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Abstract

Asthma is a common heterogeneous disease with both genetic and environmental factors that
affects millions of individuals worldwide. Activated type 2 helper T cells secrete a panel of
cytokines, including IL-13, a central immune regulator of many of the hallmark type 2 disease
characteristics found in asthma. I1L-13 has been directly implicated as a potent stimulator of
asthma induced airway remodeling. Although IL-13 is known to play a major role in the
development and persistence of asthma, the complex combination of environmental and genetic
origin of the disease obfuscate the solitary role of IL-13 in the disease. We therefore, used a
genetically modified mouse model which conditionally overexpresses IL-13 in the lungs to study
the independent role of IL-13 in the progression of asthma. Our results demonstrate IL-13 is
associated with a systemic induction of genotoxic parameters such as oxidative DNA damage,
single and double DNA strand breaks, micronucleus formation, and protein nitration. Furthermore
we show that inflammation induced genotoxicity found in asthma extends beyond the primary site
of the lung to circulating leukocytes and erythroblasts in the bone marrow eliciting systemic
effects driven by IL-13 over-expression.
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1. Introduction

Asthma affects over 150 million individuals and is clinically diagnosed by a barrage of
symptoms which include wheezing, coughing, and shortness of breath [1] [2]. Asthma can
be subcategorized into two classes: allergic, and non-allergic asthma which constitute
roughly 70% and 30% of cases respectively. Although there are almost no observable
differences in the types of physiological changes that occur between the two subcategories,
non-allergic asthmatics incur more severe and more frequent symptoms [3]. Airways of
asthmatic individuals are distinguished through structural modifications, collectively called
airway remodeling that includes bronchiolar inflammation, epithelial sloughing, goblet cell
metaplasia, multiplied mucus glands, thickening of the lamina reticularis, increased airway
smooth muscle mass, angiogenesis, and alterations in the extracellular matrix components.
[4] [5]. Additionally, B lymphocytes, T lymphocytes, eosinophils, neutrophils, and
macrophages also migrate to the airways, triggering the release of immunoglobulin E,
leukotrienes, prostaglandins, histamines, and other chemical mediators leading to airway
inflammation [6] [7].

In asthmatic individuals, T cells differentiate preferentially towards type 2 helper T cells
(Th2) [8]. Th2 cells are thought to induce asthma through the secretion of many cytokines
that activate inflammatory pathways both directly and indirectly [9]. Notably, Th2 cells
secrete 1L-13 which triggers STAT6 activation through activation of surface receptors
present on eosinophils, mast cells, B lymphocytes, fibroblasts, and airway smooth muscle
cells [10] [11] [22] [13] [14]. This activation leads to IgE synthesis, mucus hypersecretion,
airway hyperreactivity, and tissue fibrosis [15]. Overexpression of IL-13 is necessary and
sufficient to induce non-allergic asthma. [10] [15] [16].

Our lab previously published that intestinal mucosal inflammation leads to systemic
genotoxicity in mice [17]. In this study we sought to determine if IL-13 induced asthma
might also lead to systemic genotoxicity in mice. We used a genetically modified mouse
model originally developed by the Elias lab [18], which allow for tetracycline activated
conditional over-expression of IL-13 in the Clara Cells of the lungs. We then collected
peripheral blood from these asthmatic mice and performed genotoxic assays throughout the
progression of the disease.

