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Cancer Chemoprevention: Preclinical In Vivo Alternate Dosing Strategies to
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Cancer chemopreventive agents inhibit
the formation of precursor lesions and/or
the progression of these lesions to late
stage disease. This approach to disease
control has the potential to reduce the
physical and financial costs of cancer in
society. Several drugs that have been
approved by the FDA for other diseases
and have been extensively evaluated for
their safety and
pharmacokinetic/pharmacodynamic
characteristics have the potential to be
repurposed for use as cancer
chemopreventive agents. These agents
often mechanistically inhibit signaling
molecules that play key roles in the
carcinogenic process. The safety profile of
agents 1s a primary concern when
considering the administration of drugs
for chemoprevention, as the drugs will be
given chronically to high-risk,
asymptomatic individuals. To decrease
drug toxicity while retaining efficacy,
several approaches are currently being
explored. In this short review, we

describe studies that use preclinical in
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vivo models to assess efficacy of
alternative drug dosing strategies and
routes of drug administration on
chemopreventive drug efficacy. In vivo
drug dosing strategies that reduce
toxicity while retaining efficacy will pave

the way for future cancer prevention

clinical trials.
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Use of genetically engineered rodents is
often considered a valuable exercise to
assess potential safety concerns
associated with the inhibition of a target
pathway. When there are potential
immunomodulatory risks associated with
the target, these genetically modified
animals are often challenged with
various pathogens in an acute setting to
determine the risk to humans. However,
the applicability of the results from
infection models is seldom assessed when
significant retrospective human data
become available. Thus, the purpose of
the current review is to compare the
outcomes of infectious pathogen
challenge in mice with genetic
deficiencies in TNF-a, IL17, IL23, or

Janus kinase pathways with infectious

outcomes caused by inhibitors of these
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pathways in humans. In general, mouse
infection challenge models had modest
utility for hazard identification and were
generally only able to predict overall
trends in infection risk. These models did
not demonstrate significant value in
evaluating specific types of pathogens
that are either prevalent (ie rhinoviruses)
or of significant concern (ie herpes
zoster). Similarly, outcomes in mouse
models tended to overestimate the
severity of infection risk in human
patients. Thus, there is an emerging need
for more human-relevant models that
have better predictive value. Large
meta-analyses of multiple clinical trials
or post-marketing evaluations remains
the gold-standard for characterizing the

true infection risk to patients.
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CARCINOGENESIS

Gene Expression and DNA Methylation Alterations in the Glycine

N-Methyltransferase Gene in Diet-Induced Nonalcoholic Fatty Liver

Disease-Associated Carcinogenesis
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Nonalcoholic fatty liver disease (NAFLD)
is becoming a major etiological risk factor
for hepatocellular carcinoma (HCC) in
the United States and other Western
countries. In this study, we investigated

the role of gene-specific promoter
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cytosine DNA methylation and gene
expression alterations in the
development of NAFLD-associated HCC
in mice using (1) a diet-induced animal
model of NAFLD, (2) a Stelic Animal
Model of nonalcoholic
steatohepatitis-derived HCC, and (3) a
choline- and folate-deficient (CFD) diet
(CFD model). We found that the
development of NAFLD and its
progression to HCC was characterized by
down-regulation of glycine
N-methyltransferase (Gnmt) and this
was mediated by progressive Gnmt
promoter cytosine DNA
hypermethylation. Using a panel of
genetically diverse inbred mice, we
observed that Gnmt down-regulation was
an early event in the pathogenesis of
NAFLD and correlated with the extent of
the NAFLD-like liver injury. Reduced
GNMT expression was also found in
human HCC tissue and liver cancer cell
lines. In In vitro experiments, we
demonstrated that one of the
consequences of GNMT inhibition was an
increase in genome methylation
facilitated by an elevated level of
S-adenosyl-L-methionine. Overall, our
findings suggest that reduced Gnmt
expression caused by promoter
hypermethylation is one of the key
molecular events in the development of
NAFLD-derived HCC and that assessing
Gnmt methylation level may be useful for

