Postepy Hig Med Dosw. (online), 2007; 61: 268-276

e-ISSN 1732-2693

Received:  2007.03.23
Accepted:  2007.04.03
Published: 2007.05.14

Authors’ Contribution:
I Study Design

IE1 Data Collection

4 statistical Analysis

11 Data Interpretation
A Manuscript Preparation
I Literature Search

I3 Funds Collection

www.phmd.pl

Original Article

Iron-Mediated Dismutation of Superoxide Anion
Augments Antigen-Induced Allergic Inflammation:
Effect of Lactoferrin

Dysmutacja anionorodnika ponadtlenkowego
katalizowana jonami zelaza nasila zapalenie alergiczne
wywotane swoistym antygenem - ochronne dziatanie
laktoferryny

Grzegorz Chodaczek™ ™ Alfredo Saavedra-Molina?™@, Attila Bacsis™™®,
Marian L. Kruzel"™, Sanjiv Sur®™, Istvan Boldogh '™

! Department of Microbiology and Immunology, University of Texas Medical Branch, Galveston, Texas, U.S.A.

ZInstituto de Investigaciones Quimico-Bioldgicas, Universidad Michoacana de San Nicolds de Hidalgo, Morelia,
Michoacana, México

3 Institute of Immunology, University of Debrecen, Debrecen, Hungary

4 PharmaReview Corporation, Inc, Houston, Texas, U.S.A.

S Division of Allergy and Immunology, Department of Internal Medicine, University of Texas Medical Branch,
Galveston, Texas, U.S.A.

Introduction:

Material/Methods:

Results:

Conclusion:

Key words:

Summary

The authors previously showed that pollen grain-, pollen grain extract-. and subpollen particle-in-
duced allergic inflammation in lungs and eyes is robustly augmented by their intrinsic NAD(P)H
oxidase activity. Here they sought to determine whether lactoferrin (LF), an iron-binding pro-
tein and immune modulator, decreases allergic inflammation induced by ragweed (Ambrosia
artemisiifolia) pollen grain extract (RWE).

The impact of LF on NAD(P)H oxidase in pollen grains and reactive oxygen species (ROS) le-
vels in vitro and in the lungs of experimental animals was assessed by use of redox-sensitive pro-
bes and specific inhibitors. The influence of LF on RWE-induced allergic inflammation was de-
termined in a mouse experimental model of asthma.

The data show that the intrinsic NAD(P)H oxidase of pollen grains generates superoxide anion
(0,7) and that LF does not alter its enzymatic activity, as shown by nitroblue tetrazolium and cyto-
chrome c assays. On the other hand, LF significantly decreased H,O, and lipid peroxide (4-hydro-
xynoneal and malondialdehyde) levels in airway lining fluids and lung epithelium after intranasal
challenge of naive or sensitized mice with RWE. Furthermore, a single dose of LF prevented/dec-
reased the abundance of the RWE-induced robust accumulation of inflammatory and mucin-pro-
ducing cells in airways and subepithelial compartments and decreased airway hyperreactivity.

These data suggest that the reduced conversion of NAD(P)H oxidase-generated O, into H,O,
and/or "OH, which in turn synergistically enhanced pollen antigen-induced airway inflammation,
is due to the iron-binding capacity of LF. These results support the utility of LF in human aller-
gic inflammatory disorders.

lactoferrin « allergy ¢ airway inflammation « oxidative stress
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Stowa kluczowe:

Streszczenie

Oksydaza NAD(P)H wystgpujaca w pytkach roslinnych moze nasila¢ indukowane zapalenie aler-
giczne ptuc i oczu, co przedstawiono w poprzednio opublikowanych badaniach. W prezentowa-
nej pracy zbadano zdolnos¢ laktoferryny (LF), biatka wiazacego zelazo o wiasciwosciach immu-
nomodulujacych, do zmniejszenia zapalenia alergicznego wywotanego przez ekstrakt z pytkéw
ambrozji bylicolistnej (Ambrosia artemisiifolia) (RWE). Wptyw LF na obecna w pytkach oksy-
daze NAD(P)H i na poziom reaktywnych form tlenu w hodowlach komérkowych oraz w ptucach
zwierzat doswiadczalnych oceniano za pomoca sond redox i swoistych inhibitoréw. Aktywnos¢ LF
polegajaca na obnizeniu zapalenia indukowanego przez RWE wykazano w modelu doswiadczal-
nej astmy u myszy. Na podstawie redukcji biekitu nitrotetrazoliowego oraz ferricytochromu c udo-
wodniono, ze LF nie zmienia dziatania oksydazy NAD(P)H z RWE wytwarzajacej anionorodnik
ponadtlenkowy. Jednak LF znaczaco obnizyta ilos¢ H,O, i nadtlenkéw lipidéw (4-hydroksynone-
nalu i dialdehydu malonowego) w ptynie wyscietajacym drogi oddechowe i nabtonku ptuc po do-
nosowym podaniu RWE myszom nieimmunizowanym oraz uczulonym uprzednio RWE. Ponadto,
pojedyncza dawka LF zredukowata naptyw komorek zapalnych i wystgpowanie komoérek wytwa-
rzajacych §luz w ptucach oraz zmniejszyta nadwrazliwos¢ drég oddechowych. Przedstawione wy-
niki sugeruja, ze LF wiazac jony zelaza obniza konwersj¢ wytwarzanego przez oksydazg NAD(P)H
anionorodnika ponadtlenkowego do H,O, i ‘OH, hamujac jednoczesnie mechanizm odpowiedzial-
ny za nasilenie zapalenia wywotanego przez alergeny pytkowe. Badania te potwierdzaja potencjat
LF do jej stosowania u ludzi w schorzeniach na tle zapalenia alergicznego.

laktoferryna * alergia * stan zapalny drog oddechowych ¢ stres oksydacyjny
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INTRODUCTION ling, antibacterial defense) [20]. However, supraphysiolo-

It is believed that the adaptive immune response plays a
crucial role in initiating Th2-mediated allergic inflamma-
tion. Allergens are processed by dendritic cells and pre-
sented as allergen peptides in the context of MHC class II
molecules to T cells. These interactions are shown to or-
chestrate an inflammatory cascade leading to the recruit-
ment of eosinophils and/or neutrophils as well as extensi-
ve mucin production in about 24 to 72 hours after allergen
exposure. These events are accompanied by increased le-
vels of reactive oxygen species (ROS) and airway hyperre-
sponsiveness. Oxidative stress in asthma is believed to be
the consequence of enhanced ROS generation by inflam-
matory cells recruited to the airways and/or exposure to
pro-oxidant molecules such as ozone, cigarette smoke,
diesel exhaust from the environment, and respiratory vi-
ral infections [28,29]. In physiological conditions, ROS
are essential for normal cellular functions (e.g. cell signa-

gical levels of ROS due to an imbalance between ROS le-
vels and antioxidant defenses lead to oxidative stress that
may increase the intensity of various disorders, including
allergic inflammation localized to the lungs and mucosal
membranes [8,17,42].

