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in 28% of the cells at 48h post-exposure; under these conditions, control cells ex-
posed to vehicle only did not show any features of apoptosis. The induction of
apoptosis by DEB correlated to elevated p53 levels in the same cells in a concentra-
tion and time dependent manner. Although DEB-induced apoptosis was observed
in the p53 proficient TK6 lymphoblasts, it failed to occur in the p53 deficient
NH32 lymphoblasts under the same experimental conditions. Our results demon-
strate the occurrence of DEB-induced apoptosis in human lymphoblasts for the
first time. In addition, our results reveal that DEB-induced apoptosis is mediated
by the tumor suppressor p53 protein. Collectively, this DEB-induced p53 mediated
apoptosis may explain butadiene induced bone marrow depletion, as well as spleen
and thymus atrophy in exposed animals(supported by grant# ES10018, funded by
NIEHS).
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Activation of alveolar macrophages (AM) in the production of tumor necrosis fac-
tor (TNF)-αby bleomycin (BLM) is linked to AM apoptosis and the development
of pulmonary fibrosis. AM may contribute to their own death through expression
of TNF receptor (TNFR) 1 and 2. The present study was carried out to character-
ize the role of the TNFR in the mechanism(s) of BLM-induced apoptosis in AM.
Sprague-Dawley rats were instilled intratracheally with saline or BLM at 1 mg/kg
body weight. At 1, 3, or 7 days post-exposure, AM were isolated by bronchoalveo-
lar lavage, and apoptosis was determined by ELISA. The activation of caspases 3, 8,
and 9, the release of cytochrome c from mitochrondria, the cleavage of nuclear
poly(ADP-ribose) polymerase (PARP), and the amount of TNFR1 and TNFR2 in
AM were monitored by immunoblotting. The results showed that BLM treatment
significantly induced AM apoptosis at all exposure time points, with peak apopto-
sis occurring at 1 day post BLM exposure. BLM treatment, at 1, 3 or 7 days post ex-
posure, significantly increased active caspase 3 level with enhanced caspase 3 activ-
ity and increased PARP cleavage in AM in comparison to the control. The
maximum activation of caspase 3 and PARP fragmentation occurred in AM from
rats exposed to BLM for 3 days. The amount of cytochrome c released into cytosol
was gradually increased with time after BLM treatment and peaked on day 7. This
coincides with expression of TNFR2, which was significantly induced in BLM-ex-
posed AM with a peak level at 7-day post exposure. In contrast, BLM treatment did
not affect AM expression of TNFR1. BLM exposure also significantly activated cas-
pase 9 but not caspase 8 in AM. These results show that BLM-induced apoptosis is
TNFR1/caspase-8 independent, but involves over-expression of TNFR2, the re-
lease of cytochrome c from mitochondria, activation of caspases 9 and 3, and the
cleavage of the DNA repair protein PARP. 
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Increasing evidence suggests that apoptosis plays an important role in pulmonary
diseases; however, the molecular mechanism underlying this relationship is unclear.
Previous studies from our laboratory have shown that pulmonary instillation of di-
methyl sulfoxide (DMSO) induced apoptotic alveolar macrophage (AM) resulted
in pulmonary inflammation and fibrosis. In this study, we further investigated the
effect of intratracheal instillation of DMSO or UVB induced apoptotic AM and
documented the time course of the resulting inflammatory and fibrotic responses in
the Brown Norway rat lung. Morphological and immunohistochemical analyses of
lung tissues showed an inflammatory response and increased connect tissue in the
treatment groups, but not in control groups which were instilled with normal non-
apoptotic AM. Instilled apoptotic cells were cleared at 4 weeks post-treatment, but
the number of apoptotic lung cells was still higher than those in the control rats.
Caspase 8 was elevated in the treatment group at 4 weeks post-treatment, suggest-
ing a continuous induction of apoptosis in vivo via the death receptor-mediated
pathway. Consistent with this finding, we observed a concomitant increase in TNF-
α expression in treated lung tissues. In vitro studies also showed an increase in
TNF-α production by naive AM incubated with apoptotic AM, but not when ex-
posed to untreated AM. Together, our results indicate a role for AM apoptosis in
the induction of inflammatory and fibrotic lung disorders, which may be mediated
though cytokines, such as TNF-α.
