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lower respiratory tract (LRT) viral infection. Respiratory syncytial virus (RSV) is a
major etiological agent for LRT infections in infants, the elderly, and the immuno-
compromised, and may lead to chronic wheezing and the development of asthma
in children. In this study we examined the effects of ultrafine particle exposure on
RSV-induced pulmonary inflammation, chemokine and cytokine expression, and
airway hyperresponsiveness in a mouse model of RSV. Female BALB/c mice were
instilled via the trachea (i.t.) with 1x106 pfu RSV or with uninfected culture
media. On day 3 of infection, mice were i.t. instilled with either 40 µg ultrafine car-
bon black (CB) particles or with saline vehicle. Endpoints were examined on days
4, 5, 7, and 14 of RSV infection. Viral titer and clearance in the lung were unaf-
fected by CB exposure. Neutrophil numbers were elevated on days 4 and 7, and
lymphocyte numbers were higher on days 4 and 14 of infection in CB-exposed,
RSV-infected mice. CB exposure also enhanced RSV-induced airway hyperrespon-
siveness to methacholine, BAL total protein, and virus-associated chemokines
MCP-1, MIP-1α, and RANTES. Immunohistochemistry and laser capture mi-
crodissection revealed that MIP-1α expression was localized to the alveolar epithe-
lium, where ultrafine particles deposit in the lung. These data demonstrate a syner-
gistic effect of particles on RSV infection, and suggest a mechanism for increased
pneumonia in human populations after PM exposure. 
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Infantile autism (IA) is a neurodevelopmental syndrome with 1-5 cases found in
every 10, 000 children. The spectrum of autism disorders includes a range of im-
paired communication and language development. Also reported are diverse im-
munological effects including decreased T-cell proliferative function and activation,
increased serum IL-2 levels, decreased CD8+ cells, decreased NK cell function, and
development of anti-neural autoantibodies. Several studies indicate that the etiol-
ogy of IA is multi-factorial and includes exposure to environmental chemicals. In
particular, Thimerosal, an adjuvant in vaccines that contains ethyl mercury, has
been implicated in IA. This association has been criticized due to a lack of support-
ive experimental dose-response data. Consequently, this project was designed to
compare dose-responsive immunological effects between Thimerosal and methyl
mercury, a known immunotoxicant. In this phase of the study, B6C3F1 pups were
exposed to MeHg (10 or 50 ug/kg) and two different exposure regimes were exam-
ined during postnatal development. Pups were exposed either on postnatal days
(PND) 7, 10, and 12 or weekly on PND 7, 14, and 21. On PND 22, T-cell prolif-
eration and the IgM plaque forming cell response were enhanced after exposure on
PND 7, 14, and 21, but not affected after exposure on PND 7, 10, and 12. Weekly
exposure to 50 ug MeHg/kg prior to weaning resulted in selective increases in
CD8+ thymic T cells, whereas 10 ug MeHg/kg exposure on PND 7, 10, and 12 in-
creased splenic CD4+ T-cell subpopulations. The exposure regime utilized during
developmental periods must be considered when assessing mercury exposure, as
this affects responses in immune parameters. This understanding may be useful
when evaluating vulnerable periods of mercury exposure in children. Future studies
will compare effects of Thimerosal with MeHg, and include assessment of cytokine
levels, autoantibody production, serotonin levels and cognitive function. 