Increased activity of intracellular (e.g. xanthine oxidore-
ductase) and membrane-associated (e.g. NAD(P)H oxi-
dase present in phagocytes) oxidases and mitochondria
are the primary source of the radicals, such as superoxide
anion (O,) [18,43]. Most of the produced O, " is conver-
ted nonenzymatically or by means of superoxide dismuta-
se (SOD) to H,O, [39]. In the presence of transition ions,
both O, "~ and H,0, are further transformed to the most re-
active and damaging hydroxyl radical (*OH) via iron-cata-
lyzed Haber-Weiss and Fenton reactions [25]. Thus, under
oxidative stress conditions, even traces of free iron may be
harmful and contribute to the exacerbation of inflamma-
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tion and cell damage [44]. Iron is often a constituent of
the active site of enzymes involved in oxygen metabolism.
Also, a huge pool of iron is stored by ferritin and trans-
ferrin [41]. However, free iron in airway lining fluids, epi-
thelium, and resident cells of airways can be a potent pro-
oxidant and is implicated in oxidative stress in the lungs
[24,38,40,51].

Lactoferrin (LF) is an iron-binding glycoprotein present
in many secretions and in the secondary granules of neu-
trophils [35]. By virtue of its maintaining iron homeosta-
sis, LF is involved in the innate host defense against mic-
robial infections and septic shock [47]. The antimicrobial
properties of LF also result from both direct [4] and indi-
rect [50] interactions with pathogens and immune cells. In
addition, LF has the ability to modulate inflammatory pro-
cesses and immune responses [34].

It was previously shown that pollen from ragweed (Ambrosia
artemisiifolia), a common weed in Europe and the United
States, along with pollen grains from trees, grasses, or other
weeds, induces seasonal airway inflammation. This robust
inflammation is due to these pollens’ antigenic properties
and their intrinsic NAD(P)H oxidase activity, generating
primarily O, . In the presence of iron, O, is reduced in a
cascade reaction to more reactive radicals (e.g. H,0,, "OH),
which in turn react with lipids, leading to increased levels
of 4-hydroxynoneal and malondialdehyde [10]. These li-
pid peroxides are synergistic with pollen antigens, which
results in the development of robust inflammation in the
airways and other mucosal surfaces [6].

The aim of the study was to examine the impact of LF, an
iron-binding protein and immune modulator, on ragweed
pollen extract (RWE)-induced oxidative stress and the ac-
cumulation of inflammatory and mucin-producing cells in
airways in a mouse model of allergic airway inflamma-
tion. Our data showed that iron-free LF (apolactoferrin),
but not iron-saturated LF (hololactoferrin, LF), signi-
ficantly decreased pollen extract-induced inflammation
in airways.

MareriALs AND METHODS

Reagents

Endotoxin-free RWE was purchased from Greer Laboratories
(Lenoir, NC, USA). Amb a 1, ascorbic acid (AA), buty-
lated hydroxytoluene, catalase, desferoxamine (DFO), di-
phenyleneiodonium (DPI), endotoxin-free human milk
iron-free lactoferrin (LF), iron-saturated lactoferrin (LF™),
glucose oxidase (G-ox), H,0,, N-acetyl-L-cysteine (NAC),
NADH, NADPH, quinacrin (QA), and superoxide dis-
mutase (SOD) were purchased from Sigma-Aldrich (St.
Louis, MO, USA).

Animals

BALB/c mice were purchased from Harlan Sprague-Dawley
(San Diego, CA, USA). All animal experiments were per-
formed according to the National Institutes of Health
Guide for Care and Use of Experimental Animals and ap-
proved by the UTMB Animal Care and Use Committee
(#9708038-05).

Sensitization and challenge of animals

Eight-week-old female animals were immunized with RWE
as described earlier [6,49]. Briefly, the mice were sensiti-
zed with two intraperitoneal administrations of endoto-
xin-free RWE, 150 pg/100 pl/injection, mixed in a 3:1 ra-
tio with Alum adjuvant (Pierce Laboratories, Rockford, IL,
USA) on days 0 and 4. On day 11, parallel groups of mice
(n=6-8) were given intranasally RWE (100 pg), LF (100
pg), LFF (100 pg), RWE (100 pg) + LF (100 pg), or RWE
(100 pg) + LF¥ (100 pg). As a control, another chelator
of iron was used (DFO) [5]. Therefore, parallel groups of
mice received intranasally RWE (100 pg), RWE (100 ug)
+ DFO (100 pg), or DFO (100 pg) alone. Mice were also
challenged with Amb a 1 alone (25 ug), G-ox (50 uU) alo-
ne, or G-ox + Amb a 1. Equivalent volumes of PBS were
administered to control groups of mice.

Evaluation of allergic inflammation

Animals from all experimental groups were euthanized on
day 14 with ketamine (135 mg/kg body wt) and xylazine
(15 mg/kg body wt) and the lungs were lavaged with two
0.8-ml aliquots of ice-cold PBS. The cells were collected by
centrifugation (1000 x g for 10 min at 4°C) and resuspen-
ded in 1 ml of PBS. The total number of cells present in
the BAL fluid was determined using a Cell-Dyn 3700 he-
matocytometer (Abbott Laboratories, Mississauga, ON,
Canada). Cell spreads were prepared using a cytocentrifu-
ge (Cytospin 4, Thermo Electro Bioscience Technologies
Pittsburgh, PA, USA) and stained with modified Wright-
Giemsa. Differential cell counts were made on 200-300
cells/slide.

