-2 protein levelghe presence of MG132.
SP600125 treatment did not influenced on Bcl-2 esgibn. These results

demonstrated that the regulation of Bcl-2 by agneativas related with NF-

- 14 -



kB-p65 pathway.
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Figure 1. Protective effect of agmatine on the primary cultured astrocytes after
ischemic injury. (A) Microphotographs of primary cultured astrocytetained with
Hoechst (Blue)-propidium iodide (Red) after OGD-R ihetabsence (medium) or
presence of agmatine (10d) administration and 20x objective. Agmatine treant
reduced Pl-positive cells induced OGD-R. (B) Effedétaymatine on LDH release in
primary cultured astrocytes exposed to normoxi@@D-R. The results are presented as
a percentage value. Each value is indicated as me@E of 4 cultures; (<0.05,

**p<0.01 vs. agmatine un-stimulated group in OGD-R.nNfmoxia.
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Figure 2. Representative dot plots of flow cytometry of cell death in astrocytes in

the absence or presence of agmatine. Astrocytes left untreated (Normoxia) were
subjected to 4h of OGD followed by 2h and 20h dcfteeation (OGD-R) in the absence
or presence of agmatine (109@). Cells were stained with propidium iodide (Pl)dan
FITC-Annexin V (AV). Samples were analyzed by flowtametry. The numbers above

are percentage value. N; normoxia.
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Figure 3. Effect of agmatine on the NF-xB nuclear translocation under OGD-R. (A)
Western blot analysis of nuclear MB- after OGD-R and treatment in the absence or
presence of agmatine (40M). Fractionated cell lysates (@@ of protein) from
experimental groups were subjected to 10% SDS-PA@iE transferred to PVDF
membrane, and then blotted using antibodies agaiiSt and #Ba. Membranes were
stripped and reproved with actin or histone H1 asoatrol. Bands were visualized by
an ECL method. (B) Regulation of p-IKiKB and p-kBa expression by agmatine under
OGD-R injury. *<0.05, **p<0.01, ***p<0.001 vs. agmatine un-stimulated OGD-R
group (p65); °p<0.05 vs. OGD-R alone ¥Ba); “p<0.05 vs. OGD-R (p-IKK/B);
£p<0.05, “p<0.01 vs. OGD-R (p«Ba). NE, nuclear extract; CE, cytosolic extract; N,

normoxia.
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Figure 4. Effect of agmatine on the phosphorylation of MAPKs under OGD-R.
Western blot analysis of p-ERK, p-JNK and p-p38 rafl&sD-R and treatement in the
absence or presence of agmatine (P Cell lysates (40g of protein) from
experimental groups were analyzed by western hipttising antiboies against p-ERK,
p-JNK and p-p38. p<0.05, **p<0.01 vs. agmatine un-stimulated group in OGD-R. N,

normoxia.
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Figure 5. Roles of ERK and JNK regulated by agmatine on the phosphorylation of
IkBa. (A) Effect of agmatine (10fM) on expression of p-ERK ang-lkBa in the
absence or presence of U0126 () or MG132 (1@M) exposure were analyzed by
western blotting as described in Fig. 3. (B) Effeftagmatine on expression of p-JNK
and p-lkBa in the absence or presence of SP600125NMJ0r MG132 (1@M) exposure
were analyzed by western blottingp<0.05, **p<0.01 vs. agmatine un-stimulated group

in OGD-R. N, normoxia.
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Figure 6. Roles of ERK, JNK and NF-kB regulated by agmatine on LDH release.
Astrocytes were treated with U0126 (M), SP600125 (10M) and MG132 (5QM),
separately in the absence (medium) or presencegofatine (10QM). LDH release
determined as described abovg<®.05, **p<0.01 vs. agmatine un-stimulated group in

OGD injury; $$p<0.01 vs. OGD injury alone. N, normoxia; NE, nuclextract.
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Figure 7. Effect of agmatine on expression of Bcl-2 proteins. (A) Western blot

analysis of Bcl-2 expression in OGD-R treated astexy(B) Western blot analysis of
Bcl-2 expression in the absence or presence of IR60QLQM), MG132 (5Q@M) and
agmatine (100M). *p<0.05 vs. agmatine un-stimulated group in OGD-R.nNrmoxia.
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V. DISCUSSION

Here we characterize neuroprotective effect of dgmain astrocytes
exposed to OGD-R. Following previously reports, afjme decreased infarct
sizes in middle cerebral artery occlusion mouse ehodind promotes
survival in neurons exposed to OBD Agmatine and its synthesizing
enzyme, arginine decarboxylase (ADC) are synthdsiznd stored in
astrocytes. Nevertheless, the mechanism of agmataien is not clear at
present in astrocytes itself. We have demonstratiedt incubation of
astrocytes with agmatine significantly reduces te#l death by OGD-R as
measured by the accumulation of LDH in the mediurhis reduction in
LDH accumulation is consistent with lower PI-stainenuclei in
agmatine-treated astrocytes as measured by thehbleet nuclear staining.
Especially, agmatine reduces early necrosis upgosxe to OGD followed
by delayed apoptosis during exposure to OGD-R. Baibcrosis and
apoptosis were precisely quantified using Pl andea&im V dual staining.