2. Methods

2.1 Transgenic Mice

The CC10-rtTA-IL13 transgenic (TG) mouse is a well-characterized model of asthma [19].
Clara cell 10-kDa (CC10) gene promoter is used for conditionally expression of 1L13 in the
mouse lung inducible by doxycycline. CC10-rtTA-IL13 transgenic (TG) mice were
generated in Dr. Talal Chatila lab David Geffen School of Medicine University of California
Los Angeles, USA. Mice were housed and bred in an institutional specific pathogen free
animal facility under standard conditions with a 12 hr light/dark cycle and fed a standard
diet according to Animal Research Committee regulations at the University of California,
Los Angeles.
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2.2 Doxycycline treatment

10 TG mice and 9 WT littermate control mice were maintained on normal water until one
month of age. After one month of age doxycycline was administered to the drinking water 2
g/L in 4% sucrose and kept in aluminum foil covered bottles to prevent light-induced
degradation of doxycycline for a 3 week time period. The IL13 transgene exhibits baseline
leakiness in the absence of doxycycline allowing transgenic mice to exhibit minor elevation
of 1L13 expression and minor allergic airway inflammation [50]. For this reasoning non-
treated transgenic mice were not used as controls in our experiments. After the 3 week
exposure to doxycycline all mice were euthanized and pathological assessments were
conducted on the lungs.

2.3 Blood Collection

Peripheral blood was collected by facial vein puncture using 5 mm sterile lancets (Medipoint
Inc. Mineola, NY) from experimental mice on specified days throughout the duration of
treatment and on sacrifice day via terminal right ventricle cardiac puncture using a heparin-
coated syringe (American Pharmaceutical Partners, Inc. Schaumburg, IL). Blood from each
mouse was collected into EDTA-coated tubes (Sarstedt Aktiengesellschaft & Co.,
Numbrecht.

2.4 Immunofluorescence

50ul of whole peripheral blood was put into erythrocyte lysis buffer, cells were laid over
poly -D-lysine-coated coverslips and fixed with 4% paraformaldehyde (Electron Microscopy
Sciences) at room temperature as described previously [20]. Subsequently, cells were
permeabilized with 0.5% Triton X-100 (Sigma), followed by 5 rinses in PBS. Blocking was
done in aluminum-covered plates overnight at 4°C in 10% FBS. Coverslips were then
incubated for 1 hour at room temperature with mouse anti-phospho-Histone H2A.X
(Upstate, Temecula, CA) at a dilution of 1:400, or Mouse anti-8-oxoguanine clone 483.15
(Upstate, Temecula, CA) at 1:250 respectively. Coverslips were then rinsed with 0.1%
Triton X-100. Following a second 10% FBS blocking, cells were stained with FITC-
conjugated anti-mouse 1gG (Jackson ImmunoResearch, West Grove, PA) at a dilution of
1:150 for samples with yH2AX primary and (1:200) for samples with 8-oxoguanine
primary, respectively for 1 hour at room temperature. Coverslips were mounted onto slides
using VECTASHIELD with DAPI (Vector Laboratories, Burlingame, CA). For both 8-
oxoguanine and YH2AX assay analysis were done on a Zeiss automated microscope. At least
100 cells were counted per sample and cells with more than four distinct foci in the nucleus
were considered positive for yH2AX [17] and cells that exhibited elevated fluorescent
intensity compared to background were considered positive for 8-oxoguanine respectively.
Apoptotic cells, which have an approximate 10-fold increase in nuclear foci in damaged
cells, were not included in analyses [17, 21]. Statistical analyses were done using Poisson
distribution 8-oxoguanine (STATA statistical analysis software) for yH2AX and using
ANOVA and Tukey's post hoc test for 8-oxoguanine analysis (GraphPad Prism).
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2.5 Micronucleus assay

3ul of whole blood were spread on a microscope slide and stained with Wright-Giemsa
solution (Sigma-Aldrich, St. Louis, MO). At least 4000 erythrocytes were counted according
to published recommendations [22]. MN were counted and scored with an Olympus Ax70
(Tokyo, Japan) at 100X magnification. Statistical analysis was done using repeated
measures ANOVA followed by Tukey's post-tests (GraphPad Prism).