After bronchoalveolar lavage (BAL), the lungs were fixed
with 4% paraformaldehyde, embedded in paraffin, and sec-
tioned to 5 pm. The lung sections were stained with he-
matoxylin and eosin [49]. Perivascular and peribronchial
inflammation and cell composition in the BAL were eva-
luated by a pathologist blinded to the treatment groups to
obtain data for each lung. To quantify the cellular (eosi-
nophilic) infiltration of lung sections objectively, morpho-
metric analyses were done using a NIKON Eclipse TE
200 UV microscope operated via Metamorph™ softwa-
re (Version 5.09r, Universal Imaging, Downingtown, PA,
USA). Images were obtained from four different levels per
lung (three animals per group) and reassembled using the
montage stage stitching algorithm of the Metamorph™
software [6,36]. The integrated morphometric analysis
function was used to transform the total pixel area of the
field light intensity from the sections into pm? units after
calibration [6,32].

For mucin determinations, BAL was centrifuged at 12,000
rpm for 10 min at 4°C, and the supernatants were kept at
—80°C until assayed. MUCS5AC levels in the BAL were
assessed by ELISA using a commercially available anti-
MUCSAC monoclonal antibody (I-13M1) (Lab Vision,
Fremont, CA, USA). Briefly, MUCS5AC present in the
BAL was captured on a microtiter plate and a second an-
tibody conjugated to biotin was added. After 30 min of in-
cubation with streptavidin-horseradish peroxidase (HRP)
the plates were washed and peroxidase substrate was ad-
ded to obtain a colorimetric product, which was quanti-
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fied by spectrometry. Data are expressed as arbitrary units
relative to a MUCSAC standard curve that was included
on each plate.

Evaluation of airway reactivity

Airway responsiveness was assessed as a change in airway
function to aerosolized methacholine 72 h after challenge
as previously described [26,31]. Briefly, enhanced pause
(P_,) was measured in animals using a whole-body plethy-
smograph system (Buxco Electronics, Sharon, CT, USA).
The animals were placed in the plethysmograph chamber
and activity was allowed to stabilize for 10 min. Following
equilibration, the animals were exposed to nebulized sali-
ne for 3 min, and P_ was recorded for 5 min to establish
a baseline. Methacholine was dissolved in saline to con-
centrations of 7.5-60 mg/ml.

Measurements of reactive oxygen species

Nitro blue tetrazolium (NBT) assay: pigment-free RWE
(10 pg/assay), heat-inactivated RWE (72°C, for 30 min;
10 pg/assay), and Amb a 1 (10 pg/assay) were mixed with
NBT (1 mM) with or without NAD(P)H (100 uM). The
mixtures were then incubated for 15 min at 37°C and the
sedimented formazan was dissolved in methanol. The OD
was determined at 530 nm in a spectrophotometer (DU 530,
Beckman Instruments, Fullerton, CA, USA). RWE was pu-
rified (pigment-free RWE) by using a Sephadex 250 co-
lumn (60 cm). Briefly, 10 ml RWE (50 mg/ml) in PBS were
layered on an equilibrated column and 2-ml fractions were
collected. NAD(P)H oxidase-containing fractions were po-
oled and the protein concentration was determined.

Cytochrome ¢ assay: To detect O, ", the cytochrome ¢
(CytC) assay was used as we described previously [6].
Briefly, pigment-free ragweed pollen extract (10 pg), oxi-
dized ferricytochrome c (Sigma-Aldrich) and/or cytochro-
me ¢ (Sigma-Aldrich), and NADPH (100 uM) were added
to the reaction mixture. Parallel reactions contained satura-
ting amounts of SOD (50 U/ml) in a reference reaction to
determine any O, ~-independent direct reduction of CytC
by the sample. The changes in absorbance at 550 nm were
recorded continuously for 1-15 min.

To determine the levels of H,O,, the Amplex® Red (10-ace-
tyl-3,7-dihydroxyphenoxazine; Molecular Probes, Eugene,
OR, USA) assay was used. Amplex® Red reacts with H,0,
in the presence of HRP to generate a stable product, re-
sorufin [52]. Briefly, 100 ul of BAL fluid was mixed with
reaction buffer and incubated at room temperature (25°C)
for 30 min with 0.25 U/ml Amplex® Red and 1 U/ml of
HRP (determined in preliminary studies). The change in
fluorescence (with absorption and emission wavelengths
of 563 and 587 nm, respectively) was measured using a
SpectraMax M2 microplate reader (Molecular Devices
Corporation, Sunnyvale, CA, USA). The reactions were
carried out with and without exogenously added SOD. The
addition of catalase (400 U/ml) decreased H,O, levels by
~90%. As a positive control, increasing dilutions (0 to 400
pM) of H,O, were used.

Measurement of 4-hydroxynonenal (4-HNE) and malon-
dialdehyde (MDA): Mice were RWE challenged and BAL

fluids were collected after 30 min. BAL fluids were clarified
by centrifugation (1000 x g for 10 min at 4°C) and aliquots
were stored at —80°C. Butylated hydroxytoluene (0.5 mM)
was added to prevent further lipid oxidation. 4-HNE and
MDA levels were determined using an LPO-586 assay kit
(OXIS Inc, Portland, OR, USA). The LPO-586 method is
designed to assay either MDA alone (in hydrochloric acid)
or MDA in combination with 4-HNE (in methanesulfonic
acid). In these experiments, we assayed 4-HNE+MDA le-
vels based on the manufacturer’s protocols, applying slight
modifications as we previously described [6].

Statistical analysis

Data collected from in vitro and in vivo experiments were
analyzed by ANOVA, followed by Bonferroni post-hoc
analyses for least significant difference. Differences were

considered significant at p<0.05.