Knowing that astrocytes cell death induced by OGDk®olved
apoptosis, we focused on the role of MB/Rel family members in the
death process. NkB is an inducible transcription factor composed of
various combinations of NEB/Rel family members. These proteins include
p50 (NF-B1), p52 (NF-B2), p65 (RelA), p68 (c-Relnda RelB. NFxB
regulate an array of host genes controlling immuatvation, inflammation,
and the prevention of cellular apopté3® NF«B is activated by cerebral
ischemia in neurons and glia, but its function isntcoversial. Several
studies have found NEB can promote neuronal cell deafn vitro®:*
Other investigators have found that inhibition dftracytic NFxB had no
effect on infarct size in kBa-superrepressor mice, but neuronal -

activation contributed to cell dedth In this study, however, we showed
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that treatment of agmatine resulted in a inductioh NF«xB nuclear

translocation following IKK activation. Also the gective effect of

agmatine was demonstrated to be dB~dependent, since LDH accumulation
at the end of OGD-R was increased by 26S proteosorhibitor. These

results support the importance of the NB-in mediating cell survival, as
suggested by a previous in vitro study of GSkiBduced apoptosis in
astrocyted’ and OGD-induced cell death in cerebral endothedils™.

The MAPKs also regulate a diverse array of fundjorsuch as
neuronal survival and ischemic apoptdsi6 Members of the MAPK family
include extracellular signal-regulated kinase (ERKJ-Jun NH2-terminal
protein kinase (JNK) and p38 MAPK. JNK and p38 MARKe strongly
activated by stress stimuli, bacterial lipopolyssrade (LPS) and cytokines,
and have been suggested to contribute to cell HeafiRK, on the other
hand, is activated by mitogenic stimuli, subsegyentodulating the activity
of many transcriptional factors, leading to pratifiton and differentiatiofs.
In general, ERK activation has been coupled to gutote mechanisms.
Neuronal ERK have been implicated in protection irsga neuronal cell
death in vitro®® and in vivo™. We have found ERK, JNK and p38 of
phosphorylation are increased by OGD-R. Howevemaipe increased the
expression of p-ERK at the delayed phase of OGD-Rilewdecreased
p-JNK expression at the early phase of OGD-R. Theselts demonstrated
that regulation of ERK and JNK by agmatine are eddhce following
OGD-R phase. We have found that ERK and JNK migittes a regulator
of cell death using MEK inhibitor and specific JNiKhibitor, respectively.
We also have found treatment of MEK inhibitor iresed LDH
accumulation, whereas treatment of JNK inhibitor crdased LDH
accumulation. We also have found agmatine can mgulate p38, but

function of agmatine on the p38 regulation needbéofurther investigated.
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The suppression of cell death by MNB-is mainly a transcriptional
event. NFxB-regulated genes that are capable of blocking tasap have
been identifiedf. Interestingly, the NFB-activated pro-survival program
appears to be specifically tailored for each tissmel biological context. In
some circumstances, the genes are most relevatitetdNF«xB anti-apoptotic
activity seem to have been identified. For instanseveral studies indicate
that in peripheral B and T Ilymphocytes, NB- pro-survival signaling
induced by antigen receptor and CD40 or CD28 cadéition targets
members of the Bcl-2 family such as Bcl-xL, Bfl-I/Aand Bcl-2
itself***** Indeed, we have found agmatine induces the Bgidtein
expression via NEB signaling cascade. Since Bcl-2 family membersehav
been linked to mitochondrial function during intibh of apoptosis, the role
of agmatine as a modulator of mitochondrial meméraotential need to be
further investigated.

