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The am of this sudy was to determine whether EM-X can inhibit the hydrogen peroxide
(H202) and TNF-a-mediated release of the pro-inflammatory cytokine IL-8 in human
dvedlar epithdiad cdls (A549). Airway inflammation is a characterigic of many lung
disorders including asthma, chronic obsructive pulmonary disease, adult respiratory
digress syndrome and idiopathic pulmonary fibrogs. There is recruitment of immune and
inflammatory cells which are activated to produce mediators of inflammation including
oxidants and cytokines, such as the pro-inflanmatory cytokine tumor necrods factor- a
(TNF- a). Oxidative dress has been implicated in the pathogeness of severd
inflammatory lung disorders. One consequence of this process is to enhance the
expresson of both pro-inflammatory lung disorders. One consequence of this process is
to enhance the expresson of both pro-inflammatory lung disorders. One consequence of
this process is to enhance the expresson of both pro-inflammatory and protective
antioxidant genes. Oxidants and inflammatory mediators such as tumour necross factor-
a (TNF- a) active transcription factors such as NF-7B and Activator Protein-1(AP-1).
Interleukin-8 (IL-8) is a ubiquitous inflammatory chemokine that mediates a multitude of
inflammatory events in the lung. Hydrogen peroxide (H2O2) (100 pM) and TNF- a (10
ng/ml) imposed oxidetive sress in A549 cdls as shown by depletion of the antioxidant
reduced glutathione (GSH) concomitant with increased levels of oxidised glutathione
(GSSG). EM-X inhibited both H,O, and TNF-a mediated activation of NF-7B and AP-1.
Both H,O, and TNF- a ggnificantly increased IL-8 rdlease, which was inhibited by pre-
treetment of A549 cdls with EM-X compared to the control untreated cells. This study
shows that EM-X inhibits both the oxidant H,O, and the pro-inflanmaory mediaor,
TNF- a induced IL-8 and suggests a mechanism for the anti-inflanmatory effects of EM -
X. We conclude that EM-X may have thergpeutic potentid in Neuroinflammation and
inflammeatory lung diseases.

INTRODUCTION

The generd wdlness of individuds and management of human dinicd conditions in
which a role for free radicds and oxidants are implicated continues to underpin the search
for nontoxic antioxidants. Free radicd reaction of lipid peroxidation is an important
issue in the food industry where manufacturers minimize oxidaion in lipid containing
foods by use of antioxidants during the manufacturing process — foods are produced that
mantan ther nutriiond qudity over a defined shef life Biomedicd scientigs and
cinicians are interested in antioxidants because they protect the body against damage by
reactive oxygen species. The cocktal EM-X is a novd antioxidant drink derived from
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rice bran and seaweed extracts that were fermented with Effective Microorgnaisms (EM).
EM-x contans over 35 minerds, a-tocopherol, lycopene, ubiquinone, sgponin and
flavonoids  (incuding  quercetin,  quercetin - -3-0-glucopyranoside,  quercetin-3-0-
rhamnopyranoside). Interest in plant phenolics has increased greatly because of ther
roles as antioxidants and scavengers of free radicds and ther potentid effects on human
hedth. Extensve dudies on the acute and chronic toxicity of EM-x by EMRO have
shown that the beverage is safe for ord adminigtration.

ANTIOXIDANTSAND CELLULAR RESPONSES

TNF- a is a pleiotrophic protein that medicates a multitude of inflammatory events in the
lung. The induction of inflammatory mediatory mediators can be regulated by the
activation of redox-sendtive transcription factors Activator Proten-1  (AP-1), (c-
Fos/cdun) and nuclear factor-kappa B (NF-?B) simulated in response to oxidants and
TNF-a. Reactive oxygen species (ROS) and cdlular redox datus, paticularly
intracelular thiol status can be directly involved in the activation of AP-1 and NF-7B.
TNF-a increases AP-1 binding via the MAP kinase pathway. TNF-a has aso been shown
to affect the locd tissue oxidant/antioxidant baance. Binding of AP-1 and NF-7B leads
to the transcription of genes for both the protective antioxidants such as  7-
glutamylcysteine synthetase (-GCS), as well as severd inflanmatory mediators and
chemokines, including IL-8.