ResuLts

Effects of LF on NAD(P)H oxidase-generated
superoxide

Ragweed pollen grains and their extracts possess prote-
olytic enzyme activities [2]. We have previously shown
that pollen grains and their extracts generate O, ~ due to
NAD(P)H oxidase activity, which was essential for robust
airway inflammation in a mouse model [1,6]. In this stu-
dy we have investigated whether LF, an iron-binding pro-
tein, has an impact on O,"~ generation, considering that
NAD(P)H oxidases are iron-containing enzyme comple-
xes [14,18]. Under our experimental conditions, RWE ra-
pidly reduced NBT to formazan, and this activity required
NADPH (Figure 1A) or NADH (data not shown). In sup-
port of the latter finding, we showed that the RWE exten-
sively utilized NADH (determined by the OD at 340 nm;
Figure 1B), which indicated that the enzyme present in
RWE is indeed NAD(P)H oxidase. Interestingly, the pre-
sence of LF substantially accelerated NADPH usage by
NAD(P)H oxidase. NAD(P)H oxidase inhibition by QA,
DPI, or heat treatment for 30 min at 72°C inhibited the re-
duction of NBT to formazan. SOD, which converts O,"~

2
into H,0,, significantly decreased the availability of O,~ to

reduce2 NZBT. Catalase, an enzyme that decomposes H,O,,
had no effect. Amb a 1, the most abundant allergenic pro-
tein in ragweed pollen grains, did not induce formazan for-
mation from NBT. These data are similar to those publis-
hed previously [6]. Interestingly, LF and DFO increased
formazan formation. This observation may be due to the
removal of iron from the reaction mixture and thus it ap-
pears that LF may increase the availability of O, " for the
reduction of NBT. Indeed, via the Fenton and Haber-Weiss
reactions, iron rapidly converts O, to H,0O, and/or ‘OH
radicals [3,25]. LF™ had no effect.

To confirm O, ~ generation shown by NBT reduction, we
applied cytochrome c assays. The RWE-ferricytochrome
¢ mixture increased the OD at 550 nm (Figure 1C), which
indicated that O, is indeed the primary radical genera-
ted by the RWE. LF markedly increased RWE-mediated
CytC reduction. In controls, RWE alone or LF+CytC did
not change absorbance. LF™ had no effect (data not shown).
Addition of SOD to the RWE+CytC+LF mixture nearly eli-

271



Postepy Hig Med Dosw (online), 2007; tom 61: 268-276

0.4

0.31

H—'I RXKR¥
HH

0.21

0D (530 nm)

0.1

0.0

Table 1. Effect of LF on H,0, and 4-HNE/ MDA levels in the BAL of
RWE-challenged mice. Sensitized BALB/c mice (n=5-8) were
challenged intranasally with RWE (100 pg/animal) and 72
h later BAL was performed. Data are the mean + SEM from
three (each with two parallel) independent experiments.

Challenge material H,0, (pM) 4-HNE/MDA (A.U)

PBS 9+2 0.09+0.01

RWE 6218 0.42+0.08

RWE+LF 22+6%** 0.12£0.03%%*

RWE+LF* 60+8 0.43+0.02

RWE+DFO 42+5% 0.1940.02%**

RWE+NAC+AA 1443 0.08+0.05

0.095
0

Time (min)

¢ 0.07

O RWE+LF+CytC
0.06- A RWE+LF+(ytC+S0D
@ RWE+(ytC

m RWE

A LF+QytC

@ (ytochrome c (Cyt()

0.05
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0.04+
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Figure 1. LF does not inhibit NAD(P)H oxidase activity. (A) Reduction
of NBT to formazan by RWE using an NBT assay in the
presence of NADPH. Data are expressed as mean + SEM from
two (each with three parallel) independent experiments.
*¥¥%1<0.00071; (B) Consumption of NADH by redox-active
RWE. (C) Reduction of CytC by RWE's NAD(P)H oxidase-
generated superoxide. In B and C the data are averaged from
two (each with three parallel) independent experiments.

minated CytC reduction (Figure 1C). These data together
show that LF does not alter the activity of NAD(P)H oxi-
dase; moreover, it enhances both NBT and CytC reduction,
possibly by increasing the O, ~ pool by removing iron from
the reaction mixtures.

Lactoferrin decreases RWE-induced oxidative stress
levels in airways

It has been shown that RWE induced a robust oxidative stress
to airway epithelium in the murine experimental model [6]. In
this study, mice were challenged with RWE£LF, RWE+LF,
RWE=DFO, or RWE+NAC+AA (N-acetyl-L-cysteine, ascor-
bic acid) to determine the levels of H,0, and 4-HNE/MDA
in BAL 20 min later. The results in Table 1 show that the re-
moval of iron by LF significantly (p<0.001) lowers H,O, le-
vels in the BAL after RWE challenge of animals. In controls,
administration of the antioxidant mixture (NAC and AA) ata
dose of 250 mg/kg each also effectively decreased H,O, con-
centrations. Iron-saturated LF™ had no effect. Interestingly,
DFO was not as efficient as LF in lowering H,O, levels. ‘OH
radicals that are formed from H,O, or directly from O, via
iron-catalyzed reactions [3,25] rapidly degrade lipids to li-
pid radicals such as 4-HNE/MDA, which accumulate in the
BAL fluid of RWE-challenged mice [6]. Therefore, we so-
ught to determine whether iron removal by LF or DFO al-
ters 4-HNE/MDA levels in the BAL. Mice were challenged
and treated as above, and 4-HNE/MDA levels were assessed.
The results summarized in Table 1 show that LF and DFO
significantly decreased 4-HNE/MDA levels. An antioxidant
mixture (NAC and AA) had similar effects. Together these
data show that the removal of iron by LF significantly dec-
reased H,O, and lipid peroxide levels.

