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Abstract

Cellular thiols are critical moieties in signalrisgluction, regulation of gene
expression, and ultimately are determinants ofiipgrotein activity. Whilst
protein bound thiols are the critical effector noikes, low molecular weight
thiols, such as glutathione, play a central roleyitoprotection through (1)
direct consumption of oxidants, (2) regeneratioprotein thiols and (3)
export of glutathione containing mixed disulphides.

The brain is particularly vulnerable to oxidativeess, as it consumes 20% of
oxygen load, contains high concentrations of podatarated fatty acids and
iron in certain regions, and expresses low conagatrs of enzymic
antioxidants. There is substantial evidence fala for oxidative stress in
neurodegenerative disease, where excitotoxic, regding and mitochondrial
dysfunction have been postulated to contributééosinhanced oxidative load.
Others have suggested that loss of important tedjalcstors may underlie
neurodegeneration. However, the two are not myteaitlusive; using cell
based model systems, low molecular weight antioxglhave been shown to
play an important neuroprotective role in vitro,exd neurotrophic factors
have been suggested to modulate glutathione levels.

Glutathione levels are regulated by substrate abidilly, synthetic enzyme and
metabolic enzyme activity, and by the presenceluéroantioxidants, which
according to the redox potential, consume or regead&sSH from its oxidised
partner.

Therefore we have investigated the hypothesisaimgioid beta neurotoxicity
is mediated by reactive oxygen species, where tcdphtor cytoprotection
against oxidative stress is achieved through réigulaf glutathione levels.
Using PC12 cells as a model system, amyloid beta&2&used a shift in DCF
fluorescence after four hours in culture. This fegcence shift was attenuated
by both desferioxamine and NGF. After four houslutar glutathione levels
were depleted by as much as 75%, however, 24 holloge/ing oxidant
exposure, glutathione concentration was restoréwite the concentration
seen in controls. NGF prevented both the lossalfility seen after 24 hours
amyloid beta treatment and also protected glutathlevels. NGF decreased
the total cellular glutathione concentration but dot affect expression of
GCS.

In conclusion, loss of glutathione precedes cedltlden PC12 cells. However,
at sublethal doses the surviving fraction respenoiidative stress by
increasing glutathione levels, where this is achik\at least in part, at the gene
level through upregulation of GCS. Whilst NGF dpestect against oxidative
toxicity, this is not achieved through upregulat@rGCS or glutathione.



Introduction

Increasing age is the most reliable and robust faskor for susceptibility to
neurodegenerative disease (Bains & Shaw, 1997YyellLet al., (1995) showed
support for the concept that the brain in Alzheiselisease (AD) is under
increased oxidative stress (OS) demonstrating Ipdoxidation changes in
areas where degenerative changes occur. FurtidEmee suggesting that the
pathogenesis of AD is as a result of oxidative dgnacludes elevated levels
of iron in AD brains and a colocalised reductioramtioxidant status (Goost
al., 1996). Whilst the exact mechanisms underlying abthg stress remain
unclear, it has been proposed that the peptiddrggment of amyloid beta
(AB) that accumulates in AD may exert its toxicity ahgh peroxide
generation (Huangt al., 1999).

Glutathione is arguably the most important AOX drek radical scavenger
present in cells (Valencieet al., 2001), where glutathione-associated
metabolism is a major mechanism for cellular prsd@cagainst agents that
generate OS. Glutathione participates in detoxibcaat several different
levels, and may scavenge reactive oxygen speci@S)Reduce peroxides, or
be conjugated with electrophilic compounds. Tlglatathione provides the
cell with multiple defences not only against ROS &lso against their toxic
products. Most importantly, many of the glutatreestependent proteins are
inducible and therefore represent a means wherelly can adapt to OS
(Hayes & McLellan, 1999). The GSH redox status ligical for various
biological events that include transcriptional e&tion of specific genes,
modulation of redox-regulated signal transductiomgulation of cell
proliferation, apoptosis, and inflammation (Rahn&arMacNee, 2000). In
addition, it has been shown previously that GSHlewecrease following
addition of cytotoxic agents, and at the time ofeinof apoptosis (van den
Dobbelsteert al., 1996; Froissard & Duval, 1994).

