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. Why Submit a Proposal?
Deadhne for Proposals 1. To present new developments in toxicology.

for SOT 2014 2. To provide attendees an opportunity to
learn about state-of-the-art technology and
Ann ual Meeting how it applies to toxicological research.
- N - 3. To provide attendees an opportunity to
SQSS'O“S. Ap"l 30! 201 3 learn about the emerging fields and how
they apply to toxicology.
Session Types
Continuing Education—Emphasis on Historical Highlights—Review of an historical
quality presentations of generally accepted, body of science that has impacted toxicology
established knowledge in toxicology . . o .
Note: CE courses will be held on Sunday. Informational Sessions—Scientific planning

or membership development
Symposia—Cutting-edge science; new areas,

concepts, or data Edugation-Career Development Sessions—
Sessions that provide the tools and resources

Workshops—State-of-the-art knowledge to toxicologists that will enhance their

in toxicology professional and scientific development

Roundtables—Controversial subjects Regional Interest—Central topics of relevance

that describe public health and/or ecological
problems of a particular region

Submit your proposal online at www.toxicology.org
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Preface

This issue is devoted to the abstracts of the presentations for the Continuing
Education courses and scientific sessions of the 62nd Annual Meeting of

the Society of Toxicology, held at the Henry B. Gonzalez Convention Center,
March 10-1%, 2013.

An alphabetical Author Index, cross referencing the corresponding abstract
number(s), begins on page 536.

The issue also contains a Keyword Index (by subject or chemical) of all the
presentations, beginning on page 561.

The abstracts are reproduced as accepted by the Scientific Program
Committee of the Society of Toxicology and appear in numerical sequence.

The New Mobile Event App

Use these new planning and networking tools to access the latest meeting
information, connect with fellow attendees, build your own schedule,
view presentation details and abstracts, request meetings with attendees
and exhibitors, and navigate ToxExpo with an interactive floor plan. In
addition to these networking and meeting planning tools, use the app
and website to access a complete San Antonio city guide including hotels,
restaurants, attractions, nightlife, and shopping. One-on-one technology
training and support is available during the meeting; visit the @SOT
Center—Internet Access and Technology Training just across from
Registration at the convention center or the SOT Pavilion in ToxExpo.

Copies of The Toxicologist are available at $50 each plus $5 postage and
handling (US funds) from:

Society of Toxicology
1821 Michael Faraday Drive, Suite 300 * Reston, VA 20190

www.toxicology.org

© 2013 Society of Toxicology

All text and graphics are © 2013 by the Society of Toxicology unless noted. Some San Antonio photos are courtesy
of the San Antonio Convention & Visitors Bureau. For promotional use only. No advertising use is permitted.
Some photos by Stephanie Colgan, Steve Moore, and Richard Nowitz.

This abstract book has been produced electronically by ScholarOne, Inc. Every effort has been made to faithfully
reproduce the abstracts as submitted. The author(s) of each abstract appearing in this publication is/are solely responsible
for the content thereof; the publication of an article shall not constitute or be deemed to constitute any representation
by the Society of Toxicology or its boards that the data presented therein are correct or are sufficient to support the
conclusions reached or that the experiment design or methodology is adequate. Because of the rapid advances in the
medical sciences, we recommend that independent verification of diagnoses and drug dosage be made.


http://www.toxicology.org/AI/MEET/AM2013/mobileit.asp

A Refresher of Inmunoglobulin and Fc-Receptor Biology
and Advances Related to Therapeutic Antibody
Development.

1

T. W. Salcedo. Bristol-Myers Squibb Company, New Brunswick, NJ.

The presentation will review the immunobiology of antibodies and Fc receptors
and explore the field of therapeutic antibody development and advances in “anti-
body engineering” leading to the development of improved therapeutics. A basic
overview will be provided on the structure and function of antibodies, as well as the
various types and formats of antibody therapeutics and technological methods of
production. In addition, the immunobiology of human leukocyte Fc receptors will
be discussed. These receptors serve to link humoral immune responses to cellular
activities within the immune system, and generally function as either antibody-
binding receptors that trigger immune cell effector functions, or as transport recep-
tors (FcRn). Highlights will include how immunoglobulin Fc sequences are now
being tailored to trigger specific Fc receptors to improve therapeutic outcomes by
introducing amino acid mutations, glycoengineering, or other approaches leading
to next generation formats. Known species differences in immunoglobulins and Fc
receptors that may be important for pharmacologic and toxicologic evaluations will
be explored, as well as other challenges in assessing the nonclinical toxicities of new
antibody formats. Building upon these basic themes, the presentation will explore
the current landscape of approved therapeutics and forecasts for future develop-
ments in the field. The course will provide something for those seeking basic
knowledge in the field of immunology and therapeutic antibody development, as
well as those seeking to refresh and enhance their knowledge of recent advances.

2 Basic Principles of Human Risk Assessment.
Q. Zhao! and M. Meek?. 'US EPA, Cincinnati, OH; ?University of Ottawa,
Ottawa, ON, Canada.

An overview of the fundamental, evolving guiding principles, and general methods
used in chemical risk assessment will be provided. These principles and methods are
addressed in presentations and discussions organized by the four components iden-
tified by the National Research Council in the Risk Assessment Paradigm: Hazard
Identification and Characterization; Dose-Response Assessment; Exposure
Assessment; and Risk Characterization. Guiding principles and key concepts in risk
assessment will be illustrated by examples from the literature and sample calcula-
tions for dose-response assessment, exposure assessment, and risk characterization
will presented.

3 Recent Developments in Cardiovascular Physiology-Based
‘ Toxicology.

T. L. Knuckles' and W. McGuinn?. !West Virginia University, Morgantown, WV;

2US FDA-CDER, Columbia, MD.

Contemporary drug development and toxicity assessments are focused on exploit-
ing specific molecular targets that can improve disease outcomes with minimal un-
toward effects. Unfortunately, modern training in toxicology and pharmacology is
directed primarily at specific ligand-receptor interactions at the expense of systems
physiology. An overview of cardiovascular physiology, with a thematic focus on tox-
icology, will be provided. The presentations will include: overall physiological
changes that manifest at the whole-animal level following toxicant exposure; in
vivo, in vitro and ex vivo cardiac testing protocols in the regulatory environment,
and how current testing strategies may potentially miss cardiac effects that manifest
chronically; vascular and microvascular effects that result from toxicity initiated in
other tissues; and microvascular physiology and toxicology in the context of model
development, application, and underlying pathology. The course will be of interest
to a broad scope of scientists that are increasingly being requested to consider the
impact of novel compounds and toxicants on the physiology of the entire cardio-
vascular system.

4 Approval of Biosimilar Monoclonal Antibodies: Scientific,
. Regulatory, and Legal Challenges.

L. LeSauteur? and J. D. Urban'. ! ToxStrategies, Inc., Austin, TX; >Charles River

Laboratories, Senneville, QC, Canada.

Technological advances have resulted in the development of a wide range of inno-
vative monoclonal antibodies (mAb). As the patents for these monoclonal antibod-
ies expire, there has been a growing interest in the market of “generic” follow-on

products, or biosimilars. These biosimilar drugs, however, are not generic in the
same sense as small molecule drugs since they do not have identical active compo-
nent(s) as the innovative drug product due to the differences in production. While
established standard analytical methodologies enable manufacturers of generic
small molecule drugs to demonstrate pharmaceutical equivalence, the complex and
sensitive nature of even the most similar biological manufacturing systems (e.g.,
commercial cell lines) makes producing identical copies of the innovative mono-
clonal antibody products impossible. Therefore, the scientific and regulatory para-
digm for demonstrating that the products are highly similar and that there are no
clinically meaningful differences between a biosimilar product and an innovative
therapeutic in order to obtain drug approval is necessarily much more complex.
Adding to this complexity is the regulatory environment that impacts on the
biosimilar approval process. Case studies will compare and contrast the scientific
and regulatory approaches used for mAb biosimilar drug development. These ex-
amples will cover the GMP to clinical strategies in broad scope but focus on the
preclinical breadth of studies conducted based on the extent of GMP and clinical
similarity data available. Within these presentations the scientific rational for simi-
larity with the innovator drug will be highlighted. The basic concepts of the legal
challenges and recent Biologics Price Competition and Innovation Act (BPCIA),
which creates an abbreviated approval framework for biological products that are
demonstrated to be “biosimilar” to or “interchangeable” with a US FDA-licensed
biological product, along with the role the patent and data exclusivity provisions
will play in biosimilar drug development, will also be discussed.

5 The What, When, and How of Nonclinical Support for an
: IND Submission.

P. Nugent' and D. Colagiovanni®. !Pfizer Worldwide Research and Development,

Groton, CT; N30 Pharmaceuticals, LLC, Boulder, CO.

The initiation of dosing of human subjects in a Phase 1 clinical trial represents the
culmination of years of drug development, and immediately preceding the start of
dosing, months of work to prepare and submit the Investigational New Drug
(IND) application (or Clinical Trial Application (CTA)). A critical part of the sub-
mission dossier is the sections that describe the nonclinical data and interpretation
that underwrite the clinical plan; specifically, the results of studies in pharmacology,
pharmacokinetics, and toxicology, and their integration into a coherent argument
that justifies the clinical starting dose, escalation of dose, and “stopping criteria” to
be used in the clinical trial. The objective of the course is to elucidate the path to a
successful IND/CTA submission by outlining what needs to be done (concentrat-
ing principally on the toxicology and safety pharmacology studies), the timeline
and order of activities, and the presentation of the data and its integration into a co-
herent risk assessment to support introduction of the investigational compound
into the clinic. The focus will be the content of the Nonclinical Overview (NCO),
which represents an integrated detailed summary of the nonclinical studies con-
ducted to support the clinical plan for first-in-human (FIH) dosing. The course will
address the expectations of the two main “customers” for the NCO: the FDA phar-
macology/toxicology reviewer evaluating the data to determine if it supports the
safety considerations of the clinical plan, and the clinician designing the clinical
protocol and conducting the FIH trial.

d e Practice and Implementation of Neural Stem Cell-Base:

CEIRS The Practice and Impl ion of Neural Stem Cell-Based
. Approaches to Neurotoxicology.

T.]. Shafer! and A. B. Bowman?. !US EPA, Research Triangle Park, NC;

2Vanderbilt University Medical Center, Nashville, TN.

The availability and use of human pluripotent stem cells (hPSC) and human neural
stem cells (hNSC) for toxicology has dramatically increased in the past decade.
hNSC are powerful tools for toxicologists and can provide tissue that would other-
wise be unobtainable. This includes a renewable source of neural tissue from the
same genetic stock that is not transformed or derived from a tumor, a source of nor-
mal human nervous system tissue, and sources of nervous system tissue from pa-
tients with clinical disease. However, culture and differentiation of hNSC are
unique from culture of primary or transformed neural tissue. The course will bring
together experts in the culture of various types of neural stem cells, including em-
bryonic human derived neural stem cells, neurospheres, and neural cells derived
from hPSC. Each expert will discuss the basic approaches to culturing different
types of hNSC, including propagation of the cells in a progenitor status, as well as
protocols for differentiation of the cells into different types of neurons. Pitfalls that
are both common to the different models as well as unique ones will be described.
The goal of the course is to provide the student with knowledge regarding different
types of neural stem cell cultures, the techniques to successfully culture and differ-
entiate these models, and application of these model systems to neurotoxicology.
The course will conclude with an examination of appropriate outcome measures
and discuss the possibility of personalized neurotoxicological assessment.
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7 Toxic Effects of Metals.
M. E Hughes? and M. P. Waalkes'. ' NIEHS, Research Triangle Park, NC; 2US
EPA, Research Triangle Park, NC.

Human exposures to metals are a daily occurrence because of their natural presence
in the environment— their uses in production of many commercial products—are
byproducts of energy production and are found in many hazardous waste sites. The
objective of the course is to highlight the fundamentals of metals toxicology. Metals
have unique chemical and physical properties that distinguish them from organic-
based chemicals. Even though some metals are essential to life, overexposure to
these and other metals may result in a toxic effect in one or more organ systems.
Upon exposure, metals may be absorbed, distributed throughout the systemic cir-
culation, metabolized, and eliminated. The response of an organism following ex-
posure to metals may be protective (e.g., induction of the metal-binding protein
metallothionein), or toxicological by several mechanisms including oxidative stress.
Key organ systems such as the central nervous system, the vascular system, as well as
the skeleton system are affected by metals including manganese, lead, aluminum,
and others. Accumulation of metals in bone has recently gained renewed interest as
an eventual source of internal exposure. Noninvasive methods such as neutron acti-
vation are now being used to quantitate bone metal levels. Metals can influence
gene expression, signal transduction, and epigenetics. Various toxic and carcino-
genic metals such as arsenic and chromium alter the epigenetic program in cells;
these effects on DNA methylation, histone tail modifications, and microRNA may
be involved in metal-induced toxicity. Metals are known to cause cancer by several
proposed mechanisms, including oxidative stress and the cancer stem cell hypothe-
sis. Recent evidence suggests that developmental exposure to metals may affect stem
cell population dynamics, which could result in adult onset of cancer. Overall, this
is intended to be a basic course on metals toxicology, and is ideal to those who de-
sire knowledge on the health effects of metals and useful tools used in metals toxi-
cology research.

8 Advances in Nanotoxicology—Challenges.
S. M. Hussain! and S. E Ali2. 1US Air Force, Wright-Patterson AFB, OH; 2US
FEDA-NCTR, Jefferson, AR.

Recent developments in nanotechnology have generated a degree of apprehension
concerning the potential risk to human health and the environment from manufac-
tured nanomaterials (MN). The unique chemical and physical properties of MN,
coupled with their high surface area per unit mass, require an extensive suite of
characterization tools to effectively assess the toxicity of MN. Not only must the
size and surface area of the MN be characterized prior to cellular exposure, but also
a number of other specific features must be additionally evaluated, such as the size
distribution, chemical composition, crystallinity, surface structure, shape, and solu-
bility. The ionic strength of biological fluids may produce MN instability, resulting
in environmental-specific aggregation tendencies that may impact toxicological re-
sults. Since aggregation of MN can modify uptake rates, transport properties, and
clearance by the cell model or organ system, it is critical to interpret the data from
MN toxicity experiments with a detailed knowledge of the physicochemical prop-
erties of the MN at all experimental time points. Due to the lack of standardized
methods to determine the physicochemical behavior of MN in biological systems,
the mechanisms and nature of acute or chronic toxicity of engineered MN cannot
be fully understood at this time. An understanding of a proper manner by which
MN should be introduced to a biological environment has yet to be established,
and consistency between cellular assay techniques has not been verified—both situ-
ations presenting clear challenges that must be addressed. This course raises issues
to consider for the toxicity assessment of MN, and addresses recent advances and
technical obstructions associated with conducting or interpreting in vitro or in vivo
toxicity studies. The goal is to provide a comprehensive understanding of MN char-
acterization, as well as facilitate valuable discussions of key challenges and advance-
ments in the newly emerging field of nanotoxicology.

9 Gonadal Development, Function, and Toxicology.
B. Mclntyre! and ]. A. Flaws?. 'NIEHS, Research Triangle Park, NC; ?University of
Lllinois Urbana-Champaign, Urbana, IL.

The course objectives are to provide the basic tools for toxicologists who desire a
better understanding of how to assess the effects of toxicants on the male and fe-
male gonads from development through adulthood. A focus on reproductive biol-
ogy, study design considerations, reproductive endpoints, data interpretation, and

2 SOT 2013 AnNuAL MEETING

use of data in risk assessment will be highlighted. Reproductive toxicity studies are
among the most complex and challenging studies in the field of toxicology. The
studies assess multiple interrelated endpoints of male and female reproductive de-
velopment and function. To properly design, conduct, and interpret these studies, a
fundamental knowledge of male and female gonadal development, anatomy, physi-
ology, and endocrinology are required. Individual lectures will discuss the anatomy
and physiology of the male and female gonads, as well as endocrine regulation of
these systems. Evaluation of toxicity endpoints to assess male and female reproduc-
tive function will also be discussed, including folliculogenesis, spermatogenesis,
hormone analysis, cyclicity, fertility, histopathology, and proper use of statistical
analysis. The regulatory expectations related to reproductive toxicity testing, inter-
pretation of results, and how these results are ultimately used to assess potential
risks to human reproduction, will be presented. The course will conclude with
methodologies for in vitro reproductive toxicity assessments for screening and in-
vestigation of mode of action. In summary, key information required for the design
of reproductive toxicity studies and interpretation of reproductive toxicity data, and
provide guidance for use of the data for risk assessment of reproduction, will be pre-
sented.

10 The Reach Regulation and Safety Assessment Approaches for
Chemicals That Come in Contact with the Skin.

. Mortensen' and J. Heylings?. /CiToxLAB Scantox, Lille Skensved, Denmark;
2Dermal Technology Laboratory Ltd., Keele University Science Park, United Kingdom.

REACH (Registration, Evaluation, Authorization, and Restriction of Chemical
substances) is the European Union regulation on chemicals and their safe use,
which came into force on June 1, 2007. The aim of REACH is to improve the pro-
tection of human health and the environment through better and earlier identifica-
tion of the intrinsic properties of chemical substances. REACH places greater re-
sponsibility on the industry to manage the risks from chemicals, and to provide
safety information on their substances. The regulation will come gradually into
force in the period up to 2018. Under REACH, 30-40,000 new and existing chem-
icals will have to be (re)classified and registered. The regulation requires companies
to conduct risk assessment and safety classification, with a minimal use of experi-
mental animals, and to share information via databases managed by the European
Chemicals Agency (ECHA). The skin (together with the respiratory system) is im-
portant as a route of chemical exposure, and as a target organ for toxicity induced
by chemicals. Since under REACH so many chemicals need to be evaluated, it is
important to use and develop testing methods that reliably predict human exposure
and safety, while minimizing the use of experimental animals. An overview of the
REACH regulation, and its practical implications for toxicological safety evaluation
of chemicals marketed in Europe, will be given. Efforts to develop new methods
and validation status of alternative methods that will limit the number of experi-
mental animals to be used will be highlighted. Specifically, state-of-the art investi-
gational methods within dermal toxicology will be discussed since the skin is very
important, both as a barrier to exposure and as a target organ. Practical examples of
the use of the collected dermal safety data in the risk assessment of chemicals under

REACH will be presented.

11 T4: Tools and Technologies in Translational Toxicology.

D. L. Mendrick? and V. S. Vaidya'. ! Harvard Medical School, Boston, MA; 2US
FDA-NCTR, Jefferson, AR.

The last decade has seen revolutionary advances in the tools and technologies avail-
able for biomedical scientists such that researchers can now conduct transformative
experiments to solve unmet medical needs moving from a single cell to whole or-
ganism, and vice versa. Novel tools and innovative technologies have facilitated the
development of sophisticated molecular diagnostics, enabled the use of new ap-
proaches in safety evaluation and risk assessment, and led to the development of
targeted therapeutics. The development and utilization of novel technologies and
tools requires interaction between scientists of differing backgrounds and talents
(e.g., biologists, chemists and programmers). Only with this shared effort can med-
icine transform itself to meet the needs of the 21st century. The panel of experts
will decode and demystify the potential of these translational and transformative
technologies over a wide variety of applications, including safety/efficacy screening
of compounds, imaging, ‘omics, and in silico modeling. The key goals are to enable
you to understand how recent advances in “T'4”: 1) help in solving important prob-
lems that have been critical barriers to progress in the field and, 2) transform the
field by generating foundational resources that will be widely used throughout bio-
medical science for safety evaluation and risk assessment.



12 Understanding Toxic Neuropathy in Drug Development:
Both Clinical and Nonclinical Perspectives.

M. Kallman' and ]. Benitez?. ! Covance Research Laboratories, Greenfield, IN;
2Vanderbilt University, Nashville, TN.

The topic of risk assessment of peripheral neuropathies is timely due to the in-
creased clinical incidence of challenges related to multiple antecedents for the clin-
ical presentation of neuropathies. The integration of both nonclinical and clinical
dialogue on peripheral neuropathies will provide greater possibilities for successful
drug development and improved patient outcomes. Peripheral nervous system tox-
icity is a common complication of exposure to industrial chemicals and drugs such
as chemotherapeutics. Neuropathy can be caused by either limited or long-term ex-
posure to drugs or chemicals, and toxic neuropathies can be classified by their pres-
entation (e.g. motor vs. sensory), their electrodiagnostic features or their neu-
roanatomical location within the peripheral nerve. Identification of toxic
neuropathology prior to human exposure in the drug development process requires
a multidisciplinary approach. Presentations will include information on the pre-
clinical and clinical syndromes that have been characterized and the specific tech-
niques for assessment. The preclinical presenters will focus on the application of
preclinical data to provide risk assessment and to direct clinical assessment possibil-
ities. The clinical presenters will emphasize the clinical situation and current treat-
ment approaches. The course will conclude with open discussion between the pre-
senters and the audience about opportunities for future risk assessment and the
application to clinical management.

13 Weighing in on Nutrition—Essential Concepts for
Toxicologists.

D. M. Wilson' and A. L. Slitt>. ' The Dow Chemical Company, Midland, MI;
2University of Rhode Island, Kingston, RI.

There has been an exponential increase in the attention focused on the potential
role of nutrition in reducing the risk for numerous health complications, ranging
from birth defects to age-associated vascular disease. Underscoring the above is the
increasing number of presentations and publications related to this subject, and
hallmarks such as the recently revamped Food Pyramid into a Plate Icon. Chronic
nutritional diseases are accepted to be a current crisis in our society; three nutrition-
related diseases alone, obesity, Metabolic Syndrome, and Type 2 Diabetes, afflict
over one-third of the American population. To better understand the components
and etiology of nutritional diseases, it’s essential for toxicologists to be well versed in
the science of nutrition. A comprehensive understanding of nutrition has broad ap-
plications in toxicology, especially considering that many of us have roles in investi-
gating the safety of nutrients, food additives or food ingredients, studying nutri-
tional disease, or designing and interpreting preclinical or clinical studies wherein
the need to consider and understand nutritional homeostasis is essential. The po-
tential for intersection of normal nutritional metabolic pathways with adverse out-
come pathways is becoming even more important to delineate. This course on gen-
eral nutrition, the biochemistry of nutritional pathways, the essential role of
vitamins, the channeling of nutrients such as carbohydrates, proteins and fats, cel-
lular and molecular details of nutrition, and nutritional aspects of development and
reproduction, will heighten awareness of their importance in human and animal
health at multiple levels. The focus will be on relevant information, starting with an
introduction to nutrition, followed by a review of biochemical and metabolic reac-
tions in nutrition, with an emphasis on their relation to toxicology. How the nutri-
tional status of a woman can modulate the developmental toxicity of a number of
diverse toxicants, including alcohol, will be presented.

14 Genetic and Epigenetic Determinants of Susceptibility to
Environmental and Occupational Toxicants.

V.]. Johnson! and B. Yucesoy?. BRT-Burleson Research Technologies, Morrisville,
NC; ?Toxicology and Molecular Biology Branch, NIOSH/CDC, Morgantown, WV.

The most common chronic disorders are multifactorial in nature, influenced by
complex sequences of gene-gene and gene-environment interactions. While gene
expression is a dynamic process that varies in response to a myriad of internal and
external triggers and the surrounding microenvironment, the epigenetic mecha-
nisms play a key role in mediating environmental influences on gene expression and
epistatic interactions. In this respect, the expression of complex phenotypes should
be assessed in a functional context that would look at the interplay between envi-
ronmental, genetic, and epigenetic factors. Recent advances in genetic and epige-
netic research offer new opportunities to integrate experimental approaches, in-
cluding animal models and #n wvitro/in vivo translational research, with

computational strategies to predict such interactions at multiple levels of complex-
ity. The focus of this session will be on current research investigating the role of ge-
netic factors, epigenetic factors, and gene-environment interactions in the develop-
ment and outcomes of complex diseases caused by environmental and occupational
toxicants.

15 Genetic Susceptibility to Occupational and Environmental
Exposures.

D. C. Christiani. School of Public Health, Harvard Medical School, Boston, MA.

Due to their high prevalence in the general population, genetic polymorphisms in
the susceptibility genes may predispose community members exposed to toxicants.
Studies in genetic susceptibilities can eventually provide the following benefits: (1)
to provide mechanistic insight of the etiology of disease; (2) to identify the more
susceptible subpopulations with respect to exposure; (3) to provide valuable input
in setting exposure limits by taking into account individual susceptibility. Research
in this area has provided promising insights to occupational medicine, such as those
illustrated by the NAT2 polymorphisms-aniline dyes and bladder cancer, and the
HLA-DPB1Glu69 in chronic beryllium disease, a hypersensitivity-mediated in-
flammatory disorder. Nonetheless, even for the genetic susceptibility markers that
have been shown scientifically to have a clear role in disease risk, the value of wide-
scale genetic screening in occupational settings remains limited. In the general en-
vironmental setting, there are limited, but growing data on the role of common
gene polymorphisms in predisposing children and adults to inflammation-related
respiratory disorders induced by air pollution, and to heavy metal toxicity. The pur-
pose of this presentation is to discuss state of knowledge with regard to gene vari-
ants interacting with environmental exposures in causing cancer and inflammatory
disorders.

16 Toxicogenomic and Systems Biology Approaches in the
Understanding of Toxicity and Leukemogenesis Induced by

Benzene.

C. McHale!, L. Zhang!, Q. Lan?, R.Thomas', A. E. Hubbard!,

R. Vermeulen?, G.Li% S.M. Rappaport!, S.Yin%, M. T. Smith! and

N. Rothman?. !School of Public Health, University of California Berkeley, Berkeley,
CA; 2Division of Cancer Epidemiology and Genetics, National Cancer Institute,
Bethesda, MD; 3Institute of Risk Assessment Sciences, Utrecht University, Utrecht,
Netherlands; *Institute of Occupational Health and Poison Control, Chinese Center
for Disease Control and Prevention, Beijing, China.

Benzene is an established cause of acute myeloid leukemia (AML) and may cause
one or more lymphoid malignancies in humans. Occupational exposure to ben-
zene, even at levels below the current U.S. occupational standard of 1 ppm, causes
hematotoxicity. Toxicogenomics (e.g. genomics, transcriptomics and epigenomics)
and systems biology (study of the interactions among toxicogenomic endpoints
using bioinformatics) approaches in human populations, animals, and in vitro
models, exposed to a range of benzene levels, are key to understanding gene-envi-
ronment interactions in benzene toxicity and can identify biomarkers of exposure,
early effect and susceptibility. Through analysis of the peripheral blood mononu-
clear cell (PBMC) transcriptomes of 125 workers exposed to a wide range of ben-
zene levels, we recently reported highly significant widespread perturbation of gene
expression at all exposure levels, as well as alterations in AML and immune response
pathways. Sequencing of the PBMC transcriptomes from a subset of the study sub-
jects revealed additional alterations in gene expression. From preliminary epige-
nomic data in the human subjects, we have identified benzene-induced alterations
in the DNA methylome and miRNome. Using genomic screens in yeast, with sub-
sequent confirmation in human cells, we have identified potential biomarkers of
susceptibility. We are developing bioinformatic methods to integrate these and fu-
ture toxicogenomic datasets, in a systems biology approach, to further understand
pathways of benzene toxicity and to reveal potential biomarkers associated with a
range of exposures.

Supported by NIH grant P42ES04705.

17 Integrated Genetic and Genomic Approaches to Understand
Susceptibility to Toxicant-Induced Lung Disease.

S. R. Kleeberger. Laboratory of Respiratory Biology, NIEHS, Research Triangle Park,
NC. Sponsor: V. Johnson.

Genetic background has an important role in susceptibility to complex lung dis-
eases, and the genetic contribution to disease phenotypes varies between popula-
tions. Understanding the mechanisms of interactions between genetic background
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and exposures to environmental stimuli are critical to disease prevention. Animal
models, particularly inbred mice, provide important insight to understand human
disease etiologies because genetic background and environmental exposures can be
controlled. Tools including 77 silico haplotyping, collaborative cross and diversity
outcross mouse panels, bioinformatic applications, and -omics technologies have
enhanced our ability to identify disease genes and pathways to guide translational
investigations that apply these discoveries to human populations. Combined ge-
netic and genomic approaches have yielded important insight to mechanisms of
susceptibility to many complex traits and diseases. We have integrated inbred
mouse and cell-based models with haplotype association mapping (genetic), global
gene expression analyses (genomic), and expression quantitative trait locus map-
ping (eQTL or genetical genomics) to identify candidate susceptibility genes and
associated gene networks important in toxicant-induced lung injury. The overarch-
ing goal of these investigations is to determine whether human homologues of these
susceptibility genes associate with disease risk in human populations. Efforts to
identify and validate susceptibility genes in mouse models of environmental disease
with a goal towards translational application have enabled identification of individ-
uals who are susceptible to disease. For example, epidemiological and clinical inves-
tigations have associated functional polymorphisms in human NRF2 (NF-E2 re-
lated factor 2) and 7NF (tumor necrosis factor alpha) with susceptibility to acute
lung injury and ozone-induced changes in lung function, respectively. Importantly,
these discoveries may also lead to novel intervention or therapeutic strategies to pre-
vent disease.

Developmental Exposure to Bisphenol A and Lead: Effects
on Metabolic Homeostasis and the Epigenome.

s IRE:

D. Dolinoy. University of Michigan, Ann Arbor, MI.

Environmental exposures during early development and other critical life stages
may induce changes to the epigenome resulting in potentially deleterious pheno-
typic effects including metabolic disease, cancer, and neurological disorders. The
field of epigenetics is experiencing a rapid advancement in technology, methodol-
ogy, and data acquisition that now allows for the identification of the constellation
of genomic loci with altered epigenetic status following dose-dependent exposures.
Thus, epigenomic profiling facilitates the identification of biomarkers of exposure,
enabling clinicians to identify at-risk individuals prior to disease onset. Utilizing a
multi-pronged approach with an iz vive mouse model, human clinical samples, and
an ongoing 15-year longitudinal epidemiological study, the overall goal of this pres-
entation is to elucidate the impact of perinatal bisphenol A (BPA) and lead (Pb) ex-
posure on metabolic homeostasis and DNA methylation, and the interplay between
the two. Developmental exposure to environmentally relevant levels of BPA has
been shown to affect both global and gene-specific DNA methylation patterns in
rodents. We now draw upon data from multiple whole-epigenome platforms to
show that multiple dose levels of BPA affect DNA methylation in mice and humans
and that these epigenetic effects are non-monotonic in dose response. Preliminary
studies also indicate that Pb exhibits epigenetic effects that may contribute to its
known neurotoxic and obesogenic activities.

19 Predictive Toxicology Paradigms for Understanding Carbon
* Nanotube Toxicity in the Lung.

]. C. Bonner!, A.Nel?, D. W. Porter®, V. Castranova’ and K. E. Pinkerton®.
INCSU, Raleigh, NC; 2UCLA, Los Angeles, CA; >NIOSH, Morgantown, WV; {UC
Davis, Davis, CA.

Nanotechnology is rapidly developing, resulting in the production of a variety of
engineered nanoparticles. Carbon nanotubes (CNTs) represent an important fam-
ily of nanoparticles because they have many potential uses in engineering, electron-
ics, and medicine due to their ease of functionalization, unusual strength, and elec-
trical conductivity. However, these novel nanostructures also represent a potential
human health risk, due to the possibility of inhalation exposure and evidence that
the lung and cardiovascular systems are targets for hazardous effects. Inhalation
studies in rodents show that CNTs deposit within the distal regions in the lungs
and migrate to the pleura to cause inflammatory and/or fibrotic effects.
Presentations in this session are aimed at elucidating the pulmonary and cardiovas-
cular effects of CNTs, and how an increasing variety of functionalized CNTs can be
evaluated via high-content screening. Because functionalized CNTs vary in toxico-
logical activity, we will address high-content screening for the development of
structure-activity relationships relevant to inhalation toxicity and safer design of
nanoparticles. This will include exploration of factors that mediate toxic effects
such as high aspect ratio, durability, and residual metal content and discuss how re-
moving metal catalysts or changing surface properties alters the pattern and timing
of toxicity. While the lung is a major target organ, another goal is to determine the
potential for inhaled CNTs to have toxic effects that reach beyond the lung to in-
fluence the cardiovascular system. Finally, we will discuss how susceptibility factors,
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both genetic and environmental, determine pulmonary and cardiovascular toxicity
to CNTs. The outcome of this session is to gain a better understanding of the struc-
ture-activity relationships, target organs, and susceptibility factors that will aid the
development of predictive toxicology paradigms for understanding CNT toxicity.

20 Time Course of Pulmonary Responses to Inhaled

. Multiwalled Carbon Nanotubes.
D. W. Porter!, A. E Hubbs!, R. R. Mercer!, N. Wu?, W. McKinney',
B. T. Chen!, M. G. Wolfarth!, L. A. Battelli’, J. E Scabilloni!, D. Schwegler-
Berry!, S. Friend!, S. Tsuruoka’, M. Endo?, D. Frazer! and V. Castranova'.
INIOSH, Morgantown, WV; 2?Department of Mechanical & Aerospace Engineering,
West Virginia University, Morgantown, WV; 3Research Center for Exotic Nanocarbons,
Shinshu University, Nagano, Japan.

In the present study, an aerosol of multi-walled carbon nanotubes (MWCNT) was
produced with an acoustical generator, and airborne concentration and size distri-
bution was determined. Mice were exposed by whole body inhalation to MWCNT
(5 mg/m?, 5 hours/day, 12 days) and pulmonary responses were monitored at 1 day,
2, 4, 12, 24 and 48 weeks post-exposure. Pulmonary responses were investigated
using whole lung lavage, histopathology, morphometry, and enhanced darkfield
light microscopy studies. MWCNT lung burden was also measured to assess
MWOCNT clearance. Data indicate that the lung burdens of MWCNT in this study
represent lung burdens relevant to estimated human occupational exposures and
caused time-dependent pulmonary inflammation, damage and pulmonary fibrosis.
Using enhanced darkfield microscopy, MWCNT fibers were found in lavage of the
pleural space, parietal pleura, and respiratory muscles of the diaphragm and chest
wall. The time course of pulmonary responses and their relationship to MWCNT
lung burden and clearance will be discussed.

Establishment of Carbon Nanotube Structure-Activity
Relationships (SARs) That Can Be Used to Understand
Pulmonary Toxicity and Safer Design.

H 2

A. Nel. UCLA, Los Angeles, CA.

There is a fundamental gap in understanding how the physicochemical properties
of carbon nanotubes (CNTs) contribute to hazard generation in the lung. Without
this knowledge, it is difficult to evaluate CNT safety in a predictive manner. Our
goal is to develop a predictive toxicological paradigm for CNT safety assessment in
which we define the structure-activity relationships (SARS) leading to hazard gen-
eration at the nano/bio interface, including ways to design safer materials that do
not induce chronic inflammation and fibrosis. To achieve this goal, we are develop-
ing a series of single-wall and multi-wall CNT test materials that can be screened by
robust cellular assays to perform hazard ranking and SAR analysis. We are looking
at the role of CNT dimensions (including length, diameter and aspect ratio), dis-
persability, catalytic surface chemistry, electronic properties and purity in initiating
cooperative cellular interactions in macrophages and cells of the epithelial-mes-
enchymal trophic (EMT), which are involved in the pathogenesis of pulmonary in-
flammation and fibrosis. The above physicochemical characteristics impact the
lysosomal stability in macrophages in a hierarchical fashion, leading to cathepsin B
release and assembly of the subunits of the NALP3 inflammasome. This leads to
IL-1 beta release, which primes the EMT unit and initiates a march of events lead-
ing to TGF-beta and PDGF production and subsequent induction of chronic in-
flammation and fibrosis in the lung. Utilizing myeloid and epithelial cell lines, it is
possible to study the induction of these biomarkers in relation to the property vari-
ations of the CNT materials, predicting the SARs that are associated with pul-
monary inflammation and fibrosis. Moreover, we have also implemented surface
coating and functionalization approaches that can change the hazardous character-
istics, leading to the design of safer CN'Ts. The overall uility of this research explo-
ration is to establish a predictive and quantitative toxicological paradigm for the
safety assessment of CNTs and their safe implementation in the marketplace.

Surface and Chemical Modification of Single-Walled Carbon
Nanotubes Does Not Necessarily Create a Safer
Nanomaterial.

g

K. E. Pinkerton. University of California Davis, Davis, CA.

We hypothesized iron (Fe) content and morphology of inhaled single-walled car-
bon nanotubes (SWCNTs) would influence the extent of cellular injury and alters
homeostasis in the lung. Rats (SD) were exposed (1 mg/m3) to either aerosolized



SWCNTs (raw FeSWCNT or purified cSWCNT), carbon black (CB), crocidolite
asbestos, or fresh air via nose-only inhalation for 6 hr/d for 10 d. SWCNTs con-
taining varied amounts of iron. Depending on the endpoint of interest, pulmonary
responses of SWCNTs sometimes followed that of CB while in other circumstances
matched that of crocidolite. Notably, animals exposed to FeSWCNTs were unable
to respond to an additional oxidant challenge and cSWCNTs exposed animals had
a latent and persistent development of mucous cells in the distal airways. In sum-
mary, while some toxicity endpoints follow patterns comparable to CB or crocido-
lite, the respiratory effects of inhaled FeSWCNTs and ¢SWCNTs appear to be
unique. These changes could be suggestive of precursor events to pathologic
changes that could develop under more prolonged exposure conditions.

Cardiovascular Responses to Pulmonary Inhalation of
Nanoparticles.

s BEE

V. Castranova. Pathology & Physiology Research Branch, NIOSH, Morgantown, WV.

Pulmonary exposure to various nanoparticles has been reported to cause lung in-
flammation and in some cases fibrosis. This presentation describes cardiovascular
responses which occur following inhalation of titanium dioxide nanospheres or
multi-walled carbon nanotubes in rats. Pulmonary exposure to nano titanium diox-
ide inhibits the ability of systemic and coronary arterioles to respond normally to
dilators and affects heart rate and blood pressure in response to adenergic agonists
24 hours post-exposure. This microvascular dysfunction is associated with adher-
ence of polymorphonuclear leukocytes and generation of reactive species at the ves-
sel walls, and resultant scavenging of nitric oxide secreted from dilator-stimulated
endothelial cells. Neutrophil depletion or antioxidants partially reverse this vascular
dysfunction.There also appears to be a neurogenic component to these cardiovascu-
lar changes, since inhibition of pulmonary sensory neurons or neuronal input to
the arteriolar smooth muscle partially reverses these effects. Inhalation of multi-
walled carbon nanotubes also inhibits coronary arterial responsiveness to dilators.
This dysfunction occurs 24 hours after exposure and declines over several days
thereafter. Human relevance of these rat data will be discussed.

Genetic and Environmental Factors That Determine
Susceptibility to Inhaled Carbon Nanotubes.

.24

. C. Bonner. Toxicology, NC State University, Raleigh, NC.

While studies with rodents suggest that inhaled carbon nanotubes could represent a
human health risk for the development of pulmonary diseases, it is likely that indi-
viduals with pre-existing disease or those with specific genetic deficiency would be
most susceptible to exposure and lung injury. The goal of this presentation is to em-
phasize genetic and environmental factors that determine susceptibility to inflam-
matory, immune, and fibroproliferative responses in the lungs of mice exposed to
carbon nanotubes. Evidence will be presented showing that pre-existing non-aller-
gic lung inflammation induced by bacterial lipopolysaccharide (LPS) or allergic air-
way disease induced by ovalbumin sensitization alters the immune response and fi-
broproliferative effects of carbon nanotubes as well as modulates other aspects of
airway remodeling such as inflammatory cell infiltration and mucus hypersecretion.
In addition, transgenic mouse studies show that susceptibility or resistance to car-
bon nanotubes is determined by the relative abundance or expression of specific
genes that encode transcription factors involved in the innate immune response.
Finally, the consequence of enhancing the physical or chemical properties of carbon
nanotubes by atomic layer deposition will be addressed to better understand how
post-synthesis engineering affects toxicity and disease pathogenesis.

25 Translatable Indicators of Testicular Toxicity: Inhibin B,
' microRNAs, and Sperm Signatures.

K. Boekelheide!, B. McIntyre?, M. Coulson* and R. E. Chapin?®. /Brown

University, Providence, RI; °Pfizer Drug Safety, DART Group, Groton, CT;

3National Toxicology Program, NIEHS, NIH, Research Triangle Park, NC;

1AstraZeneca R&'D, Alderley Park, United Kingdom.

The typical endpoints used in preclinical animal models for reproductive toxicity
testing, such as histopathology, are not translatable for human clinical assessment,
which typically focuses on the analyses of semen and serum hormones. Therefore,
when testicular toxicity arises in preclinical toxicity testing, the methods currently

available to monitor this liability in clinical trials are limited. Because of these limi-
tations, there is a need to develop sensitive and translatable indicators that reliably
reflect testicular function. In this symposium, an introductory talk will set the stage
by describing testicular physiology, preclinical tests of male reproductive toxicity,
and current methods for assessing testicular function in men in clinical trials. The
following three talks will discuss currently active efforts to develop improved trans-
latable indicators of testicular toxicity in men. Serum inhibin B is a product of the
testicular Sertoli cell and levels fall in response to testicular injury. Testis-specific
miRNAs may be released upon testicular injury, and their measurement in serum
may be a measure of effect. Sperm mRNA transcripts and DNA methylation may
be indicators of testicular toxicity because they are easily measured and persistently
altered after testicular injury. Developing reliable and predictive translatable indica-
tors of testicular toxicity would be valuable for drug development in the pharma-
ceutical industry, and for monitoring men in occupational settings where exposure
to potential testicular toxicants is a concern.

26 Biomarkers of Testicular Injury: Where Have We Been.

B. Mclntyre. NIEHS/NTP, Research Triangle Park, NC.

Toxicological findings in the male reproductive system are one of the most chal-
lenging events to put into perspective during nonclinical drug toxicity testing.
These findings in animal models often consist of adverse changes in testicular
histopathology and decreases in male fertility. Understanding the toxicological rele-
vance of these findings to men enrolled in clinical trials is necessary for patient
safety and is often paramount for continued development of the drug candidate.
The mammalian testis is a complex tissue consisting specialized cell types that sup-
port spermatogenesis and reproduction. Although rodents, canines and non-
human primates exhibit anatomical and physiological similarities, there are distinct
differences that make extrapolation to human males challenging. Historically, alter-
ations in non-invasive biomarkers such as hormone levels (e.g. testosterone and fol-
licle stimulating hormone) and semen parameters (motility, morphology, count)
have been used as indicators of altered testicular function. However, these changes
are often insensitive and may require significant and potentially irreversible damage
to the testes before biologically significant alterations in levels are evident in either
animal models or humans. This has led to pragmatic nonclinical approaches where
the pathogenesis of testicular toxicity is characterized with respect to both the po-
tential for recovery/reversibility, and the margin of safety between the preclinical
toxic exposure and the expected clinical exposure. Noninvasive (and often insensi-
tive) biomarkers are often benchmarked against these exposures. This presentation
with review the benefits of this sometimes challenging and inferential paradigm,
but will also underscore that new tools and methodologies would be of value in un-
derstanding the human relevance of drug-induced testicular findings observed in
animals.

27 Industry Efforts to Evaluate Inhibin B As Potential

* Biomarker for Testicular Toxicity.
M. Coulson. Safety Assessment, AstraZeneca, Macclesfield, United Kingdom.
Sponsor: K. Boekelheide.

Serum inhibin B is a hormone product of the seminiferous epithelium that has long
been considered as The Next Great Biomarker. A HESI-sponsored effort in the
early 2000’s failed due to poor antibody behavior. A new antibody and a new assay
kit have revived interest in this protein, and HESI has again sponsored a multi-
company analysis of the analytic method and the protein’s response to toxicity. This
talk will introduce the biology, and the results of the consortium in evaluating the
robustness of the analytic method, and the correlation between changes in inhibin
B blood levels and the histologic state of the testis.

28 Circulating microRNAs As Biomarkers of Testicular
y Damage?
R. E. Chapin. DART, Drug Safety R&D, Pfizer, Inc, Groton, CT.
MicroRNAs released into the blood following injury of specific tissues are emerging

as promising biomarkers of toxicity, and the testis is no exception. A large multi-
company effort under the auspices of the Predictive Safety Testing Consortium has
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been working to define which miRNAs are testis-specific or -enriched, and to de-
fine their changes in the blood during testicular toxicant-induced injury. This pres-
entation will briefly review the underlying biology and present an update of the
work in this fast-moving area.

Sperm mRNA Transcripts and DNA Methylation Marks As
Indicators of Testicular Injury.

s RS

K. Boekelheide. Brown University, Providence, RI.

As a pure population of cells that have matured and differentiated within the semi-
niferous epithelium, sperm carry all of the information needed to fertilize an oocyte
and initiate embryogenesis. Sperm deliver small and large RNAs and DNA to the
oocyte. Using high throughput array technology, a panel of altered sperm mRNAs
has been identified after exposure of rats to testicular toxicants. In men, the extent
of sperm DNA methylation is related to sperm motility. The ultimate goal is to
identify translatable sperm molecular signatures that will allow the rapid assessment
of sperm effects in preclinical test species and exposed men.

30 Biology of Low-Dose Response for DNA-Reactive Chemicals.
I. Klapacz! and B. P._Engelward?. ! TERC, The Dow Chemical Company, Midland,
MT; 2Department of Biological Engineering, Massachusetts Institute of Technology,
Cambridge, MA.

In the risk assessment process, DNA-reactive agents are generally considered to
have no thresholds for their biological effects and this assumption formed the basis
for linear low-dose extrapolation of any carcinogenic effects induced by these
agents. On the other hand, cells have evolved to handle DNA lesions from endoge-
nous and many exogenous DNA-reactive agents. In fact, DNA-repair processes are
strictly conserved from bacteria to humans underlying their importance in protec-
tion against the effects of these agents, such as disease and aging. In recent years,
low-dose response for DNA-reactive agents has been an active domain for research
in toxicology, with publication of several datasets with large numbers of doses fo-
cused on the determination of no-observed-genotoxic-effect-level (NOGEL) val-
ues. This effort has included dose-response modelling to identify the best fit be-
tween linear and nonlinear models, such as bilinear (hockey-stick) and the
benchmark dose (BMD) suite of models, and most datasets have supported a bilin-
ear or nonlinear/threshold dose response as providing best fit based on statistical
criteria.  However, empirical demonstration of statistically-supported
nonlinear/threshold dose response alone is not sufficient to achieve a paradigm shift
in risk assessment. A clear understanding of the biological processes behind the
shape of the low-dose response curve is similarly a critical piece of this journey, and
one where less effort has been focused to date within toxicology. This workshop will
explore some of the questions that need to be addressed to understand and bridge
DNA-repair processes and cellular responses with the mode-of-action driving these
nonlinear/threshold dose responses for genotoxic effects. The workshop will exam-
ine existing knowledge from the field of DNA repair and link it with response to
low doses of DNA-reactive agents, in order to draw specific reccommendations on a
path forward.

Genotoxic Effects and Dose Response: What Do We Know
So Far?

31

L. H. Pottenger. TERC, The Dow Chemical Company, Midland, MI.

Low-dose genotoxic response for DNA-reactive alkylating agents has been actively
investigated recently, with large datasets focused on low-dose response and determi-
nation of no-observed-genotoxic-effect-level (NOGEL) values. Most of these re-
cent datasets include dose-response modelling analyses and have demonstrated a bi-
linear or non-linear/threshold dose-response as the statistically supported best fit,
including datasets for directly DNA-reactive chemicals such as MMS, MNU, EMS,
and ENU. Recent data have demonstrated the ubiquitous presence of endoge-
nously-derived DNA adducts, some of which are identical to ones induced by ex-
ogenous exposure to DNA-reactive chemicals. Use of stable isotopes has permitted
differentiation between the identical endogenously- and exogenously-induced
DNA adducts, demonstrating that the exogenously-induced DNA adducts can
have non-linear dose-responses at low doses; examples include formaldehyde and
EO, both of which show that endogenous adduct levels can swamp the exoge-
nously-induced ones at low exposures. Thus the available empirical evidence sup-
porting the existence of non-linear/threshold dose-response for mutagenic effects
from DNA-reactive agents is already compelling, while a growing body of evidence
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is demonstrating similar non-linear/threshold dose-responses for exogenously-in-
duced DNA adducts. However, statistically supported demonstration of non-lin-
car/threshold dose-response alone is inadequate to achieve a paradigm shift in risk
assessment. A clear understanding of the biology behind the shape of the dose-re-
sponse is a critical piece for this journey, especially at low doses, although consider-
ably less effort has transpired on this aspect to date. Addressing the biology and bi-
ologically plausible modes-of-action driving these non-linear/threshold
dose-responses for genotoxic effects is the next task, one in which DNA repair
mechanisms are likely to play a key role, both for adducts and for impact on dose-
response for any resulting mutagenic effects.

32 CometChip and Recombomice Shed Light on Gene-
Exposure Interactions That Impact Genomic Stability.

B. P. Engelward. Department of Biological Engineering, Massachusetts Institute of

Technology, Cambridge, MA.

We are interested in homologous recombination (HR) and base excision repair
(BER) and the interaction between these DNA repair pathways. To explore HR in
mammals, we created mice with recombination reporter systems (Recombomice) in
which cells that have undergone an HR event fluoresce by combining tandem re-
peat of truncated copies of EYFP or EGFP gene. Here, we explore genetic and en-
vironmental factors that modulate susceptibility to HR in vivo. In particular, the
impact of inflammation, producing endogenous oxidative and alkylating DNA
damage, as both a modulator and an inducer of HR is presented. Exposure to low
dose and high dose radiation causes many of the same changes to DNA as exposure
to inflammation and can lead to severe inflammatory responses. Consequently, our
inflammation studies have broad relevance. In addition, we have developed Comet
assay called ‘CometChip’ for DNA damage analysis in single cells in an automated
fashion. The approach increases throughput and improves reproducibility. Here, we
show proof of principle of the technology as well as several applications of the
CometChip for studies of gene-environment interactions. Together, this work and
the technologies generated new biological insights.

HR has emerged as an important driver of carcinogenic sequence rearrangements.
HR repairs double strand breaks in the S/G2 phases of the cell cycle resulting from
endogenous and exogenous processes. While usually error free, errors in homolo-
gous recombination may result in sequence rearrangements and loss of heterozygos-
ity, both of which are prominent features of cancer cells. BER is also a key DNA re-
pair pathway. In this case, damaged bases are removed, the DNA backbone is
cleaved, the ends are processed and the resulting gap is filled from the opposite
strand. Both pathways are usually error-free, but there are still rare events where
there are misalignments during HR, and misinsertions during BER. Also, both
pathways are active in response to spontaneous DNA damage, and thus would be
expected to be active in response to low dose radiation.

33 Role of Mismatch Repair in Mutagenesis, Cancer, and DNA-
Damage Signaling.

W. Edelmann. Department of Cell Biology, Albert Einstein College of Medicine,

Bronx, NY. Sponsor: ]. Klapacz.

The DNA mismatch repair (MMR) system is essential for maintaining the integrity
of mammalian genomes by removing misincorporated nucleotides that result from
erroneous replication. In addition, MMR participates in the early steps of check-
point activation and apoptosis during the cellular response to alkylation induced
O°MeG:T mismatches and many other DNA lesions, particularly relevant at low-
dose, clinically-relevant exposures. Mutations in mammalian MMR genes result in
increased spontaneous mutation rates and strong predisposition to colorectal can-
cers and other cancers. Eukaryotic MMR is a complex system that requires the in-
teraction of several MutS and MutL proteins for the initiation of the repair reac-
tion. Subsequent to mismatch recognition, downstream events are activated that
lead to the excision of misincorporated or damaged nucleotides and the signaling of
DNA damage-induced cell cycle arrest and apoptosis. The loss of the MMR-de-
pendent DNA damage response is of significant clinical relevance as it results in in-
creased resistance to many alkylating and chemotherapeutic agents. Our research
program focuses on elucidating the functions of the individual MutS and MutL ho-
mologs in mammalian MMR and on assessing their importance for tumor suppres-
sion and the DNA damage response. Our results show that the DNA damage sig-
naling by MMR is important for the suppression of tumorigenesis in the initial
stages of the process. In addition, we found that MMR missense mutations can ef-
fectively separate the DNA repair and damage response functions and result in
more heterogeneous cancer phenotypes than those caused by complete loss of func-
tion mutations.



34 Computational Systems Biology Modeling of DNA-Damage

Stress Pathways for Assessing Mutation Rates at Low Doses.
M. E. Andersen. The Hamner Institutes for Health Sciences, Research Triangle Park,
NC.

Homeostasis with cellular stress response pathways involves negative feedback act-
ing through a series of steps to reduce stressor concentrations. Many stress response
pathways have rapid response, post-translational signaling and slower signaling
through transcriptional upregulation of gene families. Our laboratory, in close col-
laboration with scientists from Unilever Safety and Environment Assurance Centre
(SEAC), UK, has examined multiple biological read-outs in cells treated with sev-
eral DNA-damaging compounds in order to create mechanistic computational
models for micronuclei (MN) formation across wide dose ranges. The readouts in
several cell types — AHH-1, HT-1080 and TKG6 - included dose and time-depend-
ent examination of whole genome gene expression, high content imaging of DNA-
damage markers (yH2AX and p53), semi-quantitative measures of key phospho-
proteins (ATM, ATR, p38, Chk2, and p53), and MN as a measure of
DNA-damage. Transcriptional upregulation only occurred in the regions of dose-
response with clear increases in MN formation. Post-translational activation of rate
constants for DNA-repair processes acting through activation of specific kinases ap-
pears to be the main contributor to regulation of DNA-damage at lower doses of
these compounds. This talk describes stress pathway homeostatic feedback loops,
shows our steps to populate high- and low-dose models for DNA-damage response
pathways with etoposide, quercitin and methylmethansulfonate, notes our progress
in creating mechanistically-based low dose threshold models and discusses the value
of these computational models in guiding new experimental approaches for assess-

ing thresholds.

35 Do Alkylating Agents Cause Genotoxic Thresholds through a
DNA Repair Mode of Action?

G. E. Johnson, S. H. Doak, B.]. Rees, A. D.Thomas, J. R. Verma, Z. M. Zair

and G. J. Jenkins. College of Medicine, Swansea University, Swansea, United

Kingdom.

The long standing theory that linear dose responses exist for all DNA reactive geno-
toxic agents has recently been challenged. This paradigm shift towards accepting
thresholds has been initiated by the scientific and regulatory community. High
power non-linear dose responses are being produced in robust test systems.
However, for the scientific community to accept a range of low doses as biologically
irrelevant, a plausible mechanism of action must be shown experimentally. Many
different research groups are tackling this issue for methyl- and ethyl-methane
sulphonate (EMS and MMS) and methyl- and ethyl- nitrosourea (MNU and
ENU) which have all been shown to exhibit non-linear dose responses for both mu-
tagenicity and clastogenicity in vitro and in vivo. These alkylating agents induce
specific DNA adducts (O6-alkylG, N7-alkyl-G and N3-alkyl-A), and recent work
has been to investigate the roles of DNA repair in relation to their genotoxic thresh-
olds. Specific DNA repair enzymes (N-methyl DNA purine glycosylase [MPG] and
O6- alkyl guanine transferase [AGT]) have been shown to be up-regulated by low
dose alkylating agents, and knocking down these specific DNA repair enzymes in
vitro alters the shape of the dose response e.g. to EMS and MNU. Therefore,
mono-functional alkylating agents have threshold dose responses through a DNA
repair mode of action.

Incorporation of Exposure Data and Chemical Properties
into Early In Vitro Screening Studies: Putting Early Hazard
Identification into Appropriate Context.

36

R.T. Dunn! and Y. Will2. ! Discovery Toxicology, Amgen Inc, Thousand Oaks, CA;
2Compound Safety Prediction, Pfizer R&D, Groton, CT.

Over the past several years, a multiplicity of innovative early-screening assays have
been adopted to improve our ability to select drug candidates with the maximal op-
portunity to eventually succeed in later development. Examples of medium and
high-throughput assays that can enable early hazard identification include ion
channels related to cardiovascular safety (hRERG, NaV1.5, and others), assays to un-
derstand CNS permeability and hepatobiliary transport (PgP, BSEP, etc.), and re-
ceptor and kinase screens, as well as screening ADME assays. These assays are typi-
cally employed early in the drug discovery process when little other data are
available to help contextualize the early-screening result. Data output from these
early screens is often produced, then utilized by project teams to select molecules
for advancement, deprioritization, or to accumulate the knowledge base around a
compound. In this model, the early-screening data may become a static entity, such
as an IC50 value, which is then stored in a database often without further consider-
ation or re-evaluation. There is a possibility that early-screening data in such a

model is underutilized or potentially misleading. An inherent problem with gener-
ating early-screening data is that it is often produced in the absence of accompany-
ing data (e.g., in vivo exposure), which is information that can be leveraged to place
these data into better context and enable more accurate predictions. In this work-
shop, several use case examples will be presented where 77 vivo exposure informa-
tion and chemical compound properties have been weaved into early iz vitro toxic-
ity screening data enabling the discovery toxicologist to conduct a more robust
assessment of the hazard identification assay data.

Inclusion of Exposure Data to Early Toxicity Screening:
Using the Bile Salt Export Pump (BSEP) Screen As an
Illustrative Example.

37

R.T. Dunn, R. E. Morgan and H. K. Hamadeh. Discovery Toxicology, Amgen Inc,
Thousand Oaks, CA.

Inhibition of the bile salt export pump (BSEP) is a recognized risk factor in the de-
velopment of drug induced hepatic toxicity. To date there has not been an animal
model that can be reliably used to predict toxicity arising from inhibition of bile salt
transport. Thus, in order to provide project teams with an early hazard identifica-
tion tool for BSEP inhibition, a vesicle-based BSEP assay was developed. Guidance
for decision making or prioritization was initially based on a series of cutoff values,
where potency on BSEP was used as a singular criterion for hazard flagging. As part
of an effort to refine how early screening data are used, BSEP inhibition data was
obtained from a compendium of approved and withdrawn drugs. The available
human exposure data was then applied in a ratio calculation (BSEP
IC50/Exposure) in order to provide an estimate of the safety multiple. Using the
ratio-based data, a more robust evaluation of the IC50 data is now possible and the
decision making power is enhanced. In addition, both false positive and false nega-
tive compounds were further analyzed and hypotheses generated to refine judgment
around the hazard for individual molecules.

High-Content Mechanistic Screening (HCMS) Technology to
Impact Safety in the Context of Efficacy, Exposure, and
Toxicity.

38

K. Tsaioun. Apredica, Watertown, MA.

High content mechanism screening (HCMS) is a powerful platform that images
numerous mechanistic toxicity endpoints in full dose response at various time
points in cells of choice to generate IC50 based toxicity profiles presented as
heatmaps. This allows to compare toxicity profiles of compounds across chemical
series or within a series, with the goal to only take compounds forward that meet an
acceptable safety profile and minimize the probability of attrition in later stages of
development. We have successfully applied this approach to retrospective analysis
for organ toxicity prediction as well as within our own portfolio. This work demon-
strated that accurate prediction of clinical safety outcome depended on the avail-
ability of accurate information on clinical exposure levels. Rank ordering of com-
pounds should be done in the context of exposure to most accurately define the
safety window. When adjusted for clinical Cmax, retrospectively, the rank ordering
of compounds fell in line with the FDA status and known clinical adverse events
observations. This information was available to us for retrospective validation of the
HCMS technology, but is not available for discovery compounds. To address this
problem, as part of retrospective validation, we used industry-standard approach of
using pharmacologically-based pharmacokinetic (PBPK) model and predicted
human Cmax to normalize HCMS toxicity data. We demonstrated that when
HCMS data were adjusted for predicted Cmax, that was calculated using PBPK
model CloePK, rank order of the compounds fell in the same range as when we
used clinical Cmax. In order to generate PBPK predictions a set of standard ADME
data is used as an input.

Lead Optimization Against Toxicological End Points in Drug
Discovery: Recognition of Structural Determinants of Small
Molecule Target Organ Exposure and Toxicity.

39

D. P Hardey. Array Biopharma, Boulder, CO.

Target organ toxicity is a leading cause of attrition for novel small molecules in non-
clinical drug discovery and early clinical development. Given the demands on drug
discovery teams to produce molecules devoid of toxicity concerns, a paradigm shift
has occurred such that toxicologists are now integral members of these teams with
new responsibilities geared toward lead optimization. As such, it is no longer suffi-
cient for the toxicologist to simply describe the observed organ toxicities of a new
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compound, it is expected that we assess risk for toxicity in a predictive manner, or
ascribe a mechanism to early toxicity findings, link the findings to an offending
moiety within the structure, and assist in defining the chemical lead optimization
path. In many instances, simple modifications to structural or physical chemical
properties to molecules with insufficient safety profiles can quickly lead to new can-
didates with improved exposure and target organ toxicity profiles. Examples will be
presented where recognition and subsequent modification of structural and physi-
cal chemical features were employed to reduce attrition of small molecules due to
undesirable safety pharmacology or target-organ toxicity.

The Challenges of Putting In Vitro Safety Assays into
Context with In Vivo Data.

40

N. Greene. Compound Safety Prediction, Pfizer, Inc., Groton, CT.

In the quest for higher-throughput, lower cost assays for safety assessment, many ef-
forts have focused on cell based in vitro assays that generate a effect at a certain con-
centration level readout such as an LC50 etc. However, most of the efforts on cor-
relating these in vitro concentration responses to in vivo effects have looked at the
simple presence or absence of a phenotypic response in the in vivo study resulting
in the potential misinterpretation of a result. In this presentation, we will describe
efforts to more fully describe the in vivo responses in the context of compound ex-
posure to enhance the interpretation and correlation of in vitro assays. We will
highlight some of the issues in working with in vivo data such as the loosely con-
trolled vocabularies used in describing the findings observed in a study and ap-
proaches we have taken to overcome these. Finally, we will show how this may then
enhance the predictive value of an in vitro assay such as a simple ATP depletion
assay.

Relating Molecular Properties and I Vitro ADME/Tox
Surrogate Assay Results to In Vivo Outcomes.

41

D. E. Watson. Lilly Research Laboratories, Indianapolis, IN.

A primary goal of lead generation and lead optimization is to identify compounds
with good pharmacological properties and optimal absorption, distribution, metab-
olism, excretion and toxicological (ADMET) characteristics. Chemists routinely
consider molecular properties in designing compounds and utilize in vitro
ADMET surrogate assays to select promising compounds for in vivo studies. A
number of recent reports have investigated the relationship between computed mo-
lecular properties and in vivo ADMET outcomes. Although there is consensus that
compound properties are important, one limitation of these analyses is a lack of
controls for possible covariates (i.e. correlation vs. causation). We have examined
the relationship between molecular properties and in vitro ADMET surrogate as-
says vs. in vivo properties within 175 chemical series identified from a database of
3792 compounds for which short term rodent pharmacokinetic and toxicology
data are available. The role of confounding covariates was minimized by focusing
on those variable associated with large differences in outcomes between compound
pairs within chemically similar series of molecules. The analysis identified the fol-
lowing pairs of surrogates as most predictive among those examined: rat primary
hepatocyte (RPH) cytolethality / volume of distribution (Vd) for in vivo toxicology
outcomes, scaled microsome metabolism / calculated logP for in vivo unbound
clearance, and calculated logD / kinetic aqueous solubility for thermodynamic sol-
ubility. An important practical outcome of the analysis is a set of guidelines defin-
ing the utility of specific surrogates for several in vivo ADMET endpoint and the
magnitude of change required in a surrogate endpoint to achieve a desired in vivo
result for novel drug candidates.