Lactoferrin decreases RWE-induced airway
inflammation

First we tested whether RWE NAD(P)H oxidase-generated
ROS are involved in airway inflammation in our mouse asth-
ma model [6]. RWE-sensitized animals were challenged in-
tranasally, and 72 h later BAL and lungs were examined for
inflammatory markers. RWE induced a dramatic accumu-
lation of eosinophils in the BAL compartment (Figure 2A).
The number of accumulated eosinophils in peribronchial and
perivascular locations and the formation of mucin-producing
cells (data not shown) were similar to findings published pre-
viously [6]. Robust airway inflammation in sensitized mice
observed after challenge was diminished when the RWE was
added together with LF (Figure 2AB). Surprisingly, the iron
chelator DFO had a much smaller effect, although it signifi-
cantly decreased the number of eosinophils in the BAL.
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Eosinophils (x10*/ml)

PBS RWE

Inflammation in lungs is also characterized by increased mu-
cin production and airway hyperreactivity [16,29]. The con-
centration of mucin (MUCS5AC) in BAL fluid was markedly
enhanced after administration of RWE to sensitized ani-
mals. LF decreased this effect nearly to the levels found in
BAL fluid from PBS-treated mice (Figure 2C). At 72 h after
RWE=LF challenge, animals were placed in Buxco chambers
and airway reactivity was determined in atmospheres con-
taining increased concentrations of methacholine. As shown
in Figure 3, enhanced pause (P, ), as a measure of methacho-
line-induced bronchoconstriction, was significantly increa-
sed in the group challenged with RWE compared with that
in the PBS-treated group. Importantly, co-challenge of ani-
mals with LF and RWE resulted in a significant decrease in
airway bronchoconstriction. LF alone did not change metha-

C
1.4 1

12- T
10+ 1
=
<03
<
g 0.6 4
= 04
02]
0.0 L

}HLH

J—

PBS

[ 1
PBS+LF RWE RWE+LF

Figure 2. RWE-induced allergic airway inflammation is decreased by
administration of LF. (A) Sensitized BALB/c mice (n=6—8
mice/group) were challenged with RWE in combination
with LF, LF®¢, or DFO and BAL eosinophils were quantified
72 h after challenge. Results are expressed as mean = SEM.
*p=0.05; ****p<0.0001. (B) Microscopic visualization of
eosinophil presence in BAL fluid. Cytospin slides were stained
with modified Wright-Giemsa. Arrows show eosinophils.

(C) RWE-induced mucin levels in the BAL were decreased
significantly by LF. Sensitized BALB/c mice (n=6—8 mice/
group) were co-challenged with RWE and LF. 72 h later, BALs
were made, fluids clarified by centrifugation, and MUC5A C
levels were determined as in Materials and Methods. Results
are expressed as mean =+ SEM. *p=0.05; ****p<0.0001.

Poyy (AU)

75 15 30 45 60
Methacholine (mg/ml)

Figure 3. LF decreases RWE-induced airway hyperresponsiveness.
Airway reactivity assessed by whole body plethysmography
72 h after challenge of animals with RWE, RWE-LF, LF, or
PBS. Mice (n=4—6 per group) were exposed to nebulized
methacholine in the range of 7.5 to 60 mg/ml. ***p=0.001.

choline sensitivity. These data suggest that LF, by indirectly
lowering H,0, and 4-HNE/MDA levels, dramatically decre-
ases the observed robust inflammation as well as the inflam-
matory cell accumulation, mucin production, and airway hy-
persensitivity induced by the redox-active RWE.

Lactoferrin diminishes the effect of exogenous
oxidative stress in inflammation

To test whether LF decreases inflammation induced by
oxidatively inactive allergen(s), we examined its effect on
Amb a 1-induced inflammation. Moreover, we tested the
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Figure 4. Lactoferrin decreases exogenous oxidative stress-induced
exacerbation of inflammation in Amb a 1-challenged mice.
Sensitized BALB/c mice (n=4—7 per group) were challenged
with Amb a Talone or Amb a 1 + G-ox in combination with
LF, LF', and BAL eosinophils were quantified 72 h after
challenge. As controls, animals were challenged with LF, LF*
and G-ox or PBS alone. Results are expressed as mean + SEM.
*¥p<0.01; ****p<0.0001.

impact of LF on the oxidative stress-mediated exacerba-
tion of airway inflammation in an Amb a 1 challenge mo-
del. Compared with RWE, Amb a 1 alone induced mode-
rate inflammation, as shown by eosinophil accumulation
in the BAL (Figure 4), the numbers of eosinophils being
14x10* and 4.6x10*ml in the BAL of RWE- and Amb a
1-challenged animals, respectively (Figures 2A and 4). LF
significantly decreased both RWE and Amb a 1-induced
inflammation (Figures 2A and 4). In control experiments,
LF* showed no notable effects. When animals were chal-
lenged with Amb a I plus G-ox (O, ~-generating enzyme),
eosinophil numbers in BAL increased from 4.6x10%/ml to
11x10%ml (Figure 4). Importantly, the addition of LF to
Amb a 1 plus G-ox significantly (p=0.001) decreased eo-
sinophil counts in the BAL (Figure 4). Although the data
are not shown here, LF also decreased the accumulation
of inflammatory cells in peribronchial and perivascular
regions. In control experiments, LF™ had no effects. LF,
LF* and G-ox or PBS challenge alone did not cause any
eosinophil recruitment. Thus, LF decreases inflammation
when induced by oxidatively inactive allergenic protein(s)
alone and when allergen is combined with heterologous
oxidative stress.

Lactoferrin decreases the accumulation of
inflammatory cells when administered at later stages
of inflammation

Next we examined whether post-treatment with LF alters
the outcome of airway inflammation induced by RWE. In
the following studies, we administered LF intranasally at 6
h, 12 h, and 24 h after RWE challenge. As a control, RWE
and LF were added together (at time O h). As shown in
Figure 5, LF decreased the number of eosinophils in BAL
from 19x10* to 9.9x10%, 12.4x10%, and 12.8x10%*/ml when
added at 6 h, 12 h, and 24 h, respectively. As above, it was
most effective when added together. DFO had some effect,
but only when given together with RWE (0 h). These re-
sults indicate that LF can intervene in the ongoing events
in allergic inflammation.
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Figure 5. Lactoferrin decreases ongoing allergic inflammation. Mice
(n=3-6 per group) were RWE challenged and LF was added
intranasally at 6 h, 12 h, and 24 h later. As a control, RWE
and LF were added together (time 0). Eosinophil number in
BAL fluids was determined after 72 h challenge. Results are
means =+ SEM. **p<0.01; ***p=0.001; ****p=0.0001.

Discussion

Lactoferrin is a multifunctional protein impacting various
cellular physiological functions in addition to its iron-bin-
ding ability. Although chelation of iron appears to be its
central biological function, other activities, including host
defense, anti-inflammatory activity, and the regulation of
cell cycle and differentiation, underline its multifunctio-
nal nature [47]. Because LF can be produced by cells li-
ning airways and is present in large quantities in airway li-
ning fluids, we investigated its possible role in regulating
allergic responses induced by pollen antigens and ROS in
an experimental mouse model of asthma.