The intracellular synthesis of GSH is mainly regedaby gamma glutamyl
cysteinyl synthetasey{GCS) (Richman & Meister, 1975). Differences or
alterations in the levels of protein can occur bynamber of different
mechanisms including alterations in the level oheetranscription and
alterations in the stability or translatability dhe resulting RNA. The
expression of-GCS is sensitive to OS, where the existence oOBeaesponse
element, AP-1, on thg-GCSh (g-GCS heavy subunit) promoter has been
clarified (Mulcahyet al.,1997).

Maintenance of a high intracellular (GSH)/(GSSGior&90%) minimises the
accumulation of disulfides and provides a reduagmyironment within the
cell. If there is a shift in the GSH/GSSG redoxféy a variety of cellular
signalling processes are influenced, such as activand phosphorylation of
stress kinases (JNK, p38, PI-3K) via sensitive agstrich domains;
activation of sphingomyelinase-ceramide pathwayd activation of the
transcription factors AP-1 and NEB, eventually leading to increased gene
transcription (Rahman & MacNee, 2000).

Froissardet al., (1997) have reported that there is strong evidéacaipport
the existence of a close relationship between #aesll of intracellular



glutathione and cell survival in PC12 cells, when#ochondrial GSH is
critical for the maintenance of mitochondrial funat and cellular viability

(Seyfried et al., (1999). However, whether a drop in GSH levelscede

intracellular ROS production during apoptosis oceviversa is not certain.
Hence any role of GSH depletion alone in triggerampptosis is not clear
(Hall, 1999).

Evidence is accumulating for an important roledtutathione in detoxification
processes in the brain. Depletion of glutathione newborn rats using
buthionine sulfoximine (BSO) leads to mitochonddamage in the brain (Jain
et al , 1991). Furthermore, application of beta landypeptide, glutamate
receptor agonists and BSO cause GSH depletionltared neurones and lead
to induction of apoptosis. #, has previously been suggested to medigie A
cytotoxicity based on antioxidant inhibition of toity and demonstration of
lipid peroxidation in treated cells (Bebt al., 1994b). The toxic effects of
several other ROS generating compounds has beemsdioobe abrogated by
neurotrophic factors such as BDNF, NGF, GDNF an@&BHCheng and
Mattson, 1995; Chao and Lee). It has been postuldig this may be due to
upregulation of the concentration of glutathioned/an the activities of
antioxidant enzymes.

Therefore we have investigated the hypothesisABateurotoxicity is
mediated by reactive oxygen species, where trdplstor cytoprotection
against oxidative stress is achieved through réigul@f glutathione levels at
the gene level. Herein, we demonstrate tHattAxicity is associated with
alterations in cellular redox status, and whilstAN&fords protection against
toxicity, this is independent of GCS expression.

Methods

Maintenance of PC12 cell line

PC12 cells were routinely cultured in 75crflasks in a water jacketed
humidified 5% CQ incubator with maintenance media. (RPMI 1640 medi
with Glutamax I; 10% (v/v) HS, 5% (v/v) FBS, petiic (0.5U/ml) and
streptomycin (0.5mg/ml). Every 2-3 days, spent P€dll media was removed
and replaced with fresh maintenance media, which been pre-warmed to
37°C. Cells were passaged once a week, as descrilssttion 2.2.1.3, when
the cells were at a density of approximately 5 % (i€ ml. For experimental
purposes, cells were seeded at 2 X ddlls per ml and allowed to rest for 4
hours prior to treatment for times and doses indita

Determination of cell viability using 3-(4,5-dimetlylthiazol-2-yl)-2,5-
diphenyltetrazolium (MTT) assay

Cells (2 x 16 cells per ml, 104l per well) were seeded into 96 well flat
bottomed microtitre plates. Two hours prior to @betion of the experiment,
MTT solution (2%l of 5mg/ml in 0.01M PBS) was added to all wells
including blanks. Plates were then incubated flurther 2 hours at 3T, 5%
CO,. Lysis buffer (10Ql of 20% w/v SDS, in DMF (50%), di®(50%), pH
4.7 adjusted with 2.5% of 80% glacial acetic agids then added to each well



and the plates incubated for a further 16 hours3&C, 5%CQ. The
absorbance of the each well was then read at 51086 well plate reader.
Dichlorofluorescein diacetate (DCFDA) staining