2.6 DNA single strand breaks

Oxidative DNA damage and DNA strand breaks were measured in peripheral blood cells
using the alkaline comet assay. Peripheral blood was collected before doxycycline
administration (day 0), and on days 3, 6, 9, 12, 15, 18 and 21 days of doxycycline treatment.
Blood was diluted 1:1 with RPMI + 20% DMSO, slowly frozen and stored at -80°C until the
assay was performed. The comet assay was done as described previously [23]. Briefly, cells
were mixed with low melting-point agarose, and placed in triplicate onto normal agarose
layed over gelbond (Lonza Inc. Rockland, ME). The gel was immersed in lysis buffer (2.5
M NaCl, 0.1 M EDTA, 10 mM Tris, 1% Triton, and 10% DMSO), then alkaline
electrophoresis buffer (0.3 M NaOH, 1 mM EDTA). After 20 minutes in the electrophoresis
buffer at 4°C, the gel was run for 45 minutes at 300 mA, allowed to dry and then stained
with SYBR Gold (Molecular Probes). Comet tail-moments were analyzed using CASP
(Comet Assay Software Project, http://casp.sourceforge.net/). To measure oxidative DNA
damage, the comet assay was modified to include an incubation step with hOGG1 (New
England Biolabs, Ipswich, MA). As described previously, embedded cells were incubated
with hOGG1 (1:300 in NEBufferl and BSA) at 37°C for 30 minutes following the lysis step
[24]. Tail-moments were normalized to a control to account for inter-experimental
variability. Statistical analyses were done using ANOVA (GraphPad Prism).

2.7 ELISA analysis

Serum was separated from blood by centrifugation on all mice immediately before
doxycycline administration (Day0) and on days 3, 5,7,10,13,16,18, and 21. After collection
serum samples were aliquoted into micro-centrifuge tubes and kept at -20°C until analysis.
Sandwich ELISAs were conducted on samples that were diluted 1:10. Analysis of total
Mouse IgE was done according to manufacturer's instructions (BD biosciences). Each
sample was done in triplicate and analyzed using the relative standard curve method optical
density vs. concentration. Statistical analysis was done using linear mixed model with
repeated measurements nested within each mouse. (STATA statistical analysis software)

2.8 Gene expression analysis

Lungs from WT and IL-13 mice at the end of the 3-week doxycycline exposure mice were
perfused and lavaged before immersion into RNAIlater (Qiagen). Lungs were kept at 4°C for
24 hours then transferred to -80°C until RNA was isolated using the RNeasy Mini kit
according to manufacturer's instructions (Qiagen). cDNA was synthesized using
Superscriptlll (Invitrogen) according to manufacturer's recommendations. Quantitative
realtime PCR was performed on an ABI Prism 7500 gene expression system (Applied
Biosystems) using Tagman gene expression assays for H2AX, 8-oxoguanine, IL-13, IL-4,
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IL-5, CCL-11/Eotaxin, TGF-4, Tnfa, and Gapdh was used as an internal control. Each
reaction was done in triplicate and analyzed using the relative standard curve method.

2.9 Bronchoalveolar lavage (BAL)

The amount of lung inflammation caused by increased infiltration of immune-circulating
cells was assessed by BAL. Briefly, mice were euthanized the trachea was isolated via blunt
dissection and small caliber tubing was inserted and secured in the airway. A volume of 1 ml
of 1X PBS was flushed and removed 3 times successively from the lungs of WT and I1L-13
mice until 3 mL of BAL fluid was collected. BAL fluid was centrifuged at 1600 rpm at 4°C
for 10 minutes. After centrifugation cells were re-suspended in 200ul of 1X PBS. A 1:1 ratio
of cells to trypan blue was put into a hemocytometer and the number of viable cells was
counted. After cell viability was assessed 200 ul of remaining cells were put into cytospin
and spun at 400 RPM for 5 minutes. Slides were removed from cytospin and allowed to air
dry. After drying the slides were stained using (Thermo Kwik Diff staining kit) using
manufactures staining recommendation. Slides were allowed to air dry overnight and were
mounted with paramount and a coverslip and allowed to dry. Finally at least 200 cells were
differentiated by light microscopy based on conventional morphological criteria for each
animal.