Interleukin-8 is a mgor chemotactic and activating mediator for polymorphonuciear
leukocytes (PMN) in the lungs Thus modulation of its production may production may
provide a therapeutic target in inflammatory lung diseases. Transcription factors such as
NF-?B and AP-1 have been shown to be involved in the transcriptiond activation of IL-
8. These transcription factors may be activated by a variety of extra cdlular sgnds,
acting via surface receptors, and leading to kinase-mediated phosphorylation cascades.
The transcription factors NF-7B and AP-1, which are activated by inflammatory stimuli,
svitch on inflanmatory genes, including IL-8 leading to increased synthess of
inflammetory proteins.

Vaious gpproaches amed a augmenting the lung’'s antioxidant shiddd have been used to
increese  cdlular defences agang  oxidative dresss and hence to reduce lung
inflammation. One potentid thergpy is to enhance thiol levds in lung cdls Thiol
antioxidants such as N-acetylcysteine (NAC), that has been de-acetylated into cysteine
can react directly with ROS, and also act as a precursor for glutathione synthess. There is
a posshility that NAC may have a ddeerious effect on adveolar macrophages,
neutrophils and lung epithdium. We were ds0 interesed in the effects of the naturd
antioxidant ergothioneine.  Ergothioneine  (2-mercgptoshidtidine  trimethylbetaine) (EGT)
is a naturdly occurring antioxidant that is aundant in most plants and animds, with
human blood values reported as 4 14mM. Humans can only absorb ergothioneine from a
plant diet. Investigations in our laboratory have shown that NAC a concentrations above
3 mM s toxic to N-18-RE-105 (primary rat embryonic retind cdl crossed with mouse
neuroblastoma cdl), with cdll viability averaging 50%.
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Increasing concentrations of ergothioneine increased viability in cdls supplemented with
ergothioneine prior to the adminigtration of 5 mM NAC. This suggests that ergothioneine
can permit cdlular tolerance of N-acetyl cyseine. This may be beneficid to pulmonary
macrophages. It is therefore important to begin to undersand the role of dietary
antioxidants in the oxiddive dress'sgnd transduction mechanisms involved in cdlular
responses.

Thus we hypothesse that EM-X regulates the TNF-a and H>O,-mediated release of the
pro-inflanmatory mediator 1L-8 through a redox-medisted mechanism. Therefore, we
dudied the effect of EM-X on TNF-a and H»Oj-induced release of IL-8 release in
dveolar epithdid cdls (A549) and compared it with that of ergothioneine.

MATERIALSAND METHODS

EM-X was provided by EMRO, Okinawa, Japan and ergothioneine was obtained from
OXIS Hedth Products, Portland, Oregon, USA. The human type Il dveolar epithdiad cdl
line, A549 (ECACC No. 86012804) was maintained in continuous culture at 37°C, 5%
CO, in Dulbecco's modified minimum essentid medium  (DMEM) containing L-
glutamine (mM), penicillin (100 U/ml), dreptomycin (100 pg/ml) and 10% foetd bovine
serum (FBS). Monolayers of A549 cdls grown to approximately 80-90% confluency in 6
wdl plates containing 10% FBS were washed in CMF-PBS and exposed to the treatments
in 2% serum-containing media All trestments were performed in duplicae. The cdls
were treated with H,O, (100 uM) or TNF-a (10 ng/ml) aone or with the addition of BM-
X (100 pi/ml) the cels were incubated in 2 ml of 2% serum containing medium a 37°C,
5% CO, for 1 hour and 20 hours. The monolayers were washed with cold gterile cacium
and magnesium free PBS (C&'/Md’* free PBS)and the cells scraped off the wells using a
Teflon scrapper (Corning Coster, High Wycombe, UK). The culturemedia were used for
IL-8 determination. An enzyme-linked immunosorbant assay (ELISA) was used to
measure 1L-8. All plates were read on a microplate reader (Dynatech MR 5000,
Aldermaston, UK) and andyzed suing a computer-asssed andyss program (Assay
ZAP, Blosoft, Cambridge, UK). Typicdly, standard curves generated with this ELISA
were linear in the 50- to 2,500-pg IL-8 / ml range. Only assays having standard curves
with a cdculated regresson line vaue >0.95 were used for further anadyss. [I-8 levels
were measured by the ELISA method. The data are expressed as mean + SEM.
Differences between vaues were compared by ANOVA and atwo-way unpaired t-test.