Cells (2 x 18 per ml, 2ml) were incubated with test agents imB6 well
plates. 30 minutes before the end of incubatio@FDA solution (2@ of
7.5mM diluted stock in PBS) was added to the platester exactly 30
minutes cells were immediately harvested with a@il pipette and a rubber
policeman and transferred to a flow cytometry tub8amples were then
immediately run through a Coulter EPICS flow cyteenevith the intensity of
light scatter and the FL1 fluorescence emitted betw 505 and 535nm
following excitation at 488nm (argon laser) wasoreled for individual
nucleoids. The median X was calculated for 1000€leoid events.
Glutathione (GSH) Assay

Glutathione (reduced and oxidised) levels were rdgteed using modified
microtitre plate method (Punchaetlal., 1994). Actual glutathione levels were
calculated by equating the changes in absorbanex twme alongside
standards of known GSH concentrations included awoh glate. Glutathione
(GSH), reduced standards were freshly prepareegdch experiment from a
stock (100mM in sterile distilled water). Cells (#X) were then harvested and
PBS (1ml) added to wash the pellet. Tubes werentefuged at 6600 x g for
1.5 minutes and the PBS was then removed, makirgy tsuleave the pellet
dry. SSA (3.3fl of 1% made up in distilled water) was then added
precipitate the protein and the tubes were immelyi@entrifuged at 13000 x g
for 1.5 minutes. Stock buffer (9@ubof 125mM sodium phosphate, 6.3mM
disodium EDTA, pH 7.5 autoclaved) was then addedach tube. Standards
and samples (2B) were then aliquoted into a flat bottomed plg@8 well) in
triplicate, the remaining aliquot was immediatelyzen at -70C for later use
in the GSSG assay. Daily buffer (180f 0.3mg NADPH/mI stock buffer)
and DTNB solution (50l of 6mM DTNB in daily buffer) was then added t¢ al
wells. The plate was then loaded onto the carrEge 96 well plate reader
and glutathione reductase solution{P6f 20U/ml) was then added as quickly
as possible to initiate the reaction. The OD vastrecorded every minute for
5 minutes at 410nm.

Glutathione (GSSG) Assay

Oxidised glutathione (GSSG) standards were freghigpared for each
experiment from an oxidised glutathione stock |M5in sterile distilled
water).

The remaining 28l aliquot from the GSH assay was employed for #ssay.
To the frozen aliquot and standards [R5 2-vinylpyridine (2-VP),
triethanolamine (0jd) were added. Samples and standards were then
vortexed and centrifuged for 30 seconds at 130Q0 »Aliquots of standards
and samples (10) were then plated out into a microtitre plate (@éll plate).
Daily buffer (75ul of 0.3mg NADPH/mI stock buffer) and DTNB solution
(25ul of 6mM DTNB in daily buffer) were added to the Nge The plate was
then loaded onto the carriage of a 96 well platadee and glutathione
reductase solution (13ubof 20U/ml) was then added as quickly as posdible
initiate the reaction. The OD was then recordegtgwminute for 5 minutes at
410nm.

Estimation of Protein Concentration



Protein concentrations were assessed accordingnaddied version of Sigma
Procedure No. TPRO-562, based on the method oh&trat, (1985). Protein
standards of six concentrations were prepared ftben protein standard
solution (bovine serum albumin, 1mg/ml) diluted doating buffer (15mM
sodium carbonate, 35mM sodium hydrogen carbon&te€d.p). Each standard
(10ul) was plated out in triplicate into a 96 well flawttomed microtitre plate.
Unknown samples (10) were also plated out in triplicate. Bicinchoigimacid
solution (20Qu) containing copper (Il) sulphate pentahydrate 4&tution
(50:1) was then added to all wells (samples anadstals), the plate was then
incubated at 3T for 30 minutes. The absorbance of the plate thas
measured at 570nm in a 96 well plate reader. Unksamere calculated from
a standard curve prepared using the software padkegphPad PRISM.
MRNA EXTRACTION