disease stratification.
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Increased cancer risk and immune
disorders linked with exposure to
environmental endocrine disruptors like
bisphenol A (BPA) have been steadily
reported. Nevertheless, the impacts of
BPA on the breast ductal carcinoma in
situ (DCIS) progression and macrophage
polarization remain to be elucidated.
Here, we analyzed the differentially
expressed genes in BPA-exposed DCIS
cells and explored BPA effects on DCIS
progression and macrophage polarization
in vitro and 1in vivo. Two hundred and
ninety-one genes were differentially
expressed in 10-8 M BPA-exposed DCIS
cells, in which the gene ontology terms of
biological processes associated with
negative regulation of cell death, cell
adhesion, and immune response was
enriched. 108 M BPA promoted the
proliferation and migration of DCIS cells
and the migration of macrophages, and
upregulated the expression of M1 (NOS2)
or M2 markers (Arg-1 and CD206) in
macrophages. In coculture system, the
migratory capacity of both cells and the
expression levels of NOS2, Arg-1, and

CD206 in macrophages were significantly
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enhanced upon 10-8 M BPA. In a DCIS
xenograft model, oral exposure to an
environmentally human-relevant low
dose of 2.5 pg/l BPA for 70 days via
drinking water led to an approximately
2-fold promotion in the primary tumor
growth rate and a significant
enhancement of lymph node metastasis
along with increased protumorigenic
CD206+ M2 polarization of macrophages.
These results demonstrate that BPA acts
as an accelerator to promote DCIS
progression to invasive breast cancer by
affecting DCIS cell proliferation and
migration as well macrophage
polarization toward a protumorigenic

phenotype.
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Applying toxicogenomics to improving
the safety profile of drug candidates and
crop protection molecules is most useful
when it identifies relevant biological and
mechanistic information that highlights
risks and informs risk mitigation
strategies. Pathway-based approaches,
such as gene set enrichment analysis,

integrate toxicogenomic data with known
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biological process and pathways.
Network methods help define unknown
biological processes and offer data
reduction advantages. Integrating the 2
approaches would improve interpretation
of toxicogenomic information. Barriers to
the routine application of these methods
in genome-wide transcriptomic studies
include a need for “hands-on” computer
programming experience, the selection of
1 or more analysis methods (eg pathway
analysis methods), the sensitivity of
results to algorithm parameters, and
challenges in linking differential gene
expression to variation in safety
outcomes. To facilitate adoption and
reproducibility of gene expression
analysis in safety studies, we have
developed Collaborative Toxicogeomics,
an open-access integrated web portal
using the Django web framework. The
software, developed with the Python
programming language, is modular,
extensible and implements
“best-practice” methods in computational
biology. New study results are compared
with over 4000 rodent liver experiments
from Drug Matrix and open TG-GATEs. A
unique feature of the software is the
ability to integrate clinical chemistry and
histopathology-derived outcomes with
results from gene expression studies,
leading to relevant mechanistic
conclusions. We describe its application
by analyzing the effects of several

toxicants on liver gene expression and
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exemplify application to predicting
toxicity study outcomes upon chronic
treatment from expression changes in

acute-duration studies.
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Environmental pollutants including
halogenated aromatic hydrocarbons and
polycyclic aromatic hydrocarbons,
including benzola]pyrene, exert their
deleterious effects through the activation
of the aryl hydrocarbon receptor (AHR)
and by the resulting transcription of
genes not yet fully identified.
Ligand-bound AHR translocates from
cytoplasm to nucleus, where it dimerizes
with the aryl hydrocarbon receptor
nuclear translocator (ARNT) protein. The
AHR/ARNT dimer binds to enhancer
regions of responsive genes to activate
transcription. AHR also mediates
carcinogenesis caused by PAHs, likely via
CYP1A1, CYP1A2, and CYP1B1, which
are massively induced by activated AHR
in many tissues and generate
carcinogenic electrophilic derivatives of
PAHs. In the current study, we have used
the mouse GeCKOv2 genome-wide
CRISPR/Cas9 library to identify novel
genes in the AHR pathway by taking
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advantage of a Bla]P selection assay that
we previously used to identify core AHR
pathway genes in Hepa-1clc7 murine
hepatoma cells. Besides AhAr, Arnt, and
Cyplal, we report the identification of
multiple additional putative AHR
pathway genes including several that we
validated. These include cytochrome
P450 reductase (Por), which mediates
redox regeneration of cytochromes P450,
and 5 genes of the heme biosynthesis
pathway: delta-aminolevulinate synthase
1 (4/as1), porphobilinogen deaminase
(Hmbs), uroporphyrinogen decarboxylase
(Urod), coproporphyrinogen oxidase
(Cpox), and ferrochelatase (Fech): heme
being an essential prosthetic group of
cytochrome P450 proteins. Notably,
several of these genes were identified by
GeCKO screening, despite not being
identifiable by reverse genetics
approaches. This indicates the power of
high-sensitivity genome-wide genetic
screening for identifying genes in the
AHR pathway.
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DEVELOPMENTAL AND REPRODUCTIVE TOXICOLOGY

