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ABSTRACT

Hydrogen peroxide ($0.), a reactive oxygen specie (ROS), is most commasbociated
with oxidative stress causing cytotoxic effects losing cells. Oxidative stress has been
implicated in various conditions including neurodegrative diseases, autoimmune diseases
and cancer. In additionJ-,is produced as a defense mechanism against pag)ageheing
released by activated phagocytés. recent years, ¥, has become established as an
important regulator of signal transduction in eykdic cells. Hydrogen peroxide is generated
both intracellularly and extracellularly in respert® various stimuli including cytokines and
growth factors. There are different mechanisms thyclw H,O, is generated, facilitating
signal transduction in cells; through NOX-system nmyochondria, via singlet oxygen,
receptor/ligand interaction or by redox active rhaas. The HIV glycoprotein 120 (gp120)
is associated with HIV dementia and it is knowraaseurotoxin that causes neuronal damage.
It has been proposed that free radicals may bdveadadn the pathogenesis caused by gp120.
In addition the truncated form of thioredoxin (T&8s known to stimulate HIV replication in
HIV infected cells, however, the exact mechanismasknown. A possible way both proteins
may mediate their activity is by inducing;® production. The aim of this study was to
investigate HO, production induced by the proteins gp120 and Trk8@rder to detect $D,
production an assay based on the fluorescent comipAmplex Red, was established. The
assay was used to detect(d released by gp120 and Trx80 in a cell-free envirent, in a
cell-system and in the presence of metal ions (eopgns) with a physiological reductant
(ascorbate). We did not detect®4 production induced by gpl120 and Trx80 respectively
using our assay, however, other ROS such as hydragycals may have been generated
although they were not detectable with our methtehce, further studies are needed in order
to fully understand how gp120 and Trx80 mediatér thetivity.
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1. INTRODUCTION

1.1 Hydrogen peroxide

Hydrogen peroxide (}D.) is one of the known reactive oxygen species (RO§3ther with
other reactive molecules such as superoxide radigdtoxyl radical and nitric oxide. J;is
commonly associated with oxidative stress, whemtitenal redox state of a cell is disturbed.
High concentrations of free radicals from@®4 and other ROS is damaging to cells, causing
oxidative modification of biomolecules including aleic acids, proteins, carbohydrates and
lipids [1]. This oxidative damage is thought toibeolved in several inflammatory diseases,
carcinogenesis, atherosclerosis and aging [2}JO.His commonly generated in the
mitochondrial matrix with the help of mitochondrg&lperoxidase dismutase, but can also be
released by phagocytes as a defence mechanisnsiggaihogens [3]. However, studies from
recent decades indicate new roles of hydrogen pkrdr biological systems, as being an
important regulator of signal transduction in noagbcytic cells [4]. Hydrogen peroxide may
be generated both extracellularly by proteins sush antibodies, in receptor/ligand
interactions [5, 6], through redox active metalsand intracellularly through superoxide

dismutation in mitochondria (Figure 1).

Hydrogen peroxide is generated in several diffensays. It is deliberately produced by
phagocytes when experiencing oxidative or respiyataurst (Figure 1.1) [3]. This is

characterized by a large increase of oxygen consamm@and generation of ROS, upon
recognition of stimulus when encountering inflamongt mediators and pathogens. The
production of ROS, including 0., is generated through the activated enzyme niaotide

adenine dinucleotide phosphate (NADPH) oxidase (INCEectrons generated by NOX



mediate the reduction of molecular oxygen to foupesoxide (@"), which subsequently is

converted either spontaneously or by superoxidautiase (SOD) into ¥D,[3].

NADPH + G & NADP' + H + O,
O,~ - dismutates spontaneously or by S&DH,0;
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Figure 1 Schematic illustration of different mechanisms of H,O, production in cells. H,O, is produced: 1.

through NOX in phagocytes, 2. in mitochondria,iBotigh antibodies, 4. via receptor/ligand inte@atand 5.

through metal ion reduction.

Hydrogen peroxide is also continuously generatedeumormal physiological conditions,
being an inevitable by-product of the aerobic negpin process in cells (Figure 1.2). Almost

95% of cellular oxygen is reduced to water throwigctron carriers in the mitochondria
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respiratory chain, however when adenosine diphdsp#DP) concentration is low a small
amount of oxygen may leak out forming superoxidbajclw subsequently is converted into

H.0, [7, 8]

Recent studies show that hydrogen peroxide canrbeuped by antibodies (Figure 1.3).
Richard Lerneret al. have shown that antibodies have the intrinsicitgkid reduce singlet
oxygen {O,) into superoxide (§) which is converted into #D, [9]. This previously
unknown chemical defence mechanism of the immurseBy is intrinsic to antibody
molecules, allowing oxygen to be recycled from\ated phagocytes and potentiating the

oxygen-dependent microbicidal action.

'0, 21gG> 0, > dismutases spontaneously intg(H

A third way by which HO, can be produced is through receptor/ligand intemas (Figure
1.4). One example is the epidermal growth fact@HKlEand its receptor (EGFR), which upon

ligand binding, generates,8, extracellularly [6].

Another mechanism by which,B, can be produced is by metal ion chemistry (Figug,
via the Fenton’s reaction. Redox active metal iamparticular copper and irons ions do react
with physiological reductants such as ascorbatfyjaieg dicationic ions (metal ion gaining
one electron). The reduced metal ions can thent redb molecular oxygen yielding

superoxide, subsequently yielding various ROS whalg HO-.

Free CG" + Ascorbate> Cu' + dehydroxyascorbate (oxidized ascorbate)
Cu" + O, > O, (formation of superoxide radicals)

0, + O, 2 H,O, (formation of hydrogen peroxide)



Proteins such as amyloid plaque, prion proteins amglin [11-15] have been shown to

generate radicals through this mechanism (descfiobéter below).