Cells (2x18) were harvested into a RT grade centrifuge tub®ngl). Cells
were centrifuged for 1.5minutes at 13000 x g inEpendorf Centrifuge
5415D. Supernatants were removed and PBS (1mledaddells were
centrifuged for another 1.5minutes at 13000 x g tn@dPBS removed. The
extraction was carried out using the Dynal mRNZAedirkit protocol. Pellets
were resuspended into 30Mynal lysis/binding buffer (L00mM Tris-HCI, pH
7.5, 500mM LiCl, 10mM EDTA, pH8.0, 1% LIiDS and 5mmTT) and
aspirated twenty times to fully resuspend eactep®lith fresh tips being used
for each tube. The solution was then aspirated fimes using 1ml sterile
syringes and sterile 21 gauge needles to sheaDMw. This was then
repeated using 1ml sterile syringes and sterilg&@fge needles. Tubes were
then centrifuged for 1 minute at 13000 x g in apémporf Centrifuge 5415D.
Resuspended Dynal Oligo (¢¥§)beads (3Ql) were washed in Dynal
lysis/binding buffer twice before being added tatetube of lysed cells. The
tubes were then mixed on a Dynal sample mixer fonibutes at 22-2%.
Tubes were then magnetised on the Dynal MFEEmagnet (Magnetic particle
concentrator for microtubes of Eppendorf type (1)bprand the colourless
solution removed. Dynal wash buffer A (200f 10mM Tris-HCI, pH 7.5,
0.15M LiCl, 1mM EDTA, 0.1% LIiDS) was then addedttee pellet and the
cells resuspended in it. The tubes were then resimgd the colourless
solution removed and Dynal wash buffer A added @0@nd the cells
resuspended. The process was then repeated ugingl Wash buffer B
(200ul of 10mM Tris-HCI, pH 7.5, 0.15M LiCI, 1mM EDTA). After two
washes with wash buffer B the cell pellet was rpsnded in DEPC treated
water (3l of 0.1%). This was then transferred to a fragbet(1.5ml), and
master mix was added (@9of 10mM DTT (7.5 of 100mM), 1mM dNTPs
(7.511 ANTP mix), 25U RNAsin (1.8), 1U (3ul) RQ1 RNase-free DNase,
0.1% DEPC treated water (42 and Expand buffer (38)). Each tube was
aspirated twice and incubated at°G7for 60 minutes. DNase was heat
inactivated at 70C for 10 minutes in a preheated dry heating bloSlamples
were then centrifuged at 13000 x g for 1 minutesamEppendorf centrifuge
5415D.

Reverse transcription of mRNA

Two RT grade PCR tubes were labelled for each sanople positive and one
negative. RNAsin 15U (il) was added to the negative tubes and 3Qu) (&
the positive tubes, mMRNA extraction product(y6vas added to the positive



tubes and mRNA extraction product (@83was added to the negative tubes.
Expand RT 50U, (/) was then added to the positive tubes. For ssver
transcription mRNA was incubated at°87for 1 hour in Expand RT buffer
containing 10mM DTT, 1mM dNTPs, 25U RNAsin, 1U R@Nase-free
DNase. DNase was heat inactivated &tC7@r 10 minutes. The samples
were then incubated at 42 for 1 hour before being stored in the short tatm
0 - £°C, and at -28C in the long term.

Glyceraldehyde 3 phosphate dehydrogenase (GAPDH) dn GCS
polymerase chain reaction (PCR)

The primers (50nmol of each) as stated in table v2ede synthesised by
Gibco/BRL, Life Technologies, Paisley, Scotlandack primer was diluted to
100 pmoljl in sterile 1 x TE buffer (10mM Tris, 1mM EDTA, pB.0), and
then further diluted tenfold in 1 x TE buffer anred as 1l aliquots at -
20°C.

Primer Sequences

Primer | Forward primer | Reverse primer| Reference
sequence (5" - 3) sequence (5-3)

GAPDH | AGA ACA TCA TCC | GCC AAA TTC GTT| Hall et al., 1998
CTGCCTC GTC ATA CC

GCSs CCT TCT GGC ACA| TAA GAC GGC ATC| ElI Mouatassium
GCACGT TG TCG CTCCT et al., 2000

PCR was performed in PCR buffer with sterile wagd0mM dNTPs and
10pmol of each primer. All reactions were covared drop of mineral oil and
hot start conditions were used, full details oflre®CR as stated in table 2.5.
Reactions were initiated with 2.5U (QUb Tag DNA Polymerase. All liquid
handling was conducted using filter tips.



