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ABSTRACT

Neuroprotective effects of astrocytes expressing ADC gene
on oxygen-glucose deprivation injury

Mi Ran Son

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Professor Jong Eun Lee)

Agmatine is an endogenous amine derived from theartb®xylation of
arginine catalysed by arginine decarboxylase(AD@nd metabolized to
putrescine by agmatinase. Agmatine is consideretbwel neuromodulator and

possesses neuroprotective properties in the cemtea/ous system. In the



previous study, it has reported that agmatine reduinfarct volume and
attenuated brain edema from cerebral ischemic ynwhen they administered
exogenously. In this study, it has been investdateat the effect of agmatine
administered endogenously through overexpressioAE genes which are a
synthesizing enzyme of agmatine using retroviratt@e on brain injury. For
this purpose, a retroviral vector containing ADCnege was transfected to
primary cultured astrocytes. The expression of ADC primary cultured
astrocytes was detected by immuocytochemistry ushigC antibody. The
level of agmatine generated endogenously was megésby HPLC. It has
then demonstrated whether endogenous agmatine cpratells from OGD
injury in astrocytes overexpressed ADC genes.

Matrix metalloproteinases(MMPs) are up-regulated lgchemia and
degrade the basement membrane of brain vesselsraimope cell death and
tissue injury. And, it has been reported that nprotective effects of
agmatine is associated with decreased NOS expres3ibe INOS expressed
in the endothelial cells and nitric oxide generateg this enzyme play an
important role in regulation of vascular reactivityso, their inhibition is
neuroprotective and may be a useful therapeutiategly to target selectively
the progression of ischemic brain injury.

In this study, it has investigated whether endogenagmatine, produced
by ADC genes, decrease the MMPs expression in @dgo RT-PCR,
westernblot and immunocytochemical analysis agaM#iP-2, MMP-9, iINOS
and caspase-3 were performed for this study. It slaswn that endogenous
agmatine, produced by ADC genes, decreased the emumbiNOS, caspase3,
MMP2 and MMP9 positive cells after oxygen-glucosepuvation injury. It
may suggest that agmatine administered endogenousing viral vector
system shows neuroprotective effects through reducthe expression of
INOS, caspase-3, MMP-2 and MMP-9 in astrocytes uridehemic-like injury.



This decreases may explain the protective mecharmignendogenous agmatine

after ischemia.

Key words : arginine decarboxylase(ADC), agmatirestrocyte, ischemia,
neuroprotection



Neuroprotective effects of astrocytes expressing ADC gene
on oxygen-glucose deprivation injury

Mi Ran Son

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Professor Jong Eun Lee)

I. INTRODUCTION

Agmatine, a naturally occurring guanidino compouiodind abundance in
bacteria and plants, and was recently identified miammalian brains also.
Agmatine is an endogenous polyamine derived fromymatic decarboxylation
of L-arginine by arginine decarboxylase (ADC) It is hydorolyzed to
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putrescine and urea by agmatinase. Agmatine is andogEnous
clonidine-displacing substance, an agonist for the-adrenergic and
imidazoline receptors, and an antagonist for then&thyl-D-aspartate (NMDA)
receptors ADC is widely expressed in many brain areas d§ rand humans.
Recent studies have shown that agmatine may be opeective in
neurotrauma, neonatal ischemia models and culturegron$™® Agmatine is
synthesized, stored in astrocytes, and releaseth fepecific networks of
neurons.

Astrocytes play a crucial role in the central nerwosystem (CNSf*
They modulate synaptic transmission and plasticigyide axonal growth
during development and secrete growth factors topstt neuronal survivif®
Therefore, dysfunction or loss of astrocytes camdlgo neuronal death or
dysfunction. Since astrocytes play a central rolte maintaining neuronal
viability both under normal conditions and duringess such as ischemia, its
function to stress is essential to understand waridrain pathology. A
significant amount of brain damage caused from estb stroke can be
attributed to neuronal cell death, resulting from @sufficient supply of
glucose and oxygen to brain tissue. To understand mmechanisms of
neuronal cell death after ischemic insult and tenidy potential protective
agents,in vitro cell culture model of ischemia has been develbpéd®

Nitric oxide (NO) is known to trigger and mediatascades involved in
inflammation and apoptosis in ischemic injury adOS is also involved in
the mechanisms by which ischemia-induced apoptodOS is expressed
predominantly in inflammatory cells infiltrating eh ischemic braiti*’
Excessive amount of NO derived from reactive agtecis assumed to
contribute neuronal death during ischemia, traunand oligodendrocyte
degeneration in demyelinating diseases. So, thgiibition is neuroprotective
and may be a useful therapeutic strategy to tasgégctively the progression
of ischemic brain injur§**