1.2 Hydrogen peroxide as a signalling agent

Being a mild oxidant, kD, also plays a role as an intracellular signallingrd, affecting the
function of various proteins, transcription factaazymes, ion channels and G-proteins [10].
By oxidizing proteins with low-pK (dissociation constant) cysteine-residuesOHcan
activate or inactivate proteins both in cells sash protein tyrosine phosphatases (PTPs)

which are involved in cell signalling pathways [E0]d NF«B activation [11].

Hydrogen peroxide also functions as an extracellsignalling agent through monocytes
oxidative burst where intracellular generatedOHR is released into the extracellular
environment which affects other cells [3]. In aduhtH,O, generated extracellularly through
receptor/ligand interactions by for instance theFE€&ceptor [6] can cross the cell membrane

and thereby facilitate receptor-mediated signadddaiction in the cell [6] (Figure 2).

EGF Figure 2 Proposed model of

. , 0°H,0, extracdlular H,0,
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Céarcamo, 2005)
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Several different proteins, including cytokines gndwth factors initiate signalling pathways
by binding to receptors, ROS such agOkhave been shown to modulate these signalling
cascades. However the exact mechanism through whiOh is generated leading to signal

transduction is not known.

A possible mechanism by which proteins can genedria@ extracellularly is via singlet
oxygen. Singlet oxygen can in turn be reduced fesaxide by for example antibodies and
thereby generate J,, after being activated by a photoactivator suchltaviolet light. This
pathway has been shown by Richard Leweteal. regarding antibodies ang T-cell receptor

(aBTCR) [9, 12].

Another way HO, can be generated by proteins, both intra- andaestiularly, is via redox
active metal ions mentioned earlier. Proteins sagclhmyloid plaque [13, 14] , prion proteins
[15, 16] and amylin peptide [17] have been showgdoerate KD, by reducing dicationic
copper ions. Copper ions have a plasma concenirafiapproximately 0.1+IM and around
250nM in the cerebrospinal fluid [18]. Reduced rhaias can react with molecular oxygen
(Oy), forming a superoxide radical, which can generit®,, the generated J@, can together

with metal ions drive the Fenton’s reaction anddbg generate hydroxyl radicals.

Cu' + O, > CU" + O, (generation of superoxide radicals)
0,”+ O, + 2H > H,0, + O, (production of hydrogen peroxide)

Cu" + H,0, > CU/ + OH + OH (Fenton’s chemistry, hydroxyl radical formation)

1.3 HIV glycoprotein 120

The structural envelope glycoprotein 120 subungl@p) of Human Immunodeficiency

Virus-1 (HIV) is one of the viral proteins that lebeen identified as a neurotoxin causing
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neuronal cell death in HIV infected patients, |e@dio HIV associated dementia [19, 20]. The
HIV enters host cells via the binding of gp120 ©4J21]. Although the virus does not infect
neuronal cells, they are affected indirectly byettéd microglia and macrophages in the brain
[22-24]. Upon infection, viral proteins such as 8plgp4l and Tat are released into the
extracellular environment [25]. There are severachanisms by which these proteins
become available in the extracellular environmevtien the viral coat is shed upon viral
entry and when the infected cell is ruptured retepvirus particles, the unincorporated
structural viral proteins may be transported outhef infected cells and proteins can also be

actively secreted from the infected cells [26] (Fig3).

3. Synthesis of
defective viral
particles

Release of mature
viral particles

’6 4. Active release
/@ of viral
proteins

2. Unincorporated
viral proteins

r»>
1. Release of viral 2\?} A
. Release of vira
proteins upon /@6 v Y
cytolysis
S 5. Sheddinc}; of
viral coa

upon viral entry

Figure 3 Potential mechanisms by which viral proteins (such asgp120) may become availableto the
extracellular environment from HIV infected cells. (Adapted from Avindra Net. al 1997)

Gpl120 has been shown to cause apoptotic cell @dathly picomolar concentrations in rat
ganglion cells, rat neurons, astrocytes, humanamsyretc [27-30]. The neurotoxic effects of

gp120 is indirect and is mediated by affectingastites and microglia [31]. It also induces
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the production of various cytokines such as tumwmegrosis factor TNé& and interleukin 1
(IL-1) [32]. These chemokines and cytokines furtla®tivate uninfected microglia and
macrophages, causing them to release neurotoximshweventually lead to neuronal damage
and apoptotic cell death [33, 34]. Gp120 may absgse cytotoxicity by inducing oxidative
stress, studies show that gp120 is able to profteegadicals leading to oxidative damage on
monocytoid cells [35]. However the exact mechanisghind the hydrogen peroxide

generated by gp120 is still not known.

1.4 Truncated Thioredoxin

Thioredoxin-1 (Trx1) is a small soluble 12-kDa ot which has a characteristic dithiol
active site motif; Cys-Gly-Pro-Cys. The motif isodwtionary conserved and is found in many
different plants and organisms [36]. Trx1 was fidsscovered inEscherichia colias a

hydrogen donor for the reductive enzyme ribonualieoteductase by Peter Reichaidal.

[37]. It has later been established that Trx1 hasgeral different substrates including
ribonuclease. Further more it also acts as disulfieductase for fibrinogen, insulin and
chorigonaotropin etc [38-40]. Trx1 is involved imany biochemical processes in the cell, it
plays an important role as a redox regulator tagethith glutaredoxins (Grxs), reducing
protein disulfides and can thereby maintain a redwenvironment inside of cells even under
severe oxidative stress. Trx1l is also involved @ducing hydrogen peroxide, through
thioredoxin peroxidase, thus preventing oxidatitress and also inhibiting the induction of

apoptosis [41, 42].

A truncated form of Trx1 was first identified astleosinophilic enhancing factor (ECEF),
which was found when studying eosinophil stimulgtactivity in the supernatant of human

blood mononuclear cell (PBMC) culture of patientéfering from schistosomiasis [43, 44].
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Two proteins 10 kDa and 12 kDa respectively weodated and found to be identical to Trx
[45]. In 1989 Silbersteiret al. [46] found that the 10 kDa protein had the stratge
eosinophilic cytotoxicity enhancing activity, artdvas established that the ECEF activity was
induced from a C-terminally truncated form of thél fength Trx consisting of either the 80

(Trx80) or 84 (Trx84) N-terminal amino acids of Ti/].

