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sitization and intranasal challenge compared to corresponding non-sensitized mice.
Only TMI or HMDI sensitized and challenged mice, however, had increases in
methacholine-induced airflow obstruction. While the cytokine response is predic-
tive of the airway response to HMDI, TMXDI or DNCB, it is not predictive of the
airway response to MDI, TMI, IPDI, or TDI. The data suggest that cytokine re-
sponses at the site of dermal exposure to a chemical respiratory sensitizer may not
be predictive of the airway response after airway challenge (This abstract does not
reflect EPA policy).

375 INITIAL INTERACTIONS OF ALLERGENS WITH
AIRWAY EPITHELIAL CELLS: ANY ROLE IN THE
INDUCTION OF TYPE I ALLERGY?

M. Baccam1,  N. Soni2,  L. Fridthjof2,  N. Berg2,  K. Sarlo1 and E. Roggen2.
1Miami Valley Laboratories, Procter & Gamble Company, Cincinnati, OH and
2Novozymes, Bagsvaerd, Denmark.

Type I respiratory allergy is a Th2 dominated immune response to a protein aller-
gen with development of allergen-specific IgE. One of the first cell types to come in
contact with the allergen is the airway epithelial cell. The initial interaction of aller-
gen with host cells may be crucial in determining whether a Th2-dominated (vs
Th1-dominated) immune response will occur. In this study we examined the inter-
actions of known type 1 allergens with the human airway type II-like bronchial ep-
ithelial cell line A549. A549 cells are grown on membrane filters such that the api-
cal surface is exposed to air and the basal side is exposed to liquid medium
(Novozymes design). The air/liquid interface system allows for better dosing of pro-
tein to the cells as compared to cells grown submerged in liquid medium. Culturing
A549 cells with detergent enzyme protease allergens (Alcalase®, Savinase®,
BPN’Y217L), amylase allergens (Fungamyl®, Termamyl®) or house dust mite
rDer P 1 induced secretion of the pro-inflammatory cytokines IL-8 and MCP-1
while a non/poor-allergenic protein (bovine serum albumin, BSA) did not. IL-6
and GM-CSF proteins were not detected in the supernatants of allergen-stimulated
A549 cells but this may be due to sensitivity to degradation by the detergent en-
zymes. Initial experiments using Luminex cytokine bead analysis of Alcalase-ex-
posed A549 cells showed specific secretion of IL-1ra, IL-7, and IL-15 that was not
induced by BSA. Incubation of A549 cells with the allergens was not cytotoxic as
measured by Alamar Blue®. Reflective microscopy showed no change to the cell
layer following exposure to enzyme. These allergens also consistently induced the
secretion of M-CSF which has not been reported to be involved in type I allergy but
may provide additional information on the mechanism of induction of the Th2 re-
sponse. Additional cytokines/chemokines and other proteins are being tested.
Whether the response of A549 cells can be used to screen proteins as potential al-
lergens remains to be determined.

376 IN VITRO CHARACTERIZATION OF DENDRITIC CELL
(DC) RESPONSES TO A CHEMICAL ALLERGEN AND A
SKIN IRRITANT

C. Portsmouth1,  M. Cumberbatch1,  C. Schramm1,  R. J. Dearman1,  G.
Maxwell2,  C. Westmoreland2,  D. A. Basketter2 and I. Kimber1. 1Immunology,
Syngenta CTL, Macclesfield, United Kingdom and 2SEAC, Unilever, Bedford, United
Kingdom.