Prenatal Exposure to Bisphenol A, E, and S Induces Transgenerational Effects

on Female Reproductive Functions in Mice
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This study was performed to examine the
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transgenerational effects of bisphenol
(BP) A analogs, BPE, and BPS on female
reproductive functions using mice as a
model. CD-1 mice (FO) were orally
exposed to control treatment (corn oil),
BPA, BPE, or BPS (0.5 or 50 pg/kg/day)
from gestational day 7 (the presence of
vaginal plug = 1) to birth. Mice from F1
and F2 offspring were used to generate
F3 females. Prenatal exposure to BPA,
BPE, and BPS accelerated the onset of
puberty and exhibited abnormal estrous
cyclicity in F3 females, and those females
exhibited mating difficulties starting at 6
months of age. Various fertility
problems including reduced pregnancy
rates, parturition, and nursing issues
were also observed starting at 6 months,
which worsened at 9 months. The levels
of serum estradiol-178 were elevated by
BPA or BPS exposure at the age of 6
months, whereas testosterone levels were
not affected. The dysregulated expression
of steroidogenic enzymes was observed in
the ovary at 3 or 6 months of age by BPE
or BPS exposure. However, BPA, BPE,
and BPS exposure did not affect neonatal
follicular development such as germ cell
nest breakdown or follicle numbers in the
ovary on postnatal day 4. These results
suggest that prenatal exposure to BPA
analogs, BPE and BPS, have
transgenerational effects on female

reproductive functions in mice.
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EMERGING TECHNOLOGIES, METHODS, AND MODELS
TSPO PET Using [*8F]PBR111 Reveals Persistent Neuroinflammation Following

Acute Diisopropylfluorophosphate Intoxication in the Rat

Brad A Hobson, Douglas J Rowland, Silvia Sis6, Michelle A Guignet, Zachary T

Harmany ...
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Acute intoxication with
organophosphates (OPs) can trigger
status epilepticus followed by persistent
cognitive impairment and/or
electroencephalographic abnormalities.
Neuroinflammation is widely posited to
influence these persistent neurological
consequences. However, testing this
hypothesis has been challenging, in part
because traditional biometrics preclude
longitudinal measures of
neuroinflammation within the same
animal. Therefore, we evaluated the
performance of noninvasive positron
emission tomography (PET), using the
translocator protein (TSPO) radioligand
[18F]PBR111 against classic
histopathologic measures of
neuroinflammation in a preclinical model
of acute intoxication with the OP
diisopropylfluorophosphate (DFP). Adult
male Sprague Dawley rats administered
pyridostigmine bromide (0.1 mg/kg, im)
30 min prior to administration of DFP (4
mg/kg, sc), atropine sulfate (2 mg/kg, im)
and 2-pralidoxime (25 mg/kg, im)

exhibited moderate-to-severe seizure
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behavior. TSPO PET performed prior to
DFP exposure and at 3, 7, 14, 21, and 28
days postexposure revealed distinct
lesions, as defined by increased
standardized uptake values (SUV).
Increased SUV showed high spatial
correspondence to immunohistochemical
evidence of neuroinflammation, which
was corroborated by cytokine gene and
protein expression. Regional SUV metrics
varied spatiotemporally with days
postexposure and correlated with the
degree of neuroinflammation detected
immunohistochemically. Furthermore,
SUV metrics were highly correlated with
seizure severity, suggesting that early
termination of OP-induced seizures may
be critical for attenuating subsequent
neuroinflammatory responses.
Normalization of SUV values to a
cerebellar reference region improved
correlations to all outcome measures and
seizure severity. Collectively, these
results establish TSPO PET using
[18F]PBR111 as a robust, noninvasive tool
for longitudinal monitoring of
neuroinflammation following acute OP

intoxication.