The extracellular matrix molecules constitute thasdment membrane
underlying the vasculature and play a critical rdt providing structural
support to cell wall. Matrix metalloproteinases(MB)JP are a group of
zinc-dependent enzymes that may contribute to trethgphysiology of
cerebral ischemia by degrading the matrix compaent the neurovascular
unit. An early and major pathological effect of MBIRn cerebral ischemia is
the disruption of the blood-brain barrier (BBB) dbgh the degradation of
basal lamina that surround the cerebral blood V&$8&>> Members of the
MMP family, MMP-2 and MMP-9 are well-known, which edrade the
extracellular matrix components of the basement brame of brain
vesselg®’

The present study was aimed to evaluate whethepgembus agmatine,
produced by ADC genes, modulate the neuroprotection vitro using
astrocyte from ischemic injury. This is achieved iowestigating the level of
agmatine generated endogenously by HPLC, and alsteda to determine
whether endogenously administered agmatine decreeaspase-3, iNOS,
MMP-2 and MMP-9 expression after oxygen-glucose ridation(OGD) injury
in astrocytes. Accordingly, it may suggest that agehous agmatine in the
astrocyte expressing ADC gene may play a permissile through reduced the
degree of cell death in neuronal pathology indumg OGD stress.



IIl. MATERIALS AND METHODS

1. Primary astrocyte cultures

Primary cortical astrocytes were cultured from 1 3oday old postnatal
ICR mouse, and maintained in minimum essential omadi(MEM, Gibco)
containing 10% fetal bovine serum and 10% equineinse(Hyclone). Briefly,
hemispheres of newborn ICR mouse were removed iealiyptfrom the skulls,
freed of the menings. The cortex was dissectedtede with 0.09% trypsin for
20 min at 37, and triturated. Cells were plated onto 6-well ad-well
plates at a density of 1 hemisphere per plate dm dulture medium was
changed twice a week for a period of 20 days.

2. ADC infection

For this study, we constructed the retroviral veatontaining human ADC
cDNA and established a transfection of human ADCnegeinto the
astrocyte(AST-ADC) by the retroviral packaging clie PT67.

3. Oxygen-glucose deprivation injury

Cultures were transferred into an anaerobic chanfberma Scientific Co.)
(02 tension <0.2%), washed three times in deoxygenated, glufrese-
balanced salt solution (B@Scontaining 116mM NaCl, 1.8mM CaCl0.8mM
MgSQy, 5.4mM KCIl, 1mM NaHPQi, 14.7mM NaHCG@ 10mM HEPES and
10mg/L phenol red at PH 7.4 and incubated in 8%% an oxygen-free
incubator for 4hrs. Following OGD, glucose is addedthe culture medium to
a final concentration of 5.5mM. And, cells were ubated under normal
growth conditions for indicated time.



4. Measurement of lactate dehydrogenase activity

Cell lysis was quantified by lactate dehydrogenassay (LDH) released
into the culture medium. The amount of total LDHleesed of 100% cell
death named "full kill' was determined at the enfl experiment following
freezing at -7@ and rapid thawing. The extent of cell death wasresged as
percentage of full Kill.

5. Hoechst-Pl nuclear staining

Cell death was evaluated morphologically by stajnithe non-viable cell
with propidium iodide(Sigma, St. Louis, Missouri,SH), and living cells with
Hoechst 33258 dye(Sigma, St, Louis, Missouri, USAtaining with the
fluorescent dyes propidium iodide and Hoechst 33288ws discrimination of
apoptotic from non-apoptotic cells on the basis rafclear morphology and
evaluation of membrane integrity. Hoechst dye wadded to the culture
medium(2-5 pg/ml) and then cells were kept at B7 for 30 minutes.
Propidium iodide solution was then added(2:gml) just before observation in
a Olympus microscope equipped with epifluoresceaicd a UV filter block.

6. HPLC (High Performance Liquid Chromatography)

The amount of agmatine in control and transfectetls cwas measured by
HPLC. The harvested cells were homogenized in piaisp buffer containing
internal standard and 10% trichloroacetic acid (JCéentrifuged at 12000 rpm for
10 min. The supernatant was mixed witpthalaldehyde (OPA) and injected into
the HPLC system with column and detected by flsoeace detector. Recovery of
agmatine was calculated from the added externahdatd and expressed as

ng/mg protein.