Inhaled Mixtures: A Mode-of-Action Framework Applied to
the Criteria Air Pollutants.

42

E. O. Owens and C. C. Bowman. National Center for Environmental Assessment,
US EPA, Durham, NC.

Although regulated individually, the criteria air pollutants, NOx, Sox, CO, PM,
Pb, and O3, exist as a complex mixture in the atmosphere. Thus, the interactions
and cumulative effects of multiple pollutants are important to consider when as-
sessing the impact of ambient air exposures on health. The criteria air pollutants act
through complex biological pathways to elicit health effects, but many share com-
mon modes of action, including oxidative stress and inflammation. Mode of action
for a given toxic agent is defined as the set of key events involved in a given toxic ef-
fect. Key events are measurable endpoints along a continuum from exposure to ef-
fect, and are consistent with emerging concepts of how to use biomarkers, surrogate
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endpoints, and toxicity pathways to characterize health risks. Recent discussions
have proposed the use of mode of action to develop a unifying framework for the
evaluation of mixtures containing multiple pollutants. This session convenes ex-
perts in the modes of action of criteria air pollutants to examine how this informa-
tion can be organized, beginning with a description of an emerging framework for
integrating mechanistic and biological plausibility information regarding the crite-
ria air pollutants and a subset of ambient air toxics. Attendees will gain knowledge
of how a mode-of-action framework can be used to consider mixtures, as well as
emerging and established mechanisms of toxicity of air pollutants, focusing on po-
tential interactions between pollutants encountered in a multipollutant context.

43 Assessing Health Effects of Air Pollution Mixtures: Mode-of-
Action Framework.

B. Buckley. National Center for Environmental Assessment, US EPA, Durham, NC.

Sponsor: C. Bowman.

To better understand the health effects resulting from exposures to mixtures of cri-
teria pollutants (PM, particulate matter; sulfur oxides, SOx; nitrogen oxides, NOx;
ozone, O3; lead, Pb and carbon monoxide, CO) that actually occur in ambient air,
we are developing a framework for integrating information provided by toxicologi-
cal, epidemiologic, and controlled human exposure studies based on mode of ac-
tion. Mode of action for a given agent is defined as the set of key events which re-
sult in a toxic effect. Key events are measurable endpoints along the continuum
from exposure to effect, and are consistent with emerging concepts of how to use
biomarkers, surrogate endpoints, and toxicity pathways to characterize health risks.
The approach elucidates commonalities in key events and pathways triggered by ex-
posure to multiple pollutants. Available literature regarding the respiratory health
effects of PM, SOx, NOx and O3 indicates that all four pollutants activate neural
reflexes, increase bronchial reactivity, initiate inflammation and modulate immune
responses which may lead to the exacerbation of allergic responses, asthma and al-
tered host defenses. Emerging evidence also demonstrates that exposure to either
PM or O3 may result in systemic inflammation, oxidative stress and impaired vaso-
motor function while exposure to NOx may result in pro-inflammatory circulating
factors; all of which may lead to cardiovascular health effects. Exposure to CO may
impair vasomotor function or lead to myocardial ischemia, while exposure to Pb
may result in hypertension. Incorporation of important considerations for extrapo-
lation in risk assessment such as adaptive responses, susceptibility factors, dose and
duration of exposure, toxicokinetics, toxicodynamics and endogenous species into
this framework is explored.

44 The Effects of Criteria Pollutants in the Brain.
M. L. Block. Anatomy and Neurobiology, Medical College of Virginia, Richmond,
VA.

Increasing evidence links air pollution to central nervous system (CNYS) disease, but
the mechanisms remain poorly understood. Experimental studies and human case
reports reveal that neuroinflammation and oxidative stress have emerged as a com-
mon deleterious pathway triggered by exposures to diverse criteria pollutants, in-
cluding ozone and particulate matter. Thus, evidence indicates that not only does
the brain’s innate immune system respond to criteria pollutants, but that this has
been linked to neurodegenerative-disease-like pathology in cell culture, rodent
models, and humans. This presentation will focus on the cellular and peripheral
mechanisms that may be driving the CNS effects of air pollution, as our work with
diesel exhaust shows that both the peripheral immune system and microglia, the
brain’s resident innate immune cell, may be key to this process. In addition to pro-
viding new information on specific mechanisms of CNS disease development re-
lated to criteria air pollutant exposure, a mode of action framework will be used to
describe the pathways leading to emerging health effects with uncertain mecha-
nisms.

Air Pollution and Pattern Recognition Receptors: Like a Wee
LCMS in Every Mouse.

45

M. ]. Campen. College of Pharmacy, University of New Mexico, Albuguerque, NC.

Distinguishing among the toxicities of the numerous criteria pollutants and other
unregulated air hazards that exist in the multipollutant environment challenges the
most sophisticated human and animal studies. To adopt a more refined approach to
assessing the effects of multipollutant exposures, it will be essential to better under-
stand the shared mechanisms driving toxicity. One common pathway that several
labs have recently elucidated relates to a class of receptors known as pattern recog-
nition receptors (PRR). Research will be presented looking at the role of PRR in



driving allergic airway response, cardio-metabolic response, and the systemic vascu-
lar inflammatory response to combustion-source mixtures, such as gasoline and
diesel emissions. These findings, combined with results from other laboratories, in-
dicate a role for PRRs that may help refine our understanding of the link between
the chemistry of pollutant interactions at the lung surface and the ultimate patho-
physiological outcome.

46

A. Rohr. Air Quality, Electric Power Research Institute, Palo Alto, CA.

Differential Effects of PM Components: Toward a Better
Understanding of Underlying Mechanisms.

Multiple epidemiological and toxicological studies have reported differential re-
sponses to fine particulate matter components, such as elemental carbon, organic
carbon, sulfate, nitrate, and individual elements. While different PM components
likely invoke unique pathophysiological pathways, it is also likely that there is over-
lap between mechanisms of action. For example, oxidative stress is a likely pathway
for both organic PM components as well as trace elements. In a multipollutant set-
ting, it is critical to understand the underlying mechanisms of adverse biological re-
sponses to these materials. This presentation will review what is currently known
about pathophysiological pathways of response to PM components, with an em-
phasis on shared pathways.

m47

L. M. Plunkett. Integrative Biostrategies LLC, Houston, TX.

Toxicological Challenges in Food Production in Texas and
the Gulf Coast.

With recent media attention on episodes of food contamination and the impact of
chemicals in the environment on the food supply (i.e., bacterial contamination of
food, as well as the 2010 BP oil spill), public awareness of food safety issues has
grown. This symposium will explore the topic of food safety as it relates to unique
features of food production in Texas and the Gulf Coast. Texas is a major source of
fresh fruit and vegetable production for both regional and countrywide consump-
tion, while the Gulf Coast is a major source of fresh fish and seafood for many parts
of the United States. Topics covered in the symposium will include recent legislative
initiatives such as the Food Safety and Modernization Act of 2010, current regula-
tory oversight of food safety in the Gulf Coast region, and key public and/or worker
health issues associated with food production in the region. The goal of the sympo-
sium is to describe the strengths and weaknesses of current regulations and practices
to ensure a safe food supply as well as worker safety, and provide dialog for ways to
address unique concerns related to food production in Texas and the Gulf Coast.
Symposium speakers work in academia, for the United States government (US
FDA), and an organization representing the interests of the public (Center for
Science in the Public Interest), which will allow for discussion of the topics from a
variety of perspectives.

m48

R. W. Dickey. US FDA, Dauphine Island, AL. Sponsor: L. Plunkett.

Multiagency Response to Seafood Safety Concerns following
the 2010 Deepwater Horizon Oil Spill.

The April 20, 2010 explosion and sinking of the Deepwater Horizon oil drilling
platform (DWH) resulted in the largest oil spill in U.S. history. For a period of 87
days roughly 53 thousand barrels of oil per day flowed into the Gulf of Mexico
(GOM). The U.S. Coast Guard estimated 4.9 million barrels of crude oil escaped
before the damaged wellhead was sealed on July 15. The DWH spill threatened all
States bordering the GOM, and crossed Federal and State jurisdictional bound-
aries. Agencies responded to the spill in a coordinated manner to execute a unified
seafood safety risk assessment and protocol for testing and re-opening GOM fish-
eries.

Polycyclic aromatic hydrocarbons (PAH) are internationally recognized as the most
appropriate indicators of potential human health risk from crude oil residues in
seafood. A representative subset of 13 PAH and their alkylated homologues was se-
lected for critical analysis of oil-impacted seafood. A standard set of calculations was
used to determine seafood PAH tissue concentrations above which a 10-5 upper-
bound risk for low dose, life-time cancer is exceeded. Levels of concern for non-
cancer risks were also adopted from EPA IRIS reference dose values. Values for
other event-specific variables were selected from the most recent and reliable infor-
mation available.

FDA and NOAA tested more than 10,000 seafood specimens from state territorial
and federal waters that were impacted by the oil spill. Waters were not reopened for
fisheries harvest until oil had dissipated and testing showed that seafood was safe for
consumption. The duration of fishery closures in the oil-impacted region ranged
from 16 days for areas receiving little to no impact to greater than 24 months for
areas more heavily oiled.

Most seafood samples that were tested after the oil spill had dissipated, and before
waters were reopened for fishing, did not contain measurable levels of oil or disper-
sant residues. The samples that did contain measurable residues were consistently
100 to 1000-fold below levels of concern established in the unified seafood safety
protocol.

m 49 Seafood Safety Challenges for the Texas Gulf Coast.
D. W. Plunkett. Center for Science in the Public Interest, Washington DC. Sponsor:
L. Plunkett.

Potentially toxic chemistry from the 2010 BP oil spill and clean-up efforts gener-
ated widespread public concern over the safety of seafood harvested from the Gulf
of Mexico. Government agencies moved swiftly to contain the threat and reassure
consumers. The effort, though, masked a larger truth. While contamination events
caused by human activities draw public attention, naturally occurring toxins and
deadly bacteria in Gulf waters sicken, maim and kill far more people than oil and
chemical dispersants. Rare cases of neurotoxic shellfish poisoning occur in Texas.
Much more common are illnesses and deaths from naturally occurring vibrios.
Opysters harvested from Texas coastal waters have killed 53 people since 1995 and
resulted in 45 serious illnesses from Vibrio vulnificus contamination. The presenta-
tion will cover the risks to human health from human and naturally occurring con-
taminants, focusing on shellfish. It will also cover responses, adequate and inade-
quate, by governmental food safety agencies and the fishing industry.

m 50 Occupational Hazards in Texas Food Production.
E. Shipp. Epidemiology and Biostatistics, Texas A&M School of Rural Public Health,
College Station, TX. Sponsor: E. Bruce.

A substantial number of hired farmworkers help Americans to put food on their ta-
bles. This largely foreign-born (>75%) workforce makes a huge contribution to the
agricultural economy, yet the average family income ranges from $15,000 to
$17,499 and less than a quarter are covered by health insurance. The agricultural
industry also is among the most hazardous in the United States in terms of fatal and
nonfatal injury. Common occupational hazards include: prolonged time in awk-
ward postures, sun and heat stress, sharp implements, motorized farm equipment,
inadequate safety training and field sanitation, and pesticides. Pesticides are espe-
cially a concern for farmworkers given the potential for long-term consequences
such as skin problems, neurologic and motor problems, birth defects, and cancer.
There are an estimated 10,000-20,000 cases of physician diagnosed pesticide poi-
soning among agricultural workers each year in the U.S. Many more cases likely go
undiagnosed because symptoms can be flu-like and non-specific or the farmworkers
lack access to healthcare. Worker training can reduce this exposure, but employers
often do not provide training even when required to do so by law. In a study of ado-
lescent farmworkers from Texas, only 21% had ever received any training in pesti-
cide safety. This is troubling because adolescents are still developing both physically
and mentally and may be especially vulnerable to chemical exposures. A recent pilot
study showed that adolescent farmworkers who reported 5+ symptoms of neuro-
toxicity were nearly nine times as likely to report an acute injury compared to those
reporting a lower number of symptoms (Whitworth et al., 2010). This presentation
provides an overview of the occupational health and safety issues impacting farm-
workers with a focus on pesticides and a current research study designed to examine
this issue further in adolescents.

m 51 Occupational Heat Stress in Agricultural Settings.
J. L. Levin. Occupational Health Sciences, The University of Texas Health Science
Center at Tyler, Tyler, TX. Sponsor: E. Bruce.

Occupational heat stress and heat illness disproportionately affect agricultural
workers compared with other occupations, including migrant and seasonal farm-
workers. From 1992 to 2006, there were 423 occupational heat-related deaths in
the United States. The mortality rate from occupational heat-related illness among
crop workers was nearly twenty times as high as for all industries during that time
frame. This presentation will review underlying causes and risk factors for occupa-
tional heat stress, recognition of the continuum of heat illness, and recommenda-
tions for monitoring and prevention. Presently, there is no federal occupational reg-
ulatory standard specifically regarding heat exposure. This presentation will also
review fundamental differences between OSHA and NIOSH and emphasize the
complexities of understanding recommended exposure limits. Case examples from
outdoor work environments will be presented including one which culminated in
adjudication before the Occupational Safety and Health Review Commission.
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52 Developmental Toxicity and Neurobehavioral Effects of
Dietary Flavonoids.

S. M. Bugel and R. L. Tanguay. Department of Environmental and Molecular

Toxicology, Environmental Health Sciences Center, Oregon State University, Corvallis,

OR.

Flavonoids are a structurally diverse group of phytochemicals that are known hor-
mone mimics (phytoestrogens), and are thought to have therapeutic properties.
Humans are exposed to flavonoids through consumption of fruits, vegetables, and
dietary supplements. These ubiquitous chemicals are found in baby formulas and
foods, and are detected in human urine, plasma, and breast milk. Therefore, the po-
tential for developmental effects should be explored. Using zebrafish (Danio rerio)
as a model vertebrate, we tested the hypothesis that flavonoids exhibit structure-de-
pendent effects on development. Embryos were treated with 5 representative
flavonoids (apigenin, biochanin A, S-equol, galangin and kaempferol), 1-50 uM,
from 6 hours post fertilization (hpf) to 120 hpf. At 120 hpf, effects included yolk-
sac and pericardial edemas, axis curvature, fin dysmorphogenesis and craniofacial
abnormalities. For all 5 compounds, we also observed spastic pectoral fin and cau-
dal tail movements at 72 hpf, suggestive of neurotoxicity. To test the hypothesis that
flavonoids are stimulants, we assessed acute effects on neurobehavior in naive 120
hpf larvae challenged with 16 flavonoids: apigenin, biochanin A, chrysin, daidzein,
S-equol, fisetin, formononetin, galangin, genistein, kaempferol, luteolin, myricetin,
naringenin, puerarin, quercetin and resveratrol. With the exception of puerarin, all
induced hyperactive swimming behavior suggesting that flavonoids have psychoac-
tive and stimulant properties. This zebrafish larval bioassay is amenable to rapid
throughput screening for anxiogenic and anxiolytic properties, which we validate
using neurotoxicants chosen to represent diverse mechanisms (e.g. nicotine, chlor-
pyrifos, picrotoxin, etc.). Using pharmacological intervention with receptor specific
chemicals, this screen will be valuable for identifying interaction of dietary
flavonoids and other chemicals of interest with neuro-receptors to identify the
mechanism of toxicity in vivo. This research is supported by NIEHS grants P30
ES00210, RC4ES019764 and T32 ES07060.

53 Perinatal Toxicity and Carcinogenicity Studies of Styrene
Acrylonitrile Trimer, a Ground Water Contaminant.

M. Behl! 2, S. A. Elmore!, M. R. Hejtmancik?, D. K. Gerken? and

R. S. Chhabra'. Division of the National Toxicology Program, NIEHS, Research

Triangle Park, NC; 2Kelly Government Solutions, Research Triangle Park, NC;

3Battelle Memorial Institute, Columbus, OH.

Styrene Acrylonitrile (SAN) Trimer is a by-product of the production of acryloni-
trile styrene plastics. Following the report of a childhood cancer cluster in the Toms
River section of Dover Township, New Jersey, SAN Trimer was identified as one of
the groundwater contaminants at Reich Farm Superfund site in the township. The
contaminants from the Reich Farm site’s ground water plume impacted two wells at
the Parkway well field. The National Toxicology Program (N'TP) studied the toxic-
ity and carcinogenicity of SAN Trimer in F344/N rats exposed during their perina-
tal developmental period and adulthood. The chronic toxicity and carcinogenicity
studies in rats were preceded by 7 and 18-week perinatal toxicity studies to deter-
mine exposure concentrations for the 2 year studies Pregnant dams were exposed to
SAN-Trimer in the diet at 400, 800, or 1600 ppm during gestation, nursing and
weaning periods of offspring followed by two years of adult exposure to both male
and female pups. There was no statistically significant evidence of carcinogenic ac-
tivity following SAN-Trimer exposure; however, rare neoplasms in the brain and
spinal cord were noted in males and to lesser extent in female rats. These incidences
were considered within the range of historical control background in the animal
model used in the current studies. The major finding was a dose-related peripheral
neuropathy associated with the sciatic nerves in females and spinal nerve roots in
males and females, thereby suggesting that SAN-Trimer is a potential nervous sys-
tem toxicant. Other non-neoplastic lesions included increased incidences of some
lesions in the bone marrow and liver in males and females, and in the urinary blad-
der in females.

54 Does Developmental Hypothyroidism Produce Lasting
Effects on Adult Neurogenesis?

J. Nance!, R. C. Switzer?, A.Tennant!, A. F Johnstone! and M. E. Gilbert!. 'US

EPA, Research Triangle Park, NC; > NeuroScience Associates, Knoxville, TN.

The subgranular zone of the dentate gyrus (DG) of the adult hippocampus gener-
ates new neurons throughout life. Thyroid hormones (TH) are essential for brain
development, but impaired neurogenesis with adult hypothyroidism has also been
reported. We investigated the role of milder degrees of TH disruption on adult neu-
rogenesis following hypothyroidism induced during development, in adulthood, or
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both. Pregnant dams were administered the TH synthesis inhibitor, propylth-
iouracil (PTU, 0 or 3ppm in drinking water) from gestational day 6 and pups were
weaned to control water on postnatal day (PN)21. On PN60, offspring from con-
trol or PTU dams were either re-exposed to PTU (3ppm) for 1 month or main-
tained on control. Bromodeoxyuridine (BrdU 50 mg/kg, ip, twice daily) was ad-
ministered to all animals on the last 5 days of the re-exposure period, and animals
sacrificed 28 d later. Animals were perfused intracardially, the brains removed and
embedded in a MultiBrain (NSA) array and freeze sectioned. Every 8th section
throughout the hippocampus stained with an antibody against BrdU to mark ac-
tively dividing cells. The volume of the DG and the number of BrdU-positive cells
were assessed from images captured on a Nikon microscope (400X) and Nikon
Elements software. Preliminary findings indicate that developmental exposure to
PTU produced a persistent reduction in the volume of the adult DG. BrdU cell
counts were reduced similarly in all PTU-exposed groups. These data suggest that
moderate levels of hypothyroidism decrease cell survival in the adult brain and that
transient developmental hypothyroidism leads to persistent decreases in DG vol-
ume and cell survival. The degree to which these findings are determined by reduc-
tions in cell proliferation is currently under investigation. As neurogenesis in the
adult recapitulates developmental processes of proliferation, differentiation, and
migration, study of this neurogenic niche in the adult may provide a simpler means
to assess the consequences of TH insufficiency on neurodevelopment. (Does not re-

flect EPA policy).

Dietary Administration of Paraquat for 13 Weeks Does Not
Result in a Loss of Dopaminergic Neurones from the
Substantia Nigra of Mice.

@ 5

N. Sturgess!, P Botham!, M. Butt?, D. Minnema?, L. Smith! and J. Wolf*.
Syngenta, Bracknell, United Kingdom; 2Syngenta, Greensboro, NC; 3 Tox Path
Specialists, Frederick, MD; “EPL, Sterling, VA.

A number of publications have reported that i.p. administration of paraquat (PQ)
to rodents (e.g. C57BI6] mouse) at high doses results in a loss of dopaminergic neu-
rones from the substantia nigra pars compacta (SNpc), the primary area of neu-
ropathological damage in Parkinson’s disease (PD). Such studies have been used to
indicate mechanistic plausibility for epidemiological claims of a link between PQ
exposure and PD. A major criticism of the i.p. mouse model is that it uses a route
of administration and duration of exposure which is not relevant to human expo-
sure. To better understand the relevance of the reported findings from the i.p.
mouse model we have conducted a study where male C57BI6] mice were exposed
to PQ in the diet for 13 weeks, and the brains examined for evidence of dopamin-
ergic neuronal cell loss using stereology, changes in striatal neurochemistry and
pathological changes using stains to detect neuronal cell damage and inflammatory
responses. Dietary concentrations of 10 & 50 ppm paraquat dichloride salt were
used which resulted in achieved doses of 2.4 & 14.1 mg/kg/day. A low dose of N-
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP; 10 mg/kg administered
i.p. to a separate group of male mice 4 times in a single day at 2 hr intervals, 7 days
prior to the end of the dietary study) served as a positive control. PQ at either dose
level did not induce a loss of tyrosine hydroxylase positive (TH+) dopaminergic
neurones in the SNpc, alter the concentration of striatal dopamine and its metabo-
lites or result in evidence of neuronal cell damage or astrocyte/microglial activation
in the SNpc. In the MPTP group the number of TH+ neurones in the SNpc and
striatal dopamine was reduced and there were significant pathological changes in-
cluding neuronal necrosis and astrocyte/microglial activation. This study further
brings into question the relevance of the findings from previous i.p. mouse studies
as evidence for a link between PQ exposure and PD/parkinsonism.

56 Neurodevelopmental Effects of Inhaled Vapors of Gasoline
and Ethanol in Rats.

P J. Bushnell!, T. E. Beasley!, W. M. Oshiro!, P. A. Evansky!, S. A. Martin!,

V. C. Moser!, K. L. McDaniel!, P. M. Phillips!, J. Norwood!, M. E. Gilbert!,

M. M. Taylor?, C.]J. Gordon!, C.E. Grace! and J. M. Rogers!. INHEERL/ORD,

US EPA, Research Triangle Park, NC; >MMT Inc, Durham, NC.

Gasoline-ethanol blends comprise the major fraction of the fuel used in the US au-
tomotive fleet. To address uncertainties regarding the health risks associated with
exposure to gasoline with more than 10% ethanol, we are assessing the effects of
prenatal exposure to inhaled vapors of gasoline-ethanol blends. Pregnant Long-
Evans rats are exposed to fuel vapors, 6.5 hr/day, on days 9-20 of gestation, and
their offspring are assessed for a variety of neurodevelopmental effects. This report
compares effects of inhaled gasoline vapor lacking ethanol (E0) at concentrations of
0, 3000, 6000, or 9000 ppm with previously-reported effects of inhaled ethanol
(E100) at concentrations of 0, 5000, 10000 or 21000 ppm. Maximum concentra-
tions were limited by the lower explosive limits of the vapors. As observed with



E100, E0 vapors caused no overt maternal toxicity, changes in litter size or weight,
or weight gain of the pups. In contrast to E100, E0 did not alter locomotor activity
of adults. Both E0 and E100 produced a few minor, unsystematic changes in the
functional observational battery. In water maze tests, E100 altered search strategies
(not dose-related) and impaired memory in females (no-platform probe trials, all
doses); in contrast, EO was essentially ineffective. No treatment affected working
memory, as assessed in operant delayed-matching-to-position tests. In an operant
reaction-time test, 21000 ppm E100 and 9000 ppm EO increased hold failures, a
measure of impulsivity, and increased decision times at the lower doses. Responses
to a conditioned audiovisual cue were reduced in females at all doses of E100, but
were not affected by EO; neither agent affected conditioning to context.
Telemetered mean blood pressure (BP) was increased in male offspring by 9000
ppm EO0 at PND 90 and 180; tail cuff tests corroborated these results at PND 180
only. E100 increased BP (tail cuff) in males at all doses on PND90 only. This ab-
stract does not reflect EPA policy.

Postnatal Trichloroethylene Exposure Is Associated with
Abnormal Behavior and Alterations Global DNA
Methylation Patterns in Mouse Cerebellum.

@ 5

S. Blossom!, J. L. Rau!, S.B. Melnyk!, C. A. Cooney!, S.].James! and

W. D. Wessinger?. ! Pediatrics, Arkansas Children’s Hospital Research Institute, Little
Rock, AR; 2Pharmacology and Toxicology, University of Arkansas for Medical
Scieinces, Little Rock, AR.

Previous studies have shown that continuous exposure throughout gestation until
the juvenile period to environmentally-relevant doses of trichloroethylene (TCE) in
the drinking water of MRL+/+ mice promoted adverse behavior associated with
glutathione (GSH)depletion in the cerebellum indicating increased sensitivity to
oxidative stress. Here we extend these findings to further characterize the impact of
TCE exposure on redox homeostasis, biomarkers of oxidative stress, transmethyla-
tion metabolites and global DNA methylation patterns in mice exposed to water
only or two doses of TCE in the drinking water postnatally from birth until 6 weeks
of age. The mice were subjected to a variety of open field behavioral tests in order to
correlate behaviors with metabolic and methylation patterns observed in our
model. Our results show that the cerebellum from male mice exposed to TCE have
lower GSH and increased biomarkers of oxidative stress compared with controls.
Methionine levels were also significantly reduced in the TCE-exposed mice which
suggested compromised cellular methylation. Global DNA methylation, including
hydroxymethylation patterns, were signiifcantly lower in the cerebellum of TCE ex-
posed mice, compared to controls. Mice exposed to TCE exhibited increased loco-
motor and exploratory activity compared to control mice suggesting increased nov-
elty seeking behavior similar to that observed in humans with attendion deficit
disorder. Understanding the mechanisms of TCE neurotoxicity during sensitive
windows of exposure is important in order to enhance mechanistic understanding
of environmentally-related neurologic disorders in susceptible populations.

Perfluorohexane Sulfonate (PFHxS) Causes Adult Behavioral
Disturbances in Male and Female Mice, after Neonatal
Exposure.

PLES

H. Viberg, I. Lee, A. Fredriksson and P._Eriksson. Environmental Toxicology,
Uppsala University, Uppsala, Sweden.

Perfluorohexane sulfonate (PFHxS) is a perfluorinated compound (PFC) used as an
industrial additive. PFC chemical properties make them suitable as surfactants and
oil -and water repellents, which are frequently used in products for packaging and
as protective coatings. However, the same properties also account for their extreme
physic-chemical stability, making them practically non-biodegradable, accumulat-
ing in the global environment, causing concern, since little is known about the tox-
icity of the compound. We recently have seen that other PFCs, like perfluorooctane
sulfonate (PFOS) and perfluorooctanoic acid (PFOA), can induce developmental
neurotoxic effects and the purpose of the present study was to explore if neonatal
exposure to PFHxS can affect behavior and cognitive function. In the present study
we exposed male and female mouse pups to a single dose of PFHxS (0.61-9.2
mg/kg bw) during the defined critical period of brain development, on postnatal
day 10. At two months of age male and female mice showed altered spontaneous
behavior in a novel home environment, affecting cognitive function. Furthermore,
these functional behavioral effects were long-lasting or irreversible since they were
once again seen at four month of age. The nicotine-induced behavior test revealed
that male and female mice neonatally exposed to PFHxS responded differently
compared to control animals, when challenged with a dose of nicotine. The present
findings show that PFHxS can cause developmental neurotoxicity, effects similar
with effects earlier reported after neonatal exposure to PFOS and PFOA and other
persistent pollutants, such as PBDEs and PCBs.

59 Acute Ozone-Induced Impairment of Glucose Regulation:
Age-Related and Temporal Changes.

V. L. Bass!, R. C. MacPhail!, D. L. Andrews!, B. Vallanat!, W. O. Ward!,

M. C. Schladweiler!, A. D. Ledbetter', D. B. Johnson?, K. A. Jarema',

C. ]. Gordon'! and U. P. Kodavanti!. ZEPHD/NHEERL/ORD, US EPA, Research

Triangle Park, NC; ?Curriculum in Toxicology, University of North Carolina at

Chapel Hill, Chapel Hill, NC.

Ozone (O3) is associated with adverse cardiopulmonary effects in humans and
thought to produce metabolic effects, such as insulin resistance. We showed that
episodic O3 exposure increased insulin levels in aged rats. We hypothesized that O3
could impair glucose homeostasis by altering insulin signaling and/or causing an
unfolded protein response (UPR) in the liver. Brown Norway rats, 1, 4, 12, 21, and
24mo old, (a model of non-obese aging) were exposed to O3 at 0, 0.25 or 1ppm,
6h/day for 2 consecutive days. As a follow-up study, 4mo old rats were exposed to 0
or 1ppm O3 over 2 days to examine the time course of response. Glucose tolerance
tests (GTT) directly followed exposure in all studies and additionally at 24h post-
exposure in the time-course experiment. Liver gene expression was examined using
Affymetrix RG-230PM Array strips. Liver and adipose tissues were also analyzed
using RT-PCR for metabolic and UPR markers. Phospho-protein analysis to assess
insulin signaling was done in the liver, adipose tissue, and muscle. GTT showed a
marked impairment of glucose clearance among 1ppm O3 exposed rats of all ages.
The reduction in glucose regulation after O3 exposure was most apparent in 1mo
rats, who exhibited no baseline glucose intolerance. The 24mo rats exhibited glu-
cose intolerance at baseline. Analyses of metabolic and acute phase response (APR)
biomarkers show that the insulin signaling pathway is altered by O3 in all three tis-
sues and serum APR proteins were increased. Selected UPR genes were upregulated
in the liver. Serum leptin increased acutely following 1 day (6h) O3 exposure.
Maximum effects of O3 on insulin signaling and APR were seen directly following
the second day of exposure. Our results suggest that glucose intolerance is a result
of metabolic changes in response to O3. These findings raise concern about ambi-
ent O3’s potential to cause predisposition towards metabolic impairment. (Does
not reflect US EPA policy).

Fine Particulate Matter (PM, ;) Exposure Impairs Vascular
Insulin Signaling and Exacerbates Diet-Induced Systemic
Insulin Resistance in Mice.

m o

P Haberzetd, J. McCracken, J. Lee, A. Bhatnagar and D. J. Conklin. University
of Louisville, Louisville, KY.

Recent epidemiological studies suggest that increases in fine particulate matter
(PM, 5) air pollution contribute to the rapidly evolving epidemics of obesity and di-
abetes. Because metabolic syndrome, diabetes and air pollution all induce endothe-
lial dysfunction, and because we recently showed that short-term exposure to con-
centrated ambient PM, ; (CAP) impairs endothelial VEGF signaling and decreases
circulating endothelial progenitor cells (EPCs), we examined the effects of CAP ex-
posure (9-30 consecutive days, 6h/d) on endothelial and systemic insulin resistance
and inflammation, adiposity and vascular function in mice fed normal chow or
high fat-diet (HFD). Surprisingly, CAP exposure impaired vascular insulin signal-
ing after only 9 or 30 days, and exacerbated HFD-induced systemic insulin resist-
ance after 30 days without increasing adiposity. Insulin sensitivity and inflamma-
tion in adipose and liver were unaltered by CAP or HFD. In contrast, CAP
exposure (30 days) impaired endothelial insulin signaling diet-independent in heart
and aorta, but HFD-dependent skeletal muscle. Changes in insulin sensitivity were
accompanied by organ-specific but not systemic inflammation and a decrease in
circulating EPCs. Collectively, our results suggest that short-term CAP exposure
provokes HFD-induced systemic insulin resistance by inducing inflammation and
endothelial insulin resistance accompanied by decreased circulating EPC levels.
Impaired vascular maintenance due to EPC suppression could contribute to vascu-
lar insulin resistance (or vice versa) thereby increasing systemic insulin resistance

and the risk for the development of T2D and CVD by PM, ..

61 Ozone (03): A Potential Contributor to Metabolic
Syndrome through Altered Insulin Signaling.

D. B. Johnson?, D. L. Andrews?, V. L. Bass!, M. C. Schladweiler',

A. D. Ledbetter! and U. P.Kodavanti'. EPHD/NHEERL/ORD, US EPA, Research

Triangle Park, NC; ’RCU/NHEERL/ORD, US EPA, Research Triangle Park, NC;

3Curriculum in Toxicology, University of North Carolina at Chapel Hill, Chapel Hill,

NC.

Air pollutants have been associated with diabetes and metabolic syndrome, but the

mechanisms remain to be elucidated. We hypothesized that acute O3 exposure will
produce metabolic impairments through endoplasmic reticular stress (ER) stress
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and altered insulin signaling in liver, muscle and adipose tissues in the Wistar Kyoto
rats. Rats were exposed to air or 1ppm O3, 6hr/day for 1 or 2 days. Glucose toler-
ance tests were conducted immediately following each day or one day after 2-day
exposure. Tissues were analyzed for insulin and ER stress signaling and serum for
inflammation and metabolic biomarkers. O3 produced severe hyperglycemia and
glucose intolerance that was reversible following 1 day recovery. Phosphorylation of
insulin receptor substrate (pIRS) decreased after 2nd day O3 in all three organs.
Downstream mediators, phospho-serine/threonine kinase and phospho-glycogen
synthase kinase also decreased but only in adipose tissue. Serum insulin changes
were correlated with tissue levels of pIRS. Serum IL-6, thought to link ozone-in-
duced inflammation and metabolic alterations, did not increase at any time; how-
ever lipocalin and acute phase proteins increased after O3. Serum leptin was also in-
creased sharply after 1-day O3 exposure and it was correlated with O3-induced
hyperglycemia, but not glucose intolerance. Genes downstream of unfolded protein
response were changed in the liver indicating ER stress. To examine the role of liver
ER stress in O3 induced impairment of metabolism, we treated rats with ER-stress
inhibitor, salubrinal prior to air or 1ppm O3. Salubrinal did not diminish O3 in-
duced hyperglycemia and glucose intolerance, suggesting that hyperglycemia likely
did not result from ER stress. In conclusion, acute O3 exposure alters insulin sig-
naling in metabolic organs causing hyperglycemia and glucose intolerance, which
might contribute to increased incidences of diabetes and metabolic syndrome.
(Does not reflect USEPA policy).

62 Inhaled Ozone Induces Metabolic Abnormalities in Mice Fed
a High-Fructose Diet.
K. M. Allen’2, P. Brooks!, M. Dereski!, R. Lewandowski'-?, I. Hotchkiss',
D. Jackson-Humbles!, C. Brandenberger!, L. Bramble!2, ]. G. Wagner! 2 and
. Harkema'-2. ! Pathobiology, Michigan State University, East Lansing, MI; >Great
Lakes Air Center for Integrated Environmental Research, Michigan State University,
East Lansing, MI.

Results of recent inhalation toxicology studies have indicated that long-term expo-
sure of mice to concentrated ambient particulate matter induces insulin resistance
and potentiates other adverse metabolic effects brought on by consumption of a
high fat diet. Similar adverse metabolic effects on insulin signaling and glucose
homeostasis caused by gaseous air pollutants, such as ozone (O3), have not been in-
vestigated. In the present study, we tested the hypothesis that subacute inhalation
exposure to O3 enhances metabolic abnormalities, caused by a high fructose diet
(HFrD), in mice. C57/Bl6 male mice were maintained on either a normal chow
(NC) or a HFrD (from which 60% of the calories were derived from fructose) for
the duration of the study. Mice were exposed to 0 (filtered air controls; FA) or 0.5
ppm O3, 4 h/day for 24 consecutive weekdays. No combination of exposure or diet
caused changes in glucose metabolism, as measured by oral glucose tolerance test-
ing. In contrast, mice fed the HFrD and exposed to O3 had an increased fasting in-
sulin (1519+128 pg/mL) as compared to all other groups (NC/FA: 646+62.73,
HFrD/FA: 841+87.17, NC/O3: 535+48.32). Similarly, plasma leptin levels were
markedly increased in the HF/O3 group. HOMA-IR, an indicator of insulin resist-
ance, was also increased in the HFr/O3 (16.61+2.23) mice as compared to the
NC/FA, HFt/FA or NC/O3 mice (7.64+0.91, 7.98+0.7 and 5.23+0.44, respec-
tively). In addition, O3 exposure enhanced the severity of HFrD-induced hepatic
steatosis. Overall these data in mice suggest that subacute inhalation exposure to
O3 may induce or enhance some adverse metabolic effects caused by a HFrD. The
interaction of diet and air pollution exposure on human health requires further

study. Funded by USEPA RD83479701

Suppressed Responses in Heart Rate Variability during
Inhalation Exposure to Ozone and Ambient Fine Particles in
Rats on a High-Fructose Diet.

m ¢

. G. Wagner!, H. Yang?, K. M. Allen!, M. Morishita?, B. Nan?,
B. Mukherjee?, G. Fink! and ]. Harkema!. 'Michigan State University, East
Lansing, MI; 2University of Michigan, Ann Arbor, MI.

People with diet-induced cardiometabolic disorders (diabetes, hypertension) may
be more susceptible to the adverse cardiovascular effects of air pollution. The pres-
ent study was designed to determine if a high-fructose diet affects cardiovascular re-
sponses to inhaled air pollutants. We used a mobile air research laboratory located
in an industrial area of Dearborn, MI, to expose male Sprague Dawley rats, to fil-
tered air (FA), ozone (O3; 0.5 ppm), concentrated ambient fine particles (CAPs;
400 pug/m3) or the combination of O3 & CAPs. Rats were fed a normal (ND) or
high-fructose diet (HFD) for 8 weeks prior to exposure and during exposure.
Inhalation exposures were 8h/day for 9 days (4-5 days/week). Heart rate (HR) and
ECG waveforms were collected by radiotelemetry every 5 minutes during expo-
sures, and measures of heart rate variability (HRV, indicated as SDNN and
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rMSSD) were calculated and analyzed by a linear mixed model. Compared to FA-
exposed rats fed ND, rats fed HFD had significantly greater HR (328 + 27.5 vs 299
+ 35 bpm, respectively) and lower SDNN (44.6 + 78.8 vs 64.4 + 86 ms). All expo-
sures caused decreases in HR that were greater in HFD rats (25-40 bpm) than in
ND rats (6-15 bpm). However responses in HRV were dependent on the specific
exposure and diet. Exposure to O3&CAPs induced significant decreases in HRV in
ND- but not HFD-fed rats, with a 55% decrease in SDNN over the nine days of
exposure. By comparison exposure to O3 alone had the opposite effect on HRV,
with a 48% increase in SDNN, but with no effect in HED rats. Lastly, ND-fed rats
exposed to CAPs alone had a modest decrease in SDNN (23%), while similarly ex-
posed HFD-fed rats again had no change. In summary, while HR was decreased in
all experimental groups, the degree and direction in change of HRV depends on the
specific exposure and diet. The mechanism(s) underlying altered autonomic re-
sponses in HFD rats to single- or multi-pollutant exposures requires further study.

US EPA RD83479701

Oxidative Stress and the Acceleration of Atherosclerosis in
Susceptible Mice after Exposure to Semivolatile Components
of Ultrafine Particulate Matter.

@

A.]J. Keebaugh!, P. Pakbin?, L.B. Mendez!, Z. Ning?, G. Gookin!, C. Sioutas?
and M. T. Kleinman'. ! Community and Environmental Medicine, University of
California Irvine, Irvine, CA; >Environmental Engineering, University of Southern
California, Los Angeles, CA.

Exposure to ultrafine particulate matter (UF-PM) has been associated with adverse
cardiovascular health effects. UF-PM contains semi-volatile organics (SVOCs) that
are bound to particles but can partition to the vapor phase after emission. SVOCs
contain species such as polycyclic aromatic hydrocarbons and quinones that can in-
duce oxidative stress and may be responsible for the exacerbation of cardiovascular
disease by UF-PM. Therefore, we hypothesized that the removal of SVOCs from an
aerosol should decrease the ability of the particle to cause oxidative damage and
consequently the acceleration of atherosclerotic plaque formation. ApoE -/- mice,
which are prone to developing atherosclerosis, were exposed to UF concentrated
ambient particles (CAPs), CAPs with the SVOC components removed, or SVOC
components without the particle core. A control group was exposed to purified, fil-
tered air. Particles were concentrated using a VACES, and SVOCs were separated
from the particle core using a thermal denuder. The exposures took place 5
hours/day, 4 days/week for 8 weeks in downtown Los Angeles, 100m downwind of
a major freeway. Plaque formation in the aortic arch and total and LDL cholesterol
in the serum were measured to evaluate the progression of atherosclerosis. Serum
concentrations of lipid peroxidation, protein carbonyl content, and glutathione
were assessed to determine systemic oxidative stress. Aortic plaque formation in
mice exposed to unmodified CAPs was higher than in those exposed to CAPs with
no SVOC:s. Similarly, higher levels of lipid peroxidation were measured in mice ex-
posed to unmodified CAPs and SVOC components of CAPs compared to those ex-
posed to CAPs without SVOC:s. The corresponding trends in plaque formation and
lipid peroxidation support the notion that exposure to SVOCs may contribute to
the acceleration of atherosclerosis via an oxidative stress pathway.

Acrolein-Induced Increases in Blood Pressure and Heart Rate
Are Coupled with Decreased Blood Oxygen Levels during
Exposure in Hypertensive Rats.

@

C. M. Perez!, A.D. Ledbetter?, M. S. Hazari?, N. Haykal-Coates?, A.P. Carll!,
D. W. Winsett?, D. L. Costa® and A. K. Farraj?. ! University of North Carolina ar
Chapel Hill, Chapel Hill, NC; 2Environmental Public Health Division, US EPA,
Research Triangle Park, NC; 3ORD, US EPA, Research Triangle Park, NC.

Exposure to air pollution increases the risk of cardiovascular morbidity and mortal-
ity, especially in individuals with pre-existing cardiovascular disease. Recent studies
link exposure to air pollution with reduced blood oxygen saturation suggesting that
hypoxia is a potential mechanism that mediates the adverse cardiovascular effects of
air pollution. The purpose of this study was to characterize the cardiovascular ef-
fects of exposure to acrolein, a potent irritant and component of cigarette smoke
and diesel exhaust and determine if acrolein exposure causes decreased blood oxy-
gen levels. We hypothesized that hypertensive rats would be more sensitive to the
adverse cardiovascular effects of acrolein and that the cardiovascular effects of
acrolein would be coupled with decreased arterial blood oxygen levels during expo-
sure. Spontaneously hypertensive (SH) and Wistar Kyoto (WKY; rats with normal
blood pressure) rats implanted with biopotential radiotelemetry transmitters were
exposed once for 3 hours to 3 parts per million acrolein gas or filtered air (control)
in whole body plethysmograph chambers while cardiovascular and ventilatory pa-
rameters were monitored. In a separate cohort of rats, arterial blood samples were
drawn before, during, and after exposure to acrolein to monitor blood oxygen satu-
ration. We found that hypertensive, but not normal rats, had significant increases



in heart rate, blood pressure, breathing frequency, and minute volume during
acrolein exposure. These effects were coupled with significant decreases in arterial
blood pO2 and K+ levels and significant increases in pCO2. The data suggest that
hypertension predisposes to the adverse health effects of air pollution exposure and
that hypoxia may have an important role in mediating these physiologic responses
(This abstract does not reflect EPA policy).

66 PM2.5 Exposure and Rage: Insight into an Emerging Risk
for Diabetes.

. M. Vaughan, ]. T. Zelikoff, B. Narayanan, A. Schmidt and L. Chen.
Environmental Health Science, New York Universizy, Tuxedo, NY.

Diabetics are a particularly vulnerable population to the adverse cardiopulmonary
effects of particulate air pollution (PM)-often attributed to enhanced inflammation
and endothelial dysfunction. Recent reports have implicated activated receptors for
advanced glycation end-products (RAGE) as an integral factor in the inflammatory
processes of cardiovascular dysfunction and diabetes; nonetheless, it is unclear
whether ambient PM alone/or in combination w/ other endogenous factors may
contribute to RAGE activation. Levels of soluble RAGE (sRAGE) were measured
in human serum samples (n=60) from two cities in Gansu, China (Jinchang (JC)
and Zhangye (ZH)-albeit similar ambient levels of PM; Ni, Cu, As, and Se in JC
were 76, 25, 17, and 7 fold higher than ZH, respectively). In addition, human pul-
monary endothelial cells were exposed to PM (collected from the same region) to
investigate RAGE-mediated vascular dysfunction. Lastly, to examine the link be-
tween PM and overt diabetic endpoints, B6C3/F2 mice were exposed to concen-
trated ambient PM (CAPS). Results: sSRAGE was significantly higher (p=0.04) in
residents of JC (538.7£37.5ng/ml) than that measured in ZH (452.6+29.1ng/ml).
Multiple regression analyses revealed PM2.5 concentration as a significant (p=0.03)
predictor of RAGE outcome. In the in vitro work, after 48h of PM2.5 exposure, a
dose dependent increase in cell proliferation and small increases in sSRAGE activity
at higher doses of PM was evident. Immunofluorescence detection showed an ele-
vation in cells positive for membranous RAGE expression; accompanied w/ a 2-fold
increase in mRNA for RAGE & NF-kB and >2 fold increase of ATF4 & NF-kB in
cells treated w/ PM+BSA. These findings suggest plausible interaction between PM
& RAGE resulting in enhanced expression of NF-kB, ATF4 and RAGE. Finally,
preliminary mouse exposures have yielded supportive findings: progeny of CAPs
exposed pregnant mice have shown significantly decreased glucose tolerance com-
pared to controls (p=0.03). Collectively, these data offer valuable insight into PM-
mediated RAGE activation / its influence on diabetes.

Integration of Jacketed Telemetric Hemodynamics in a
Toxicology Study Design: Assessment of Sensitivity and
Distribution and Impact of Erroneous Values.

PSP

H. Holzgrefe, S.Tichenor, R. Kaiser and D. Meyer. Toxicology, Charles River
Laboratories, Reno, NV.

Integration of telemetered hemodynamics in toxicology studies is an emerging
trend which offers detailed information on potential cardiovascular safety issues
that are only identified with repeat dosing. Jacketed external telemetry (JET) is an
enabling technology for which the intrinsic variability of the associated minimally
invasive blood pressure (BP) device (PA-C10, DSI, St. Paul, Minn.) has not been
extensively characterized. Accordingly, we evaluated the intrinsic and extrinsic beat-
to-beat pressure measurement errors of JET BP in 10 male cynomolgus monkeys
(2.7-3.7 yrs, 3.0+0.2 kg). BP catheters were advanced to the descending aorta via
the femoral artery. BP (24 h) was continuously digitized (500 Hz) in a quiet radio
frequency environment and retrospectively analyzed in beat-to-beat increments
(Life Sciences Suite, ver. 5.0, DSI). Data are presented as mean=std. Sham dosing
occurred at 2.5 h post acquisition start to mimic a typical toxicology study design.
Erroneous values were categorized as beats where either systolic pressure, pulse
height, and/or +dP/dt were 60<>240, 20<>80, or 600<>4000 native units, respec-
tively. Transducer stability was assessed as the beat-to-beat change (A) in systolic
pressure. Over 24 h, systolic pressure was 130.6+8.5 mmHg and A was 0.0%2.67
mmHg. During a quiescent nocturnal period (10 h) systolic pressure was
131.9£8.5 mmHg and A was 0.0+2.42 mmHg. Erroneous values (8874/2428462
beats, 0.36%) were infrequent and temporally random. These data confirm that the
JET BP device conformed to, or exceeded, design sensitivity (= 3 mmHg) at all
times. Systolic pressures exhibited stable diurnal variances of + 8.5 mmHg yielding
~ 80% power to detect a 10 mmHg change (p<0.05) with n=6. The sparse, spo-
radic incidence of non-physiologic hemodynamic values was insufficient to influ-
ence mean BP values aggregated over times = 5 min. Consequently, resources de-
voted to the beat-to-beat filtering of JET BP values will not improve the accuracy,
precision, or power of these data.

68 Evaluation of an in Line Filter for Reducing Noise in
Subcutaneous Telemetered ECGs.

C. M. Kelly!, M. Miyamoto!, M. Brockway? and B. Brockway?. ! Huntingdon

Life Sciences, East Millstone, NJ; °?VivaQuant, St. Paul, MN.

EMG noise and movement artifact are barriers to obtaining accurate interval meas-
urements in ambulatory subjects in preclinical studies. Herein we report the results
of testing of a new device, an In Line Filter (ILF) that employs Multi-Domain
Signal Processing™ (MDSP) technology, for real-time noise and artifact suppres-
sion in telemetered subcutaneous ECG recordings. Prior evaluations of MDSP
technology using ECGs already acquired by the Dataquest™ system showed that it
reduces the amplitude of in-band noise by > 95% without distorting ECG mor-
phology and provides a corresponding increase in the number of analyzable beats.
In this work, studies of ILF performance were conducted using freely moving sub-
jects instrumented with DSI™ D70-PCT telemetry transmitters. An ILF was in-
serted between the telemetry receiver and the Dataquest system to filter out noise.
Raw and filtered ECG signals were collected from multiple species commonly used
in safety studies and were analyzed with emka ECGauto using standard methods.
Results obtained from filtered and unfiltered recordings were evaluated to assess the
impact of filtering on parameter measurement accuracy, the increase in beats avail-
able for analysis, and the amount of labor required to perform interval analysis.
Results show that, on average in all species tested, filtering the ECGs using the ILF
prior to analysis increased the analyzable portion of the data to roughly that re-
ported in the literature for telemetered epicardial and intravenous ECG sensors and
significantly reduced the amount of labor required to perform interval analysis.
There was no degradation in the accuracy of parameter measurements as a result of
filtering the signal. Use of the ILF could make routine beat-to-beat analysis of 24-
hour subcutaneous ECG recordings practical and cost-effective without the com-
plications and complexities associated with epicardial, endocardial, and intravenous

ECG sensing leads.

The Application of Telemetry EEG and EMG in Conscious
Dogs and Monkeys for Safety Assessment and Translational

Science.

g

X. Cheng, C.Cao, N.N. Niu, K. H. Chen, S.L. Sun and A. Hu. Toxicology
and Safety Pharmacology, Pharmaron, Beijing, China.

The species differences are the common and major concerns in safety assessment
and translational science, particular in situations where results from CV and CNS
safety studies in the same species are required or the receptor subunits expression
are significantly difference cross species etc. In this study, we have used the radio-
telemetry technique to record EEG and EMG form conscious, non-sedated dogs
and monkeys and validated the model with a proconvulsant, pentylenetetrazole
(PTZ).

Beagle dogs and cynomolgus monkeys were implanted with four electrodes
epidural over the motor cortex and connected to the radio-transmitter (DSI) placed
subcutaneously in the lateral neck region. Two additional electrodes were inserted
into the ridge cervical muscle for EMG recording simultaneously. The signals cap-
tured by the receiver were routed via a data matrix board to a PC and sampled at a
rate of 500Hz.

Subcutaneous (s.c) administration of PTZ dose-dependently (10, 20 and 50 mg/kg
s.c) induced paroxysmal activity, clonic convulsion and tonic convulsion in both
dogs and monkeys, indicating a remarkable CNS safety issue of PTZ as positive
control article. When PTZ administrated i.v at 1.5mg/kg/min and 1.5mL/min,
both dogs and monkey showed similar level of paroxysmal spike-and-wave activity
associated with clonic convulsions occurred between 17 and 36 min after the start
of infusion at 4-5Hz.

The data indicate that the electroencephalogram (EEG) and electromyogram
(EMG) are the most sensitive and valuable biomarkers in identifying pathologic
CNS activity, in particular for safety pharmacology evaluation and translational ap-
plication.

Established Method to Assess Cardiorespiratory Parameters
in Inhalation Safety Pharmacology Studies in Conscious

Beagle Dogs.

T. Ziegelhofer, ]. Sheehan, ]. Sentz, M. Miyamoto and A. Curran. Safezy
Pharmacology, Huntingdon Life Sciences, East Millstone, NJ.

g 7

A critical aspect of cardiorespiratory safety pharmacology studies is the collection of
good quality cardiovascular and respiratory data immediately prior to dose, during
dose and immediately after dose to be able to recognize any acute effects of the test
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article. This is especially challenging when the test article is administered via in-
halation. This poster describes the method for achieving a successful outcome in
these types of studies, including the factors that must be considered in the design
and execution. Effects of proper habituation to equipment and carefully scheduled
study activities were assessed based on the overall character of cardiorespiratory re-
sponse from 3 different studies.

Prior to the first data collection, all animals were surgically implanted with DSI
telemetry transmitters and habituated to the exposure/data collection system.
Respiratory parameters were collected using respiratory inductance plethysmogra-
phy (RIP). Telemetry data were collected continuously while animals were in their
home cage, after transfer to the exposure suite but prior to either air or the vehicle,
during the exposure period, and for 24 hours post dose in 3 different studies. Each
study used a different vehicle and an air (sham) control was administered to assess
the vehicle effect.

Administration of the vehicle produced no effects on blood pressure, heart rate,
body temperature, respiratory rate, tidal volume and minute volume during pre-
dose, exposure period and for the 24 hour post dose recording period when com-
pared to air (sham) control in all 3 studies. Very similar patterns in blood pressure
and heart rate were noted in all 3 studies; however, each study has a specific pattern
for body temperature and respiratory parameters, which was attributed to individ-
ual variation in these parameters. This poster presents a consistent and reliable
method of collecting cardiorespiratory data from conscious beagle dogs prior to,
during and after inhalation exposure in our Testing Facility.

PS 71 Assessment of QT-Interval Prolongation in Nonclinical
Safety Study Using External Telemetric Device in Conscious
Beagle Dogs: Application of QT Shift and Probabilistic
Methods.

L. Renaud!, P. Champeroux?, S. Ruillon!, N. Velasquez!, P. Desbois!,
O. Wattrelos' and N. Claude'. Drug Safety, Servier, Gidy, France; >Centre de
Recherches Biologiques, CERB, Baugy, France.

The detection of delayed ventricular repolarization, characterized by a QT interval
prolongation, is one of the main issues for the preclinical evaluation of potential
risk of pro-arrythmia for a new drug candidate. This study was designed to compare
different methods of QT interval prolongation assessment in conscious beagle dogs
using external telemetric device. The same 6 dogs (3/sex) were given vehicle or ref-
erence compounds known to induce QT interval prolongation using a sequential
design (single oral dosing of Sotalol at 30 mg/kg and Moxifloxacin at 30 then 90
mg/kg or repeated oral dosing for 6 days of Thioridazine at 20 mg/kg/d and
Terfenadine at 30 mg/kg/d). Electrocardiograms were recorded during a treatment-
free period and on day 1 and/or day 6 for approximately 20 h post dosing. QT in-
tervals were measured from a beat to beat analysis over 10-min periods centred on
selected timeslots and corrected according to the Van de Waters formula (QTvdw).
QT shift calculations and an analysis based on the principles of the Holzgrefe’s
probabilistic method (QTh, using a minimum 250 beats/timeslot) were also per-
formed. All methods allowed an accurate evidence of QT effect for Sotalol and
Moxifloxacin. The QT shift and QTh methods gave more evidences for
Terfenadine effect than QTvdw. As expected, the marked increase in heart rate
(HR) induced by Thioridazine resulted in no apparent effect on QT and a statisti-
cally significant overcorrection for QTvdw whereas QT shift and QTh gave more
accurate and reliable results. The statistical sensitivity threshold detection of QT
prolongation was low, i.e. 10 to 15 ms for QT shift and QTh methods. Thus, ex-
ternal telemetry in non-clinical safety dog studies allows new perspectives for a bet-
ter assessment of QT prolongation when associated to QT shift and Holzgrefe’s
probabilistic methods, especially in case of slight drug-induced QT effect or
marked changes in HR.

Integration of Automated Patch Clamp Systems and Logistic
Models in the Cardiochannelgramtm (CCGTM) for Better
Prediction of Cardiac Risk.

B 72

J. W. Kramer!, G.]. Myatt?, C. A. Obejero-Paz!, A. Bruening-Wright!,
Y. A. Kuryshev! and A. M. Brown'. !ChanTest Corporation, Cleveland, OH;
2Leadscope Inc., Columbus, OH.

Drug-induced inhibition of the cardiac hERG potassium channel is recommended
by ICH and FDA to predict delayed cardiac repolarization (DR) and cardiac risk.
The consequent QT¢ prolongation is a surrogate marker of Torsade de Pointes
(TdP), a rare but potentially lethal iatrogenic outcome. Drugs with effective thera-
peutic plasma concentrations (ETPC) within 30-fold of their hERG IC50s are
thought to be dangerous despite the fact that multiple ion channel effects (MICE)
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can mitigate DR. Here we demonstrate that logistic regression models, which inte-
grate MICE, predict TdP with much greater certainty than the hERG safety ratio
(hERG IC50/ETPC or safety margin (SM)) alone. To this end we measured hERG,
Navl.5,Cav1.2, Kir2.1 and KvLQT1/minK IC50 values of 56 drugs (33 +TdP and
23 -TdP) from multiple classes using automated patch clamp systems including
Qpatch and PatchXpress. The sensitivity of the automated patch clamp platforms
was evaluated in a comparison to manual patch clamp. ETPC values and the tor-
sadogenic liability of drugs was obtained from the literature, package inserts and
Arizona CERT. Eleven logistic regression models were constructed; one using the
hERG SM alone, the others integrating hERG SM, Nav1.5 SM and/or Cav1.2 SM
data. The predictive power of each model was evaluated using the likelihood ratio
test. Leave-one-out cross validations were performed and each model’s accuracy was
determined by comparing receiver—operating characteristics (ROC, sensitivity vs.
1-specificity). Models that include Nav1.5, Cav1.2 or both variables are statistically
significant better predictors of TdP liability than the model that contains only
hERG (Model 1). Model 1 had a ROC area under the curve (AUC) of 0.80 and
Model 11, that includes hERG, Nav and Cav1.2 SMs, significantly improved accu-
racy showing a ROC AUC of 0.94. Thus, Model 11 that incorporates the concept
of MICE in the CardioChannelGramTM (CCGTM) is a robust nonclinical pre-

dictor of cardiac risk.

Characterization of Jacketed External Telemetry with Blood
Pressure in Conscious Nonhuman Primates in Pen-Style
Housing Administered Etilefrine, Sotalol, or Hydralazine.

® 73

L. Kreckler, J. Kopshinsky, J. Schneider, G. Hanson, D. Morris and C. Foley.
Covance Laboratories, Inc., Madison, WI.

An important component of nonclinical safety assessment is the evaluation of elec-
trocardiography (ECG) and hemodynamic parameters. Jacketed external telemetry
with an implanted telemetry blood pressure transmitter (JET-BP) is a minimally in-
vasive technology being utilized in general toxicology studies to assess ECG and
blood pressure measurements in conscious, unrestrained animals. We characterized
JET-BP in nonhuman primates (NHPs) housed in pen-style caging with three ref-
erence compounds with known effects on blood pressure or ECG parameters.
Thirty-six male NHPs were implanted with a telemetry blood pressure device and
group-housed in pen-style caging (3 animals/pen). Four animals per group were
given reference material or a concurrent control article. Etilefrine, a sympath-
omimetic, was given at 1 or 10 mg/kg; hydralazine, a vasodilator, at 1 or 10 mg/kg;
and sotalol, a non-specific B-blocker, at 3 or 30 mg/kg. JET-BP measurements were
recorded for at least 90 minutes prior to dosing and continuously for at least 20
hours postdose. The following ECG and hemodynamic parameters were deter-
mined as one (light phase) or two-hour (dark phase) averages: PR, QT and rate-cor-
rected QT; systolic, diastolic, and mean arterial pressures; heart rate; and arterial
pulse pressure. In addition, blood was collected at seven postdose timepoints for
each test article for pharmacokinetic analysis. Etilefrine significantly increased
mean arterial pressure, systolic blood pressure and pulse height, while diastolic
blood pressure remained unchanged. Sotalol significantly prolonged QT with no
significant change in blood pressure. Administration of hydralazine did not signifi-
cantly change blood pressure at the dose levels administered. In summary, ECG
and blood pressure changes caused by three different reference compounds were de-
tectable using JET-BP technology in group-housed NHPs.

74 Differential Cardiovascular Physiology and Pathology in
Selected Lineages of Miniature Swine.

A. Stricker-Krongrad!, T. J. Madsen!, B. C. Hanks!2, D. Brocksmith?, J. Liul,

L. D. Brown" 2 and G. E Bouchard! 2. 'Sinclair Research Center, LLC, Columbia,

MO; *Sinclair BioResources LLC, Auxvasse, MO.

The miniature swine has been increasingly recognized as a valid alternative to ca-
nine and non-human primates in regulatory toxicity. This poster presents the re-
sults of cardiovascular assessments in the Yucatan, Hanford, and Sinclair miniature
swine conducted during clinical investigations and control toxicity testing.
Anatomic parameters were obtained at necropsy. Blood vessels diameter, velocity,
and flow were obtained by Doppler ultrasonography. Cardiac electrophysiology was
obtained using clinical ECG and surgical monitor units. Macroscopic lesions and
histopathology assessments were conducted on heart and kidneys. Data were com-
pared to published measurements of adult human illustrating similarities or differ-
ences (for practicality, male data are reported here). Across the three lineages, heart-
to-body weights ratio ranged from 0.41 to 0.50 and were higher than human
(0.42). The geometric corrections for heart rate adjustment to body size ranged
from 215 to 297 and were comparable to human (241), indicating that heart vol-
ume and function were well adjusted to the reduction in body size. The miniswine



hearts showed a coronary artery distribution comparable to human. The right coro-
nary internal diameters ranged from 1.44 to 1.79 mm and were comparable to
human (3.9 mm) when adjusted to body surface area (weight range: 10-30 kg).
External femoral blood flows at rest averaged 93 mL/min and were slightly lower
than human (260 mL/min) when adjusted to body size. Electrophysiological heart
segments duration (e.g. RR ranged from 360 to 662 msec) and their ratio (QT/RR)
were proportional to human and well-adjusted to body size. Macroscopic lesions
were nonexistent. Histopathology findings were rare and limited to sub-level my-
ocardial inflammation with low incidence in the Hanford lineage. In conclusion,
the similarities between the cardiovascular systems make these three lineages of
miniature swine suitable animals to model the human counterpart.

75 ‘Whole Heart Energetics and Stress Test As an Indicator of
Drug-Induced Cardiac Toxicity.

K. A. Henderson!, R. Borders!, J. Ross!, A. Jalil?, W. Brandon!, J. Ma' and

R. M. Brian!. Battelle Memorial Institute, Columbus, OH; 2Obio State Universizy,

Columbus, OH.