Pollen grains contain numerous antigenic/allergenic pro-
teins and their interaction with the immune system results
in seasonal airway inflammation, conjunctivitis, and aller-
gic rhinitis [12,46]. Some of these proteins are well-cha-
racterized chemically and biologically, including Amb a
1 in ragweed and Art v 1 in mugwort [22]. In our studies
we used RWE and Amb a 1 to trigger inflammation in air-
ways. Amb a 1, like RWE, is known to induce IgE pro-
duction and allergic inflammation, although its intensity
is less [6,7,30]. The robust airway inflammation of con-
junctivitis induced by RWE is due to intrinsic NAD(P)H
oxidase activities [6].

NAD(P)H oxidase is a heme-containing protein, so we were
interested in investigating whether LF, as an iron-binding
protein, has a direct effect on its superoxide production.
Purified RWE extensively reduces both NBT and CytC.
Interestingly, LF does not alter the activity of NAD(P)H
oxidase, but actually increases the reduction of NBT and
CytC. This observation may be explained by LF’s iron bin-
ding, which results in an increased superoxide anion pool
in the absence of the Fenton reaction. O, ~ has a relative-
ly long half-life and it can react with proteins, but it pos-
sesses no reactivity with lipids or DNA [21]. O, may be
dismutated to H,O, by extracellular SOD in the airway li-
ning fluid [37]. Both O, ~ and H,O, can be further redu-
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ced to the hydroxyl radical (‘OH) in the presence of Fe?*
(Fenton reaction and Haber-Weiss reaction). H,0, and "OH
can react with lipids to form lipid-hydroperoxides, such as
MDA and 4-HNE. These reactive species may also cau-
se extensive protein oxidation and DNA damage in cells.
Importantly, O, ~ was shown to reduce Fe** to Fe**, which
is required for Fenton and/or Haber-Weiss reactions. These
reactions may take place in the epithelial lining fluid of the
lungs [11,48]. Thus an increase in H,O, and lipid peroxi-
des levels in the BAL fluid is not surprising. Chelating iron
with LF or DFO significantly lowered the RWE-induced
increase in 4-HNE and MDA levels in BAL fluid, suggest-
ing that LF may interfere with the conversion of O, to a
highly reactive oxygen species. We did not observe such
an effect in the case of iron-saturated LF™.

Allergen-induced lung inflammation is characterized by the
accumulation of eosinophils, airway hyperresponsiveness,
and bronchial obstruction by excessive mucin production
[23,26]. RWE induced a robust allergic inflammation in
our experimental mouse model, as we showed previous-
ly [1,6]. Importantly, the robust inflammatory processes
were significantly prevented and/or lowered after LF ad-
ministration. Although both LF and DFO share some cha-
racteristics of iron binding, LF is able to diminish these
symptoms more efficiently than is DFO. However, DFO,
like LF, has multiple impact on cells, including cell cyc-
le progression, DNA synthesis, and gene expression, and
it possesses anti-inflammatory activity [5,13]. From these
results it is obvious that LF has additional activities, e.g. is
capable of lessening allergic inflammation. Moreover, LF
can bind several metabolically important compounds, such
as LPS, heparin, lysozyme, and DNA [45]. In a sheep mo-
del it was shown that LF abolishes both late-phase bron-
choconstriction and airway hyperresponsiveness by the
means of heparin binding and inactivation of mast cell
tryptase [19]. Others demonstrated that LF decreases the
release of the allergic mediator histamine when incubated
with skin mast cells [27]. LF’s anti-inflammatory effect
in our model may also be associated with the down-regu-
lation of the expression and production of pro-inflamma-
tory mediators, including tumor necrosis factor o, inter-
leukin (IL)-1p, IL-6, and IL-8, major regulators of airway

REFERENCES

inflammation [9,33,34,53]. These LF actions could expla-
in its effectiveness in our model and the observed differen-
ces compared with DFO activity.

LF was most effective in decreasing inflammation when
administered together with RWE. In contrast to DFO or an-
tioxidants [15], the effect of LF remained significant when
added at later time points after RWE challenge. These re-
sults again confirm that chelating of iron by LF and pre-
vention of superoxide dismutation are not the only actions
of this protein with regard to decreasing allergic immu-
ne responses.

ConcLUSION

In conclusion, decreasing/removing Fe?* from airway li-
ning fluid is just one of the likely mechanisms by which
LF prevents the development of full-blown allergic airway
inflammation after administration of ROS-generating pol-
len extracts. Thus LF’s antioxidant and anti-inflammato-
ry activities by which it decreases oxidative stress levels
in the airway lining fluid and the late-phase of RWE-in-
duced allergic inflammation make it most likely to be ef-
fective against other allergen-mediated disorders. These
studies also provide data for the therapeutic effect of LF
when inflammation is induced by antigen and exacerba-
ted by exogenous oxidants (ozone, cigarette smoke, diesel
exhaust). Although further studies are required, these fin-
dings underline the potential of LF as a therapeutic agent
for treating human allergic inflammatory disorders.

Acknowledgements

This research was supported by a National Institute of
Environmental Health and Sciences Center Grant (ES06676)
and grants from The National Institutes of Health (RO1-
HLO07163-01; Sur, Boldogh) and the National Institute
Allergic and Infectious Diseases (PO1-AI062885-01;
Boldogh, Sur, Brasier). We thank Mardelle Susman for her
scientific and editorial assistance. This work was presen-
ted in part at the Lactoferrin Minisymposium in October,
2006, at the University of Texas-Houston Health Science
Center, Houston, TX.