RESULTSAND DISCUSSIONS

We sought to provide prdiminary data to show the modulation by EM-X in these
processes. Increased IL-8 rdease was observed in A549 cdls following 20 hours of
exposure to TNF-a and H,O, compared to untrested cdls (p<0.01) (Figure 1 and 2).
Indeed EM-X (100pl/ml) inhibited both H,O, and TNF-a-mediated activation of NF-?B
and AP-1. Both H,O, and TNF-a dgnificantly increesed IL-8 release, which was
inhibited by pre-trestment of A549 cdls with EM-X compared to the control untrested
cdls. EM-X inhibits both the oxidant H,O» and the pro-inflammatory mediator TNF a
induced and IL-8 release, which is associated with decreased AP-1 and NF-7B activation.
Fig. ? 1 shows the key reault for EM-X. Pre-treetment of A549 cdls for 2 hours with
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ergothioneine inhibited both TNF-a and H,O-induced IL-8 rdease in A549 cdls
(p<0.01).

Lung cdls, in paticular dveolar epithdid type Il cdls are susceptible to simuli such as
oxidants and cytokines reeased into the locd arspace environment. Reduced glutathione
(GSH) is a tripeptide (L-?-glutamyl-L-cysenly-glycine) containing a thiol (sulfhydryl)
group. The GSH redox datus is criticd for various biologica events that include
transcriptiona activation of goecific genes, modulation of redox-regulated sgnd
transduction, regulation of cdl proliferation, gpoptoss and inflammation. Maintenance of
a high intracdlular (GSH/GSSG) redio (>90%) minimizes the accumulatiion of disulfides
and provides and provides a reducing environment within the cell. However, if oxideive
dress dters this rdio, this shift in the GSH/GSSG redox buffer influences a variety of
cdlular ggnding processes, such as activatiion and phosphorylation of dress kinases
(INK, p38, MAPK, PI-3K) via sendtive cydene rich domans, activation of the
transcription factors AP-1 and NF-?B leading to increased gene transcription.

TNF-a and H»O, increased the NF-?B and AP-1 activation and DNA binding in A549
cdls. This suggedts that dteration of GSH redox ratio may be sufficient to activate NF-
B and AP-1 in A549 cdls.Co-treatment of A549 cdls with ergothioneine and TNF-a or
H,O, inhibited NF7B and AP-1 actisavtion and DNA binding, suggesting that
ergothioneine inhibits NF-?B and AP-1 actvidgion by a mechanism depending on its
thio-mediated antioxidant property. ROS and cdlula redox daus paticularly
intracdlular thiol status can be directly involved in the activaion of AP-1 NF-7B. TNF-a
increases AP-1 binding via the MAP kinase (dress activated protein kinase/JNK)
ggnding pahway, and activates NF?B via the 17-B kinase pathway. The inhibitory
effect on HyO, and TNF-a-mediated relesse of IL-8 suggests that EM-X and
ergothioneine may be acting to inhibit signd transduction pathway. IL-8 is a chemokine
rdeased during inflammation and is important in the recruitment and activation of
immune and inflanmatory cdls. Moreover, oxidative stress has been shown to mediate
IL-8 synthess. IL-8 induction is asxociated with the activation of the nuclear
transcription factors AP-1 and NF-7B.

Hence, it is likdy that thergpeutic thiol and digtary antioxidants have the potentid to
atenuate lung inflammation. The thiol compounds such as N-acetyl-L-cysteine dso
inhibits  1L-1-induced activation of transcription factors AP-1 and NF-7B, and IL-8
rddease. In these cases;, ROS and TNF-a would lead to an augmented increased
inflammatory response. EM-X inhibits the H,O», and TNF-a-mediated IL-8 release from
dveolar epithdid cdls suggeding tha EM-X may be a potentid antioxidant/anti-
inflammatory thergpy to inhibit the chronic inflanmatory response, which occurs in the
development of chronic inflammatory lung diseases.

The induction of IL-8 protein secretion and mMRNA synthesis by HO, and TNF-a occur
as a result of incressed gene transcription in A549 cdls and for other cell types
Therefore, we investigated the activation of the IL-8 promoter by measuring gene activity
in a CAT reporter assay following trangent transfection into A549 epithelid cells. Indeed
H,O, and TNF-a up-regulated the promoter region of the IL-8 gene, and this was
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inhibitable by co-trestment with ergothioneine in A549 cdls. We expect smilar results
with EM-X. This sudy has implications for inflammatory lung disease and other disease
states where IL-8 in increased. Thus further sudies are warranted.
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