Cardiac toxicity, manifested as compromised contractility or ischemic heart disease,
comprises 26.9% of post-approval drug failures. The heart has a high demand for a
constant energy supply which can be affected by many sources of stress and thus
may be a good indicator of potential toxicity. The purpose of this research was to
utilize the ex vivo heart model to assess contractility and whole heart energetics in
response to drugs with known/unknown mechanisms of toxicity. We used FCCP
and verapamil as positive and negative controls and doxorubicin (dox), doxoru-
bicin-ol, sunitinib, and sorafanib as the chemotherapies associated with latent toxi-
city. Rat hearts were removed, perfused with Modified Henseliet Krebs, and LVP
was monitored via insertion of a fluid-filled balloon. The perfused heart was in-
serted into an 11.7 NMR magnet. Whole heart phosphogen content was assessed
before and during 60 min of drug exposure and then during 20 min of 0.1uM iso-
proterenol (iso) with drug to assess energy reserve. Control heart contractility and
energetics were stable throughout the experiment until the iso challenge, where
contractility increased as expected and PCr and ATP decreased and Pi increased.
FCCP treated hearts showed a decline in contractility and PCr and reduced reserve
during the iso challenge. Verapamil treated hearts did not change in energetics dur-
ing treatment or during the iso challenge. Dox increased contractility, while the
other chemotherapies showed very little change in contractility during drug treat-
ment. Dox treated hearts demonstrated a drop in Pi, PCr, and ATP. In addition,
during the iso challenge contractility increased compared to control and PCr de-
creased. Dox and sorafanib may be enhancing part of the beta—agonist pathway,
causing a more pronounced response to iso and thus resulting in an increased work
load for the heart. This may be a possible pathway to investigate as a mechanism for
latent toxicity, as well as an early indicator of potential drug induced cardiac issues
after treatment.

Simultaneous Recording of Action Potentials and Calcium
Transients from Stem-Cell Derived Cardiomyocytes:
Applications for Cardiotoxicity Testing.

® 7

R. Whittaker!, E Cerignoli!, R. Vega!, R. Ingermanson!, R. Towart?,

D. Gallacher?, M. Mercola® and J. Price!:3. !Vala Sciences Inc, San Diego, CA;
2Center of Excellence for Cardiovascular Safety Research, Janssen Pharmaceuticals,
Beerse, Belgium; 3Sanford-Burnham Medical Research Institute, La Jolla, CA.

Current methods for preclinical cardiotoxicity testing generally examine the effects
of candidate compounds on the activity of single ion channels using manual or pla-
nar patch clamp methods. Limitations in these assays require that the tests be per-
formed with cell lines which stably express the ion channel of interest. This reduc-
tionist approach grossly underestimates the complexity of cardiomyocyte
excitability and physiology. We have developed a new automated image cytometer
and associated software which facilitates a more physiologically relevant test of
compound effects on cardiomyocyte excitation-contraction coupling. This new ap-
proach utilizes a dual channel automated Image cytometer that allows for simulta-
neous measurement of the cardiomyocyte action potential and calcium transient
using voltage and calcium sensitive dyes. By using these advanced imaging tech-
niques this system frees the need for the assay apparatus to interact physically with
the cells, allowing the use of a wide array of cell types including more clinically rel-
evant models such as cardiomyocytes derived from human induced pluripotent
stem cells (hIPSC). Here we demonstrate the application of this system to a small
scale screen of known cardioactive compounds in hIPSC derived cardiomyocytes.
Our results suggest that the ability to identify perturbations in the cardiomyocyte
action potential and/or calcium transient due to exposure to cardioactive com-
pounds is on par with existing technologies. However, this system demonstrates a

much higher throughput than existing systems and provides a more complete
analysis of compound effects on exicitation-contraction coupling in the cardiomy-

ocyte.

77 Effect of Cell Culture Media on the Growth and Viability of
Neonatal Rat Cardiomyocytes.

L. Baeva, D. Chan, H. Dinesdurage, M. W. Betz and R. . Brown. CDRH, US

FDA, Silver Spring, MD.

We studied the suitability of serum-free medium, reduced serum medium, and
chemically defined medium with serum replacement for growing rat neonatal car-
diomyocytes. The cardiac cells were grown for up to 48 hours under six different
culture conditions: the base make up (Dulbecco’s Modified Eagle Medium (
DMEM) containing 100 uM BrdU, 10 mM HEPES, 50 U/mL penicillin and
50ug/mL streptomycin) with 10% Fetal Bovine Serum (FBS)-(A), or 10% Goat
Serum- (C), or 10% Knockout Serum Replacement (KRS)- (D) or no serum — (B);
Knockout DMEM(Gibco) (E) and Advanced DMEM(Gibco) (F) were supple-
mented by 15%

KSR and 2% FBS, respectively. The beating rates and viabilities of the cells were
evaluated by counting the beats of cells under a phase contrast microscope and
Neutral Red Assay method, respectively. The cell damage and cytotoxicity were de-
termined by measuring lactate dehydrogenase (LDH) activity and the troponin I
release from the cardiomyocytes were examined by rat cardiac Troponin ELISA.
The results indicate poor cell beating and viability for medium C without serum.
The media D, E, and F had relatively low background troponin level, provided
good viability and morphology and low cytotoxicity, and may be used for the car-
diotoxicity study.

78 Understanding the Relationship of PI3K Inhibition to
HERG Liabilities and QT Prolongation.

D. Puppala!, H. Cheng?, A. Rosado?, K. McKiernan?, S. Sun?, B. Fermini? and

K. Leach!. !Compound Safety Prediction, Pfizer Inc, Groton, CT; °Global Safety

Pharmacology, Pfizer Inc, Groton, CT; 3Oncology Medicinal Chemistry, Pfizer Inc,

Groton, CT.

Off target promiscuity is one of the biggest issues that kinase targeting drug discov-
ery teams have to overcome in order to achieve efficacy with limited toxicity. In a
recent paper, Zhongju Lu et al (Science Translational Medicine 25 April 2012 Vol 4
Issue 131) showed that suppression of Phosphoinositide 3-Kinase(PI3K) signaling
directly or indirectly via tyrosine kinase inhibition prolongs the QT interval by af-
fecting multiple ion channels, including HERG. In an effort to understand the role
of PI3K inhibitors and HERG channels, we investigated the effects of Pfizer PI3Ka
inhibitors both in a Dofetilide binding assay that determines their affinity for
HERG channels as well as in a patch clamp assay that assesses their functional ac-
tivity on these channels. Out of 48 PI3K inhibitors selected from four structurally
distinct series and with PI3Ka Ki less than 1 nM, 47 exhibited Dofetilide Ki values
> 10 uM, and one demonstrated a Ki value of = 2.0 uM, a concentration > 2000-
fold above its kinase activity. 8 compounds, including the one with a Dofetilide Ki
of 2.0 uM, were tested in the HERG functional assay and all showed IC50 values >
30 uM.

In addition, 16 marketed drugs, which are known HERG blockers and that have
been shown to induce QT¢ prolongation (14/16) and/or cause Torsades de Pointes
in the clinic (8/14), were tested in a PI3Ka enzyme assay. Only Verapamil, a cal-
cium channel blocker that inhibits HERG current (IC50: 0.2 uM) but does not
prolong the QTc interval or cause TdP in the clinic exhibited activity on PI3Ka
(IC50: 33 uM), while the rest showed IC50 > 100 uM.

In summary, the data obtained from both Pfizer potent PI3Ka inhibitors and mar-
keted drugs demonstrate the absence of the correlation between PI3Ka inhibition
and HERG activity.

Furthermore, our results support the notion that HERG inhibition, in the absence
of PI3K inhibition, is sufficient to prolong the QT interval.

79 Characterization of Cell Signaling Events in Human
Cardiomyocytes.

S. Eldridge!, M. Davis', J. Mussio? and R. Parchment?. ' DCTD, NCI, Bethesda,

MD; 2SAIC-Frederick, Frederick National Laboratory for Cancer Research, Frederick,

MD.

Cardiotoxicity is a significant concern for anticancer therapeutics. “On-target” tox-

icity may result when a drug target that regulates cancer growth also serves an im-
portant role in normal cardiac function. To explore mechanisms of cardiac toxicity
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associated with anti-cancer agents, in vitro approaches are key investigative tools.
iCell® cardiomyocytes (Cellular Dynamics International, Madison, WI) are highly
purified human cardiomyocytes derived from induced pluripotent stem cells
through reprogramming adult cells, and are becoming widely used for the assess-
ment of cardiac toxicity. To begin to inform the utility of these cells to monitor cel-
lular events involved in critical cardiac myocyte signaling, we measured expression
and activity of ErbB receprors, Erk1, Erk2, AKT, troponins, and endothelin-1 (ET-
1) receptors A and B. Untreated iCell® cardiomyocytes expressed ErbB2 and
ErbB4 receptors, Erk1, Erk2, AKT, cardiac troponin I, cardiac troponin T and ET-
1 receptors A and B, but not ErbB1 or ErbB3 receptors. Furthermore, treatment
with neuregulin-1 (a natural ligand for ErbB4) activated ERK1/2 and AKT as
demonstrated by increased levels of phosphorylated proteins measured by western
blotting with phospho-specific antibodies. Ligand-activated ErbB2/ErbB4 signal-
ing was both dose and time dependent. We also examined the effect of tyrosine ki-
nase inhibitors (lapatinib, sorafanib and staurosporine) and anthracyclines (doxoru-
bicin) on cell death and mitochondrial membrane potential (MMP) using a high
content multiplexed imaging system, and on troponin release into the cell culture
media using the Meso Scale Discovery® platform. All of these anticancer agents in-
duced a dose-dependent release of cardiac troponins I and T and caused a reduction
in MMP. Based on these results, this model may present an opportunity to explore
and “back-translate” mechanisms of cardiotoxicity using human cardiomyocytes in
vitro. Funded by NCI Contract No HHSN261200800001E.

Mitochondria and Intrinsic Apoptotic Pathway Mediate
Cardiac Toxicity of Environmentally Persistent Free Radicals
(EPFR).

ps L

G. C. Chuang!, B. Dellinger? and K. ]. Varner!. !Pharmacology, Louisiana State
University Health Sciences Center, New Orleans, LA; ?Chemistry, Louisiana State
University and A&M College, Baton Rouge, LA.

Epidemiology studies have linked combustion-derived particulate matter to in-
creased cardiac morbidity and mortality. To conduct prospective controlled-expo-
sure studies, we synthesized the model EPFR, DCB230, by chemisorption of 1,2-
dichlorobenzene to 0.2 wm silica particles containing 5% Cu(II)O at 230°C.
Electron paramagnetic resonance showed that DCB230 generates radicals in solu-
tion similar to those produced by EPFRs found in environmental samples. We have
shown that DCB230 inhalation produces inflammation and oxidative stress in
both lung and heart. Since oxidative stress and apoptosis are mechanisms impli-
cated in cardiac injury, we hypothesized that DCB230 exposure exerts cardiotoxic-
ity by activating apoptotic pathways. HL-1 cardiomyocytes were dosed with 0-200
ug/mL DCB230 for 8 h and assessed for cytotoxicity and apoptotic markers.
DCB230 dose-dependently increased lactate dehydrogenase (LDH) release, a
marker of late cell death. Caspase 3, caspase 9, and poly (ADP-ribose) polymerase 1
cleavage also increased concomitant with DCB230 concentration, indicating apop-
totic signaling activation. Next, HL-1 cardiomyocytes were treated with 0-200
ug/mL DCB230 for 2 h to examine early signaling events. While neither LDH re-
lease nor caspase 3 cleavage were detected after 2 h, increased caspase 9 cleavage
suggests that mitochondrial dysfunction initiated early intrinsic apoptotic signal-
ing. Confocal microscopy showed that mitochondrial membrane potential de-
creased after 2 h treatment with DCB230. Lastly, fluorescence data was validated as
mitochondrial via FRET and co-localization with MitoTracker Green. Taken to-
gether, DCB230 exposure depolarized mitochondria in cardiomyocytes, leading to
the activation of canonical intrinsic apoptotic signaling and resulting in cell death.
Future studies will assess mitochondrial permeability transition and autophagy as
contributing mechanisms. Supported by NIH P42-ES013648, sub-award 61365.

Evaluation of Cellular Impedance Assays for Drug Screening
in Cardiomyocytes.

ps K

M. Peters, C. W. Scott, S. D. Lamore and Y. . Dragan. Safety Assessment,
AstraZeneca, Waltham, MA.

Cardiovascular (CV) toxicity is a leading contributor to drug withdrawal and late-
stage attrition. Earlier screening is a validated approach to build-in CV safety, as
demonstrated for hERG screening to reduce arrhythmia. There is an urgent need
for novel in vitro assays to extend this success to contractility, heart rate, hypertro-
phy, structural damage, and non-hERG arrhythmia. Advances in cellular imped-
ance technology enables label-free tracking of spontaneous synchronized beating of
cultured cardiomyocytes (CM). To validate and translate CM impedance assays, we
tested a set of drugs with established CV effects in humans- 22 neg. inotropes, 8
pos. inotropes, and 21 inactives (previously tested in canine CM Tox Appl Pharm
260(2):162). The data clearly indicate that beat rate and amplitude are independ-
ent variables, capable of providing robust potency data. Consistent with the balance
of negative inotropes, the most frequent response was a dose-dependent decrease in
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amplitude until beating stopped. The cessation of beating was not linked to cyto-
toxicity (judged by ATP and cell index) indicating specific changes in CM func-
tion. Since rat neonatal (and stem cell-derived) CMs have a negative frequency-
force relationship, it is not surprising that the decrease in amplitude was linked to a
concomitant increase in rate. However, for another subset of validation com-
pounds, rate initially decreased, whereas amplitude showed no associated change
until higher drug concentrations. Moreover, for a test compound not in the valida-
tion set (that was selected for inducing myocarditis in 2 days), beat rate increased
with no change in amplitude or cytotoxicity. Together this data demonstrates that
impedance assays can detect and differentiated functional changes in CMs. The
changes are sensitive to electrical and mechanical aspects of contraction, yield ro-
bust data, and offer a versatile format with moderate throughput making this plat-
form a candidate for addressing gaps in early phase screening for CV toxicity.

Cellular Impedance Assays for Predictive Preclinical Drug
Screening of Kinase Inhibitors in Cardiovascular Toxicity.

B

S. D. Lamore, C. W. Scott, Y. P Dragan and M. Peters. Safety Assessment,
AstraZeneca, Waltham, MA.

Cardiotoxicity is the leading cause for late stage drug attrition and withdrawals
from the market. Serious adverse cardiac events have emerged as a prevalent risk for
kinase inhibitors (KI). Although current in vivo screens can reduce known risks due
to arrthythmia, there is urgent need for novel in vitro assays with sufficient through-
put to identify risks and support the development of SAR against other prevalent
cardiovascular (CV) toxicities. Recently, cellular impedance technology has been
adapted for detecting spontaneous, synchronized beating of cultures of cardiomy-
ocytes (CM) in a real-time, label-free format. Impedance technology is a good can-
didate for detecting the pleiotropic cellular effects of kinases since it detects mor-
phological changes thereby giving a readout that is downstream of key toxicity
targets in the contraction cascade (i.e. cardiac action potential, calcium flux, me-
chanical elements of contraction). We evaluated the application of impedance-
based assays for screening KI effects on rat neonatal CM. We selected compounds
from a MAP-microtubule affinity-regulating kinase (MARK) inhibitor program
that failed in late-stage preclinical development with dramatically decreased blood
pressure in anesthetized dogs as an example for the earlier detection of CV toxicity.
Two MARK inhibitors were tested and both dose-dependently influenced CM beat
rate and amplitude without causing cell death as judged by cell index, cellular ATP
levels, or cardiac troponin release assays. The relative potency of the two com-
pounds on reducing beat amplitude in impedance assays (EC50= 4.31uM and 0.55
uM; 20 min exposure) aligned with the ~10-fold difference in affinity for MARK
isoforms 1-4. Knockdown of pan-MARK expression reduced beat amplitude by
40%. These MARK data indicate that impedance assays can specifically detect non-
cytotoxic functional effects of KIs on CM. Our data support the validation of cel-
lular impedance-based assays for an early preclinical CV toxicity screening of Kls.

83 Activation of Human Monocytic NADPH Oxidase by
Chlorinated Cyclodiene Insecticides.

L. C. Mangum, ]. E. Chambers and M. K. Ross. CVM Basic Sciences, Mississippi

State University, Mississippi State, MS.

Although the mechanistic relationship between bioaccumulative organochlorine
(OC) insecticide exposure and increased atherosclerosis risk is poorly defined, ele-
vated systemic oxidative stress stemming from OC-mediated induction of NADPH
oxidase activity may play a significant role in disease development. Activation of
phagocytic Nox2-containing NADPH oxidase can result in a rapid intracellular ac-
cumulation of superoxide-derived reactive oxygen species (ROS) that may be di-
rectly linked to the progression of atherosclerosis. This study measured the ability of
two legacy OC compounds to induce Nox2-containing NADPH oxidase activity in
vitro, in addition to providing evidence for a possible mechanism of action. Human
THP-1 monocytes exposed to micromolar amounts (1-20 uM) of the cyclodiene
OC insecticides trans-nonachlor and dieldrin exhibited increased levels of serine
phosphorylation of the p47phox regulatory subunit of NADPH oxidase, a neces-
sary process for enzyme assembly and translocation, with trans-nonachlor demon-
strating several fold greater potency than dieldrin. OC treatment also induced ele-
vated levels of intracellular ROS, as shown by 2°,7’- dichlorofluorescein-diacetate
fluorescence assay, suggesting increased superoxide anion production. Pretreatment
of monocytes with arachidonyl trifluoromethyl ketone, a specific inhibitor of cy-
tosolic phospholipase A2, prior to cyclodiene treatment abrogated p47phox serine
phosphorylation and blocked the induction of arachidonic acid and prostanoid lib-
eration, as determined by UPLC-ESI MS/MS, suggesting that this enzyme may
play a crucial role in the induction of NADPH oxidase activity by cyclodienes via
the modulation of intracellular arachidonic acid levels. The results suggest that
trans-nonachlor and dieldrin are capable of altering intracellular ROS levels via an



inducible NADPH oxidase dependent mechanism that may be significant in the
etiology of atherosclerosis associated with exposure to bioaccumulative cyclodiene
insecticides. (NIH R15ES015348)

84 Mechanistic Studies of Drug-Induced Cardiac Hypertrophy
in H9¢2 Cell.

Z. Lin and Y. Will. Compound Safety Prediction, Pfizer Global Research &

Development, Groton, CT.

Drug induced cardiotoxicity can manifest itself through a variety of mechanisms in-
cluding mitochondrial toxicity, apoptosis, oxidative stress and ion channel distur-
bance. However, cardiac hypertrophy is the most common safety finding. Here, we
aimed at established an in vitro platform which could reliably characterize hyper-
trophic responses. Fifty drugs reported to cause hypertrophy in vivo were utilized in
this study and consistent of a variety of drug classes such as anthracylines, statins,
kinase inhibitors and catecholamines. Compounds were characterized in H9¢2 cell
assessing the following endpoints: cell size, protein synthesis, fetal gene expression
(ANP, BNP, MYH?7), cell viability and reactive oxygen species (ROS).

Our results indicate that unlike the traditional cardiac hypertrophy which is driven
by ventricular wall stress and hormonal factors including angiotensin II, endothe-
lin-1, and catecholamine, compound-induced cardiac hypertrophy (increase in pro-
tein and cell size) may be initiated by the same mechanisms that drive cytotoxicity.
In contrast, fetal gene expression is different from the mechanisms that drive cell
size and protein increase.

Specifically, our results demonstrate that: 1) all protein synthesis-inducing com-
pounds (23) caused significant cytotoxicity; 2) all compounds causing increase in
cell size also induced protein synthesis; 3) both protein and cell size increase were
compound-concentration dependent with protein increase occurring always ahead
of cell size increase; 4) of the total of 50 drugs known to cause hypertrophy in vivo,
28 compounds induced fetal gene expression; 5) Oxidative stress was associated
with the hypertrophic response (25%).

In summary, our data suggest the initial trigger(s) of compound-induced hyper-
trophic response are multi-factorial; one of which shares the same mechanism that
induces cytotoxicity. Not all compounds known to cause hypertrophy in vivo were
accurately characterized by our in vitro approach. Whether stem cells and addi-
tional mechanistic parameters can improve our assay is subject to future studies.

PS 85 Optical Measurements of Electrical Activity from hiPSC-
Derived Cardiomyocytes Is a Robust and High-Throughput
Method for Measuring NCE-Effects on the Cardiac Action

Potential.

G. Smith?, B. D. Anson!, M. A. Craig? and I. Ghouri2. ! Cellular Dynamics
International, Madison, WI; 2 University of Glasgow, Glasgow, United Kingdom;
3Clyde Biosciences, Glasgow, United Kingdom. Sponsor: K. Kolaja.

Pro-arrhythmic assessment of new chemical entities (NCEs) is a vital component of
toxicological and safety profiling. Manual patch clamp interrogation of the cardiac
action potential (AP) is a gold standard for proarrhythmia assessment; however this
technique is laborious, requires highly skilled scientists, and neither the technique
nor traditional tissue cells have been readily amenable to higher throughput tech-
niques. Optical measurements of electrical activity with human cardiomyocytes
may offer a solution. We present data here characterizing and demonstrating the
suitability of a novel optical platform used in conjunction with hiPSC-derived car-
diomyocytes to assess NCE-mediated pro-arrhythmogenicity.

Cardiac electrical activity was monitored from spontaneously beating hiPSC-car-
diomyocyte synctia with di-4-ANEPPS at a 10kHz over 60 second time windows
from 2-3 areas per well over 3 wells for both experimental and control values. Small
molecule effects on Na+, hERG, and Ca2+ channels were assessed and compared
with time matched controls. Ion channel block by all agents produced dose-de-
pendent changes in the expected AP parameters relative to controls. Na+ channel
block by 3uM mexelitine produced a 244+86% (n=3) increase in AP rise time,
hERG channel block by 30nM E4031 produced a 39+14% (n=3) increase in
APD90, and Ca2+ channel block by 300nM nifedipine produced an approximate
50% shortening in APD90. Experimental measurements for a single compound
were completed in less than 3 hours. Similar data was obtained across cellular man-
ufacturing batches and experimental days. This dataset demonstrate that optical
measurements of electrical activity on hIPSC-derived cardiomyocytes is a suitable
methodology for assessing NCE arrhythmogenic potential with a robustness that
approaches that of manual patch clamp and throughput that is an order of magni-
tude greater.

86 Multiparameter In Vitro Assessment of Drug Effects on
Cardiomyocyte Physiology Using iPSCells.

O. Sirenko!, C. Crittenden!, A. Blake?, L. Rusyn® and E. E Cromwell!.

! Molecular Devices LLC, Sunnyvale, CA; ?Cellular Dynamics International, Madison,

WI; 3University of North Carolina at Chapel Hill, Chapel Hill, NC.

Highly predictive in vitro assays suitable for high throughput screening (HTS) for
potential cardiotoxicity are critical to drug safety testing. Adult human stem cell de-
rived cadiomyocytes show promise for screening compounds during early drug de-
velopment. We developed methods for measuring the impact of drug candidates
on the beating rate of human iPSC derived cardiomyocytes using fast kinetic fluo-
rescence imaging. Cardiomyocyte contraction rate and pattern are characterized by
monitoring changes in intracellular Ca2+ measured using calcium sensitive dyes.
The assay was optimised for HTS and allows characterization of beating profiles by
using multi-parameter analysis outputs such as beating rate, peak frequency and
width, or waveform irregularities. The assay is suitable for assessment of short-term
(minutes) and delayed (days) effects. Next, we tested known cardiotoxic com-
pounds including alpha and beta blockers, hERG inhibitors, ion channel blockers,
etc., as well as control drugs. IC50 values showed a significant rank correlation with
published values determined by other cardiotoxicity models as well as good concor-
dance with reported human plasma Cmax values. The assay was further tested using
commercially available cardiotoxicity library representing different classes of com-
pounds including receptor antagonists, ion channel blockers, anti-cancer and anti-
inflammatory drugs, and kinase inhibitors. The estimated balanced prediction ac-
curacy of the assay was greater than 80%, and multi-parameter characterization of
beating profiles allowed identification of specific patterns defining hERG or Na
channel blockers. We conclude that this assay shows utility for screening com-
pounds for potential to cause arrhythmic and non-arrhythmic cardiotoxicity.

87 Nucleoside Reverse Transcriptase Inhibitors Induced
Premature Senescence in Aortic Endothelial Cells.

V. Y. Hebert, K. Slaybaugh, C. N. Robinson, S.Xue, D. Hayes, M. C. Glover

and T. R. Dugas. Pharmacology, LSU Health Sciences Center, Shreveport, LA.

HIV patients undergoing antiretroviral therapy exhibit an increased incidence of
cardiovascular events and their associated diseases. Though HIV therapy generally
involves a combination drug approach, nucleoside reverse transcriptase inhibitors
(NRTTI) are considered a backbone of this therapy. Prior studies in rodents sug-
gested that NRTT promote HIV-associated endothelial dysfunction, an initiating
factor in atherosclerosis. Further, this cellular dysfunction was associated with mi-
tochondrial injury. In cultured endothelial cells, NRTT treatment increased mito-
chondrial ROS production, while decreasing ATP production and the activities of
mitochondrial electron transport chain (ETC) complexes I-IV. While these effects
were observed for acute treatment, in other studies, we noted that when the mito-
chondria were exposed to low doses of NRTI, damaged mitochondria were re-
moved through a process known as mitophagy. Thus, our hypothesis was that with
chronic treatment, this repair mechanism may be overwhelmed, so as to promote
premature endothelial senescence. In these studies, human aortic endothelial cells
(HAEC) were exposed to chronic NRTT treatment. ROS production, cell prolifera-
tion rate and levels of senescence were determined. Our findings were that NRTI
treatment increased ROS production, at least initially. Also, the rate of cell prolifer-
ation decreased from passage 1 to passage 8, and the level of NRTI-induced senes-
cence increased. In addition, co-treatment with the mitochondrial antioxidant
coenzyme (Q10) resulted in a delayed onset of senescence. In conclusion, long term
NRTT treatment resulted in ROS production, reduced cell proliferation rate and
premature endothelial senescence. Moreover, our findings may suggest approaches
for reducing the cardiovascular side effects of NRTT therapy.

88 Fluoride Prevents Ectopic Calcification of Vascular Cells
through Inhibition of Crystal Nucleation.

A. Martin-Pardillos!, A. Millan? and V. Sorribas!. /Laboratory of Molecular

Toxicology, University of Zaragoza, Zaragoza, Spain; *Institute of Materials Science,

CSIC, Zaragoza, Spain. Sponsor: A. Anadon.

Fluoridation of public water to improve dental and bone health can involve a risk
during degenerative processes such as ectopic calcification.

We have analysed the effect of fluoride (F) on the calcification of rat aortic vascular
smooth muscle cells. Cytotoxicity in vitro was determined by a lactate dehydroge-
nase (LDH) assay. F did not affect cell viability at the normal plasma concentra-
tions of fluoridation (2.5-10 uM), but surprisingly, it reduced the cell death gener-
ated during calcification conditions. 5 and 10 uM fluoride also decreased the
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calcification caused by 2 mM Pi by 25 and 59% in VSCMs, respectively. A dose-re-
sponse relationship of calcification inhibition with increasing concentrations of py-
rophosphate (PPi) revealed that the IC50 shifted from 4.26 uM to 2.14 in the pres-
ence of 5 uM NaF, therefore indicating that less PPi is necessary to prevent
calcification when F is present in the calcification medium. Similar effect was ob-
tained with phosphonoformic acid.

Electron microscopy (TEM, SEM, ED and EDS) observations have revealed that
the calcification deposits consist of spherollites of intergrowth particles that had an
amorphous character, a low density, and a laminar particle shape, in the absence of
F-. With increasing F- concentration, the deposits turn more dense and compacted,
while the particle shape becomes clearly fibrillar. F is not incorporated in the de-
posits, therefore suggesting a modification of crystallization process and inhibition
of nucleation, which could explain the prevention of calcification. This effect was
similar both in living and dead (fixed) cells, which indicates an intrinsic effect of F-
ions on the calcification process independent of cellular activity. Furthermore, F-
decreases the Pi-induced expression of osteogenes, most likely as the consequence of
the reduced calcium phosphate deposits.

In conclusion, F addition to drinking water can have a beneficial effect in prevent-
ing vascular calcification originated during hyperphosphatemic conditions.

Development of an In Vitro Multiwell Cardiovascular
Microelectrode Array (MEA) Toxicity Assay with Human
IPS-Derived Cardiomyocytes.

g ®

S. Qin!, ]. Ross?, M. Brock?, J. Bradley!, H. Luithardt!, ]. Gilbert' and
C. Strock!. !Gyprotex, Watertown, MA; Axion Biosystems, Atlanta, GA.

Cardiotoxicity represents the most common reason for attrition of compounds due
to toxicity. Current in vitro assays fail to predict the many causes of cardiac toxicity.
Cytotoxicity assays only identify the most overtly toxic compounds, while assays to
measure more specific liabilities such as hERG or other ion channels measure only
a specific risk target, potentially missing the overall physiological response a com-
pound elicits in cardiac cells. Additionally, in vivo animal studies rely on determi-
nation of compound activity in a different species, which does not always model
human responses. Therefore, an ideal assay would screen compounds in human car-
diomyocytes and provide a comprehensive assessment of their effects on electro-
physiology. Here we demonstrate the successful use of multiwell MEAs to screen
for cardiotoxic liabilities in human IPS derived cardiomyocytes (hsCM). MEAs
measure the electrical activity in cells and therefore can be used to capture the field
potential of the cardiomyocytes, producing a virtual EKG. This data can then be
extracted to report effects of test compounds on the different phases of the heart-
beat. Response endpoints that can be reported include: field potential duration
(“QT”), conduction velocity, beat rate, as well as field potential metrics
(Amplitude, Slope, etc.). The recent development of the multiwell MEA has al-
lowed for an increased throughput for cardiotoxicity screening as well as the ability
to generate dose curve responses for each compound. Here we demonstrate the dif-
ferent electrophysiological responses observed when we test compounds with differ-
ent targets and liabilities (hERG, other ion channels, etc.). The compounds tested
are E4031, Nifedipine, Sotalol, isoproterenol, Ouabain, Mexiletine, ZD7288,
Amitryptiline, Cisapride, Terfenadine, and Verapamil. In summary, we show that
use of multiwell MEAs with hsCM is highly effective for screening test compounds
for toxic liabilities.

90 Development of Improved hESCH-Based High-Throughput
Screening Assays for Cardiotoxicity Assessment.

H. Xian, C.Blanco, J. Lam and R. Snodgrass. VistaGen Therapeutics Inc., South

San Francisco, CA.

The limitations of current pre-clinical drug testing systems contribute to the high
failure rate of drugs. Unexpected human cardiotoxicity is one of the two major rea-
sons for failure of drugs and drug candidates due to safety concerns. Incorporating
human embryonic stem cell-derived cardiomyocytes (hRESC-CMs) assays into the
pre-clinical drug development offers the potential to improve the predictability of
toxicity and efficacy testing and to decrease drug development costs. Our goal is to
utilize hESC-CMs to develop reproducible and predictive assays for cardiac func-
tion and toxicity prediction. We have developed protocols that, without selection,
reproducibly yield >80% hESC-CMs that function reliably in various established,
and newly developed, assays relevant to cardiac drug effects. In addition, the
CD172a cell surface marker enables the production of substantially pure (>95%)
hESC-CMs. Here we expand our previous electrophysiological assessments, and
describe the development of a series of fluorescence or luminescence based high-
throughput assays that were used to assess drug-induced necrosis, apoptosis, mito-
chondrial toxicity and oxidative stress of hESC-CMs. These assays were validated
using well-known cardiotoxic compounds. These compounds include inhibitors of
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various kinases, DNA intercalating agents, hERG trafficking blockers and K+ chan-
nel blockers. These assays were able to measure drug effects, with high sensitivity,
consistent with known biology of the compounds. In addition, a medium through-
put multi-electrode array (MEA) system was used to evaluate electrophysiological
functions of the hESC-CMs. The effects of selective ion channel blockers and com-
pounds associated with QT prolongation on field potentials and beat rates were as-
sessed. The observed cardiac electrophysiology was reproducible and consistent
with the known effects of the compounds. Our data suggest that these hRESC-CM
based screening systems are valuable tools for preclinical cardiac safety screening,
which we believe will contribute to the efficient and rapid identification of safer

drugs.

91 Vascular Effects Induced by 15nm Gold Nanoparticles in
Isolated Rat Aortic Rings.

M. Gonzalez Castillo! 2, S. Salazar-Garcfa!, D. Maldonado Ortega!,

G. Palestino Escobedo!, M. Ramirez Lee!, A. Mendez Mancilla! and S. E Ali%.

Universidad Autonoma de San Luis Potosi, San Luis Potosi, Mexico; > National

Center for Toxicological Research, US FDA, Jefferson, AR.

Gold nanoparticles (AuNPs) have been used in biomedicine as therapeutic tool.
However, their role on the vascular physiology, have not been fully studied. The
purpose of the present work was to evaluate the effects of 15 nm AuNPs on the vas-
culature, using a rat aortic rings model, pre-contracted with phenylephrine, a well
known contractile agent. Adult male Sprague Dawley rats were sacrificed; aorta was
excised, and maintained in an organic bath chamber with physiological solution.
Each individual aorta rings were treated under isometric conditions, in presence
and absence of endothelium (E), along with increasing concentrations (0.1-100
ug/mL) of AuNDPs. AuNPs exerted a vasodilator effect independent on E, the relax-
ation was exerted in the same magnitude that was found in presence of E.
Relaxation induced by the Au-NPs were not dependent on nitric oxide (NO),
since, L-Nitro-arginine methyl ester (L-NAME), an inhibitor of the NO produc-
tion and a potent vasodilator mediator, did not block this effect. However, a pre-
treatment with indomethacin, an inhibitor of prostanoids synthesis, blocked par-
tially the vasodilation induced by AuNPs, suggesting that prostanoids could be, at
least in part, mediators of these actions. Further studies are underway to evaluate
the mechanisms of action which are underlying the relaxation induced by AuNPs,
and the implications that they could confer in the cardiovascular physiology.

Nano-Cerium Dioxide Exposure and Arteriolar Dysfunction:
Exposure Route Dependency.

H

T. R. Nurkiewicz!, P A. Stapleton!, E. M. Sabolsky? and V. C. Minarchick'.
!Center for Cardiovascular and Respiratory Sciences, West Virginia Universizy,
Morgantown, WV; 2Mechanical Engineering, West Virginia University, Morgantown,
wvV

Nano-cerium dioxide (CeO,) is being used or developed as a fuel catalyst (diesel), a
protective drug (radiation and ischemia) and as a contrast agent (medical imaging).
These diverse uses possess the potential for human exposures that are beyond the
well studied pulmonary route. Our laboratory has assessed the arteriolar effect of
nano-CeQO, 24hrs post-pulmonary exposure; however, other routes of exposure
such as systemic and gastrointestinal have not been investigated. Therefore, our aim
was to analyze the microvascular effects of nano-CeO, via instillation, injection,
and gavage. Sprague-Dawley rats were intratraceally instilled (100 pg), intra-
venously injected (100 or 900ug), or gavaged (100 or 600ug) with nano-CeO, sus-
pended in Normosol (5% serum). 24hrs later the mesentery was harvested, and 4™
or 5% order arterioles were dissected and prepared for isolated vessel experiments.
Arteriolar reactivity was evaluated by determining endothelium-dependent (acetyl-
choline, 10-10“M), and -independent dilation (spermine NONOate, 10-10
“M), vasoconstriction [phenylephrine (PE), 10-10“M], and mechanotransduc-
tion [myogenic responsiveness (0-105 mmHg) and shear stress (0-30ul/min].
Endothelium-dependent and -independent dilation for all three exposure routes
(instillation: 30% and 50%, injection: 45% and 55% and gavage: 36% and 64% vs
sham arterioles, respectively) was significantly impaired. Arteriolar responsiveness
to PE or pressure was unaltered for the exposure routes. There was an impaired di-
lation in response to flow for the rats injected or gavaged (53% and 35% vs sham,
respectively). This arteriolar dysfunction was exposure route dependent because lit-
tle to no arteriolar dysfunction was observed in rats injected or gavaged with 100ug
of nano-CeQ, as compared in instilled rats. These results provide evidence that mi-
crovascular dysfunction is present 24hrs after nano-CeO, exposure and is depend-
ent on the exposure route.

NIH-RO1-ES015022, RC1-ES018274(TRN) and NSF-1003907(VCM)



Simulated Metabolism in the Langendorff Isolated Rat
Heart: A Comparison of Novel and Traditional Dosing
Techniques for 5-Fluorouracil and Doxorubicin.

§ %

. B. Ross, K. A. Henderson, R. Borders, P._S. Hong, W. M. Black and
B. M. Roche. Battelle, Columbus, OH.

There is a clear need for more predictive and translatable assays in early drug dis-
covery. It is important to take a multi-scale approach to translate data to pre-clini-
cal and clinical trials. The Langendorft isolated heart model provides a tool to assess
cardiotoxicity in the whole organ in the absence of in-vivo variables. We used the
Langendorff to assess both acute and latent cardiotoxicity of 5-fluorouracil (5-FU)
and doxorubicin. Physiologically Based Pharmacokinetic (PBPK) models were de-
veloped to determine clinically relevant doses. A reverse extrapolation from human
physiological and physiochemical parameters to rat was performed. The resulting
pharmacokinetic (PK) curves led to some challenging dose considerations; both 5-
FU and doxorubicin are rapidly cleared in humans and rats, never reaching a steady
state. Other PK parameters such as Area Under the Curve (AUC) and the maxi-
mum concentration (Cmax) pose problems as well. AUC will accurately represent
the total amount of drug over a given period of time; however, a single concentra-
tion derived from the AUC could potentially underestimate a biological response.
In contrast, Cmax would greatly overestimate the total amount of drug, potentially
leading to false toxicity. Computer generated dosing schemes were developed and
characterized in an effort to fit the modeled PBPK curves. Initial concentrations
(Cmax) were diluted with deionized water and perfused though the Langendorff
system in the absence of a heart. Perfusate was collected at various time points, an-
alyzed with HPLC, and concentration curves were generated for proof of concept.
An acceptable fit was observed between the computer generated and the tested
curves. This dosing technique was applied to an isolated rat heart; multiple end-
points were collected and compared to previous data collected at constant perfusion
concentrations. The novel dose schemes proved to be a better representation of in-
vivo concentrations in our ex-vivo model.

Oxidative Stress Uncovers fM [32-Adrenergic Mediated
Dilation to Curcumin Mimicked by Preventing Clathrin
Endosome Formation.

g %

M. Frame! 2, B. Calizo?, A. M. Dewar! and S. Scarlata?. ! Biomedical Engineering,
Stony Brook University, Stony Brook, NY; Physiology/Biophysics, Stony Brook
University, Stony Brook, NY. Sponsor: T. Nurkiewicz.

The nutraceutical, curcumin, has anti-oxidative properties, but also is a potent
adrenergic receptor (AR) agonist, with an EC50 for dilation in the nM range (beta,
bAR). Our goal was to determine how oxidative stress impacted vasoactive re-
sponses to curcumin. Intravital microscopy of small arterioles in the hamster cheek
pouch was performed (N=10; pentobarbital 70mg/kg i.p.). Oxidative stress (OX)
was induced by applying exogenous nitric oxide for 2 minutes in the tissue bath.
Before OX, dilation to micropipette applied curcumin was dose dependent, with a
maximum from 10-9 to 10-6M. After OX, dilation was eliminated in the nM and
higher range, and significantly left shifted to a narrow peak from 10-15 to 10-10M,
which was inhibited by the b2-adrenergic receptor inverse agonist, carazolol (1nM).
We next tested whether preventing clathrin endosome formation with dynasore al-
tered dilation to curcumin. Dynasore (80uM) alone eliminated dilation to cur-
cumin in the uM range, and uncovered a dilation in the pM range. Dynasore with
OX further increased the potency, and increased the efficacy of dilation to cur-
cumin over the range 10-15 to 10-10M. To understand the mechanism of this OX
induced narrow potency range, we tested whether curcumin and the bAR were in-
ternalized and co-localized using FRET in HEK cells. Before OX, curcumin was
rapidly internalized (seconds), and co-localized with bAR. After OX (ImM
CoCl2), curcumin was internalized, but bAR remained at the plasma membrane.
Thus, in cells, OX prevented internalization of curcumin with bAR. In situ, inhibi-
tion of clathrin endosome formation mimicked and enhanced the vasoactive re-

sponses after OX. (AHA 0655908T)

95 Diminished Oxygen Supply in Microvessels following
Inflammatory Oxidative Stress.

A. M. Dewar, M. Frame, N. Zhou and C. Du. Biomedical Engineering, Stony

Brook University, Stony Brook, NY. Sponsor: T. Nurkiewicz.

Increased heterogeneity of flow accompanies many inflammatory states, including
oxidative stress (OX) with toxicant exposure or thermal injury. Red blood cell
(RBC) flux along nutrient flow paths is an indicator of oxygen delivery; many in-
flammatory mediators result in a specifically located arteriole-venule RBC shunt
pathway. Our goal was to directly measure oxy- vs deoxy-hemoglobin (HbO v

HbR) to determine whether OX induced shunt paths resulted in heterogeneity of
oxygen supply. A controlled thermal burn model in the hamster check pouch tissue
localized OX so that unequivocal control vs OX spatial locations could be observed.
Adult male hamsters (N=10, isoflurane) were prepared for intravital microscopy of
the cheek pouch tissue. Fluorescently labeled RBC flow markers confirmed shunt
pathways after a thermocouple controlled 50 degree C 300um spot burn (same lo-
cation before vs 15m-1hr after, within 500um of burn rim). Multi-wavelength laser
speckle contrast imaging was used (1-2h after burn) to determine HbO and HbR at
630 and 570nm at locations within 500um of the burn rim (near) vs. locations
>1mm from the burn rim (far); values of changes in HbO and HbR were obtained
in [Hb] mM. Total Hb in the large vessels was consistent with a local tube hemat-
ocrit of 5-40%, as is typically found using fluorescent RBC. HbO was 30% less in
perfused large arterioles near vs far from the burn, and 24% less in perfused large
venules near vs far from the burn. Within the terminal arteriolar networks far from
the burn, HbO is 7% higher along the shunt pathway vs the non-shunt pathway,
consistent with RBC flux values. Near the burn, HbO is 71% greater along the
shunt pathway vs the non-shunt pathway, also consistent with RBC flux values.
Comparing HbO along shunt pathways, HbO is decreased 52% near vs far from
the burn rim. Thus, in this model of inflammation, RBC flux and HbO values to-
gether suggest that a diminished oxygen shunt pathway is initiated by inflamma-
tion and maintained for several hours after the inflammatory event. (NIH

HL55492; AHA 0655908T)

Validation of the Amphibian Metamorphosis Assay for
Potential Endocrine Disrupting Chemicals with Xenopus
Laevis.

g %

J. J. Burlingham, C. A. Jenkins, ]J. Pawsey, 1. Taylor and L. Haynes. Aquatic
Ecotoxicology and Biodegradation, HLS, Eye, United Kingdom. Sponsor: C. Auletta.

The new European Union Plant Protection Products Regulation (PPPR
1107/2009) identifies the need to consider whether a substance is a potential en-
docrine disrupter in aquatic non-target organisms and the current draft of the PPP
data requirements refers to three screening assays for ecotoxicological endocrine-
disrupting potential. Of these, we describe in detail our experience in the establish-
ment and validation of the amphibian metamorphosis assay (OECD 231; OPPTS
890.1100) with the African Clawed Frog.

In this method, in order to satisfy validity criteria in the rearing phase, conditions
necessary to allow tadpoles to develop from fertilisation to development stage 51 as
defined by Nieuwkoop and Faber (1994) were established, and individuals selected
for the exposure phase and transferred to test vessels. To establish the assay, 400 tad-
poles were exposed to a range of levels of the three reference substances, thyroxine
(T4) which produces stimulatory effects on the normal function of the hypothala-
mic-pituitary-thyroid (HPT) axis, sodium perchlorate (which retards development)
and iopanoic acid (which affects hind limb development) and levels of each were
verified using an appropriate analytical method. At Day 7, 80 randomly selected in-
dividuals at each exposure level were removed and assessed (body weight, develop-
mental stage, hind limb and snout to vent length). Exposure continued for a further
two weeks and the study terminated on Day 21 when all the remaining individuals
were assessed as on Day 7. Following developmental stage matching, 80 individuals
were selected for thyroid removal and histopathological analysis.

We found that our results were similar to the ring test results published by the
OECD (Series on Testing and Assessment Document Number 77) and make a
number of observations on methodology that may improve the reproducibility of
these assays.

Mammary Gland Morphology and Gene Expression
Signature of Prepubertal Male and Female Rats following
Exposure to Exogenous Estradiol.

B Y

M. Ronis"2, 1. R. Miousse!*2, N. Sharma?, ]. Vantrease?, L. Hennings!,
K. Shankar! 2, H. Gomez-Acevedo! 2, M. Cleves"? and T. M. Badger! 2.
TUAMS, Little Rock, AR; ?Arkansas Children’s Nutrition Center, Little Rock, AR.

In order to properly understand whether xenoestrogens act as true estrogen ago-
nists, it is essential to possess a solid portrait of the physiological effects of exoge-
nous 17p-estradiol (E2). Because the estrogen-dependent gene expression is one of
the primary indicators of estrogenic action, we have assessed effects of three doses of
exogenous E2 (0.1, 1.0 and 10 ug/kg of body weight/day) on the mammary gland
morphology and gene expression profiles of prepubertal male and female rats of
both sexes compared to untreated controls. The mammary gland was more respon-
sive to E2 treatment in males than in females with 1392 genes modulated >1.5-fold
up or down relative to controls at the higest E2 dose compared to 463 genes. There
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was an increase in the number of terminal end buds in males (P<0.05), and a corre-
sponding increase in the expression of the gene encoding amphiregulin (P<0.05), a
protein known to drive the differentiation of terminal end buds. In intact females,
the highest dose of E2 tested induced an increase in the expression of genes encod-
ing milk components, as well as muscle proteins. Lower doses had limited effects on
gene expression. Therefore, the prepubertal rat male mammary gland is a very sen-
sitive tissue to evaluate estrogenicity using morphological changes coupled to mi-
croarray-analysis of gene expression. Intact prepubertal females were comparatively
poorly responsive to exogenous E2, although many modulated genes were common

to both sexes. Supported by USDA CRIS-6251-51999-007-04S.

98 Potential Endocrine Disruption of a Drinking Water Sample
from the State of Sao Paulo, Brazil.
M. M. Solano!, C. M. Raimundo?, 1. C. Pescara?, W. E Jardim?, D. D. Franga?,
G. A. Quinaglia?, J. A. Anselmo-Franci?, R. G. Carolino%, J. L. Luvizutto',
G. A. Umbuzeiro® and ]. V. de Camargo!. ! Botucaru Medical School, Department
of Pathology, Sio Paulo State University- UNESE Botucatu, Brazil; *Institute of
Chemistry, University of Campinas- UNICAME Campinas, Brazil; > Environmental
Toxicology, Genotoxicity and Microbiology Division - CETESB, Sio Paulo, Brazil;
4School of Dentistry, Department of Morphology, Stomatology and Physiology,
University of Sio Paulo- USE, Ribeirdo Preto, Brazil; > Faculty of Technology,
University of Campinas- UNICAMR Limeira, Brazil.

Many xenoestrogens, natural and synthetic estrogens may end up in the water bod-
ies through sewage discharges. Contaminated rivers are conventionally treated by
Water Treatment Plants (WTP) to produce drinking water, but emerging contami-
nants may remain. This study investigated the potential for endocrine disruption of
a drinking water sample from a Sao Paulo State WTD, using two harmonized bioas-
says. Female rats 21 days old were exposed by gavage to drinking water extracts dur-
ing 03 days (uterotrophic assay; OECD 440) or 20 days (pubertal development fe-
male rat assay, EPA 890.1450) at 33.3, 166.5, and 333.0 mL equivalent of water/kg
body weight, modeling a daily ingestion of 2 L, 5 L and 10 L of drinking water by
a 60 kg human being. Traces of caffeine (5.8 ug/L), estrone (1 ng/L) and atrazine
(11.2 ng/L) were detected in the extracts by LC-MS/MS. Androgen or estrogen ag-
onistic activity of the water extract resulted negative by the bioluminescent yeast
assay (BLYES, BLYAS). Accordingly, both in vivo assays were negative: there was no
significant increase of the uterus wet weight in the uterotrophic assay and no alter-
ation of the moment for vaginal opening in the pubertal assay. However, the serum
levels of LH, FHS, PRL and 17f-estradiol were altered, with a significant dose-re-
sponse increase. Therefore, it has to be assumed that the tested drinking water sam-
ple induced steroidogenic dysregulation in vivo.

99 Development of Medium-Throughput Thyroperoxidase
Inhibition Assays for Screening.

K. B. Paul"2, J. M. Hedge?, K. M. Crofton?, M. W. Hornung? and

S. O. Simmons?. 'ORISE, US EPA, Research Triangle Park, NC; ?Integrated Systems

Toxicology Division, NHEERL, ORD, US EPA, Research Triangle Park, NC; >Mid-

Continent Ecology Division, NHEERL, ORD, US EPA, Duluth, MN.

Thyroperoxidase (TPO), the catalyst for thyroid hormone (TH) synthesis, is a tar-
get for thyroid-disruptors, including methimazole (MMI), isoflavones, benzophe-
none-2, and malachite green; however, no medium- to high-throughput screening
methods for TPO inhibition are available. To adapt the low-throughput guaiacol
oxidation assay for TPO inhibition to chemical screening, we replaced guaiacol
with a fluorescent peroxidase substrate in a rat thyroid-based assay and developed
an in vitro human TPO model. We tested the hypothesis that use of a peroxidase
substrate (Amplex UltraRed, AUR, LifeTech) in 96- or 384-well plate formats with
automated reagent delivery could increase the TPO assay throughput with thyroid
microsomes. The IC50 of MMI-induced TPO inhibition was reduced with AUR
compared to the guaiacol assay, with average IC50s of 0.15 uM and 5 uM, respec-
tively. AUR signal was stable from 30-120 min after initiation. The dynamic range
of the assay with MMI was 6- to 10-fold using 96- or 384-well formats, with Z’
scores of 0.75 t0 0.9. A 21 chemical training set is being used to validate the assay
for screening. One limitation of this model is the availability of human thyroid mi-
crosomes. Preliminary work demonstrated that lentiviral-transduction of a human
cell line (HEK293T) with recombinant TPO could also be used to test for human
TPO inhibition. TPO activity measured by the AUR assay in cell fractions was
maximally inhibited by MMI at 100 uM. This approach to improving and devel-
oping medium-throughput assays for thyroid-disruptor screening demonstrates the
feasibility of screening 100s to 1000s of chemicals for TPO inhibition, and drasti-
cally reduces the need for animal tissue. This abstract does not necessarily reflect the

policy of the US EPA.
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PS 100  High-Throughput Detection of Estrogenic Compounds

Using Autonomously Bioluminescent Human Breast Cancer
Cells.

T. Xu!, D. Close?, S.L. Price! and G. S. Sayler'-2. The University of Tennessee,
Knoxville, TN; 2490 BioTech Inc., Knoxville, TN. Sponsor: S. Ripp.

Substantial public health concerns exist over the potential endocrine disrupting ca-
pabilities of a wide variety of untested or under-tested natural and industrial chem-
icals. It is clear that the development of accurate, high-throughput, and inexpensive
testing regimens will be key to mitigating public concern. Here we report on the
development of a novel screening assay for estrogenic activity that utilizes an au-
tonomously bioluminescent human cell line to provide direct bioavailability data.
To construct this cell line, estrogen-responsive human breast carcinoma cells (T-
47D) were genetically engineered to express the full bacterial bioluminescence gene
cassette (luxCDABEfrp), generating an autonomously bioluminescent cell line (T-
47D/Lux) capable of maintaining bioluminescent output independent of substrate
addition. Bioluminescence emitted from T-47D/Lux cells was correlated tightly (R?
> 0.99) to the number of cells present in a population, permitting the use of light
production dynamics as an indicator of cell proliferation. Additionally, the sub-
strate-free nature of the lux system allowed for continuous, near real-time monitor-
ing of the same cell population throughout exposure to the tested compounds. A
significant change in bioluminescent production (p < 0.05) compared with unex-
posed control was observed 3 days after exposure to concentrations of 17f-estradiol
(E2) as low as 1 pM. The EC,, for E2 in this assay was determined to be approxi-
mately 10 pM. These results are similar to those obtained using a traditional cell
proliferation assay, but offer the advantage that data acquisition can be performed
in a fully automated fashion since the need for sample destruction or substrate ad-
dition is removed, making it an ideal candidate for high-throughput analysis.

[ 101  Cryopreserved Rainbow Trout Hepatocytes Model Endocrine

Disruption As Detected by Protein and Gene Expression of
Vitellogenin.

L. K. Markell, R.T. Mingoia, H. M. Peterson, J.P. Finn, D. L. Nabb and
X. Han. DuPont Haskell Global Centers for Health and Environmental Sciences,
Newark, DE.

The toxicity of environmental pollutants may occur through modes of action that
alter normal endocrine functions, resulting in altered development, growth and re-
production of aquatic species. Consequently, there is a need to develop assay end-
points capable of identifying endocrine disruption in fish. Our lab has previously
shown the utility of cryopreserved trout hepatocytes. Here we use this cell culture
method to identify the potential estrogenicity of chemicals through vitellogenin
(VTG) expression. This biomarker indicates an estrogenic effect when the protein
is expressed by male trout hepatocytes, both in vivo in plasma and in vitro in cell
culture media. To test the performance of cryopreserved trout hepatocytes, refer-
ence chemicals estradiol (E2), estrone (E1) and diethylstilbestrol (DES) were used
and culture media was collected for ELISA 96-hrs post-treatment. Our results show
that the levels of protein detected with cryopreserved trout hepatocytes are similar
to results previously published using fresh trout hepatocytes, ranking the com-
pounds E2 = DES > E1. To determine whether transcriptional regulation of VTG
correlated with protein expression, quantitative real-time PCR was performed.
mRNA was collected from cryopreserved hepatocytes treated for 24 hours with the
same doses of reference chemicals. VTG gene expression correlated well with pro-
tein expression, ranking the compounds similarly. In addition, the negative control
corticosterone showed no increase in gene expression at any dose, indicating that
this is a sensitive, yet specific endpoint. These studies demonstrate both ELISA and
transcription-based methods can be used with cryopreserved trout hepatocytes for
screening chemicals for potential estrogenic effects, enabling greater access to this
model system and potentially improving the turn-around time for generating re-

sults through detection of VTG mRNA levels.

PS 102 Permethrin Does Not Have Endocrine Disrupting Properties
As Evaluated by the US EPA’s Endocrine Disruptor Screening

Program (EDSP) In Vivo Assays.

L. Zorrilla!, S. . Borghoff! and T. G. Osimitz?. !Integrated Laboratory Systems,
Inc, Durham, NC; *Science Strategies, Charlottesville, VA.

Permethrin, a pyrethroid insecticide, was evaluated for potential endocrine activity
in 3 of 4 in vivo US EPA EDSP assays. The maximum tolerated dose (MTD) of
permethrin used in these assays was selected based on the results of dose range find-
ing studies. Sprague Dawley rats were administered permethrin in corn oil by oral

gavage for 10 (Hershberger Bioassay, OPPTS 890.1400, castrated model), 21/22



(female pubertal assay, OPPTS 890.1450), or 31/32 (male pubertal assay, OPPTS
890.1500) days based on daily body weights. The Hershberger Bioassay, which
evaluated agonist and antagonist androgenic activity, was negative; no significant
changes in any androgen-dependent tissue weights up to the MTD of 120
mg/kg/day were observed. The male pubertal assay, administered a MTD of 120
mg/kg/day, showed no effects on male pubertal development with no differences
observed in reproductive organ weights, the day of preputial separation, or serum
testosterone levels compared to controls. Liver weight was significantly increased,
with a decrease in thyroxine (T,) and a corresponding increase in thyroid stimulat-
ing hormone (TSH) compared to controls. No changes were observed in thyroid
gland weights or histopathology. The female pubertal assay, administered a MTD
of 150 mg/kg/day, showed no effects on female pubertal development with no dif-
ferences observed in the day of vaginal opening, estrus onset, cyclicity, or reproduc-
tive organ weights. The liver and thyroid gland weights were significantly increased,
and serum TSH concentrations were increased with a corresponding decrease in
serum T, following administration permethrin, however, the thyroid gland showed
no histopathological changes. In summary, permethrin did not show androgen or
estrogen activity in these assays, and the effects observed in the thyroid likely are
secondary to liver enzyme induction, a phenomenon known to occur following re-
peated dosing with permethrin, and not a reflection of a direct effect on the thy-
roid.

PS 103  Linking In Vitro Enzyme Activity To In Vivo Effects:
Thyroperoxidase Inhibition in Methimazole-Exposed Rats.

J. M. Hedge!, K. M. Crofton!, S. O. Simmons', M. W. Hornung? and

K. B. Paul"-3. Integrated Systems Toxicology Division, NHEERL, ORD, US EPA,
Research Triangle Park, NC; Mid-Continent Ecology Division, NHEERL, ORD, US
EPA, Duluth, MN; ?Oak Ridge Institute for Science Education, US EPA, Research
Triangle Park, NC.

The anti-thyroid drug methimazole (MMI) inhibits thyroperoxidase (TPO), the
enzymatic catalyst for thyroid hormone (TH) production and a target for thyroid-
disrupting chemicals. Our development of a medium-throughput screening assay
for TPO inhibitors using a fluorescent peroxidase substrate (Amplex UltraRed) has
instigated characterization of the relationship between in vitro TPO inhibition
using thyroid microsomes and in vivo TH status. This work tested the hypothesis
that TPO activity would be decreased in thyroids from rats exposed in vivo to MMI
doses that decreased serum THs. Weanling female Long-Evans rats received MMI
in corn oil (0, 0.1, 0.3, 1, 10, 20, 30 mg/kg/day po) for 4 days and were sacrificed
24 hr later. Pooled thyroid microsomes (n=8/pooled treatment) were used in the
TPO inhibition assay. As a positive control, the vehicle control microsomes were
exposed in vitro to MMI (0.015 — 200 uM), which yielded an assay dynamic range
of 6-fold, an IC50 = 0.14 uM, and Z’ = 0.9. TPO was inhibited in a dose-depend-
ent manner, up to 53% of vehicle control at 30 mg/kg/day, which corresponded to
significant serum thyroxine (T4) decreases of 60% and thyroid gland weight in-
creases of 64% (p<0.05). TPO inhibition in the 10-30 mg/kg/day MMI corre-
sponded to in vitro MMI concentrations of 0.14-0.44 uM. These results suggest
that MMI-induced serum T4 decreases in vivo correspond to significant TPO ac-
tivity decreases in vitro. Continued work will aim to strengthen understanding of
the association between the degree of TH perturbation in vivo and the magnitude
of TPO inhibition in the AUR screening assay. This abstract does not necessarily re-
flect the policy of the US EPA.

104 Endocrine Disruption Potential of Benefin: Weight of
Evidence Evaluation.

S. Papineni!, K. K. Coady?, S. Marty?, V.]J. Kramer! and S. C. Gehen'. /Dow

AgroSciences, Indianapolis, IN; 2 The Dow Chemical Company, Midland, MI.

Benefin, a pre-emergent herbicide, was included on List 1 of chemicals to be
screened under US EPA’s Endocrine Disruptor Screening Program (EDSP).
Following completion of 11 Tier 1 EDSP assays, a Weight of Evidence (WoE) eval-
uation was conducted using all available data to determine if benefin has potential
to interact with the estrogen, androgen or thyroid (EAT) systems following the five
(5) — tiered OECD conceptual framework. For the in vitro assays, benefin was neg-
ative for androgen and estrogen receptor binding, and negative in the aromatase
and steroidogenesis assays but induced a weak positive response in the estrogen re-
ceptor transactivation assay (ERTA). However, this slight positive response in the
ERTA assay was not corroborated in other estrogen sensitive assays estrogen recep-
tor (ER) binding, uterotrophic, estrogen-sensitive endpoints in the female pubertal,
and vitellogenin levels in the fish short-term reproduction assay (FSTRA) that were
negative. Anti-androgenic and anti-estrogenic effects were observed in the pubertal
assays and in the Hershberger assay only at the high dose levels. However, the WoE
evaluation of the data does not support a direct interaction; rather, an indirect
mode-of-action (MoA) due to enhanced liver enzyme induction and hormone

clearance appears evident. Similarly, results for thyroid effects in the pubertal assays
were consistent with previously demonstrated MoA data which support an indirect
MOA due to enhanced thyroxine clearance not relevant to humans. Furthermore,
benefin was negative in the amphibian metamorphosis assay designed to detect thy-
roid agonists and antagonists. A high-degree of coherence and consistency is ob-
served in results from the higher-tiered data and previous toxicity studies showing
no direct interaction with the endocrine system. In conclusion, the vast majority of
Tier 1 studies/endpoints were clearly negative and those few positive responses were
seen only at high-dose levels and were either isolated (e.g., ERTA) in nature or sec-
ondary to other effects.

PS 105  Endocrine Exposure at Environmentally-Relevant

Concentrations.

K. C. Fussel!, S. Schneider!, S. Melching-Kolmuss?, S. Groters!, V. Strauss!,

B. Siddeek?, M. Benahmed?, M. Frericks? and B. van Ravenzwaay'.

! Experimental Toxicology and Ecology, BASF SE, Ludwigshafen am Rhein, Germany;
2Product Safety, BASF SE, Ludwigshafen am Rhein, Germany; U895, équipe 5,
Centre Hospitalier I'Archet 2, Inserm, Nice, France.

Endocrine disruption has become an important topic of public concern. Despite an
increasing amount of attention, little is understood about how doses of endocrine
disrupting chemicals (EDCs) at environmental concentrations affect homeostasis.
To address these concerns, we performed a pre-/post-natal reproductive toxicity
study to measure the developmental toxicity of low doses of three anti-androgenic
compounds: vinclozolin, flutamide, and prochloraz. The tested doses were selected
to mimic low-effect levels, the no observed adverse effect levels (NOAEL) for en-
docrine effects, and the acceptable daily intake (ADI).

Despite mild maternal toxicity in parental females treated with the top dose of
prochloraz, sufficient offspring were produced to evaluate the developmental effects
of the three EDCs. While female offspring developed normally, the male offspring
showed effects known for anti-androgens. One sensitive clinical parameter was the
retention of nipples and/or areolas by male animals on PND 12. This effect was
largely transient, as all had regressed by PND 21, with the exception of the off-
spring exposed to the flutamide top dose. The young adult male offspring displayed
additional anti-androgen effects including, delayed sexual maturation and reduced
male sex organ weights. These alterations were observed at the effect doses of all
three anti-androgens, and at the putative flutamide NOAEL. Offspring from the
flutamide top dose group had an increased incidence of developmental sexual de-
fects including hypospadias, short penis, and cryptorchidism. No effects at all were
noted at the low doses, as expected for the ADI. Assessment of sexual steroid hor-
mones and their precursors revealed no effects at any of the dose levels. Taken to-
gether, the weight of evidence of the clinical and pathological findings suggests a
lack of a non-monotonic dose-response curve.