Trx80 is mostly secreted by monocytes although niglgocytes, activated platelets,
cytotrophoblasts and EBV+ B-cells also produce Urjds, 48-50]. The generation of Trx80
in vivois not yet fully known, however it is believed tHax is cleaved on the cell surface by
an unknown enzyme [51], the truncated form subssfjueinds to the membrane of

macrophages [52]. In solution Trx80 is present hsraodimer [53].

Except for sharing the same 80 N-terminal amind aeiquence with Trx1, Trx80 has almost
no functional similarity to it. Trx80 does not dgtze the reduction of insulin disulfides by
dithiothreitol (DTT) which is a characteristic iy of Thioredoxins [47, 53, 54], Iin
addition it is not a substrate for thioredoxin rethse and it also seems to lack redox activity

[53].

Being a mitogenic cytokine for PBMC in culture, 8fkhas shown to act as a cytokine since
it by itself stimulates proliferation of PBMC, inowktrast to Trx1 which has no cell
proliferating effect on human PBMC [53]. Trx80 enhas CD14 expression of monocytes
[55]. CD14 is a surface receptor important for témoval of apoptotic cells etc., hence Trx80
induced up-regulation of CD14 may stimulate phagugig of apoptotic cells and microbes
[55]. Expression of several other surface antigsnalso increased when monocytes are
treated with Trx80, such as CD40, CD54 and CD86§.[bBx80 also induces the expression
of CD40 on monocytes, this up-regulation of CD40ynstimulate IL-12 and IFN-

production inducing a T-helper response in T-lyngptes. The up-regulation of CD40, IL-12
-10-



and IFN-y could promote development of autoimmune diseasas &s multiple sclerosis and
arthritis [56-58]. In addition Trx80 has been rdpdrto have stimulating effect on HIV
replication in infected macrophages [52], in costtta Trx1 which inhibits viral replication in
HIV infected cells [44]. Nevertheless the exact hadsm of Trx80 stimulating activity on

HIV replication is still not known.

1.5 Aims of the study

Besides from being involved in oxidative stresgjriogen peroxide has shown to play a role
as a signalling agent in cells [4]..6k can be generated as a result of receptor/ligand
interaction extracellularly [6], by antibodies thgh photoactivation [9] and via metal ion
reduction (through Fenton’s reaction) [13, 14, Tijday the mechanisms by which gp120
exerts its cytotoxicity on neuronal cells are ndlyfunderstood, but available data support the
fact that gp120 induces the production of free aldi such as ¥, [35], suggesting that
oxidative stress may be involved. In addition ihcg known how Trx80 mediates its activity
by which it induces HIV replication in HIV infectetiacrophages [52]. A possible way both
proteins may mediate their activity is by the gatien of HO,, hence the overall aim of this
study was to investigate B, production induced by gpl120 and Trx80. In orded&bect
H,0, production an assay based on the commercial kpl&xnRed Hydrogen Peroxide was

established fom vivo andin vitro detection of hydrogen peroxide.
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2. MATERIALS & METHODS

2.1 Measuring H,0-

In general ROS are highly reactive and have sfifertiine [59] which makes them difficult to
measure directly in biological systems. Hence nindérect methods are needed to assess
levels of ROS. One method is to use molecular dbat are oxidatively modified, which
allows detection with luminescence or fluorescerttewever the methods that detect free
radicals have low sensitivity and specificity doetheir short life time and the possibility of
antioxidants to capture the ROS etc. [59]. A réeeathod that has shown to be more stable
and sensitive than other assays [60], is baseti@ndn-fluorescent compoumdacetyl-3,7-
dihydroxyphenoxazine, referred as Amplex Red [60, Bhis assay was used in the present

study to measure J@,.

Amplex Red Hydrogen Peroxide Assay

The Amplex Red Hydrogen Peroxide assay (Molecutab®s, A22188) is based on the non-
fluorescent compouni-acetyl-3,7-dihydroxyphenoxazine (Amplex Red). lie presence of
horse radish peroxidise (HRP), Amplex Red is oxddidy HO, with 1:1 stoichiometry
yielding the highly red fluorescent compound refiar{61] (Figure. 3). This compound has
an excitation maximum at 563 nm and emission maxinat 587 nm, allowing detection of
hydrogen peroxide fluorometrically and spectrophwtrically at very low concentrations

(from 5pM).
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Figure 4 Hor seradish peroxidase (HRP) catalyzed H,O, oxidation of Amplex Red into the highly
fluorescent compund resor ufin, detectable at excitation wavelength 563 nm and emission at 587 nm.

Stock solutions of Amplex Red (10 mM) in dimethyllfexide (DMSO) and HRP (10
units/mL) in phosphate buffered saline (PBS) weogesl at -20°C. Fresh working solutions
of Amplex Red (100M) and HRP (0.2 units/mL) were prepared for eacpeexnent. The
fluorescence readings were measured with Infinite®OL plate reader (TECAN), with
excitation at 544nm and emission at 590nm. Standarde of known HO, concentrations

was used to quantitate the produce®H

2.2 Determination of gp120 & Trx80 induced H,O, production

Based on the fact that proteins are able to prothi€e (such as the EGF receptor [6]), both
in a cell-free environment and in cell-systems, aireed to measure the release @Ok by
the proteins gpl120 and Trx80. The proteins gpld@miino Diagnostics Inc.) and Trx80
(IMCO Corp.) at 0.5M concentration diluted in PBS in aj@0reaction were incubated for
60 minutes at 37C, prior to measuremenyl5@esh working solution of Amplex Red was

added to the samples and the fluorescence was radasu
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In addition the ability of gp120 and Trx80 to imduHO, production was also investigated
through Fenton’s chemistry. Proteins such as amylaque, prion proteins and amylin have
shown to be able to induce,®, production [13, 14, 17]. Hence we aimed to ingzde if
gp120 and Trx80 are able to inducgdzdthrough this mechanism. Fresh stock solutions were
prepared for each experiment, eacll5@eaction mixture in PBS contained 0% CuClh
(Sigma), 3@M ascorbate (Sigma) and one of the proteins gpID Bx80 in different
concentrations. As a control EDTA (@d) was added. EDTA is a chelating agent that can
bind different di- and tricationic metal ions, thisee C3" present in the samples would be
chelated and no 4, would be producedsamples were incubated for one hour at 37°C, after
the incubation ascorbate was added and the sampglesfurther incubated for 15 minutes.
Then 5@L fresh working solution of Amplex Red was addedetch reaction mixture and

fluorescence readings were measured.