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Understanding the various mechanisms of cellular toxicity and cell death can aid in
drug design. Previously, we noted that TNF-α and C2-ceramide produced different
toxicity and apoptosis profiles in rat hepatoma (H4IIE) cells. Tumor necrosis factor
alpha (TNF-α) is a cytokine involved in certain apoptotic pathways and can stimu-
late the hydrolysis of sphingomyelin to ceramides. Ceramides are putative lipid sec-
ond messengers implicated in apoptotic responses. In this study, the effects of TNF-
α and ceramide on toxicity and apoptosis were investigated in H4IIE cells using
multiple biochemical markers. H4IIE cells were exposed to ceramide (0-300 µM)
or TNF-α (0-150 ng/mL, specific activity 1000 University/ng) for 24 hours.
Changes in general cell health were determined by monitoring mitochondrial func-
tion, membrane leakage, and cell proliferation. Oxidative stress was assessed by
measuring changes in reduced glutathione (GSH) and membrane lipid peroxida-
tion. Apoptosis was evaluated by caspase (3, 8, and 9) activity, DNA fragmentation,
and using a CellomicsTM ArrayScan®: mitochondrial mass potential, f-actin levels,
and nuclear condensation/fragmentation. Cellular calcium changes were measured
for up to 2 hours after treatment using Fluo3-AM dye and fluorescence microscopy
or a Molecular Devices FLIPR system. As expected, TNF-α caused a marked in-
crease in caspase 3, 8, and 9 activities as well as DNA fragmentation and f-actin
content. TNF-α was cytotoxic above 5ng/mL, however, no significant change was
observed in GSH or in membrane lipid peroxidation prior to toxicity. In contrast,
ceramide caused a significant increase in membrane lipid peroxidation and DNA
fragmentation but had no effect on caspase 3, 8, and 9 activities. Ceramide in-
creased intracellular calcium levels while TNF-α did not produce significant cal-
cium influx. These data suggest that apoptosis induced by TNF-α occurs through
caspase dependent pathways whereas exogenous C2-ceramide induced cell death
involves calcium influx, oxidative stress, or other caspase independent pathways. 
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Ochratoxin A (OTA) is a fungal secondary metabolite produced in agricultural
commodities by Aspergillus and Penicillium fungi species. Human exposure to
OTA is both due to consumption of directly contaminated food or of food prod-
ucts derived from animals consuming contaminated feedstuffs. OTA was impli-
cated in the pathogenesis of Balkan endemic nephropathy due to its nephrotoxicity
; in addition, it is hepatotoxic, genotoxic, carcinogenic and immunosuppressive.
This latter toxicity has been widely studied in experimental animals such as mice
and chickens. In this study, we investigated the effects of OTA on human periph-
eral blood mononuclear cells (PBMC). PBMC stimulated with phytohaemagglu-
tinin (PHA) and incubated with OTA at different concentrations for 48 h showed
an inhibition of proliferation at 5x10-6 M and 10-5 M of OTA as measured by 3H-
thymidine uptake. However, IL-2 secretion was not affected for all concentrations
tested as determined by ELISA. In addition, exogenous IL-2 added to cell culture at
1 and 10 ng/ml did not overcome the inhibition of lymphocyte proliferation. A
slight decrease in CD25 (IL-2R alpha) surface expression at 5x10-6 M of OTA was
observed compared to control cells (60 vs 73 % and 47 vs 72 % at 24 h and 48 h
respectively). Moreover, stimulated and unstimulated PBMC incubated with OTA
entered apoptosis in a time and concentration-dependent manner. The mechanism
is likely to be mediated by caspases since the pan-caspase inhibitor VAD reduced
apoptosis induced by OTA. Our results suggest that downregulation of CD25 and
induction of apoptosis are involved in OTA inhibition of lymphocyte proliferation.
The role of cell cycle proteins such as cdk2 and cyclin E, as well as Bcl-2 family pro-
teins, are currently under investigation. 
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Nivalenol (NIV) is the major group B trichothecene mycotoxin and NIV widely
contaminates agricultural commodities. In this study, ICR mice were orally admin-
istered with 15 mg/kg of NIV to elucidate the development of apoptosis and
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