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Introduction:
JP-8 is a relatively new jet fuel that the Air force adopted for use in 1996. The Department of Defense

(www.JP-8.org) has recognized JP-8 as the "single largest chemical exposure for its personnel". As documented on
this DoD website, roughly 60 billion gallons of JP-8 are produced annually for all uses including jets, heaters and
stoves, tanks etc.

Hearing loss constitutes one of the principal service-related injuries found among Veterans. Consequently, the
VA spends over $440 million dollars per year in direct compensation for hearing loss (<http://chppm-
ww.apgea.army.mil/hcp/comp reports. aspx>).

The DOD has identified that one of the main complaints of personnel exposed to the JP-8 fuel is "skin
problems" (www.JP-8.org). However, very little is known about this affliction. In addition to hearing loss, the
secondary focus of this project was to determine the mechanisms of JP-8 induced dermatitis. We have found that
numerous factors are produced in rat skin following exposure to JP-8 that could be the root source of dermatitis
associated with jet fuel.

Accomplishments/New Findings:
The initial goals for this proposal were to examine the effects ofjet fuel and noise on hearing loss in rats, and to
detail the inflammatory response in JP-8 exposed rat skin. To assess hearing loss, rats were exposed to JP-8 alone by
dermal exposure, an octave band of noise designed to produce a very limited degree of permanent hearing loss in a
specific frequency region of the rats' audiogram, both agents in combination, and no experimental treatment. Pure-
tone auditory thresholds were assessed 4 weeks later in order to measure permanent impairments in hearing.
Unfortunately, while initial results seemed encouraging, skin exposure to JP-8 did not appear to be a suitable model
for assessing the effects ofjet fuel on hearing loss. Further experiments were initiated to examine hearing loss in an
inhalation exposure model combined with noise, These were thought to provide more robust and consistent data.
However, the apparatus available were neither accurate nor precise enough to determine the effects of JP-8 and
noise on hearing loss. Thus, this specific aim could not be persued further as suitable apparatus could not be
acquired within the timeframe of the contract.

Unlike the previous specific aim, the determination of the inflammatory processes in JP8 dermatitis proved
much more fruitful. Additionally, further studies were performed that assessed the expression of stress proteins as
markers of damage in various organs from rats exposed to JP8 through the skin. These investigations produced two
peer reviewed publications and three abstracts presented at national meetings, and provide insight into the
mechanisms that contribute to the acute yet severe nature of JP-8 contact dermatitis. Results are summarized below.

Model: Dorsal neck skin of rats was clipped, and 300 ul of JP-8 jet fuel was applied to denuded skin once a day for
up to seven days. Twenty-four hours after either 1, 3, 5, or 7 days of exposure, skin samples from the exposed area
were acquired by punch biopsy, then flash frozen in liquid nitrogen for determination of gene expression via either
RT-PCR, real-time quantitative PCR, or ELISA, or preserved in 10% buffered formalin for histology.

Results: Seven day repeated exposures: Results for seven days repeated exposure were presented in an article
published in the journal International Immunopharmacology, in September of 2004 (see below). Briefly, histology
of skin biopsies showed mild to moderate inflammatory infiltrate, characterized primarily by neutrophils,
eosinophils, and macrophages. The mRNA expression of a number of cytokines/chemokines were significantly
induced in skin by JP-8 exposure including: IL-6, Eotaxin, Mip lx, Mip-2, MCP-1, RANTES, and IP-10.
Examination of cytokine expression patterns seemed to indicate that neutrophil chemotractant cytokines
predominated those that would attract T Cells. Specifically, CXC/ELR+ chemokines such as GROa and 3 are
associated with acute inflammation and PMN chemotaxis, whereas the ELR- type is associated with T cell
accumulation and chronic inflammation. Following seven-day JP8 exposure there is a significant induction of the
ELR+ CXC chemokines GROa (2 and 24 hours) and GROP3 (24 hours), but not the ELR- chemokine IP10 (see fig
3, Gallucci, 2004). Increased ELR+ chemokine expression, and the lack of increased expression of ELR- type
chemokines, may partially explain the transient nature of JP-8 induced irritant dermatitis. Thus, it seems that PMN
chemotactic chemokines such as GROa might have a more profound effect on the pathogenesis of JP-8 skin
dermatoses than those that would promote T cell sensitization. It was additionally found that of the primary
inflammatory mediators, only IL-1 seemed to be significantly upregulated by JP-8 exposure. Thus, it seemed that
IL-1 is the principal cytokine that initiates the inflammatory response, wereas TNFcL plays only a minor role in JP8
dermatitis.

One, three, five, and seven-day exposures: Results from these experiments are currently being assembled, and



will be submitted for publication in the fall of 2005. Similar to what was determined in the investigations described
above, the mRNA's of various CXC and CC chemokines were upregulated as a result of JP-8 exposure including
Mip-2a and P3 (appendix, figure 1) and MiplIc (appendix, figure 2). IL-1 3, and IL-6 mRNA's were significantly
induced from 1 to 7 days, while IL-10 was not significantly different from control (appendix, figure 3). However,
skin IL-6 protein content, as determined by ELISA, was not increased at any time point, and in fact was significantly
decreased as compared to control after five and seven days of exposure (appendix, figure 4). This possibly indicated
a direct or indirect post transcriptional modulation of this cytokine by jet fuel. This last observation could be
significant, as IL-6 has been shown to be quite closely associated with skin wound healing (see Gallucci, et al.,
FASEB J., 2001, and Lin, Z., et al., J Leukoc Biol. 2003). This suggests that the severity of JP-8 dermatitis could be
partially a result of an inhibited healing process, and not simply the result of toxic damage.

Determination of stress proteins as a result of dermal JP-8 exposure: Results from these experiments have
been submitted for publication (see below). Briefly, histology of various organs following dermal JP-8 exposure
indicated that jet fuel induces morphological alterations suggesting significant stress in the heart lesser amounts in
kidney and liver. Because heat shock proteins are induced by variety of toxic agents and are considered indicators
of cellular stress, these proteins were hypothesized to provide biomarkers as well as mechanistic information about
any systemic toxicity resulting from dermal exposures to JP-8 fuel. Immunoblot analysis of tissues revealed
increased levels of the inducible Heat Shock Protein 70 (HSP70) in the heart, kidney, and liver after this dermal JP-8
exposure. This exposure also leads to increased levels of heme oxygenase-1 (HO-1i/HSP32) in the liver.
Additionally during this exposure, a negative regulator of inflammation, IiiBa (inhibitor of NF-KB), was increased
in the liver, slightly increased in the kidney, and not increased in the heart. Two regions of the rat brain were also
examined and HSP70 and IKBcc were increased in the cerebellum but not significantly increased in the cortex. This
study indicates dermal JP-8 exposure causes systemic alterations that are associated with cytoprotective activities
(e.g., in the liver) as well as potentially toxic mechanisms (heart and kidney).
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Figure 1: Skin CXC Chemokine mRNA Expression
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2500 Figure 2: Skin CC Chemokine mRNA Expression
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Figure 3: Skin Cytokine mRNA Expression
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Figure 4: IL-6 Protein Expression
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