106  Assessment of Estrogenic and Androgenic Impairment of
Iowa Surface Water by Chemical Analysis and Bioassays.

S. Flor!, J. Vargo? and G. Ludewig!. ! University of lowa, Iowa City, IA; *lowa State
Hygienic Lab, Coralville, IA.

Limited data are available regarding the presence of hormones and steroids in Iowa
surface water. To obtain more information about the hormonal impairment, river
water samples were collected in October 2011 up- and downstream of Iowa City
and Des Moines. Chemical analysis of water extracts was performed by LCMSMS
using drinking water method EPA 539 that assesses equilin, estriol, 170~ and 17-
estradiol, estrone, 17a-ethynylestradiol, androstenedione, testosterone, proges-
terone, and 17B-trenbolone concentrations. For endocrine disrupting activity of
the water extracts the E- and A-screen with human MCF-7 breast cancer cells (es-
trogenic and androgenic activity) and the H295R assay with adrenal cancer cells
(interference with steroid hormone synthesis) were used. A goal of this study was to
determine how well chemical testing for targeted hormones and steroids reflects the
total androgenic and estrogenic activity determined by bioassay tests. Preliminary
evaluation revealed that the added preservative 2-mercaptopyridine-1-oxide or a de-
rivative that was formed during the extraction procedure was highly cytotoxic to
the cells. However, extracts preserved with sulfuric acid could be used in the bioas-
says. The chemical analysis detected only a few hormones and those that were de-
tected were found at low- or sub-ng/L concentrations in the Iowa surface waters.
The Iowa River up- and downstream extracts showed an estrogenic activity in the
E- and A-screen and the Des Moines River extracts had a small androgenic and
antiestrogenic activity. The H295R hormone concentration tests revealed no obvi-
ous changes in testosterone and cortisol levels in the medium but the extracts
tended to increase the estradiol levels. Additional tests with synthetic samples pre-
pared according to the analytical test results are needed to examine whether the de-
tected hormones alone caused these biological effects or whether other, still unde-
termined endocrine disrupting chemicals were involved. (Funded by ES05605
from NIEHS)

SOT 2013 AnNuAL MEETING 21



Endocrine Disruption: Weight of the Evidence for Low-Dose
Effects of TCDD on Sperm Counts.

ps IR

K. L. Hentz, A.L. Williams and J. C. Lamb. Exponent, Alexandria, VA.

Considerable debate is ongoing regarding the potential for endocrine-mediated
low-dose effects. One of the examples that has been presented as evidence for low
dose effects is exposure to 2,3,7,8-tetrachlodibenzodioxin (TCDD) and the impact
on sperm counts in the male offspring. Although one epidemiological study has re-
ported reduced sperm counts in males exposed to TCDD, the results of this study
are limited by the small number of subjects, evaluation of a single sperm sample,
potential differences in sexual activity, and lack of control in the collection/trans-
port of the sperm sample. We have conducted a weight-of-the-evidence review of
the toxicological studies investigating the impact of maternal TCDD exposure on
sperm counts in their offspring and the results have been highly variable.
Epididymal sperm counts have been reported to be reduced at doses as low as 64 ng
TCDD/kg, but other studies have failed to show effects at doses of 800 ng
TCDD/kg or higher. Several other animal studies have not reported effects on
sperm counts at doses between 10 and 50 ng TCDD/kg, suggesting a potential
threshold. While sperm effects have been reported in experimental animal studies at
64 ng TCDD/kg, this dose should not be considered a low dose because human ex-
posures are much lower. This dose is not relevant to current human exposures to
TCDD based on estimated intakes that are 100-fold lower for all dioxins and fu-
rans combined based on TEQ (toxic equivalents). Thus, discussions regarding the
potential endocrine disruptive effects of TCDD on sperm counts are misleading
and do not occur at the low doses experienced by general American public.

PS 108 Effects of Pesticides on Cytochrome P450 17 (CYP17) and
Androgen Receptor (AR) Function in Human H295R
Adrenocortical and LNCaP Prostate Cancer Cells.

C. Robitaille, P. Rivest and T. Sanderson. INRS-Institur Armand-Frappier, Laval,
QC, Canada.

Exposures to endocrine disrupting chemicals, including pesticides, are thought to
be contributing to the increased incidence of certain endocrine-related cancers in
the human population, such as prostate cancer. Prostate cancer growth is initially
androgen-dependent and under control of the nuclear androgen receptor (AR),
which increases the gene transcription of proteins involved in cell proliferation,
such as prostate specific antigen (PSA). CYP17 is a key enzyme in the biosynthesis
of androgens and increased expression is associated with increased prostate cancer
risk. We evaluated the effects of several pesticides suspected or known to modulate
hormonal function in androgen-dependent LNCaP human prostate cancer cells
and in an in vitro steroidogenesis model, the H295R human adrenocortical carci-
noma cell line. Benomyl, vinclozolin and prochloraz reduced dihydrotestosterone-
(DHT)-stimulated LNCaP cell proliferation and nuclear AR protein accumulation
concentration-dependently (0.1-30 uM). Levels of an active phosphorylated form
of AR, pAR-Ser81, were increased by 10 nM DHT, whereas benomyl, vinclozolin
and prochloraz decreased these stimulated levels (after a 1 or 6 h exposure). All
three pesticides reduced DHT-stimulated PSA secretion by LNCaP cells. We found
AR to be expressed in H295R cells but levels of AR and pAR-Ser81 were not af-
fected by DHT, although they were increased by 30 uM atrazine. Benomyl and vin-
clozolin (10 and 30 uM) and prochloraz (1 and 3 uM) decreased CYP17 mRNA
expression in H295R cells at sub-cytotoxic concentrations and prochloraz strongly
inhibited CYP17-catalyzed conversion of pregnenolone to DHEA (24h exposure).
In H295R and LNCaP cells, CYP17 protein expression was increased by atrazine
(30 uM). In conclusion, certain pesticides exert combined antiandrogenic effects in
androgen-dependent prostate cancer cells at the level of CYP17 and AR, the latter
by reducing AR phosphorylation at serine 81.

Metabolomics Characterization of the Effects of Estradiol in
Human Breast Cancer Cell Lines.

L. Zhao!, S. Odwin-DaCosta!, M. M. Vantangoli?, H.T. Hogberg!,

M. Bouhifd!, A.Kleensang!, L. Smirnova!, K. Boekelheide?, ]. D. Yager' and
T. Hartung'. ‘Department of Environmental Health Sciences, Johns Hopkins
University, Bloomberg School of Public Health, Baltimore, MD; ?Department of
Pathology and Laboratory Medicine, Brown University, Providence, RI.

Estradiol (E2 or 17f-estradiol) is the most potent naturally occurring estrogen. Its
effects on cell function during development and in adults in a variety of tissues are
mediated through estrogen receptors located in the nucleus, cytoplasm, mitochon-
dria and at the cell membrane. Our objective is to employ high-throughput liquid
chromatography mass spectrometry based metabolomics analysis to map pathways
affected by estradiol in MCF-7 and T47D cells and then compare them with path-
ways affected by endocrine disrupting compounds (e.g. BPA and others).
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Concurrent cell growth and gene expression studies are also being carried out. Cells
were exposed to estradiol at different concentrations and times. Stimulation of cell
growth was observed at 0.1nM in association with changes in the metabolome at 6
and 24hrs. A time course study at 100nM estradiol revealed that some metabolites
were significantly altered at various time points. The metabolites and pathways
most affected included metabolites from cellular energy-related pathways (e.g.
Malate, Fumarate, Pyruvate) and amino acid synthesis pathways (e.g. Arginine,
Valine, Ornithine, Leucine/Isoleucine, 2-Methylmalate). Further investigation is
underway and should give more insight into the identification of metabolism path-
ways affected by estradiol and endocrine disruptors.

110

Creating In Vitro Test Methods for Endocrine Disruptor
Risk Assessment: Assay Development.

C. Le Sommer, S. M. Ross, P_D. McMullen, M. E. Andersen and R. A. Clewell.
The Hamner Institutes, Research Triangle Park, NC.

Endocrine disruptor test programs in the US are moving forward to identify active
compounds and prioritize them for subsequent in-life toxicity studies. Our focus is
on developing iz vitro tests for cellular responses to endocrine active substances that
will be sufficient for health risk assessment without moving on to in-life toxicity
tests. We have begun a research effort for the estrogen receptor (ER) pathway to: 1)
map signaling pathways for estrogen mediated proliferation, 2) define the dose-re-
sponse for perturbation of estrogen signaling by xenobiotics and 3) develop com-
putational models to predict chemical effect on uterine epithelium. The first phase
develops a cell-based assay in human Ishikawa endometrial cell line expressing the
three major ERs: ESR1, ESR2 and G-protein coupled receptor GPER. The dose-
response for 17f-estradiol (E2) and 170-ethynyl estradiol (EE) (0.001 — 10 nM)
were examined at 1, 2, 3, 4, 5, and 6 days of exposure for proliferation and induc-
tion of protein and gene targets of ESR1, including alkaline phosphatase (ALP),
proliferation associated gene GREB1 and progesterone receptor (PGR). E2 and EE
increased proliferation and ALP activity by day 3 at 0.01 nM, while gene induction
(GREBI1, ALP, PGR) occurred earlier (day 1). Cells were also treated with selective
receptor agonists PPT, DPN, and G1 targeting ESR1, ESR2 and GPER. PPT in-
creased proliferation, ALP activity and gene expression similar to EE. DPN in-
duced proliferation and ALP only at higher doses associated with cross-reactivity
with ESR1. GPER plays a role in regulating uterine proliferative response; however,
we saw no change in proliferation upon treatment with G1 alone. This may result
from low GPER expression in our cells. We also conducted expression analysis of
studies with Ishikawa cells from our laboratory and published sources to evaluate
dose-response of GO-categories by these receptor specific ligands. 7z vitro responses
have been analyzed in light of 77 vivo rodent uterotrophic assay transcriptomic data
to show consistency between in vitro and in vivo assays.

PS 111  Leaching of Chemicals with Estrogenic Activity from

Packaging into Popular Lab Animal Feeds.

D. Klein!, C. Z.Yang?, G.]. Kollessery? and G. D. Bittner! 2 3. ! PlastiPure, Inc.,
Austin, TX; ?CertiChem, Austin, TX; >University of Texas, Austin, TX. Sponsor: M.
Stoner.

A robotized MCF-7 cell proliferation assay currently undergoing validation by IC-
CVAM/NICEATM was used to quantify the total estrogenic activity (EA) of chem-
ical mixtures leaching from lab animal feed bags into feed over time. A standard
open-formula (low phytoestrogen AIN-93G) feed was purchased from Harlan®,
Research Diets™, and TestDiet®. The TestDiet® feed was packaged in EA-Free
bags recently developed by PlastiPure for PMI® LabDiet® and other customers.
All diets were analyzed 0, 2, and 4 weeks after purchase. All leachates were quanti-
fied relative to the percentage of the maximum DNA produced per well induced by
a test chemical with respect to the maximum DNA produced per well induced by
the 17beta-estradiol positive control (%RME?2) and corrected by the cell response
to the vehicle (negative) control. The significance level (p < 0.01) to detect EA was
a %RME2 value 3 standard deviations more than the VC. According to this con-
servative criterion, EA levels in 72 hour ethanol extracts of commercial bags for
TestDiet®, Harlan®, and Research Diets™ were non-detectable (ND), signifi-
cantly positive, and significantly positive, respectively. In the feed study, there was
no detectable EA activity in TestDiet® feed at any time point. Feed samples from
Harlan® and Research Diets™ were ND at week 0 but significantly positive fol-
lowing storage for 2 and 4 weeks after purchase. EA readings for Harlan® and
Research Diets™ increased from week 0 to week 2 and again from week 2 to week
4. These data suggest that leaching of chemicals having EA from the non-EA free
plastic packaging can alter the hormonal activity of semi-purified animal feeds.
Such leaching of chemicals having EA from plastic packaging into animal feeds may
impact research protocols that examine hormonally- responsive end-points.



[l 112 Endocrine Disruption Potential of Trifluralin: Weight of

Evidence Evaluation.

S. Marty!, S. Papineni?, V.]. Kramer?, S. C. Gehen? and K. K. Coady'. !7he
Dow Chemical Company, Midland, MI; °Dow AgroSciences LLC, Indianapolis, IN.

Trifluralin was included on List 1 for the EPA’s Endocrine Disruptor Screening
Program (EDSP). EDSP screens chemicals for their potential to interact with the
estrogen, androgen, or thyroid pathways. A battery of 11 Tier 1 EDSP assays was
completed for trifluralin and a Weight of Evidence (WoE) evaluation was con-
ducted. Estrogen pathway: Trifluralin was weakly positive in the estrogen receptor
(ER) transactivation assay, but it did not affect other estrogen-sensitive assays (i.e.,
ER binding, uterotrophic, estrogen-sensitive endpoints in the female pubertal, and
vitellogenin levels in the fish short-term reproduction assay (FSTRA)). Androgen
pathway: Trifluralin was negative for androgen receptor binding and while positive
in the Hershberger assay, this result was due to enhanced testosterone metabolism.
The male pubertal assay showed some indications of antiandrogenicity; however,
we believe these effects were indirect. In a previous two-generation study,
mating/reproductive indices, litter size/survival and reproductive organ
histopathology were unaffected. The FSTRA was potentially positive; however, in-
terpretation was complicated by overt toxicity and the absence of a cohesive link be-
tween study observations and known endocrine modes-of-action (MoA). Thyroid
pathway: The female pubertal assay was positive for thyroid changes due to liver en-
zyme induction and enhanced thyroxine clearance. Thyroxine levels were decreased
in the male pubertal assay, but other thyroid-related endpoints were not altered.
Trifluralin increased thyroid tumors in a previous carcinogenicity study via a mode-
of-action that is understood to be not relevant to humans. The amphibian meta-
morphosis assay was negative. Thus, there was no consistent evidence of effects on
the estrogen pathway and effects on the androgen pathway did not fit a mode-of-
action fingerprint for antiandrogenicity. Trifluralin alters the rodent thyroid system
via an indirect effect on the liver; these effects are not expected in humans, who are
quantitatively less sensitive than rats.

113  Cosmetics Products Have Detectable Estrogenic and
Antiestrogenic Activity.

C.Z. Yang!, G.]J. Kollessery', M. Stoner', A. W. Wong' and G. D. Bittner" 2.

LCertiChem, Inc., Ausin, TX; 2The University of Texas, Austin, TX.

We have used a roboticized MCF-7 cell proliferation assay and a BG1-Luc assay
undergoing validation by ICCVAM/NICEATM to quantify estrogenic activity
(EA) and anti-estrogenic activity (AEA) in saline (hydrophilic), ethanol (hydropho-
bic), and DMSO extracts of over 50 commercially available cosmetic products.
These included lipsticks, colognes, shampoos, hair conditioners and skin lotions
sent to CertiChem for testing by the National Toxicology Program and the Breast
Cancer Fund or purchased for testing by CertiChem from local stores. The total EA
in extracts was quantified relative to the maximum response of 17f-estradiol
(%RME2) and defined as the percentage of the maximum DNA/well produced by
an extract with respect to the maximum DNA/well produced by E2 at any dilution
and corrected by the cell response to the vehicle (negative) control (VC). The total
AFEA in extracts was quantified relative to the AEA of ICI 182,780 (%RMICI). As
previously reported (see Yang et al, 2011, EHP 119:989-998), %RME?2 and %
RMICI values >15% are significantly (P<0.01) greater than the VC, i.e. are de-
tectable for EA or AEA. In both MCF-7 and BG1-Luc assays, over 60% of the cos-
metics products tested had easily detectable EA in either saline, ethanol or DMSO
extracts. Some products exhibited AEA. When multiple extracts and tests were
done on eight cosmetic samples, 7 out of 8 had detectable EA or AEA in at least one
extract. Our results indicate that many cosmetics products contain components
that exhibit easily detectable EA when tested on two human cell lines in vitro. EA
or AEA in widely used cosmetics may account for some epidemiological data sug-
gesting hormonal perturbations in the early onset of puberty in girls, development
of uterine fibroids in adult females, and other adverse health effects (e.g., breast
cancer). The study was supported by NTP and Breast cancer Fund.

114  Use of Novel Assays to Screen Large Chemical Inventories for
Functional Estrogen Receptor (ER) Activity.

K. Houck!, M. Martin!, R.Judson!, D. Rotroff!, J. Melnick?, J. Lamedin? and

J. Weswick?. INCCT, US EPA, Research Triangle Park, NC; 2Odyssey Thera, San

Ramon, CA.

Rapid, efficient screening assays are important for providing the means to prioritize
large inventories of environmental chemicals for potential endocrine disrupting ef-
fects. Past efforts focused on transcriptional activation (TA) assays for estrogen, an-
drogen and thyroid receptors. The complexities of nuclear receptor (NR) biology,

however, limit this approach as a comprehensive strategy to identify all NR modu-
lators. For example, selective ER modulators can have cell type-specific activity de-
pendent on the particular coregulator proteins expressed. We thus examined alter-
native, complimentary assay methodologies that provide unique functional
information for chemical modulation of the ER pathway. We measured the ability
of 1848 chemicals to induce ER dimerization and nuclear translocation, initial and
required steps in ligand-induced activation of the ER pathway, using fluorescent
imaging in intact cells at multiple time points. We also determined receptor selec-
tivity using distinctly tagged ERa and ERP receptors and found the great majority
of compounds to have similar potency for both receptors. Secondly, we determined
the activity of these 1848 chemicals in an ER/chromatin assay that visualizes active
ER transcriptional loci and provides functional information as to the level of ago-
nist versus antagonist activity of the ligand. Overall assay results showed chemicals
could be categorized into several groups. First, there were unequivocal ER agonists
active under virtually all testing conditions. Second, antagonists and partial agonists
with weak or no activity in TA assays run in agonist mode were readily detected by
these assays. Finally, there are spurious or artifactual results for each assay that must
be taken in to account when performing large scale assays such as this and are ap-
parent by looking at data across multiple assays and formats. These results demon-
strate the value of multiple, complimentary assay approaches in understanding
complex biological responses with in vitro systems.

PS 115  Effect of Technical Variation and Bioinformatics on the
Biological Discovery in a Mechanistic Toxicogenomics Study.
B. Gong!, J. Xu!, Z. Su!, H. Hong!, J. Meehan!, H. Fang!, W. Ge!,

S. S. Auerbach?, C. Wang?, L. Shi! and W. Tong!. ! Division for Bioinformatics
and Biostatistics, National Center for Toxicological Research, US FDA, Jefferson, AR;
2National Toxicology Program, NIEHS, Durbam, NC; ?Department of Molecular
Medicine, City of Hope National Medical Center and Beckman Research Institute,
Duarte, CA.

Whole-transcriptome sequencing using next-generation sequencing technologies,
i.e., RNA-Seq, has drawn a significant attention as a ground-breaking tool for clin-
ical application and safety assessment. However, critical assessment of RNA-seq to
toxicology needs to be carefully conducted to understand whether the technology is
robust and reproducible and how the choice of the bioinformatics approaches im-
pacts study of the toxicity mechanisms and predictive toxicology. In this study, we
conducted a specific study design to evaluate the impact of sequencing platforms
and library preparation to the differentially expressed genes (DEGs) obtained, as
well as the impact of different methods for DEG identification. Specifically, RNA
samples from six rats’ livers were collected, three of them were treated with aflatoxin
(AFL) and the other three were matched controls. Two libraries were separately pre-
pared for the samples and two sequencing platforms (Illumina HiScanSQ and
HiSeq2000 systems) were used. The investigation was based on the results derived
from 6 different bioinformatics pipelines; each pipeline consists of a workflow in-
cluding a specific genome template, mapping algorithm, quantification and nor-
malization. Several methods for DEG identification were compared. The prelimi-
nary results show that library preparation introduces more variance than
sequencing platform on gene expression quantification. Additionally, more variance
has been observed for the low-expressed genes and thus increases the false positive
rate in DEG identification among those genes. We proposed two filters for data re-
liability control prior to DEG analysis, one on the low expression level and another
on high variance. Comparison was also carried out at functional module and path-
way levels.

PS 116 Structural Classification of 1848 Chemicals Evaluated for

Estrogenic Activity in 13 HTS Assays.

R. Judson!, D. Rotroff', M. Martin!, D. Reif!, K. Houck!, P. Kothia!,
N.S. Sipes!, T. B. Knudsen!, M. Xia? and R. Huang?. !US EPA, Research
Triangle Park, NC; ’NCGC, Rockville, MD.

High-throughput screening (HTS) assays are seeing increasing use for identifying
chemicals that can cause toxicity via key biological pathways. However, biological
complexities often mean that a single assay will fail to correctly classify all com-
pounds for pathway activity. Here we use multiple orthogonal HTS assays to clas-
sify chemicals for their ability to interact with the estrogen receptor (ER) pathway
among a structurally diverse library of 1848 chemicals, including pesticidal actives
and inerts, industrial chemicals, food additives, cosmetics and drugs. The assays are:
reporter gene assays in HepG2 cells selected to maximize metabolic activity,
HEK293 cells, BG1 cells, CHO-K1 cells; cell-free binding assays (human, mouse,
bovine); assays for ER dimerization (ERa-ERa, ERa-ERb, ERb-ERb) in HEK293
cells; a transcription-factor/DNA binding assay in HeLa cells; and an ER-sensitive
cell proliferation assay in T47D cells. Multiple assay readouts used (fluorescence,
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luminescence, sequencing, electronic impedance) allowed determination of possi-
ble assay interference. Non-ER related assays (cytotoxicity, cell stress, chemical flu-
orescence, unrelated endpoints) in the same engineered cells were also included.
Assay data were compared with chemical structure clusters. A total of 237/1848
chemicals were active in at least 4 assays. (Note: the library was enriched in chemi-
cal classes expected to be estrogenic). This survey identified well known structural
classes of estrogenic compounds including steroids, phenols, chlorobenzenes, ani-
lines and perfluorinated alkanes. In metabolically competent assays, we also ob-
served bioactivation in classes of compounds including permethrins and anthracine
derivatives. In addition, we confirmed classes of compounds that consistently cause
false activity in certain assays, including surfactants. Finally, there were novel com-
pounds active in many assays that will require more analysis and follow-up studies
to confirm their activity. This abstract does not necessarily reflect Agency policy.

117  Categorizing Tobacco Related Documents by Salient Topics
for Regulatory Examination with Topic Modeling.

K. Yu!, Y. Ding!, R. Perkins', W. Aaaronson?, D. Sholtes?, Y. Tian?,

G. Rochester?, X. Xu!? and W. Tong!. ! Division of Bioinformatics and Biostatistics,

National Center for Toxicological Research, US FDA, Jefferson, AR; ?Center for

Tobacco Products, US FDA, Rockville, MD; 3 Department of Information Science,

University of Arkansas at Little Rock, Little Rock, AR.

The FDA’s Center for Tobacco Products (CTP) has received a large volume of doc-
uments from its regulated industries, and even more documents are forthcoming.
The documents are unstructured and in various formats, including email,
PowerPoint slides, memoranda and others. These documents contain diverse infor-
mation related to such areas as marketing, safety and risk. The language is free text
often containing ambiguous semantic descriptions, posing difficulty in retrieving
useful information in a consistent and accurate fashion that is needed for regulatory
review. Moreover, the shear volume makes manual reading of the entire corpus im-
practical. To increase the review efficiency, the FDA requires submitters to include
key word tags corresponding to FDA supplied question areas. The goal of this study
is to identify the hidden topics or concepts from the submitted documents using
topic modeling, and to assess whether the extracted topics reflect the FDA defined
questions and thus facilitate review. As a pilot study, more than three thousand
menthol-related tobacco documents were used to develop a topic model with latent
Dirichlet allocation (LDA). The number of topics was optimized based on an in-
formation-loss approach. After generating the topics, a cosine similarity based ap-
proach was used to map FDA questions to the extracted topics. The results demon-
strated that the extracted topics reflect the concepts of regulatory questions. The
majority of documents clustered by topic modeling coincided with those grouped
by FDA defined requests. This study demonstrates the potential utility of topic
modeling as an unsupervised machine learning technique to classify the submitted
documents based on the hidden topics, and thus provides an alternative means to
support the review process.

[l 118  Gene Expression Analysis to Predict the Dermal

Carcinogenic Potential of Petroleum Streams.

K. Mathijs!, J. van Delft!, M. van Steensel?, K. Goyak?, H. Ketelslegers?,

. Freeman? and R. Phillips®. ! Department of Toxicogenomics, Maastricht University,
Maastricht, Netherlands; 2 Department of Dermatology, Maastricht University,
Maastricht, Netherlands; 3 ExxonMobil Biomedical Sciences Inc., Annandale, NJ.

Certain poorly refined petroleum streams that contain high levels of polycyclic aro-
matic compounds have been shown to cause skin cancer in mice, as determined by
the appearance of skin tumors after chronic dermal administration, which has cost
and time constraints. We wish to identify biomarkers for petroleum-induced skin
tumorigenesis, based on toxicogenomic responses in treated mouse skin from which
predictive short-term tests can be developed. C3H/HeNCil mice were treated der-
mally three times for one week with carcinogenic (C) or non-carcinogenic (NC) pe-
troleum streams or with the solvent control. 24 h after the last treatment, sections
of dorsal skin from sacrificed mice were used for immunohistochemistry (IHC),
RNA and DNA isolation. Gene expression profiling using Agilent microarrays was
done to select altered genes and molecular pathways related to individual test sub-
stances and substance classes for use in class prediction analyses to discriminate C
from NC. No clear differences in IHC markers for hyper-proliferation, differentia-
tion, or apoptosis were found between control, C and NC. Increased YH2AX, a
DNA damage marker, was found in C vs control and NC. Clear differences in gene
expression profiles occurred between C and NC. Based on the gene expression pro-
files, correct prediction occurred; the top 10 classifier genes (which included
Gplal, Gyplbl, Ngol, Ahrr, Artn) are mainly involved in xenobiotic metabolism
and oxidoreductase reactions. Classification based on pathway expression changes
correctly predicted only NC and the highest concentrations of C; the top classifier
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in the pathway analysis was the KEGG pathway “xenobiotic metabolism by cy-
tochrome P450”. Our results indicate that gene expression responses from a short-
term dermal mouse study can predict C and NC petroleum streams, and that the
AhR receptor pathway warrants further evaluation as a biomarker of exposure for
petroleum-induced skin tumorigenesis.

119  Structure-Based Virtual Screening: Identification of New
Targets for Triclosan.

D. Montes-Grajales and ]. Olivero-Verbel. Environmental and Computational

Chemistry Group Pharmaceutical Sciences, University of Cartagena, Cartagena,

Colombia.

Triclosan (TCS; 2,4,4'-trichloro-2'-hydroxy-diphenylether) is a broad-spectrum
antimicrobial agent used in personal care products. It has cytotoxic and endocrine-
disrupting properties, and may be bioaccumulated from daily use. However, its im-
pact on human health is largely unexplored with little evidence for deleterious ef-
fects in humans. A total of 248 proteins involved in different pathological processes
were evaluated by in silico virtual screening to find new possible human protein tar-
gets for TCS. The 3D-structures of the proteins were downloaded from PDB, pre-
pared and optimized by Sybyl X-2.0. The TCS structure was optimized by DFT at
the B3LYP/6-31G level in Gaussian 0.9. Docking studies were performed in
AutoDockVina 2.0 using a blind docking strategy, exhaustiveness of 25 and 10
runs. Calculated binding affinities were then employed for ranking proteins. A re-
docking step of 100 runs and exhaustiveness of 100, as well as the interaction analy-
sis with Ligand Scout, LigPlot and MMV were carried out on the complexes pre-
senting the best docking results. The greatest affinity scores were found for
CDC2-like kinase 4 (CLK4, -8.4x0.0 kcal/mol), oligomeric death domain com-
plex (CRADD/PIDD, -8.3£0.1 kcal/mol); progesterone receptor (PGR, -8.1+0.0
kcal/mol); and estradiol 17-beta-dehydrogenase 1 (17-beta-HSD 1, -8.1x0.1
kcal/mol), proteins involved in endocrine disruption and breast cancer-related
processes. Validation showed our protocol predicted the binding site for the 17-
beta-HSD and PGR native ligands, in agreement with crystallographic data.
Moreover, TCS interacts in the same binding site occupied by the 17-beta-HSD 1
native ligand, but in a different one from that used by progesterone in PGR.
Protein-ligand binding included hydrophobic and hydrogen bonding interactions.
These results suggest TCS may target different proteins, probably altering pathways
involved in pathophysiological disorders. Vice-Rectory for Research.
UniCartagena. 2011-2012. Colciencias-UniCartagena: Grants 110745921616
(2009) and 110751929058 (2010).

PS 120 Generation of In Vitro Margin of Exposure (MOE) Values to
Support the Postulated Mode of Action (MOA) for Selected

Tobacco Smoke Toxicants.

S. A. Fiebelkorn, E H. Cunningham, E. L. Bishop, D. M. Dillon and
C. Meredith. Group R&D, British American Tobacco, Southampton, United
Kingdom.

Over the last ten years there has been increasing interest in the identification and
characterisation of tobacco smoke toxicants. We propose the use of a biologically
relevant risk assessment framework incorporating both iz vive and in vitro data for
the prioritisation of such toxicants. We have previously described the use of in vivo
data in the generation of Margin of Exposure (MOE) values alongside Mode of
Action (MOA) reviews. We have also proposed that individual toxicants are tested
for activity in a battery of in vitro assays including in vitro micronucleus, Ames and
mouse lymphoma assays.

MOE assessments are used as an initial tool to segregate tobacco smoke toxicants
into high or low priority for risk reduction research. As recommended by EFSA,
MOE values above 10,000 can be considered a low priority for risk management
actions. We have generated 77 vitro MOEs for a number of tobacco smoke toxicants
in conjunction with MOA reviews and iz vivo MOEs (where suitable data is avail-
able). Where the 7 vivo MOEs generated for individual toxicants do not provide a
conclusive evaluation and are split across the critical value of 10,000 (e.g. NNK and
arsenic) or where the available 7 vivo data is unsuitable for MOE generation (e.g.
hydroquinone and catechol), the use of in vitro data can provide an alternative
source of information. We present here MOE data for five different tobacco smoke
toxicants:

Benzo(a]pyrene: in vitro: 42,469-3.0 x 107; in vivo: 16,805-2.4 x 10°.

NNK: i vitro: 1.0 x 10°-3.7 x 10%; i vivo: 338-3.7 x 10°.

Arsenic: in vitro: 2.95 x 107; in vive: 13—4.9 x 10°.

Catechol: i vitro 938-12,094; in vive: No data.

Hydroquinone: 7z vitro: 1651-10,304; in vivo: No data.



The incorporation of 7 vitro data into our suite of assessment methods allows us to
generate additional MOEs to support the MOAs and provide further mechanistic
understanding of individual toxicants. There is also the potential to incorporate
such 77 vitro data into the future development of PBPK models for individual toxi-
cants.

Developing a Gene-Gene Interaction Network for
Nonsyndromic Orofacial Clefts Using Computational
Analysis.

121

J. McKone, A.N. Van, E. Lachenauer and D. Johnson. University of California
Berkeley, Berkeley, CA.

Orofacial clefts (OFCs) are caused by malformations in the closing of the lip or the
soft palate. Although OFCs are considered to be one of the most common congen-
ital birth defects, the underlying mechanisms of its etiology have yet to be clearly
elucidated. This study sought to systematically determine how candidate genes pre-
viously identified in the literature interact, potentially implicating specific pathways
for nonsyndromic OFC formation. OFC gene candidates were derived from
genome-wide association studies (GWAS), the Comparative Toxicology Database,
and Thomson Reuter’s GeneGo. The compiled OFC genes were analyzed in con-
junction with genes associated with the metabolic pathways of vitamin A and folic
acid, factors shown to be implicated in OFC formation. Utilizing GeneGo and the
candidate gene list, a gene-gene interaction network was constructed. Analysis of
the network led to the identification of the TCF/LEF gene family, members of
which regulate several downstream targets identified in the GWAS and/or are asso-
ciated with vitamin A or folic acid metabolism. The TCF/LEF genes were shown in
the network to be regulated by genes involved with the WNT signaling pathway,
suggesting a mechanistic relationship between WNT signaling and orofacial cleft
formation. Through computational analysis, this study proposes a potential gene-
gene interaction mechanism for OFC formation via the WNT signaling pathway
and ultimately identifies the TCF/LEF family as possible target gene candidates for
future studies.

PS 122 Role of Beta-Methylamino-L-Alanine in GRIK1-Mediated
Amyotrophic Lateral Sclerosis Disease Pathway.

S. Firouzbakht, Y. lizuka and D. Johnson. University of California Berkeley,
Berkeley, CA.

Amyotrophic Lateral Sclerosis (ALS) is a debilitating neurodegenerative disease that
affects about 30,000 people in the United States alone. Only a small fraction of
cases are linked to genetics, making it likely that the overwhelming majority are in-
duced by environmental factors. Therefore, the elucidation of a toxicity pathway is
critical to the understanding of the vast majority of the ALS disease population.
Amongst potential environmental exposures, neurotoxin beta-N-Methylamino-L-
alanine (BMAA) has shown strong association with ALS in a small disease cluster in
Guam. However, the several proposed mechanisms are insufficient in explaining
the entire disease pathway. In this study, we utilized computational predictions with
GeneGo, STITCH, BLAST, PubChem, and KEGG to generate the most feasible
pathway for BMAA toxicity. The results from PubChem structure clustering be-
tween a highly kainate-specific ligand and BMAA-B-carbamate revealed a statisti-
cally significant 3D Tanimoto score, implicating a comparable receptor repertoire.
BLAST sequencing comparisons between GRIK1-5 and GLUL, an ALS associated
gene, showed significant overlap between the two nucleotide sequences, further
suggesting that kainate receptors are crucial to the ALS disease pathway.
Incorporating these computational studies with current knowledge, there is com-
pelling evidence suggesting a primary disease pathway in which BMAA-f-carba-
mate binds to the kainate receptor GRIK1 at the presynaptic motor neuron, lead-
ing to increased glutamate release and subsequent neurodegeneration.

Computational Analysis of a Potential Mechanistic
Relationship between Depleted Uranium (DU) Exposure and
Risk of Spina Bifida Cystica.

S. Aghaee, H. Ngo and D. Johnson. University of California Berkeley, Berkeley, CA.

Prolonged weapon use in war zones increases the environmental levels of potentially
teratogenic metals which may have a direct relationship to increased incidences of
birth defects. In Fallujah, Iraq since 2003, high levels of depleted uranium (DU) in
the environment and in hair samples of residents suggests that constant exposure to

DU may play a role in the alarming rates of congenital defects found in Iragi chil-
dren. One particular birth defect, Spina bifida, is a congenital defect of the spinal
column with two major subclasses: spina bifida occulta and spina bifida cystica.
Cystica is the most severe form of the disease but also the least prevalent. However,
this has not been the case in Fallujah, Iraq where from 2003 cystica has been found
to be the most prevalent form of spina bifida. The purpose of this study was to
search for any commonalities between the genes and biological pathways associated
with exposure to uranium and development of spina bifida cystica. Computational
methods and tools utilized included the Comparative Toxicogenomics Database
(CTD), PubChem, ToxNet, Pathway Commons, and unpublished exposure/defect
data from Iraq. Out of the 292 genes reportedly affected by uranium exposure, 155
were also associated with spina bifida cystica. Biological pathway analysis revealed
three genes, NT5E, PED, and TALDOJI, associated with uranium are also involved
in upstream pathways of folic acid synthesis. Research has shown that a lack of fo-
late is known to be related to spina bifida. This study provides a broad look at the
genetic and molecular similarities between response to uranium exposure and spina
bifida cystica, and may offer options for preventive therapeutic interventions.
Further studies examining gene ontologies of populations exposed and not exposed
to depleted uranium would offer a clearer picture of the relationship between ura-
nium and spina bifida.

124  Computational Analysis of Catechins in Teas and Potential
Relationship to Cardiovascular Health.

C. Lei, M. Nhan, C.Haand D. Johnson. University of California Berkeley,

Berkeley, CA.

Consumption of green tea has been reported to have beneficial effects on a variety
of health-related issues. Of interest is the beneficial differences between green, oo-
long, and black teas, all produced from the leaves of Camillia senesis. Of the five
main groups of bioactive compounds in the Camillia sinensis plant, catechins were
found to be the most bioactive. Of the six main catechins in tea, epigallocatechin-
3-gallate (EGCG), the most abundant and bioactive of the catechins was found to
be in the highest concentration in green tea as compared to oolong and black teas
and subsequently was considered to be the most health-relevant component. The
potential health benefits of tea depend on their level of fermentation, which is cor-
related to the amount of oxidation the catechins undergo during processing.
EGCG is most abundant in green tea, which is not fermented, and highest in fresh
unprocessed leaves from Camillia senesis. Green tea extract has also been reported
to have increased biological activities. EGCG and pro-drugs have also been shown
to be potential epigenetic modulators. DNA methylation is catalyzed by DNA
methyltransferase (DNMT) with S-adenosyl-methione (SAM) as the methyl
donor. EGCG has been shown to reduce DNMT indirectly by reducing SAM and
increasing S-adenosyl homocysteine (SAH) and homocysteine levels in the MCF-7
breast cancer cell line. In this study, primarily utilizing Genego Metadrug and
MetaCore we report a proposed overlap between EGCG affected pathways and the
atherosclerosis disease pathway. EGCG was found to competitively block hydroxy-
3-methyl-glutaryl-CoA, and non-competitively inhibit squalene epoxidase, two
rate limiting enzymes in the cholesterol biosynthesis pathway. In addition, previous
animal studies have reported a decrease in LDL levels in rats given the three teas
with the highest response coming from green tea treatment. This study provides an
analysis of antioxidant compound levels found in tea and their relation to its effect
on cardiovascular health, providing a possible explanation to the differences in ben-
eficial effects found in different types of teas.

PS 125  Computational Analysis of Environmental Factors
Potentially Associated with Multiple Sclerosis Susceptibility.
E Su, M. Gooding, G. Anderson and D. Johnson. University of California
Berkeley, Berkeley, CA.

Multiple Sclerosis (MS), an autoimmune disease of the CNS, may have associated
environmental risk factors. A relationship between distance from the equator and
MS risk reinforces the belief that UVB radiation and subsequent Vitamin D syn-
thesis act protectively. The Human Leukocyte Antigen b chain, HLA-DRBI is ac-
tivated by Vitamin D and its receptor, and a polymorphism, HLA-DRB1*15.01,
has been associated with MS susceptibility. Computational methods utilized to ex-
plore environmental factors beyond UVB radiation that might influence MS dis-
case pathways included the Comparative Toxicogenomics Database (CTD),
STITCH, GWAS data, Genego, and the EPA Toxic Release Inventory (TRI).
Historical MS clusters in the US were identified and toxic release data obtained
through TRI. Lead (Pb 2+), was found as a top contaminant among the MS clus-
ters. Although lead has been proposed as a risk factor for MS, no previous pub-
lished studies have clearly linked lead and MS. To identify and investigate genes,
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cellular pathways and disease interactions, CTD was utilized with STITCH to gen-
erate association networks between genes and proteins and to identify another in-
termediate protein, ALAD. Binding assays show that a polymorphism of ALAD,
ALAD?2, causes red blood cells to bind lead more tightly and previous research has
implicated ALAD as an important factor in lead susceptibility. VDR polymor-
phisms are also associated with lead susceptibility. Although a correlation between
VDR B and higher blood, urine, and plasma lead levels has been reported, the
mechanism and systemic effect of the allele are not well understood. Maps of the
frequency of haplotypes in different populations for VDR B, ALAD2 and HLA-
DRBI were obtained from GWAS and correlating biological pathways involving
MHCII, ALAD, and VDR were constructed with Genego. In combination, the re-
lationships identified suggest that ALAD2 and VDR B haplotypes confer an indi-
vidual with heightened lead susceptibility. Furthermore, the results suggest that ele-
vated levels of lead are associated with decreased expression of HLA-DRB1 and
greater risk of MS.

PS 126  Profiling the Activity of Environmental Chemicals in
Causing Testicular Dysgenesis Syndrome Using the US EPA
Toxicity Reference Database (ToxRefDB).

M. C. Leung!, K. W. McLaurin!, J. Phuong!, N.S. Sipes!, N. C. Baker!,

N. Kleinstreuer', A. M. Frame!, R. Judson', G. R. Klinefelter?, M. T. Martin'
and T. B. Knudsen'. ‘National Center of Computational Toxicology, US EPA,
Research Triangle Park, NC: ?Reproductive Toxicology Division, US EPA, Research
Triangle Park, NC.

Hypogonadism, cryptorchidism, hypospadias, and testicular cancer are increasingly
common male reproductive defects. Clinical and experimental evidence suggest
that these defects are associated with testicular dysgenesis syndrome (TDS). We hy-
pothesize an Adverse Outcome Pathway (AOP) framework for TDS starting with
disruption of cell signaling and structural targets of the fetal testis during embryo-
genesis, followed by a series of key events that lead to male reproductive defects.
Since understanding chemical-endpoint associations is an approach in building the
AOP conceptual models, we mined 4209 guideline animal studies in EPA’s
ToxRefDB, which included 963 compounds tested in rats, mice, and rabbits.
Testicular neoplasia was an outcome for 60 (6.2 %) chemicals. Sperm abnormalities
were an outcome for 72 (9.8 %) chemicals tested in chronic and subchronic toxic-
ity studies and 44 (5.7 %) chemicals tested in prenatal developmental and/or multi-
generational fertility studies. Reductions in anogenital distance were recorded for
15 (3.5 %) chemicals tested in multigenerational studies, and 11 (1.5 %) chemicals
tested caused hypospadias or cryptorchidism in developmental or multigenera-
tional studies. The chemical classes showing the broadest activity across different
TDS endpoints were pesticides (amdro, benomyl, primisulfuron-methyl, tetra-
chlorobenzene, and vinclozolin) and phthalates (butyl benzyl phthalate, dibutyl ph-
thalate, and diethylhexyl phthalate) with a lowest effect level on the order of ~300
mg/kg/day. The most potent TDS-actives (17f-estradiol, fluazinam, and tebupir-
imfos) produced testicular effects below 0.1 mg/kg/day. These results suggest a hi-
erarchical pattern of male reproductive defects in ToxRefDB which can be used as

an AOP anchor for TDS. [This work does not reflect EPA policy].

Compound Toxicity Profiling and Prioritization Using Tox21
Phase I Quantitative High-Throughput Screening (qHTS)
Cytotoxicity Data.

127

. Hsieh!, A. Sedykh?, R.Huang?, M. Xia® and R. R. Tice'. ! Division of the
National Toxicology Program, NIEHS, NIH, Research Triangle Park, NC; ?University
of North Carolina at Chapel Hill, Chapel Hill, NC; > National Center for Advancing
Translational Sciences, Bethesda, MD.

Using in vitro data to prioritize compounds for in vivo toxicity testing is a goal of
Tox21. Phase I profiled 1408 NTP compounds against 126 cell-based qHTS as-
says; those that measured cytotoxicity record the ability of a chemical to adversely
perturb multiple cellular pathways in a concentration-response fashion. The curves
from 39 cytotoxicity assays (9 human cell types, 4 rodent cell types, 13 sets of iden-
tical twin lymphoblastoid cell lines) were curated to filter noise and remove arti-
facts. To quantify the activity of each compound in these assays, we calculated a
weighted version of Area Under the Curve (WAUC) intended to capture potency
and efficacy simultaneously, as well as the conventional half-maximal activity con-
centration (AC50) value. The average wAUC or AC50 values across the 39 cyto-
toxicity assays were used to rank compounds and the rankings were compared, for
880 compounds, with available rat acute oral toxicity data. The compounds were
categorized as toxic or non-toxic based on various “Globally Harmonized System of
Classification and Labelling of Chemicals” (GHS) acute toxicity thresholds (50,
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300, 500, 2000 mg/kg). The wAUC approach consistently prioritized more toxic
compounds at the early stage (up 1% non-toxic compounds of dataset) at all
thresholds. The best receiver operating characteristic (ROC) enrichment value at
1% and AUC value are 14.3 [95% CI=1.8-26.8] and 0.73 [95% CI=0.65-0.80],
respectively, at a threshold of 50 mg/kg. Also, some toxic compounds (e.g., actino-
mycin D, colchicine, daunomycin) had higher ranks based on wAUC due to their
ill-fitted curves in some of the cell lines, resulting in missing AC50 values. We con-
clude that the wAUC provides an additional and useful metric to estimate the toxi-
city potential of compounds for Tox21 qHTS assays. Based on this metric, com-
pounds screened in Tox21 can be prioritized for more extensive testing.

128  Predicting Cellular Dynamics and Key Events in
Developmental Toxicity with a Multicellular Systems Model.

T. B. Knudsen!, M. R. Rountree!, S. Hunter?, N. C. Baker?, R. Spencer?,

R. S. DeWoskin and W. Setzer'. 'NCCT, US EPA, Research Triangle Park, NC:;

2NHEERL, US EPA, Research Triangle Park, NC:; 3Lockheed Martin, Research

Triangle Park, NC; “NCEA, US EPA, Research Triangle Park, NC.

Computer simulation of cellular networks is one possible solution for modeling key
events in developmental toxicology. We constructed a multicellular agent-based
model (ABM) of early limb-bud development in CompuCell3D (www.compu-
cell3d.org/). The model simulates key cellular behaviors (mitosis, apoptosis, adhe-
sion, migration, chemotaxis, shape, secretion), organizing centers (AER, ZPA) and
signals (FGFs, SHH, BMPs, RA). It effectively emulates hindlimb-bud develop-
ment during a 42h period in mouse (Theiler stages 16-19) and 160h in human
(Carnegie stages 13-16). The ABM reflects biological variability across parallel sim-
ulations for spatio-temporal expression of biochemical gradients and cell behaviors,
ultimately manifesting in trajectories of outgrowth. To evaluate the model as a tool
for predictive toxicology, we selected 5-Fluorouracil (5FU) as a prototype. SFU per-
turbed 13 of 650 ToxCast assays based on AC50s (or LECs) at or below 15 uM.
5FU effects observed in the assays were disruption of stem cell (mES) growth and
differentiation, suppression of TGFb1 signaling and mitochondrial density, p53-in-
duction, mitotic arrest, reduced cell proliferation and increased cell death.
Challenging the ABM with concentration-response data derived from mES cell
number produced a dose-dependent wave of mitotic arrest and apoptosis, disrupt-
ing outgrowth. Varying the dose and time of exposure localized the primary key
event to arrest of SHH-expressing cells and their geometric relationships to cells ex-
pressing GREM1, a BMP antagonist maintained by SHH signals. Different out-
comes emerged when perturbation of the SHH/GREMI1/BMP loop was switched
between mitotic arrest and excessive apoptosis, indicating the importance of con-
sidering both cellular consequences together. These findings support the applica-
tion of multi-cellular ABM:s as tools to translate cellular dynamics into simulation
of emergent (higher order) tissue effects for predictive toxicology. [This abstract
does not necessarily reflect EPA policy.]

Chemical Structure-Based In Silico Phototoxicity Prediction:
An Approach from a Combination of Photochemical
Properties.

Y. Haranosono, S. Nemoto, M. Kurata and H. Sakaki. Senju Pharmaceutical Co.,
Ltd., Kobe, Japan.

Some photochemical properties are essential factor for prediction of phototoxicity,
since phototoxicity is caused by photo-activation of the compounds. Highest
Occupied Molecular Orbital — Lowest Unoccupied Molecular Orbital Gap (HLG)
is a photochemical property of needful energy for photo-activation, and HLG was
reported to be related with phototoxicity based on 7 vitro 3T3 Neutral Red Uptake
assay (3T3 NRU assay). However there are few reports to predict of phototoxicity
using photochemical property including HLG. In this research, we established the
stepwise approach using Maximum-Conjugated-ri-Electron- Number (PEN, ) of
the compounds in addition to HLG for 77 vitro phototoxicity prediction. HLG and
PEN, . were calculated by ChemDraw® and Chem3D® for total 64 compounds
which were known the results of 3T3 NRU assay (32 positive and 32 negative). As
step 1, we set the cut lines of HLG as follows; the compounds that have over 8.0 of
HLG were determined as negative, and the compounds that have less than 5.2 of
HLG were determined as positive. On the other side, the compounds that have
HLG from 5.2 to 8.0 showed no predicting performance to phototoxicity, and then
we defined this range of HLG as gray zone. As step 2, we employed PEN,, . for the
gray zone compounds. We found that PEN,, . also indicated correlation to in vitro
phototoxicity, and therefore set the cut lines as follows; the compounds that have
12 and more than of PEN,, . were determined as positive, and 11 or less of PEN,
were determined as negative. This stepwise approach for phototoxicity prediction



was validated by the following results; sensitivity (84.4%), specificity (81.3%), pos-
itive rate (81.8%), negative rate (83.9%) and concordance (82.8%). We concluded
that the stepwise approach with combination of HLG and PEN, . for prediction of
phototoxicity is adaptable and useful for drug development as 77 silico screening,
because it showed high sensitivity and negative rate from only chemical structure.

High-Content Screening of ToxCast Compounds for
Developmental Endpoints Related to Adipogenesis and
Angiogenesis.

130

D. L. Filer, N. Kleinstreuer, M. Martin, K. Houck and D. Reif. National Center
for Computational Toxicology, US EPA, Research Triangle Park, NC.

The US EPA’s ToxCast research program gathers toxicity information for over 1000
chemicals utilizing high-throughput toxicity screening (HTS) assays with human
gene and protein targets to inform prioritization of chemicals with little or no toxi-
city information for further testing. Vala Sciences provides high content multi-
plexed assays utilizing quantitative digital imaging of cultured cells, tissues and
small model organisms. We measured the ToxCast Phase I_v2 chemical library,
(293 unique compounds, primarily food-use pesticides with associated in vivo tox-
icity data), with 12 Vala Sciences assays in six-point concentration response from
0.013 uM to 100 uM. Assays examined chemical effects on embryonic stem cell
differentiation, neuronal function, pancreatic § cell differentiation, germ layer pro-
liferation, adipogenesis, adipocyte lypolysis, hepatic steatosis, and junctional pro-
teins critical to developmental angiogenic processes and tumor progression. We
subjected concentration response data to automated curve-fitting using modified
Hill functions, outlier detection algorithms, and uncertainty analysis to determine
the half-maximal activity concentration (AC50) and Lowest Effective
Concentration (LEC) for each chemical/assay combination. Assays showed high re-
producibility, both within triplicate replicate sets and in blinded compound repli-
cate sets. Across the entire Phase I chemical set, 5% of chemical/assay combinations
demonstrated significant (> 50% change over control baseline) activity. Early re-
sponse targets in this data set provide toxicological and mechanistic insight to com-
plement other ToxCast assays and lead to stronger predictive toxicity models.
Collectively, these results add important data to ToxCastDB that will help identify
and prioritize possible developmental toxicants, endocrine disruptors, liver toxi-
cants, and carcinogens to inform targeted testing strategies. This abstract does not

necessarily reflect U.S. EPA policy.

PS 131 In Silico Models for Dermal Absorption from Complex

Formulations.

K. Guth!, ]. E. Riviere>3, J. Brooks?, M. Schifer-Korting*, M. Dammann!,

E. Fabian!, B. van Ravenzwaay' and R. Landsiedel'. ! Experimental Toxicology and
Ecology, BASF SE, Ludwigshafen am Rhein, Germany; > Toxicology Research and
Pharmacokinetics, North Carolina State University, Center for Chemical, Raleigh,
NC; 3Institute of Computational Comparative Medicine, Kansas State University,
Manbattan, KS; *Institut fiir Pharmazie, Freie Universitit, Berlin, Germany.

Dermal exposure is a relevant parameter for risk assessment of chemicals, cosmetics
and pesticides. Here, we present potential in silico models for prediction of dermal
absorption based on realistic exposure scenarios in complex mixtures.

The calculations were based on 342 individual dermal absorption in vitro experi-
ments using human or rat skin samples for 56 chemicals (mainly pesticides) in
more than 150 different mixtures containing up to 20 ingredients like water, or-
ganic solvents, surfactants or thickeners. The first approach was based on the
Abraham solute descriptors, mixture factors (MFs) as suggested by Riviere and
Brooks and the logarithmic maximal permeability coefficient (logmaxKp) as re-
sponsel,2. Additionally, an indicator variable for the species (SpI) was introduced.
In a second approach class variables — which bundled substance-specific informa-
tion — were used in combination with mixture factors. Validation was performed in
accordance with the OECD Guidance document for QSAR models.

The final validated Abraham-based model comprised the solute excess molar refrac-
tivity of the penetrant, Spl and topological polar surface area of the mixture
(R2:0.38, Q2Ext: 0.41). Despite the low correlation, the model was suitable to es-
timate Marzulli classes of penetration for unknown penetrants in specific mix-
tures3. Furthermore, precise prediction of mixture effects on well-known sub-
stances was possible with the substance-based approach (R2:0.75, Q2Ext: 0.73).
Taken together, both applications are suitable screening tools in early stages of
product development.

1 Abraham et al. 1999. Pesticide Science 55, 78-88

2 Riviere and Brooks 2005. Toxicology and Applied Pharmacology 208, 99-110

3 Marzulli and Brown 1969. Toxicology and Applied Pharmacology 3, 76-83

[l 132  Development of Improved Salmonella Mutagenicity QSAR
Models Using Structural Fingerprints of Known

Toxicophores.

L. Stavitskaya!, B. L. Minnier?, R. Benz' and N. L. Kruhlak!. US FDA, Silver
Spring, MD; 2GlobalNet Services, Inc., Rockville, MD.

The current draft of the International Conference on Harmonisation (ICH) M7
guidance describes the use of in silico models to qualify genotoxic impurities during
the drug safety evaluation and approval process. In order to attain the highest accu-
racy and improve the domain of applicability of the current Salmonella mutagenic-
ity quantitative structure-activity prediction models, continuous updates to the
training set must be made to accommodate new genotoxic findings. In this study,
we first assessed our current Salmonella mutagenicity training set using fingerprints
of known genotoxic structural alerts to determine the domain of applicability and
performance characteristics of several commercial (Q)SAR models. We then en-
hanced the previous version of our non-proprietary training database for
Salmonella mutagenicity with data for 431 new compounds harvested from FDA
approval packages and the published literature, to give a total of 3965 compounds.
Of the 431 chemicals, 247 are drug molecules marketed between 1970 and 2011.
Data gaps within the training set were identified and, using structural features de-
rived from known toxicophores, 141 examples containing functional groups such
as azides, amine oxides, hindered epoxides, propriolactones, quinones, amine
halides, diazines, azo compounds, diazoniums, sulfates, aziridine chlorides, nitrites,
hydrazines, nitriles, isocyanates, and sulfur mustards were added. Moreover, the
new training set was expanded to include over 40 compounds containing previ-
ously unmodeled atoms such as boron, silicon, selenium, and tin. A hierarchical
clustering analysis of the final training set showed representation of an additional
44 structural clusters over which the model can make a prediction.

PS 133  Evaluation of QSPR Models to Predict Evaporation Rates of
Hazardous Chemicals from the Skin Surface.

T. Liu, M. Rauma and G. Johanson. Institute of Environmental Medicine,
Karolinska Institutet, Stockholm, Sweden.

The skin serves as a barrier against hazardous agents in the environment. However,
the barrier is incomplete in that chemicals may penetrate the skin and cause toxic-
ity. The absorbed dose depends not only on the absorption rate but also the evapo-
ration rate (assuming a fixed dose and skin area). The limited data available suggest
that rates vary by several orders of magnitude between chemicals. However, there is
a huge lack of data and new approaches are needed. One attractive possibility is to
use quantitative structure-permeability relationship (QSPR) models. The aim of
the present study was to examine different QSPR models addressing evaporation
rate. We calculated evaporation rates for nine volatiles (methanol, n-propanol, ace-
tone, methyl ethyl ketone, hexane, n-heptane, octane, benzene and toluene) at
three air velocities and three air temperatures, using four semi-empirical models;
McCready & Saghir, EPA, Mackay & Matsugu, and BAU. The predictions were
compared with experimental data published by the EPA!. None of the four models
were able to predict the evaporation rate at all wind speeds. For comparison, we also
developed linear solvation energy relationships (LSER) and partial least squares
projections to latent structures (PLS) models. Seven solvents were used for calibra-
tion and two to test predictive performance. The LSER and PLS models showed
good correlation (R2 0.95 and 0.92) and predictive performance (Q2 0.86 and
0.95) and seem more suitable than the semi-empirical models to predict evapora-
tion rate. The semi-empirical models, EPA and Mackay &Matsugu at higher air ve-
locity (5.08 m/s) and lower temperature (280.35 K), showed a fair agreement be-
tween predictive and experimental values. As a result, evaporation rates can be
adequately predicted from available physicochemical properties of the volatile or-
ganic compounds (VOCs).

Reference

1. Braun, K.O. and Caplan, K.J. (1989) Evaporation rate of volatile liquids, final
report, 2nd edition. EPA/744-R-92-001, NTIS PB92-232305, Springfield.

134  Regulatory Targets of CDKN2A in Lung Epithelial Cells.
J. Mehta and G. Acquaah-Mensah. Massachusetts College of Pharmacy and Health
Sciences, Worcester, MA.

Cyclin Dependent Kinase Inhibitor 2A (CDKN2A) is a tumor suppressor protein
in humans. It is capable of inducing cell cycle arrest in the G1 and G2 phases.
p16INK4a is a major component of the RB pathway. p14ARF is part of an ARF-
MDM2-TP53 system that exercises a negative control on hyper-proliferative sig-
nals originating from oncogenic stimuli. ARF binds to MDM2 and blocks its cyto-
plasmic transfer and thereby sequesters it in the nucleolus. This hinders the MDM2
action, thereby blocking degradation of p53 and thus enhancing transactivation
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and apoptosis. The purpose of this study was to identify additional regulatory tar-
gets of CDKN2A in lung epithelial cells, using Bayesian networks. Using the
Robust Multi-Array Average procedure, a compendium of lung epithelial cell mi-
croarray data was generated based on Gene Expression Omnibus datasets GSE
19027 and GSE 994. The best-scoring regulatory networks, given the gene expres-
sion data, were then learned using the Bayesian Network Inference with Java
Objects toolkit (BANJO) for static Bayesian Network inference. A set of known
regulatory relationships involving CDKN2A was used as the initial network to
focus the search space. Two proposers concurred in predicting ILIRN, IL6ST,
IL1RAPLI, IGFALS, and WNT10B as regulatory targets for CDKN2A. These
genes are known to interact with a range of chemicals, including certain environ-
mental toxicants. Furthermore, CDKN2A was predicted to be a direct regulator of
RB1. These hypotheses warrant additional study as they lend valuable insights into
the functions of CDKN2A in Chronic Obstructive Pulmonary Disease (COPD)
and cancer. E2F3 was predicted, and validated in the literature, to be a regulator of
MDM2 and TP53. Thus, Bayesian networks are a valuable tool for drawing signal-
ing insights from gene expression data.

G. S. Sirin® 2 and Y. Zhang?. ‘ATSDR, Atlanta, GA; >New York University, New
York, NY. Sponsor: . Ruiz.

Irreversible Inhibition of Acetylcholinesterase by Soman.

Acetylcholinesterase (AChE) is a key enzyme in the cholinergic nervous system that
hydrolyses acetylcholine and terminates synaptic signals. Organophosphate com-
pounds, such as nerve agents, can covalently inhibit AChE by phosphorylating the
enyzme’s catalytic serine residue. The phosphonylated adducts can either be reacti-
vated to some limited extent by nucleophilic compounds with oxime functional
unit or undergo an aging reaction. Phosphonylation and subsequent aging leads to
irreversible AChE inhibition, resulting in overstimulation of the nervous system. By
employing ab initio QM/MM molecular dynamics simulations with umbrella sam-
pling, we characterized the phosphonylation reaction mechanism between AChE
and the nerve agent soman (GD), as well as the aging mechanism of GD phospho-
nylated AChE. The phosphonylation reaction between AChE and GD follows an
associative nucleophilic substitution mechanism that is initiated when the nucle-
ophilic Ser200 attacks GD’s phosphorus atom, with His440 acting as a general
base. In the elimination step, Try121 of the catalytic gorge forms hydrogen bonds
with the leaving fluorine atom prior to its dissociation from the active site. Once a
stable covalent adduct is formed, the aging reaction begins with excision of the
alkoxyl covalent bond connecting the bound GD’s alkyl group to the phosphonate
moiety. This cleavage is swiftly followed with a methyl group rearrangement of the
alkyl group resulting in a stable tertiary carbenium, which is hydrated to an alcohol
by a reactive water molecule facilitated by Tyr121. The characterized mechanisms
and simulation results provide new detailed insights into this important process.
Such mechanistic details are of significant interest for the development of novel
strategies to reduce the toxic effects of GD poisoning by facilitating the search and
design of novel compounds capable of slowing the aging of nerve-agent-inhibited
ACHhEs as well as effective reactivators for the aged conjugates. Lastly, this work may
also facilitate the design of aging-resistant pseudo-catalytic scavengers capable of se-
questering nerve agents.

136  Computational Elucidation of Energetic Trends for DNA
Intercalation.

H. W. German and M. J. Novak. Chemistry, Florida Institute of Technology, W,

Melbourne, FL. Sponsor: L. Valerio.

The prediction of general energetic trends from intercalation of polycyclic aromatic
compounds with DNA can provide insight into these pertinent interactions from a
pharmacological and toxicological perspective. Compounds chosen for this study
are nucleotide base pairs (AT, GC, AA) and two novel intercalating agents (4-aza-
tryptanthrin and coralyne). Unfortunately, neither of these compounds have an es-
tablished crystal structure when intercalated into DNA. The absence of this com-
putational starting place gives rise to the need for a strong alternative
computational method.

Since dispersion forces have been shown to drive optimal orientation based on -
stacking, this method utilizes the electrostatic potential (ESP) maps of both inter-
acting species. Presented herein is our improved method that uses more pertinent
variables, overcomes the weakness of a center of mass method, and improves the ef-
ficiency with which computational studies can provide insight to experimental de-
sign by relying primarily on visual intuition of the ESP alignments. The simplicity
of this study leads to the decrease in the time cost and the consideration of disper-
sion forces increases confidence in our results.

Our computational methods utilize SPARTAN and GAUSSIAN software, a
Ground State Density Functional Theory (DFT), Local Spin-Density
Approximation (LSDA) method, and a 6-311++G(d,p) basis set. Initial results in-

28 SOT 2013 AnNuAL MEETING

dicate a preferential intercalation of 4-azatryptanthrin with the GC base pair over
an AT base pair based on energetic stabilization due to 7-stacking. Identification of
trends such as this can be valuable in designing future experimental studies target-
ing GC or AT rich regions associated with genetic disorders such as Myotonic
Dystrophies, Fragile X, and Freidrich’s Ataxia.

137  Efficient In Vivo Developmental and Neurotoxicity Screen of
ToxCast Phase I and II Compounds in Zebrafish.

L. Truong" 23, C. Miller%3, D. Haggard"%3, G. Gonnerman® 23,

L. Chalker" >3, K. Nhan! 23 and R. L. Tanguay" % 3. ! Environmental and

Molecular Toxicology, Oregon State University, Corvallis, OR; 2Environmental Health

Sciences Center, Corvallis, OR; Sinnhuber Aquatic Research Laboratory, Corvallis,

OR.