Optimal PCR Conditions

PRIMER CONDITIONS CYCLES

GAPDH 98°C 3 minutes 1 cycle
+ Taq
60°C 2 minutes

72°C 2 minutes
26 cycles

94°C 30 seconds
60°C 30 seconds
72°C 30 seconds
94°C 30 seconds
60°C 30 seconds
72°C 4 minutes

1 cycle

GCs 94°C 1 minute 1 cycle
94°C 45 seconds

+ Tag

56°C 1 minute

72°C 1 minute

94°C 45 seconds 31 cycles
56°C 1minute
72°C 1minute

72°C 10 minutes 1 cycle

Agarose gel electrophoresis of PCR products

Gel loading solution (248 of 0.05% w/v bromophenol blue, 40% w/v sucrose,
0.1M EDTA, pH 8.0) was added to the PCR reactiadpcts (1@l). Samples
were loaded onto 1.5% agarose gels made up in BREx(89mM Tris, 89mM
boric acid, 2.5mM EDTA, pH 8.0, 100ml Gel). Gelsre electrophoresed at
80V for 2 hours in 350ml 1 x TBE. Post stainingsveehieved with ethidium
bromide (1@ of a 10mg/ml solution) dissolved into 100ml oftlied water
for 15 minutes in the dark at 22 -°Z5 Gels were visualised on an U.V.
transilluminator table at 312nm. Expression lewetse quantitated using the
software package Phoretix 1D Advanced, Version 4MNdn Linear Dynamic
Limited) and normalised to GAPDH. Gels were allded with a size ladder,
usually a 123bp DNA ladder prepared according tonufecturer's
instructions.



Results

It has been proposed thatBAmay exert its toxicity through peroxide
generation. In order to confirm whether generabdérROS occurs in PC12
cells and whether these levels are modulated bgenaus agents, the effects
of AB on intracellular peroxide levels were investigaied PC12 in the
presence and absence of NGF. PC12 cells were itenulbdath NGF (5 and
10ng/ml) for 24 hours before addition o3A25.M) and the fluorochrome
DCFDA. Cells were harvested and immediately armlythrough a flow
cytometer. Exposure of PC12 cells t@ 25-35 (1(uM) caused an increase in
intracellular peroxide which was evident after 4utso Production of
intracellular peroxide was inhibited by either dggixamine or NGF
(10ng/ml), where NGF had no effect on basal cellp&roxide in control cells
(see Figure 1). Pre-treatment with 5ng/ml NGF ptaAf elicited a decrease
in the median X value for DCF fluorescence to 0,3A0icative of a decrease
in intracellular peroxide concentration (data roiwn).
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Figure 1. PC12 cells (2x10) were incubated for 4 hours at 37C, 5%CO;

before the addition of NGF (10ng/ml) or DFX (100uM)for 24 hours at
37°C, 5%CO0,. AB (25uM) was then added for 4 hours at 37C, 5%CO..

For the final 30 minutes of incubation, DCFDA (7fM) was added. Cells
were then harvested and analysed by flow cytometry.Figure shows the
average median Xt SEM.

In order to establish whether intracellular ROSdmiciion was associated with
a reduction in cell viability, MTT reductive capfciwas investigated after
exposure to B or H0.. In the absence of NGF,A (10uM) caused a 25%
reduction in MTT reductive capacity after 24 hotreatment, and this effects
was not enhanced by higher peptide concentrationdluch higher

concentrations of hydrogen peroxide were requiceélicit the same loss of



viability; after 24hours treatment with 13801 H,O,, MTT reductive capacity
was reduced by 23% (Figure 2a and 2b).
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Figure 2a The effects of amyloidf3 (25-35) toxicity on PC12 cells.
PC12 cells (2x18 were incubated with aged 8 (10, and 25M) for 24
hours at 37C, 5% CO,. Cells were then subject to the MTT assay.

Graph shows the mean absorbance of formazan produdet SEM for at
least 3 replicates. ** represents P<0.01 (Dunneft'test).
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Figure 2b The effect of hydrogen peroxide on PC12ed viability using
the MTT assay. PC12 cells (2 x 2pwere incubated for 4 hours at 37C,
5% CO; before the addition of HO, (50, 100, and 15@M) for 24 hours at
37°C, 5% CO.. Cells were then subject to the MTT assay. Datdewn are
the mean absorbance of formazan produced SEM of 6 replicates for
each treatment. ** represents P values of <0.01 ([Dnett’s test).