2.10 Immunohistochemistry

vH2A.X, 8-Hydroxyguanosine, and Nitrotyrosine stains were done on lung tissue of (WT)
and IL-13 mice. The slides were placed in xylene to remove paraffin, then a series of ethanol
washes. After a wash in tap water, the slides were incubated in 3% Hydrogen peroxide /
methanol solution for 10 minutes. The slides were then washed in distilled water, and
incubated for 25 minutes in Citrate Buffer pH6 (Invitrogen Corporation) at 95 degrees
Celsius using a vegetable steamer. Next, the slides were brought to room temperature, rinsed
with PBST (Phosphate Buffered Saline containing 0.05% Tween-20), then incubated at
room temperature for 1 hour with Anti-gamma H2A.X (phosphor S139) antibody (Abcam,
ab22551), 2 hours with anti-8-Hydroxyguanosine antibody (Abcam, ab48508), or for 45
minutes with Nitrotyrosine (Millipore, 06-284) at the dilutions of 1: 50 for yH2A.X, and 8-
Hydroxyguanosine antibodies and at1:200 for the Nitrotyrosine antibody, respectively. The
slides were then rinsed with PBST, and were incubated with Dako EnVision+ System —HRP
Labelled Polymer Anti-Mouse (Dako, K4001) at room temperature for 30 minutes.
Subsequently after a rinse with PBST, the slides were incubated with DAB (3,3’-
Diaminobenzidine) for visualization. Finally, the slides were washed in tap water,
counterstained with Harris' Hematoxylin, dehydrated in ethanol, and mounted with media.

3. Results

Serum IgE levels are induced in IL-13 Mice. Increased level of IgE is a major factor in the
etiology of asthma and is found abundantly in the serum of both human and murine models
of asthma [25] [26] [27]. Therefore we assessed the levels of IgE in our transgenic I1L-13
over-expression model. We observed that the levels of IgE were higher in the transgenic
mice 12 days after IL-13 over-expression and were consistently higher throughout the
experiment until terminal day 21 (Fig. 1). Although 1L-13 mice exhibited higher IgE levels
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this induction was only significant at day 21 at **,p<0.007 I1L-13 Mice exhibit increased
inflammation of the lung. To understand the role IL-13 induced lung inflammation plays in
the genotoxicity and progression of asthma we compared the lungs of WT and IL-13
animals. In (Fig.2A and 2C) WT animals exhibit no increase of inflammation. In contrast
IL-13 mice (Fig. 2B and 2D) exhibit significant inflammation of the lung characterized in
the airways bronchiolar lumen. IL-13 mice showed increased inflammatory cells migration
in the bronchiolar epithelium, marked hyperplasia, goblet cell metaplasia, and eosinophilic
intracytoplasmic inclusion bodies present in clara cells. Thus IL-13 increases inflammation
via recruitment of inflammatory cells migrating into airway spaces.

IL-13 mice exhibit increased immune cell infiltration in BAL fluid. To delineate what
immune cells may be implicated in the persistent inflammatory and genotoxic response
present in the asthma mouse model we determined the cellular composition of the BAL fluid
in both the WT and IL-13 mice. IL-13 animals had a near 5-fold increase in eosinophil
presence in BAL fluid compared to WT animals at p<0.04 (Fig. 3). IL-13 mice also
exhibited significantly more circulation of neutrophils in the BAL fluid at ***, p<0.0004
compared to WT littermates. IL-13 mice also exhibited an increase induction of
lymphocytes although this observation was not significantly different from WT animals.