A NIA VBIETE X NI EORBUT K
o THEAT BT RIE D S kb
HIREHL & @ W2 IS 278 LE Lie, Hi
D> SUV FEIEIZ, 1REE %A CRZZMAIC
AL, SRR LRI S 7o ik
RIEDOFRE LFIBI L Tz, X512, SUV
A MY ZIFRIEOEIERE & @ OB &
D (OP A FEMEFAED RMIHE T8 2 D% O
BRIEMEZ RS EHOICEETH D
ZEERBLTHNET, SUVIEZ/NNS
PRI IC IR LT 2 &, TR CoORERHIE
ERIEOEIEE & OMBANYEESNE L
7o FEODHE, ZNHORERIL, [18F]
PBR111 #ffi[fl L7= TSPO PET %, 2k
OP THEZDOMBRIEORMT=41V 7
FOBE IR Y —L & UTHENL L
F L7,

Assessing Drug-Induced Long OT and Proarrhythmic Risk Using Human
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The goal of this research consortium
including Janssen, MSD, Ncardia,
FNCR/LBR, and Health and
Environmental Sciences Institute (HESI)
was to evaluate the utility of an
additional in vitro assay technology to
detect potential drug-induced long QT
and torsade de pointes (TdP) risk by
monitoring cytosolic free Ca2+ transients
in human stem —cell-derived
cardiomyocytes (hSC-CMs). The potential
proarrhythmic risks of the 28
comprehensive in vitro proarrhythmia
assay (CiPA) drugs linked to low,
intermediate, and high clinical TdP risk
were evaluated in a blinded manner
using Ca2*-sensitive fluorescent dye
assay recorded from a kinetic plate
reader system (Hamamatsu FDSS/uCell
and FDSS7000) in 2D cultures of 2
commercially available hSC-CM lines
(Cor.4U and CDI iCell Cardiomyocytes)
at 3 different test sites. The Caz*
transient assay, performed at the 3 sites
using the 2 different hSC-CMs lines,
correctly detected potential drug-induced
QT prolongation among the 28 CiPA
drugs and detected cellular
arrhythmias-like/early
afterdepolarization in 7 of 8 high
TdP-risk drugs (87.5%), 6 of 11
intermediate TdP-risk drugs (54.5%), and
0 of 9 low/no TdP-risk drugs (0%). The
results were comparable among the 3
sites and from 2 hSC-CM cell lines. The
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Ca2t transient assay can serve as a
user-friendly and higher throughput
alternative to complement the
microelectrode array and voltage-sensing
optical action potential recording assays
used in the HESI-CiPA study for in vitro
assessment of drug-induced long QT and
TdP risk.

Liﬁ‘o
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Formalin-fixed paraffin-embedded
(FFPE) tissues provide an important
resource for toxicogenomic research.
However, variability in the integrity or
quality of RNA obtained from archival
FFPE specimens can lead to unreliable
data and wasted resources, and standard
protocols for measuring RNA integrity do
not adequately assess the suitability of
FFPE RNA. The main goal of this study
was to 1dentify improved methods for
evaluating FFPE RNA quality for
whole-genome sequencing. We examined
RNA quality metrics conducted prior to
RNA-sequencing in paired frozen and
FFPE samples with varying levels of
quality based on age in block and time in
formalin. RNA quality was measured by
the RNA integrity number (RIN), a
modified RIN called the
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V—AERBHLES, LEL, T—hAT
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paraffin-embedded RNA metric, the
percentage of RNA fragments >100-300
nucleotides in size (DV100-300), and 2
quantitative PCR-based methods. This
information was correlated to sequencing
read quality, mapping, and gene
detection. Among fragmentation-based
methods, DV and PCR-based metrics
were more informative than RIN or
paraffin-embedded RNA metric in
determining sequencing success. Across
low- and high-quality FFPE samples, a
minimum of 80% of RNA fragments >100
nucleotides (DV100 > 80) provided the best
indication of gene diversity and read
counts upon sequencing. The PCR-based
methods further showed quantitative
reductions in amplifiable RNA of target
genes related to sample age and time in
formalin that inform input quantity of
FFPE RNA for sequencing. These results
should aid in screening and prioritizing
archival FFPE samples for retrospective

analyses of gene expression.
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Proactive identification of chemicals with
skin sensitizing properties is a key
toxicological endpoint within chemical