DC are key cells in the initiation of immune and allergic responses. Methods have
been developed recently for the generation of these cells in culture from precursors.
In the present series of experiments, mouse bone marrow derived DC were cultured
for 24h with the chemical allergen dinitrobenzene sulfonic acid (DNBS; 0.1, 0.5
and 1mM), or with the non-sensitizing skin irritant benzene sulfonic acid (BS; 10,
50 and 100mM). Treatment with both chemicals was associated with a dose-de-
pendent increase in cell death, determined by dual staining for annexin V/propid-
ium iodide (PI), with a 90% loss of cell viability observed at 1mM DNBS and
100mM BS. However, whereas 1mM DNBS induced 5-fold more late (annexin
V+/PI+) apoptotic cells than early (annexin V+/PI-) apoptotic cells, the converse
was observed for 100mM BS with a 2-fold increase in early:late apoptotic cells.
Flow cytometric analyses of DC for the maturation markers MHC class II (Ia),
CD80, CD86, CD40 and CD54 revealed that exposure of DC only to DNBS at
sub-toxic doses (0.5mM; 25% decline in cell viability) caused increased expression
of Ia, CD80 and CD86. BS failed to cause DC maturation at any dose tested de-
spite similar decreases in cell viability. Analysis of culture supernatants by cytokine
array for interleukin (IL)-1α, 1β, 2, 6, 10, 12p40, 12p70, 17 and tumor necrosis
factor α (TNF-α) revealed only modest changes in cytokine secretion associated
with chemical treatment. However, co-culture with suboptimal doses of the known
DC activators PAM3CSK4 (toll-like receptor [TLR] ligand 1/2) and macrophage-
activating lipopeptide 2 (TLR 6/2), together with lower doses of BS, resulted in en-
hanced secretion of the proinflammatory cytokines IL-1α, IL-6 and TNF-α. No
such synergy was observed for DNBS. These experiments suggest that chemical al-

lergens and skin irritants interact differently with DC and raise the possibility that
such differences may be exploited for the development of in vitro skin sensitization
assays.

377 THE REDUCED LLNA AS A HAZARD IDENTIFICATION
SCREEN FOR SKIN SENSITISATION

D. A. Basketter1,  G. Patlewicz2,  F. Gerberick3,  C. Ryan3,  P. Kern4,  R.
Dearman5 and I. Kimber5. 1SEAC, Unilever, Sharnbrook, United Kingdom,
2European Chemicals Bureau, Ispra, Italy,  3P&G, Cincinnati, OH,  4P&G, Brussels,
Belgium and 5Syngenta CTL, Macclesfield, United Kingdom.

For the identification of potential skin sensitising substances, the local lymph node
assay (LLNA) has, for many years, been accepted as a full replacement for guinea
pig methods. In part this was due to the scientific advantages provided by the
LLNA, but also due to the significant animal welfare benefits this method offers.
However, the desire to reduce further animal usage is in conflict with the need to
complete toxicological evaluations of approximately 30,000 chemicals under new
European legislation (REACH: Registration, Evaluation and Authorisation of
Chemicals). Consequently, we have conducted a retrospective evaluation of a re-
cently published LLNA dataset comprising 211 chemicals. The work addressed
whether it is possible to obtain a satisfactory identification of skin sensitisation haz-
ard using only a comparison of the top dose group with the concurrent vehicle
treated control. In these analyses, negative results (ie non-sensitisers) were not ac-
cepted if the top dose group was treated with <10% of the test chemical. The results
indicated that this reduced LLNA would have provided about 99% accuracy of
identification of sensitisers and non-sensitisers: 166 of 168 sensitisers were correctly
identified, as were all non-sensitizers (42/42). Only one chemical was tested below
10% and, being negative, had a result which was regarded for these purposes as in-
valid. Thus, overall, the reduced LLNA gave 208/210 predictions that were identi-
cal to the full assay; in only instance was the interpretation inconclusive due to the
use of a low test concentration. In our view, it would be possible, for certain specific
purposes, and in some circumstances, to consider the utility of a reduced LLNA as
a contribution to a reduced requirement for animal numbers.

378 EVALUATION OF THE PERFORMANCE OF
CANDIDATE GENES FOR PREDICTING SKIN
SENSITIZATION POTENTIAL

L. Gildea1,  C. A. Ryan1,  L. Foertsch1,  J. Kennedy1,  R. Dearman2,  I. Kimber2

and G. Gerberick1. 1Procter & Gamble Company, Cincinnati, OH and 2Syngenta
Central Toxicology Laboratory, Macclesfield, United Kingdom.