Previously, others have shown that NGF is an effeatytoprotectant against
oxidative toxicity arising from glutamate or dopami However, this has not
been shown for hydrogen peroxide or amyloid beigurié 3 demonstrates that
NGF affords protection to PC12 cells against petexioxicity, when cells
have been previously exposed to 5 or 10ng/ml NGdt po oxidant challenge.
Higher doses of NGF (50ng/ml) exerted a cytotofiea (data not shown).
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Figure 3 The effects of nerve growth factor on PC12ell viability in
the presence or absence of 8,. PC12 cells (2 x 1Y) were incubated with
NGF (5 and 10ng/ml) for 24 hours at 37C, 5% CO,. HyO, (15QuM) was
then added for a further 24 hours at 37C, 5% CO,. Cells were then
subject to the standard MTT assay. Graph shows thmean absorbance of
formazan produced+ SEM for at least 14 replicates.

Glutathione participates in detoxification at sevedifferent levels, and can
scavenge ROS and reduce peroxides. To determinghevhéntracellular
protection is compromised by oxidative challengad @o determine the
kinetics of glutathione metabolism during 24hourexidative stress treatment
elicited by either hydrogen peroxide o3 Atotal cellular glutathione was
measured after 1, 4 and 24 hours. Figure 4 illtegrahe rapid loss of
intracellular GSH following addition of hydrogenrpgide to PC12 cells in
culture, where levels reduced by 50% within onerhbucontrast, 8 did not
affect GSH levels until four hours after treatmevvertheless, B treatments
did cause a twofold increase in total intracelligartathione in the surviving
cell population at 24 hours (p<0.05), where perexidduced a highly
significant fourfold increase in GSH (P<0.001). algafter 24 hours peroxide
treatment (160uM), there was a ten fold increasdised glutathione, but the
concentration of GSSG only rose from 0.02% to 0.0&%otal glutathione
(data not shown).
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Figure 4. Kinetics of hydrogen peroxide effects omlutathione levels in
PC12 cells. PC12 cells (2x105) were incubated wikh,O, (150 uM) for O-
24 hours at 37C, 5%CO,. Figure shows the mean glutathione value
SEM of 3 replicates. *** represents P<0.005 (Bondtonni test)
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Figure 5. The effects of amyloif3 peptide on glutathione levels in PC12
cells. PC12 cells (2xT9 were incubated with ABys.35 (10uM) for 0-24
hours at 37C, 5% CO,. Figure shows the mean glutathione valug SEM
of at least 4 replicates?* represents P<0.05 (Dunnett’s test)
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In order to determine whether part of the cytoptte effects of NGF could
be attributed to up-regulation of glutathione, dftects of NGF in the presence
and absence of oxidant challenge on glutathioneldeand on expression of
GCS mRNA were examined. Figure 6 shows NGF to priethe increase in
GSH levels observed post- exposure ) Where 10ng/ml NGF significantly
reduced intracellular glutathione concentratioeradt and 24 hours
respectively.

Figure 6a The effects of nerve growth factor on angid 3 peptide induced
changes to glutathione levels in PC12 cells. PCi2lls (2x18) were
incubated with NGF (10ng/ml) for 24 hours at 37C, 5% CO, before
incubation with Azs.35 (10uM) for 0-24 hours at 37C, 5% CO,. Figure
shows the mean glutathione valuet SEM of at least 3 replicates. *
represents P<0.05 (Unpaired t-test)
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Figure 6b The effects of nerve growth factor on theaction of hydrogen
peroxide on glutathione levels in PC12 cells. PCigells (2x16) were
incubated with NGF (5 and 10ng/ml) for 24 hours aB7°C, 5%CO, before
addition of H,0O, (50, 100, 15AM) at 37°C, 5% CO for 24 hours. Figure
shows the mean glutathione valug SEM of 3 replicates.

Analysis of GCS mRNA expression in PC12 cells expld® oxidative stress
in the presence or absence of NGF is shown indiguin the absence of
peroxide challenge, NGF elicited an increase in GEBNA expression after
two hours in PC12 cells, whereas mRNA levels weseetially unchanged in
the absence of NGF. However, when PC12 cells wésest to an oxidative
challenge for 4 hours after 24hours pre-incubatvgh vehicle or NGF, cells
showed reduced expression of GCS mRNA irrespeofitiee presence or
absence of NGF. Furthermore, 24hours after oxidathallenge in the
presence in NGF, GCS mRNA expression was restordtht seen prior to
oxidative challenge. In contrast, PC12 cells suli@oxidative challenge in
the absence of NGF showed up-regulation of GCSesspyn 24 hours post-
oxidative challenge, where image analysis usinggthosoftware
demonstrated a twelve-fold increase in expression.