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Inorganic mercury (iHg) has a range of immunotoxic effects, including induction
of autoimmunity in certain inbred strains of rats and mice. However, no associa-
tions between Hg and autoimmune disease have been shown in humans. We hy-
pothesize that expression of frank disease may require interactions between Hg and
other susceptibility factors, genetic or acquired. To test this hypothesis, we exam-
ined the effects of iHg pretreatment on the pathophysiology of experimental au-
toimmune disease in two well characterized models, the graft versus host disease
(GVHD) model of chronic systemic lupus erythmatosis (SLE) and the cardiac
myosin peptide (CMP) model of autoimmune myocarditis (AIM). We induced
SLE by transfer of maternal splenocytes into C57Bl/6xDBA/2-F1 hybrid offspring;
and we induced AIM by immunization of A/J mice with purified murine CMP. In
GVHD, both donors (female DBA/2) and hosts (female B6D2-F1) were exposed to
20 or 200 mcg/kg HgCl2 by s.c. injection every other day for 15 days; on day 20,
GVHD was initiated by splenocyte transfer and disease was evaluated over 4

months. In the AIM model, male A/J mice were pretreated similarly with HgCl2 at
10 or 100 mcg/kg; on day 20, mice were administered 100 nmol CMP s.c. and per-
tussis toxin i.p. Disease was monitored by observation, interim analyses of serum
autoantibodies, and histopathological evaluation of the heart at sacrifice. The re-
sults are consistent with the hypothesis that Hg can interact with other risk factors
to induce frank autoimmune disease, at low doses of Hg and in strains of mice
(DBA/2, C57Bl/6) that are not susceptible to Hg immunotoxicity. Research sup-
ported by the Arthritis Foundation and NIH (NIEHS, NHLBI).
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Transition metal ions are toxic to human tissues and organs. Although they can be
toxic to immune cells, they can also induce gene expression (including metalloth-
ioneins [MTs]) in the absence of toxic events. The consequences of non-toxic metal
exposure on immune function are largely unexplored. Innate immune activation
involves the acute phase response and respiratory burst of mononuclear cells (in-
cluding monocytes) in response to extracellular signals. We have reported that in
vitro treatment of immortalized human monocytes with zinc, cadmium, or mer-
cury, at levels at least tenfold lower than that required to exert detectable cellular in-
jury, significantly inhibits monocyte activation potential. We now report that that
in vitro pre-treatment of primary human and mouse monocytes, isolated from pe-
ripheral blood, with low, non-cytotoxic levels of zinc (40 µM) or mercury (2 µM)
have significantly decreased activation potential (assessed by reactive oxygen pro-
duction and interleukin-1β [IL-1β] mRNA expression in response to phorbol
myristate acetate [PMA]). In addition, pre-treatment of mice with low, non-toxic
levels of inorganic mercury (0.2 - 1 µmole Hg/kg body weight, i.p.) had no effect
on monocyte viability, but significantly inhibited the ability of primary peripheral
blood monocytes to undergo LPS- or PMA-induced respiratory burst and differen-
tiation into adherent macrophages. These data indicate that low level exposure to
inorganic zinc or mercury inhibits primary monocyte activation potential (and,
therefore, innate immune function) in the absence of cytotoxicity. The connection
between low, non-toxic metal ion exposure and innate immune function, com-
bined with the critical role of innate immunity in resistance to infection and tu-
mour formation, highlight the potential importance of environmental metals in
these pathological events.Supported by grants from the NIEHS (ES11288) and CIHR
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Arsenic exposure inhibits murine and human T lymphocyte proliferation. Free in-
tracellular ([Ca2+]i) levels have been implicated as a regulatory signal for prolifera-
tion and death cell processes. This prompted us to investigate whether sodium ar-
senite (NaAsO2)induced changes in [Ca2+]i of human stimulated human T
lymphocytes and if this alteration was associated with the inhibitory effects of ar-
senic on T cell proliferation. We used mononuclear cells from healthy human sub-
jects to measure free [Ca2+]i levels by spectrophotofluorometry using Fluo-3AM
label. Proliferation was determined by [methyl-3H]-thymidine incorporation. In
vitro exposure to NaAsO2 (1.0 to 7.5 µM) dose-dependently increased free [Ca2+]i
in both PHA-stimulated lymphocytes and non-stimulated cells. However the effect
was more pronounced in mitogen-activated cells simultaneously treated with
NaAsO2 at concentrations producing inhibition of T cell proliferation. In cells pre-
treated with a calcium ionophore (A23187) at concentrations able to increase
[Ca2+]i to levels comparable to those induced by NaAsO2, PHA-induced prolifera-
tion was similarly inhibited. These results suggest that increased free [Ca2+]i levels
play an important role in the inhibitory effect of arsenic on human T cell prolifera-
tive response. Partially supported by CONACYT 34508-M to ESCA. 
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Chronic exposure to arsenic contaminated drinking water has been associated with
neoplasias in multiple organ systems, including the skin, liver, bladder and lung.
Previous studies in our laboratory indicate that arsenic alters the levels of growth
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