safety assessment, as required by
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legislation for registration of chemicals.
In order to meet demands of increased
animal welfare and facilitate increased
testing efficiency also in nonregulatory
settings, considerable efforts have been
made to develop nonanimal approaches
to replace current animal testing.
Genomic Allergen Rapid Detection
(GARD™) is a state-of-the-art technology
platform, the most advanced application
of which is the assay for assessment of
skin sensitizing chemicals, GARD™skin.
The methodology is based on a dendritic
cell (DC)-like cell line, thus mimicking
the mechanistic events leading to
initiation and modulation of downstream
immunological responses. Induced
transcriptional changes are measured
following exposure to test chemicals,
providing a detailed evaluation of cell
activation. These changes are associated
with the immunological decision-making
role of DCs in vivo and include among
other phenotypic modifications,
up-regulation of co-stimulatory
molecules, induction of cellular and
oxidative stress pathways and xenobiotic
responses, and provide a holistic readout
of substance-induced DC activation.
Here, results from an inter-laboratory
ring trial of GARD™skin, conducted in
compliance with OECD guidance
documents and comprising a blinded
chemaical test set of 28 chemicals, are
summarized. The assay was found to be

transferable to naive laboratories, with
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an inter-laboratory reproducibility of
92.0%. The within-laboratory
reproducibility ranged between 82.1%
and 88.9%, whereas the cumulative
predictive accuracy across the 3
laboratories was 93.8%. It was concluded
that GARD™skin is a robust and reliable
method for the identification of skin
sensitizing chemicals and suitable for
stand-alone use or as a constituent of
integrated testing. These data form the
basis for the regulatory validation of
GARD™gkin.
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A tiered bioassay and data analysis
scheme is described for elucidating the
most common molecular targets
responsible for chemical-induced in vitro
aneugenicity: tubulin destabilization,
tubulin stabilization, and inhibition of
mitotic kinase(s). To evaluate this
strategy, TK6 cells were first exposed to
each of 27 presumed aneugens over a
range of concentrations. After 4 and 24 h
of treatment, yH2AX, p53,
phospho-histone H3 (p-H3), and
polyploidization biomarkers were
evaluated using the MultiFlow DNA
Damage Assay Kit. The assay identified
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27 of 27 chemicals as genotoxic, with 25
exhibiting aneugenic signatures, 1
aneugenic and clastogenic, and 1
clastogenic. Subsequently, a newly
described follow-up assay was employed
to investigate the aneugenic agents’
molecular targets. For these
experiments, TK6 cells were exposed to
each of 26 chemicals in the presence of
488 Taxol. After 4 h, cells were lysed and
the liberated nuclei and mitotic
chromosomes were stained with a nucleic
acid dye and labeled with fluorescent
antibodies against p-H3 and Ki-67. Flow
cytometric analyses revealed that
alterations to 488 Taxol-associated
fluorescence were only observed with
tubulin binders—increases in the case of
tubulin stabilizers, decreases with
destabilizers. Mitotic kinase inhibitors
with known Aurora kinase B inhibiting
activity were the only aneugens that
dramatically decreased the ratio of
p-H3-positive to Ki-67-positive nuclei.
Unsupervised hierarchical clustering
based on 488 Taxol fluorescence and
p-H3: Ki-67 ratios clearly distinguished
compounds with these disparate
molecular mechanisms. Furthermore, a
classification algorithm based on an
artificial neural network was found to
effectively predict molecular target, as
leave-one-out cross-validation resulted in
25/26 agreement with a priori
expectations. These results are

encouraging, as they suggest that an
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adequate number of training set
chemicals, in conjunction with a machine
learning algorithm based on 488 Taxol,
p-H3, and Ki-67 responses, can reliably
elucidate the most commonly
encountered aneugenic molecular

targets.
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There is significant concern regarding
potential impairment of fish reproduction
associated with endocrine disrupting
chemicals. Aromatase (CYP19) is a
steroidogenic enzyme involved in the
conversion of androgens to estrogens.
Inhibition of aromatase by chemicals can
result in reduced concentrations of
estrogens leading to adverse reproductive
effects. These effects have been
extensively investigated in a small
number of laboratory model fishes, such
as fathead minnow (Pimephales
promelas), Japanese medaka (Oryzias
latipes), and zebrafish (Danio rerio). But,
differences in sensitivity among species
are largely unknown. Therefore, this
study took a first step toward