7. Immunocytochemistry

Cells on culture plated which were coated with HOWysine/laminin and
were washed three times with PBS, fixed with 90%aBbl for 30 minutes on
ice, and then washed three times with TBS. Cellgewpermeabilized with
1.6% HO, in TBS and 0.025% triton, and cells were blocked 1 hour at
room temperature with 0.5% bovine serum albumin &f6 normal goat serum
in TBS. Primary antibodies rabbit anti-iNOS (1:500)abbit anti-caspase3
(1:250), mouse anti-MMP2(1:500), mouse anti MMPS(QD), mouse
anti-GFAP(1:500) were then added in TBS containB%$ normal goat serum
and left overnight at 4. Primary antibody was removed, by washing thescell
three times for 5 minutes each with TBS. Approgrisecondary antibody was
conjugated to CY3 or fluorescein isothiocyanate veagled in TBS containing
1% BSA for 2 hours at room temperature (FITC, Zymédl000/ Rhodamine,
Zymed, 1:500). Cells were washed three times fomiButes each with TBS,
conterstained with 4'-6-Diamidino-2-phenylindoleu{iml, DAPI, Sigma) for 30
minutes at room temperature, and cells were vizedliusing a Olympus D-70

upright fluorescent microscope.

8. Protein extraction

Primary cultured astrocytes were washed with idd-d@BS and harvested
cells were solubilized with buffer A [10mM HEPESHp7.4, 10mM KCl,
0.1mM EDTA, 0.1mM EGTA, 1mM DTT, ydg/mL leupeptin, fg/mL
aprotinin, 1ImM PMSF]. After 15min on ice, Igepal veadded to the lysates
to a final concentration 0.5%. The tubes were \igely vortexed for 10sec
and centrifuged at 14000 rpm for 30sec. The supemie were stored at -80
(cytosolic fraction), and the nuclei pellet was uggended with buffer B
[20mM HEPES, ph 7.4, 400mM NaCl, 1mM EDTA, 10% gy, 1mM DTT,



lng/mL  leupeptin, fg/mL aprotinin, 1mM PMSF]. The nuclei solution
incubated on ice for 30min vortexing for every l1Bmnuclear proteins were
obtained by centrifugation at 14000rpm for 15mimd athe supernatants were
stored at -8@. Protein concentration was quantified using theAB@rotein
assay kit (Pierce, Rockford, IL, USA).

9. Western blot analysis

Equal amounts of protein were subjected to elebmogsis on 10%
SDS-polyacrylamide gels. Separated proteins weren tielectro-transferred to
Immobilion-NC membrane (Millipore, Bedford, MA, USA The membranes
were blocked for 1h at room temperature with 5%msked milk in TBS and
0.1% Tween-20 (TBS-T). The membranes were incubategrnight with
primary antibody rabbit anti-MMP-2 (1:2000), rabb#nti-MMP-9 (1:2000),
rabbit anti-INOS (1:1000). After washing 3 timestwiTBS-T for every 5min,
blots were incubated with peroxidase-conjugatedi-rabbit or anti-mouse
secondary antibodies for 1h at RT. Finally, blotsrevrinsed and proteins were
visualized using an ECL protein detection kit ading to the manufacturer's

instructions.

10. RT-PCR

Total RNA was isolated and purified with Trizol Ryeat (Invitrogen,
Carlsbad, CA, USA) according to the protocol recended by the
manufacturer. RNA was quantitated by measuring #sorbance at 260nm,
and the ratio was 1.8 or higher. cDNA synthesisnd®NA was carried out by
reverse transcription (RT). Normalization of themgdes was accomplished
using the reverse transcriptase-polymerase chaiactiom (RT-PCR). PCR
amplification for MMP-2 was performed at 94 for 30sec, 5% for 30sec and
72C for 30sec for 35 cycles. PCR amplification for MMPwas performed at

_10_



94C for 30sec, 5% for 30 sec and 72 for 30sec for 30 cycles. And the
PCR amplification for iINOS was performed ©4for 30 sec, 57.% for 30
sec and 7Z for 30sec for 30 cycles. PCR amplification for casp3 was
performed at 94 for 30 sec, 5% for 30sec and 70 for 30sec for 30
cycles. The sequences of the specific primers veasrdfollows: sense, 5'- GAG
TTG GCA GTG CAA TAC CT -3, and antisense, 5- GA@IC CTT CTC
AAA GTT GT -3' for MMP-2; sense 5- TTA CCA GCG CCA&CC GAC
TTT TG -3' antisense, 5- CGT CGT CGT CGA AAT GGGAT C -3' for
MMP-9; sense, 5- GGA GCT GGA CTG TGG CAT TGA -38nd antisense,
5- CAG TTC TTT CGT GAG CAT GGA -3' for caspase-8ense, 5- TTT
GAT GTG CTG CCT CTG GT -3' and antisense, 5- CATTTGCT TCT
GGA AAC TAA GG -3 for INOS; sense, 5- ATG TCG TGABGT CTA
CTG GT -3 and antisense, 5- TGG CAT GGA CTG TGG& TF3' for
GAPDH. The PCR products were separated by eleatregis in 1.5% agarose
gel with ethidium bromide.