Previously we analyzed by real-time PCR analysis 60 candidate genes identified
from microarray transcript profiling studies for their potential to serve as markers
for the prediction of contact allergy. Twenty-nine of the 60 genes were found to dis-
play sensitivity and selectivity when analyzed with 3 strong allergens, 1 irritant, and
1 non-senstizer and thus were analyzed comprehensively using a training set of
chemicals (n=20) that included multiple allergens, irritants, and non-sensitizers.
Therefore, to prioritize the 29 genes of interest with respect to their robustness and
selectivity the genes were scored according to their expression level induced by ad-
ditional allergens and irritants. Scoring of fold-changes was made by determining a
positive response for a gene in all chemicals tested and the number of chemicals
tested per gene. A positive response was defined as being greater than a 2.0 fold
change in the direction identified originally in the initial DNBS microarray experi-
ment at one of the doses tested. In addition, a gene was scored positive regardless of
the number of times it registered a positive in any experiment tested with that par-
ticular chemical and the number of times that a particular gene was tested and reg-
istered as positive or negative for a chemical was also included. Several of the ana-
lyzed genes have emerged as better predictors of DC activation and we have
denoted the top 10 genes that display the most promise based on our selection cri-
teria of fold-change levels induced in individual experiments and the scoring results
and thus show potential for use in the development of an in vitro assay for skin sen-
sitization testing. Validation of these genes with an expanded test set of chemicals is
required and will be conducted with a fluorescent microsphere-based high through-
put screening (HTS) method.

379 USE OF A MULTIDISCIPLINARY APPROACH THAT
IDENTIFIED PHENOLIC DERMAL SENSITIZERS IN A
WOUND CLOSURE TAPE

L. P. Myers1,  B. F. Law1,  A. Fedorowicz1,  G. Sussman2,  P. D. Siegel1,  B. J.
Meade1 and D. Beezhold1. 1National Institute for Occupational Safety and Health,
Morgantown, WV and 2Department of Medicine, University of Toronto, Toronto, ON,
Canada.

A latex allergic patient exhibited a severe local reaction to a non-latex wound clo-
sure tape following surgery. A tape sample was extracted in acetonitrile (10 ml/g)
and analyzed by GC-EI-MS (Gas Chromatograph-Electron Impact-Mass
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Spectrometry) in the total ion monitoring mode. Components were identified by
their ion mass fingerprint and elution at the same time as a corresponding standard
from the GC column. The chemicals identified were 5-tert-butyl-4-hydroxy-2-
methylphenyl sulfide (TBHMS), 2-tert-butyl-5-methyl-phenol (TBMP), 2,4-di-
tert-butylphenol (DTBP), and erucamide (EA). Potential for sensitization for these
chemicals was evaluated using two quantitative structure-activity relationship
(QSAR) programs. The potential for TBHMS (the most potent sensitizer) to be a
sensitizer was predicted by both DEREK for Windows and TOPKAT 6.1. The po-
tential for TBMP and DTBP to induce sensitization was predicted by DEREK for
Windows but not TOPKAT. These three phenolic chemicals were then tested for
their sensitization potential using a modified local lymph node assay (LLNA). With
the exception of TBMP (highest concentration 12.5% due to toxicity) test articles
were evaluated at 50%, 25% and 12.5%. None of the animals exhibited body
weight loss or skin irritation. LLNA analysis of the chemicals identified
TBHMS>TBMP>DTBP as potential sensitizers with EC3 values of 0.2, 4.5, and
6.8 respectively. Following a clinical observation, these studies used a multidiscipli-
nary approach combining GC-EI-MS to identify chemical components, QSAR to
prioritize chemicals for animal testing, and the LLNA to determine the sensitiza-
tion potential of chemicals in the product. Human patch testing will be conducted
to confirm these findings. These studies were supported in part by IAG# NIEHS
Y1-ES0001-06.

380 MODE OF ACTION AND THE INHALATION
CARCINOGENICITY OF NAPHTHALENE

L. Flowers1,  C. Keshava1 and P. McClure2. 1NCEA, USEPA, Washington, DC, DC
and 2Environmental Science Center, Syracuse Research Corporation, Syracuse, NY.