2.4 Cell experiments

For the present study immortalised cell lines wesed in order to study the effects of gp120
and Trx80in vivo. Although primary cell lines closest resembles gablpgical environment
and morphology, they are subject to large variabetween individual donors, in addition
they require addition of specific growth factorslaran only be passaged limited times. Thus
immortalized cell lines, which are easier to gravd @ropagate, can yield reproducible data

and are more cost effective, were used in thisystud

Selection of cell lines

T-cells are the major target for HIV due to its thigbundance of the cell-surface receptor
CD4. There are several cell-lines such as JURKADLW and CEM cells which can be used
to study T-cell responses. Given that there arg smiall differences between these cell lines,
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The CEM cell line was used in this study. This delé expresses the antigens CD3, CD4,
CD5 and CD7 which are typical for T-cells. Othell-tgpes that can also be infected by HIV
include monocytes, macrophages and astrocytes, heesfore studied the effects on
monocytes, using MonoMac 6 (MM6) cells. MM6 unlikeme other monocytic cell lines
expresses the antigen CD14 which binds endotoaihsllmark for monocytes, making these
cells more suitable for this study. Other cell $rthat can be used to study monocytes are
U937 and THP1 cells, however these cells lack ¥peession of some cell surface receptors

and are supposed to be less similar to primary ryiese.

Cell culture

CEM cells (ATCC) were maintained in RPMI 1640 me(@gbco Invitrogen) supplemented
with 10% fetal bovine serum (FBS, Gibco),100 units/penicillin (Sigma) and 0.1mg/mL
streptomycin (Gibco) at cell densities 2-3%H@lls/mL. The MM6 cells (kindly provided by
Prof. Olof Ra&dmark, Karolinska Institute) were ntained in RPMI 1640 media
supplemented with 10% FBS, 1x non essential amideg&ibco), 1mM sodium pyruvate
(Gibco), 10ug/mL bovine insulin (Sigma), 100 unit&/ penicilin and 210Qg/mL

streptomycin at cell densities 0.3-1.0%b@lls/mL. The cells were cultured at 37°C, 5%,CO

2.5 Release of H,O, by gp120 & Trx80 stimulated cells

Studies show that cells treated with proteins (sasEGF and gpl120), are able to induce
H,O, production [6, 35]. Hence we aimed to test if gpBAd Trx80 are able to induce®}
production in T-cells (using CEM-cells) and monasyt(using MM6-cells). Prior to the
experiments cells were harvested by centrifugat{ég0y, 5 min), washed twice and
resuspended in phospate buffered saline (PBS)pmppate concentrations. A concentration
of 2x1@ cells/mL in a reaction mixture of total gD, were incubated in black flat-bottomed
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96-well plates (Nunc) with or without the proteirgp120 (250pM) and Trx80 (250pM) in

PBS at 37°C for four hours.

As a control catalase (1 000 units/mL, Sigma) wadted, catalase is an enzyme that catalyzes
hydrogen peroxide into water and oxygen, thus liléscent signal should be reduced. In
order to measure the releaseby 5QuL working solution of Amplex Red were added to the
samples, the fluorescence was measured at 30

minutes intervals.
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3. RESULTS

3.1 Hydrogen peroxide assay

In order to study the production of®, induced by the proteins gp120 and Trx80, an assay
based on the fluorescent probe Amplex was set ugtaAdard curve was set up with known
concentrations of §D, (Figure 5A). In addition as a control test, catelavas added to known
amount of HO,, as expected the fluorescent signal was reductdtixe addition of catalase
(Figure 5B). The stability of the assay was testgdneasuring a known amount of®4 over

time (Figure 5C), the results show a decreaseuofdiscent signal over time.

B.
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3.2 Determination of gp120 & Trx80 induced H,0, production

The ability of gpl120 and Trx80 to induce,® in a cell-free environment was also
investigated in this study. The proteins were iratal for 60 minutes at 37°C and the amount
of produced HO, was measured using Amplex Red (Figure 6). Thelteeshow that the

proteins did not produce B,, since the samples gave signals on the sameds\éke control

or below.

100" = 2h
@ T 1 4h
c
S 1000+ ' T
@ —

e

8 L T T

o

s 5004

-

[T

0 T T

8 &
P, ol
< —

Negative ctrl 1

Figure 6 H,0, production of gp120 and Trx80 in cell-free environment using Amplex Red assay. The
proteins (0.5M) in PBS were incubated for 60 minutes at 37°@mio reagent addition. The negative control

consist of PBS only. Values representing mean + SD.