The United States Environmental Protection Agency launched the Toxcast program
to begin to predict the potential chemical toxicity of 1,078 compounds made up of
pesticides, pharmaceuticals, “green” chemicals, chemicals in cosmetics and other
consumer products. Early life stages are often sensitive to chemical insult, which
make embryonic zebrafish an ideal platform to investigate the developmental and
neurotoxicity of these compounds. We developed an efficient in vivo phenotypic
screen using embryonic zebrafish to assess all 1,078 compounds. Using a wide
range of concentrations (0.0064 to 64 uM, 10 fold serial dilution); all compounds
were assessed for developmental toxicity beginning at 6 hours post fertilization
(hpf). We kept exposed embryos completely in the dark until 24 hpf, and assessed
photo-motor responses using the Photo-motor Response Assessment Tool (PRAT)
that we developed. PRAT quantifies individual embryonic photo-motor response
following two pulses of bright light. The initial pulse normally results in pro-
nounced movement, and the second light pulse usually produces no activity. At 120
hpf, using Viewpoint Zebrabox, we assessed photo-induced larval locomotor activ-
ity. The locomotor activity is tracked for 25 minutes (10 in the light, 10 in the dark,
and 5 in the light). Afterwards, each larva was assessed for changes in a suite of 20
morphological endpoints. We have successfully conducted the phenotypic screen
on all 1,078 compounds, and a summary of the results will be discussed.
Collectively, we have demonstrated the efficiency of the zebrafish model as a phe-
notypic screening platform to identify hazardous chemicals. This research is sup-

ported by NIEHS grants P30 ES00210 and RC4ES019764.

In Silico and In Vitro Analyses of the Hormonal Activity of
Hydroxylated Polychlorinated Biphenyl on Human Thyroid
Receptor.

138

C. Dassuncao, O. Faroon, ]. Wheeler and P._Ruiz. DTHHS, ATSDR/CDC,
Chamblee, GA.

Hydroxylated polychlorinated biphenyl (OH-PCBs) may disrupt thyroid hormone
status because of their structural similarity to thyroid hormone. However, the mo-
lecular mechanisms of interactions with thyroid hormone receptors (TRs) are not
fully understood. The integrated application of omics studies, bioinformatics, and
computational modeling can provide to biological systems an enhanced under-
standing of the mechanisms underlying the toxicity of endocrine disruptor chemi-
cals and support the study of disease etiology and prevention. In the present study,
we examined the interactions between OH-PCBs and TRs to identify critical struc-
tural features and molecular properties of OH-PCBs related to their hormonal ac-
tivity and to develop quantitative structure—activity relationship (QSAR) models
for the thyroid hormone activity of OH-PCBs. Molecular descriptors were com-
puted, selected, and used to characterize the ligand-receptor binding, and subse-
quently develop an 77 silico model. The in silico model had good robustness, pre-
dictive ability, and mechanism interpretability. Lipophilic distribution,
hydrophobic and electrostatic interactions between OH-PCBs and TRs are impor-
tant factors governing thyroid hormone activities. The OH-PCBs with higher abil-
ity to accept electrons, ortho position of the hydroxyl group, low dipole-dipole in-
teractions tend to have weak binding with TRs and subsequently lower thyroid
hormone activities. Hence, this iz silico model can be used as a screening tool for
further targeted toxicity testing and risk assessment, generate hypotheses about po-
tential mechanistic pathways leading to adverse outcomes, and reduce time and
cost of OH-PCBs testing.



PS 139 A Systematic Analysis of ToxCast In Vitro Assays Associated

with In Vivo Hepatic Outcomes.

J. Liu"2, M. T. Martin!, C. Corton?, C. Wood? and L. Shah!. /NCCT/EPA,
Durham, NC; 2University of Arkansas, Little Rock, AR; >NHEERL/EPA, Durham,
NC.

The U.S. EPA’s ToxCastTM program uses hundreds of high-throughput, in vitro
assays to screen chemicals for bioactivity. The EPA Virtual Liver project combines
ToxCastDB data with guideline rodent toxicology data to map hepatic adverse out-
come pathways (AOPs). Here our objective is to reveal meaningful relationships be-
tween in vitro assays and in vivo liver outcomes. 289 ToxCast phase I chemicals
were organized into 15 categories based on 272 histopathological lesions reported
in guideline testing studies from ToxRefDB. Based on lesions reported at the study
end, 242(83.7%) chemicals produced hypertrophy, 39(13.5%) chemicals resulted
in hyperplasia, and neoplastic lesions were found for 79(24.9%). We compared the
AC50 concentrations of chemicals for each of the 973 ToxCast assays and identified
assays with at least 10 chemicals per category and the mean potency was signifi-
cantly different (p<0.05). Out of the 973 assays, 28/147(19%) of the high-content
imaging assays (APR) had associations with 7 liver injury categories. 6/83(7.2%)
multiplexed transcription reporter assays (ATG) and 15/112(13.4%) protein com-
plementation (OT) assays were also significant for liver injury. A number of the as-
says such as, cell loss, enzyme induction and enzyme inhibition, were generally sig-
nificant across most categories. On the other hand, some assays were quite specific
to certain categories. For instance, APR_StressKinase_72hr_pos (stress kinase path-
way activation) and ATG_CRE_CIS (transcription factor DNA binding activity)
were significant for chemicals that showed regeneration vs ATG_VDRE_CIS(nu-
clear receptor transcription activity) for hypertrophy. The results suggest the utility
of HTS assays for screening hepatotoxicity, and for linking biological events in the
pathways to specific adverse outcomes. Such assays are not only mechanistically rel-
evant but also aid in defining cell-based toxicity signatures for rapidly screening
thousands of environmental chemicals. Abstract does not represent EPA policy.

Interpreting QSAR Toxicity Predictions in Hazard
Assessments: An Acrylamide Case Study.

140

R. S. DeWoskin, L. D. Burgoon and G. M. Woodall. US EPA, Research Triangle
Park, NC.

Toxicity predictions based on QSAR are used to screen large numbers of chemicals
with little to no toxicity data into prioritized categories for further toxicity testing,
development as “green” chemicals, or candidates for efficacious drug therapy. As
databases incorporate more information on adverse pathways and potential targets,
QSAR results may also contribute to hazard assessment for chemicals considered
“data rich” (based on the availability of a full suite of traditional animal bioassays),
but which are often “data poor” when it comes to characterizing the mode of action
(MOA), severity progression, or potential adverse human clinical effects not moni-
tored in animal bioassays. Presented here is an exercise to evaluate QSAR results
within the context of extant hazard assessments on a data rich chemical, in this case,
acrylamide (AA), and its less well studied active metabolite, glycidamide (GA).
Results from four QSAR programs — two freeware programs (VEGA and OECD’s
QSAR) and two proprietary programs (MetaCore™ and Discovery
Studio/TopKat™) provided considerable new information in the areas mentioned
above. Potential AA and GA induced adverse effects of clinical relevance to humans
were identified as well as likely biological targets for AA, GA, and analogous chem-
icals. The results further supported the qualitative characterization of the MOAs,
potential endpoints to consider in dose-response arrays, and identification of po-
tentially important early biomarkers to aid future bioassay or human study design.
Conversely, extant AA and GA ADME data and PBPK models helped assess the
likelihood of AA or GA reaching biological targets predicted by the QSAR pro-
grams. This exercise demonstrated the value of integrating QSAR results into tradi-
tional hazard assessment for improved qualitative information. The next step is to
integrate high throughput screening /content (HTS/HTC) assay results into the as-
sessment to further quantitate dose-response for a wider array of effects. [The views
expressed are those of the authors and do not necessarily reflect the views or policies

of the U.S. EPA]

141  Health-Related Effects Reported by Electronic Cigarette
Users in Online Forums.

M. Hua, M. Alfi and P. Talbot. Cell Biology and Neuroscience, University of

California. Riverside, Riverside, CA.

Electronic cigarettes (e-cigarettes) are battery-operated devices that deliver
aerosolized nicotine to users without burning tobacco. Because little data exists on
their health effects, we explored the symptoms that e-cigarette use has on humans

by analyzing online user posts from three e-cigarette forums with “health and
safety” sections. Basic information (location, age, and gender) and health (symp-
toms and doctor diagnosed signs) information were collected. A total of 405 symp-
toms (78 positive, 326 negative and 1 neutral) were reported in three forums. Most
data analysis was performed on Electronic Cigarette Forum (ECF) posts. A total of
12 systems/anatomical regions were affected in e-cigarette users. Systems most
often affected include: mouth and throat, respiratory, neurological, sensory, and di-
gestive. The majority of negative health effects occurred in the respiratory system.
We further consolidated reported symptoms into categories to determine which
anatomical regions/physiological processes were most affected for each system. For
consolidated data, symptoms were most frequently reported for: bronchi/lungs
(e.g., wheezing, shortness of breath, difficulty breathing), throat; neurological
(headaches), intestine/digestion, and sight. To analyze interactions between sys-
tems, interactomes were created with Cytoscape software. Interactions were most
frequently seen between circulatory/neurological; respiratory/mouth and throat;
respiratory/chest, and digestive/neurological systems. Increased blood pressure was
the most frequently reported sign diagnosed by physicians treating e-cigarette users.
While some positive health effects were reported, a significant proportion of the
data showed a correlation with e-cigarette use and onset of adverse health effects.
This study is the first to compile and quantitatively assess health data associated
with e-cigarette use from online forums.

PS 142  The Relationship Between T-Box Transcription Factors
CAMK2B and PITX2 in the Expression of Collagen Protein

COL4A3 in COPD.

B. Nguyen, G. Acquaah-Mensah and C. Ngo. Pharmaceutical Sciences, MCPHS,
Worcester, MA.

The T-Box transcriptions factors are known have recently been highlighted for their
expression role in epithelial cells in Chronic Obstructive Pulmonary Disease
(COPD), which genes, including COL4A3, TBX2, TBX3, TBX5, PML, CFLAR,
GULP1, CASP10, PAX3, BOK, and PITX2 are connected in transcriptional regu-
latory networks of lung epithelial cells. The type IV, alpha 3, collagen gene
(COL4A3) involves into extracellular matrix construction as the major structural
component of basement membrane. COL4A3 is known to have suppressed expres-
sion in COPD3. The A polymorphism of the COL4A3 is also indicated of associ-
ated with the risk of developing COPD. COL4A3’s C terminus binds to autoanti-
bodies at basement membranes in Goodpasture syndrome and is phosphorylated
by calcium/calmodulin-dependent protein kinase II beta (CAMK2B), which is ac-
tivated by the promyelocytic leukemia protein (PML). The paired-like home-
odomain 2 (PITX2) regulates the expression of N-cadherin. N-cadherin changes
the adhesion of extracellular matrix (ECM) by interacting with collagen proteins.
PITX2 gene is regulated by different kinase pathways, such as MAPK and Akt.
However, the relationship between these factors is still not well studied. Thus, we
have come up with the question that if is PITX2 gene also regulated by CAMK2B.
We conducted the study in focus on exploring the relationship between PITX2 and
CAMK2B genes by applying Bayesian Network Structural Learning (BNSL).
Version 2.2 of Bayesian Network Inference with Java Objects (Banjo) was employed
in the study. The result was used to compare to the known interactions between
COL4A3, CAMK2B, PITX2 and PML. The study has shown the possible novel
phosphorylation of PITX2 by CAMK2B.

PS 143  Validation of a Systems Toxicology Based Adverse Outcome
Pathway Prediction with Functional Outcome: Effect of
Exposure to 2, 4-Dinitrotoluene on Energy Metabolism and
Exercise Endurance.

M. S. Wilbanks!, K. Gust!, S. Atwa?, 1. Sunesara’, S. A. Meyer? and

E. . Perkins'. /Engineer R & D Center, US Army Corps of Engineers, Vicksburg,
MS; 2Department of Toxicology, University of LA-Monroe, Monroe, LA; 3Center of
Biostatistics and Bioinformatics, University of MS Medical Center, Jackson, MS.

2,4-dinitrotoluene (2,4DNT), commonly used in industrial and explosive manu-
facturing processes, is known to contaminate artillery ranges, demilitarization arcas
and munitions manufacturing facilities leading to its listing on US EPA’s
Contaminant Candidate List. Previous transcriptomic and lipidomic studies identi-
fied energy metabolism as a potential target of DNT toxicity. The impact of such
perturbations of energy metabolism on exercise endurance is largely unknown. We
hypothesized that organism-level impacts of 2,4DNT dosing were the result of en-
ergy metabolism deficits, especially lipid metabolism, from involving interference
with PPARa:. signaling and its downstream pathways. To validate this adverse out-
come pathway, we linked molecular changes caused by 2,4DNT exposure to effects
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on whole animals. PPARa (-/-) and wild-type (WT) mice exposed to a sublethal
2,4DNT dose (134 mg/kg/day for 14 days) or vehicle were given an exercise chal-
lenge (a forced swim) 1 day after the last dose to determine how 2,4DNT and/or
PPARo. impairment affected overall performance. Observations were collected at
multiple levels of biological organization including genes involved in fatty acid and
glucose metabolism, PPAR activation and response, biochemistry (serum triglyc-
erides and glucose), and swimming endurance. Decreased swim times were ob-
served with DNT in WT and PPARa (-/-) mice, but DNT effect was significantly
less in knock-down mice indicating that knock down of PPARa expression par-
tially rescued mice from DNT-induced energy metabolism deficits. Our results
support the proposed hypothesis by demonstrating that 2,4DNT’s impact on en-
ergy metabolism, especially lipid metabolism, occurs via perturbation of PPARa
signaling resulting in reduced exercise endurance at the individual level.

(Support: US Army Corps of Engineers)

144  Modelability of ToxCast Phase I Datasets.

A. Golbraikh"-2, A. Sedykh!, E. Muratov', R. Shah>3, W.A. Boyd*,

M. Smith%, G.Zhao’, H. Zhu®, ]. H. Freedman* and A. Tropshal-2. ! University
of North Carolina at Chapel Hill, Chapel Hill, NC; *Sciome LLC, Research Triangle
Park, NC; 3SRA International, Durham, NC; “NIEHS, Research Triangle Park, NC:
AstraZeneca, Shanghai, China; Rutgers University, Camden, NJ.

One of the problems in Quantitative Structure-Activity Relationships (QSAR)
analysis is to establish, whether it is possible to build a predictive model for a given
dataset. For some datasets, all attempts to build a predictive model using different
sets of descriptors and QSAR/QSTR methodologies fail raising a question, whether
it is possible to evaluate the dataset modelability prior to modeling. We have de-
vised several modelability criteria such as dataset diversity, new activity cliff indices,
correct classification rate (CCR) for similarity search models (ssCCR),
CCR=0.5*(sensitivity+specificity), etc. These criteria were applied to 40 binary
datasets, for which QSAR models were built using Dragon 5.5 descriptors and/or
ToxCast in vitro assays treated as biological descriptors, and kNN, Random Forest
and SVM methods. The best modelability criterion was found to be the ssCCR,
which had the correlation coefficient of 0.73 with the QSAR/QSTR model CCR.
We consider a model predictive, if its CCR as well as both sensitivity and specificity
are at least 0.70. We found that to satisfy this condition, ssCCR should be at least
0.68. ssCCR values were obtained for ToxCast datasets with 24 ToxRefDB in vivo
assays as end points, which had at least 30 toxic compounds among 212 com-
pounds of the curated ToxCast dataset. None of the ssCCR for these datasets was as
high as 0.60 except for the rat cholinesterase inhibition assay, for which it was 0.85,
and sensitivity and specificity were 0.83 and 0.88, respectively. We conclude that
with the latter exception, ToxCast Phase I datasets with ToxRefDB in vivo assays as
end points do not appear to be modelable using QSAR approaches. This conclu-
sion agrees with the recent empirical observations of Thomas et al (Toxicol Sci.

2012, 128:398-417).

145 Celastrol Decreases Specificity Proteins (Sp) and Fibroblast

Growth Factor Receptor-3 (FGFR3) in Bladder Cancer Cells.
G. Chadalapaka', 1. D. Jutooru' and S. H. Safe'-2. ! Department of Veterinary
Physiology and Pharmacology, Texas AM University, College Station, TX; ?CEGM,
Institute of Biosciences & Technology, Houston, TX.

Bladder cancer is the ninth most common cancer worldwide and ranks 13th as a
cause of cancer deaths. MVAC (methotrexate, vinblastine, adriamycin and cis-
platin) chemotherapy has been extensively used for treatment of advanced bladder
cancer and is accompanied by toxic side effects and, thus, it is important to develop
less toxic alternate chemotherapeutic therapies and dietary management strategies
for prevention of this disease. Celastrol (CSL) is a naturally occurring triterpenoid
acid that exhibits anticancer activity, and in KU7 and 253]B-V bladder cells, 0.5 to
2.5 uM CSL induced apoptosis, inhibited growth, colony formation and migration
and CSL decreased bladder tumor growth in vivo. CSL also decreased expression of
specificity protein (Sp) transcription factors Sp1, Sp3 and Sp4 and several Sp-regu-
lated genes/proteins including vascular endothelial growth factor, survivin and cy-
clin D1. CSL also decreased fibroblast growth factor receptor-3 (FGFR3), a poten-
tial drug target for bladder cancer therapy. Results of RNA interference and
knockdown of Sp proteins show that FGFR3 is a Sp-regulated gene downregulated
by CSL. The mechanism of Sp downregulation by CSL was cell context-dependent
due to activation of proteosome-dependent (KU7) and -independent (253]B-V)
pathways. In 253]B-V cells, CSL induced reactive oxygen species (ROS) and in-
hibitors of ROS such as glutathione blocked CSL-induced growth inhibition and
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repression of Spl, Sp3 and Sp4. This response was due to induction of the Sp re-
pressors ZBTB10 and ZBTB4 and downregulation of miR-27a and miR-20a/17-
5p, respectively, which regulate expression of these transcriptional repressors. Thus,
the anticancer activity of CSL in 253]B-V cells is due to induction of ROS and
ROS-mediated induction of Sp repressors (ZBTB4/ZBTB10) through downregu-
lation of miR-27a and miR-20a/17-5p and this is emerging as a characteristic path-
way observed for many ROS inducers in cancer cells.

Raloxifene Potentiates the Cytotoxicity-Induced by RL91, a
Second Generation Curcumin Analog, in PC3 Prostate
Cancer Cells.
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A. Mazumder!, M. Gould?, S.Taurin!, H. D. Nicholson? and R. ]. Rosengren!.
! Pharmacology & Toxicology, University of Otago, Dunedin, New Zealand; >Anatomy,
University of Otago, Dunedin, New Zealand.

The survival rate for men with hormone refractory prostate cancer has not changed
significantly in the last 30 years. Thus there is a need for new drug treatments for
this aggressive cancer. Our lab has had success with second generation curcumin de-
rivatives as novel therapies for aggressive breast cancer. In this study we examined
the combination of raloxifene and 2,6-bis(pyridin-4-ylmethylene)-cyclohexanone
(RL91), a potent 2nd generation curcumin derivative as a novel treatment for hor-
mone refractory prostate cancer (HRPC). The combination treatment showed
highly potent cytotoxicity toward PC3 prostate cancer cells compared to individual
treatments. Specifically, EC50 values of 2 uM and 10 uM were produced by RLI1
and raloxifene, respectively. Moreover, this combination decreased cell number by
85% compared to control after 96 h of treatment, as determined by the sulforho-
damine B assay. Raloxifene is known to modulate the activity of estrogen receptor
alpha (ERat) and beta (ERp). The activation of these receptors as well as the epi-
dermal growth factor receptor (EGFR), is crucial for the proliferation of HRPC. To
determine how raloxifene potentiates the cytotoxic effect of RL91, the localization
of these receptors was examined by fluorescent microscopy. The results showed that
ERa, ERB, the androgen receptor (AR) and EGFR were expressed in PC3 cells.
However, raloxifene treatment (10 uM for 48 h) promoted EGFR internalization
in the cytoplasm. A similar effect was also seen for ER where raloxifene promoted
a translocation from the nucleus to the cytoplasm. However, no change was ob-
served for either ERat or the AR. These results suggest that raloxifene-mediated
changes in the localization of ERB and the EGFR provide a mechanism by which
raloxifene enhances the cytotoxicity of RL91 toward PC3 cells. This novel mecha-
nism should be explored further in order to develop new therapies for HRPC.

147  Evaluation of Wild Yam (Dioscorea Villosa) Root Extract As
a Potential Epigenetic Agent in Breast Cancer Cells.

P Aumsuwan®?2, S.I.Khan®3, I. A. Khan"3, L. A. Walker!?2 and

A. K. Dasmahapatra' 2. ! National Center for Natural Product Research, University

of Mississippi, University, MS; 2Department of Pharmacology, University of

Mississippi, University, MS; Department of Pharcognosy, University of Mississippi,

University, MS.

Aberrant epigenetic alterations in the genome, is believed to be a potential cause of
some forms of cancer. Due to their reversibility, epigenetic modifications are con-
sidered potentially useful in drug development approaches (epi-drugs). The current
available synthetic epi-drugs are non-specific and induce adverse effects. Natural
products might offer advantages and find udility for cancer treatment. The present
study was designed to evaluate the efficacy of wild yam root extract as a potential
demethylating agent using two breast cancer cell lines, MCF-7 (Estrogen receptor
positive, ER+) and MDA-MB-231 (ER negative, ER-), and a gene, GATA-3, a po-
tential marker of breast cancer development. Moreover, GATA-3 expression is
methylation-specific, being higher in ER+ cells with promoter hypomethylation
and insignificant in ER- with promoter hypermethylation. In this study, cells, ap-
proximately at 70 % confluency, were treated with wild yam root extract (0-50
ug/ml) for 72h and then used for viability, mRNA, and methylation analyses. It
was observed that wild yam significantly reduced viability of both cell lines and en-
hanced the mRNA contents of DNMTs (DNMT1, 34, and 3B) and GATA-3 in a
dose-dependent manner. Global DNA methylation, analyzed as 5’-methyl-2’-de-
oxycytidine (mC) and 5-hydroxymethylcytosine (hmC), showed that mC was in-
creased only in MCF-7 cells, whereas hmC level was reduced in both cell lines.
Since hmC is generated from mC by ten-eleven-translocation (TET) enzymes, the
present data suggest that enhanced expression of GATA-3 and DNMT enzyme
mRNAs followed by a reduction in hmC in MCF-7 and MDA-MB-231 cells are
the result of interruption of TET enzyme functions in the epigenome by wild yam
root extract. This plant with a long history of traditional use should be further ex-
plored with regard to its potential as an epigenetic agent in breast cancer therapy.
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Mucosa-Associated Enteropathogenic Escherichia coli As an
Internal Exposome Triggers Tumor Cell Dissemination via
Macrophage Inhibitory Cytokine 1.

H. Choi, J. Kim, S. Park, K. Do, C. Oh and Y. Moon. Laboratory of Mucosal
Exposome and Biomodulation, Department Microbiology and Immunology, Pusan
National University School of Medicine and Medical Research Institute, Yangsan,
Republic of Korea.

Commensal bacterial community shifts in the pathogenic colonic environment and
chronic colonization of mucosa-associated Escherichia coli (MAEC) has been
linked to colonic tumourigenesis. Enteropathogenic Escherichia coli (EPEC) is one
of commonly identified MAEC in colorectal cancer patients. The aim of this study
is to address the contribution of MAEC colonization to human carcinogenesis.
EPEC infection of cancer cell caused alterations in affect locomotion-related behav-
iors of cancer cell including detachment, migration, cytoskeleton rearrangement,
dissemination and survival via induction of macrophage inhibitory cytokine 1
(MIC-1). Mechanistically, MIC-1 induced RhoA GTPase which mediated survival
of the detached cancer cells. In terms of signaling pathway, MIC-1 triggered TGF-
beta-activated kinase 1 (TAK-1), which enhanced expression of RhoA GTPase. In
conclusion, mucosal EPEC enhanced MIC-1 gene expression in the human intes-
tinal cancer cells, which was associated with enhanced tumor cell resistance to
anoikis and subsequent survival via enhanced TAK-1 and RhoA GTPase (This
work was supported by the Basic Science Research Program through the National
Research Foundation of Korea, funded by Ministry of Education, Science, and
Technology Grant 2012R1A1A2005837).

Ring-Substituted Analogs of 3, 3’-Diindolylmethane (DLM)
Induce Apoptosis and Necrosis in Androgen-Dependent and
-Independent Prostate Cancer Cells.

A. Goldberg!, V. I. Titorenko?, A. Beach?, S.H. Safe**and T. Sanderson'.
Hoxicology, INRS, Laval, QC, Canada; *Biology, Concordia University, Montréal,
QC, Canada; 3Veterinary Physiology and Pharmacology, Texas AGM University,
College Station, TX; “Institute for Bioscience and Technology, Houston, TX.

We have recently reported that novel ring-substituted analogs of 3,3’-diindolyl-
methane (ring-DIMs), exhibit anti-androgenic and anti-proliferative activities in
androgen-dependent prostate cancer cells. We hypothesized that the anti-prolifera-
tive effects of ring-DIMs may be due to their ability to induce cell death. Ring-
DIMs inhibited androgen-stimulated LNCaP cell proliferation and induced apop-
tosis and necrosis in LNCaP and PC-3 prostate cancer cells with 2-4 fold greater
potencies than DIM. DIM and the ring-DIMs increased caspases-3, -8 and -9 ac-
tivity and induced PARP cleavage in both cell lines. The cytotoxicity of the most
potent ring-DIM, 4,4’-dibromoDIM, but not the other ring-DIMs, was decreased
by caspase-3 inhibition. The 4-4’-dibromoDIM was primarily found in the extra-
cellular media, whereas the ring-DIMs were located intracellularly in both cell lines.
Ring-DIMs were more potent inhibitors of cell growth and survival in LNCaP and
PC-3 cells than DIM and the differential structure-dependent cell death mecha-
nisms indicates ring-DIMs have clinical potential as chemopreventive and
chemotherapeutic agents in prostate cancer, regardless of hormone-dependency.

Ellagitannins and Anthocyanins Constituents of
Pomegranate Suppress Colorectal Aberrant Crypt Foci (ACF)
and Inflammation: Possible Role of miR126.
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N. Banerjee?, H. Kim? and S. U. Mertens-Talcott! > 3. ! Toxicology, Texas AM
University, College Station, TX; ?Nutrition and Food Science, Texas A&M University,
College Station, TX; 3Veterinary Physiology & Pharmacology, Texas A&:M University,
College Station, TX.

The antitumorigenic efficacy of polyphenols ellagitannins and anthocyanins ex-
tracted from pomegranate (Punica granatum L.) has been extensively studied where
cytotoxic, anti-inflammatory and antioxidant effects were demonstrated in various
cancer models. The objective of this study was to investigate the role of post-tran-
scriptional regulation of apoptotic and inflammatory biomarkers by specific
microRNAs in cells treated with pomegranate polyphenols (PP).

mRNA, microRNA expression were measured by RT-PCR, protein by western
blotting and multiplex bead assay. In vivo studies were performed with Sprague
Dawley rats (10rats/group) that received PP (2504.74mg/L GAE) for 10 weeks and
were injected with azoxymethane (AOM) subcutaneously (15 mg/kg) at weeks 3
and 4.

PP juice suppressed the number of high multiplicity aberrant crypts foci (HMACF
¥4 ACF) by 42% (P<0.05) and lowered Ki67 (proliferation marker) antigen.
Correspondingly, cell proliferation was also inhibited by PP (5 -25 ug/mL) in colon

cancer cells HT-29. In vitro and vivo results were accompanied by a downregula-
tion of expression including NF-kB, inducible nitric oxide synthase (iNOS), cy-
clooxygenase-2 (COX-2), vascular adhesion molecule-1 (VCAM-1) and insulin
growth factor (IGF). PP also inhibited phosphorylation of PI3K/Akt, and mTOR
signaling pathways. miRNA 126 is frequently lost in colon cancer and targets
VCAM-1 and PI3K that are involved in inflammation and cell survival. PP in-
creased miR126 expression in both in vitro and vivo, corresponding to the observed
decrease in VCAM-1 and PI3K. In vitro, the involvement of miR-126 was con-
firmed using the antagomir for miR-126, where PP reversed the effects of the an-
tagomir.

In summary Pg inhibited HT29 cell proliferation, suppressed number of HMACF
formation and colon tumorgenesis through the involvement of microRNA 126-
regulated pathways.

PS 151 Dichloroacetate (DCA) Increases Radiation Sensitivity of

A549 and H1299 Lung Cancer Cells.

. B. Watkins', K. T. Allen!, H. Chin-Sinex?, J. D. Sherer?, J. M. Jesseph!,
J. G. Foley! and M. S. Mendoca?. !Medical Sciences Program, Indiana University
School of Medicine, Bloomington, IN; ?Department of Medical and Molecular
Genetics, Indiana University School of Medicine, Indianapolis, IN.

Dichloroacetate (DCA) is a synthetic small molecule inhibitor of pyruvate dehy-
drogenase kinase used to treat metabolic diseases with low toxicity in human pa-
tients for decades. Recent reports suggest that DCA is cytotoxic to several cancer
cell types including non-small-cell lung cancers (NSCLC). The cytotoxicity to can-
cer cells appears to be a result of a reversal of the Warburg effect through partial
restoration of mitochondrial glucose oxidation away from cytoplasmic aerobic gly-
colysis. With the increase in glucose oxidation, ROS production is augmented lead-
ing to the opening of the mitochondrial transition pore to release cytochrome ¢ and
apoptosis inducing-factor (AIF) into the cytoplasm. The consequence is mitochon-
dria membrane depolarization and induction of cell death in a caspase-dependent
or -independent manner. Given the potential therapeutic translation of DCA to
human cancer treatment, we investigated the efficacy of DCA to sensitize NSCLC
to X-ray induced killing in vitro after both single and fractionated X-ray exposure.
Treatment with DCA decreased plating efficiency (PE) and enhanced radiation-in-
duced cell killing by dose modification factors of 1.5 in A549 and 1.4 in H1299.
The decrease in PE was not due to induction of apoptosis or necrosis. X-ray frac-
tionation showed that DCA inhibited split-dose recovery/repair by 3.5 fold in
A549 and 1.5 fold in H1299. Flow cytometry analysis with propidium iodide indi-
cated significant cell cycle arrest at G1/S in A549 and at G2/M in H1299. The data
suggest that DCA enhances X-ray-induced NSCLC cell killing through inhibition

of DSB repair and/or alteration of cell cycle distribution.

PS 152 Mango Polyphenolics Reduce Inflammation in Intestinal
Colitis—Potential Involvement of the miR-
126/PI3K/AKT/mTOR Pathway Ir Vitro and In Vivo.

H. Kim!, N. Banerjee!?, S.Talcott! and S. U. Mertens-Talcott! 2. Department
of Nutrition and Food Science, Texas A&M University, College Station, TX;
2Interdisciplinary Program of Toxicology, Texas A&M University, College Station, TX.

Mango polyphenolics including gallic acid, mangiferin and gallotannins, have
shown antioxidant, anti-inflammatory and anticarcinogenic properties in several
studies. However, anti-inflammatory mechanisms relevant to the prevention of
colon cancer have not been well investigated.

This study investigates the potential role of the miRNA-126/PI3K/AKT/mTOR
signaling pathway in the anti-inflammatory effects of mango polyphenolics in
human CCD-18Co colon-myofibroblastic cells and on DSS-induced colitis in rats.
Animals were administered control juice (15.7g sugar and 0.05g citric acid/100ml)
or mango juice (total phenolic content of 475.80mg/L GAE), and exposed three
cycles of 3% DSS. The mRNA and protein levels were measured by RT-PCR, west-
ern blot analysis and multiplex bead assay.

In vitro mango extract and gallic acid suppressed the expressions of inflammatory
mediators such as NF-kB (p65) and IL-1f and reduced the expressions of AKT and
HIFla involved in AKT/mTOR pathway at mRNA and protein level in a dose de-
pendent manner. Correspondingly, miRNA-126, which negatively regulates the
Akt/mTOR pathway, was induced by mango extract and gallic acid. In the rat coli-
tis model, mango juice intake suppressed cell proliferation as measured by Ki-67
staining, and resulted in protection against DSS-induced colon inflammation dur-
ing chronic colitis compared to control juice. The juice significantly attenuated the
expressions of pro-inflammatory cytokines such as TNF-a, IL-1f, IL-6, and IL-10
at protein and mRNA level. Moreover, the phosphorylation of AKT and mTOR
were suppressed, and the expression of PI3K was reduced while miRNA-126 that
has a target site in the mRNA of PI3K was upregulated by the juice.
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These results suggest that mango polyphenols attenuated inflammatory response by
modulating the miR-126/PI3K/AKT/mTOR pathway both in vitro and in vivo,
and is a potential therapeutic for colitis and colon cancer.
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Loss of the Tumor Suppressor Protein PTEN Contributes to
Increased Nrf2 Signaling.

P_M. Shelton!, M. I. Vitolo?, S.S. Martin? and A. K. Jaiswal'. ! Pharmacology,
University of Maryland, Baltimore, Baltimore, MD; >Marlene and Stewart
Greenebaum Cancer Center, University of Maryland, Baltimore, Baltimore, MD.

Nrf2 is a master regulator of cyto-protective genes involved in the maintenance of
cellular redox balance. In recent studies, the PI3K/Akt pathway is reported to posi-
tively regulate the Nrf2 pathway. The protein phosphatase PTEN counteracts the
action of PI3K by removing the phosphate from PIP3. This led us to hypothesize
that loss or mutation of PTEN, an event that occurs frequently in cancers, might
increase Nrf2 activity that promotes the survival and proliferation of cancer cells. In
our study we investigated the role of PTEN in prostate and breast cancer, com-
monly reported to have either loss of heterozygosity or mutations in PTEN. Using
the PTEN-null human prostate cancer cell line PC3, we found that expression of
wild-type but not mutant PTEN decreased the basal and anti-oxidant induced ex-
pression of Nrf2 target genes. More common clinically, patients have loss of a sin-
gle allele of PTEN. Therefore, we also investigated the Nrf2 pathway in cells het-
erozygosity for the PTEN gene. Using a murine prostate tumor cell line with a
spontaneous loss of a single allele in PTEN (PTEN-P8, +/-) and an isogenic cell
line that had deletion of the second allele (PTEN-CaP8, -/-) we found that com-
plete loss of PTEN resulted in higher expression of the Nrf2 target genes. In order
to fully address the role of PTEN haploinsufficiency that could mimic the cellular
progression from benign to malignant we also looked at Nrf2 activity in the im-
mortalized breast epithelial cell line MCF-10a that had both alleles intact (+/+),
deletion of a single allele (+/-), or deletion of both alleles (-/-) of PTEN. As ex-
pected, we found that both the basal and inducible expression of the prototypical
Nif2 target gene NQOI inversely correlated with PTEN status. Together this sug-
gests that the loss of PTEN contributes to increased Nrf2 transcriptional activity,
which likely provides cells with an altered proteome that favors oncogenesis.

Formaldehyde-Induced Replication Stress Causes Activation
of ATR Kinase Leading to p53-Mediated Apoptosis and
Senescence in Human Lung Cells.
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J. Morse, V. Wong and A. Zhitkovich. Brown University, Providence, RI.

Formaldehyde (FA) is a recognized human carcinogen with documented inhalation
exposures in many occupational groups. Here we examined stress signaling path-
ways and cell fate decisions triggered by FA in human lung cells (normal lung fi-
broblasts, H460 lung epithelial cells and primary bronchial epithelial cells). We
found that FA induced a rapid activation of the DNA damage-responsive ATR ki-
nase that preferentially targeted the p53 transcription factor at low and moderate
damage levels. Activation of p53 was evidenced by its strong Ser-15 phosphoryla-
tion, protein stabilization and upregulation of its target genes, such as MDM2 and
CDKNI1A (p21). Knockdown experiments with shRNA confirmed the p53 de-
pendence of the gene expression responses. FA also caused a depletion of the p53
inhibitor MDM4 via its enhanced proteolysis. The use of biochemical markers of
individual cell cycle phases and replication status manipulations showed that acti-
vation of ATR-p53 signaling by FA occurred exclusively in the S phase. The p53
played a major role in FA-induced apoptosis in lung epithelial cells, which was as-
sociated with upregulation of the proapoptotic gene BBC3 (PUMA). The presence
of p53 was also required for permanent growth arrest (senescence) in FA-treated
lung fibroblasts. Overall, our results indicate that replication stress and ATR-acti-
vated p53 are responsible for cytotoxic responses in FA-exposed human lung cells.
Acknowledgements. This work was supported by grant ES020689 from NIEHS.

PS 155  Down-Regulation of Telomerase Activity and Shortening of
Telomere Length by Polychlorinated Biphenyls (PCBs) in

HL-60 Cells.

X. Xin!, S.Pk!, J. L. Schnoor"? and G. Ludewig'. ‘Interdisciplinary Graduate
Program in Human Toxicology, The University of lowa, lowa City, IA; ?Department
of Civil and Environmental Engineering, The University of lowa, lowa City, IA.

We reported that PCBs, environmental persistent organic pollutants and probable

human carcinogens, can down-regulate telomerase activity in vitro in immortal
human keratinocytes (HaCaT). The most efficacious congener was the dioxin-like
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PCB126, a potent arylhydrocarbon receptor (AhR) agonist. To analyze whether this
effect of PCB126 is tissue specific and to gain insight into the mode of action
(MOA) we exposed another cell type, human promyelocytic leukemia (HL-60)
cells, to PCB126 and also to PCB153, not an AhR activating congener. Both com-
pounds reduced telomerase activity, visible after 6 days of exposure, and telomere
length, to about 50% within 30 days of exposure, PCB126 more so than PCB153.
This reduction in telomerase activity and telomere length was seen in both cell
lines, but only HaCaT also showed a strong increase in cytochrome P450 1A1
mRNA and activity, the hallmark of AhR activation. This suggests that AhR activa-
tion may be one, but not the only mechanism for this effect of PCBs. HL-60 can
differentiate which is accompanied by a reduction in telomerase activity. However,
the continuous proliferation of the PCB-exposed cells makes this mechanism less
likely. Telomeric repeat binding factors (TRF1, TRF2) are involved in the stabiliza-
tion of telomeres. Up-regulation of TRF1/2 was seen in PCB126-exposed HaCaT,
pointing to a possible mechanism. Experiments with both cell lines, representing
different target tissues of PCB toxicity, are under way to elucidate the MOA of
PCBs on telomeres and the possible significance of this effect on precursor cells of
the hematopoietic pathway. (Supported by NIEHS P42 ES013661)

156  Chronic Exposure to Particulate Hexavalent Chromium
Disrupts Shugoshinl Localization in Human Lung Cells.

C. Falank' and ]. Wise! 2 3. ! Wise Laboratory of Environmental and Genetic

Toxicology, University of Southern Maine, Portland, ME; ?Maine Center for

Toxicology and Environmental Health, University of Southern Maine, Portland, ME;

3Department of Applied Medical Science, University of Southern Maine, Portland,

ME.

Chromosomal instability (CIN) is a hallmark of cancer and can be caused by
spindle assembly checkpoint disruption or chromosome missegregation during mi-
tosis. Hexavalent chromium (Cr(VI)) is a well-known human lung carcinogen, and
has shown to induce numerical CIN, however its mechanisms for inducing aneu-
ploidy remain unknown. In this study we are investigating whether Cr(VI) affects a
key centromeric cohesion protein, Shugoshin 1 (Sgol). Sgol maintains and pro-
tects centromeric cohesion in G2 and continues to maintain proper sister-chro-
matid cohesion during mitosis. This protection mechanism prevents sister-chro-
matids from prematurely separating during mitosis. Disruption of Sgo1 localization
has been shown to lead to chromosome missegregation. We have found that
chronic exposure to particulate Cr(VI) disrupts the localization of Sgo1 in G2 cells.
Specifically, after a 24 h exposure to 0.1, 0.2, or 0.3 ug/cm2 lead chromate we did
not observe any changes in the percent of G2 cells with Sgol localization at the
kinetochores. However, a 120 h exposure to the same concentrations showed a con-
centration-dependent decrease in the percent of G2 cells with Sgol localization at
the kinetochores. Specifically 0.1, 0.2 or 0.3 ug/cm2 disrupted localization in 36,
88, and 90% of G2 cells, respectively. Our findings suggest that particulate Cr(VI)-
induced CIN is mediated through disrupting Sgo1 localization to the kinetochores
during G2 cells, thus leading to chromosome missegregation and ultimately aneu-
ploidy. This work was supported by NIEHS grant ES016893 (J.PW.).

Ultraviolet B-Irradiated L-Tryptophan Induces Human
UDP-Glucuronosyltransferase 1A1 and 1A8 Expressed in the
Human Skin.
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R. Fujiwara, M. Kawana, E. Kouno, S. Takano, T. Narawa and T. Itoh. Schoo/
of Pharmacy, Kitasato University, Tokyo, Japan.

Benzo[a]pyrene is a widespread environmental contaminant and its active metabo-
lite, benzo[a]pyrene-7,8-dihydrodiol-9,10-epoxide, is associated with the develop-
ment of ultraviolet (UV) B-induced skin cancer. While UDP-glucuronosyltrans-
ferase (UGT) is involved in the detoxification of benzo[a] pyrene, the protective role
of UGT in the defensive mechanism against UVB-induced skin cancer has not
been elucidated yet . Here, we investigated the effects of UVB irradiation on the ex-
pression of human UGT1A enzymes as well as on cytochrome P450 (CYP) 1A1 in
HaCaT cells. Multiple UGT1A isoforms such as UGT1A1, UGT1A3, UGT1A4,
and UGT1A8 were expressed in human skin and HaCaT cells. When HaCaT cells
were treated with 6-formylindolo[3,2-b]carbazole (FICZ), which is one of the tryp-
tophan derivatives formed by UVB, UGT1A1 and UGT1A8 along with CYP1A1
were significantly induced. While UVB-irradiated tryptophan also induced those
enzymes, the formation of FICZ was not detected in the irradiated tryptophan so-
lution, indicating that tryptophan derivatives other than FICZ formed by UVB
might have the potential to activate the aryl hydrocarbon receptor. While UVB in-
duces CYP1ALl, increasing the bioformation of benzo[a]pyrene-7,8-dihydrodiol-
9,10-epoxide from benzo[a]pyrene, it also induces UGTS, accelerating the detoxifi-
cation of benzo[a]pyrene. Specific induction of skin UGT1Al and UGT1A8
without inducing CYP1A1 might protect individuals from developing skin cancer.



PS 158  The Cannabinoid WIN 55, 212-2 Decreases Specificity
Protein (Sp) Transcription Factor and the CaP Protein eIF4E

in Colon Cancer Cells.

S. Sreevalsan' and S. H. Safe'-2. VPR Texas A&:M University, College Station,
TX; 2Institute of Biosciences and Technology, Texas A&M Health Science Center,
Houston, TX.

The eukaryotic translational initiation factor (eIF4E) is an essential component of
the cellular translational machinery and is responsible for binding ribosomes to the
cap structure of mRNAs. The phosphorylated form (serine-209) of eIF4E plays a
critical role in cancer cell growth and transformation. Treatment of colon cancer
cells with a synthetic cannabinoid WIN 55,212-2 (WIN) inhibited cancer cell
growth, induced apoptosis and downregulated specificity protein (Sp) transcription
factors and Sp-regulated gene products associated with cancer cell growth (EGFR
and Cyclin D1), angiogenesis (VEGF and VEGFR) and survival (survivin and bcl-
2). The anticancer activity of WIN is accompanied by induction of multiple phos-
phatases and some of the effects of WIN are blocked by the phosphatase inhibitor
sodium orthovanadate (SOV). Treatment of SW480 cells with 7.5 uM WIN alone
also decreased levels of elF4E and co-treatment with 0.35 mM SOV blocked WIN-
induced downregulation of eIF4E and knockdown of Sp proteins confirmed that
elF4E was an Sp-regulated gene. Protein phosphatase 2A (PP2A) catalyzes dephos-
phorylation of both eIF4E and Mnk-1, an upstream kinase that phosphorylates
elF4E. Treatment of SW480 cells with 7.5 uM WIN and knockdown of PP2A by
RNA interference blocked downregulation of eIF4E, Sp proteins and some Sp-de-
pendent genes. Several anticancer agents inhibit Sp transcription factors by induc-
ing zinc finger binding protein ZBTB10 and by suppressing microRNA-27a
(miR27a). Treatment of SW480 cells with 7.5uM WIN induced ZBTB10 protein
and decreased miR27a expression and knockdown of PP2A reversed these re-
sponses demonstrating that WIN-induced downregulation of Sp and eIF4E was
due to PP2A-mediated disruption of miR27a:ZBTB10 axis.
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L. D. Jutooru!, G. Chadalapaka!, K. Kim? and S. H. Safe!-2. !TAMU, College
Station, TX; 2IBT, Texas A&M Health Science Center, Houston, TX.

HOTTIP, a IncRNA, Exhibits Pro-Oncogenic Activity in

Pancreatic Cancer.

Recent studies have demonstrated that non-coding RNAs (ncRNAs) are differen-
tially expressed and play an important role in gene regulation and influence normal
and cancer cell phenotypes. About 3000 IncRNAs have been identified and some of
these act as scaffolds regulating molecular (protein, RNA and DNA) interactions
required for various signaling networks and this is accomplished, in part, by associ-
ation with chromatin-modifying complexes. HOXA transcript at the distal tip
(HOTTIP) is a 3,764-bp IncRNA transcribed from 5’ tip of HOXA gene cluster
and is expressed in anatomically distal cells such as hand and foot fibroblasts.
Previous studies in our laboratory showed that HOTAIR is a negative prognostic
marker in pancreatic cancer and this is due, in part, to interaction of HOTAIR with
Polycomb Repressive Complex 2. In contrast, HOTTIP was reported to interact
with MLL complexes by specifically binding to WDRS5 adapter protein leading to
broad loss of H3K4me3 across HOXA locus. In this study, we investigated the
functional role of HOTTIP in Pancl and L3.6pL pancreatic cancer cell lines.
Knockdown of HOTTIP by RNA interference studies i(HOTTIP) resulted in
~50% reduction in cell survival within 72 hr after transfection and iHOTTIP also
decreased pancreatic cancer cell migration which was determined in a Boyden
chamber assay. iIHOTTIP enhanced Annexin V staining and PARP cleavage associ-
ated with induction of apoptosis in both Pancl and L3.6pL cells. Knockdown of
HOTTIP also decreased expression of cyclin D1, VEGF and survivin which play
an important role in cell proliferation, angiogenesis and survival. An in vivo study
was performed using L3.6pL cells transfected with iHOTTIP in a mouse xenograft
model and after 15 days of knockdown there was a significant reduction in tumor
volumes and weights (=270%). RNASeq analysis of HOTTIP knockdown in Pancl
cells resulted in significant (>1.5 fold) changes in expression of ~1467 genes and
analysis of data suggest that HOTTIP mediated gene regulation has a critical role in
pancreatic cancer progression.
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Metformin Causes Degradation of Fatty Acid Synthase and
PI3 Kinase Signaling Proteins in Pancreatic Cancer Cells
through Downregulation of Specificity Protein (Sp)

Transcription Factors.

V. Vasanthakumari' and S. H. Safe!2. VTPR, Texas A&M University, College
Station, TX; °IBT, TAMHSC, Houston, TX.

Metformin or N,N’-dimethyl biguanide is an oral hypoglycemic drug with a re-
markable record of safety that has been prescribed worldwide for treatment of Type
II diabetes. In addition to its antidiabetic property it also exhibits antineoplastic ef-

fects which include inhibition of angiogenesis through decreased levels of vascular
endothelial growth factor (VEGF) and blocks cell cycle progression through de-
creased expression of cyclin D1. Fatty Acid Synthase (FAS) a key enzyme in lipid
metabolism is overexpressed in cancer cells, which is one of the phenotypic alter-
ations in cancer progression. Here we show that expression of FAS was significantly
decreased when pancreatic cancer cells were treated with metformin. FAS expres-
sion is stimulated by growth factors and their receptors, like EGFR and IGFR.
Effects of these receptors on FAS complex involve cross talk between various signal
transduction pathways. One such signaling pathway include PI3kinase/ mTOR
pathway. Specificity protein (Sp) transcription factors - Sp1, Sp3 and Sp4 play a
complex role in malignant transformation of pancreatic cancer cells. We report for
the first time that metformin downregulates specificity protein (Sp) transcription
factors (Sp1, Sp3, Sp4) in cancer cells. Furthermore metformin downregulates the
expression of growth factor receptors like EGFR, IGFR and phosphorylation/ex-
pression of major PI3K effectors like AKT and mTOR. Knockdown of Sp1, Sp3,
and Sp4 proteins by RNA interference decreased the expression of FAS, pmTOR
and pAKT indicating that FAS and these signaling proteins are regulated by Sp pro-
teins. However when cells were pretreated with SOV (Sodium Ortho Vanadate), a
phosphatase inhibitor, there was a reversal of Sp downregulation and phosphoryla-
tion of mTOR by metformin. The effects of metformin on downstream targets of
PI3 kinase pathway and the specific phosphatases which play a major role in the an-
tineoplastic effects of metformin are currently being investigated.

PS 161 Overexpression of STAT-3 Induces Anoikis Resistance,
Promotes Cell Migration, and Metastatic Potential in Cancer

Cells.

N. M. Fofaria and S. K. Srivastava. Biomedical Sciences and Cancer Biology Center,
Texas Tech University Health Sciences Center, Amarillo, TX.

Anoikis is an anchorage independent cell death. Resistance to anoikis is one of the
key features of the metastatic cells. In the current study, we have shown the role of
STAT-3 in anoikis resistance in various melanoma and pancreatic cancer cells.
Marked anoikis was induced as such in the cells that were grown in anchorage-in-
dependent conditions. The melanoma and pancreatic cancer cells that resisted
anoikis were observed to have higher rate of migration as compared to the cells that
were exposed to anchorage dependent growth, as observed in cell migration and in-
vasion assays. These anoikis resistant cells also had significantly higher expression
and phosphorylation of STAT-3 at Tyr 705, than the cells that were attached to the
basement membrane. Treatment of these cells with IL-6, a cytokine which phos-
phorylates STAT-3, prevented the induction of anoikis. STAT-3 inhibitors AG490
and piplartine induced anoikis in a concentration-dependent manner, whereas IL-6
blocked anoikis. Over-expression of STAT-3 by transfection, not only increased the
anoikis resistance but also protected cancer cells from piplartine-induced anoikis,
confirming the role of STAT-3 in anoikis resistance. On the other hand, silencing
STAT-3 decreased the potential of cancer cells to resist anoikis. Furthermore,
STAT-3 (-/-) cancer cells were more sensitive to anoikis as well as to the effect of pi-
plartine as compared to STAT-3 (+/+) cells. The STAT-3 (+/+) cells also had en-
hanced migration potential as compared to STAT-3 (-/-) cells. In summary, our re-
sults establish STAT-3 as a critical player that renders anoikis resistance to the
cancer cells and enhance their metastasis potential. The role of STAT-3 in anoikis in
breast and ovarian cancer is currently under investigation. The outcome of this
study has great clinical implications as it will serve as a platform to devise rational
therapeutic approaches to treat metastatic cancers. [Supported in part by RO1
grants CA106953 and CA129038 (to S.K.S) awarded by the National Cancer

Institute].

Indole and Related Compounds Exhibit AhR
Antagonist/Agonist Activities.

iy 162

S. H. Safe!, A. Jayaraman?, R. Alaniz? and U. Jin? ! Texas A&M University,
College Station, TX; 2IBT, Texas AM University System, Houston, TX.

Indole-derived compounds including diindolylmethane (DIM), indole-3-carbinol,
tryptophan photoproducts and metabolites have been identified as agonists of the
aryl hydrocarbon receptor (AHR). Indole and tryptophan metabolites tryptamine
(TA) and indole 3-actetate (IAA) are produced by gut microflora and there is evi-
dence that AHR ligands modulate gut inflammatory pathways. We therefore inves-
tigated the AHR agonist/antagonist activities of indole, TA and IAA using Ah-re-
sponsive breast and colon cancer cells as in vitro models. In MDA-MB-468 breast
cancer cells TA (0-500 uM) induced CYP1A1 mRNA and protein with an EC50 <
500 uM; IAA and indole also induced CYP1A1 mRNA (only IAA induced
CYP1A1 protein) however < 30 and < 10% of the maximal induction responses
were observed at 1000 uM concentrations of IAA and indole respectively. The ef-
fects of these compounds as inhibitors of 2,3,7,8-tetrachlorodibenzo-p-dioxin
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(TCDD) induced responses were also investigated in cells treated with the indole
compound alone or in combination with TCDD. Indole (500 and 1000 uM) sig-
nificantly inhibited TCDD-induced CYP1A1l mRNA and protein levels and simi-
lar results were observed for 500 uM TA however the former compound was a sig-
nificantly more potent AHR antagonist. In contrast IAA did not exhibit AHR
antagonist activity. These results were somewhat variable among different cell lines
however, it was evident that the major gut microbiome product, indole, was an
AHR antagonist and this may impact AHR-dependent gut inflammatory path-

ways.

Tolfenamic Acid Inhibits Colon Cancer Cell and Tumor
Growth and Downregulates Specificity Protein (Sp)

Transcription Factors.

S. Pathi' and S. H. Safe'-2. Veterinary Physiology and Pharmacology, Texas AG:M
University, College Station, TX; Institute of Bioscience and Technology, Houston, TX.

Introduction: Tolfenamic acid (TA) is a nonsteroidal anti-inflammatory drug
(NSAID) and is a potential chemotherapeutic agent for treatment of colon cancer;
however, the mechanism of action of TA is unknown and was investigated in this
study.

Methods: Inhibition of colon cancer cell growth and induction of apoptosis by TA
was investigated using cell counting and Annexin V staining, and modulation of
specificity protein (Sp) transcription factors Sp1, Sp3, Sp4 and Sp-regulated gene
products was determined by western blot analysis of whole cell lysates. Mechanisms
of TA-induced Sp downregulation were investigated using specific pathway in-
hibitors and the in vivo anticancer activity of TA was determined in athymic nude
xenograft studies using RKO cells as xenografts.

Results: TA induced apoptosis and decreased colon cancer cell growth and this was
accompanied by caspase-dependent proteolysis of Sp1, Sp3 and Sp4 and decreased
expression of Sp-regulated gene products including bcl-2, survivin, VEGE
VEGEFRI, cyclin D1 and ¢-MET. TA also inhibited colon tumor growth and de-
creased Sp1, Sp3, Sp4 and Sp-dependent gene product expression in tumors.
Conclusion: TA-induced repression of Sp transcription factors and Sp-regulated
genes play a role in the cancer chemotherapeutic effects of TA. Since TA acts as an-
ticancer agent in several tumor types, results of this study suggest for the first time
that TA is a potential chemotherapeutic agent for treatment of colon cancer.
Clinical applications of TA alone or in combined treatment of colon cancer are en-
hanced since this agent is relatively non-toxic and has previously been used as a
non-steroidal anti-inflammatory drug. The prior use of TA, as an NSAID will also
facilitate approval of the drug for application as a cancer therapeutic agent.

PS 164 Ni*2-Induced Chromosome Aberrations/Gene
Amplification/Gene Silencing Alter Cytoskeleton, Ca*2
Distribution, and Global Gene Expression, Causing
Morphol./Neoplast. Transformation of 10T1/2 Mouse
Embryo Cells.

. R. Landolph! 32, A. DaSilva Pehl>3, P. Samala®?3, S. Keliipaakaua® 3 and

K. Akinwumi'-3. ! Department of Molecular Microbiology and Immunology,
University of Southern California, Los Angeles, CA; °Department of Pathology,
University of Southern California, Los Angeles, CA; 3USC Cancer Center, University
of Southern California, Los Angeles, CA.

Ni refinery workers inhaling Ni sulfidic ore dusts/smoking cigarettes contracted
lung/nasal cancers. Inhaled Ni3S2/green NiO induced lung cancer in rats.
Ni3S2/green-black NiOs induced chromosome aberrations/morph-neoplas trans-
formation (Tx) in 10T1/2 mouse cells. Ni/MCA-Tx cell lines showed a) ect-2 gene
amplification/higher ect-2 mRNA/protein, b) no DRIP80 ¢) no f-centaurin-2
mRNA. We hypothesized Ni+2 1) amplified ect-2 gene, causing higher levels of mi-
crotubules (MT5s); 2) silenced B-centaurin-2 gene, causing higher levels of microfil-
aments (MFs); and 3) silenced DRIP gene, altering Ca+2 distribution/Tx 10T1/2
cells. We tested these hypotheses by staining cells with fluor. phalloidin to decorate
MFs; fluor. Ab to a-tubulin to decorate MTs; Fluo 3AM to stain Ca+2; DAPI to
decorate nuclei; then examined cells by confocal microscopy. In non-Tx 10T1/2
cells, MFs/MTs were arranged in long fibers. In NiS/green NiO-Tx cell lines,
MFs/MTs were over-expressed, aggregated in areas, absent/other areas, changing
cell shapes. Low density non-Tx cells had high nuclear/low cytoplasmic Ca+2 con-
centrations (State I); high density near-confluent cells had low nucl./high cyto.
Ca+2 (State II). Ni/MCA-Tx cell lines were largely in State II. We conclude Ni+2
ions 1) amplified ect-2/silenced B-centaurin-2 genes, causing over-expression of
MTs/MFs, altering cell shapes, changing global gene expression; 2) silenced
DRIP80 gene, altering Ca+2 distributions in Tx cells; and 3) induced muta-
tions/methylations in 15 genes, causing differential expression of 130 genes, con-
tributing to induction/maintenance of Tx phenotypes in Ni+2/MCA-Tx cell lines.
Support: R01 ES03341/NIEHS (PI JRL); Cancer Center Core Grant 5 P30
CA09320/NCI; MS Program/Discret. Funding (JRL).
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PS 165  Benzoquinone-Induced Topoisomerase Modifications:
Linking Benzene Myelotoxicity and Leukemia.

C. L. Kuhlman, G. Tsaprailis, T.]. Monks and S. S. Lau. Southwest
Environmental Health Sciences Center, Department of Pharmacology and Toxicology,
University of Arizona, Tucson, AZ.

Protein adduction by reactive electrophiles can induce structural and functional
changes that contribute to toxicity and disease progression. Such electrophiles are
often products of xenobiotic metabolism or generated endogenously via oxidative
stress and lipid peroxidation. Relevant to this phenomenon are the redox-active and
electrophilic metabolites of benzene, which are believed to contribute to its myelo-
toxic effects. When the benzene metabolites hydroquinone (HQ) and phenol
(PHE) are administered to rats, HQ oxidizes to 1,4-benzoquinone (BQ) and in the
presence of GSH gives rise to multi-GSH conjugates detectible in bone marrow.
These HQ-GSH conjugates retain the ability to adduct proteins and to redox cycle.
Here we report that bone marrow malondialdehyde levels in PHE/HQ treated rats
are significantly elevated, indicative of lipid peroxidation and the consequent gen-
eration of other reactive electrophilic aldehydes, such as 4-hydroxy-2-nonenal
(4HNE). Indeed, proteomics profiling revealed bone marrow proteins targeted by
benzene metabolites and 4HNE, including 14-3-3 protein zeta/delta, protein disul-
fide isomerase A3, peroxiredoxin 2, and calreticulin. Adduction of topoisomerase II
a (topo Ila) has been implicated in benzene-induced leukemia, and cancer
chemotherapeutic topo Ila inhibitors are a leading cause of therapy-induced
leukemia. We next reacted purified topo Ila (6 units) with BQ (0.5 uM) or 4HNE
(1.3 uM). A marked reduction in the ability of topo Ila. to decatenate the KDNA
substrate was observed. Proteomic analysis of 4HNE-reacted topo Ilo revealed
multiple amino acid sites of adduction, including K893 and K1480 adducts.
Adduction of these lysine residues could impair topo IIo-DNA binding, or inhibit
topo Ila’s ATP-dependent formation and annealing of DNA strand breaks. The
consequences of BQ- and 4HNE-induced functional alterations in topo Ilc. are
currently under investigation.

PS 166 Overexpression of CRM1 in Normal Human Lung Epithelial
Cells Changes Cellular Morphology and Cytotoxic

Responses to Tobacco-Specific Carcinogen NNK.

C. Lu, W. Zhu and W. Gao. The Institute of Environmental and Human Health,
Texas Tech University, Lubbock, TX.

Chromosome region maintenance 1 (CRM1), the major nuclear export receptor
with a broad substrate range, is not only required for transport of many RNAs and
proteins but also involved in various modulations within the cell such as mitosis,
cell arrest, and apoptosis. Our recently published study showed that CRM1 played
critical roles in response to tobacco-specific carcinogen, 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone (NNK), in BEAS-2B cells (a normal human lung epithelial
cell line). The objective of the present study was to further examine the significance
of CRM1 in lung cancer development using BEAS-2B cells stably overexpressing
CRM1 (BEAS-2BCRM1+ cells). The overexpression of CRM1 in BEAS-
2BCRM1+ cells was confirmed by real-time PCR and western blot. As compared to
BEAS-2B cells, BEAS-2BCRM1 + cells were prone to form colonies. Soft-agar assay
further demonstrated increased colony formation and larger colony size in BEAS-
2BCRM1+ cells in comparison with BEAS-2B cells. In addition, the cytotoxic ef-
fects in response to NNK was measured by 3-(4,5-dimethylthiazol-2-yl)-5-(3-car-
boxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTYS) assay in both cells.
Cells were treated with 0-500 uM NNK for 24, 48, and 72 h. The inhibitory ef-
fects were dose and time dependent in both cells (p<0.05). However, BEAS-
2BCRM1+ cells showed different sensitivity to NNK as compared to BEAS-2B
cells. Taken together, our results indicate that CRM1 overexpression changes cellu-
lar morphology and cytotoxic response to tobacco carcinogen in human lung ep-
ithelial cells. The potential molecular mechanisms involving these changes are
being evaluated to better understand the critical role of CRM1 in chemical car-
cinogenesis after NNK exposure.

167  ARNT Isoforms Mediate Opposing Effects on NF-xB
Signaling.

K. Gardella"-2, I. Muro® 2 and C. Wright!-2. !Divison of Pharmacology and
Toxicology, The University of Texas at Austin, Austin, TX; The Center for Molecular
and Cellular Toxicology, The University of Texas at Austin, Austin, TX.

We have previously shown that the arylhydrocarbon receptor nuclear translocator
(ARNT) regulates the chromatin binding activity of the RelB NF-kB subunit.
ARNT is a transcription factor that is integral in the regulation of xenobiotic and
hypoxic responses but our studies suggest that ARNT also participates in NF-kB



signaling. ARNT is expressed as two isoforms, isoform 1 and 3, but whether these
isoforms differentially regulate NF-kB activity is unclear. Isoform 1 is identical to
isoform 3 except for an additional 15 amino acids near the N-terminus. The extra
amino acids in isoform 1 provide a phosphorylation site, which has been shown to
inhibit its DNA binding. Interestingly, we have observed in lymphoid malignancies
that ARNT isoform 1 is expressed at much higher levels than isoform 3 as com-
pared to normal lymphocytes where the ARNT isoforms are expressed at equal lev-
els. We find that ARNT isoform 1 potentiates while ARNT isoform 3 abrogates
NF-kB activity. In light of our previous ARNT-RelB model, these opposing effects
of the ARNT isoforms in NF-kB signaling appear to hinge on their ability to asso-
ciate with RelB as ARNT isoform 3 binds much more strongly than isoform 1.
Lastly, we found that the co-expression of a GFP-tagged p100 in combination with
the ARNT isoforms promoted p100 nuclear translocation, possibly through a RelB
bridge, resulting in diminished transactivation of NF-kB responsive genes. Thus,
our current working model is one in which lymphoid malignancies shift toward the
production of ARNT isoform 1, which in turn enhances NF-xB activity, as a con-
tributing factor to their growth and survival.