Figure 7. 1.5% Agarose gels of PCR products. PQicells (2x18) were
incubated with NGF (10ng/ml) or PBS as control for0-24 hours at 37C,
5%CO,. H,O, (15QuM) was then added for 4 and 24 hours at 3T,
5%CO; and cells were harvested and mRNA extracted. Folamg reverse
transcription specific PCRs were underatkaen for GAADH and GCS.

+ NGF TREATMENT No NGF TREATMENT
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Lane Treatment Lane Treatment
1 123bp ladder 1 123 bp ladder
2 Blank 2 Blank
3 O hr NGF 3 1 hour PBS
4 1 hr NGF 4 2 hr PBS
5 2hr NGF 5 4 hr PBS
6 4 hr NGF 6 24 hr PBS
7 24 hr NGF 7 24hr PBS + 4 h
HzOz
8 24hr NGF+ 4hr| 8 24 hr PBS + 24 hr
H.0, H-0,
9 24hr NGF+24hr | 9
H-0,




Discussion

The levels of intracellular peroxide can be quaiteil using the nonfluorescent
fluorochrome 2',7’-dichlorofluorescin diacetate (BBA) which is freely
permeable to cells. It is de-esterified within sdlly endogenous esterases to
2',7’-dichlorofluorescein (DCF). This becomes fpad within cells and
accumulated DCF is able to interact with peroxided hydroperoxides in the
cell to form the fluorescent compound 2’,7’-dictdfiuorescein (Behlet
al.,1994a; Zhwet al., 1994). There is an important caveat to the suceksst
of DCF as a peroxide sensor, and that it is alsai@ble substrate for direct
oxidation by xanthine oxidase, where inhibition diopurinol can be used to
determine any role of the latter.

DCF staining has previously been shown to incrasite ROS production
(Satohet al., 1997). Addition of HO, increases intracellular peroxide in PC12
cells (data not shown); this is in agreement whwork of other groups (Jang
& Surh, 2001). Herein, we have shown thaB Mcreases intracellular
peroxides. The inclusion of the iron chelator DRXjgests this process is iron
dependent, and suggests thaB Aannot exert its toxicity without the
availability of iron. These observations suppdwe work of Monji et al.,
(2002) who have demonstrated thaf3 A25-35)-associated free radical
generation is iron dependent and strongly infludrimgthe aggregational state
of the peptides

Whilst NGF pre-treatment in unchallenged cells nad cause any significant
lowering of intracellular peroxide levels in PC12lls, it was effective in
preventing the elevation in cytoplasmic peroxidseyi@ed following amyloid
beta challenge. Previously trophic factors havenbs®own to protect cells
against ROS toxicity in cultured neurones and PC&Rs, however these
papers did not measure intracellular ROS dired@llyang and Mattson; 1995;
Gong et al, 1999). In addition, these earlier gsdiave investigated oxidative
stressors implicated in the pathogenesis of Paskissdisease. Amyloid beta
is implicated in cholinergic neurone loss in ADdan our system, we have
demonstrated the generation of ROS precedes aath.dagain, in our model,
the toxic effects of amyloid beta were preventedNIGF.

It has been postulated that the cytoprotectivecefd trophic factors may be
dependent on the upregulation of glutathione anedhmymes associated with
ROS defence. Examination of the effects of ROS elular glutathione
confirmed the observations of others, that GSHamsdly consumed, but then
recovers to offer enhanced protection against éurihsults. OS appears to be
a key pleiotropic modulator of gene transcriptictiray through the generation
of bioactive mediators (Morel & Barouki, 1999). éflhumber of transcription
factors whose activities are modulated by ROS Isstuntial, and include AP-
1, p53, NFkB, HSF, Sp-1 and GABP (Kehrer, 2000). In this eg$pROS
appear to be actual modulators of gene transcriptiedependently of the
degradation of biological macromolecules (Morel &rBuki, 1999). Therefore
if ROS can induce an adaptive response, for exathplggh induction of GCS,
offering greater protection of the cell exposegdubsequent OS.