To test if gpl20 and Trx80 were able to mediatéviagtby inducing HO, production in T-
cells and monocytes, CEM-cells and MM6-cells a emtiation of 2x1&mL with or without
the proteins gp120 and Trx80 (250pM) and the costamples, were incubated for four hours
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at 37°C and the amount of,8, was measured continuously. The results of the dest
represented in Figure 7 and 8, where the amouHt©$ released after two and four hours are
shown. The results showed no difference yOHproduction after four hours incubation and
no difference between the two cell lines. Gp120 &nd0 with or without cells produced a
small amount of BD,. However cells treated with proteins did not proglmore H202 than
the control, indicating no or very little 8@, production. As an additional control, catalase
(2 000 units/mL) was added to the samples, anddrpositive sample (M H,0,) the signal
was decreased with the addition of catalase, canfg that it is the kKO, that caused the

positive signal.
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Figure 7 H,0, production in CEM cellstreated with gp120 and Trx80 using Amplex Red assay. Control
samples and samples with cells at concentratiof®»lls/mL were incubated with or without the proei
gp120 or Trx80 (250pM) and catalase (1 000 unit3/fatfour hours at 37°C. (Negative ctrl: Negatoantrol

(PBS), Pos ctrl: positive control {1 H,0,), c= catalase. Values representing mean + SD.
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Figure 8 H,0, production in MM 6 cellstreated with gp120 and Trx80 using Amplex Red assay. Control
samples and samples with cells at concentratiof®»lls/mL were incubated with or without the proei
gp120 or Trx80 (250pM) and catalase (1 000 unit3/fatfour hours at 37°C. Negative ctrl: Negateantrol

(PBS), Pos ctrl: positive control {1 H,0,), c= catalase. Values representing mean + SD.
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A third way we examined the capacity of gp120 amxBU to induce KO, production was by
incubating them with metal ions and a reductanhsag ascorbate. Previous studies with
proteins such as amyloid plaque and prion proteage been shown to be able to induce
H,0, production by reducing redox active metals suclkeaser and iron ions [13, 14, 17].
Hence we aimed to measure if the proteins gpl120 Tar80 have the ability to reduce
dicationic copper and through this mechanism indugd@rogen peroxide production. After
incubating the proteins (QuM) with copper (0.2hM) for 60 minutes, ascorbate (@d) was
added to the samples and incubated for 15 minutes o measurement with Amplex Red
working solution. Figure 9 shows the results ofestdd controls and protein samples. As
expected, the control samples such as copper ¢erbaibne did not generate any hydrogen
peroxide. Ascorbate gave a slight decrease indkomnce which may be due to interactions
with assay reagents. The control sample with copptre presence of ascorbate yielded high
amounts of HO, (3.0uM), as expected. In order to confirm thatQ] is produced due to
metal ion reduction with ascorbate, EDTA was addegich decreased the signal down to
baseline levels as expected. The proteins gpl120re«80 in the absence of copper ions and
ascorbate gave no increase 5Okl production. However the proteins together withoalsate
gave no signal either, indicating no productiorHgD, with proteins alone or in the presence
of the reductant ascorbate at physiological lewalgh the addition of both copper ions and
ascorbate, both gp120 and Trx80 gave low signafggesting that the proteins had bound the
copper ions that were present, hence no free cdppsrwere left for ascorbate to generate

H,0,. However Trx80 yielded slightly higher amountdb, (1.5uM) compared to gp120.
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Figure 9 H,0, production by Cu? and ascorbate in the presence of gp120 and Trx80, monitored using
Amplex Red assay. Gp120/Trx80 (0.pM) with or without CuC} (0.25.M) and ascorbate (30/) in various
combinations, and control samples; positive corpM H,0,), and samples with EDTA (n®1) were
incubated for 60 minutes at 37°C. After furtheribation with ascorbate for 15 minutes, Amplex Reuking
solution was added and fluorescence was measere8l.QuM H,O, yielded by copper ions and ascorbates
1.5uM H,0, yielded by Trx80 in the presence of copper iors @astorbate. (PBS= Phosphate buffered saline,

pos= positive control (1M H,0,), Asc: ascorbate, Cu: CuflValues representing mean + SD.
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In order to determine to what extent the proteesable to bind copper ions, a dilution test
was performed with decreasing concentrations of2@pand Trx80. Gpl20 at different
concentrations from Oy to 312.5nM were incubated for 60 minutes withS0udM CuCl,,

at 37°C. Subsequently the samples were incubat#id twe addition of ascorbate for 15
minutes, whereupon the amount 0G4 was detected with Amplex Red working solution
(see Figure 10). As a result of high amounts of2pho free copper ions are left to react
with ascorbate thus no,B, was produced. However, decreasing concentratibgpX®?0 led

to an increased signal of,8, production, further strengthening that with lessoant of the
metal ion binding protein, more copper is free aodsequently more 4. is produced in the
presence of ascorbate. These data suggest thad gphdt able to induce the formation of
H,0,, since copper ions that bind to the protein aea thot free to induce 4@, production in

the presence of ascorbate.
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Figure 10 Dilution test with protein gp120, H,0, production in the presence of Cu®* and ascor bate using
Amplex Red assay. Gp120 at various concentrations (@V-312.5nM) were incubated with 0.281 CuCl, at

37°C for 60 minutes and additional 15 minutes \8iBhM ascorbate, prior to reagent addition.
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A similar test was performed with Trx80, where @asing concentrations of Trx80 were
incubated with copper and ascorbate (Figure 11gohtrast to gp120, Trx80 do not seem to
have similar linearity of increasing.8, production with increasing amount of Trx80. A

scavenging activity was only observed for Trx8€hathighest concentration tested Wb
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Figure 11 Dilution test with protein Trx80, H,O, production in the presence of Cu®* and ascor bate using
Amplex Red assay. Trx80 at various concentrations (312.5nM\) were incubated with 0.284 CuCl, at
37°C for 60 minutes and an additional 15 minuteth ®uM ascorbate, prior to reagent addition.
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4. DISCUSSION