IL-13 mice exhibit persistent inflammation induced immune response. To elucidate the role
IL-13 plays in up-regulation of inflammation in the lung we assessed key mediators of
asthma Fig. 4A-4C, inflammatory disease Fig.4D-F, and genotoxicity Fig. 4G via
quantitative real-time PCR. As a measurement of further efficacy of our tissue specific
asthma model we measured IL-13 levels in the lungs of both groups of experimental mice.
The asthma mouse model exhibited an expected significant increased gene expression of
IL-13 at **, p<0.001 compared to WT animals. IL-4, TNF-a, IL-5 were significantly up-
regulated in IL-13 mice at *,p<0.01 compared to WT animals. IL-13 mice also displayed a
marked increase of TGF-§ Fig.1-6E at **,p<0.001 compared to WT mice. Cc11 transcript
levels in IL-13 mice were slightly higher but did not show a significant increase compared to
WT mice Fig.1-6G These data are indicative of a chronically activated innate immune
response present in IL-13 mice compared to WT mice.

IL-13 Mice have increased staining of markers of genotoxicity in lung tissue. To further
assess asthma induced genotoxicity, the lungs of WT and 1L-13 mice were stained with
vH2AX, anti-8- Hydroxyguanosine, and Nitrotyrosine antibodies. 1L-13 mice exhibited
increased staining with markers of genotoxicity in the lungs in comparison to WT animals

(Fig. 5).

IL-13 Mice show systemically elevated reactive oxygen species induced genotoxicity and
double stranded breaks in peripheral blood. Because IL-13 is a major mediator of allergic
asthma and induces higher levels of inflammation in asthmatic mice [28], we hypothesized
that inflammation induced systemic DNA damage would be more prevalent in IL-13
compared to wild type (WT) mice. Increase of asthma induced genotoxicity was assessed in
peripheral white blood cells as a systemic measurement of DNA damage. 8-oxoguanine is a
mutagenic lesion caused by the interaction of a reactive oxygen species to DNA that causes
G:C to T:A transversion mutations during replication [29]. Percent positive 8-oxoguanine
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staining in peripheral white blood cells was assessed using fluorescent microscopy. Blood
was taken on day 0 as an assessment of baseline levels of 8-oxoguanine induction between
both WT and IL-13 groups. After 6 days of doxycycline presence in drinking water IL-13
mice exhibited a slight increase of 8-oxoguanine immuno-staining compared to wild type
mice this induction persisted and became statistically significant at **,p<0.001 at day 15 and
remained elevated throughout the 21 day exposure to doxycycline (Fig.6A). As a measure of
the amount of genotoxicity caused by an accumulation of DNA double strand breaks the
vH2AX assay was assessed in the WT and IL-13 animals. H2AX is a member of the histone
H2A protein family and becomes rapidly phosphorylated in presence of a DNA damaging
event [30]. This rapid phosphorylation causes recruitment of DNA repair proteins to the site
of the break and is detectable by specific antibodies to YH2AX. In Fig. 6B we assessed the
amount of double strand breaks present in the WT and IL-13 animals. Transgenic animals
exhibited an increase in the amount of double strand breaks occurring at every time point
after over-expression. This induction of YH2AX was significant on day 9 at **, p<0.002, at
day 12 at *, p<0.02, and at day 18 day at **,p<0.001 respectively. A nearly significant
induction of yH2AX at P=0.064 on day 21 was also observed in the IL-13 mice

IL-13 mice have systemic single strand breaks and persistent systemic genotoxicity that
induces comet and micronucleus formation in peripheral blood leukocytes respectively. The
in vivo micronucleus assay was conducted in mature normochromatic erythrocytes
circulating in the peripheral blood to determine chromosomal damage. Micronuclei in
erythrocytes/erythroblasts from the peripheral blood or bone marrow have been induced in
the presence of chromosome breaks, spindle abnormalities, or structurally abnormal
chromosomes [22] [29]. Mature micronucleated normochromatic erythrocytes represent the
final developmental stage of erythroblasts containing micronuclei stemming in the bone
marrow, and permit the simultaneous study of the generation and elimination of
micronucleated erythrocytes [29] [32]. Blood was taken on day 0 as an assessment of
baseline levels of 8-oxoguanine induction between both WT and IL-13 groups. After 6 days
of doxycycline presence in drinking water IL-13 mice exhibited a significant increase of
micronuclei formation in peripheral blood compared to WT animals at *, p<0.05. This
statistically significant induction at *, p<0.05 of micronuclei persisted until terminal date
Day 21 (Fig.7A).