11. Statistical analysis

Results are presented as Mean = SD. At least tdiferent experiments
were performed in separate cell preparation, dafdicor triplicate determination
were performed in each experiments. One-way ANO\WHoWed by Student's
t-test was used as indicated in order to examire ghatistical significance;

p-values less than 0.001 were considered significan

- 11 -



Ill. RESULTS

Retrovira vector containing arginine decarboxylase (ADC) transfected to
primary cultured astrocytes

It constructed the retroviral vector containing fm ADC cDNA and
established a transfection of ADC gene into theroagtes by the retroviral
packaging cell line PT67. The cell line transfectedth a stably high
expression of ADC and this was identified in RNAde (Fig 1).

pCMV-sport6

1 754 766 773 802 807 810 439
5 3
Xhol  Xbal / Notl EcoRV \ Smal  EcoRl
2041 1701 319 1

hADC clone 3'_| ORF i 5

pLXSN-hADC
M EcoRI-Xhol none

Figure 1. Construction of recombinant retrovirus vector which contain ADC gene
This construction is the human ADC clone obtainedmf hADC-pCMV-
SPORT6. And EcoR | and Xho | were used for the ymi@l of excision

recombinant in retroviral vector, pLXSN.

- 12 -



Expression of ADC genes in PT67 cells and primary astrocytes

The retro-X expression system (clontech K1060, USich was efficient
to deliver in vitro the target gene into dividingammalian cells was used. The
human ADC full length cDNA (GenBank accession numi¢r325129) was
amplified by PCR and recombined retro-pLXSN vectidoning reaction. The
ADC-pLXSN/V5 expression plasmids were transfectedtoi the retroviral
packaging cell line PT67 using Lipofectamine 200Broducing of ADC
recombinant DNA construction, design of human AD@mer for verifying a
transfection, amplification of the ADC transcripty RT-PCR. It was performed
using primers specific for ADC gene. 245 bp fragtmeh the ADC gene was
seen in ADC infected PT67 cells and ADC infectettorytes (Fig 2).

PT&T PTEY/ADC Ast Ast/ADC
Figure 2. The construction and generation of retrovirus containing ADC gene
BD Retro-X universal packaging system directing regpion of the ADC genes
were used to infect primary astrocytes. Astrocy&egressing the viral genes
were selected in G418. RT-PCR was performed usimgeps specific for ADC
gene. 245 bp fragment of the ADC gene was seenC Anfected PT67 cells

which are retrovirus package cells, and ADC inféctsstrocytes.

_13_



Immunocytochemical analysis of ADC in primary cultured astrocytes

The expression of endogenous ADC in primary cuttumgstrocytes was
detected by immuocytochemistry using ADC antibotty.is verified that ADC
gene was overexpressed in ADC infected astrocykeég 8). This experiment

was repeated in three different preparation ofoagtes with similar findings.

Ast Ast/ADC
1 il " I.. '
ol
' ' -
] -“ h‘"‘ .iL d r -I 5 o ]
' - -
™, ! :' ™ { >
- i Jf T e
] . i i ! 3
i gy k Ml
\ ! i
1 * L]
x20 W o ! %20,
- . r.
k hm _ P ,:% S— 5
P = - - ~
- T . o | .II . i
o ¥
e el
- .
4 ] = e .{_a-‘“-i'
2 =
= R
..-""-F._F - = — o ﬁ,‘- : r"

Figure 3. Immunocytochemical staining against ADC in the infected

astrocytes The astrocyte were cultured from cortex of mousairbrCells were
grown in culture plate. Confluent cells were repthtby trypsinisation and
used in experiments at passage?2. Astrocytes wereainedt
immunocytochemically with polyclonal ADC antibodie$¢A , B): uninfected
astrocytes, (C , D). astrocytes infected by ADCovius. Ast: primary
cultured astrocytes, Ast-OGD: astrocytes injured @D, Ast/ADC: astrocytes

expressing ADC gene, Ast/ADC-OGD: astrocytes exgings ADC gene under
OGD injury.