168

J. Treas, T. Tyagi and K. P. Singh. The Institute of Environmental and Human
Health, Texas Tech, Lubbock, TX.

Co-Exposure to Arsenic and Estrogen Leads to Enhanced
Transformation of Normal Human Prostate Epithelial Cells.

Exposure to both arsenic and estrogen are known risk factors for prostate cancer,
however the carcinogenic effect of their co-exposure is not known. Therefore, the
objective of this study was to evaluate the transformation potential and its mecha-
nism in human prostate epithelial cells by co-exposure to these two chemicals. To
achieve this objective, the human prostate epithelial cells, RWPE-1 were treated for
6 months with sodium-meta arsenite and 173-estradiol, both alone and in combi-
nation, at concentrations of 100 pg/mL and 100 ng/mL. Cell counts and MTT
assay was performed to determine the effects on growth, and soft agar assay was per-
formed to evaluate the cell transformation by exposure to arsenic and estrogen.
Potential role of estrogen receptors and aromatase in mediating the cellular re-
sponse to these chemicals was evaluated by measuring their expression at transcript
level. The result of this study revealed that the growth and transformation of
RWPE-1 cells were significantly greater in arsenic and estrogen co-exposed cells as
compared to cells individually exposed to these two chemicals. The data of quanti-
tative real time PCR revealed that expression of estrogen receptor beta was signifi-
cantly increased whereas aromatase was significantly decreased in arsenic and estro-
gen co-exposed cells. These findings together with our recently published data on
aberrant expression of epigenetic regulatory genes, such as, DNMTs, HDACs and
MBDs in arsenic and estrogen co-exposed cells suggest that co-exposure to these
two chemicals enhances carcinogenicity through epigenetic mechanisms.

PS 169  Effects of Polycyclic Aromatic Hydrocarbons with Estrogen
Receptors 0. and {3 in Breast Cancer Cells.

T. T. James" 2, C. K. Sievers?, E. Shanle"-?, S.S. Hecht®, C. A. Bradfield!? and
W. Xu'2. Molecular and Environmental Toxicology Center, University of Wisconsin-
Madison, Madison, WI; > Oncology, University of Wisconsin-Madison, Madison, WI;
3Masonic Cancer Center, University of Minnesota, Minneapolis, MN.

Polycyclic aromatic hydrocarbons (PAHs) are widespread environmental pollutants
found in cigarette smoke, contaminated soil, vehicle exhaust, among others, known
to cause adverse health effects including carcinogenesis and endocrine disruption.
The metabolites of PAHs have been implicated in endocrine disruption. Some
PAHs are known to have estrogenic effects by interacting with estrogen receptors
(ERs). Estrogens have diverse roles including regulation of mammary gland devel-
opment and morphogenesis, and maturation of uterus and ovaries. These functions
are mediated by two subtypes of estrogen receptors, ERo and ERf, which function
in dimer forms (i.e. ER o, homodimers and ERat/f heterodimers).ERa is known
to be proliferative while ERf is known to be antiproliferative in the mammary
gland. The estrogenic effects of PAHs have been mostly focused on their effects on
ERa. Recently our lab reported that the monohydroxylated metabolites of naph-
thalene, phenanthrene and pyrene showed differential effects with ERa. and ERP.
These PAHs were selected because they are found at high levels in contaminated
environments. The ability of the PAH compounds to promote estrogenic effects
were revealed by luciferase assays in isogenic reporter cell lines, competitive binding
assays and bioluminescent resonance transfer (BRET) assays. The PAHs metabo-
lites were more selective for ERP and were able to activate ERf target genes sug-
gesting that these compounds can interfere with ERf signaling in human breast
cancer cells. In this study we screened additional PAHs and their monohydroxy-
lated metabolites to determine their estrogenic effects. These studies demonstrate
the impact of monohydroxylated PAHs on ER signaling and provide basis for the
determination of the effects of other environmental compounds on ER. Supported

by NIEHS Predoctoral Training Grant T32 ES007015

Alternative Splicing of ATG5 in DU145 Human Prostate
Cancer Cells Inactivates Autophagy and Promotes Xenograft
Tumor Growth.

170

D.J. Wible"-2, T. M. Calhoun-Davis?, D. G. Tang? and S. B. Bratton?. //nstitute
Jor Cellular and Molecular Biology, The University of Texas at Austin, Austin, TX;
2Molecular Carcinogenesis, Virginia Harris Cockrell Cancer Research Center at The
University of Texas MD Anderson Cancer Center Science Park, Smithville, TX.

Autophagy is a highly conserved pathway that targets cytoplasmic cargo to the lyso-
some for degradation. Excess or aberrant organelles, large protein aggregates and
non-selective portions of the cytosol can be targeted by the autophagosome and de-
livered to the lysosome in order to maintain cellular homeostasis or survival in re-
sponse to stress. In this study, we show that DU145 human prostate cancer cells al-
ternatively splice Autophagy-related protein 5 (ATG5), an essential protein for
autophagosome formation. These novel ATGS5 splice forms are unable to conjugate
normally to ATG12 and instead are rapidly ubiquitinated and turned over by the
proteasome. The absence of ATG5-ATG12 conjugate in DU145 cells prevents au-
tophagosome formation and autophagic degradation. Stable expression of full-
length ATG5 using lentiviral infection rescued both ATG5-ATG12 conjugation
and autophagy. Autophagy is currently thought to be tumor suppressive by elimi-
nating potentially genotoxic protein aggregates and damaged organelles. However,
the role it plays in tumor progression and metastasis remains unclear. To address
this question, we performed subcutaneous injections of autophagy-deficient and
autophagy-proficient DU145 cells into immunodeficient mice and monitored
tumor formation and growth. In initial experiments, autophagy deficient tumors
had a significantly longer latency period, yet grew at a faster rate than autophagy
competent tumors. This suggests that autophagy can promote initial tumor estab-
lishment, while suppressing later tumor growth. Currently there are numerous clin-
ical trials investigating the therapeutic potential of drugs that inhibit autophagy.
Since it’s not yet clear how these opposing aspects affect cancer metastasis, further
study is essential to ensure effective therapy.

[l 171  The Aryl Hydrocarbon Receptor Regulation during

Epithelial-to-Mesenchymal Transition.

S. S. Kishinhi and S. E. Eltom. Biochemistry & Cancer Biology, Meharry Medical
College, Nashville, TN.

The aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor that
plays a role as a mediator of the xenobiotic signaling pathways. Recently, the AhR
emerged as a major player in breast carcinogenesis. We have shown previously that
ectopic overexpression of AhR in immortalized normal human mammary epithelial
cells (HMEC) resulted in the development of malignant phenotypes, most notably
the epithelial-to-mesenchymal transition (EMT). This EMT phenotype however, is
not rigid but is in a dynamic state; with cells moving back and forth between ep-
ithelial and mesenchymal states. We asked the question whether this flux of pheno-
types is due to changes in AhR levels or activity. A clone of HMEC overexpressing
AhR, with either epithelial (E) or fibroblastic (F) phenotypes was compared to an
empty vector (EV) control cells. We employed Western blotting, immunocytofluo-
rescence (ICF) staining and RT-PCR techniques to assess the AhR expression as
well as the epithelial and mesenchymal markers, E-Cadherin and vimentin, respec-
tively. Our results showed that although at the mRNA levels AhR expression was
similar, the AhR protein was higher in E- than in F-type cells. The AhR protein lev-
els were always higher when cells were grown at higher density. Nuclear localization
as assessed by ICF and CYP1A1 expression as assessed by RT-real time PCR, were
used as surrogates for AhR activation. Our analysis showed that AhR activation was
much higher in F-type cells and is more pronounced at higher cell density. In con-
trast, a 3h treatment with TCDD, a potent AhR agonist resulted in a steeper in-
duction of CYPIAI in E-type than the F-type cells, which is further enhanced at
higher density. The observed difference in AhR protein levels and activity may be
due to a differential stability of the protein associated with the two morphological
forms, which is under investigation.

Ny 172

S. Singh!, K. Quackenbush?, A.Purkey?, J. Arcaroli?, Y. Chen!, D.]. Orlicky?,
W. Messersmith? and V. Vasiliou!. Department of Pharmaceutical Sciences,
University of Colorado, Aurora, CO; ?Division of Medical Oncology, University of
Colorado, Aurora, CO; 3Department of Pathology, University of Colorado, Aurora,
CO.

Expression and Role of ALDH1BI in Pancreatic Cancer.

Recent studies show that ALDH activity selectively defines an enhanced tumor-ini-
tiating cell population in human pancreatic adenocarcinoma. The specific ALDH
isozyme(s) contributing to the high ALDH activity in these cells are unknown. We
have recently shown that the mitochondrial aldehyde dehydrogenase 1BI
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(ALDH1B1) is a potential biomarker for colon cancer. The aim of the current
study was to examine expression and the role, if any, of ALDH1BI in pancreatic
adenocarcinoma. In normal pancreas, ALDHIBI is abundantly expressed in glan-
dular cells, but sparsely in the ducts (ALDH1B1 immunopositivity = 16.7 = 1.7).
In pancreatic ductal carcinoma, we found a rather high ALDH1B1 expression in
ductal cancerous tissues (ALDH1B1 immunopositivity = 197.2 = 29.4). Our data
were also confirmed by analyzing human pancreatic adenocarcinoma tissue mi-
croarrays. Furthermore, ALDH1B1 appears to be contributing to ALDH activity
in some, but not all, human pancreatic cancer explants examined. The variation of
ALDHI1B1 expression was also observed in 16 human pancreatic cancer cell lines.
Two high and two low ALDHI1B1 expressing cell lines were subjected to siRNA
ALDHI1B1 knockdown and cell proliferation was evaluated. High ALDH1B1 cell
lines showed a 35% reduction in cell growth whereas proliferation was not affected
in low ALDH1BI cell lines. Treatment of high ALDH1B1 cells with gemcitabine
resulted in greater ALDH1B1 mRNA levels and enzyme activity. In contrast low
ALDH1B1 cells showed no such effect. Collectively our data show for the first time
that ALDHIBLI is expressed at very high levels in pancreatic cancer and it con-
tributes to proliferation of these tumor cells. These data suggest a potential role of
ALDHIBI in pancreatic cancer.

Gene Expression Changes in Human Endometrial and
Mammary Cells Exposed to Tamoxifen.

E. Hernandez Ramon!, E. Asaki?, O. Olivero! and M. C. Poirier!. .LCBG, NCI,
NIH, Bethesda, MD; ?Division of Computational Bioscience, CIT, NIH, Bethesda,
MD.

Tamoxifen (TAM), a selective estrogen receptor modulator used for adjuvant ther-
apy and chemoprevention of breast cancer, also increases the risk of endometrial
and myometrial cancer. We hypothesized that comparison of gene expression pat-
terns in cultured normal breast and endometrial cells may elucidate TAM-induced
mechanisms. Gene expression studies in normal human mammary epithelial cells
(NHMEC:s) exposed to 10 uM TAM for 48 hr, using NIH DNA-oligonucleotide
microarrays (Schild et al., 2003), demonstrated up-regulation of genes active in the
interferon and immune-response pathways. Here we used the same NHMECs and
TAM exposure conditions, and evaluated gene expression by Human Gene 1.0 ST
Affymetrix expression array. Results using the Affymetrix array confirmed TAM-in-
duced up-regulation of interferon signaling and complement pathways. Genes sig-
nificantly overexpressed include some reported before (IFI27, IFIT1, IFIT3,
IFI44L, IFITM1 and OAS3), and new genes involved in the same pathway (IF144,
IFI35, and IFIH1), as well as genes in the complement system (C1S, CIR and
SERPINGI1). To contrast breast with endometrium, we used human endometrial
stromal cells (HESC cells), also exposed to 10 uM TAM for 48 hr. The primary
genes up-regulated included some involved with biosynthesis of steroids (DHCR?7,
FDPS and MVD), and SREBF?2, a sterol transcription factor. In addition, there was
up-regulation of PPARG, a gene involved in cell proliferation and cancer, and
down-regulation of CCl, a gene with anti-tumor activity. Expression changes of
the most highly altered genes have been confirmed by qRT-PCR, and the microar-
ray data are being subjected to extensive pathway analysis. However, these prelimi-
nary data show induction of different gene expression patterns in normal human
mammary and endometrial cells exposed to TAM, confirming that immune-re-
sponse pathways are induced in the breast, and showing that steroidal and prolifer-
ative pathways are induced in the endometrium.

174  Revealing the Role of Cancer Testes Antigens in Hif
Signaling.

C. Okechukwu!, A. Whitehurst?, J. Wooten? and K. Corcoran?. ! Chemistry and

Pharmaceutical Sciences, North Carolina Central University, Durham, NC;

2Pharmacology, University of North Carolina Chapel Hill, Chapel Hill, NC.

Sponsor: A. Baines.

The hypoxia —inducible factor-1 (HIF-1), is a transcription factor that responds to
changes in oxygen homeostasis. Furthermore, the HIF pathway has been observed
to contribute to tumor aggressiveness. The overexpression of HIF proteins has been
observed to increase malignancy in tumor cells. Identifying the mechanisms that
regulate HIF is essential to developing therapeutic strategies to inhibit its function.
Here, we asked whether any members of the cancer-testes (CT)-antigen (CTA)
family support HIF signaling. We combined an siRNA mediated loss of function
approach with a luciferase reporter fused to a HIF Response Element (HRE) to de-
termine consequences on HIF signaling following individual depletion of 120
CTAs. This screen revealed a subset of CT-antigens that positively support HIF in-
duced transcription. This regulation appears to be at the level of the HIF1a protein
as depletion of a subset of these CTAs, MAGEA3/6 and IGF2BP3 reduced induc-
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tion of HIF1a protein. These findings suggest that CTAs may support stress signal-
ing, particularly under hypoxic conditions and further demonstrate that CTAs may
be playing functional roles in supporting tumor cell survival.

PS 175  Aryl Hydrocarbon Receptor (AhR)-Active Pharmaceuticals
Are Selective AhR Modulators in Triple Negative Breast

Cancer Cell Lines.

U. Jin!, S. Lee' and S. H. Safe'-2. {CEGM, Institute of Biosciences & Technology,
Houston, TX; ?VTPR Texas A&:M University, College Station, TX.

The aryl hydrocarbon receptor (AHR) plays an important role in multiple biologi-
cal processes including regulation of drug-metabolizing enzymes, inflammatory
pathways, immune responses and modulation of tumor cell formation and growth.
Activation of the AHR by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) or the se-
lective AHR modulator 6-methyl-1,3,8-trichlorodibenzofuran (MCDF) inhibited
metastasis/invasion of triple negative MDA-MB-231 breast cancer cells in vitro and
in vivo and identification of other antimetastatic AHR ligands was further investi-
gated among a group of previously identified AHR-active pharmaceuticals.
Treatment of BT474, MDA-MB-468 and MDA-MB-231 breast cancer cells with
4-hydroxytamoxifen, flutamide, leflunomide, mexiletine-HCI, nimodipine,
omeprazole, sulindac, or tranilast gave highly variable results for their AHR agonist
activity which was structure and cell context-dependent. The most striking data
were observed in MDA-MB-468 cells where tranilast exhibited partial AHR ago-
nist/antagonist activities and mexiletine inhibited TCDD-induced CYP1A1 gene
expression and was a full AHR antagonist in this cell line. We also investigated the
potential AHR-mediated inhibition of MDA-MB-231 cancer cell migration and
invasion by this panel of pharmaceuticals using scratch and Boyden Chamber inva-
sion assays. Only omeprazole blocked cell migration and invasion in this cell line
and these responses were inhibited by knockdown of the AHR by RNA interfer-
ence or co-treatment with the AHR antagonists, 3’-methoxy-4’-nitroflavone or 3,4-
methoxy-o -naphthoflavone. These in vitro antimetastatic responses were accom-
panied down-regulation of the prometastatic gene CXCR4, previously been
reported as an AHR ligand-inducible gene. Omeprazole and related benzimidazole
analogs also exhibited anti-invasion activities in vitro suggesting that this AHR-
pharmaceutical class may have clinical importance for treating advanced basal-type
breast cancer that metastasizes to other tissues. (Supported by NIH-R01-CA-
136571).

A Retrospective Analysis of Vehicle-Related Effects on Body
‘Weight Gain and Survival from Two-Year Sprague-Dawley
Rat Carcinogenicity Studies.
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R. Yeager!, C. Papagiannis?>, D. Poage?, R. Pimentel?, T. Henriques!, C. Lin?
and L. Shu?. ' Preclinical Safety Toxicology, Abbott Laboratories, Abbott Park, IL;
2MUPI Research, Inc., Mattawan, MI; > Non-Clinical Statistics, Abbott Laboratories,
Abbott Park, IL.

Depending on the proposed clinical indication, two-year rat carcinogenicity (CA)
studies are conducted in support of the marketing application for new chemical en-
tities (NCEs). The vehicle(s) used to formulate NCEs for the preclinical GLP rat
toxicology studies are often utilized in the CA studies. Therefore, the objective of
this study was to conduct a retrospective analysis of vehicle-related effects on body
weight gain and survival from rat CA studies. The data set consisted of 30 individ-
ual vehicle groups, which included the following vehicles: water, methylcellulose,
ad libitum diet/feed, and a lipid mixture. Survival was analyzed by the proportional
hazard model and body weight gain was analyzed by the Gompertz non-linear
mixed model. For males and females, there was higher variability in survival with
diet compared to other vehicles. In males, there was a marginally significant (p =
0.069) increase in survival with diet compared to water. In addition, there was a sig-
nificant decrease in survival with the lipid mixture vehicle compared to all other ve-
hicles. This significant decrease in survival with the lipid mixture vehicle corre-
sponded with a decrease in body weight gain in this group compared to all other
vehicles. In females, there was a significant increase in survival with methylcellulose
compared to diet; however, there were no other significant differences in survival
among other vehicle groups in females. Moreover, there was not as profound of an
effect on body weight gain in females administered the lipid mixture vehicle, com-
pared to other vehicles, as was observed in males. In conclusion, this analysis
demonstrates that complex vehicle formulations, such as lipid mixtures, may affect
body weight gain and survival on two-year rat carcinogenicity studies.



177  Modifying Effect of Glycidol Fatty Acid Esters on N-Methyl-
N-Nitrosourea Induced Mammary Carcinogenesis in Rats.

Y. Cho!, T. Toyoda!, S. Onami!, Y. Mizuta!, A. Nishikawa? and K. Ogawa!.
! Division of Pathology, NIHS, Tokyo, Japan; *Biological Safety Research Center,
NIHS, Tokyo, Japan.

Glycidol fatty acid esters (GEs), trace contaminants in edible oils which are possibly
formed during refining processes, have recently been detected in vegetable fat-con-
taining products, including infant formulas. The level of GEs was ten times higher
in enzymatically processed diacylglycerol-rich oil than that in the regular cooking
oil containing triacylglycerols as major components. Although there is no toxico-
logical data available yet on the GEs, the primary toxicological concern is based on
the potential release of genotoxic carcinogen, glycidol from the parent esters. In the
present study, to detect the modifying effects of GEs on the mammary gland, one
of the carcinogenic target organs of glycidol, we pretreated 7-week-old SD rats with
N-methyl- N-nitrosourea (50 mg/kg i.p.) and then administered glycidol (800
ppm) or GEs (3600 ppm, glycidol oleate (GO) or glycidol linoleate (GL)) in the
drinking water for 26 weeks. The dose levels being selected on the basis of carcino-
genic dose levels in rat carcinogenicity study of glycidol (37.5 and 75 mg/kg/day)
and on the equal moles of the esters. In body weights, significant decrease was
noted in the glycidol group compared to control group from week 2 through ex-
perimental period due to obvious decrease of water consumption. The calculated
glycidol intake was 43 mg/kg per day and on the assumption that all treated GEs
would be completely metabolized to glycidol, intake of glycidol in GO and GL
groups was 93 and 74 mg/kg per day, respectively. The multiplicity and volume of
histopathologically diagnosed mammary tumors, in particular poorly differentiated
mammary carcinomas were significantly increased in the glycidol group as com-
pared with the control. In the GO group, the multiplicity and volume of mammary
tumors showed a slight tendency to increase, but no change was noted in the GL
group. These results provide evidence of a mammary tumor promoting activity of
glycidol, but not GEs in the present model.

Iy 178

Spontaneous Thymoma Observed in Carcinogenicity Study
of Wistar Han Rats.

C. Maraschiello!, W. Henderson!, H. Iwata®>2, K. Weber!2, S. Gaehle! and
T. Anzai'. Harlan Laboratories, Inc., Indianapolis, IN; ?AnaPath GmbH,
Oberbuchsiten, Switzerland.

Wistar Han rats are an appropriate model for toxicity and carcinogenicity studies in
rodents and spontaneous thymoma is sometimes recorded in carcinogenicity stud-
ies of this strain of rats. The incidence of thymoma in historical control data of
Harlan Laboratories is as follows: benign thymoma 0.64% for males, 2.39% for fe-
males; malignant thymoma 0.50% for males, 0.63% for females. The incidence of
benign thymoma is higher in females with a range of 0% to 17.02% in these data.
Histologically, these tumors commonly appear as solitary lesions with expansive
growth, consisting of a mixture of thymic epithelial cells and lymphocytes with
medullary differentiation. It was not always clear and requires careful consideration
to distinguish between hyperplastic lesions and benign thymoma, and also between
benign and malignant thymoma for many cases. In this report, we introduce typi-
cal hyperplastic lesions, thymoma and also the rarer epithelial cell type thymoma
observed in Wistar Han rats.

179  Mechanisms of Acetyleugenol Nanocapsules on Melanoma
Development: In Vitro andIn Vivo Assays.

C. C. Drewes!, C. G. Bexiga!, L. A. Fiel?, V. F de Paula!, A. R. Pohlmann?3,

S.S. Guterres® and S. P. Farsky'. Department of Clinical and Toxicological Analyses,

Universidade de Sio Paulo, Sao Paulo, Brazil; ?Department of Pharmacy, UFRGS,

Porto Alegre, Brazil; > Department of Organic Chemistry, UFRGS, Porto Alegre,

Brazil. Sponsor: S. Barros.

Eugenol displays antiproliferative and pro-apoptotic activities in different types of
cancer cells, although effects of Acetyleugenol (AC) and Acetyleugenol
Nanocapsules (NCAC) have not been elucidated. Here the role of NCAC on in
vivo melanoma model and their actions on in vitro melanoma and endothelial cell
cultures were investigated. Murine melanoma cells (BI6F10, 8X105/100uL) were
s.c. injected in the dorsal region of C57BL6 mice. Animals were i.p. or p.o. treated
with Saline, AC, NCAC (50 mg/kg/day) or with their respective controls during 7
days. In vitro human endothelial cells (HUVEC) and melanoma cells (SK-Mel-28)
were incubated with RPMI, DMSO, NC, AC or NCAC. Cell viability, nitric oxide
(NO), clonogenic survival and cell adherence were monitored. Only NCAC

(100uM and 300uM), treatment reduced the endothelial and melanoma cell via-
bility. NC and NCAC (60uM) treatments reduced the clonogenic survival only in
melanoma cells and AC (30 and 60uM) treatment reduced clonogenic survival in
both endothelial and melanoma cells. AC and NCAC (60uM) treatments inhibited
endothelial and melanoma cells adherence. Both NC and NCAC (10, 30 and
60uM), but not AC, treatments increases the NO production by endothelial and
melanoma cells. I.p. injection of NC or NCAC reduced melanoma growth, never-
theless they caused loss of weight, due to lower food intake and reduced the num-
ber of platelets. These in vivo toxic effects may be caused by accumulation of NC or
NCAC in the peritoneum. P.o administration of NC or NCAC reduced melanoma
growth more than AC, and NC, AC or NCAC treatments decreased the number of
circulating leukocytes. Together, data obtained show that i.p route is not feasible to
NC treatments, and the efficiency of NCs on tumor cell growth detected by p.o.
may be due to their higher activity on clonogenic survival and adherence of
melanoma cells.

PS 180  Natural Compounds As Chemopreventive Agents for the
Inhibition of Protein Targets Involved in Cancer Induced by
UV Radiation.

W. Maldonado-Rojas, M. Ojeda-Cuello and ]. Olivero-Verbel. Environmental
and Computational Chemistry Group Pharmaceutical Sciences, University of
Cartagena, Cartagena, Colombia.

Skin cancer is one of the most common worldwide, with an increasing incidence in
recent years. This disease is mainly caused by excessive exposure to solar ultraviolet
(UV) radiation. Currently, there is a high demand for natural chemopreventive
compounds that may work on the biochemical mechanisms involved in the devel-
opment of the disease. In this study, in silico molecular protein-ligand docking was
performed with Autodock Vina to assess the interaction of 44 natural bioactive
compounds with protein kinases (ERK/1TVO, p38/2YIX, and JNK/2ZDT) and
cyclooxygenase-2 (3LN1), widely recognized protein targets in the signaling cas-
cades of skin tumor formation induced by UV radiation. The results showed these
compounds presented theoretical binding affinity scores of similar magnitude to
those recorded for known inhibitors of these proteins. The best binding affinity val-
ues were registered for cyaniding-3-rutinoside docked to ERK and JNK (-10.30.1
kcal/mol), and to cyclooxygenase-2 (9.7+0.1 kcal/mol). In the case of p38, the
greatest affinity was found for epigallocatechin-3-gallate (-9.2+0.0 kcal/mol). The
affinities obtained for the inhibitors of 1TVO, 2YIX, 2ZDT and 3LN1 were -
9.4+0.0 (FR-180204), -7.0+0.0 (CE-159167), -7.3+0.0 (C46), and -10.3+0.0
kcal/mol (celecoxib), respectively. These theoretical results are good indicators that
natural bioactive compounds may work as potential chemopreventive agents
against skin cancer induced by UV exposure, probably by a mechanism involving
their direct binding on key protein targets associated with the disease. Vice-Rectory
for Research. UniCartagena. 2011-2012. Colciencias-UniCartagena, Colombia:
Grants 110745921616 (2009) and 110751929058 (2010).

[l 181  Genetic Polymorphism of Human Microsomal Epoxide
Hydrolase As a Determinant of Polyaromatic Hydrocarbon

Metabolism and Toxicity.

X. Cai!, W. D. Hedrich!, E. M. Laurenzana', B. E. Sell', K. John!,

A. K. Sharma?, S. G. Amin? and C. ]J. Omiecinski'. ! Center for Molecular
Toxicology and Carcinogenesis, The Pennsylvania State University, University Park,
PA; ?Department of Pharmacology, Hershey College of Medicine, Hershey, PA.

Microsomal epoxide hydrolase (mEH, EPHX1) is a key catalytic determinant in
the formation of diol-epoxide metabolites of certain polyaromatic hydrocarbons
(PAHs), noted as potent and ultimate mutagenic moieties. Epidemiological associ-
ations between EPHX1 genetic status and the incidence of certain diseases, includ-
ing lung cancer, have been reported, yet the mechanistic bases for these associations
remain unclear. Further, PAH diol-epoxides have never been evaluated as substrates
for human EPXH]1. Using enzymatic analyses, we evaluated substrate selectivity of
the most common mEH genetic variants in the hydrolysis of planar vs. the highly
tumorigenic non-planar fjord region PAH epoxides, together with their respective
abilities to metabolize bay region and fjord region PAH diol-epoxide intermediates.
Among the mEH variants, Y113/H139 wild type allele displayed highest capacity
for hydrolysis of the bay region benzo[a]pyrene (BaP)-4,5-epoxide. The
H113/H139 variant exhibited lowest affinity for the bioactivation of the fjord re-
gion dibenzo[a]pyrene-8,9-epoxide (-11-fold higher Km vs. wild type).
Surprisingly, all of the human mEH variant enzymes were capable of hydrolyzing
the bay region BaP-7,8-diol-9,10-epoxide, although displaying differential activity
toward the fjord region dibenzola,l]pyrene-11,12-diol-13,14-epoxides. Results
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from Comet assays and in situ DNA damage assays conducted in COS1 cells trans-
fected with the mEH variants and treated with the corresponding epoxides gener-
ally corroborated the enzymatic activity data. Overall, these findings demonstrate
marked substrate selectivity among the mEH variants with respect to PAH epoxide
metabolism and provide mechanistic support for published epidemiology data sug-
gesting that the H113 mEH allele is associated with a reduced risk of lung cancer.

182

Cotinine Levels and Gene Polymorphisms in Asthmatic
Children Exposed to Tobacco Smoke in Northern Mexico.

A. Albores!, B.S. Barron-Vivanco® 2, V. M. Davila-Borja?, E. Judrez-Pérez?,

A. E. Rojas-Garcfa?, C. Lépez-Campos?, B. Mufioz’ and I. Poblete-Naredo'.
Toxicology, Cinvestav, Mexico City, Mexico; ?Laboratorio de Contaminacén y
Toxicologia Ambiental, UAN, Tepic, Mexico; 3Laboratorio de Toxicologia Genetica,
Instituto Nacional de Pediatria, Mexico City, Mexico; *Departamento de Pediatria,
UMAE 71, IMSS, Torreon, Mexico; °Escuela de Ciencias de la Vida, ITESM-Ciudad
de Mexico, Mexico City, Mexico.

Tobacco smoke (TS) represents a serious health threat to consumers and passively
exposed individuals. However, passive exposure receives much less attention than
smokers. In addition, more than 700 million children worldwide are passively ex-
posed to TS, meaning an increased risk to develop tobacco related diseases later in
life; among them children with respiratory impairments, like asthmatics, are a par-
ticularly vulnerable group since the lung is the main route of TS entrance. Asthma
is a multifactorial disease and the environment quality is a relevant etiology factor.
We investigated children exposure to tobacco smoke in an asthmatic population
(n=100 individuals; 6.98 = 0.85 years), and non-asthmatic children (n=100, 7.1 =
0.82 years) living in Regién Lagunera, Northern Mexico. There was a statistically
significant difference in urinary cotinine between the exposed and non-exposed
groups. Urinary cotinine levels showed a small positive correlation between chil-
dren and smoking adults (r= 0.1205 and p= 0.244). Although, cotinine levels were
higher in asthmatic children compared to non-asthmatic, such difference was not
statistically significant. In addition, no association between cotinine levels and
asthma severity was observed in this study. As for the allelic frequencies of GSTT1
null and CYP2A6*2 (1799 T-A) polymorphisms, were significantly different com-
paring TS exposed asthmatic and non-asthmatic children. This study suggests chil-
dren response to passive TS exposure may be affected by asthma and GSTT1 or
CYP2A6 polymorphisms (Supported by the grant SEP-Conacyt (60463) and a
BBV scholarship (Conacyt-6544).

PS 183  Identification of Genomic Regions Linked to
Epigallochatechin Gallate Induced Liver Toxicity Using the

Diversity Outbred Stock.

R.]J. Church!, D. M. Gatti?, J. Eaddy!, R B. Watkins', D. Threadgill®> and

A. H. Harrill'. !The Hamner-UNC Institute for Drug Safety Sciences, The Hamner
Institutes, Research Triangle Park, NC; 2The Jackson Laboratories, Bar Harbor, ME;
3North Carolina State University, Raleigh, NC.

Epigallochatechin gallate (EGCG), an abundant polyphenol in green tea, has
caused idiosyncratic liver toxicity when taken as an herbal supplement. The identi-
fication of genetic risk factors utilizing mouse population-based approaches, and
validated in patient cohorts, could improve clinical management of EGCG-in-
duced liver injury. In order to map genomic loci related to EGCG induced hepato-
toxicity, we utilized the Diversity Outbred (DO) stock. DO mice are derived from
eight inbred founder strains and have high genetic diversity, enabling high resolu-
tion mapping in this population. We hypothesized that Quantitative Trait Locus
(QTL) mapping in DO mice exposed to EGCG would allow us to identify candi-
date genomic regions influencing the hepatotoxicity of EGCG. Male DO mice
were treated once daily, for 3 days, with EGCG (50 mg/kg i.g.) or vehicle. Twenty
four hours after the final dose, animals were sacrificed and serum and liver tissue
were collected. Similar to humans, EGCG treatment in DO mice precipitates wide
variation in hepatotoxic response. In treated animals, serum alanine aminotrans-
ferase (ALT) fold changes (terminal compared to pre-dose) ranged from 0.46-495.5
(mean: 24.8 = 65.4) and percent liver necrosis ranged from 0-86.8% (mean: 6.3 =
14.1). QTL mapping in treated animals identified two suggestive loci— one on
chromosome 12 and one on chromosome X. In a follow-up study, we will genotype
suspected risk alleles in DNA collected by the Drug Induced Livery Injury Network
(DILIN) from patients with suspected EGCG-induced liver toxicity. We have
demonstrated the first application of the DO mice to the detection of xenobiotic
risk alleles of toxicity responses. While further validation is needed, our data suggest
that QTL mapping in DO mice may aid in identification of pharmacogenetic risk
alleles for compounds causing liver injury.
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Pharmaco-Genomics and -Genetics of 5-Fluorouracil in
Koreans.

184

M. Yang and M. Bae. Sookmyung Women’s University, Seoul, Republic of Korea.

Genetic polymorphisms of several enzymes such as dehydropyrimidine degydroge-
nase (DPYD), methyltetrahydrofolate reductase (MTHFR) and thymidylate syn-
thase (TS) have been emphasized for pharmaco-genomics and -genetics of 5-FU,
which has been used for half century as a representative therapy for various cancers,
however, shown individual variations in its various toxicities including life-threat-
ening toxicity. Focusing on the three genes, we performed a pharmaco-genomic and
-genetic study of 5-FU in a Korean population. Most of genotypes and gene ex-
pression were analyzed with 7500 Realtime PCR System (ABI). As results, we
found genetic polymorphisms in DPYD-85, -1627, and -1896 sites, 5-ER, and 3’-
UTR at TS, and MTHFR-222, and -429 sites among the Korean subjects (N=133;
normal, N=105; head and neck patients, N=28). There was a significant association
between 3’-UTR genetic polymorphism at TS and its genetic expression (p<0.05).
From 5-FU pharmacokinetic (PK) analyses, each genotype did not show any effect
on PK parameters. However, the combination of genetic polymorphisms in
MTHEFR -222T/C, DPYD- 1896T/C and 3’-UTR at TS showed significant differ-
ences in AUC of 5-FU and 5-FU/5-FUH2 ratios (p<0.01). Therefore, this study
provides association between TS expression and its 3’-UTR polymorphism.
Moreover, combination of the three genetic polymorphisms of the three genes can
affect PK of 5-FU in Koreans.

PS 185  PONI Genotypes of Black Females from the Mississippi
Delta Are Different from Those in the Rest of the State and
Country.

M. Dail, P Eden, C. McDaniel, E. C. Meck and ]. E. Chambers. Center for
Environmental Health Sciences, Mississippi State University, Mississippi State, MS.

Paraoxonase (PON1) is named for its ability to hydrolyze paraoxon, the active
metabolite of the insecticide parathion. It is implicated in cardiovascular and meta-
bolic diseases, such as Type 2 diabetes as well as tolerance of organophosphate in-
secticides. The human PONI1 gene has several single nucleotide polymorphisms
(SNPs). The SNP of an arginine (R) to glutamine (Q) substitution at codon 192 is
associated with catalytic efficiency while the SNP of a methionine (M) to leucine
(L) substitution at codon 55 is linked with serum levels. Since the Mississippi Delta
has the highest rate of metabolic disease in the country, and a historically high use
of pesticides, we compared the PON1 genotypes of black female Mississippi Delta
clinic patients to those of black females from northeastern Mississippi and military
populations. Genomic DNA was isolated from whole blood and the SNP codon
areas were amplified by PCR. Since there is a native Alw I restriction site at codon
192, the QQ, RR, and QR SNPs yield different digest patterns. A native NlallI re-
striction site at codon 55 generates different digest patterns for the LL, MM, and
LM allozymes. Genotypic frequencies were different for the Q192R SNP. QR was
most frequent in the military (45%) and northeastern Mississippians (50%), but
RR was most frequent in the Delta group (54%). Similarly, the most common
combination of polymorphisms was QRLL in the military (24%) and northeastern
Mississippi groups (36%), but in the Delta group it was RRLL (48%). Using
Fisher’s exact test to analyze genotypic frequencies, the largest differences were be-
tween the Delta and military groups with Q192R P=0.0024 and L55M
P=0.000176. When all three groups were compared, Q192R ratios were signifi-
cantly different at P=0.00007 and L55M ratios at P= 0.00001. The significant dif-
ferences seen in the Delta population may be associated with the region’s health dis-
parities.

In Vitro Toxicogenomic Screen Developed Using Genetically-
Diverse Mouse Inbred Cell Lines: Developing In Vivo
Validations.

186

T. Wiltshire!, O. Suzuki!, B. B. Parks?, O.Trask?, C. Benton!, A. Frick!,

N. Butz!, E. Chan!, E. Healy? and R. S. Thomas'. /Eshelman School of Pharmacy,
University of North Carolina ar Chapel Hill, Chapel Hill, NC; 2The Hamner
Institute for Health Sciences, Durham, NC.

Cell-based assays provide unprecedented means to globally and systematically
screen for drugs and chemicals likely to display high inter subject toxicity variabil-
ity. Genetic determinants of toxicity identified in these screens can guide clinical
trial design or identify susceptible subpopulations. Here, we developed an innova-
tive in vitro genetic screen using mouse embryonic fibroblast (MEFs) cells isolated
from 32 inbred strains and screened them against 69 different drugs and chemicals.
Using high-content imaging, we measured multiplexed cell health parameters, in-
cluding cell loss, mitochondrial membrane potential, and cytochrome c release at



24 and 72 hours post treatment. We looked for genetic loci significantly linked to
inter-strain cellular responses to treatment and found a 1.2 Mb locus on Chr X that
was significantly linked to variable cytotoxic responses to a known mitochondrial
toxicant, rotenone (-logP >4.0). Within this putative locus is cytochrome b-245,
beta polypeptide (Cybb) gene, which encodes for a voltage-gated H(+) channel that
mediates pH in the mitochondria. We conducted a series of experiments to exam-
ine the role of Cybb in mediating toxic responses to rotenone in vivo, given that
mitochondrial dysfunction has been shown to underlie idiosyncratic adverse drug
reactions. We found that strains belonging to different Cybb haplotypes scored dif-
ferently in the treadmill exercise stress test for acrobic endurance after chronic treat-
ment with rotenone. Our study demonstrates that cell-based genetic assays using
MEFs are an effective tool for identifying genes underlying drug and chemical tox-
icity. Importantly, mouse strains that exhibit differential in vitro sensitivity, from a
cell-based screen, also display a differential in vivo phenotype. This in vitro-to-in
vivo validation is difficult, but a fundamental step toward recognition of cell-based
toxicity screens.

N 187

P-Glycoprotein Transport in the Disposition of
Neurotoxicants.

S. Lacher, K. Skagen, R. Dalton, E Cardozo-Pelaez and E. Woodahl.
CEHS/BMED, The University of Montana, Missoula, M1

Background: P-glycoprotein (P-gp), encoded by the ABCBI (or MDRI) gene, is an
efflux xenobiotic transporter expressed in many tissues important in xenobiotic dis-
position. P-gp is highly expressed at the blood-brain-barrier and protects the brain
from substances circulating in the blood. Although the importance of P-gp in drug
disposition is clear, its role in disposition of environmental neurotoxicants is not
well understood. Our goal is to investigate the role of P-glycoprotein in neurotoxi-
cant accumulation in the brain, particularly pesticides that have been associated
with Parkinson’s disease such as rotenone, maneb, paraquat, and MPP+. Methods:
We used polarized kidney epithelial control cells, LLC-PK1, and ABCBI-trans-
fected cells, LLC-MDRI, to characterize pesticides as substrates or inhibitors of P-
gp using flow cytometry, cytotoxicity, and transepithelial permeability assays. P-gp-
stimulated ATPase activity was also measured to evaluate compounds as P-gp
substrates in a membrane-based system. Results: We observed weak inhibition of
rhodamine-123 (R123) efflux in ABCBI-expressing cells by flow cytometry in the
presence of 100 uM rotenone or maneb, 16.2 = 1.53 and 11.6 = 4.53%, respec-
tively. Paraquat and MPP+ showed no R123 inhibition. ATPase assays showed that
rotenone is a P-gp substrate with a Km = 26.7 £ 12.9 uM and Vmax = 35.8 £ 6.5
nmol Pi/mg protein/min. This compares to the known P-gp substrate verapamil
with kinetic constants of Km = 8.22 = 3.79 uM and Vmax = 42.9 = 5.5 nmol
Pi/mg protein/min. Paraquat, maneb, and MPP+ showed no ATPase stimulation.
Conclusions: In combination these data suggest that rotenone acts both as a sub-
strate and a weak inhibitor of P-gp, whereas maneb acts only as a weak inhibitor.
MPP+ and paraquat are neither substrates nor inhibitors of P-gp. We will further
confirm these results using cytotoxicity and transepithelial permeability studies.
Our studies will provide data to show the role of P-gp in the disposition of pesti-
cides associated with Parkinson’s disease.

7y 188  Polymorphic Enzymes, Urinary Bladder Cancer Risk, and

Structural Change in the Local Industry.

K. Golka!, D. Ovsiannikov?, S. Selinski!, M. Lehmann!, M. Blaszkewicz!,

O. Moormann?, M. W. Haenel® and J. G. Hengstler!. /Leibniz Research Centre for
Working Environment and Human Factors, Dortmund, Germany; 2Department of
Urology, St.-Josefs-Hospital Dortmund-Horde, Dortmund, Germany; >Max-Planctk-
Institut fiir Kohlenforschung, Miilheim an der Rubr, Germany.

In the 1990s, the highest percentage of glutathione S-transferase M1 (GSTM1)
negative urinary bladder cancer cases (70%) ever reported was observed in the
greater Dortmund area. The question arose whether this uncommonly high per-
centage of GSTMI negative urinary bladder cancer cases was due to environmental
and/or occupational exposure decades ago. Thus, 15 years later, another study on
urinary bladder cancer was performed in the same area after the coal, iron and steel
industries had finally closed in the 1990s. In total 196 bladder cancer patients from
alocal department of urology and 235 controls with benign urological diseases were
investigated by a questionnaire and genotyped for GSTM1, GSTT1 and the N-
acetyltransferase 2 (NAT2) tag SNP rs1495741. The frequency of the GSTM1 neg-
ative genotype was 52% in bladder cancer cases and in the controls as well and thus
much lower, compared to a previous study performed from 1992-95 in the same
area (70%). NAT2 genotypes were distributed equally among cases and controls
(63% slow acetylators). Less GSTT1 negative genotypes were present in cases

(17%) than in controls (20%). The normal frequency of the GSTM1 negative
genotype in bladder cancer cases in the present study supports the assumption that
the highly increased percentage of GSTMI negative bladder cancer patients ob-
served in the preceding study may be related to past occupational and environmen-
tal exposures decades ago.

PS 189  CTNNA3 (a-Catenin) Gene Variants Are Associated with

Diisocyanate Asthma in Occupationally-Exposed Workers.

B. Yucesoy!, M. L. Kashon!, Z. L. Lummus?, V.]. Johnson?, K. L. Fluharty',
D. Gautrin?, J. Malo%, A. Cartier?, D. R. Germolec®>, M. 1. Luster! and

D. 1. Bernstein?. ! Health Effects Laboratory Division, CDC/NIOSH, Morgantown,
WV; 2Division of Immunology, Allergy and Rheumarology, University of Cincinnati,
Cincinnati, OH; >BRT-Burleson Research Technologies, Morrisville, NC; *Hépital du
Sacré-Coeur de Montréal, Université de Montréal, Montréal, QC, Canada;

5 Toxicology Branch, DNTP/NIEHS, Research Triangle Park, NC.

A genome-wide association study conducted recently in Korean subjects identified
three CTNNA3 (alpha-T catenin) single nucleotide polymorphisms (SNPs)
(rs10762058, rs7088181, and rs4378283) associated with diisocyanate induced oc-
cupational asthma (DA). We conducted a candidate gene association study to repli-
cate these findings in Caucasian workers. Genotyping was performed on genomic
DNA, using a 5’ nuclease PCR assay. Genotyping of these SNPs was performed in
410 diisocyanate-exposed and predominantly Canadian workers including: 132
workers with DA confirmed by a specific inhalation challenge (DA+); 131 sympto-
matic workers in whom DA was excluded by a negative challenge (DA-); and 147
HDI-exposed asymptomatic workers (AWs). CTNNA3 157088181 and
rs10762058 SNPs were significantly associated with DA+ when compared to AWs
(p=0.05) but not in comparison to DA- workers. After adjusting for potentially
confounding variables of age, smoking status and duration of exposure, minor allele
homozygotes of rs7088181 and rs10762058 SNPs were at increased risk for DA
compared with AWs [OR= 9.05 (95% CI:1.69, 48.54) and OR = 6.82 (95%
CI:1.65, 28.24), respectively]. In conclusion, we replicated association between two
closely linked CTNNA3 gene SNPs and DA in Caucasian workers. These findings
suggest that genetically altered expression of CTNNA3 might influence cellular ad-
herence and epithelial barrier function in the airways and play a role in the patho-
genesis of DA.

This work was supported in part by an NIEHS IAG (Y1-ES-0001) and
NIOSH/CDC R01 OH 008795.

PS 190  Prevalence and Functional Characterization of the NADH
Cytochrome &, Reductase IIM*6C>T Intronic Variant.

K. L. Blanke'2, ]J. Sacco! and L. Trepanier!:2. ! Department of Medical Sciences,
School of Veterinary Medicine, University of Wisconsin - Madison, Madison, WI;
2Molecular & Environmental Toxicology Center, University of Wisconsin - Madison,
Madison, WI.

Women exposed to cigarette smoke may have an increased risk of breast cancer, al-
though this is controversial. In addition, African American, but not Caucasian,
women showed an association with smoking and breast cancer in the Carolina
Breast Cancer Study (CBCS) population. We hypothesized that this could be due
to race-associated genetic variability in the pathways that detoxify tobacco carcino-
gens such as 4-aminobiphenyl (4-ABP) and 2-amino-1-methyl-6-phenylimidazo
[4,5-6] pyridine (PhIP). Both are mammary procarcinogens that are bioactivated to
hydroxylamine metabolites, which form DNA adducts and are thought to initiate
cancer. Cytochrome &, (CYB5A) and NADH cytochrome b, reductase (CYB5R3)
comprise a detoxification pathway that reduces 4-ABP and PhIP hydroxylamine
metabolites back to their parent compounds. The purpose of this study was to de-
termine whether CYB54 and CYB5R3 polymorphisms were over-represented in
African American women in the CBCS, and to evaluate their role in the association
with smoking and breast cancer risk. Several CYB54 and CYB5R3 single nucleotide
polymorphisms (SNPs) were more prevalent in African Americans than in non-
African Americans in the CBCS population. One intronic SNP in CYB5R3,
I1M+6C>T, previously found in tissue samples with low b5 reductase protein ex-
pression, was found with a minor allele frequency that was 100-fold higher in
African American subjects (MAF = 0.0428, P < 0.0001). Among smokers, this vari-
ant was significantly over-represented in African American women with breast can-
cer compared to same-race controls (OR 2.10, 95% CI, 1.08-4.06). The
IIM+6C>T CYB5R3 variant is being functionally characterized for promoter and
repressor function using a dual-luciferase reporter assay. These studies suggest that
the IIM+6C>T intronic variant in CYB5R3 may increase the risk of breast cancer
among African American women that smoke.
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Influence of Genetics on Paraoxonase 1 Activity in
Monozygotic and Dizygotic Twins.

L. Podolefsky!, K. M. Kelly?, J. C. Murray?, T.]J. Raife* and G. Ludewig" 2.

! Grad Program in Human Toxicology, University of lowa, lowa City, 1A;
2Occupational and Environmental Health, University of Iowa, lowa City, IA;

3 Pediatrics, University of lowa, lowa City, IA; *Pathology, University of lowa, lowa
City, IA.

Paraoxonase 1 (PON1) is an important HDL-associated endogenous antioxidant
found to play a major role in susceptibility to health effects from pesticides and ox-
idative stress. A number of gene polymorphisms influence both protein concentra-
tion and substrate specificity, as do certain lifestyle factors. However, reports about
the influence of PON1 genetics have varied widely in the literature. The goal of this
study was to examine the influence of genes and health data in a group of monozy-
gotic and dizygotic twins to better understand the effect of genetics on PON1 ac-
tivity levels. DNA, serum, and standard blood donation information was obtained
from 6 sets of dizygotic twins and 13 sets of monozygotic twins. DNA was geno-
typed for polymorphisms within PON1, PON2, C-reactive protein (CRP), and
tumor necrosis factor (TNF). PONI activity was determined using phenyl acetate
(PA) and CMPA [4-(Chloromethyl)phenyl acetate] as substrates, and genotyping
was performed using the TagMan-Applied Biosystems 7900 HT System. Using a
general linear model, PON1 Q192R, L55M and C-108T were significantly associ-
ated with both PA and CMPA activity, with CMPA activity showing a stronger as-
sociation with genetic variants. PON2 $311C was significantly associated with PA
activity, but not CMPA. Activity for either substrate was not found to be associated
with CRP or TNF polymorphisms. BMI was found to significantly correlate with
CMPA activity, but not PA activity (correlation = -.34), while gender did not corre-
late with either substrate. Pair-wise analysis of all twins with identical PON geno-
types showed no difference in PON activity variance between siblings, regardless of
zygosity. Though other shared or variant genetic and lifestyle factors may influence
PONT1 activity, the findings in this twin population suggest a strong link between
PON activity and specific PON polymorphisms.

PS 192 Contribution of Environmental and Genetic Factors to
S
Pancreatic Cancer.

S. Chittdboyina, A. A. Bond, L. M. Kamendulis and B. A. Hocevar.
Environmental Health, Indiana University School of Public Health, Bloomington, IN.

Pancreatic cancer is the fourth leading cause of cancer deaths in the United States
with a five year survival rate of less than 6%. Several environmental risk factors have
been identified for pancreatic cancer, including dietary factors. In particular, high
dietary intake of folate has been associated with a decreased incidence of pancreatic
cancer, while low plasma folate levels are associated with an increased cancer risk. In
conjunction with diet and lifestyle determinants, an individual’s folate pathway sta-
tus is determined by their genetic makeup. In the present study, we determined the
expression of selected SNPs in the folate metabolic pathway in a cohort of pancre-
atic cancer patients and healthy related and unrelated control groups. In agreement
with other cancer studies, we show that cancer cases were more likely to express the
TT allele of the methylene tetrahydrofolate reductase (MTHFR) C677T polymor-
phism compared to controls. Expression of this allele has been associated with low
folate levels and elevated homocysteine (Hcy) levels. In support of this, we found
that pancreatic cancer patients display elevated serum Hcy levels in comparison to
both control groups. In addition, 48% of the pancreatic cancer patients exhibited
hyperhomocysteinemia, as defined by a value >15 uM/L, (range 11.15 - 26.17
uM/L), while no subjects in either control group exhibited hyperhomocysteinemia.
In addition, we found that SNPs in betaine hydroxymethyltransferase (BHMT; rs
3733890) and serine hydroxymethyl transferase (SHMT; rs 1979277) exhibited
significantly different distributions between the case and control groups (p < 0.05).
While a clear association was not seen between cancer risk and alcohol or smoking
use in our population, self reported environmental exposure data suggested an asso-
ciation between pancreatic cancer and exposure to welding fumes. These findings
underlie the necessity to investigate further the interaction between environmental
exposures and genetic factors which could provide further insight into the etiology
of pancreatic cancer.

I 193  The Impact of CYP2S1 Single Nucleotide Polymorphisms on
the Metabolic Activation of the Anticancer Prodrug, AQ4N.

N. Bajaj, N. M. Singh and A. M. Rowland. Chemistry and Biochemistry, NMSU,
Las Cruces, NM.

Cytochrome P450 251 (CYP2S1) is one of the most recent additions to the P450

superfamily of enzymes. Although its physiological role has not yet been defined, it
has been shown to influence metabolism of bioactive lipids, including

40 SOT 2013 AnNuAL MEETING

prostaglandins and retinoids. CYP2S1 is predominantly expressed in extra-hepatic
epithelial cells. Its expression is elevated in cancer and catalyzes the metabolic acti-
vation of the anticancer prodrug, AQ4N, under hypoxic conditions. Interestingly
our lab has also demonstrated that increased CYP2S1 expression may protect
against AQ4 cytotoxicity under normoxic (21% O2) conditions. The main objec-
tive of this study is to determine whether individual variability in the CYP2S1 en-
zyme alters sensitivity of human lung cells to AQ4N and AQ4-mediated cytotoxic-
ity. Five published CYP2S1 allelic variants have been published: CYP2S1*2
(R380C), CYP2S1*3 (P466L), CYP2S1*4 (S61N), CYP2S1*5 (L230R).
According to the NCBI database, two additional non-synonymous variants have
been identified in cancer (A205T and L189F) and L189F is restricted to African
American populations. We generate each of the polymorphisms in a CYP2S1-Flag
mammalian expression vector, using site directed mutagenesis. Thus far, two stable
lines (S61N and L189F) in bronchial epithelial cells (BEAS-2B) and four stable
(S61N, R166H, A205T, and P466L) alveolar carcinoma cell lines (A549) have
been made. Examination of AQ4N and AQ4 cytotoxicity in BEAS-2B cells re-
vealed that both mutants (S61N and L189F) exhibit significantly increased cyto-
toxicity in response to AQ4N compared with wild type CYP2S1-Flag and
pcDNA3.1 controls. Interestingly, the S61N polymorphism was significantly more
sensitive to AQ4 than any of the other cell lines. This effect appears to be selective
because cytotoxicity is not altered in response to a similar topoisomerase II in-
hibitor, mitoxantrone. We are currently testing the effects of these polymorphisms
on AQ4N and AQ4 levels, using HPLC. Research funded by NIH NIGMS Grant
#R25GM061222.

194  The Remarkable Genotoxic Effect of Exposure to Ethyl
Tertiary Butyl Ether in ALDH2 Knockout Mice.

R. Wang, Z. Weng, K. Ohtani, M. Suda, Y. Yanagiba and T. Suzuki. Jzpan

National Institute of Occupational Safety and Health, Kawasaki, Japan.

Ethyl Tertiary Butyl Ether (ETBE) is used in gasoline for vehicles as a biofuel.
ETBE exposure induced liver damage and other health effects only at high concen-
trations in our previous studies, and its No Observed Adverse Effect Level
(NOAEL) was calculated to be 500 ppm. However, in mice without ALDH2 en-
zyme activity, ETBE could induce DNA damage even at the NOAEL. To find out
how low concentration at which ETBE shows its genotoxic effect, we did the expo-
sure experiment with mice at low range of ETBE concentrations. METHODS:
Male Aldh2-/- (KO), Aldh2+/- (HT) as well as C57BL/6 strain (WT), at 8 weeks
old were exposed to ETBE at 0, 50, 200 and 500 ppm, 6 hr/day and 5 days/week,
for 9 weeks. Blood, liver, epididymides were sampled 20 hr after the last exposure,
and DNA damages were analyzed with comet assay in these tissues. RESULTS: The
tail intensity (TI) was used to evaluate the degree of DNA damage. In the leuko-
cytes of WT mice, the T value was not affected in any exposure group as compared
to the control. However, the TT was significantly increased in 200 and 500 ppm
groups of KO mice. Similar results were also obtained in HT mice, but there was
no difference between the two types of mice. In liver cells and sperm, ETBE also in-
duced DNA damage, but this effect was only observed in KO and HT mice as in
the leukocytes. The NOAEL was 50 ppm in these types of mice. These results sug-
gest that ALDH2 deficiency may increase the susceptibility to the health effect of
ETBE exposure. We thank Ms. S. Watanabe for her assistance in the manipulation
of the animals.

PS 195  MGMT Haplotypes Alter MGMT Expression and Can Thus

Affect Response to Alkylating Agents.

M. Xu, 1. Nekhayeva, C. E. Cross, C. M. Rondelli and S. Z. Abdel-Rahman.
OB/Gyn, UTMB, Galveston, TX.

Glioblastoma (GB) is rapidly fatal. However, treatment with temozolomide (TMZ)
and radiation is beneficial, but only for some patients. TMZ alkylates tumor DNA
to form O6-alkylguanine (O6-AG) DNA adducts, inducing apoptosis. Because
O6-AG is repaired by O6-methylguanine-DNA methyltransferase (MGMT), levels
of MGMT are critical in determining tumor response to TMZ. Single nucleotide
polymorphisms (SNPs) in the promoter/enhancer (P/E) region of the MGMT gene
can alter its transcription and thus alter MGMT protein levels. Genetic variants are
not arrayed as individual SNPs but as combinations forming specific “haplotypes”.
To date, no studies have determined the haplotypes structure of the P/E region of
MGMT or their effect on its transcription. We sequenced 104 DNA samples from
healthy individuals and identified 8 SNPS in this region (7/Y, 135/K, 290 /R,
485/M, 575/M, 666/R, 777/M and 1099/Y). Using bioinformatics, we inferred
the haplotypes encompassing these SNPs. We identified 21 potential haplotypes
ranging in frequency from 0.39 to 0.00005, of which 10 were identified in our
sample population as 20 paired haplotype combinations. We hypothesized that
these haplotypes alter the regulation of MGMT transcription. Luciferase-reporter
constructs containing different MGMT haplotypes were transfected into a GB cell



line and the effects of the haplotypes on MGMT transcription were determined
using a Dual-Luciferase Reporter Assay. Compared with the most common (refer-
ence) haplotype, haplotypes 7 and 18 induced a significant 60% and 65% reduc-
tion in expression, respectively (P<0.001). However, haplotype 11 significantly in-
creased expression by 70% (P<0.001). These data indicate that MGMT haplotypes
regulate MGMT transcription and thus could play a major role in tumor response
to TMZ treatment. Work is in progress to define the underlying mechanisms and
to develop sensitive and specific markers that can distinguish those patients who
would most be likely responsive to chemotherapy from those who would not (sup-

ported by P30 ES006676; T32-07454; 1 R03 NS065392-01 grants).

Associations between Genetic Polymorphisms of the Genes
Mediating Inflammatory Response and Acute Pancreatitis
Risk.

196

B. Alpertunga and G. Ozhan. Pharmaceutical Toxicology, Istanbul University,
Faculty of Pharmacy, Istanbul, Turkey.

Acute pancreatitis is a common inflammatory disease. The reported incidence is ap-
proximately 30 to 40 per 100.000 population per year and 25% will develop severe
or life-threatening complications. Inflammation is typified by the activation of im-
munocytes such as monocytes and macrophages, and the secretion of inflammatory
mediators such as nitric oxide, prostaglandin E2, and tumour necrosis factor-o
(TNF-a). Nitric oxide is especially controlled by the inducible nitric oxide syn-
thases (iNOS). Prostaglandin E2 is produced from arachidonic acid metabolites by
the catalysis of cyclooxygenase-2 (COX-2). TNF-a, thought to be the first cytokine
released, is a principal mediator of immune responses. Genetic factors may play im-
portant roles in susceptibility to pancreatic injury, as well as in the severity and evo-
lution of the inflammatory process. The aim of our study was to determine if poly-
morphisms in iNOS, COX-2, TNF-a genes were associated with acute
pancreatitis. For that, three INOS (Ser608Leu, 1173C/T, 954G/C), seven COX-2
(rs5275, 152206593, rs4648262, rs4648261, rs2066826, rs5277, rs2745557) and
two TNF-o (308G/A, 238 G/A) variants were determined using polymerase chain
reaction-restriction fragment length polymorphism analysis in patients with acute
pancreatitis and healthy controls. Odds ratios (ORs) and 95% confidence intervals
(CI) were estimated. In conclusion; the association was seen with COX-2 rs5275
(P=0.03); specifically, patients carrying the TT genotype in comparison to patients
carrying the CC genotype had a significantly lower risk of disease (OR=1.88;
95%CI:1.06-3.34). Both SNPs of TNF-o. were not genetic risk factor for acute
pancreatitis susceptibility. It was also found that iNOS Ser608Leu polymorphism
was more frequent among cases with acute pancreatitis compared to controls
(OR=2.88; 95%CI:1.49-5.57; P=0.002). We believe that the findings may be ben-
eficial to the development of efficacious preventive strategies and therapies for in-
flammation-associated diseases.

197  In Vitro Toxicity of Antibacterial Silver Ions Released by Low
Intensity Direct Electric Current (LIDC) Stimulation.
R. A. Shirwaiker"-2, M. E. Samberg?, Z.Tan! and N. A. Monteiro-Riviere> 3. /E.
P, Fitts Department of Industrial and Systems Engineering, North Carolina State
University, Raleigh, NC; ?Joint Department of Biomedical Engineering, University of
North Carolina ar Chapel Hill and North Carolina State University, North Carolina
State University, Raleigh, NC; 3 Nanotechnology Innovation Center of Kansas State,
Kansas State University, Manhattan, KS.

Medical devices related surgical site infections and their treatment are a major cause
of concern in the global healthcare system. The problem is compounded by the
presence of antibiotic-resistant bacteria such as methicillin-resistant Staphylococcus
aureus (MRSA) in healthcare environments, because infections caused by these bac-
teria are difficult to treat with conventional antibiotics. To prevent transmission of
such infections, a prophylactic surface system that provides protracted release of an-
tibacterial silver jons from interdigitated silver electrodes using low intensity direct
electric current (LIDC) stimulation was developed and successfully validated
against four pathogenic bacterial strains including S. awureus, Escherichia coli,
Enterococcus faecalis and Pseudomonas aeruginosa. The objective of this study was to
evaluate the toxicity of the LIDC system to human epidermal keratinocytes (HEK)
and human dermal fibroblasts (HDF) with alamarBlue, using parameters proven to
be antibacterial (28uA at 6V). It was found that 1.5h exposure to the silver ion-re-
leasing surface system was not toxic to HEK or HDEF, which suggests that the ap-
plications of the antibacterial system for surfaces that come into contact with skin
epithelial cells or connective tissue for less than 1.5h are not expected to cause tox-
icity in vivo. The application of this technology is particularly relevant for high con-
tact surface areas in medical devices such as stethoscopes, scalpel handles, endo-
scopes, and forceps that are prone to microbial contamination. In conclusion, the
lack of toxicity in vitro provides support for future in vivo or clinical studies.
(Supported by ArgentumCidalElectrics, Inc.)

[Ty 198  Safety Assessment of Colorants Used in a Short Term Blood
Contacting Medical Device—Challenges in Color Extraction

Testing.