The alkaline comet assay is a gel electrophoresis assay that allows the detection of single
and double strand breaks, and alkali labile sites at the single cell level [17]. Asthma is an
inflammatory disease that produces large amounts of reactive oxygen species (ROS) [32,
33]. Interaction of ROS with DNA may result in mutagenic oxidative base modifications
such as 8-hydroxydeoxyguanosine (8-oxo-dGuo) and induce DNA strand breaks [32].
Transgenic animals exhibited an increase in the amount of single strand breaks occurring
after 6 days of IL-13 over-expression compared to all other groups where no increase was
observed. This induction of strand breaks was significant for indicated groups at *, p<0.05.
(Fig.7B)
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4 Discussion

Asthma is a chronic obstructive lung disease characterized by chronic inflammation of the
airways and recurrent bronchospasms ranging from mild to debilitating [34]. It is well
established that Interleukin-13 serves as a major mediator of the asthmatic process [16]. This
study is the first to assess IL-13 role in genotoxicity concomitantly with the inflammatory
asthmatic process. Our study also demonstrates for the first time that this genotoxicity
extends beyond the primary site of the lung to circulating leukocytes and erythroblasts in the
bone marrow eliciting systemic effect in peripheral blood driven by IL-13 overexpression.

IL-13 mice exhibited an asthmatic phenotype consistent with previous data. We found a
significant increase in IgE. IL-13 mice had sub-epithelial eosinophilic infiltration,
peribronchiolar, and perivascular lymphoid infiltration, free floating eosinophilic crystals,
many surrounded by aggregates of macrophages, giant cells and neutrophil PMNs [4,16,

35]. IL-13 mice showed a significant influx of eosinophils, a cellular hallmark of asthma
[36], a significant increase in neutrophils, and non-significant increase of lymphocytes in the
bronchoalveolar lavage fluid. Transgenic mice had increased gene expression of IL-13, IL-4,
IL-5,TNFa, Tgf3, yH2AX, and Ccl11 produced in the lungs [37] [28] [38] [39]. There was a
significant increase in yYH2AX levels in the lungs of the IL-13 mice and an induced yet non-
significant increase in 8-oxoguanine. In IL-13 mice, we detected a significant increase of
single and double stranded breaks in the peripheral blood and lung, a significant induction of
micronucleus formation in the normochromatic erythrocytes present in the peripheral blood
leukocytes, as well as increased staining of markers of genotoxicity in the lung [29].

We utilized the well characterized inducible over-expression CC10-rtTA-IL13 transgenic
(TG) mouse to elucidate the effect interleukin-13 may have in the genotoxicity of asthma.
Recent work has shown that I1L-13 signaling is mediated by the type-2 IL-4 receptor, which
consists of the IL-4R alpha and IL-13R alpha 1 chains [15] [41], yet IL-13 alone is
necessary and sufficient to render the major pathophysiological effects of asthma [16]. IL-4
along with IL-13 is a key mediator of inflammation, has an overlapping biological function
as IL-13, yet has a distinct role in asthma progression [15]. IL-4 is best known for its role for
defining the Th2 phenotype of lymphocytes in asthma, but also exacerbating the asthmatic
phenotype by increasing airway hyperresponsiveness, eosinophil recruitment, and mucus
over-production [16] [35]. We next investigated mRNA levels of CCL-11/eotaxin. There
was not a significant increase in CCL-11/eotaxin transcript present in the lung mRNA,
however, we did observe a significant increase in IL-5 lung mRNA transcript. A possible
explanation to the induced yet nonsignificant increase in CCL11/eotaxin transcript may be
found in the work of Humbles et. al. [41]. These data suggest, in corroboration with Conroy,
et. al. [36] that migrating eosinophils in the bronchoalveolar lavage fluid may stimulate
release of IL-5, but not CCL11/eotaxin.