In this paper, we report that NGF (10ng/ml) did matuse any significant
changes in GSH levels of unchallenged cells; this agreement with Kamata
et al., (1996) who showed NGF to protect cells from OSepehdently of
GSH. However under #D, and A3 challenge, increased levels of GSH were
recorded versus control after 24 hours, with NGEBn{lml) preventing the
elevation induced by oxidative stress. The datamded with 5ng/ml NGF is
consistent with the data previously published by RaPerez-Polo (1993) and
Sampathet al., (1994) who have both shown NGF to cause increas&SH
levels. GSSG levels were also assessed whgdetd caused increased GSSG
concentration after challenge with 160uM peroxidNevertheless, it is evident
from this data that much of the GSH is lost patéidy at early time points,
either through mixed disulphide formation with @iots or through efflux. The
drop in GSH may therefore reflect an inhibitionsyinthesis, a deficit in the
GSH salvage pathway, or an increased rate of efflinandreaet al., 2000). In
both scenarios, efficient removal of ROS and foramabf GSSG is dependent
on expression and activity of GPX, which in itsslfredox sensitive, and the
activity of the enzyme under oxidative stress. Spadly, the effect of NGF
merits further investigation, since infusion of GBNhto the brain has been
shown to increase the activity of GPx (Chao and 1689)

Yonezawaet al., (1996) have shown that deprivation of one of thecprsors
of glutathione (cysteine) induces glutathione dipteand death in cultures of
cells, but that rescue by free radical scavengdraadiffusible glial factor was
not associated with a restoration of normal gluteté content. These authors
thus suggest that the protecting agents act distalutathione. This is in
agreement with Kamatet al., (1996) who showed when cellular GSH was
depleted by treatment with BSO, NGF still protectetls. These data largely
support the hypothesis that NGF exerts its pratactndependently of GSH.
NGF (10ng/ml) does not to cause any significantraases in glutathione
levels, however, does protect against intracellR&S and also cell death. To
further clarify whether NGF exerts its protectiaa glutathione up regulation,
studies on GCS expression were undertaken.

Cell cross-talk between glia and neurones appeaéisat to maintainence of
neuronal viabililty. Glia conditioned medium haseheshown to contain an
unidentified diffusible factor which enhances remige to oxidative stress by
increasing transcription of GCS (lwata-Ichikawa93p In order to determine
whether NGF can elicit a similar response in PCé&Bscwe have evaluated
GCS expression in PC12 cells, in relation to glstoehydes 3-phosphate
expression (GAPDH). The glycolytic tetramer GAPDRBRDH is a
multifunctional enzyme involved in cellular metaisah. It is an important
glycolytic enzyme that catalyses the oxidative phasylation of
glyceraldehyde-3-phosphate to 1,3-diphosphoglyeerand it is the most
widely used internal control gene (Suzukial., 2000). Measurement of
GAPDH transcript abundance was originally seleet®@ normalizer for other
expressions because it encodes for a protein withuaekeeping function. As
it is a glycolytic intermediate it is therefore @qbed to be present in all cells
and exhibit minimal modulation. However GAPDH gengression has been
reported to increase during other non-glycolytitvéiees such as programmed
neuronal cell death (Ishitast al., 1996).



During investigations into selective GCS gene esqicmn, GAPDH expression

remained constant. GCS expression was more variaBbNGF treated cells

compared to non-NGF treated cells. The only madk#idrences in non NGF

treated cells were after 4 hours of peroxide chgkewhere expression was
virtually nothing and after 24 hours of peroxideliénge where there was the
greatest expression. In NGF treated cells GCSdentially increased up to 2

hours after the NGF treatment then decreased. r Afteours of peroxide

challenge GCS levels were also greatly reduced sigpthie least expression,
expression then increased after 24 hours of peeoglthllenge. Tubulin is

frequently used as a housekeeping gene for neursnalies, however,

transcription of this species is itself affected the onset of apoptosis,
rendering it a poor control gene.

One of the most variable factors appears to lithevariation in GSH levels
within resting cells. Indeed, GSH levels have dsen shown to decrease in
culture imposing the need for consistent experialesanditions (Reiners &
al., 2000), including passage frequency and seedingtgens

There is a poor correlation between mMRNA and pndivels, as the presence
of RNA in a cell is not necessarily indicative agtide synthesis. Structurally
authentic mMRNAs may be poorly handled by the tatistal machinery in a
cell. Even the efficient translation of a functdbrmessage may not result in
biologically active peptide if post translationabpesses are absent, or if the
peptide is rapidly degraded. The analysis of G@Begexpression must
therefore extend to the description of the proemd-points of the expression
pathway, included in this must be a consideratioprotein function (Carter &
Murphy, 1999).
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