The generation of reactive oxidative species sgdmydrogen peroxide has been implicated in
various diseases from neurodegenerative diseasesaacer to autoimmune diseases such as
diabetes, primarily by inducing oxidative stresseibus data support that hydrogen peroxide
can also be implicated as a signalling agent,ifatiig signal transduction in cells [4]. Based
on the previous studies supporting free radicatipction of gp120 [35], the aim of this study
was to investigate the mechanism o§Oglproduction induced by this protein. In addition we
aimed to investigate whether Trx80 mediate its dgaal activity by inducing kKD, as
previously observed for a number of growth fac{éis In order to test these hypotheses we
established a commercial available assay to deterihO, production. As mentioned earlier,
numerous assays have been developed for the detgiom of HO,. We decided to develop
an assay based on the Amplex Red reagent, a rethgeshifts fluorescence upon binding to
H,O,. The assay was shown to be easy to use, senaiiiVestable. In the present work we
have not tested the specificity of the assay, wdraths only reacting with D, and not with
other ROS. However, previous work by others ha@w that the assay in its present setup
is specific [61]. Although the compound Amplex Reskd in this study is highly stable (see
Figure 6), with higher concentrations of®} there is a risk that the fluorescent signal from
resorufin (reduced Amplex Red) is lost due to asdooxidation step, converting resorufin
into a non-fluorescent compound such as resazsea Figure 12) [60]. However this was
avoided by maintaining the molar ratio between AgwpRed and kD, above five in our
reaction mixtures, ensuring linear dose responsdyairogen peroxide. In addition the
variations in fluorescent readings between indigldexperiments can be explained by

differences in the stock solutions of Amplex Redn@lex Red reagent is highly light
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sensitive and can spontaneously oxidize resultindifferences in background fluorescence,

hence fresh working solutions of Amplex Red wereppared for each experiment.

H,C 0
3 \Tff'
N H20, N H20,
5 = 5 Non-flurescent
duct
HRP «_ HRP products
HO 0 OH HO 0 0
Amplex Red Resorufin
(N-Acetyl-3,7- (7-Hydroxy-3H-
Dihydroxyphenoxazine) Phenoxazine-3-one)
Non-fluorescent Highly fluorescent

Figure 12 Reaction scheme for the oxidation of Amplex Red catalyzed by hor seradish peroxidase (HRP) and H,0,,

With Amplex Red assay we subsequently tested whegp&20 and Trx80 were able to
produce HO.. In a cell-free environment we were not able ttedeany HO, induced by
either gp120 or Trx80. Previous reports have shomat antibodies, T-cell receptaf
(pTCR) and some cytokines growth factors have thétyldo produce HO, in cell free
systems [12]. However, fantibodies andipTCR the HO; productionwas shown to be
dependent on reaction power from singlet oxygerth® proteins. This was obtained by
artificial generation of singlet oxygen, by expagutissolved molecular oxygen in the protein
solution to ultraviolet light or photoactivators, [B2]. HO, has been shown to be produced by
cytokines and growth factors alone [5], but th®kproduction can be further induced when
the cytokines and growth factors are bound to thgecific receptors. In addition we were not
able to see any 4@, after binding gp120 with its biological receptor £@ata not shown). In
the present report we did not test gp120 and Tm@&@endent KD, in the occurrence of
singlet oxygen. The previous studies were also ectedl with Amplex Red reagent to
determine HO,which limits the possibility that the results areedo methodological reasons.

However, further studies needs to be performedatiofyg this issue.
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Previous studies have shown that numerous metalingnproteins, for instance amyloid
protein and prions, may induce,® in mixtures with oxygen and antioxidants such as
glutathione, L-cysteine and ascorbate [13]. Weetksthether gp120 and Trx80 were able to
produce HO,in mixtures with oxygen and copper or iron. Howewse were not able to
observe any kD, production related to these proteins. Unexpectedypbserved strong and
dose-dependent reduction of®3 productionin mixtures with gp120. This result suggests
that gp120 binds copper, which has not been dextrilefore. Moreover, bound copper
appears to be unable to react to oxygen and ad#ais. This result may suggest that gp120
is unable to produce J@, in environments with free copper and antioxidafis. extra
cellular environment). The relevance of copper lmbun gpl20 needs to be further

investigated.

The ability of gp120 and Trx80 to induce® production in T-cells, which may actively
secrete HO,, was also tested in this study. Our results indtano HO, production after
exposure to gpl20 and Trx80, respectively, by dstetd cells. For gp120 this result was
rather unexpected since®h production has been reported after gp120 expo8&ie In that
study, the observed B, was shown to be strongly reduced by EDTA and cs¢al@he effect
of EDTA may indicate that the production was demgmdn the occurrence of metals. This
result may be due to contaminating metals in tisayasin the reported study by Fogiaal.
[35], another assay was used to detect hydrogeoxider, the thiobarbituric acid-reactive
species (TBARS) was used to measure oxidative darnagpl120 on cells. This assay has
been shown to be less specific also notified byatikors of the report. Their result may be
due to detection of other ROS species than hydrgeeoxide. In this regard it would be
interesting to analyse other ROS species (i.e.dxydlradicals) after exposure of gp120 and
Trx80. As described in the introduction of the pr@sreport, hydrogen peroxide is rapidly
converted to hydroxyl radicals in the presence etals by Fenton reaction. There is thus a
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possibility that the hydrogen peroxide produced nmaye already been converted into
hydroxyl radicals. Hence it can not be concludeat tio free radicals were produced, since

we have only detected,B.

With the present study we can conclude that gp120x80 do not seem to have the ability to
induce HO, production, as we tested the proteins in our Ampled assay in both cell-free
environment, in a cell system and in the presefeceetal ions. Hence, to fully understand all
the mechanisms by which gp120 exerts its cytotoxia HIV associated dementia and how
Trx80 mediates its activity by which it induces Higplication in cells, further studies are

needed in this field.

-28-



REFERENCES

1. Castro, L. and B.A. FreemdReactive oxygen species in human health and disease
Nutrition, 2001.17(2): p. 161, 163-5.

2. Ryter, S.W., et alMechanisms of cell death in oxidative strefstioxid Redox
Signal, 20079(1): p. 49-89.

3. Lambeth, J.DNOX enzymes and the biology of reactive oxyyahRev Immunol,

2004.4(3): p. 181-9.