With regards to the genotoxicity of IL-13 induced asthma we discovered an increase in the
amount of yYH2AX and 8-oxoguanine in the blood and lungs of these mice. Phosphorylation
of histone H2A to form yH2AX in the presence of a DNA damaging event is used as a
biomarker of cellular response to DSBs and has a potential for monitoring DNA damage and
repair in human and mice [42] [43]. 8-0x0-7,8- dihydroguanine (80x0G) is an abundant ROS
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induced lesion that when accumulated has been associated with numerous diseases,
including cancer [17] [44] [45]. We did observe a slight increase of 8oxoG in the WT
animals which most likely can be attributed to the repeated blood draws that caused a
moderate increase in the production of stress related ROS- induced DNA damage similarly
found in Westbrook, et. al [46]. As a measure of ongoing DNA damage Westbrook, et. al
[17] show that an accumulation of double-strand breaks can lead to chromosome breaks and
micronucleus formation.

Perturbations to erythroblasts in the bone marrow may be a humoral effect of inflammation-
associated DNA damage, as with the peripheral leukocytes. We suggest that increased
inflammation in our experimental mice causes a significant induction of migratory cells that
preferentially release pro-inflammatory cytokines at sites of inflammation. This re-
circulating pool of activated cells may recruit more effector cells, which come into contact
with erythroblasts in the bone marrow causing the observed clastogenicity.

To evaluate the inflammatory cell composition we determined the differential cell
percentages. The increased prevalence of neutrophils over that of eosinophils in the
bronchoalveolar lavage fluid may depict the presence of a more chronic asthmatic
phenotype, an idea supported by Kamath et. al [47]. Moreover this significant influx of both
neutrophils and eosinophils may help generate the enhanced systemic genotoxic response
found in the blood. This observation of an induction of yH2AX mRNA levels further
confirms increased genotoxicity in IL-13 mice and correlates with our hypothesis of
systemic genotoxicity.

In conclusion, we propose that the key asthmatic mediator interleukin-13, increases
important elements of the inflammatory response including ROS derived oxidative stress
causing an induction in genotoxicity that has wide reaching systemic genotoxic effects, such
as oxidative DNA damage, single and double DNA strand breaks, micronucleus formation,
and protein nitration in the peripheral blood. Two potential explanations for the local
inflammation and systemic genotoxicity are described by Westbrook, et. al[17]. In the first
model, innate immune cells activated by inflammation release reactive species that damage
circulating leukocytes in the periphery. In the second model, inflammatory cytokines are
responsible for systemic genotoxicity through cytokine receptor mediated production of free
radicals that damage distant leukocytes. These models are not mutually exclusive, making
the second model more likely as it has been shown that injection of cytokines causes
systemic genotoxicity in mice [46]. We further suggest increased immune cell infiltration
and inflammation byproducts as a possible culprit to this genotoxic induction. The induction
of systemic strand breaks which are prevalent in many types of cancer were found to be
significantly increased in our 1L-13 induced asthma model. Recent studies also point to the
fact that asthmatic patients have higher cancer risk [48] [49] [50]. Previous studies in human
asthmatics also identified increased strand breaks produced during the direct interaction of
ROS with DNA or during the repair process of damaged DNA [32] [52]. In summary,
asthma is associated with systemic genotoxicity through single and double DNA strand
breaks, oxidative DNA damage, protein nitration, and micronucleus formation. This study
further implicates IL-13 as a potential therapeutic target for other pulmonary diseases
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involving carcinogenesis. In addition, systemic genotoxicity might be a convenient blood
marker for the extent and severity of asthma.
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Fig.1.