E K. Hsia!, H.J. Beckord!, M. P. Beauchane!, C. J. Anderson?, D. R. Kent?
and E. E. Reverdy'. !Corporate Toxicology and Biocompatibility Services, Boston
Scientific Corporation, Maple Grove, MN; >Materials, Testing, Analysis, and
Characterization, Boston Scientific Corporation, Maple Grove, MN; 3 Product Safety
and Validation, NAMSA, Northwood, OH.

Use of colorants in medical devices continues to be scrutinized by the FDA. In re-
sponse to the FDA questions on a recent PMA submission and to be compliant
with ISO 10993 Biological Evaluation of Medical Devices - Part 1: Evaluation and
Testing within a Risk Management Process, Boston Scientific completed extraction
studies on colorants as part of the safety assessment. The challenges and successes in
demonstrating the safety of the colorants used in a short-term blood-contacting
catheter are presented here. A color elution study was conducted to demonstrate
the potential bioavailability of four colorants. Devices were extracted at 37°C for 24
hours in acetone. These aggressive extraction conditions maximized the potential to
extract colorant and were not intended to represent clinical use. Non-volatile
residue (NVR) portions of the extracts were microwave digested and then analyzed
using ICP-OES against control colorant samples of known concentration. The esti-
mated maximum amounts of extracted colorant ranged from <LOQ - 2.4 mg/de-
vice. These values together with the NVR value (0.1 mg/device) from the USP
Physicochemical test were used as “worst case” estimates in the safety assessment.
Variable process spike recovery results and device degradation during extraction
contributed to uncertainty in the reported results. The safety assessment was con-
ducted following ISO 10993-17: Establishment of Allowable Limits for Leachable
Substances. The existing toxicological and biological safety data were included in the
risk assessment. The threshold of toxicological concern (TTC) approach was ap-
plied for colorants with insufficient toxicological data. We concluded that the col-
orants used in this short-term catheter are eluted from the device at toxicologically
insignificant amounts when extrapolated to the clinical exposure.

Comparison of Results from 2 In Vitro Cytotoxicity Tests
Used in the Evaluation of Medical Devices.

D. E. Malek! and R. T. Przygoda?®. ‘Malek Toxicology Delaware LLC, Greenville,
DE; ?Life Cycle Materials, Johnson & Johnson, Cincinnati, OH.

ISO 10993-1 includes an iz vitro cytotoxicity test as part of a biological evaluation
of medical devices. Two cytotoxicity tests commonly used in this evaluation are the
MEM elution (ME) and Colony Formation (CF). The results from 43 samples
used in medical devices were analyzed to evaluate the utility of both tests. Twenty-
eight test samples also were evaluated for 7z vivo irritation, sensitization and sys-
temic toxicity. The ME test was performed according to ISO 10993-5, section 8.2
including serial dilution of the extract, and CF test was performed according to
ISO 10993-5, Annex B. The in vivo tests were performed according to the appro-
priate ISO 10993 standard. The ME and CF test results from 36 test samples
showed agreement (84% agreement). Seven test samples were non — toxic in ME
but toxic in the CF test (16% disagreement). Toxicity was not observed in any of
the in vivo tests on the 12 samples that were toxic in either the ME, CE or both cy-
totoxicity tests. When compared to the results of the 28 sets of 77 vivo tests, the ME
test was 71 % in agreement and the CF test was 46% in agreement. Cytotoxicity
was not observed in ME or CF tests for the 3 samples that failed for irritation. The
results from this comparison demonstrate that 77 vizro cytotoxicity is not predictive
of in vivo irritation, sensitization or systemic toxicity; and the lack of cytotoxicity
does not guarantee acceptable 77 vivo test results. The ME test with serial dilutions
is more in agreement with results from 77 vivo tests, and when toxicity is observed
provides comparable results to CF test.

Evaluation of Sample Preparation Methods in the ISO
10993-12 Standard: Implications for the Biocompatibility
Assessment of Medical Devices.

200

R. P Brown, H. Dinesdurage, J. Goode and M. Ghosh. US FDA, Silver Spring,
MD.

The ISO 10993-12 standard outlines suitable extraction conditions for the prepa-
ration of test samples for the biological evaluation of medical devices. The standard
provides a list of temperature, time, and solvent conditions recommended for the
preparation of extracts for toxicity testing, but no guidance is offered on which spe-
cific extraction conditions are optimal for various types of materials. The goal of
this study is to identify extraction conditions that can be used to differentiate toxic
from nontoxic polymeric materials in an indirect hemolysis assay without resulting
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in the degradation of the material. A “toxic” material is defined in this study as one
that produces a positive response in a modified MEM Elution cytotoxicity test. A
wide range of polymeric materials (e.g., BUNA, nitrile, butyl, neoprene, latex, sili-
cone rubbers; polyurethane, polyethylene, PVC) was extracted in a closed glass vial
in phosphate buffered saline (PBS) using the default conditions outlined in the ISO
10993-12 standard (370C x 24 hrs, 370C x 72 hr, 500C x 72 hr, 700C x 24 hr,
1210C x 1 hr). In addition, the polymers were extracted in 5% or 50% ethanol
(EtOH) or acetone at 370C for 24 hours. The 50% EtOH extracts were diluted to
5% with PBS for the hemolysis assay. The acetone extracts were evaporated under a
nitrogen stream, then reconstituted with PBS. Our results show that rigorous ex-
traction conditions (acetone, 50% EtOH) are necessary to correctly differentiate
toxic from nontoxic materials. For example, latex and BUNA were positive in the
cytotoxicity assay, positive when 50% EtOH extracts were used in the hemolysis
assay, but negative when extracted in PBS using the standard extraction conditions
in the ISO 10993-12 standard (e.g., 500C x 72 hrs). Since the use of acetone as an
extraction vehicle resulted in the degradation of some materials, such as PVC, the
use of EtOH:PBS solvent mixture represents a promising approach for preparing
samples for the biological evaluation of medical device materials.

Can There Be a Universal Extraction Solvent for Medical
Device Biocompatibility Testing? Comparison of Extraction
Efficiencies among Five Solvents Used to Extract Polymeric
Dental Devices.

201

L. H. Moilanen!, J. K. Dahms?, B. D. Bagley! and E. E Hope'. ‘Medical
Department, 3M, St. Paul, MN; 23M ESPE, 3M, St. Paul, MN.

The biocompatibility of medical devices is often evaluated using extracts prepared
from the final product. The selection of the most appropriate extraction solvent(s)
for product chemical characterization and biocompatibility assessment remains a
subject of active discussion within the medical device standards community. For
this study, we examined extraction data obtained for nine experimental dental
product prototypes extracted using five solvents of varying polarity to address both
clinical use and exaggerated extraction scenarios. The extracted prototypes included
four composite restoratives, a resin-modified glass ionomer, a polymeric polishing
brush, a temporary cement, a self-etch adhesive, and a dental sealant. ISO 10993-
12 compliant samples of each product were extracted in aqueous 5% ethanol solu-
tion, acetone, methanol, heptane, and 50:50 cyclohexane:isopropanol at 37°C with
a target sample:solvent extraction ratio of 0.2 g/mL. Extraction time intervals
ranged from 24 hours to 28 days. Gravimetric and HPLC analyses of the extracts
show that in most cases use of methanol either resulted in the highest concentration
of extractables or gave results similar to acetone. In the remaining cases, either ace-
tone or water extracted the largest amount of residue. These results confirm the
utility of methanol as an exaggerated solvent for many polymeric dental products,
but also highlight the importance of proper solvent selection based on detailed
knowledge of product chemistry.

Determination of Total Leachable Bisphenol A from
Polysulfone Membranes in Hemodialyzers and
Hemoconcentrators.

202

S. M. Cho, Y. Choi, H. Luu and J. Guo. US FDA, Silver Spring, MD.

Bisphenol A (BPA) is a high-production-volume chemical widely used to manufac-
ture polysulfone (PS), polycarbonate, epoxy resin, etc. Over the past ten years, BPA
has been the subject of numerous risk assessment reviews and research worldwide
because of its potential to produce adverse health effects through endocrine disrup-
tion. Although there is a significant body of literature focused on the adverse effects
of BPA at low doses, there are discrepancies in the relevance and reliability of the
published results. These make it difficult to properly evaluate the hazards of BPA.
To reduce discrepancies and variation in research results, it is essential to establish
reproducible/accurate analytical methods. In this study, we evaluated the BPA levels
eluted from porous PS membranes used in hemodialyzers and hemoconcentrators
using single and multiple consecutive extractions under clinically relevant extrac-
tion condition. The levels of BPA release were determined using solid phase extrac-
tion (SPE) coupled with high performance liquid chromatography-mass spectrom-
etry (HPLC-MS). We demonstrated that it was difficult to determine the total
amount of BPA released from the PS membranes using a single extraction method
with finite solvent volume because of the chemical equilibrium between the extrac-
tion solution and the polymer phase. A general equation was derived to fit the BPA
elution data and deepen our understanding on the equilibrium phenomenon dur-
ing the extraction. The results revealed that repeated consecutive extractions of the
PS membranes are needed to accurately determine the total leachable BPA in
porous membranes.
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203  Bisphenol A Content in Polycarbonate from Medical,
Automotive and Consumer Suppliers.

R.T. Przygoda!, J. A. Anim!, D. E. Malek? and D. ]. Caldwell®. !Life Cycle

Materials, Johnson & Johnson, Cincinnati, OH; >Malek Toxicology Delaware, LLC,

Greenville, DE; >Worldwide Environment, Health, and Safety, Johnson & Johnson,

New Brunswick, NJ.

Bisphenol A (BPA) is an organic compound used to make polycarbonate (PC) poly-
mers and epoxy resins. The presence of BPA has the potential to produce human re-
productive and developmental effects. Three sources of PC’s were utilized in this
study: from medical, automotive, and consumer suppliers (cups). Sterilized and un-
sterilized samples were extracted using ethanol (ETOH) or isopropanol (IPA) and
incubated at 37 degrees C for 24 hours. Extracts were analyzed by high perform-
ance liquid chromatography (HPLC). In addition, exhaustive extraction by Soxhlet
with IPA was performed on a medical grade PC. BPA was below the level of detec-
tion (0.5ug/g) in ETOH and IPA extracts with the exception of the cups. In ex-
tracts from cups, between 4 to 5.8ug BPA/g of test sample was detected, however
BPA was not detected in the non-sterilized sample extracted with ETOH (limit of
detection was 0.51ug). Assuming a 10g cup and the worst-case of 5.8ug BPA/g, an
adult male (70kg) would be exposed to 0.829ug BPA/kg/day. Using exhaustive
Soxhlet extraction with IPA, BPA was below the limit of detection (0. 51ug/g) for
automotive PC. Assuming a 10g sample and the worst-case of 0.5ug/g, an adult
male would be exposed to 0.071ug/kg/day. The average BPA amount found in
medical grade PC by exhaustive Soxhlet extraction with IPA was 0.25ug/g. For a
10g medical device, the calculated exposure for an adult male is 0.036ug/kg/day.
The US FDA acceptable Daily Intake (ADI) and/or EU Tolerable Daily Intake
(TDI) for BPA is 50ug/kg/day. The adult male exposures to BPA from consumer,
automotive, and medical grade PC are 58, 704, and 1300 times less than US FDA
ADI or EU TDI. The extractable BPA from automotive and medical grade PC was

significantly less than that observed from the consumer PC.

204  Local Effects of Microelectrode Implantation in Rabbit
Muscles.

J. Yoon!, E. Cho!, S.Kim!, J. You!, Y. Kim!, E. Kwon!, B. Kang!?and

J. Che'. ! Biomedical Research Institute, Seoul National University Hospital, Seoul,

Republic of Korea; 2Graduate School of Immunology, Seoul National University, Seoul,

Republic of Korea. Sponsor: K. Lim.

The purpose of this study was to evaluate the biocompatibility of various polymer-
based microelectrodes (PBMs) after implantation in rabbit muscle tissues following
a standardized method. Three types of PBMs were examined: silicone-based plat-
inum, polyimide-based gold, and liquid crystal polymer-based gold microelec-
trodes. All experimental procedures followed the International Organization for
Standardization (ISO) 10993-6:2007(E). Six female rabbits were used for this
study. The PBMs were implanted into the left paravertebral muscle of the dorsal re-
gion of the rabbits for 12 weeks, each type being implanted into two rabbits.
Control article (high density polyethylene, HDPE) was implanted in the equivalent
site on the right side of each rabbit. No changes in the clinical signs, mortality, body
weight, and gross findings related to the PBMs were noted. The results of
histopathological evaluation suggest that the PBMs did not induce any cellular
changes. Thus it could be concluded that the three types of PBMs are all non-toxic,
non-irritating, and biocompatible.

205  Subchronic Systemic Toxicity of Subcutaneous Implantation
of Microelectrodes in Rats.

E. Cho!, S.Kim!, J. You!, Y. Kim!, E. Kwon!, B. Kang!, J. Che!'2 and

J. Yoon!. ! Biomedical Research Institute, Seoul National University Hospital, Seoul,

Republic of Korea; 2Graduate School of Immunology, Seoul National University, Seoul,

Republic of Korea. Sponsor: K. Lim.

The purpose of this study was to evaluate the biocompatibility of various polymer-
based microelectrodes (PBMs) through the subchronic systemic toxicity of subcuta-
neous microelectrode implantation in rats following a standardized method. Three
types of PBMs were examined: silicone-based platinum, polyimide-based gold, and
liquid crystal polymer-based gold microelectrodes. All experimental procedures fol-
lowed the International Organization for Standardization (ISO) 10993-6:2007(E)
and ISO 10993-11:2006(E). Ten female rats were used for four each groups.
Control article (high density polyethylene, HDPE) and three types of PBMs were
implanted subcutaneously in the same site in each group and were left in place for
13 weeks. No effects related to the microelectrodes were observed in any tested cri-
teria, included mortality, clinical signs, body weight, food and water consumption,
hematology and serum biochemistry parameters, urinalysis and ophthalmoscopy,



organ weight, gross findings, or histopathological findings. These results suggest
that no subchronic systemic toxicity is induced by subcutaneous implantation of
these three types of PBMs under the conditions used in this study.
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M. A. Nascarella!, G. M. Savage?, G. Moon? and B. D. Beck!. !Gradient,
Cambridge, MA; ?Proteus Biomedical, Inc., Redwood City, CA.

Comprehensive Health-Based Risk Assessment of Material
from an Ingestible Medical Device.

We present an analysis of the potential toxicity of an ingestible medical device. The
primary toxicological concern is an 8 uM layer of copper (Cu), with an area of ap-
proximately 1.0 mm2, that is a component of the device’s battery. The Cu content
is approximately 20-33.1 ug/device. We calculated the potential toxicological risks
of Cu leached from the device, assuming a maximum use of 30 devices/event.
Depending upon fluid in the stomach, an individual could have a stomach dose of
approximately 219 ug Cu, resulting in a stomach concentration ranging from 0.25-
2.73 ug Cu/mL. These concentrations may be compared to a threshold Cu concen-
tration for gastrointestinal (GI) toxicity of 1.4 ug/mL. In the most plausible sce-
nario, the predicted concentration of Cu in the stomach is below the concentration
associated with GI symptoms in humans, consisting of mild, reversible effects and
no associated systemic toxicity. The higher potential stomach concentrations some-
what exceed the threshold concentration, but potential GI symptoms could be mit-
igated by ingesting the devices with food. We also estimated the potential total in-
take of Cu from all sources, including the device. Ingestion of the device, combined
with the ingestion of median levels of Cu in food, water, and multivitamins, is esti-
mated to be well below the 10 mg/day IOM determined level of safe daily intake
for the general population. We also evaluated the cytotoxicity of the extractable ma-
terial from this device, based on ISO-compliant tests of device extractions using
simulated gastric fluid. Using open-source software, we calculated the number of
devices that would be associated with a cytotoxic effect according to ISO standards.
This analysis indicated that plausible use of the devices would not lead to cytotoxic
effects. Overall, we conclude that ingestion of the medical device under plausible
use conditions is unlikely to present a toxicological concern for Cu.
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Comparative Pulmonary Response to Aerosolized
Humidifier Disinfectants by Intratracheal Instillation and
Inhalation Exposure.

Y. Kim!, S. Choi?, Y. Yang? Y. Kim!, C. Song!, J. Cho!, C. Ha?and K. Lee%.
!Korea Institute of Toxicology, Dacejeon, Republic of Korea; >Jeonbuk Department of
Non-Human Primate, Korea Institute of Toxicology, Jeongup, Republic of Korea.
Sponsor: S. Park.

Mice intratracheal instillation (IT) and rat inhalation exposure (IH) were con-
ducted to identify the toxicity of 3 representative humidifier disinfectants (products
A, B, and C containing polyhexamethylene guanidine (PHMG), 5-chloro-2-
methylisothiazol-3-(2H)-one/2-methylisothiazol-3(2H)-one (CMIT/MIT), and
oligo(2-(2-ethoxy)ethoxyl guanidinium chloride (PGH), respectively). In mice ad-
ministered by multiple 7-9 IT at 0.05 ml for 2 wk, severe necrotic obliterative
bronchiolitis (OB) was found in product A and C. But no adverse treatment effect
was observed in product B. In rat inhalation study (IH), necrotizing inflammation
was observed in nasal cavity, larynx, trachea, and lung airways at repeated IH with
product A at 0.4 mg/m3 and product C at 1.75 mg/m3. However, necrotizing in-
flammatory lesions in the upper airways were not present in the I'T due to direct ad-
ministration of test substance to the lung via trachea. Granulomatous OB, bronchi-
tis, collagenized fibrosis, alveolar bronchiolarization, and extensive squamous
metaplasia were observed in product A at 10 wk IH, and product C at 7 wk IH. No
treatment-related adverse effects were observed in 13 wk IH with product B at 1.80
mg/m3. Lung lesions induced by IT and IH with product A and C were compara-
ble and no treatment-related lesions were present with product B in both IT and IH
exposure. It was difficult to evaluate dose-related toxicity by IT dosing. However,
IT with low dose was a useful methodology to screen and identify toxicity of test
substances in this study.
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L Gilmour!, E. Mutlu?, B. Elizabeth!, D. Mary!, L. Copeland!, C. King!,

T. Krantz!, 1. George?, M. Hays?, J. Dye!, M. Higuchi' and C. Lee?.
!NHEERL, US EPA, Durham, NC:>NRMRL, US EPA, Durham, NC; >CEMALB,
University of North Carolina at Chapel Hill, Chapel Hill, NC.

Effect of Fuel Composition on Chemistry and Pulmonary
Toxicity in Mice Exposed to Biomass Pyrolysis Vapor.

Biomass pyrolysis is a method to form oil through the thermal degradation of or-
ganic material in the absence of oxygen. The process results in a mix of gaseous ox-
ides, organic vapors and particulate matter that could pose an inhalation hazard. In

this study, we characterized aerosol emissions from three different fuels (corn, pine,
maple) pyrolyzed under similar conditions, and compared pulmonary and systemic
toxicity endpoints in CD-1 mice after a 4h inhalation exposure. Particle number
counts/cc were 37000, 48000 and 34000 for corn cob, pine and maple respectively,
with median count diameters of 221, 254 and 225 nm. Particle mass was 409, 689
and 362 ug/m3 for the three fuels, and CO measurements were 37, 39 and 45
ppm. Volatile organic analysis by GC-MS showed acrolein being 1.3, 1.7 and 2.3
ppm, with lower levels of propylene, acetone and vinyl acetate. Pulmonary re-
sponses were assessed in a plethysmograph immediately before and after exposure,
as well as 4 and 24h post-exposure, when mice were euthanized. 1l fuels altered
breathing parameters immediately following exposure, and this effect persisted at
the 4h time-point for the corn cob and maple atmospheres before returning to con-
trol levels at 24h. Total protein was increased in the BALF of animals exposed to
corn cob (4h and 24h post), pine (24h post), and maple (4h post), with corn hav-
ing the highest effect. No other indices were affected except BALF LDH for pine,
and increased hematocrits for corn cob at 24h. Because these atmospheres were
considered to have high irritant characteristics, nasal lavage was also performed and
although some increases in inflammatory cells were seen for the corn cob and maple
atmospheres, the effects were variable. We conclude that corn cob and maple pyrol-
ysis products seemed to have a more potent effect on pulmonary function and tox-
icity parameters than pine emissions. (This abstract does not reflect EPA policy).

209  Gene Expression in Bronchiolitis Obliterans-Like Lesions in
Rats Exposed to 2, 3-Pentanedione.

D. L. Morgan!, B. A. Merrick!, K. E. Gerrish?, P. S. Stockton!, J. E Foley!,

W.M. Gwinn' and G. P. Flake!. ! Division of the National Toxicology Program,

NIEHS, Research Triangle Park, NC; ?Division of Intramural Research, NIEHS,

Research Triangle Park, NC.

Obliterative bronchiolitis (OB) is an irreversible lung disease characterized by pro-
gressive fibrosis in the small airways with eventual obliteration of the airway lu-
mens. OB is most commonly associated with lung transplant rejection; however,
OB has also been diagnosed in workers exposed to artificial butter flavoring (ABF)
vapors. Research has been limited by the lack of an adequate animal model of OB,
and as a result the mechanism is unclear and there are no effective treatments for
this condition. A rat model of chemical-induced OB using the ABF component,
2,3-pentanedione (PD), was found to cause airway lesions histopathologically sim-
ilar to OB lesions in humans. We used this model to evaluate changes in gene ex-
pression in the distal bronchi of rats with OB. Male Wistar Han rats were exposed
to 200 ppm PD or air (controls) 6hr/d, 5d/wk for 2-wks. Distal bronchial tissues
were laser microdissected from serial sections of frozen lung. In exposed lungs, both
fibrotic and nonfibrotic airways were collected. Following RNA extraction and mi-
croarray analysis, differential gene expression was evaluated. In exposed nonfibrotic
bronchi, 1548 genes were significantly altered relative to air-exposed controls with
notable downregulation of many inflammatory cytokines and chemokines. In con-
trast, in PD-exposed fibrotic bronchi, 2504 genes were significantly altered with a
majority of genes being upregulated in affected pathways. TGF-beta2 and down-
stream genes implicated in fibrosis were significantly upregulated in fibrotic lesions.
Genes for collagens and extracellular matrix proteins were highly upregulated. In
addition, expression of genes for peptidases and for peptidase inhibitors were sig-
nificantly altered suggesting tissue remodeling that may contribute to fibrosis.
These data will be used to gain a better understanding of the molecular mechanisms
of OB and to identify potential therapeutic targets.

210  Polyhexamethyleneguanidine Phosphate Induces Severe
Lung Inflammation, Fibrosis, and Thymic Atrophy.

J. Song!, H. Park!, H. Yang!, M. Yang!, C. Song? and K. Lee!. ‘Inhalation

Toxicology Center, Jeonbuk Department of Nonhuman Primate, Koeran Institute of

Toxicology, Jeongeup, Republic of Korea; °Korean Institute of Toxicology, Daejeon,

Republic of Korea. Sponsor: S. Park.

Polyhexamethyleneguanidine phosphate (PHMG-ph) has been widely used as a
disinfectant due to its strong bactericidal activity. But The Korea Centers for
Disease Control and Prevention (KCDC) and Ministry of Health and Welfare re-
ported that humidifier disinfectants might cause of the unknown pulmonary dis-
case in 2011. The purpose of this study was to assess the potential adverse effect of
PHMG-Ph, a ingredient of humidifier disinfectant, exposed to lung directly.
0.0125%, 0.0375%, and 0.0625% PHMG-Ph was instilled intratracheally into
mice. Seven and fourteen days after instillation, lungs were collected and proin-
flammatory cytokines, chemokines and fibrotic markers were measured from lung
lysates. We also performed flow cytometry to evaluate the cell distribution of thy-
mus and RT-PCR to measure the mRNA expression associated with T cell develop-
ment.
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As a result, single exposure of 0.0125%, 0.0375%, and 0.0625% PHMG-Ph in-
duced inflammatory response with increased proinflammatory cytokines and im-
mune cell infiltration to the lungs, and interestingly, this inflammation did not re-
solved till the end of the experiments (14 days after instillation). The
histopathology showed the both inflammation and pulmonary fibrosis exacerbated
at day 14 after exposure in dose-dependent manner. Also PHMG-Ph decreased the
total cell number and the CD4+/CD8+ cell proportion in thymus and induced se-
vere medulla reduction based on histopathology data.

These observations demonstrated that PHMG-Ph exposed to lung lead to pul-
monary inflammation and fibrosis as well as to thymic atrophy.

211  Inhalation of a Spot Welding Aerosol Using an Adhesive
Increased Airway Resistance but Not Lung Inflammation.
. M. Antonini, A. Afshari, J. A. Thompson, J.S. Fedan, W. McKinney,
T. G. Meighan, M. C. Jackson, B.T. Chen, D. Schwegler-Berry, A. Erdely,
D. Frazer and P_C. Zeidler-Erdely. NIOSH, Morgantown, WV,

Spot welding (SW) is used in the automotive and aircraft industries where high
speed repetitive welding is needed and relatively thin metal sections are welded.
Epoxy adhesives are applied as sealers to the seams of the metals that are joined. SW
produces complex aerosols composed of both metal and volatile compounds which
may cause bronchitis and asthma in workers. The goal was to assess the effect of SW
fumes on lung function and toxicity. Male Sprague-Dawley rats were exposed by in-
halation to 20 mg/m? of SW aerosol in the presence of an adhesive for 4 hr/d x 8 d.
Controls were exposed to air. Size distribution of the aerosol as determined by a
MOUDI particle impactor was tri-modal with a MMAD of 1.66 wm in the large-
fine mode, 0.30 wm in the small-fine mode, and 0.01-0.05 um in the ultrafine
mode. Two distinct particle morphologies were observed- a brownish metal particle
that predominated in the small-fine particle fraction and a black, glue-like particle
that was in the large-fine fraction. The metal fraction was found to be >90% Fe.
Significant amounts of volatiles (e.g., benzene, toluene, others) were present, likely
produced from the vaporization of the adhesive. At different times after exposure,
bronchoalveolar lavage (BAL) was performed to assess lung toxicity. Lung resistance
(R;) was evaluated in a separate set of animals before and after challenge with in-
haled methacholine (MCh). Immediately after exposure, baseline R; was signifi-
cantly elevated in the group exposed to the SW fumes. Basal R; returned to control
level by 1 d after exposure. Reactivity to MCh was not affected at any time point
after fume exposure. No significant increase in lung inflammation (neutrophil in-
flux) or injury (cytotoxicity and lung epithelial permeability) was observed in BAL
fluid at 1 and 5 d after exposure to SW fume. Acute inhalation of SW fumes at oc-
cupationally-relevant concentrations may act as an irritant as evidenced by the in-
creased R; but had little effect on toxicity.

212 Cardiopulmonary Health Effects of Traffic-Related Air
Pollutants in a Healthy Population.

. E. Mirowsky!, R. Peltier?, M. Lippmann', L. Griffith!, J. Carter?, D. Diaz-
Sanchez?, W. Cascio® and T. Gordon'. ! Environmental Medicine, New York
University, Tuxedo, NY; ?Environmental Health Science, University of Massachusetts,
Amberst, MA; 3US EPA, Research Triangle Park, NC.

There is emerging evidence that inhaling certain components of ambient particu-
late matter, specifically traffic pollutants, is associated with adverse health effects.
We hypothesized that exposure to air pollution components of diesel exhaust-rich
traffic, compared to cars-only traffic, produces greater adverse cardiopulmonary ef-
fects. In this case-crossover study, 23 participants were recruited to measure pul-
monary function, exhaled NO, blood cytokines, heart rate variability, and blood
pressure prior to, immediately after, and 24 hours after intermittent walking along
3 diverse roadways. Exposures lasted for 1.5 hours between June and September in
2011 and 2012, and personal exposures to pollutants were collected. The 3 loca-
tions differed by traffic type: the George Washington Bridge (GWB) carries truck
and car traffic, the Garden State Parkway (GSP) carries only car traffic, and Sterling
Forest, NY (SF) acted as a control location. Levels of PM2.5, PM10, black carbon,
elemental carbon, and organic carbon were found to be highest at GWB and lowest
at SF for all pollutants measured. The traffic count was similar between GSP and
GWB. Using a repeated measures 2-way ANOVA, p-values were generated for
time, location, and interactions between time and location. Location was a signifi-
cant factor for FVC (p = 0.04) and FEV1 (p = 0.05); a significant interaction term
for pulse pressure was also observed (p < 0.01). Upon further analysis, systolic and
pulse pressures varied significantly amongst locations when comparing the baseline
and 24 hr-post measurement, while IL-1f varied amongst locations between the
baseline and immediately after exposure. A trend of increasing eNO at the GWB
was seen immediately after exposure, but did not reach significance (p = 0.06).
These results suggest that acute effects of traffic-related pollution are observed in a

small, healthy population; these effects differed by traffic type.
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Ventricular Transcriptional Data Provide Mechanistic
Insights into Diesel Exhaust-Induced Attenuation of Cardiac
Contractile Response and Blood Pressure.

213

U. P Kodavanti, V. L. Bass, J. Crooks, B. Vallanat, H. Ren,
M. C. Schladweiler, R. E Thomas, T. Krantz, C. King, C.]. Gordon and
A. D. Ledbetter. EPHD/NHEERL/ORD, US EPA, Research Triangle Park, NC.

Human exposure to diesel exhaust (DE) has been associated with cardiovascular
impairments however the mechanisms and the role of hypertension are not well un-
derstood. We have shown that DE reduces blood pressure (BP) and cardiac con-
tractility in healthy normotensive Wistar Kyoto (WKY) rats. We hypothesized that
DE would induce differential myocardial gene expression changes that modulate
contractility in WKY and spontaneously hypertensive (SH) rats, and that lowering
BP in WKY and SH with hydralazine (HYD) would increase this effect of DE.
Male WKY and SH rats were treated with HYD (150 mg/L) in drinking water for
10 days prior to exposure and until necropsy. All rats were exposed to clean air or
freshly-generated whole DE (1500 ug/m3), 5-hrs/day for 2-days. Systolic BP was
monitored using the tail-cuff method on days -10, 0, and 2. Left ventricular
genome-wide expression was analyzed using Illumina RatRef-12 BeadChips. As ex-
pected, WKY and SH rat’s ventricular gene expression patterns differed markedly.
Surprisingly, DE exposure caused differential expression of 256 genes in WKY but
none in SH rats. In WKY rats, the effect of HYD on expression patterns were
nearly identical to changes induced by DE (same genes with same directional
change); while HYD was without effect on expression changes in SH rats despite
lowering BP. Genes inhibited by DE or HYD in WKY were induced at baseline in
SH and vice versa. These genes inhibited by DE and HYD were related to seques-
tration of oxidants, inhibition of proteases, and membrane stability. The genes up-
regulated by DE and HYD in WKY included those involved in decreasing BP and
muscle contraction as well as calcium homeostasis and apoptosis. In conclusion,
acute DE exposure caused gene expression changes only in normotensive WKY
rats; these changes mimicked those induced by HYD and are associated with de-
creased cardiac contractility and BP in healthy rats. (Abstract does not reflect

USEPA policy)

214  Comparative Cardiopulmonary Toxicity of Soy Biofuel and
Diesel Exhausts in Healthy and Hypertensive Rats.
M. C. Schladweiler!, V. L. Bass!, R. E Thomas!, J. E. Richards!, D. Johnson?,
D. L. Andrews?, A. Nyska’, T. Krantz!, C. King' and U. P Kodavanti'.
!EPHD/NHEERL/ORD, US EPA, Research Triangle Park, NC; ?Curriculum in
Toxicology, University of North Carolina at Chapel Hill, Chapel Hill, NC; 3 Tel Aviv
University, Tel Aviv, Israel; “RCU/NHEERL/ORD, US EPA, Research Triangle Park,
NC.

Increased use of renewable energy sources raise concerns about health effects of
emissions from such sources. We conducted a comprehensive analysis of relative
cardiopulmonary health effects of exhausts from 1) 100% soy biofuel (B100), 2)
20% soy biofuel + 80% low sulfur petroleum diesel (B20), and 3) 100% petroleum
diesel (BO) in rats. Normotensive Wistar Kyoto and spontaneously hypertensive
rats were exposed to these 3 exhausts at 0, 50, 150 and 500 ug/m3, 4 h/day for ei-
ther 2d or 4 wk (5 d/wk) to mimic near environmental concentrations.
Additionally, WKY rats were exposed for 1d and responses were analyzed 0 hr, 1d
or 4d later for time course analysis. Hematological parameters, in vitro platelet ag-
gregation, bronchoalveolar lavage fluid (BALF) markers of pulmonary injury and
inflammation, ex-vivo aortic ring constriction, heart and aorta mRNA markers of
atherogenesis, and serum biomarkers of acute cardiac injury as well as cytokines
were analyzed. The presence of pigmented macrophages in the lung alveoli was
clearly evident with all 3 exhaust exposures. Overall, exposure to all 3 exhausts pro-
duced only modest effects in most endpoints analyzed in both rat strains. BALF y-
glutamyl transferase (GGT) activity was the most consistent marker shown to be
increased in both strains with all 3 fuels (BO>B100>B20) without increases in
BALF neutrophils. Small inconsistent changes in aorta mRNA markers of inflam-
mation, vasoconstriction and thrombosis, and those of serum biomarkers need to
be interpreted cautiously. Our comparative evaluations show modest cardiovascular
and pulmonary effects at low concentrations of all exhausts. Additionally, our study
highlights the value of BALF levels of GGT activity as the most sensitive biomarker
in low level inhalation studies. (This abstract does not represent USEPA policy).



Acute and Delayed Effects of Intermittant Ozone on
Cardiovascular and Thermoregulatory Responses of Young
and Aged Rats.

215

A. E Johnstone!, R. C. MacPhail', C. Aydin? and C. ]. Gordon'. 74D,
NHEERL, US EPA, Research Triangle Park, NC; >Physiology, University of Ulndag,
Bursa, Turkey.

Ozone (O3) is associated with cardiovascular and respiratory diseases. The aged
population is considered to be more sensitive to air pollutants but relatively few
studies have demonstrated increased susceptibility in animal models of aging. To
study the acute and delayed physiological responses to O3, core temperature (Tc)
and heart rate (HR) monitored by telemetry in adult (12 m) and senescent (24 m)
Brown Norway rats exposed to intermittent O3 (1.0 ppm, 6 hr/d for 2 consecutive
d for 12 wk). Tc and HR dropped precipitously in both age groups during the 1st
bout of O3 exposure; Tc decreased from ~38 to ~35 °C while HR decreased from
~300 to ~175 b/min. These acute responses were attenuated during the 2nd day of
03. As O3 exposures continued, the acute Tc and HR responses abated but the
aged animals were consistently less affected than the young adults throughout the
12 wk exposure period. During 5 d of recovery in home cages, both young and
senescent rats displayed a fever-like ~0.5 °C elevation in daytime Tc. HR was also
elevated in the young adults during recovery. The rise in Tc persisted for 2-3 d after
03. The O3-induced fever was marked following the 1st exposure, abated by the
3rd exposure week but then gained in magnitude throughout the remainder of the
study. We postulate that inflammatory responses of the respiratory system to O3 are
exacerbated in younger animals, leading to accentuated acute physiological re-
sponses compared to that of senescent rats. This is an abstract of a proposed pres-
entation and does not reflect US EPA policy.

216  Dose and Effect of Inhaled Ozone in Resting versus
Exercising Human Subjects: Comparison with Resting Rats.

G. E. Hatch, J. McKee, ].S. Brown, B. McDonnell, E. Seal, J. Soukup,

R. Slade, K. Crissman and R. B. Devlin. Environmental Public Health Division,

US EPA, Research Triangle Park, NC.

Rationale: Human controlled exposure studies have generally focused on subjects
exposed to ozone (O;) while exercising. We exposed resting subjects to labeled O,

(80, 0.4 ppm, for 2 hr) and compared O, dose and effects with our previously
published study of exercising subjects.

Methods: We measured O, dose as the concentration of O in cells and extracel-
lular material of nasal, bronchial and bronchoalveolar lavage fluid (BALF) immedi-
ately post exposure and related these measurements to Oj effects on inflammation,
epithelial permeability and phagocytosis in the same fluids and to breathing param-
eters measured during the 8O, exposure. A parallel study of resting subjects exam-
ined FEV| changes during and immediately following a 2 hr exposure to 0.18,
0.25, 0.3 and 0.4 ppm O,.

Results: Subjects exposeci while resting had 80 concentrations in BALF and nasal
lavage that were proportional to the amount of air breathed during exposure.
Significant but small changes were observed in BALF total cells and neutrophils
and in BALF cell phagocytosis following resting O, however, most indicators of O,
effects that were observable in exercising subjects (including increased BALF super-
natant protein, lactate dehydrogenase, interleukin-6 and low molecular weight an-
tioxidants) were not observed in resting subjects. The O incorporation into BALF
of resting humans was similar to that of similarly exposed resting F344 rats. FEV|
changes in resting human subjects showed a much attenuated response compared
to exercising subjects.

Conclusions: Quantitative measures of alveolar O, dose and toxicity that were ob-
served previously in exercising subjects were greatly reduced or non-observable in
O, exposed resting subjects. Resting rats and resting humans have similar alveolar
O, dose. Disclaimer: This abstract does not represent E.PA. policy.

Biological Responses in Rats Exposed to Mainstream Smoke
from a Heated Cigarette Compared to a Conventional
Reference Cigarette.

217

H. Fujimoto!, H. Tsuji!, I. Fukuda!, T. Nishino!, M. K. Lee?, R. Renne?® and
H. Yoshimura'. 'R&D Group, Japan Tobacco Inc., Yokohama, Japan; *Scientific and
Regulatory Affairs, Japan Tobacco International S.A, Geneva, Swaziland.; 3Roger
Renne ToxPath Consulting, Sumner, WA.

The heated cigarette (HC) generates mainstream smoke (MS) primarily by vaporiz-
ing the components of the tobacco rod using a carbon heat source at the cigarette
tip. Consequently, MS of HC contains markedly less chemical constituents com-
pared to conventional (combusted) cigarettes. In this study, MS from a non-venti-
lated HC (nvHC) was generated under a modified Canadian Intense Regimen

(CIR) and its biological activities were compared to those of Reference (3R4F) cig-
arettes, using nose-only inhalation studies. In a 5-week inhalation study, female SD
rats were exposed to MS of either cigarette at 600 or 1000 ug wet total particulate
matter (WIPM) /L for 1 hr, 2 times/day, 7 days/week for 5 weeks. Pulmonary in-
flammation was significantly weaker in nvHC groups compared to 3R4F groups,
based on the neutrophil counts and deviation enzyme levels in bronchoalveolar
lavage fluid (BALF). After a 4-week recovery, BALF parameters of nvHC groups
were similar to the air-exposed Sham group, while those of 3R4F groups remained
elevated. In a 13-week inhalation study, male and female SD rats were exposed to
MS from each cigarette at 200, 600, or 1000 WTPM ug/L for 1 hr/day, 7
days/week for 13 weeks. Histopathological changes in the respiratory tract were sig-
nificantly lower in incidence/severity for nvHC groups, especially in respiratory ep-
ithelial hyperplasia and accumulation of pigmented macrophages in alveoli. After a
13-week recovery, the lesions were completely or partially regressed, except for ac-
cumulation of pigmented macrophages in alveoli, in both nvHC and 3R4F groups.
In conclusion, nvHC demonstrated clearly and significantly lower biological activ-
ities compared to 3R4F, based on the BALF parameters and histopathology.

218 A Cross-Regulatory T Cell Response in Pulmonary
Hypertension.

G. Grunig, W. Chen, C. Hoffman, T. Gordon and S. Park. NYU Medical

Center, Tuxedo, NY.

Exposure to urban air pollution (fuel emissions, particulate matter) has been associ-
ated with the exacerbation of autoimmune diseases. Our studies are focused on the
mechanism of immune response induced pulmonary hypertension. We have shown
that co-exposure of mice to inhaled antigen and urban particulate matter (PM) ex-
acerbates pulmonary arterial remodeling and induces pulmonary hypertension. The
current studies were performed with neutralizing anti-cytokine antibodies to iden-
tify the critical mediators for pulmonary hypertension and the interactions in the
mediator-network.

Sensitized mice were intranasally challenged with either antigen (Ovalbumin)
combined with urban PM2.5 (collected in New York City), or given saline. Groups
of mice were injected with neutralizing anti-Interleukin (IL)-13, or anti-IL-17A/F
antibodies alone or in combination, or control antibody. Right ventricular systolic
pressures and immune response markers in the lungs were measured.

Intranasal challenge with antigen and urban PM significantly increased right ven-
tricular systolic pressures. Only combined, but not single, injections with IL-13-
and IL-17A/F-blockers significantly reduced this outcome. Surprisingly, injections
with single neutralizing antibodies not only significantly reduced the inflammatory
markers known to be regulated by IL-13 or IL-17A/F, but also revealed cross-inhi-
bition of these markers. For example, the increased expression of the antigen pres-
entation molecule, major histocompatibility class II (MHCII), by airway dendritic
cells was inhibited by the IL-13 blocker given alone or in combination, while the
IL-17A/F blocker lead to an increase in MHCII expression. Conversely, infiltration
of the airways with neutrophils was inhibited by the administration of the IL-
17A/F blocker given alone or in combination, while injections with the IL-13
blocker increased neutrophil influx.

In conclusion, exposure to antigen and urban PM induced pulmonary
hypertension by elaborating a mixed immune response that has at least two, cross-
regulatory arms that are controlled by IL-13 and IL-17A/F, respectively.

Capsule-Based Aerosol Generator (CBAG)—Validation in a
Rat Model of LPS-Induced Nonallergic Pulmonary

Inflammation.

219

S. Jordan, S. Moore and R. Armstrong. Huntingdon Life Sciences, Huntingdon,
United Kingdom. Sponsor: E. Moore.

Intratracheal (IT) insufflation is the principal method of delivery of inhaled drug
substances to conscious non-clinical species in early drug development; however,
this achieves particulate deposition dissimilar to conscious inhaled delivery and can
produce artefactual toxicological and pharmacological results. The CBAG was de-
veloped(1) as an alternative to IT insufflation whilst providing representative in-
halation exposure by demonstrating the effectiveness of the CBAG in the rat model
of LPS-induced non-allergic airway inflammation. Rats were exposed to 0.01, 0.1
or 1.0 mg/kg of inhaled fluticasone propionate (FP) over a 20-minute period using
nominally 1 mg filled hydroxypropyl methyl cellulose size 2 capsules at blend
strengths of 1, 10 and 100% w/w of FP respectively. Two concurrent control groups
were exposed to lactose only using the same regime. Twenty minutes after the end
of the inhalation exposure the animals were challenged with either acrosolised LPS
(0.1 mg/mL) for the FP groups and one control group or 0.9% w/v saline (second
control group) for 30 minutes. Rats were euthanized 4hrs following the challenge
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and a bronchoalveolar lavage (BAL) investigation performed. A BAL total and dif-
ferential cell count was used to evaluate the efficacy of FP. Delivered doses of
0.0103, 0.117 and 0.863 mg/kg were achieved, which were within 14% of target.
This resulted in a dose dependent inhibition of BAL neutrophils of 40%, 79% and
98% respectively compared with the lactose/LPS control group. In conclusion, the
results give confidence that the CBAG is a viable alternative to IT methodology for
studies in early drug development and has the added advantage of producing results
representative of inhaled exposures.

(1) Paul G, Somers G, Moore S and Goodway R, Respiratory Drug Delivery 2012,
Vol. 2, 525-530.

Distinct Inflammatory Macrophage Subpopulations and
Myeloid-Derived Suppressor Cells Accumulate in the Lung
and Spleen following Exposure of Mice to Inhaled Ozone.

220

D. L. Laskin!, H. M. Choi!, ]. D. Laskin? and M. Mandal'. Pharmacology and
Toxicology, University of Arizona, Tucson, AZ.

Ozone is an ubiquitous urban air pollutant known to damage the lung. Activated
macrophages (MP) and inflammatory mediators they produce have been impli-
cated in ozone toxicity. However, the phenotype and origin of these cells have not
been established. In these studies, techniques in flow cytometry were used to assess
macrophage subpopulations in the lung, spleen and bone marrow following ozone
inhalation. Exposure of C57Bl/6 male mice to ozone (0.8 ppm, 3 h) resulted in in-
creased bronchoalveolar lavage (BAL) protein levels after 24-72 h, indicative of
alveolar epithelial injury. This was correlated with a rapid and persistent increase in
the percentage of CD11b+F4/80+ inflammatory macrophages in BAL. An increase
in F4/80 negative CDI11b+Ly6C+Ly6G+ myeloid-derived suppressor cells
(MDSCs) was also observed in BAL, a response most prominent 24 h post ozone
exposure. Conversely, F4/80 positive CD11b+Ly6C+Ly6G+ MDSCs decreased in
BAL after ozone exposure. We also found that ozone exposure resulted in a persist-
ent decrease in CD11b+F4/80+ inflammatory macrophages, and a transient in-
crease in CD11b-F4/80+Ly6C+Ly6G+ MDSCs in the spleen. In contrast, there
were no changes in bone marrow cell subpopulations after ozone inhalation. Taken
together, these results suggest that the spleen is a source of inflammatory MP in the
lung following ozone exposure; moreover, subpopulations of MDSCs originating in
the lung and the spleen may contribute to early inflammatory responses in the lung
and to processes of injury and repair. Supported by NIH grants GM034310,
ES004738, CA132624, AR055073, ES007148, ES005022.

Compare In Vitro Endothelial Cell Release of Endothelium
Derived Vasodilators in Response to Diesel, Biodiesel Blend
and Biodiesel Neat Combustion Extract.

221

L. Bhavaraju!, A. Williams?, T. Kormos® and M. Madden*. * Toxicology,
University of North Carolina at Chapel Hill, Chapel Hill, NC; > National Renewable
Energy Laboratory, Golden, CO; >NERL, ORD, US EPA, Research Triangle Park,
NC; “EPHD, NHEERL, US EPA, Chapel Hill, NC.

Diesel exhaust exposure in controlled human chamber studies found exposure in-
duced inhibition of vasodilation. Particles emitted in exhaust can translocate into
the vascular system however when particles are disolved in solvents of various po-
larity the insoluble fraction separates from the soluble fraction. We collected the
soluble fraction of combusted particles dissolved in DMSO for evaluation of the
extract to interfere with the release of endothelium derived vasodilators.
Endothelium dependent vasodilation is dependent on 6-keto PGFlalpha (6keto) a
vaso-active metabolite of arachidonic acid. We have investigated the effects of
diesel, biodiesel blend and biodiesel neat for a change in 6 keto release from three
cell lines: endothelial hybrid cell line (EA hy 926 cells), primary human umbilical
vein endothelial cells (HUVEC) and primary human coronary artery endothelial
cells (HCAEC). ELISA results of EA hy 926 cells with extract exposure for 24hrs
indicate a statistically significant (p=0.009) increase in Gketo from control and
100ug/mL of biodiesel neat (B100). However ELISA results from HUVEC and
HCAEC exposed to extract for 6, 8 and 24hrs indicate no statistically significant
change in Gketo release. QPCR data from extract exposure indicates there is no in-
crease in markers of inflammation. However there is a measureable increase in
heme oxygenase-1(HO-1) gene expression. HUVEC and HCAEC with 8hr extract
exposure to B100 at 100ug/mL have over two fold increase in HO-1. The B100
particle composition analysis indicates high levels of Zn and Fe compared to
biodiesel blend and diesel. In our work we address a possible mechanism for atten-
uation of vaso-active arachidonic acid metabolites in endothelial cells exposed to
diesel, biodiesel blend and biodiesel neat particle extracts. [This is an abstract of a
proposed presentation and may not necessarily reflect official US EPA Policy.]
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Role of CD36 in Ozone (O,)-Induced Lung Injury,
Inflammation, and Vascular Dysfunction.

222

S. Robertson, S.N. Lucas, P Hall, M. Paffett and M. ]. Campen. University of
New Mexico, Albugquerque, NM.

Ground level O; can damage the cardiovascular system. A lack of a clear mecha-
nism explaining O,-induced vascular health effects hinders the effectiveness of poli-
cies for achieving better health. Evidence suggests that inhaled pollutants evoke a
systemic inflammatory response that causes endothelial injury and dysfunction.
Using serum from Oj-exposed mice, we found that circulating components im-
paired acetylcholine (ACh) vasorelaxation in aortas from naive wild type (WT)
mice. However, the mechanistic interaction(s) between circulating factors and en-
dothelial cells is unknown. To address this issue we turned our attention to pattern
recognition receptors (PRRs), such as CD36 (cluster of differentiation 36), as me-
diators of vascular abnormalities following O, exposure. PRRs are capable of de-
tecting danger signals released by stressed or injured cells. We hypothesized that ac-
tivation of endothelial CD36 following acute O, exposure mediates cross-talk
between lung-derived circulating factors and vascular endothelium, culminating in
endothelial dysfunction.

Female C57 wild type (WT) and CD36 knockout (KO) mice were exposed to fil-
tered air (FA) or 1 ppm Oj for 4 h. Indices of pulmonary (quantified by lavage in-
flammatory cells) inflammation was assessed 24 h later. The effects of exposure on
ACh-induced vasorelaxation were studied using the aortic ring preparation. Parallel
experiments were performed in aortas from naive WT mice incubated with serum
from exposed mice.

O;-induced infiltration of macrophages and neutrophils into the airspace in WT
mice were absent in CD36 KO mice. ACh-evoked vasorelaxation of thoracic aorta
of WT mice, but not CD36 KO mice, was significantly reduced after inhalation of
O,. Ex vivo assays utilizing homologous serum demonstrated that the vascular dam-
age caused by O,-induced circulating factors was dependent on vascular CD36 re-
ceptor expression.

Collectively, our data demonstrate that an as yet unidentified circulating factor, or
factors, induced by O, exposure leads to vascular dysfunction mediated, in part, by
CD36 binding in the vascular tissue.

223 In Vitro Endothelial Cell Model to Assess the Impact of
Systemic Inflammation on Vascular Health.

M. Aragon, E.S. Colombo, M. ]. Campen and S. Lucas. Department of

Pharmaceutical Sciences, University of New Mexico, Albuquerque, NM.

Assessing the adverse vascular health effects of systemic inflammation caused by in-
haled toxins has presented a substantial research challenge. Current models rely on
anatomically disputable direct application of xenobiotics, especially airborne partic-
ulate matter, on cultured endothelial cells. Such assay systems fail to account for the
complex interactions and toxicokinetics that occur iz vivo. We have developed a
model that takes these factors into account to better elucidate the mechanisms in-
volved in a living system. This approach utilizes plasma or serum from exposed an-
imals as the endothelial stimulus, as this is the component in direct contact with en-
dothelial cells. Briefly, the serum/plasma isolated from exposed animals is incubated
on endothelial cells and canonical activation pathways are assessed. In this way the
endothelial cells act as a “biosensor”, expressing markers of inflammation, especially
cell surface adhesion molecules. In addition, nitric oxide (NO) bioavailability via
electron paramagnetic resonance can be directly measured in the supernatant. We
have characterized this model paradigm using primary endothelial cells from rats
and mice, using known mediators (IL-6, TNF-at) to assess the range of response in
order to compare endothelial cell responses to serum obtained from ozone-exposed
rodents. Serum obtained 24h following exposure to 1ppm ozone for 4h caused a 2-
fold increase in vascular cell adhesion molecule-1 cell surface expression on rat aor-
tic endothelial cells, as compared to serum from filtered air-exposed rats. Similarly,
we observe reductions in NO generation and elevated mRNA expression of specific
markers of endothelial cell activation. The potential for this assay extends beyond
the toxic effects of air pollution, with potential applications to drug safety and effi-
cacy, as well as having prognostic value for vascular disease.



Interaction of Human Bronchial Epithelial Cells and
Alveolar Macrophages Modifies the Innate Inmune
Response to Ozone.

224

R. N. Bauer!, L. Mueller?, L. Brighton? and L Jaspers' 2. ! Curriculum in
Toxicology, University of North Carolina at Chapel Hill, Chapel Hill, NC; >Center
for Environmental Medicine, Asthma, and Lung Biology, University of North
Carolina ar Chapel Hill, Chapel Hill, NC.

The lining of the airway consists of airway epithelial cells and resident immune
cells, which together coordinate the innate immune response to oxidant pollutants.
Oxidant pollutants can damage airway epithelial cells and induce the production of
soluble mediators that attract nearby immune cells, such as alveolar macrophages,
and activate innate immune pathways. Using ozone (O,) as a model oxidant pollu-
tant, we developed a human bronchial epithelial cell (HBE) and alveolar
macrophage (AM) co-culture model to assess how the interaction between HBE
and AM modifies the innate immune response to oxidant air pollutants. AM de-
rived from the bronchoalveolar lavage of healthy volunteers were co-cultured with
the HBE cell line 16HBEo- on transwell cell culture inserts or on transwells alone.
Co-cultures, AM alone, and HBE alone were exposed to 0.4 ppm O, or clean air
for 4 hours and analyzed 1 and 24 hours after O, exposure. O,-induced secretion of
interleukin(IL)-1f and IL-8 was compared between the cultures to determine the
specific cellular sources and whether the interaction between AM and HBE modi-
fies the inflammatory response. Using flow cytometry, co-cultures or AM alone
were examined for AM surface receptor expression, particularly CD44, Toll-like
Receptor 4 (TLR4) and its co-receptor CD14, which recognize soluble mediators
produced in response to oxidative damage. Our results suggest that co-culture of
AM and HBE modifies O,-induced secretion of IL-1p, but not IL-8. Whereas the
co-cultures had robust O,-induced IL-1p production, this response was blunted in
both AM and HBE cultured alone. Both O,-exposed AM had altered CD14,
TLR4, and CD44 expression, and co-culture further modified surface marker ex-
pression. These results suggest that HBE and AM coordinate the inflammatory re-
sponse to O, and that the interaction between HBE and AM is an important de-
terminate of the innate immune response to inhaled oxidant pollutants.

225  Behaviour of Lactose Blends in Nonclinical Respiratory
Safety Assessment Studies.

S. Moore! and S. Cracknell2. ! Huntingdon Life Sciences, Huntingdon, United

Kingdom; 2Huntingdon Life Sciences, East Millstone, NJ. Sponsor: D. Mitchell.

Drug/lactose powder blend range and complexity has also grown proportionally as
the potency of drug molecules has increased. This review, therefore, addresses the
relationship between the active drug moieties and total particulate over a range of
lactose powder blend formulations before and after aerosolisation to ensure en-
hanced study control. Test atmosphere concentration data from studies were chem-
ical or gravimetric analysed for drug:total particulate (TP) ratios and compared
with the original blend strength (BS). Results for unmicronised blends indicated up
to a 13-fold increase in drug: TP ratio for lower drug blend strengths (0.25% w/w)
for non-rodent exposure systems and 9-fold for rodent systems. The fold change
(FC) decreased exponentially with increasing drug BS for unmicronised blends and
by 40% wi/w; the FC was only 2-fold. Greater variation between different drug ac-
tives was also evident at lower blend strengths. Using stabilisers or additives resulted
in a slight increase (between 0.25 and 0.50 w/w) in the drug: TP ratio over the same
BS range. Comparison of 3 different lactose types indicated varying proportions of
FC depending on the particle size of the lactose. Micronised Lactohale LH301 gave
marginal increase in FC between BS of 0.25 and 40% w/w (1.02 to 1.11) but the
FC exhibited for unmicronised Respitose SV008 gave a much greatest change over
the same BS range. The FC using the same BS with different size inhalation cham-
bers showed no difference with chamber level implying that the animals receive the
same drug:lactose ratio irrespective of their position within the chamber.
Comparison between the Flow-Through and Flow past chambers with different
blend strengths gave a greater FC for the latter chamber type (up to 67%) due to in-
creased lactose sedimentation related to internal geometry of the chamber. In con-
clusion, this approach will allow greater prediction and confidence that the gravi-
metric aerosol concentrations will be an accurate representation of the active drug
moiety when the frequency of chemical analysis is reduced.

226  An In Vitro Cell-Based Assay to Measure the Solubilization
of Indium-Containing Particles by Macrophages.

W.M. Gwinn!, W. Qu!, R. W. Bousquet?, M. P Waalkes' and D. L. Morgan®.

!NTP Laboratory, NIEHS, Research Triangle Park, NC; Alion Science and

Technology, Research Triangle Park, NC.

Inhaled or airway-delivered indium-containing particles (ICPs) such as indium
phosphide (InP) and indium tin oxide (ITO) exhibit pulmonary toxicity and are
carcinogenic. Many ICPs are highly insoluble compounds which are engulfed by
alveolar macrophages; however, the mechanism(s) of ICP-induced pathogenesis
within the lung is unclear. We have previously shown that ICPs are cytotoxic to
macrophages in vitro which is dependent upon phagolysosome acidification. In the
current study, we hypothesized that macrophages phagocytose and solubilize ICPs
which generates free indium ions- likely the cytotoxic constituent of ICPs.
Adherent RAW 264.7 macrophages were treated with 200 pg/ml InP particles for
24 hrs. In some groups, macrophages were pre-treated for 30 min with 5 pg/ml cy-
tochalasin D (cytoD), an inhibitor of phagocytosis, and then co-treated with InP +
cytoD for 24 hrs. CytoD treatment blocked both the phagocytic uptake and cyto-
toxicity of InP particles. Cell culture supernatants were collected after 24 hrs of
treatment and centrifuged to pellet any residual cells and InP particles. Cell and
particle-free supernatants were then acid digested overnight and the concentration
of total indium was measured using atomic absorption spectroscopy. The concen-
tration of extracellular indium in cell culture supernatants from macrophages
treated with InP particles in the absence of cytoD (91.2 ug/L) was significantly in-
creased and approximately 3-fold greater compared to macrophages treated with
InP in the presence of cytoD (29.8 ug/L). These data indicate that macrophages
phagocytose and solubilize InP particles within lysosomes resulting in cell death
and the extracellular release of free indium metal species. This cell-based assay can
potentially be applied to other ICPs to determine if the in vitro macrophage solu-
bility of different ICPs correlates with in vivo pulmonary toxicity.

Acute Pulmonary Heme Oxygenase-1 Protein Response to
Particulate Matter in Naive Animals As an Indicator of
Allergic Adjuvant Potential.

227

C. Carosino, A. Castaneda, L. E. Plummer, K. Green, Y. Zhao, K.]. Bein,
A. S. Wexler and K. E. Pinkerton. Center for Health and the Environment,
University of California Davis, Davis, CA.

The San Joaquin Valley (SJV) of California is home to high PM pollution and
asthma symptom prevalence. Recently, source oriented sampling (SOS) approaches
have been employed in the SJV to collect commonly occurring particle source com-
binations in the normal milieu of PM typical to the region to allow for the evalua-
tion of their differential toxicities. Acute toxicity studies to assess differential pul-
monary inflammation were performed. Additional studies were performed in an
acute model of allergic airway inflammation. Studies utilized BALB/c mice, 8-10
weeks old and re-suspended particles collected and extracted by SOS methods.
Naive studies utilized dosing via oropharyngeal aspiration of 50ug SOS PM with
tissues examined for pulmonary inflammation 24-hours post dosing. Allergic stud-
ies utilized intranasal aspiration dosing on day 1, 3, and 5 of a) vehicle control, b)
25ug endotoxin purified D. Farinae house dust mite allergen, HDM (allergic con-
trol), or c) HDM and 15ug SOS PM (45ug total dose). Animals were challenged
on day 11, 12, and 13 with allergen alone and tissues collected on day 14. All aller-
gen-treated animals exhibited cellular profiles indicative of an allergic response with
elevations in leukocytes characterized by neutrophils, lymphocytes and eosinophils.
Heme oxygenase-1 (HO-1) protein levels in homogenized pulmonary tissue of
acutely exposed naive mice were quantified as a biomarker of oxidative stress.
Analysis of correlations revealed large associations between total cell, lymphocytic,
eosinophilic and neutrophilic pulmonary inflammation in allergic animals in con-
trast to HO-1 protein levels in the tissue of acutely exposed naive animals. Cellular
inflammation in naive acute studies did not correlate with HO-1 protein and did
not accurately predict adjuvant potential. These studies suggest that pulmonary
HO-1 levels in naive acute studies and existing archived tissue may be a valuable in-

dicator of particle adjuvant potential. Support: CARB/EPRI

Toxic and Mutagenic Effects of World Trade Center Dust on
Cultured Human Lung Cells.

228

A. M. Dilorenzo, C. Lambroussis, S. Choi and P. Rivera. Montclair State
University, Montclair, NJ.

The terrible events of the September 11, 2001 World Trade Center (WTC) tragedy

left many dead, injured, devastated and emotionally scarred. The effect of this
tragic event was noticed even a decade later in many upper -respiratory complica-
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tions resulting from the exposure to the toxic dust. The purpose of these experi-
ments was to investigate the extent of cellular damage resulting from WTC dust ex-
posure. This research project was conducted with cultured human lung fibroblast
cells exposed to WTC dust. To determine if cell proliferation levels were affected,
cultured cells were exposed to WTC dust at various concentrations ranging from
2.5 to 250 parts per million (ppm) in simulated physiological stress environments.
LD 50 had previously been determined in choosing sample concentrations.
Decreased serum levels were also utilized to mimic stress conditions which were to
be correlated to the stress levels experienced in the exposed human population. The
cultures under the various conditions were studied using both Cell Titer 96
Aqueous Non-radioactive Assay and Caspase Glo 3/7 Assay (Promega). Results in-
dicated that cell proliferation levels decreased as WTC dust concentrations in-
creased reaching a peak at 250ppm. This pattern persisted regardless of stress in-
duced serum level. The serum concentrations used were 10% Fetal Bovine Serum
(FBS), which represented a non-stressed system, with 2.5 and 1% FBS concentra-
tions used to simulate stressed environments. Assessment for apoptosis, pro-
grammed cell death, resulted in higher than baseline levels in cells exposed to WTC
dust in both MRC-5 (male) and WI-38 (female) human lung fibroblasts. In sum-
mary, results determined that exposure to WTC dust led to decreased cell prolifera-
tion and increased apoptosis levels. These findings evidence need for future research
regarding possible mutagenic properties of World Trade Center dust. Further clari-
fication of the small differences seen relative to gender of the exposed sample lung
cells is also needed.

229  Dose Response to Sacramento Particulate Matter.
L.S. Van Winkle, D. Anderson, K. E. Pinkerton, E Tablin, D. Wilson,
K.J. Bein and A. S. Wexler. University of California Davis, Davis, CA.