The inhalation carcinogenicity of naphthalene is under evaluation by U.S. EPA’s
Integrated Risk Information System (IRIS) Program. Naphthalene is used as a
moth repellant and toilet bowl deodorizer and is a constituent of polycyclic aro-
matic hydrocarbon mixtures, particulate organic matter, jet fuels and fossil fuels. In
a two-year inhalation rat bioassay conducted by the National Toxicology Program
(NTP, 2000), statistically significant increases in the incidences of two rare nasal tu-
mors, olfactory neuroblastomas in male and female rats and adenomas of the respi-
ratory epithelium in male rats, were observed. Increased incidences of lung adeno-
mas and carcinomas were observed in female mice (NTP, 1992). The mode of
action (MOA) of naphthalene carcinogenicity may involve metabolic intermedi-
ates, including naphthalene-1,2-oxide, 1,2-naphthoquinone, and 1,4-naphtho-
quinone, which may damage tissue macromolecules either directly by their inherent
electrophilicity or by the generation of reactive oxygen species. Naphthalene has
produced negative results in most genotoxicity and mutagenicity tests; however, the
role of genotoxicity in the MOA has not been characterized in target tissues. In ad-
dition, an understanding of the MOA is inadequate for determining why rats, but
not mice, develop tumors originating in nasal tissues even though both species
show nonneoplastic lesions in nasal epithelial tissues. According to EPA’s
Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005), data on the MOA of
naphthalene carcinogenicity are lacking. U.S. EPA held a peer consultation work-
shop in April 2005 to discuss further research to characterize naphthalene’s carcino-
genic MOA. (The views expressed are those of the authors and do not necessarily
reflect the views or policies of the U.S. EPA).

381 AGE RELATED DIFFERENCES IN SUSCEPTIBILITY TO
CARCINOGENESIS—A PRELIMINARY CLASSIFICATION
OF NON-MUTAGENIC MODES OF ACTION TO
STRUCTURE QUANTITATIVE ANALYSIS OF BIOASSAY
DATA

D. Hattis1,  M. Chu2,  P. Verma1,  N. Rahmioglu1 and R. Goble1. 1George Perkins
Marsh Institute, Clark University, Arlington, MA and 2National Center for
Environmental Assessment, USEPA, Washington, DC.

Previous work analyzed age-related differences in carcinogenic susceptibility for
chemicals with a mutagenic mode of action. This work sets the stage for similar
analyses for non-mutagenic modes of action. These are diverse, with potentially dif-
ferent implications for age-related differences in sensitivity. We therefore believe it
is important to have a biologically-based classification to reveal such differences if
they are present in the data. Our emerging system is structured around the classic
initiation-promotion-progression framework for carcinogenesis:
(1) Pre-initiator or co-initiator modes of actions [e.g. induction of enzymes that ac-
tivate parent chemicals to more DNA reactive forms (e.g. ethanol induction of
CYP2E1, increasing susceptibility to vinyl chloride), inhibition of DNA repair at-
tributed to a number of metallic ions, and expansion of the numbers of potential
target stem cells that are susceptible to transformation]. 
(2) Promoter modes of action (e.g. increases in the replication rate or decreases in
the death/differentiation rate of initiated cells).

(3) Progressor modes of action, (e.g. facilitation of the growth/spread of fully trans-
formed cells; inhibition of growth repression; or impairment of immune surveil-
lance). 
Theory suggests early-life relative susceptibility for the first of these groups, and
late-life relative susceptibility for the third. The discussion will cover details of the
modes of action within each group, and experimental approaches to practically dis-
tinguish among the groups for specific non-mutagenic agents. We recognize that
the limited number of agents with good early-life data, and chemical to chemical
differences, may limit the applicability of grouped analyses.
Acknowledgement: The work reported here is sponsored by the U.S.
Environmental Protection Agency. However, opinions expressed are those of the
authors and do not necessarily reflect Agency policy.