- 14 -



The amount of agmatine generated endogenously were measured by HPLC in
the astrocytes expressing ADC gene

The amount of agmatine in control and transfecteéllsc was
measured by HPLC. Agmatine can be produced by theiniae
decarboxylase in astrocyte of mouse brain. It isified that not only ADC

was overexpressed but also agmatine was increasedtiocytes (Fig 4).

Polyamine Conc. of Astrocyte lysate using by HPLC
1000

L -argine
[ Putrescine
N Agmatine

800 4

600 4

400 4

Concentration (uM})

200 4

’ A[|t i Asﬂ G.D AstADC  AstADC-0GD
Folding ratio Agmatine Putrescine
Ast 1 1
Ast-OGD 0.857258 1.007242
Ast/ADC 11.27664 2.036347
Ast/ADC-OGD 10.9508 2.00685

Figure 4. The level of agmatine in the astrocytes expressing ADC gene
Agmatine levels were measured by high-pressurédligoromatography (HPLC). The
samples was mixed witb-pthalaldehyde (OPA) and injected into the HPLCtexys
with column and detected by fluorescence deteétstr. primary cultured astrocytes,
Ast-OGD: astrocytes injured by OGD, Ast/ADC: asties expressing ADC
gene, Ast/ADC-OGD: astrocytes expressing ADC gendeu OGD injury.
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Protective effect of agmatine generated endogenously in the primary cultured
astrocytes expressing ADC gene after oxygen glucose deprivation injury

The neuroprotective effects of endogenous agmaigeEnst hypoxia-induced
damage to astrocytes was studied using Hoechst3z2&B propidium iodide
double staining. To investigate the protective affef ADC gene expression on
OGD injury, primary cultured astrocytes were sutgdcto OGD 4hours. The
effect of ADC gene expression was analysed by HstéBlue)-Pl(red) nuclear
staining (Fig 5). The control astrocytes exhibitednfluent Hoechst positive
cells. Apoptosis of astrocytes was observed inré@gugroup, but the degree of
cell death decreased in ADC infected astrocyte$MXf) compared to
uninfected astrocytes(Ast). Exposure to hypoxia #r hours resulted in a
significant loss of Hoechst positive cells and maRy positive cells. This
decreases of apoptosis in the astrocytes may expla protective effect of

endogenous agmatine after OGD injury.
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No Injury Oxygen-glucose Deprivation

Ast Ast/ADC Ast Ast/ADC

Figure 5. Photographs showing astrocyte stained with Hoechst propidium

iodide Primary cultured astrocytes expressing ADC geneewstained with
Hoechst (Blue)-propium iodide (red) after OGD injurThe large diffusely
fluorescent nuclei stained by Hoechst dye werenitact cells by Pl exclusion
criteria. Smaller, pycnotic nuclei were present d¢ells which had already
lysed as determined by PI staining.

Effect of endogenous agmatine on the astrocyte at 4hrs after ischemialike
injury

To investigate the protective effect of endogenagmatine on OGD injury,
primary cultured astrocytes were transferred toeastzic chamber for 4hrs after
infection or uninfection. As shown in figure 6, @gure to a hypoxic environment
for 2 , 4 , 10 hours significantly increased retea$ lactate dehydrogenase(LDH).

The effect of endogenous agmatine on LDH release time culture medium. In
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OGD-R subjected cells, LDH level in the medium wgsadually increased.
However, treatment with ADC gene caused an attémuadf LDH release in
astrocytes under OGD. ADC infected astrocytes grdigpnot show significantly
amounts of LDH release. LDH release (%) was meastar&now the degree of cell

death under four different reperfusion times.

120 - H Astrocyte
[ Astrocyte-ADC

100

80

60 -

LDH (%)

40 -

20

Rep.0h Rep.2h Rep.4h Rep.10h
= P <0.001 VS each Astrocyte

Figure 6. Protective effect of endogenous agmatine on the primary cultured
astrocytes after ischemic injury LDH release(%) was assayed for relative total
cellular death. Lactate dehydrogenase (LDH) agtivitleased into the bathing
medium by uninfected cells and Ast/ADC was measurBide Ast/ADC were
significantly less injured than uninfected cells**(*p < 0.001 vs. each
astrocyte). Data are expressed as MeanzSD.
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Immunocytochemical staining and immunoblotting of caspase3 in Astrocyte after
OGD injury

Immunofluorescence staining against caspase-3 ea®rmed in uninfected
astrocyte and Ast/ADC after OGD injury. Also, imnulohotting study was done
to investigate whether the expression of caspaseBelated to the decrease of
cell death. The number of caspase 3 positive csllse increased after OGD,
but decreased in Ast/ADC (Fig 7).