The relation between MAPKs and NB in brain ischemia is
intriguing. We attempted to test whether agmatireshiated NF<B-p65
nuclear translocation is associated with its abilid regulate ERK or JNK
signaling, since there is evidence showing an wemkent of MAPKSs
signaling in activation of NEB*?°** We did not find that ERK pathway
contributed to NFR¢B-p65 nuclear translocation. However, we have found
that JNK pathway might be related with B-p65 pathway. Especially, it
has been suggested that NB-p65 regulated by agmatine down-regulated
JNK activation. Since we use 26S proteosome imthibivhich is not high
specificity to NFxB signaling, we have to find whether MAPKs signglin
regulated by agmatine is involved NB pathway in astrocyte under
OGD-R using by specific NkB inhibitor and MAPK kinase inhibitor.

Several groups have shown that there is a crossttlween the NF-

kB and JNK pathwa‘?’”. The pro-apoptotic role of JNK is evident from
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analyses of JNK-knockout mice. Mouse embryonic diiests lacking both
JNK1 and JNK2 are resistant to apoptosis inducedvdxyous stress stimuli,
and JNK3-/- neurons have severely impaired apaptotesponses to
excitotoxiné®. Inhibition of JNK signaling by pharmacological eags or
dominant-negative kinase mutants effectively rescud«B-deficient cells
Likewise, knocking out MKK7/JNKK2

from TNF-a-induced deaffi*.

virtually abrogates TNFE-induced death in RelA-null ceffs In this study,
we suggest that one of protective mechanisms ofatigen might be through
the inhibition of pro-apoptotic JNK pathway.

The relevance of the JNK cascade to apoptosis Isignais
highlighted by the finding that activation of thisascade is controlled by
NF-kB. Indeed, suppression of N& by ablation of RelA or IKKR leads
to persistent JNK induction by TNES*" In short, the containment of the
JNK cascade is crucial for the control of TNRaduced apoptosis, and this
critically depends on NEB. The importance of this antagonistic crosstalk
between NF¢:B and JNK has recently been documented in animadletso
Several investigators have shown that ®NB-- activation is required to
antagonize hepato-toxicity induced by systemic lehge with LPS or
concanavalin A (ConA) - two agents that induce rlivdamage through
TNFR-induced cell death It is plausible that the pro-survival activity of
NF-kB in the fetal liver may also involve attenuatiof mro-apoptotic JNK
signaling.

There are multiple signaling pathways leading te fhosphorylation
of IkB and the activation of NEKB. Modulation of kB activity are
involved in the activation of IKK. Several reportsuggest that various
upstream activating kinases elevate the IKK agtivilThese candidates
include the MEKK1, MEKK2 and 3, Akt, NIK, atypicaPKC (zeta) and

90-KDa ribosomal S6 kinase (p8U)°. We have found agmatine regulates
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phosphorylation of IKK, but the regulation of IKKpstream kinase activity
by agmatine remains unclear. Since the pivotal fleAkt is a defense the
cell death, further studies have to reveal the letipim of Akt expression
modulated by agmatine.

In this study, we have demonstrated the protectivechanism of
agmatine may be associated with the induction of -kBF nuclear
translocation and regulation of two MAPKs activityny astrocytes after
OGD-R. Our results demonstrate the central roleygulaby agmatine in
rescuing cell death induced by OGD-R through a dtidn of NF«B
nuclear translocation. We suggest that the pretecéffect of agmatine on
the astrocytes under OGD-R might be related wite thgulation of Bcl-2
through NFxB translocation into the nucleus. The present stuclyy be
helpful for understanding the signaling pathway matdl by agmatine in the

astrocytes under brain ischemia.
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V. CONCLUSION

This present study showed the role of agmatine afi death

induced by OGD-R. These results have demonstraibdwing conclusions.

1. Agmatine protect the astrocytes from cell deattuced by OGD-R
compared to the non-treatment group in LDH assagecHst-Pl nuclear
staining. Agmatine decreased necrotic cells fronexperimental control
in OGD phase, but at the end of OGD-R, agmatineuged delayed
apoptotic cells compared to agmatine un-treatedigro

2. Agmatine increased NEB-p65 nuclear translocation in astrocytes
exposed to OGD-R through inducing of IKK phosphatin.

3. Agmatine also increased the expression of p-ERkhereas it
decreased the expression of pro-apoptotic p-JNK.

4. Agmatine regulated the expression of p-JNK vig-WB-p65 pathway,
but the expression of p-ERK was not related with-i¥-p65 pathway.

5. Neuroprotective effect of agmatine seems to d&lated with increase

of Bcl-2 protein levels via NkB-p65 pathway.

We acertained the protective mechanism of agmaiineastrocytes
under OGD-R through NEB and ERK/INK pathways. Also we found the

induction of Bcl-2 expression by agmatine is inamvwith NFxB pathway.
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