4. Stone, J.R. and S. Yaridydrogen peroxide: a signaling messendantioxid Redox
Signal, 20068(3-4): p. 243-70.

5. DeYulia, G.J., Jr. and J.M. Carcar;F receptor-ligand interaction generates
extracellular hydrogen peroxide that inhibits EGEBRsociated protein tyrosine
phosphatase®fiochem Biophys Res Commun, 20334(1): p. 38-42.

6. DeYulia, G.J., Jr., et aHydrogen peroxide generated extracellularly by poe-
ligand interaction facilitates cell signalingroc Natl Acad Sci U S A, 200502(14):
p. 5044-9.

7. Loschen, G., et alSuperoxide radicals as precursors of mitochondniadrogen
peroxide.FEBS Lett, 197442(1): p. 68-72.

8. Forman, H.J. and J.A. KennedRgle of superoxide radical in mitochondrial

dehydrogenase reactiorBiochem Biophys Res Commun, 1988(3): p. 1044-50.

9. Wentworth, A.D., et alAntibodies have the intrinsic capacity to destroyigens.
Proc Natl Acad Sci U S A, 20007(20): p. 10930-5.

10. Rhee, S.G., et alntracellular messenger function of hydrogen pedexand its
regulation by peroxiredoxin€urr Opin Cell Biol, 200517(2): p. 183-9.

11. Kaul, N. and H.J. FormaActivation of NF kappa B by the respiratory burkt o
macrophaged-ree Radic Biol Med, 199@1(3): p. 401-5.

12.  Wentworth, P., Jr., et aAntibody catalysis of the oxidation of wat8cience, 2001.
293(5536): p. 1806-11.

13. Nadal, R.C., S.E. Rigby, and J.H. Vilaspyloid beta-Cu2+ complexes in both
monomeric and fibrillar forms do not generate H2€#alytically but quench
hydroxyl radicals Biochemistry, 200847(44): p. 11653-64.

14. Smith, D.G., R. Cappai, and K.J. Barnhaime redox chemistry of the Alzheimer's
disease amyloid beta peptid@ochim Biophys Acta, 2007.768(8): p. 1976-90.

-20-



15. Nadal, R.C., et alRrion protein does not redox-silence Cu2+, but saarificial
guencher of hydroxyl radical&ree Radic Biol Med, 20042(1): p. 79-89.

16. Turnbull, S., et alCopper-dependent generation of hydrogen peroxig@ fihe toxic
prion protein fragment PrP106-126leurosci Lett, 200336(3): p. 159-62.

17. Masad, A., et alCopper-mediated formation of hydrogen peroxide ftbenamylin
peptide: a novel mechanism for degeneration of tséls in type-2 diabetes mellitus?
FEBS Lett, 2007581(18): p. 3489-93.

18. Lentner, C.Physical Chemistry, Composition of Blood, Hematp]&pmatometric
Data. 8 ed. Vol. 3. 1984, USA: CIBA-GEIGY Corp.

19. Bagetta, G., et alThe HIV-1 gp120 causes ultrastructural changescpof
apoptosis in the rat cerebral corteMeuroreport, 1996/(11): p. 1722-4.

20. Barks, J.D., et algp120, a human immunodeficiency virus-1 coat pni@igments
excitotoxic hippocampal injury in perinatal rafdeuroscience, 19976(2): p. 397-
4009.

21. Jordan, C.A., et alnfection of brain microglial cells by human immulediciency
virus type 1 is CD4 dependedtVirol, 1991.65(2): p. 736-42.

22. Koenig, S., et alDetection of AIDS virus in macrophages in braistis from AIDS
patients with encephalopath$cience, 198&33(4768): p. 1089-93.

23. Kure, K., et al.Cellular localization of an HIV-1 antigen in subdeltAIDS
encephalitis using an improved double-labeling imphistochemical methoédm J
Pathol, 1990136(5): p. 1085-92.

24. Wiley, C.A., et al.Cellular localization of human immunodeficiencyugrinfection
within the brains of acquired immune deficiencydspme patientsProc Natl Acad
SciU S A, 198683(18): p. 7089-93.

25. Magnuson, D.S., et aHuman immunodeficiency virus type 1 tat activat@sN-
methyl-D-aspartate excitatory amino acid receptansl causes neurotoxicithnn
Neurol, 199537(3): p. 373-80.

26. Nath, A. and J. Geiga¥eurobiological aspects of human immunodeficiemsv
infection: neurotoxic mechanisniarog Neurobiol, 199&4(1): p. 19-33.

27. Adamson, D.C., et almmunologic NO synthase: elevation in severe AlBx@&ahtia
and induction by HIV-1 gp4S5cience, 199&74(5294): p. 1917-21.

28. Perovic, S., et alThe triaminopyridine flupirtine prevents cell deathrat cortical
cells induced by N-methyl-D-aspartate and gp128IdF1. Eur J Pharmacol, 1994.
288(1): p. 27-33.

-30-



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41].

Pulliam, L., et alHIV-1 envelope gp120 alters astrocytes in humarnbecaltures.
AIDS Res Hum Retroviruses, 199%5): p. 439-44.

Lannuzel, A., et alHIV-1 envelope proteins gp120 and gpl160 potentdEA-
induced [Ca2+]i increase, alter [Ca2+]i homeostasasad induce neurotoxicity in
human embryonic neuronSur J Neurosci, 1995(11): p. 2285-93.

Lipton, S.A.Human immunodeficiency virus-infected macrophage$20, and N-
methyl-D-aspartate receptor-mediated neurotoxicdyn Neurol, 199333(2): p. 227-
8.

llyin, S.E. and C.R. Plata-Salamétty-1 envelope glycoprotein 120 regulates brain
IL-1beta system and TNF-alpha mRNAs in vBm@in Res Bull, 199744(1): p. 67-73.
Kaul, M. and S.A. LiptoriMechanisms of neuronal injury and death in HIV-1
associated dementi&urr HIV Res, 20064(3): p. 307-18.