Particulate matter (PM) exposure contributes to respiratory diseases and cardiopul-
monary mortality. The toxicity of PM could be related to sources, such as vehicle
exhaust, and composition, such as abundance of polycyclic aromatic hydrocarbons
(PAHs). We exposed adult male balb/c mice, via oropharyngeal aspiration, to a
range of doses of PM2.5 collected during the winter in downtown Sacramento near
a major freeway interchange (SacPM). Because the relative contribution of PAHs in
SacPM might be important, and since filter extraction may alter PM biological ef-
fects, we tested two PM preparation methods (sonication/spin-down and sonica-
tion/lyophilization) at 10, 50 and 100 g doses and analyzed the lung tissue re-
sponse at 24 hrs after dosing. We analyzed 1) leukocytes and total protein in BALE,
2) airway-specific and whole lobe expression of PAH sensitive genes (CYP1B1 and
CYP1A1) and IL-1b and 3) lung histology. We found both PM extraction methods
stimulated similar biological responses, but the spin-down method was more robust
at producing IL-1b and CYP1B1 gene responses and the lyophilization method in-
duced whole lung CYP1A1. Neutrophils in the BALF were increased 5-fold at 50
ug and 10-fold at 100 ug. Total protein in the BALF was significantly increased at
both the 50 and 100 g doses. Histopathology scores were dose responsive and
more robust in mice treated with spin-down derived PM. CYP1B1 gene expression
in whole lung increased 3-fold at the 50 and 100 ug dose for this method as well,
but was increased less than 1.5-fold for the lyophilization method. In microdis-
sected airways all doses of the spin-down PM increased CYP1B1 gene expression
significantly, but the lyophilized PM did not change CYP1B1. We conclude 1) the
method of filter extraction can influence the degree of biological response at a given
dose, 2) for SacPM the minimal effective dose for this strain of mouse and route of
exposure is 50ug and 3) P450s in airways and the lung parenchyma have differen-
tial ability to be upregulated in response to PAH-containing PM. (Supported by
California Air Resources Board)

Subchronic Inhalation Exposure of Rats to Libby Amphibole
and Amosite Asbestos: Effects at 1 and 3 Months
Postexposure.

230

G. A. Willson!, D. E. Dodd?, K. Roberts?, H. G. Wall!, ]. M. Cyphert’,

A. M. Jarabek® and S. H. Gavett’. Experimental Pathology Laboratories, Inc.,
Research Triangle Park, NC; 2 The Hamner Institutes for Health Sciences, Research
Triangle Park, NC; 3 Curriculum in Toxicology, University of North Carolina School
of Medicine Chapel Hill, Chapel Hill, NC; “US EPA, Research Triangle Park, NC.

Increased asbestosis, lung cancer, and mesothelioma rates are evident after expo-
sures to Libby amphibole (LA). To support dosimetry model development and
compare potency, a subchronic nose-only inhalation study (6 hr/d, 5 d/wk, 13 wk)
was conducted in male F344 rats. Rats were exposed to air (control), LA (LO,
MED, HI; 1.01, 3.33, 10.08 mg/m? 300, 701, 4050 fibers/cc), or amosite (AM;
3.35 mg/m?; 1035 f/cc). Toxicity endpoints, pathology, and fiber burden evaluation
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were determined 1 d and 1, 3, and 18 mo post-exposure. Previously reported results
(Dodd, SOT 2012) showed comparable inflammatory and fibrogenic responses 1 d
after exposure to MED LA and AM. Here we report BAL neutrophils were in-
creased in HI LA and AM groups at 1 mo, but only in HI and MED LA groups at
3 mo. Macrophages were decreased in the HI and MED LA groups at 3 mo. AM
and MED LA groups had comparable increases in BAL LDH and protein at 1 and
3 mo. Lung tissue cytokine production and activation of pro-fibrotic and cellular
growth signaling pathways were also comparable between AM and MED LA.
Histopathological examination of the lung found a minimal increase in alveolus in-
flammation, interstitial fibrosis, bronchiolization, and foreign body presence in
both AM and LA groups compared to controls. Alveolus inflammation was most
severe in HI LA rats at 1 and 3 mo compared to all other exposure groups. Only HI
LA rats had bronchiole epithelial hyperplasia, but only 1 mo after exposure. These
results show comparable fibrogenic responses 1 and 3 mo after subchronic exposure
of rats to LA and AM asbestos. Tissue fiber burdens are being measured to support
dosimetry model development of deposition and clearance (Asgharian, SOT 2012:
Jarabek, SOT 2013); comparison of responses between fibers may change based on
dosimetry modeling. (This abstract does not represent US EPA policy)

Exposure to Sumas Mountain Chrysotile Induces Similar
Gene Expression Changes As Libby Amphibole but Has
Greater Effect on Long-Term Pathology and Lung Function.
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. M. Cyphert"2, A. Nyska?, R. K. Mahoney*, M. C. Schladweiler?,

U. P. Kodavanti? and S. H. Gavet®. Curriculum in Toxicology, UNC School of
Medicine, Chapel Hill, NC; ’EPHD, NHEERL, US EPA, Research Triangle Park,
NGC; 3Sackler School of Medicine, Tel Aviv University, Timrat, Israel; “EMSL
Analytical, Inc., Libby, MT.

This study was designed to provide understanding of the toxicity of naturally oc-
curring asbestos (NOA) including Libby amphibole (LA), Sumas Mountain
chrysotile (SM), El Dorado Hills tremolite (ED) and Ontario ferroactinolite cleav-
age fragments (ON). Rat-respirable fractions (aerodynamic diameter < 2.5 pm)
were prepared by water elutriation and a dose of 1.5 mg/rat delivered via a single in-
tratracheal (IT) instillation. Bronchoalveolar lavage (BAL), gene expression,
histopathology, and lung function were analyzed 1 d, 3 mo, or 15 mo post-instilla-
tion.

One day after exposure, although inducing less acute inflammation than other sam-
ples, LA and SM induced a greater degree of lung injury. A similar trend was also
observed in gene expression profiles, as both LA- and SM-exposed rats differed sig-
nificantly from dispersion media (DM) controls. Changes were suggestive of dys-
regulation of both extracellular matrix and fibrosis pathways. By three months,
most BAL parameters had returned to DM control levels. However, significant
time-dependent fibrosis was evident in rats exposed to LA or SM. By 15 months,
the greatest fibrotic changes were observed in SM-exposed rats; while no fibrosis
was noted in the cleavage-fragment or DM  control group
(SM>LA>ED>ON=DM). Consistent with the greatest degree of fibrosis, only SM-
exposed rats exhibited persistent, long-term changes in lung function parameters.
These data demonstrate that, in the rat, SM resulted in more significant long-term
effects after a single I'T exposure than LA. This study suggests that there may be
cause for concern for people at risk of being exposed to NOA from the Sumas
Mountain landslide, and highlights the need for further study of sites where NOA
is present. (This abstract does not represent U.S. EPA policy).

232 Lack of Sex Difference in Nasal Glutathione Response to
Naphthalene.

I. A. Cichocki!, L.S. Van Winkle?, G.]. Smith! and ]. B. Morris'. ! Toxicology,

University of Connecticut, Storrs, CT; 2Veterinary Medicine, University of California

Davis, Davis, CA.

At concentrations of 10 ppm or greater, naphthalene (NA) is a nasal carcinogen in-
ducing respiratory adenomas in male and olfactory neuroblastomas in female rats,
respectively. The proposed carcinogenic mode of action includes metabolic activa-
tion via CYP450 to an electrophile with subsequent glutathione depletion, escape
of electrophile, and covalent binding. Respiratory and olfactory mucosa are tumor
target sites and both contain NA CYP450 activating capacity; the activity in olfac-
tory exceeds that in respiratory mucosa by 3-fold. To fully define the effect of NA
on nasal glutathione, male and female F344 rats were exposed to 0, 10, or 30 ppm
NA for 1, 4, or 6 hours. Following exposure, nasal olfactory and respiratory tissues
were analyzed for reduced/oxidized glutathione levels (GSH/GSSG). Female con-
trol rats had twice the levels of GSH compared to male controls, but NA exerted
similar effects on GSH in both genders. GSH was depleted at all times; in females,



respiratory and olfactory mucosal levels were ~45 and 70% of control levels (re-
spectively) after 10 or 30 ppm, an effect that did not correlate with local CYP450
activation rates. Similar trends were seen for male rats. To fully define the concen-
tration response, rats were exposed to 0, 0.5, 1, 3, 10, or 30 ppm NA for 4 hours.
Significant GSH depletion occurred at all exposure levels in respiratory and olfac-
tory mucosa with maximal depletion (about 30 and 60% of control levels, respec-
tively) occurring at or above 1 ppm. Similar trends were seen in both males and fe-
males. NA, at concentrations well below those shown to be carcinogenic, causes
significant depletion of GSH in the nose. The degree of GSH depletion in different
nasal regions does not correlate with activation rates, suggesting that other factors
contribute to the GSH response. No sex difference was observed in GSH response,
suggesting that the sex difference in tumor response cannot be attributed to this
step in the carcinogenic mode of action. (Supported by the Naphthalene Research
Council)

Acetaminophen at Low Doses Depletes Airway Glutathione
and Alters Respiratory Reflex Responses.

233

G. ]. Smith, J. A. Cichocki, ]. E. Manautou and ]. B. Morris. Zoxicology Program,

University of Connecticut, Storrs, CT.

In the past three decades the prevalence of asthma has more than doubled. The rea-
sons for this increase are unknown. Several hypothetical mechanisms have been
proposed, but none have been proven. The “acetaminophen (APAP) hypothesis”,
first derived from epidemiological data, postulates that pediatric use of acetamino-
phen, by decreasing lung antioxidant defenses, increases asthma risk. APAP (N-
acetyl-para-aminophenol, is an analgesic thought to be safe at therapeutic doses.
APAP is activated by CYP450 to a reactive intermediate that conjugates with, and
depletes, the important antioxidant, glutathione (GSH). To determine if this occurs
in the airways, female C57Bl/6] mice were administered APAP (ip) at non-hepato-
toxic doses (30, 60, or 100 mg/kg) followed by measurement of tissue non-protein
sulthydryl (NPSH) (- 90% of which is GSH). A dose and time dependent reduc-
tion in NPSH levels occurred with maximal depletion to ~60% of control at 1hr in
the liver, and at 2hrs in the lung, trachea, and nose. Inhalation exposure to reactive
electrophilic vapors, such as acrolein, stimulates the trigeminal nerve Transient
Receptor Potential A1 (TRPA1) receptor and elicits the sensory irritation response.
(The role of TRPA1 has been confirmed in our model via use of TRPA1 knockout
mice.) Acrolein acts at intracellular N-terminal cysteines of the TRPA1 receptor; we
reasoned that APAP, by decreasing GSH would increase the amount of acrolein
available to interact with TRPA1. APAP (100 mg/kg 1 hr prior to acrolein expo-
sure) increased the irritation response by 75% over that of acrolein alone. Nasal
NPSH levels in acrolein/APAP exposed mice were reduced to 88, 69, and 59% of
control at 30, 60, and 100 mg/kg, respectively. These results suggest that APAD, at
near therapeutic doses, causes depletion of airway GSH to levels sufficient to mod-
ulate acute respiratory responses. These findings lend support to the APAP hypoth-
esis. (Supported by the UConn Presidents Research Award)

Upper Respiratory Lesions in Rats Administered
Amiodarone Hydrochloride Solution Orally for 4 Days by
Intraesophageal Dosing: Absence of the Lesion by
Intragastric Dosing.
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S. Ogata, Y. Nezu, T. Watanabe, S.Takada, Y. Tani and W. Takasaki. Medicinal
Safety Research Laboratories, Daiichi-Sankyo, Tokyo, Japan.

Upper respiratory (UR) tract can be damaged by compounds administered orally.
Retrograde exposure of nasal passage to dose formulation from the esophagus has
been suggested as one of the toxicological mechanisms (Damsch et al. Toxicol
Pathol, 2011). However, literatures are limited with this toxicity of orally adminis-
tered drugs in clinical use and the toxicological significance remains unclear.
Amiodarone hydrochloride (AM) is an antiarrhythmic agent administered orally
and intravenously in clinical use. We demonstrated AM induces UR lesions in rats
by gavage dosing for 4 days with a metallic tube. Retrograde exposure of the nasal
passage to dose formulation was suggested because incidence of the lesion was
higher in the posterior nasal passage than the anterior one (Ogata et al., JSTP
Annual Meeting, 2011). Furthermore, irritability of the dose formulation to nasal
epithelium was confirmed based on induction of UR lesions after single intranasal
dosing (Ogata et al., JSOT Annual Meeting, 2012). To examine the effect of the
dosing procedure on the lesions, rats were administered 150 mg/kg AM by a
catheter instead of a metallic tube and the UR lesions were compared histopatho-
logically with those obtained in the former study with a metallic tube. In this study,
no UR lesions were observed in rats given AM with a catheter. Cmax and AUC was

equivalent between dosing procedures with the catheter and metallic tube after a
single dose. The results suggest that the UR lesions in rats given AM by a metallic
tube is not attributable to systemic exposure alone. Dependence on metallic tube
dosing may suggest low toxicological relevance of the UR lesions. Furthermore,
catheter dosing would be an option to evaluate toxicological significance of gavage-
related UR lesion, with equivalent Cmax and AUC obtained by metallic tube dos-
ing, and without possible concern specific to dosing from parenteral or feeding
routes.

235 A High-Fructose Diet Attenuates Adaptation of Nasal
Epithelium to Subacute Ozone Exposure in Mice.

. Harkema' 2, P Brooks!, K. M. Allen"2, M. Dereski', R. Lewandowski®-2,
D. Jackson!, L. Bramble 2 and J. G. Wagner" 2. ' Michigan State University, East
Lansing, MI; 2US EPA Great Lakes Air Center for Integrated Environmental
Research, East Lansing, MI.

INTRODUCTION: Ozone (O3) is a common oxidant air pollutant and inhaled
respiratory toxicant. Repeated inhalation exposures to high ambient concentrations
of O3 cause an adaptive epithelial change, mucous cell metaplasia (MCM), in the
nasal airways of laboratory rodents and nonhuman primates. Since airway mucus is
a known anti-oxidant, MCM with increases in mucus-secreting cells, is a defensive
response of airway epithelium to minimize further oxidant injury caused by inhaled
irritants. Unhealthy diets associated with the metabolic syndrome may adversely af-
fect the host’s normal response to inhaled pollutants. The present study was de-
signed to determine the effect of a high fructose diet (HFD) on the adaptive MCM
response of nasal epithelium to O3. METHODS: C57/Bl6 male mice were ex-
posed to 0 (controls) or 0.5 ppm O3, 4h/day, for 24 consecutive week days. Half of
the mice were fed a normal diet (ND) and the other half were fed a HFD. Mice
were sacrificed 24h after the last day of O3 exposure. Nasal tissues were processed
for light microscopy and morphometric analysis. RESULTS: No exposure-related
nasal lesions were found in filtered air-exposed control mice fed either diet. ND-fed
mice exposed to O3 developed marked MCM in nasal transitional epithelium that
was accompanied by a mucosal influx of eosinophils. In contrast, HFD-fed mice
had minimal nasal MCM and few mucosal eosinophils (85 and 60% less, respec-
tively, compared to ND mice) after O3 exposure. CONCLUSIONS: In mice, a
HEFD significantly altered the MCM adaptation of nasal epithelium to O3 expo-
sure. Underlying mechanism(s) responsible for this diet-induced alteration in host
response and its possible human health implications are yet to be determined.
Funded by USEPA RD83479701.

Morphometric Assessment of Concentration- and Time-
Dependent Injury in the Nasal Airways of Rats Exposed to
Chlorine Gas.
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A. M. Jarabek?, A. Watkins' and ]. Harkema!. ‘Michigan State University, East
Lansing, MI; 2US EPA, Research Triangle Park, NC.

Chlorine (CI2) is an oxidizing chemical used in industrial processes and as a house-
hold disinfectant. It is also an inhaled toxicant that causes airway injury, ranging
from minor irritation to death, depending on exposure conditions. Due to its toxi-
city and availability, Cl2 is considered a chemical threat agent. Understanding the
airway pathology of inhaled Cl2 is critical to both preventing and treating its toxic-
ity. In rodents, the nose is a primary target organ for inhaled CI2. Risk assessment
approaches rely on the daily concentration times time (C x t) product for extrapo-
lation of effect levels across studies of different duration (Haber’s Rule). This CI2
inhalation study in rats was designed to determine the contribution of daily C x t
product and exposure duration to the severity of nasal injury. CI2 was one of the
gases on which Haber’s Rule was based, but emerging understanding of its pathobi-
ology suggests that the relationship does not hold. We hypothesized that the daily C
x t product does not capture the occurrence and magnitude of Cl2-induced toxic-
ity. Rats were exposed to equivalent combinations of daily C x t inhaled CI2 for
acute (6 ppm for 1 h; 1 ppm for 6 h; 0.25 ppm for 24 h) or subacute and sub-
chronic (1 ppm, 6h/d for 5d, 10d or 90d) durations. The amount of histochemi-
cally stained mucosubstances in nasal transitional epithelium was morphometri-
cally determined as a quantitative measure of the severity of Cl2-induced mucous
cell metaplasia (MCM). Only rats subacutely or subchronically exposed to CI2 de-
veloped this lesion and the magnitude of MCM markedly increased with duration.
Odur results indicate that daily C x t product alone is not a good estimator of CI2-
induced MCM and exposure duration is an important determinant of the risk to
Cl2-induced nasal toxicity. Funded by EP-12-C-000052. (The views expressed in
this abstract are those of the authors and do not necessarily represent the views or
policies of the U.S. Environmental Protection Agency.)
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Diacetyl-Induced Respiratory and Olfactory Toxicity in
Mice: Influence of Ubiquitination, Gender, and
Dicarbonyl/L-Xylulose Reductase Gene Knockout.

237

A. E Hubbs!, K. L. Fluharty!, M. P. Goravanahally>!, R.]J. Edwards> !,

M. L. Kashon!, L. Sargent!, R. R. Mercer!, M. C. Jackson!, A. M. Cumpston!,
W. T. Goldsmith!, J. S. Fedan!, R. D. Dey?, L. A. Battelli!, T. Munro!,

W. B. Moyers!, P. A. Willard!, K. McKinstry!, S. Friend' and K. Sriram'.
'HELD, NIOSH, Morgantown, WV; > West Virginia University, Morgantown, WV,

The a-dicarbonyl butter flavoring, diacetyl (2,3-butanedione), is associated with
flavorings-related constrictive bronchiolitis in workers who make or use flavorings.
Diacetyl causes protein damage in a process believed to be dependent upon the -
dicarbonyl structure. A protective response to damaged protein is ubiquitination
with subsequent proteasomal processing. Diacetyl is also metabolized to the less re-
active o-hydroxyketone, acetoin, by dicarbonyl/L-xylulose reductase (Dcxr). We
examined the role of Dexr and gender on acute toxicity of inhaled diacetyl by ex-
posing Dexr knockout and wildtype mice of both sexes to diacetyl at target concen-
trations of 0, 100, 200 or 300 ppm for 6 hr. At 1 day post-exposure, endpoints were
semi-quantitative histopathology and morphometric measurement of ubiquitin im-
munofluorescence in nose and lung sections. Ubiquitin was principally localized to
nasal and intrapulmonary airways, increased in large bronchioles at concentrations
= 100 ppm, and in the nose at 300 ppm. Diacetyl-induced ubiquitin in the nose
and lung was modified by both gender and Dexr. In lung histopathology, diacetyl
caused vacuolation of airway epithelium of large bronchioles at concentrations =
100 ppm. In olfactory bulb (OB) of male mice inhaling 300 ppm diacetyl, nRNA
expression of inflammatory mediators and olfactory marker protein (Omp), a
marker of olfactory neuron axons, were assayed by real-time PCR. Diacetyl elevated
116, Cxcl2, and Tnfa and decreased Omp in OB. The data suggest that ubiquitin
expression is a sensitive biomarker of diacetyl-induced protein damage in airway
epithelium. Further, diacetyl causes neuroinflammation and potential loss of axons
of olfactory neurons in OB, suggestive of neurotoxicity.

238  Subchronic Exposure to Ambient Particulate Matter Induces
Oxidative Stress Responses in Brain Tissue of ApoE-/- Mice.

L. B. Mendez!, A.]. Keebaugh!, L. Chen?, M. Lippmann? and

M. T. Kleinman'. ! University of California Irvine Irvine, CA; ?°New York University,

New York, NY.

Exposure to particulate matter (PM), present in urban environments, has been
shown to induce pro-inflammatory and oxidative stress responses in the central
nervous system (CNS) of apopoliprotein E knockout (ApoE-/-) and Balb/c mice.
In this study oxidative stress responses in different subcellular fractions of the
ApoE-/- mouse brains were evaluated after a subchronic exposure to fine (<2.5 um)
concentrated ambient particles (CAPs). Apo E-/- mice were exposed to either CAPs
or particle-free air for 5 hours a day, 5 days per week, for a period of 6 months. The
whole-body inhalation exposures were conducted in two urban cities (Seattle, WA
and Detroit, MI) with distinct sources and chemical composition of PM. Brain tis-
sue was collected after the exposures were completed and analyzed for biomarkers
of oxidative stress. The antioxidant glutathione was reduced in the brains of mice
exposed to CAPs in Michigan but not in Washington. In contrast the lipid peroxi-
dation product 4-hydroxyalkenal (HNE) was significantly increased in the mem-
brane fraction of brain tissue of mice exposed to CAPs in Washington but not in
Michigan. No significant differences were observed in protein carbonyl levels, a
biomarker of protein oxidation, although the levels were slightly higher in the cyto-
plasmic fraction of brain tissue from animals exposed to CAPs when compared to
controls regardless of exposure site. The results suggest that PM from different
sources can modulate oxidative stress responses in a distinct fashion and that differ-
ent subcellular fractions in the brain can be more susceptible to the effects of PM.

Co-Exposure to Ultrafine Particulate Matter and Ozone
Causes Electrocardiogram Changes Indicative of Increased
Arrhythmia Risk in Mice.
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N. Kurhanewicz!, R. McIntosh-Kastrinsky!, L. Walsh?, A. K. Farraj? and
M. S. Hazari?. ! University of North Carolina at Chapel Hill, Chapel Hill, NC;
2Environmental Public Health Division, US EPA, Research Triangle Park, NC.

Numerous studies have shown a relationship between acute air pollution exposure
and increased risk for cardiovascular morbidity and mortality. Due to the inherent
complexity of air pollution, recent studies have focused on co-exposures to better
understand potential interactions. This study was designed to evaluate the cardiac
effects of concentrated ambient fine (PM2.5) and ultrafine (UFP) particles with
and without ozone (O3) co-exposure. We hypothesized that ozone co-exposure
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would enhance the acute effects of particles, particularly UFP. Conscious unre-
strained C57BL/6 mice implanted with radiotelemeters were exposed by whole-
body inhalation to either 250 ug/m3 PM2.5 or 100 ug/m3 UFP with or without
0.3 ppm O3 (4hrs); separate groups were exposed to either filtered air or O3 only.
Heart rate (HR) and electrocardiogram (ECG) were recorded continuously before,
during and after exposure. Control animals experienced a decrease in HR during
exposure. Neither PM2.5 nor UFP alone caused any HR change; however with O3
co-exposure, HR remained transiently elevated above control levels. Exposure to
UFP+03 caused decreased PR-interval, a transient increase in QRS, and increased
QTc. PM2.5 alone caused QRS to decrease and O3 alone caused a decrease in QRS
interval and QT'c. There were no other significant differences in the ECG parame-
ters measured of any groups. Lastly, only animals exposed to UFP+O3 had an in-
crease in the number of non-conductive P-waves; there were no differences in other
arrthythmia counts. These data suggest that O3 co-exposure might worsen the stress
response to PM, especially UFP, and cause repolarization heterogeneity in the heart,
which increases the risk for arrhythmogenesis. As such, this indicates that the car-
diovascular effects of particle and gas co-exposures are not easily characterized, po-
tentially increasing the complexity of risk assessment. (This abstract does not reflect
EPA policy)

An Air-Liquid Interface In Vitro Approach for Studying
Toxic Effects of Exhaust Emissions Using a Heavy Duty
Truck.
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I. M. Kooter!, M. Alblas!, J. van Triel?, A. Jedynska!, M. Steenhof?,
M. Houtzager' and M. van Ras'. 'EELS, TNO, Utrecht, Netherlands; >TAR TNO
Triskelion, Zeist, Netherlands. Sponsor: R. Woutersen.

Classically in vitro diesel exhaust (DE) studies have been performed with sub-
merged cell cultures which are exposed to collected DE particles. Major drawback
of this exposure method is that cells are not exposed to the whole complex and dy-
namic mixture of compounds DE is composed of. In recent years, air-liquid inter-
face exposures have become more widely used, enabling in vitro exposures to mix-
tures of gases and particles. The main objective of this study was to investigate the
feasibility of exposing human lung epithelial cells at the air-liquid interface to com-
plete DE generated by a heavy-duty truck in the state-of-the-art TNO power train
facilities.

Human epithelial lung cells (A549) were directly exposed at the air liquid interface
to DE generated by a heavy-duty Euro III truck (turbo diesel model 2002). The
truck was tested at a steady-state cycle at a speed of ~70 kmh-1 to simulate free-
flowing traffic at a motorway on a transient engine dynamometer. Cells were ex-
posed to DE for 1.5 hours. After a 24 hours post-incubation period, cells were
analysed for markers of oxidative stress (glutathione levels, GSH; heme oxygenase 1
protein levels, HO-1), cytotoxicity (lactate dehydrogenase release, LDH; Alamar
Blue assay) and inflammation (interleukine-8 protein levels, IL-8).

DE exposure resulted in a decreased cell viability (significantly decreased Alamar
Blue levels in the incubation medium and slightly increased LDH levels), and an
increased oxidative stress response (significantly increased HO-1 levels and reduced
GSH/GSSH ratio). However, the pro-inflammatory response seemed to decrease
(non-significant decrease in IL-8).

The results presented here demonstrate that our in vitro exposure approach is in-
deed well suited for testing complex particulate and gaseous pollutant mixtures
from diesel trucks. Our results confirm previous in vitro studies showing cytotoxic-
ity and oxidative stress responses due to DE exposure.

241  Comparative Toxicity of Soy Biodiesel and Diesel Emissions
in Healthy and Allergic Mice.

S. H. Gavett!, M. A. Williams', ]. M. Cyphert*!, E. H. Boykin!,

M. E. Daniels!, L. B. Copeland!, D. L. Andrews?, J. H. Richards' and

L Gilmour'. '/EPHD, NHEERL, US EPA, Research Triangle Park, NC; ?Curriculum

in Toxicology, UNC School of Medicine, Chapel Hill, NC; >Research Cores Unit,

Proteomic Research Core, US EPA, Research Triangle Park, NC.

Toxicity from combustion of 100% soy-based biodiesel (B100) was compared to
that of petrodiesel (B0) or a 20% biodiesel / 80% petrodiesel mix (B20) in healthy
and house dust mite (HDM)-allergic Balb/cJ mice. Exhaust from combustion of
B0, B20, or B100 was diluted to target concentrations of 50, 150, or 500 ug/m3 as
determined by real-time Tapered Element Oscillating Microbalance. Studies in
healthy mice showed greater levels of MIP-2 and neutrophils in bronchoalveolar
lavage (BAL) fluid 2 hr after a single 4 hr exposure to BO compared with exposure
to biodiesel emissions (air control neutrophils = 1x, B0 = 11.9x, B20 = 4.4x, B100
= 2.1x). However these differences were attenuated 24 hr after exposure and no
consistent differences were observed 2 or 24 hr after 5 d (4 hr/d) or 4 wk (5 d/wk)
exposures. Mice sensitized and challenged intranasally with HDM and exposed to
B0, B20, or B100 for 4 wk (5 d/wk) had no emissions-related differences in airway



hyperresponsiveness to MCh aerosol (determined by total lung resistance in anes-
thetized, paralyzed and ventilated mice). Non-significant trends of decreased
eosinophils and IL-5 in BAL fluid were found after exposure to the 500 pug/m3
concentration of all 3 fuels. Proliferative responses of peribronchiolar lymph node
cells in response to HDM antigens in vitro were not significantly affected by expo-
sure to fuel emissions. We conclude that alternative soy biofuel emissions have com-
parable or reduced adverse effects relative to diesel emissions in healthy mice or a
mouse model of allergic asthma. (This abstract does not represent U.S. EPA policy.)
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Mechanisms Underlying Anti-Inflammatory Effects of
Selective Diindolylmethane Compounds Using RAW264.7
Cells.

M. E Afzali!, G.P.Dooley!, S. H. Safe?, W. H. Hanneman' and M. E. Legare!.
!Center for Environmental Medicine, Environmental and Radiological Health
Sciences, Colorado State University, Fort Collins, CO; ?Center for Environmental and
Genetic Medicine, Institute of Biosciences and Technology, Texas A&M Health
Sciences, Houston, TX.

Chronic inflammation has been associated as the root cause of many serious ill-
nesses including heart disease, Alzheimer’s disease and many cancers. Tolfenamic
Acid (TA) a non-steroidal anti-inflammatory (NSAID) drug has been shown to
have multiple anti-inflammatory effects in RAW264.7 murine macrophages. This
study compares the anti-inflammatory effects of selected diindolylmethane (DIM)
compounds in activated RAW264.7 cells. Results indicate a significant decrease in
production of prostaglandin E (2), D (2) and F (2). In addition, there was a de-
crease expression of mediators of inflammation including cyclooxygenase-2 (COX-
2) in LPS-induced RAW 264.7 cells. These results underscore the potential use for
these DIM compounds in ameliorating inflammation in disease processes and ther-
apeutic regimens.
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Fyn Kinase Inhibitors Attenuate Manganese Nanoparticles
Induced Neuroinflammatory Signaling in BV2 Microglial
Cells and Primary Microglia.

K. Kanthasamy, N. Panicker, A. Ngwa, C. Jeffery, M. Neal, A. Kanthasamy
and V. Anantharam. Jowa State University, Ames, IA.

Manganese (Mn) nanoparticles are currently used in a multitude of industrial and
biomedical applications, including magnetic resonance imaging, high capacity bat-
teries, industrial coatings, biosensors, plastics, ultrahigh density storage devices,
nanofibers, and catalysts. Yet, the potential impacts of these particles on human
health and the environment are not well understood. Notably, the cellular mecha-
nisms underlying Mn nanoparticle induced neurotoxicity are yet to be identified.
Because nanoparticles are similar in size to microbes, we hypothesize that Mn
nanoparticles exposure may activate phagocytic microglial cells to induce a neuro-
toxic response. We exposed BV2 microglia and primary microglial cultures to vari-
ous doses of Mn nanoparticles and then measured inflammatory markers. Exposure
of 0-50 pg/mL Mn nanoparticles to BV2 microglia over 24 hr period resulted in a
dose-dependent increase in iNOS, ROS, TNFa, IL-6, IL-12, and RANTES levels.
Additionally, Mn nanoparticles induced over a threefold increase in ROS genera-
tion in primary microglial cells. Interestingly, Mn nanoparticles also activated the
non-receptor tyrosine kinase Fyn in BV2 microglia. In order to determine whether
Fyn kinase plays a role in the Mn induced inflammatory response, we tested a series
of Fyn kinase inhibitors, including rosmarinic acid, dinitro-rosmarinic acid and caf-
feic acids. Rosmarinic and caffeic acids showed EC50s of 33 and 32 uM, respec-
tively, against Min induced iNOS activation. In addition, Fyn kinase inhibitors sig-
nificantly blocked Mn-nanoparticle induced TNFa, IL-6, IL-12 release and ROS
generation, indicating that Fyn kinase may play a central role in the Mn nanoparti-
cle neuroinflammation and oxidative stress. Taken together, our results demonstrate
that Mn nanoparticles activate microglial cells via a Fyn kinase dependent mecha-
nism and that Fyn kinase inhibitors may serve as efficacious therapeutic agents
against the metal nanoparticle induced neuroinflammatory insult (supported by

NIH grants ES10586 and NS65167).

Proinflammatory Cytokines Present in the Tumour
Microenvironment Induce Phenotypic Change in Colorectal
Cancer Cell Lines.
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S. Patel and N. J. Gooderham. Surgery and Cancer, Imperial College London,
London, United Kingdom.

Colorectal cancer (CRC) is the third most common cancer worldwide with
metastatic disease responsible for high mortality rates. The cellular microenviron-
ment is modified during malignancy to support tumor development and metasta-
sis, however mechanisms by which this occurs remain unclear. Previous data from

our laboratory has shown an overexpression of cytochrome P450 (CYP) drug me-
tabolizing enzymes 1B1 and 2E1 and pro-inflammatory cytokines interleukin (IL)
1B and IL6 in neoplastic tissue resected from colorectal cancer patients compared
to matched non-neoplastic controls. In the current study, the presence of these cy-
tokines in the tumour microenvironment was investigated in vitro using two CRC
cell lines HCT116 and SW480, differing in metastatic potential. Treatment with
conditioned media from activated THP1 monocytes, known to secrete an array of
cytokines (including IL6, IL1$ and TNFa), was able to induce the invasive proper-
ties of the metastatic cell line HCT116 as measured using wound and migration
chamber assays. Treatment with IL6 alone (0-1000 pg/ml) was also shown to pro-
mote cell motility and invasion in a bell-shaped dose response, characteristic of cy-
tokine function. The non-metastatic cell line SW480 did not respond to the condi-
tioned media and was more resistant to IL6, generating a response only at the
higher doses. Additionally, CYP 1B1 and 2E1 expression were increased following
treatment with the conditioned media as well as with IL6 on its own. Taken to-
gether, these data indicate that pro-inflammatory cytokines, in particular IL6, are
able to cause phenotypic change in CRC cells by inducing CYP expression and pro-
moting ability for the cells to migrate and invade surrounding tissue, thus demon-
strating the important role of tumor microenvironment in disease progression.

245 A Novel Anti-Inflammatory Peptide: Potential Therapy of
Sepsis Induced by Bacterial Endotoxin.

U. Wormser!, M. Aschner?, Y. Finkelstein?, E. Proscura!, B. Brodsky' and

E. Shapira. !Institute of Drug Research, The Hebrew University, Jerusalem, Isracl;

2Department of Pharmacology, Center for Molecular Toxicology, and the Kennedy

Center for Research on Human Development, Vanderbilt University School of

Medicine, Nashville, TIN; 3 Neurology and Toxicology Service and Unit, Shaare Zedek

Medical Center, Jerusalem, Israel.

Sepsis is a syndrome of infection complicated by vital organ dysfunction and con-
sidered one of the leading causes of mortality in intensive care units. It is character-
ized by a generalized inflammatory response caused by systemic activation of
macrophages and other immune and microvascular endothelidal cells. The present
study demonstrates the efficacy of a novel anti-inflammatory peptide termed
IIIIMI in ameliorating sepsis induced by the bacterial endotoxin lipopolysaccha-
ride (LPS). A single injection of the peptide 3 days prior to lethal dose of LPS in-
creased animal survival by 60%. Shorter or longer intervals between IIIM1 and LPS
administration reduced peptide efficacy. LPS-induced increase in liver, kidney and
spleen mass was reverted by peptide treatment. Thioglycolate-induced peritonitis,
expressed by increased number of macrophages in the peritoneal cavity, was re-
duced by 38% in IIIM1-treated mice. A bell-shape dose-response effect was ob-
served in both peritonitis and sepsis models reaching maximal effect at 1mg/kg.
Chemical modifications such as omission of the C- or N-terminal residues weak-
ened the anti-inflammatory activities of the peptide. Serum levels of interleukin 6
and tumor necrosis factor alpha were reduced by 32% and 53%, respectively, in
IIIM1-treated mice intoxicated by LPS. Similar cytokine profile was observed in
LPS-activated peritoneal macrophages treated in vitro with the peptide. In view of
these data IIIM1 is a promising drug candidate for treatment of sepsis induced by
bacterial endotoxin.

S-Adenosylhomocysteine Inhibits NF-kB Activity in the
Nucleus of Hepatocytes and Confers Sensitivity to TNF
Cytotoxicity.
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W. Watson!, T. Burke! and C. McClain'-2. 'Department of Medicine/GI,
University of Louisville, Louisville, KY; ?Louisville VAMC, Louisville, KY.

Chronic alcohol exposure results in liver injury that is largely driven by inflamma-
tory cytokines such as tumor necrosis factor-o. (TNF). Hepatocytes are normally
resistant to the cytotoxic effects of TNE but they become sensitized to TNF by
chronic alcohol exposure. Recently we reported that the decrease in the ratio of S-
adenosylmethionine (SAM) to S-adenosylhomocysteine (SAH) that occurs with al-
coholic liver injury renders hepatocytes sensitive to TNF cytotoxicity. The purpose
of the present study was to determine whether inhibition of the transcription factor
NEF-kB contributed to TNF-induced cell death in hepatocytes with high levels of
SAH. HepG2 cells were pre-incubated with a combination of adenosine plus ho-
mocysteine to increase SAH levels. Following stimulation with TNE, viability was
determined by the MTT assay, and activation of the NF-kB pathway was assessed
by measuring degradation of cytosolic IkB, translocation of NF-kB to the nucleus,
and expression of an NF-kB -dependent reporter gene as well as endogenous targets
of NF-kB related to cell death. The results showed that NF-kB was indeed inhib-
ited in cells with high SAH, and that this inhibition occurred at the level of the nu-
cleus; the cytoplasmic inhibitor IkB-o was degraded and NF-«B translocated to the
nucleus in response to TNF stimulation of HepG2 cells in both control cells and in
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cells with high SAH levels. Nuclear NF-kB was not transcriptionally active, how-
ever, when SAH levels were high. As a result, IkB-o was not re-synthesized and NF-
&B remained in the nucleus. It is likely that cross-talk with other transcription fac-
tors is perturbed under these conditions, resulting in still other changes in gene
expression.

Cyanobacterium Anabaena sp. Lipopolysaccharide (LPS)
Elicits Release of MIP-o., Interleukin-6, and Matrix
Metalloproteinase-9 from Rat Brain Microglia In Vitro.
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D. Macadam!, M. L. Hall', D. Feher?, P. Williams? and A. M. Mayer!.
! Pharmacology, Midwestern University, Downers Grove, IL; 2Chemistry and
Biochemistry, University of Hawaii at Manoa, Honolulu, HI.

We recently reported that freshwater cyanobacterium AnabaenalPS (AnalPS)
elicited release of superoxide anion (O,), thromboxane B, (TXB,), and tumor
necrosis alpha (TNF-a) by rat microglia (BMG) i vitro (The Toxicologist CD 126
(§-1), 2012). We hypothesized that AnaLPS-activated BMG might additionally re-
lease the cytokine interleukin-6 (IL-6), the chemokine MIP-1at (MIP-1a), and the
matrix metalloproteinase-9 (MMP-9) in vitro. Methods: Anal.PS was prepared by
hot phenol/water extraction. BMG were isolated from neonatal rats, and treated in
vitro with 0.1-10° ng/mL AnaLPS at 35.9 °C for 17 hours. TNF-a, MIP-1a and
IL-6 were determined by Milliplex® MAP rat cytokine/chemokine immunoassays,
and MMP-9 by zymography. Results: MIP-1at, TNF-a., and IL-6 generation were
observed at AnalPS >10 ng/mL(MIP-1a), and > 1,000 ng/mL, respectively. In
contrast, MMP-9 release was significant at Anal.PS 10,000 ng/mL. Conclusions:
Treatment of BMG with AnalPS confirmed previously reported TNF-a release,
and futhermore demonstrated for the first time the release of MIP-1a., IL-6 and
MMP-9. Taken together, our results suggest that 77 vitro proinflammatory media-
tor release by cyanobacterial AnaLPS-treated BMG is complex, including lipids
(TXB,), free radicals (O,), cytokines (TNF-a. & IL-6), chemokines (MIP-1a) and
enzymes (MMP-9), all of which might play a yet unknown role in the putative im-
munotoxicity of Anal.PS in vive. Continued investigation of AnaLPS chemistry
and immunotoxicology are currently ongoing in our laboratories. Supported by
Midwestern University and the University of Hawaii at Manoa.

248  Spleen As a Source of Inflammatory Macrophages: Role in
Acetaminophen-Induced Hepatotoxicity.

M. Mandal!, A. Dragomir!, H. M. Choi!, ]. D. Laskin? and D. L. Laskin'.

! Pharmacolgy & Toxicology, Rutgers University, Piscataway, NJ; *Environmental &

Occupational Medicine, UMDNJ-RWJMS, Piscataway, NJ.

Activated macrophages (MP) have been implicated in the hepatotoxicity of aceta-
minophen (APAP). However, the origin of these cells has not been established.
Splenic monocytes (mono)/MP have been shown to accumulate at inflammatory
sites following tissue injury. In the present studies, we analyzed the contribution of
splenic mono/MP to liver inflammation and injury induced by APAP. Mice were
fasted overnight prior to administration of APAP (300 mg/kg, i.p.) or PBS. Spleen,
bone marrow (BM) and liver were collected 24-96 h later and analyzed by flow cy-
tometry and immunofluorescence for the presence of activated mono/MP. APAP
intoxication was associated with a time-dependent increase in CD11b+Ly6C+
proinflammatory MP, and a decrease in F4/80+ resident MP in the liver; this was
correlated with a significant decrease in CD11b+F4/80+Ly6C-Ly6G- resident
mono/MP in the spleen at 24 and 48 h post APAP, with no effect on BM
mono/MP. Conversely, CD11b+F4/80+Ly6C+ inflammatory mono/MP increased
in the spleen after 48-96 h, but decreased in the BM. To assess the role of splenic
mono/MP in APAP hepatotoxicity, we used splenectomized (spx) mice. APAP-in-
duced hepatotoxicity was significantly decreased in spx mice, as measured by de-
creases in serum transaminases. Histologic evidence of hepatic necrosis was also re-
duced. This was associated with a significant decrease in inflammatory mono/MP
subsets (CD11b+F4/80-Ly6C+ and CD11b+F4/80+Ly6C+) in the BM at 24 h
post APAP when compared to sham control mice. In addition, in spx mice, a de-
crease in CD11b+F4/80+Ly6C+Ly6G+ myeloid derived suppressor cells (MDSCs)
was observed in BM at 96 h post-APAP. Taken together, these results indicate that
splenic mono/MP contribute to early inflammation and hepatotoxicity induced by
APAP. Moreover, removal of the splenic reservoir of mono/MP results in emigration
of MDSC:s out of the BM following APAP administration and this may contribute
to tissue repair. Supported by NIH GMO034310, ES004738, CA132624,
AR055073, ES007148, ES005022.
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Exaggerated Hepatotoxicity of Acetaminophen (APAP)
following Administration of Clodronate Liposomes Is
Associated with the Persistence of Classically-Activated
Macrophages in the Liver.
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A. Dragomir, R. Sun, M. Mili, ]. D. Laskin and D. L. Laskin. Joint Graduate
Program in Toxicology, Rusgers University/ UMDNJ-Robers Wood Johnson Medical
School, Piscataway, NJ.

Toxic doses of APAP are known to cause centrilobular hepatic necrosis. Evidence
suggests that classically and alternatively activated macrophages play distinct roles
in APAP-induced hepatotoxicity. In the present studies, we investigated the effects
of macrophage depletion using clodronate liposomes (CL) on activated
macrophage subpopulations accumulating in the liver in response to APAP intoxi-
cation. Mice were administered empty liposomes (EL) or CL (100 ul, i.v.) 48 h be-
fore APAP (300 mg/kg, i.p.) or PBS control. In mice pretreated with EL, increases
in serum transaminases and hepatic necrosis were observed within 24 h; this was
correlated with hepatic accumulation of CD11b+/Ly6C+ classically activated
macrophages in the liver and increased expression of galectin-3, a marker for these
cells. These effects were significantly increased in mice pretreated with CL at 72 and
96 h post APAP, and were associated with increases in CD11b+Ly6C+F4/80-/in-
flammatory monocytes in the bone marrow, suggesting a potential origin of these
cells. In contrast, APAP-induced expression of the alternative macrophage activa-
tion markers Fizz-1 and Ym]1, and the anti-inflammatory cytokine IL-10, were sig-
nificantly reduced in livers of mice treated with CL when compared to EL.
Expression of TNF-alpha, the chemokine CCL2, and its receptor CCR2, cytokines
critical for repair of APAP-induced injury, were also decreased in CL-pretreated
mice relative to EL-treated mice. Taken together, these results suggest that increased
APAP-induced hepatotoxicity following macrophage depletion using CL is due, in
part, to persistent accumulation of classically activated macrophages in the liver.
Supported by NIH GMO034310, ES004738, CA132624, AR055073 and
ES005022.

Bone Marrow Inflammation Precedes Delayed
Myelosuppression from Hexahydro-1-Nitroso-3, 5-Dinitro-1,
3, 5-Triazine (MNX) Induced in Rats.
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S. Jaligama', V. M. Kale?, M. S. Wilbanks?, E. ]. Perkins® and S. A. Meyer!.
Hoxicology, University of Los Angeles Monroe, Monroe, LA; *College Pharmacy,
Roseman University Health Science South Jordan, UT; 3US Army Engineer Research
& Development Center, Vicksburg, MS.

MNX (hexahydro-1-nitroso-3, 5-dinitro-1, 3, 5-triazine), an environmental ni-
troreduced product of munitions RDX, contaminates military sites. Our previous
studies identified bone marrow (BM) and spleen as hematological targets of acute
oral exposure to MNX in rats in the form of splenic hemosiderosis and loss of BM
Granulocyte Macrophage Colony Forming Cells (GM-CFCs). To address whether
delayed loss of GM-CFCs and blood granulocytes (NOAELSs 24, 47 mg/kg resp) at
14 days after exposure to MNX is due to persistence of early hematological effects
or is late-onset due to required expression period, female Sprague-Dawley rats were
orally gavaged with MNX from 0 to 94 mg/kg and different toxicological end-
points were evaluated over a time course at 2, 7, 10, 12, and 14d. Significant de-
crease in relative spleen weight and increased macrophage activity in splenic red
pulp at 2d (= 47 mg/kg); and persistent splenic hemosiderosis at 2d (= 47 mg/kg),
7d (NOAEL 24 mg/kg) and 14d were observed. A significant increase in blood
granulocytes and circulating levels of RANTES, a leukocyte chemokine, indicate
that an acute inflammatory response occurs at 2d after exposure to MNX. Also,
persistent BM macrophage infiltration was observed in MNX (94 mg/kg) treated
rat iliums (24h, 2d and 10d) and activation of NFkB signaling pathway in BM cells
was evident at 10d. Further, significant increase in adherent BM mesenchymal stro-
mal cell colonies constituting macrophages, endothelial cells and fibroblasts was ob-
served in MNX (94 mg/kg) treated rats. Collectively, these data suggest that while
splenic effects are early onset and persist for at least 14d, myelosuppression is de-
layed until 10d presumably due to development of inhibitory effects of preceding
BM inflammation on myelopoiesis. (Support: DoD/CDMREP, US Army Corps of
Engineers)

251  Reversibility of Prostate Fibrosis in Response to Bacterial-
Induced Chronic Inflammation.

L. Wong, P. Hutson and W. A. Bushman. University of Wisconsin-Madison,

Madison, WI.

Introduction: Benign prostatic hyperplasia (BPH) and its associated lower urinary
tract symptoms (LUTS) are common in aging men. Chronic inflammation and in-
creased stromal collagen are common features observed in BPH. Recent study has



shown that the collagen content is correlated with the degree of LUTS and tissues
stiffness, suggesting a role of prostate fibrosis in BPH/LUTS. Using the bacterial-
prostatic inflammation mouse model, we have shown that prostatic inflammation
induces collagen content. The goal of this study is to investigate the reversibility of
prostate fibrosis during bacterial-induced chronic inflammation.

Methods: We transurethrally instilled uropathogenic E-coli into adult
C3H/HeOuJ male mice to induce chronic inflammation in the prostate. Naive,
saline and E-coli instilled animals were sacrificed after 1 month. Other animals
were treated with Baytril in drinking water to resolve the infection and underwent
an additional 2-month resolution. The prostate tissues were used for bacterial cul-
ture and measurement of hydroxyproline level as collagen content using high-pres-
sure liquid chromatography.

Results: The uropathogenic E-coli was present in the prostates of all E-coli infected
animals after 1-month post-instillation and treatment of Baytril completely re-
solved the bacterial infection. We further found that hydroxyproline content in the
prostates was significantly increased in the E-coli infected mice compared to the
saline. Infected mice treated with Baytril with an additional 2-month resolution
had a significant increase in hydroxyproline level in the prostates compared to the
saline, but the level was significantly lowered to the E-coli infected prostates.
Conclusion: This study suggests that prostate fibrosis in response to bacterial-in-
duced chronic inflammation is only partially reversed. Given that prostate fibrosis
is suggested to strongly associate with the loss of prostate compliance and the de-
velopment and progression of BPH/LUTS, an understanding on the mechanisms
of the irreversible collagen deposition is required for improvement of therapeutic
treatment.

252 Topical Application of TRPV1 Antagonist Effectively

Inhibits PTD-Induced Sensitization in Murine Skin.
K. Lim, K. Jung, W. Jang and Y. Park. AMOREPACIFIC.Co. R&D Center,
Gyeonggi-do, Republic of Korea.

Transient receptor potential vanilloid type 1 (TRPV1) is expressed in the skin and
plays a role in migration of dendritic cells to lymph nodes in allergic diseases.
However, it has been unaddressed if TRPV1 blockade can suppress chemical-in-
duced contact dermatitis. 1,4-toluenediamine (PTD) and 1,4-phenylenediamine
(PPD) are widely used as permanent hair dye but repeated use of PTD can induce
contact hypersensitivity by the induction of regulatory T cells in the draining
lymph node and of inflammation in the exposed skin. In this study, the inhibitory
effect TRPV1 antagonist, PAC-14028 on PTD-induced dermatitis and dendritic
cell (DC) function was explored. This study was performed according to the
method of nonradioactive local lymph node assay using flow cytometry. Groups of
mice (N=4~5) were treated with 25 ul of the PTD alone, PAC-14028 alone, PTD
and PAC-14028 or vehicle alone on the dorsal area of both ears daily for 3 consec-
utive days (Day 1, 2 and 3) and were sacrificed at Day 6. The local response was
measured by ear swelling and by histological examinations (H&E staining). We also
used immunohistochemistry staining and western blot assays to evaluate the activa-
tion of specific inflammation makers and key mediators of signaling pathway in the
mouse skin. The DCs migration markers in the draining lymph nodes were
analysed by flow cytometry. TRPV1 antagonist suppressed PTD-induced edema in
skin and proliferation of lymphocyte and inhibits the migration of CD11c+ DC
and CD207+ Langerhans cells (LC) to the draining lymph nodes (LNs).

Comparative Inflammatory Effects of Differential Particulate
Matter Species in an OVA-Sensitization and Challenge
Model.
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M. A. Williams!, M. ]. Daniels!, E. H. Boykin!, T. Smith!, N. Hykal-Coates?,
L. B. Copeland!, D. L. Andrews?, J. H. Richards! and L. Gilmour!.

! Environmental Public Health Division, US EPA, Research Triangle Park, NC;
2Research Core Unit, US EPA, Research Triangle Park, NC.

Exposure to respirable ambient particulate matter (APM) provokes allergic immu-
nity that may also occur on exposure to environmental diesel exhaust particles
(eDEP) or emission source DEP (cDEP). Our hypothesis tested whether APM,
eDEP or cDEP provide immune adjuvancy in an antigen (OVA) sensitization and
challenge model. We assayed for oxidative stress, inflammatory and cytokine ana-
lytes in BALEassay of lung infiltrating cells, assay of serological analytes (total IgE,
IgG1, IgG2a), and antigen-specific recall responses of primary lymph node cells
(pLNC). All PM species increased markers of airway or allergic inflammation.
However, eDEP or cDEP sensitized mice had lower levels of superoxide dismutase
as compared APM, without affecting other oxidative stress markers (p<0.005). By
contrast, all PM species enhanced eosinophil and neutrophil infiltration to the lung
as compared saline or OVA alone (p<0.001). These effects for APM (p<0.005) and
cDEP (p<0.05) were concordant with enhanced levels of pro-Th2 cytokines like

IL-5 in BALE Assay of isotype class-switching was less informative. All PM species
partially augmented total IgE as compared saline, but not when compared to LPS
control or each other, and dampened secretion of IgG2a (p=0.07) and IgGl
(p=0.059) as compared low-dose LPS/OVA. In OVA-specific recall responses,
pLNC proliferation was enhanced in mice sensitized with eDEP and particularly
cDEP, which provoked robust IL-5 and IL-13 secretion (p<0.01). We conclude that
all PM species provoked airway and allergic inflammation. However diesel PM, and
particularly cDEP were most effective in sensitizing mice and driving Th2-type cy-
tokine and OVA-specific responses ex vivo. This study supports the realization that
respirable PM differentially provoke allergic inflammation, and provides new in-
sights on signaling changes contributing to these effects. This abstract does not re-

flect US EPA policy.

Role of Ortho-Phthalaldehyde in IgE-Induced Airway
Hyperresponsiveness As a Hapten and an IgE-Selective
Adjuvant-Like Activity in Mice Treated with Ovalbumin.
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Y. Ishihara'!, M. Nakao!, T. Morinaga', G. Hasegawa!, M. Yamaguchi’,

T. Nishikawa? and H. Kawashima?. {Public Health, Kurume University, Kurume,
Japan; 2Surgical Pathology, Tokyo Women’s Medical University, Tokyo, Japan;
3Microbiology & Immunology, University of Shizuoka, Shizuoka, Japan.

[Purpose] We previously reported that ortho-phthalaldehyde (OPA) disinfectant
induces acute inflammation and enhances allergen-specific IgE production without
allergen-specific IgG in ovalbumin (OVA)-sensitized mice. However, etiology of
this disorder is not fully understood. The purpose of this study is to explore rela-
tionship between airway hyperresponsiveness and host immunity in OPA-treated
OVA sensitized mice. [Methods] Female ICR mice were divided into five groups;
OPA + OVA group, aluminum hydroxide (Alum) +OVA group, OPA group, OVA
group, and Control group. The mice were sensitized twice with OVA and chal-
lenged with OVA inhalation one day prior to testing airway responsiveness to
acetylcholine (Ach) under anesthesia. [Results] Airway hyperresponsiveness to Ach
was observed in the OPA + OVA and Alum +OVA groups compared with the re-
sponses observed in the OPA, OVA and control groups. OPA-specific IgE and IgG
antibodies and OVA-specific IgE antibody increased markedly, whereas OVA-spe-
cific IgG antibody did not increase in the OPA + OVA group due to the masking of
OVA’s antigenicity for IgG production by the aldehyde group of OPA.
[Conclusion] These results strongly suggest that OPA functions as both a hapten
and an allergen-specific, IgE-selective adjuvant, leading to significant airway in-
flammation and hyperresponsiveness to Ach.

255  Dual Oxidase Modulates Airway Neutrophil Recruitment in
Allergic Airways.

S. Chang®2, A. L. Linderholem?, H. Grasberger® and R. W. Harper?.

! Pharmacology Toxicology, University of California Davis, Davis, CA; ?Internal

Medicine, University of California Davis, Davis, CA; 3Internal Medicine, University

of Michigan, Ann Arbor, MI.

Introduction/Rationale: Reactive oxygen species (ROS) plays an important role in
maintaining lung homeostasis. However disregulation of ROS, specifically hydro-
gen peroxide, has been linked to respiratory diseases such as chronic obstructive
pulmonary disease, cystic fibrosis and asthma. Dual Oxidase (DUOX) is an
NADPH oxidase, whose function is regulated production of hydrogen peroxide, lo-
calized to the lung epithelium. DUOX activity and expression are upregulated by
IL-4 and IL-13 which are key cytokines in allergic airways. Interestingly, the role of
DUOKX in asthma has never been evaluated in vivo. The objective of this study was
to determine the role of DUOX derived hydrogen peroxide in asthmatic airways,
using a DUOX system knock out mouse. Methods: Wild-type and dual DUOX
A1/DUOX A2 knockout mice were sensitized with ovalbumin (day 0 and 14) and
subsequently exposed to acrosolized ovalbumin for a period of 2 weeks to evaluate
the role of DUOX in allergic asthma. Measurement of forced expiratory nitric
oxide concentrations, airway compliance, live cell counts, brochoalveolar lavage
fluid (BALF) cell differentials and histology were performed and compared be-
tween the two groups. Results: Wild-type mice with functional DUOX had a
greater influx of neutrophils than knockout mice when subjected to ovalbumin as
observed in BALF as well as semi quantitative counts in lung tissue. Conclusion:
These findings suggest that DUOX derived hydrogen peroxide has an important
role in signaling neutrophils into allergic airways.

This research was supported by NIH(R01 HL 085311& R01 HL085311-S1).
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Epithelial-Derived Hypoxia Inducible Factor-1/2a Plays a
Role in Programming the Innate Inmune Response of the
Lung.
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K. Greenwood, S. P. Proper, Y. Saini, D. Jackson-Humbles, ]. G. Wagner,
. Harkema and ]. ]. LaPres. Michigan State University, East Lansing, MI.

Allergic airway disease (AAD) involves a complex interaction between various cell
types within the lung, including inflammatory and epithelial cells. The inherent in-
flammation of AAD also leads to localized hypoxia. Communication between in-
flammatory cells, such as macrophages and T cells, and the epithelia in these hy-
poxic conditions is hypothesized to be critical to the progression of AAD. To
characterize the role of epithelial-mediated hypoxia-induced signaling in AAD, ep-
ithelial and lung-specific conditional hypoxia inducible factor-l1a (HIFla),
HIF2a, and HIF1a and HIF2a (HIF1/2a) knockout mouse models were created.
Previous research in our lab has shown that the HIF1o-deficient (HIF1aA/A) mice
exhibit an exacerbated response to the ovalbumin (OVA) model of AAD. To deter-
mine the role of HIF2a in AAD and characterize possible compensation between
the two HIFs following OVA challenge, recombination was induced early in post-
natal development and control and HIF-deficient mice were then sensitized/chal-
lenged with OVA via a standard paradigm. In contrast to the HIF1a.A/A model,
the HIF20A/A mice displayed no increase in eosinophil infiltration, T helper 2 cy-
tokines, or airway resistance following OVA treatment. The HIF2a.A/A mice ap-
pear phenotypically identical to OVA-treated littermate controls. Interestingly,
when HIF1/2aA/A mice were sensitized/challenged with OVA, these animals ap-
peared similar to HIF2aA/A and littermate controls, suggesting that HIF2a plays
a role in the exacerbated inflammation observed in the HIF1aA/A model. These
data suggests that epithelial-derived HIF signaling plays an important role in estab-
lishing the immunity of the lung and that a proper balance between the two HIFs
is required for a normal inflammatory response. The observed changes in the in-
flammatory response of the various models also suggest that early life exposures that
alter the expression or function of HIF1o and/or HIF20. might have profound ef-
fects on the lung’s response to toxicant challenge upon reaching adulthood.
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L. Sharma', J. Wu!, V. Patel’, R. Sitapara!, N. Rao?, T.P Kennedy*and

L. L. Mantell"-2. Sz John’s University, New York, NY; 2The Feinstein Institute for
Medical Research, Manhasset, New York, NY; 3University of Utah, Salt Lake City,

UT; “Pulmonary and Critical Care Medicine, Georgia Health Sciences University,

Augusta, GA.

ODSH Improves Survival in PA Pneumonia by Increased
Bacterial Clearance and Reduced Lung Injury.

Nosocomial Pneumonia (NP) or Hospital Acquired Pneumonia (HAP) is associ-
ated with infections originated from the hospital borne pathogens. Resistance
against antimicrobial agents is the most common feature of these infections which
results in persistent infection leading to high mortality rates and therapeutic costs.
Due to the involvement of multidrug resistant bacteria, alternative or supportive
therapies are required. Pseudomonas aeruginosa (PA), gram negative pathogen, is
one of the prominent pathogens associated with NP. PA pneumonia increases the
secretion of inflammatory cytokines, neutrophil infiltration and subsequent lung
damage. HMGB1, one of the inflammatory cytokines, has been shown to play im-
portant roles in PA lung infections. HMGB1 can compromise innate immunity by
impairing phagocyte function mediated by its receptors TLR2 and TLR4. Heparin,
a well-known anticoagulant, exhibits anti-inflammatory properties that are inde-
pendent of anticoagulant property. 2-O, 3-O —desulfated heparin (ODSH), he-
parin, has been proven to have anti-inflammatory properties with minimal antico-
agulation effect. ODSH has been shown to reduce lung injury in sterile
inflammation and reducing inflammatory lung damage. In this study, we examined
the effect of ODSH on PA pneumonia. Here we demonstrate that ODSH not only
reduces PA-induced lung injury, illustrated by reduced total protein content in lung
lavage fluids, it also significantly increases bacterial clearance. This improved lung
injury and bacterial clearance resulted in marked improvement in overall survival of
the mice with PA infection. The attenuation in lung injury and improved bacterial
clearance was associated with reduced airway HMGBI. In addition, ODSH in-
hibits binding of HMGB1 with receptors TLR2 and TLR4. These data indicate a
novel role of ODSH in the treatment of PA pneumonia.
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J. Ciencewicki, K. E. Gerrish, P. Bushel and S. R. Kleeberger. NIEHS, Research
Triangle Park, NC. Sponsor: D. Harbourt.

Role of Mannose-Binding Lectin in the Pulmonary Response
to Ozone.

Ozone is a common pollutant and a potent oxidant in many areas of the country.
Inhalation causes airway hyperreactivity, lung hyperpermeability, inflammation and
cell damage in humans and laboratory animals, and exposure to ozone has been as-
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sociated with exacerbation of asthma, altered lung function, and mortality.
Currently the mechanisms of ozone-induced lung injury and differential suscepti-
bility are not fully understood. Ozone exposure induces a number of pro-inflam-
matory events in the lung, some of which are mediated by the innate immune sys-
tem. We hypothesized that mannose binding lectin (MBL), which plays a central
role in the activation of the complement pathway of innate immunity, is needed to
elicit some of the pro-inflammatory events caused by ozone-mediated activation of
the innate immune system. Wild-type (Mbl+/+) and MBL deficient (Mbl-/-) mice
were exposed to ozone (0.3 ppm) for 24, 48, and 72 hours. Compared to Mbl+/+
mice, significantly less neutrophilic infiltration and the neutrophil attractants
CXCL2 (MIP-2) and CXCL5 (LIX) were found in the lungs of Mbl-/- mice ex-
posed to ozone. We then used mRNA microarray analyses to gain additional mech-
anistic insight to the role of MBL in this model. We identified significant differ-
ences in expression response profiles and networks at baseline and after exposure
between Mbl+/+ (WT) and Mbl-/- (KO) mice, providing potential roles for MBL
at steady-state and in the innate immune pulmonary response to ozone inhalation.
For example, we found gene enrichment for lipid metabolism and hematological
disease at baseline, and innate immunity and cell morphology after ozone exposure.
These novel findings demonstrate that MBL function contributes to ozone-in-
duced pulmonary inflammation and may be mediated through the activation of the
complement cascade.

Research supported by intramural research program at NIEHS.

259  Anti-Inflammatory Effect of Imipramine in Silica-Induced
Inflammation.

R. Biswas, R. Hamilton and A. Holian. Center for Environmental Health Sciences,

University of Montana, Missoula, MT.

Environmental or occupational exposure to silica particles over an extended period
of time is associated with the development of progressive inflammation and silico-
sis. Silicosis remains a prevalent health problem throughout the world. Currently,
treatment choices for silicosis are limited and at present there is no cure for the dis-
ease. Therefore, it is essential to investigate potential therapeutic agents in silicosis
treatment. Imipramine (IMP) is an approved tricyclic antidepressant, and a lysoso-
motropic agent. The aim of this study was to determine the protective effect of IMP
on silica-induced inflammation and determine the mechanism by which IMP in-
hibits inflammation. C57BL/6 wild-type (WT) mice were used throughout the
study. The protective effect of IMP was evaluated in vitro and 24 hours and