IgE concentration assessed via sandwhich ELISA. **indicates p<, 0.007 n=5 in both I1L-13
and WT animals. Assay was performed with triplicate blood samples from each WT (n=5)
and 11-13 (n=5) mouse. (color)
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Fig. 2. IL-13 over-expression induces lung inflammation in asthmatic mice
Representative lung histology Hematoxylin & Eosin (H&E) staining at indicated

magnifications. (A) 10x image of Wild type (WT) lung and Interleukin 13 over expressed
mice (B), both at one month old. Arrows in (B) 10x image indicate formation of granuloma
metafoci surrounding eosinophilic crystals. 40x image of WT (C) and (D) 40x image of
IL-13 mice. Arrows in (D) indicate eosinophil migration, goblet cell metaplasia, and
eosinophilic crystal formation in bronchial lumen. n=9 for WT and n=10 for IL-13 mice.
(color)
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Fig.3. Inflammatory cell composition of bronchial alveolar lavage fluid (BALF)
Differential cell analysis were determined by light microscopic evaluation n=9 for WT, and

n=10 for IL-13 animals,* indicates p<0.05,*** indicates p<0.0004 respectively analysis
were conducted using two tailed Student's unpaired T-test with Mann-Whitney
determination.
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Fig.4. Assessment of cytokine panel in lung mRNA measured by quantitative real-time PCR
Mean expression divided by Gapdh, the internal control gene. * indicates p<0.01, **

indicates p<0.001, analysis were conducted using two tailed Student's unpaired T-test. n=9

for WT animals and n=10 for IL-13 animals.
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Fig.5. Staining of markers of genotoxicity and oxidative protein damage in lung tissue as
measured by immunohistochemistry

Markers of double stranded breaks (A-J), reactive oxygen species (B-K), and inflammation
(C-L) induced genotoxicity were stained in WT and IL-13 mice. Lung tissue in IL-13 mice
(G-L) exhibited increased staining in all genotoxic parameters in comparison to WT mice
(A-F). n=9 for WT animals and n=10 for IL-13 animals. (color)
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Fig.6. Persistent genotoxicity measured via inflammation induced 8-oxoguanine and double
stranded breaks measured via yH2AX in peripheral blood

A.) Percent positive cells for 8-oxoguanine induction in white blood cells. Presence of 8-
oxoguanine was confirmed by immunofluorescence. Positive cells stain brightly green
compared to no immunofluorescent staining for negative cells. White bars indicate Wild
type (WT) animals and black bars indicate IL-13 animals. Data represent mean + SEM.
Statistical analyses were done using ANOVA testing and Tukey's post hoc analysis. n=5 in
all groups. ** indicates p<0.001.B Assessment of double strand breaks measured via
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yH2AX assay, were counted per cell using fluorescent microscopy before doxycycline
administration at Day 0 and after doxycycline administration at days 3,9,12,16,18 and day
21 using a linear mixed model to determine genotoxic accumulation over time. * indicates
p<0.02, ** indicates p<0.002 n=5 for WT and IL-13 animals. (color)
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Fig.7. IL-13 over-expression induced single stranded breaks and micronucleated cells in
peripheral blood

A.) Assessment of single strand breaks were measured via comet assay before doxycycline
administration at Day 0 and after doxycycline administration at days 6. At least 100 olive
tail moments were counted via fluorescent microscopy and assessed using CASP software.
White bars indicate Wild type (WT) animals and black bars indicate IL-13 animals. Data
represent mean = SEM. Statistical analyses were done using ANOVA testing and Tukey's
post hoc analysis. * indicates p<0.05 n=5 for WT and 1L-13 animals. B.) Number of
micronucleated cells per 4000 normorchromatic erythrocytes. Presence of micronuclei were
confirmed by light microscope at 100X. White bars indicate Wild type (WT) animals and
black bars indicate IL-13 animals. Data represent mean £ SEM. Statistical analyses were
done using ANOVA testing and Tukey's post hoc analysis. n=9 for WT and n=10 for
IL-13.* indicates p<0.05.
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