Caspase3 GFAP DAPI

Ast/ADC.0GD
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Figure 7. Identification of caspase-3 immunoreactive cells in the astrocyte

The primary cultured astrocytes were grown in aeltuplate. Confluent

astrocyte were replated by trypsinisation and usedexperiments at passage
2. Cells were maintained in the hypoxia chamber 4br and returned to the
incubator. Glucose was added to the culture mediana final concentration

of 5.5mM for 4h under 5% C#95% air condition. Normal astrocyte were
not exposed to OGD. This experiment was repeated three different

preparation of astrocytes with similar findings.

The mRNA expression of caspase 3 in astrocytes expressing ADC genes after
OGD injury

In order to determine whether endogenous agmataggilates the mRNA
expression of caspase-3 in cultured astrocytes &@D injury. As shown in
Fig 8, the expression of caspase-3 was decreaseASIVADC-OGD group
compared to the AST-OGD. Accordingly, RT-PCR aniglydemonstrated that
endogenous agmatine also modulates caspase-3 srprest the mRNA level
(Fig 8). The PCR method is to identify and qualgitthe expression of gene
levels will be a valuable tool in evaluating thegutation of the synthesis of

agmatine in astrocytes.
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Optical density

Ast Ast-0GD AstfADC Ast/ADC-0GD

Figure 8. The effect of astrocyte expressing ADC gene on mRNA levels of
caspase-3 Endogenous agmatine regulates caspase3 expreasidhe mRNA
levels. Total RNA was used for cDNA synthesis usirgyerse transcriptase.
PCR was performed for cDNA using specific primetsne:1, Astrocyte; 2,
Ast-OGD; 3, Ast/ADC; 4, Ast/ADC-OGD. The simultaneo PCR was
performed using primers for GAPDH in these cDNA pds to normalize
the change. Relative optical densities (ROD) ofpess-3 were expressed as
the band density of each group (N=3) compared ® ritbrmal control (**, p
< 0.01; *** p < 0.001 vs. ADC uninfected astrocyje Data are expressed as
Mean+SD.
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Immunocytochemical staining and immunoblotting of iINOS in AstrocytessADC
after OGD injury
In order to verify whether endogenous agmatine paatective effects on

hypoxia-induced apoptotic death of astroctes, #&rth analysis using
immunofluorescence staining and immunoblotting wtudere performed. As
shown in Fig 9, the expression of iINOS were incedast protein level in
AST-OGD group, and decreased in AST/ADC-OGD grolmp.similar to iNOS
immunocytochemical result, the number of INOS twesicells was increased
in AST-OGD group, respectively, and astrocyte espirly ADC genes
decreased the number of INOS immunopositive calimificantly. Accordingly
we confirmed that the expression of INOS was dem@aby astrocyte

expressing ADC gene following OGD injury.
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Figure 9. Identification of iNOS immunoreactive cells in the astrocytes The
primary cultured astrocytes were grown in culturlatgg Confluent astrocyte
were replated by trypsinisation and used in expemi: at passage 2. Cells
were maintained in the hypoxia chamber for 4h aeudirned to the incubator.
Glucose was added to the culture medium to a fowicentration of 5.5mM
for 4h under 5% C@95% air condition. Normal astrocyte were not exgubgo
OGD. The expression of INOS was decreased by ADErexypression after
OGD injury. This experiment was repeated in thrademnt preparation of
astrocytes with similar findings (**, p < 0.01 v&DC uninfected astrocyte).
Data are expressed as MeanzSD.

The mRNA expression of iNOS in astrocytes expressing ADC genes after OGD
injury

The next question was to determined whether endngenagmatine is
regulate the expression of INOS in cultured astexyafter OGD injury. As
shown in Fig 10, the expression of INOS was deegam AST/ADC-OGD
group compared to the AST-OGD. Similarly, RT-PCRalgsis demonstrated
that endogenous agmatine also modulates INOS eipneat the mRNA level.
The PCR method is to identify and quantitate theression of gene levels
will be a valuable tool in evaluating the regulatioof the synthesis of