Kaul, M., G.A. Garden, and S.A. LiptdPathways to neuronal injury and apoptosis
in HIV-associated dementiallature, 2001410(6831): p. 988-94.

Foga, I.0., et alAntioxidants and dipyridamole inhibit HIV-1 gpl2tduced free
radical-based oxidative damage to human monocyeild.J Acquir Immune Defic
Syndr Hum Retrovirol, 1997L6(4): p. 223-9.

Holmgren, A.Thioredoxin. 6. The amino acid sequence of thesprdtom
escherichia coli BEur J Biochem, 196&(4): p. 475-84.

Laurent, T.C., E.C. Moore, and P. Reich&miymatic Synthesis of
Deoxyribonucleotides. Iv. Isolation and Charactatian of Thioredoxin, the
Hydrogen Donor from Escherichia Coli B.Biol Chem, 1964239: p. 3436-44.
Blomback, B., et alEnzymatic reduction of disulfide bonds in fibrineogoy the
thioredoxin system. I. Identification of reducechtd® and studies on reoxidation
processThromb Res, 19744(1): p. 55-75.

Holmgren, A.Reduction of disulfides by thioredoxin. Exceptiaractivity of insulin
and suggested functions of thioredoxin in mechawishormone action] Biol Chem,
1979.254(18): p. 9113-9.

Holmgren, A. and F.J. Morganzyme reduction of disulfide bonds by thioredoxin.
The reactivity of disulfide bonds in human choriogdotropin and its subunit&ur J
Biochem, 197670(2): p. 377-83.

Kang, S.W., et alMammalian peroxiredoxin isoforms can reduce hydrmogeroxide
generated in response to growth factors and tuneorasis factor-alphal Biol
Chem, 1998273(11): p. 6297-302.

-31-



42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

Zhang, P., et alT,hioredoxin peroxidase is a novel inhibitor of afgis with a
mechanism distinct from that of Bcl2Biol Chem, 1997272(49): p. 30615-8.
Dessein, A.J., et aModulation of eosinophil cytotoxicity by blood manolear cells
from healthy subjects and patients with chroniastdsomiasis mansorntell
Immunol, 198485(1): p. 100-13.

Lenzi, H.L., A.D. Mednis, and A.J. Desséhttivation of human eosinophils by
monokines and lymphokines: source and biochemicaiacteristics of the eosinophil
cytotoxicity-enhancing activity produced by bloodnonuclear cellsCell Immunol,
1985.94(2): p. 333-46.

Balcewicz-Sablinska, M.K., et aHuman eosinophil cytotoxicity-enhancing factor. Il.
Multiple forms synthesized by U937 cells and thalmtionship to thioredoxin/adult T
cell leukemia-derived factod. Immunol, 1991147(7): p. 2170-4.

Silberstein, D.S., et aHuman eosinophil cytotoxicity-enhancing factor. ioation,
physical characteristics, and partial amino aciadjgence of an active polypeptide.
Immunol, 1989143(3): p. 979-83.

Silberstein, D.S., et aHuman eosinophil cytotoxicity-enhancing factor. iBophil-
stimulating and dithiol reductase activities of §yothetic (recombinant) species with
COOH-terminal deletions] Biol Chem, 1993268(12): p. 9138-42.

Di Trapani, G., A. Perkins, and F. ClarRepduction and secretion of thioredoxin
from transformed human trophoblast ceNéol Hum Reprod, 199844): p. 369-75.
Sahaf, B. and A. RoseBecretion of 10-kDa and 12-kDa thioredoxin spefrias
blood monocytes and transformed leukocyedioxid Redox Signal, 200@(4): p.
717-26.

Sahaf, B., et alT,hioredoxin expression and localization in humalhloees:

detection of full-length and truncated speciesp Cell Res, 199236(1): p. 181-92.
Pekkari, K. and A. Holmgrefyuncated thioredoxin: physiological functions and
mechanismAntioxid Redox Signal, 2004(1): p. 53-61.

Newman, G.W., et aQpposing regulatory effects of thioredoxin and eophil
cytotoxicity-enhancing factor on the developmertuwhan immunodeficiency virus 1.
J Exp Med, 1994180(1): p. 359-63.

Pekkari, K., et alTruncated thioredoxin is a mitogenic cytokine festing human
peripheral blood mononuclear cells and is preserfiiiman plasmal Biol Chem,
2000.275(48): p. 37474-80.

-32-



54.

55.

56.

S7.

58.

59.

60.

61.

Holmgren, A.Thioredoxin catalyzes the reduction of insulin tidas by
dithiothreitol and dihydrolipoamidel Biol Chem, 197254(19): p. 9627-32.
Pekkari, K., et alTruncated thioredoxin (Trx80) induces productionndérleukin-12
and enhances CD14 expression in human mono®&tesd, 200197(10): p. 3184-
90.

Grewal, I.S. and R.A. FlaveD40 and CD154 in cell-mediated immuniénnu Rev
Immunol, 199816: p. 111-35.

Schonbeck, U. and P. Libbyhe CD40/CD154 receptor/ligand dyadell Mol Life
Sci, 200158(1): p. 4-43.

Takagi, Y., et alExpression of thioredoxin is enhanced in atherostie plaques
and during neointima formation in rat arteridsab Invest, 199878(8): p. 957-66.
Gomes, A., E. Fernandes, and J.L. LiFlaprescence probes used for detection of
reactive oxygen speciesBiochem Biophys Methods, 20@&(2-3): p. 45-80.
Mohanty, J.G., et alp highly sensitive fluorescent micro-assay of H2€l2ase from
activated human leukocytes using a dihydroxyphenogaderivativeJ Immunol
Methods, 1997202(2): p. 133-41.

Zhou, M., et al A stable nonfluorescent derivative of resorufintfoe fluorometric
determination of trace hydrogen peroxide: applioas in detecting the activity of
phagocyte NADPH oxidase and other oxidage®l Biochem, 1997253(2): p. 162-
8.

-33-