[1] Bacsi A., Dharajiya N., Choudhury B.K., Sur S., Boldogh I.: Effect
of pollen-mediated oxidative stress on immediate hypersensitivity re-
actions and late-phase inflammation in allergic conjunctivitis. J. Allergy
Clin. Immunol., 2005; 116: 836-843

[2] Bagarozzi D.A.Jr., Travis J.: Ragweed pollen proteolytic enzymes:

possible roles in allergies and asthma. Phytochemistry, 1998; 47:
593-598

[3] Beauchamp C., Fridovich I.: A mechanism for the production of ethy-
lene from methional. The generation of the hydroxyl radical by xanthi-
ne oxidase. J. Biol. Chem., 1970; 245: 4641-4646

[4] Bellamy W., Takase M., Yamauchi K., Wakabayashi H., Kawase K.,
Tomita M.: Identification of the bactericidal domain of lactoferrin.
Biochim. Biophys. Acta, 1992; 1121: 130-136

[5] Beutler E., Hoffbrand A.V., Cook J.D.: Iron deficiency and overload.
Hematology (Am. Soc. Hematol. Educ. Program), 2003; 1: 40-61

[6] Boldogh I., Bacsi A., Choudhury B.K., Dharajiya N., Alam R., Hazra
T.K., Mitra S., Goldblum R.M., Sur S.: ROS generated by pollen
NADPH oxidase provide a signal that augments antigen-induced aller-
gic airway inflammation. J. Clin. Invest., 2005; 115: 2169-2179

[7] Bond J.F., Garman R.D., Keating K.M., Briner T.J., Rafnar T., Klapper
D.G., Rogers B.L.: Multiple Amb a I allergens demonstrate speci-
fic reactivity with IgE and T cells from ragweed-allergic patients. J.
Immunol., 1991; 146: 3380-3385

[8] Bowler R.P., Crapo J.D.: Oxidative stress in allergic respiratory dise-
ases. J. Allergy Clin. Immunol., 2002; 110: 349-356

[9] Britigan B.E., Serody J.S., Cohen M.S.: The role of lactoferrin as
an anti-inflammatory molecule. Adv. Exp. Med. Biol., 1994; 357:
143-156

[10] Bucher J.R., Tien M., Aust S.D.: The requirement for ferric in the ini-
tiation of lipid peroxidation by chelated ferrous iron. Biochem. Biophys.
Res. Commun., 1983; 111: 777-784

[11] Corhay J.L., Weber G., Bury T., Mariz S., Roelandts I., Radermecker
M.F.: Iron content in human alveolar macrophages. Eur. Respir. J.,
1992; 5: 804-809

[12] Creticos P.S., Reed C.E., Norman P.S., Khoury J., Adkinson N.F.,
Jr., Buncher C.R., Busse W.W., Bush R.K., Gadde J., Li J.T., et al.:
Ragweed immunotherapy in adult asthma. N. Engl. J. Med., 1996; 334:
501-506

275



Postepy Hig Med Dosw (online), 2007; tom 61: 268-276

[13] Dayani P.N., Bishop M.C., Black K., Zeltzer P.M.: Desferoxamine
(DFO)-mediated iron chelation: rationale for a novel approach to the-
rapy for brain cancer. J. Neurooncol., 2004; 67: 367-377

[14] Dharajiya N.G., Bacsi A., Boldogh I., Sur S.: Pollen NAD(P)H oxida-
ses and their contribution to allergic inflammation. Immunol. Allergy
Clin. North Am., 2007; 27: 45-63

[15] Dharajiya N., Choudhury B.K., Bacsi A., Boldogh I., Alam R., Sur S.:
Inhibiting pollen reduced nicotinamide adenine dinucleotide phospha-
te oxidase-induced signal by intrapulmonary administration of antioxi-
dants blocks allergic airway inflammation. J. Allergy Clin. Immunol.,
2007; 119: 646-653

[16] Djukanovic R., Roche W.R., Wilson J.W., Beasley C.R., Twentyman
O.P., Howarth R.H., Holgate S.T.: Mucosal inflammation in asthma.
Am. Rev. Respir. Dis., 1990; 142: 434-457

[17] Dworski R.: Oxidant stress in asthma. Thorax, 2000; 55(Suppl.2):
S51-53

[18] El-Benna J., Dang P.M., Gougerot-Pocidalo M.A., Elbim C.: Phagocyte
NADPH oxidase: a multicomponent enzyme essential for host defen-
ses. Arch. Immunol. Ther. Exp., 2005; 53: 199-206

[19] Elrod K.C., Moore W.R., Abraham W.M., Tanaka R.D.: Lactoferrin,
a potent tryptase inhibitor, abolishes late-phase airway responses in
allergic sheep. Am. J. Respir. Crit. Care Med., 1997; 156: 375-381

[20] Fialkow L., Wang Y., Downey G.P.: Reactive oxygen and nitrogen spe-
cies as signaling molecules regulating neutrophil function. Free Radic.
Biol. Med., 2007; 42: 153-164

[21] Floyd R.A.: Role of oxygen free radicals in carcinogenesis and brain
ischemia. FASEB J., 1990; 4: 2587-2597

[22] Gadermaier G., Dedic A., Obermeyer G., Frank S., Himly M., Ferreira
F.: Biology of weed pollen allergens. Curr. Allergy Asthma Rep., 2004;
4:391-400

[23] Goldstein R.A., Paul W.E., Metcalfe D.D., Busse W.W., Reece E.R.:
NIH conference. Asthma. Ann. Intern. Med., 1994; 121: 698-708

[24] Gutteridge J.M., Mumby S., Quinlan G.J., Chung K.F., Evans T.W.:
Pro-oxidant iron is present in human pulmonary epithelial lining flu-
id: implications for oxidative stress in the lung. Biochem. Biophys.
Res. Commun., 1996; 220: 1024-1027

[25] Halliwell B., Gutteridge J.M.: Role of free radicals and catalytic me-
tal ions in human disease: an overview. Meth. Enzymol., 1990; 186:
1-85

[26] Hamelmann E., Schwarze J., Takeda K., Oshiba A., Larsen G.L., Irvin
C.G., Gelfand E.W.: Noninvasive measurement of airway responsive-
ness in allergic mice using barometric plethysmography. Am. J. Respir.
Crit. Care Med., 1997; 156: 766-775

[27]1 He S., McEuen A R., Blewett S.A., Li P, Buckley M.G., Leufkens P.,
Walls A.F.: The inhibition of mast cell activation by neutrophil lac-
toferrin: uptake by mast cells and interaction with tryptase, chymase
and cathepsin G. Biochem. Pharmacol., 2003; 65: 1007-1015

[28] Hensley K., Robinson K.A., Gabbita S.P., Salsman S., Floyd R.A.:

Reactive oxygen species, cell signaling, and cell injury. Free Radic.
Biol. Med., 2000; 28: 1456-1462

[29] Holgate S.T.: The epidemic of allergy and asthma. Nature, 1999; 402:
B2-B4

[30] Hliopoulos O., Proud D., Adkinson N.F.Jr., Creticos P.S., Norman P.S.,
Kagey-Sobotka A., Lichtenstein L.M., Naclerio R.M.: Effects of im-
munotherapy on the early, late, and rechallenge nasal reaction to pro-
vocation with allergen: changes in inflammatory mediators and cells.
J. Allergy Clin. Immunol., 1991; 87: 855-866

[31] Justice J.P., Shibata Y., Sur S., Mustafa J., Fan M., Van Scott M.R.:
IL-10 gene knockout attenuates allergen-induced airway hyperrespon-
siveness in C57BL/6 mice. Am. J. Physiol. Lung Cell Mol. Physiol.,
2001; 280: L363-368

[32] Klimaschewski L., Nindl W., Pimpl M., Waltinger P., Pfaller K.:
Biolistic transfection and morphological analysis of cultured sympat-
hetic neurons. J. Neurosci. Methods, 2002; 113: 63-71

[33] Kruzel M.L., Harari Y., Mailman D., Actor J.K., Zimecki M.:
Differential effects of prophylactic, concurrent and therapeutic lac-
toferrin treatment on LPS-induced inflammatory responses in mice.
Clin. Exp. Immunol., 2002; 130: 25-31

[34] Legrand D., Elass E., Carpentier M., Mazurier J.: Lactoferrin: a mo-
dulator of immune and inflammatory responses. Cell Mol. Life Sci.,
2005; 62: 2549-2559

[35] Lonnerdal B., Iyer S.: Lactoferrin: molecular structure and biological
function. Annu. Rev. Nutr., 1995; 15: 93-110

[36] Loo B.W.Jr., Meyer-Ilse W., Rothman S.S.: Automatic image acqui-
sition, calibration and montage assembly for biological X-ray micro-
scopy. J. Microsc., 2000; 197: 185-201

[37] Marklund S.L.: Extracellular superoxide dismutase and other supero-
xide dismutase isoenzymes in tissues from nine mammalian species.
Biochem. J., 1984; 222: 649-655

[38] Mateos F., Brock J.H., Perez-Arellano J.L.: Iron metabolism in the lo-
wer respiratory tract. Thorax, 1998; 53: 594-600

[39] McCord J.M., Fridovich I.: Superoxide dismutase. An enzymic fun-
ction for erythrocuprein (hemocuprein). J. Biol. Chem., 1969; 244:
6049-6055

[40] Park Y.Y., Hybertson B.M., Wright R.M., Repine J.E.: Serum ferri-
tin increases in hemorrhaged rats that develop acute lung injury: effe-
ct of an iron-deficient diet. Inflammation, 2003; 27: 257-263

[41] Quinlan G.J., Evans T.W., Gutteridge J.M.: Iron and the redox status
of the lungs. Free Radic. Biol. Med., 2002; 33: 13061313

[42] Rahman 1., Biswas S.K., Kode A.: Oxidant and antioxidant balan-
ce in the airways and airway diseases. Eur. J. Pharmacol., 2006; 533:
222-239

[43] Turrens J.F.: Mitochondrial formation of reactive oxygen species. J.
Physiol., 2003; 552: 335-344

[44] Valko M., Morris H., Cronin M.T.: Metals, toxicity and oxidative stress.
Curr. Med. Chem., 2005; 12: 1161-1208

[45] van Berkel P.H., Geerts M.E., van Veen H.A., Mericskay M., de Boer
H.A., Nuijens J.H.: N-terminal stretch Arg2, Arg3, Arg4 and Arg5 of
human lactoferrin is essential for binding to heparin, bacterial lipo-
polysaccharide, human lysozyme and DNA. Biochem. J., 1997; 328:
145-151

[46] Walker S.M., Pajno G.B., Lima M.T., Wilson D.R., Durham S.R.: Grass
pollen immunotherapy for seasonal rhinitis and asthma: a randomized,
controlled trial. J. Allergy Clin. Immunol., 2001; 107: 87-93

[47] Ward P.P., Paz E., Conneely O.M.: Multifunctional roles of lactofer-
rin: a critical overview. Cell Mol. Life Sci., 2005; 62: 2540-2548

[48] Wesselius L.J., Flowers C.H., Skikne B.S.: Alveolar macrophage con-
tent of isoferritins and transferrin. Comparison of nonsmokers and smo-
kers with and without chronic airflow obstruction. Am. Rev. Respir.
Dis., 1992; 145: 311-316

[49] Wild J.S., Sigounas A., Sur N., Siddiqui M.S., Alam R., Kurimoto M.,
Sur S.: IFN-gamma-inducing factor (IL-18) increases allergic sensiti-
zation, serum IgE, Th2 cytokines, and airway eosinophilia in a mou-
se model of allergic asthma. J. Immunol., 2000; 164: 2701-2710

[50] Zagulski T., Lipinski P., Zagulska A., Broniek S., Jarzabek Z.:
Lactoferrin can protect mice against a lethal dose of Escherichia
coli in experimental infection in vivo. Br. J. Exp. Pathol., 1989; 70:
697-704

[51] Zhao G., Ayene L.S., Fisher A.B.: Role of iron in ischemia-reperfusion
oxidative injury of rat lungs. Am. J. Respir. Cell Mol. Biol., 1997; 16:
293-299

[52] Zhou M., Diwu Z., Panchuk-Voloshina N., Haugland R.P.: A stable
nonfluorescent derivative of resorufin for the fluorometric determina-
tion of trace hydrogen peroxide: applications in detecting the activity
of phagocyte NADPH oxidase and other oxidases. Anal. Biochem.,
1997; 253: 162-168

[53] Zimecki M., Wlaszczyk A., Zagulski T., Kubler A.: Lactoferrin lowers
serum interleukin 6 and tumor necrosis factor alpha levels in mice sub-
jected to surgery. Arch. Immunol. Ther. Exp., 1998; 46: 97-104

276




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Belinea 101901_111914 cool)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
    /POL ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /DocumentRGB
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