agmatine in astrocytes.
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Figure 10. The effect of astrocyte expressing ADC gene on mRNA levels of
iINOS Endogenous agmatine regulates iINOS expression et miRNA levels.
Total RNA was used for cDNA synthesis using revetrsascriptase. PCR was
performed for cDNA using specific primers. LaneAstrocyte; 2, Ast-OGD; 3,
Ast/ADC; 4, Ast/ADC-OGD. The simultaneous PCR wagrfprmed using
primers for GAPDH in these cDNA samples to nornwlithe change. Relative
optical densities (ROD) of iINOS were expressed las band density of each
group compared to the normal control (***, p < 010&s. ADC uninfected
astrocyte). Data are expressed as MeanzSD.
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Immunocytochemical staining and immunoblotting of MMP2 and MMP9 in
ADC-astrocytes after OGD injury
Immunofluorescence staining and western blot agavisiP2 and MMP9

were performed in astrocytes and ADC infected agtas. In order to
investigate whether the expression of MMP2 and MMB9related to the
decrease of cell death, immunofluorescence stairenmd) immunoblotting were
performed. The expression of MMP2 and MMP9 proteias decreased by
ADC infection. Accordingly, we confirmed that thexpgession of MMP2 and
MMP9 was decreased in the astrocyte expressing AgEbhe after OGD
injury. In similar to MMP2 and MMP9 immunocytocheral result, the
number of MMP2 and MMP9 positive cells was decrdase AST/ADC-OGD

group compared to the AST-OGD (Fig 11).
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Figure 11. Immunocytochemical staining and immunoblotting of MMP2 and
MMP9 in ADC-astrocytes after OGD injury The primary cultured astrocytes
were grown in culture plate. Confluent astrocyte ravereplated by
trypsinisation and used in experiments at passag€ells were maintained in
the hypoxia chamber for 4h and returned to the hatar. Glucose was
added to the culture medium to a final concentratid 5.5mM for 4h under
5% CQ/95% air condition. Normal astrocyte were not exgabgo OGD. This
experiment was repeated in three different premaratof astrocytes with
similar findings (***, p < 0.001 vs. ADC uninfectedstrocyte). Data are
expressed as MeanzSD.

The mRNA expression of MMP2 and MMP9 in ADC-astrocytes after OGD
injury

In order to verify whether endogenous agmatine letgs the mMRNA
level of MMP2 and MMP9 in cultured astrocytes aft&@GD injury. As
shown in Fig 12, the expression of MMP2 and MMP9swdecreased in
AST/ADC-OGD group compared to the AST-OGD. And thmRNA
expression of MMP2 and MMP9 was decresed in ADCedtdd astrocytes
compared to normal astrocytes both with and withug®OGD injury.
Therefore, RT-PCR analysis demonstrated that endnge agmatine also
modulates MMP2 and MMP9 expression at the mMRNA llevEhe PCR
method is to identify and quantitate the expressidngene levels will be a
valuable tool in evaluating the regulation of thgnthesis of agmatine in

astrocytes.
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Figure 12. The effect of astrocyte expressing ADC gene on mRNA levels of
MMP2 and MMP9 Endogenous agmatine regulates MMP2 and MMP9
expression at the mRNA levels. Total RNA was used ¢DNA synthesis
using reverse transcriptase. PCR was performed cldNA using specific
primers. Lane:1, Astrocyte; 2, Ast-OGD; 3, Ast/AD@; Ast/ADC-OGD. The
simultaneous PCR was performed using primers forPBA in these cDNA
samples to normalize the change. Relative optieisiies (ROD) of MMP2
and MMP9 were expressed as the band density of gachp compared to
the normal control (**, p < 0.01; *** p < 0.001 vsADC uninfected
astrocyte). Data are expressed as MeanzSD.
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IV. DISCUSSION

Agmatine has been shown to have several biologiorecin brain and in the
periphery®'* Of particular interest among the actions of agneais its ability to offer
protection against ischemic injury and chronic o@athic pain>*® Following
previously reports, agmatine decreased infarctssize middle cerebral artery
occulusion mouse model, and promotes survival inurotes exposed to
OGD3O,36,5(?

Endogenous agmatine, produced by ADC genes, havay nmaossible
pathway to inhibit the cell death, NMDA channelodker, competitive
inhibitor of NOS, and so 6h It has been reported that this protection by
agmatine may associated with decreased iINOS and sviéipression.

Thus, one of our notable findings is that agmatsynthesized endogenously
through overexpression of ADC genes is neuropractimaterial in ischemic
injury. There are several possible mechanism ofogedous agmatine induced
neuroprotection. It is focused on the regulationid®S and MMPs.