382 APPROACHES FOR DERIVING RELATIVE
CARCINOGENIC POTENCY FACTORS FOR
POLYCYCLIC AROMATIC HYDROCARBONS (PAHS)

P. R. McClure1, J. Benedict2, H. Carlson-Lynch1, M. Gelhaus2, C. Keshava2, J.
Stickney1 and L. Flowers2. 1Syracuse Research Corporation, Syracuse, NY and
2National Center for Environmental Assessment, USEPA, Washington, DC.

U.S. EPA’s Integrated Risk Information System (IRIS) Program is undertaking a
health assessment for PAH mixtures that considers three approaches (i.e., compara-
tive potency, surrogate mixture, and relative potency factor) for estimating cancer
risk. The relative potency factor (RPF) approach provides a cancer risk estimate for
the PAH mixture by summing the carcinogenic potential of the individual PAHs
relative to an index compound (e.g., benzo[a]pyrene [BaP]). This approach has
been developed for seven individual PAHs in the Provisional Guidance for
Quantitative Risk Assessment of PAHs (U.S. EPA, 1993) and is utilized extensively
within U.S. EPA program offices and other regulatory agencies; however, this guid-
ance does not reflect the most recent research, nor does it consider additional PAHs
with carcinogenic potential (e.g., fjord-region  PAHs). Approaches to RPF develop-
ment are being evaluated based on current data. A thorough literature search iden-
tified in vivo cancer bioassays and both in vivo and in vitro assays of cancer-related
endpoints (e.g., mutagenicity, clastogenicity, malignant transformation, and DNA
adduct formation) for 74 PAHs. Dose-response information was extracted from
studies in which at least one PAH was studied in addition to BaP, resulting in data
for one or more endpoints for 49 PAHs. Several options for deriving a single RPF
value for individual PAHs with multiple-endpoint datasets are being considered.
One approach uses a framework in which RPFs from studies of greatest relevance
and quality are preferred over RPFs from studies with quality concerns or those
from endpoints with less certain links to tumor formation. Other approaches utiliz-
ing statistical based observations are also under consideration. (The views expressed
are those of the authors and do not necessarily reflect the views or policies of the
U.S. EPA).

383 DETERMINATION OF THE MAGNITUDE OF
INTRASPECIES DIFFERENCES IN RED BLOOD CELL
CHOLINESTERASE INHIBITION IN RESPONSE TO
DICHLORVOS EXPOSURE

L. M. Plunkett1,  T. B. Starr2,  S. H. Youngren3,  J. A. MacGregor4 and A.
Manley5. 1Integrative Biostrategies LLC, Houston, TX,  2TBS Associates, Raleigh, NC,
3The Acta Group, Washington, DC,  4Toxicology Consulting Services, Arnold, MD
and 5Amvac Chemical Corporation, Newport Beach, CA.

Uncertainty factors are used in non-cancer risk assessments to account for potential
inter- and intra-species sensitivity differences in response to chemical exposure,
with a default 10-fold value for each. In the case of pesticides, an additional child-
specific factor may be added to account for the potentially increased sensitivity of
children. In the case of one pesticide, dichlorvos (DDVP), there is a large body of
relevant human data, much of it from clinical studies examining potential pharma-
ceutical applications, that can be used to address these extrapolation issues.
Published medical and toxicological literature and unpublished data generated in
support of product registrations were reviewed, appropriate studies with useful
dose-response information were identified, and selected data were analyzed to assess
dichlorvos-specific intraspecies sensitivity differences. The critical effect identified
as the response indicator was red blood cell (RBC) cholinesterase inhibition. Levels
of inhibition (expressed as percent of normal RBC cholinesterase activity) were
identified and plotted versus the dose and duration of exposure producing that ef-
fect. The data demonstrated that the DDVP doses producing specific levels of inhi-
bition in various subpopulations of humans are virtually identical to those that
elicit the same inhibition levels in healthy adults. There is thus no apparent differ-
ence in the extent of RBC cholinesterase inhibition following DDVP exposure that
can be attributed to gender, age or certain disease states. The data indicate that the
intraspecies uncertainty factor should be reduced to below 10 when RBC
cholinesterase is the endpoint of concern.
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