Here, it is characterize neuroprotective effects emdogenous agmatine in
astrocytes exposed to OGD-R. It is needed to aonfirhether the astrocytes is
infected by ADC retroviral vector system. So, theemxpression of ADC
genes in astrocytes was confirmed by RT-PCR, imiytoocbemistry.
Subsequently, the amount of endogenous agmatinthesimed by overexpressed
ADC genes was measured by HPLC. It is verified that only ADC was
overexpressed but also agmatine was increased imocwes. It has

demonstrated that incubation of astrocytes with AB@nificantly reduces the
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cell death by OGD-R as measured by the accumulaténLDH in the
medium. This reduction in LDH accumulation is caetesnt with lower
Pl-stained nuclei in ADC treated astrocytes as omeds by the Hoechst-Pl
nuclear staining.

Recent studies have shown that agmatine has a pretective effect inin
vivo and in vitro against ischemic injury’’®*%® It has been reported that this
protection by agmatine is associated with decreas¢@S activity and
expression. NO is synthesized by three differentSNidoforms and is thought
to function as both a neurotransmitter and a nemiot>> Astrocytes produce
NO mainly from iNOS. In this study, it was hypotirsl that endogenous
agmatine could suppress cell death through inhipitNOS activity. It has been
demonstrated that the expression of INOS were ase@ at protein level in
AST-OGD group, and decreased in AST/ADC-OGD grolmp.similar to iNOS
immunocytochemical result, the number of INOS pesitcells were increased
in AST-OGD group, respectively, and astrocyte espirgy ADC genes
decreased the number of INOS immunopositive cealigifecantly. As a result
of that, the expression of INOS was reduced byoagte expressing ADC
gene. And it is demonstrated that endogenous agenaBduced the production
of INOS. Endogenous agmatine may act as a heusgootby suppression of iINOS
induction.

Following ischemia, there is a loss of microvasculategrity which is
manifested by major alterations in vascular perriigab As a result, the
vascular extracellular matrix is lost, which is anstituent of the basal lamina,
which plays a critical role in maintaining the igtey of the BBB on the

astrocytes cell wall by providing structural sugporMatrix metalloproteinases
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(MMPs) degrade the basement membrane of brain lgessepromote cell death
and tissue inju¥®’. In the present study, it is investigated the pmbidn of
MMP-2 and MMP-9 by CNS microvascular endotheliumnd ademonstrated that
both MMP-2 and MMP-9 are up-regulated by thesescéall vitro following
ischemia insulS***® It is found that astrocytes expressing ADC gefezb to
MMP-2 and MMP-9 reduction under ischemic injury. Timvestigate the
modulation of matrix metalloproteinases expressipn endogenous agmatine in
protein and mRNA level, it is performed immunocytemistry, western blot
and RT-PCR. The result showed that immunopositiedls cwere significantly
reduced in agmatine endogenously administrated pgrétu also observed in the
western blot analysis that astrocytes expressingCADene attenuated the
expression of the MMP-2 and MMP-9 induced by iscigeimjury.

One of this study notable findings is that agmatirsynthesized
endogenously through overexpression of ADC genasedse iINOS and MMPs
expression in astrocytes under OGD injury. Thisrel@ses of INOS and MMPs
expression may explain the protective mechanisnagrhatine after ischemia.

In conclusion, it has demonstrated that astrocyxeressing ADC gene
representated neuroprotective effects is relatedtht®e iINOS, caspase-3 and
MMPs gene level. It may suggest that endogenousatigenin the astrocyte
expressing ADC gene may play a permissive roleutino reduced the degree of cell
death in neuronal pathology induced by OGD strégsordingly, endogenous

agmatine may act as a neuroprotector.
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V. CONCLUSION

This present study showed the role of endogenonmmatige on cell death induced
by OGD injury. These results have demonstratedioiig conclusion.

1. Agmatine administered endogenously through oyeession of ADC which
is a synthesizing enzyme was produced in astrocytes

2. Neuroprotective effects of agmatine generatedlogenously may involve
inhibition of iINOS.

3. The expression of MMP2 and MMP9 were suppressgdebdogenously
administered agmatine after OGD injury in astrosyte

4. Endogenous agmatine, produced by ADC gene, mad l&o a novel
therapeutic material to reduce cell death relatedchytpoxia.

Taken together, these data would find a way thadogenous agmatine
levels in the astrocyte expressing ADC gene may plgpermissive role through
reduced the degree of cell death in neuronal paglgo induced by OGD stress.
Agmatine synthesized endogenously through oversgfme of ADC genes
decrease iINOS and MMPs expression in astrocytes f@GD injury and this
decreases may explain the protective mechanismndbgenous agmatine after

ischemia.
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