understanding potential differences in
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sensitivity to aromatase inhibitors among
fishes. Specifically, a standard in vitro
aromatase inhibition assay using
subcellular fractions of whole tissue
homogenates was used to evaluate the
potential sensitivity of 18
phylogenetically diverse species of
freshwater fish to the nonsteroidal
aromatase inhibitor fadrozole. Sensitivity
to fadrozole ranged by more than 52-fold
among these species. Five species were
further investigated for sensitivity to up
to 4 additional nonsteroidal aromatase
inhibitors, letrozole, imazalil, prochloraz,
and propiconazole. Potencies of each of
these chemicals relative to fadrozole
ranged by up to 2 orders of magnitude
among the 5 species. Fathead minnow,
Japanese medaka, and zebrafish were
among the least sensitive to all the
investigated chemicals; therefore,
ecological risks of aromatase inhibitors
derived from these species might not be
adequately protective of more sensitive
native fishes. This information could
guide more objective ecological risk
assessments of native fishes to chemicals

that inhibit aromatase.
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Polycyclic aromatic hydrocarbons (PAHs)
contained in airborne particulate matter
have been identified as a contributing
factor for inflammation in the respiratory
tract. Recently, interleukin-33 (IL-33) is
strongly suggested to be associated with
airway inflammation. Aryl hydrocarbon
receptor (AhR) is a receptor for PAHs to
regulate several metabolic enzymes, but
the relationships between AhR and
airway inflammation are still unclear. In
this study, we examined the role of AhR
in the expression of IL,-33 in
macrophages. THP-1 macrophages
mainly expressed IL-33 variant 5, which
in turn was strongly induced by the AhR
agonists 2, 3, 7,
8-tetrachlorodibenzo-p-dioxin (TCDD)
and kynurenine (KYN). AhR antagonist
CH223191 suppressed the increase in
IL.-33 expression. Promoter analysis
revealed that the I1.-33 promoter has 2
dioxin response elements (DREs). AhR
was recruited to both DREs after
treatment with TCDD or KYN as
assessed by gel shift and chromatin
immunoprecipitation assays. A luciferase
assay showed that one of the DREs was
functional and involved in the expression
of IL.-33. Macrophages isolated from
AhR-null mice expressed only low levels
of IL.-33 even in response to treatment
with AhR ligands compared with
wild-type cells. The treatment of THP-1
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macrophages with diesel particulate
matter and particle extracts increased
the mRNA and protein expression of
1L.-33. Taken together, the results show
that ligand-activated AhR mediates the
induction of IL.-33 in macrophages via a
DRE located in the I1.-33 promoter
region. AhR-mediated I1.-33 induction
could be involved in the exacerbation
and/or prolongation of airway
inflammation elicited by toxic chemical

substances.
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Parental exposure to ambient fine
particulate matter (PMz.5) has been
associated with some of adverse health
outcomes in offspring. The association
between parental PMs 5 exposure and the
development of metabolic syndrome
(MetS) in offspring, and the effects of
parental PMs s exposure on the
susceptibility of offspring mice to PMz 5,
has not been evaluated. The C57BL/6
parental mice (male and female mice)
were exposed to filtered air (FA) or

concentrated PMz.s (PM) using

Shanghai-METAS for a total of 16 weeks.

At week 12 during the exposure, we

allowed the parental male and female
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mice to breed offspring mice. The male
offspring mice were divided into 4 groups
and exposed to PM and FA again. The
results showed that whether the parental
mice were exposed to PMz 5 or not, the
offspring mice exposure to PMz2.5
appeared the elevation of blood pressure,
insulin resistance, impairment of glucose
tolerance, and dyslipidemia when
compared to the offspring mice exposure
to FA. More importantly, no matter what
the offspring mice were exposed to,
parental PM exposure overwhelmingly
impacted the fasting blood insulin,
homeostasis model assessment-insulin
resistance, serous low-density lipoprotein
cholesterol, and total cholesterol, splenic
T helper cell 17 (Th17) and Treg cells,
serous interleukin (IL)-17A, IL-6, and
IL-10 in offspring mice. The results
suggested that the parental exposure to
air pollution might induce the
development of MetS in offspring and
might enhance the susceptibility of
offspring to environmental hazards. The
effects of parental PM exposure on
offspring might be related to the changes

of immune microenvironment.
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MOLECULAR, BIOCHEMICAL, AND SYSTEMS TOXICOLOGY

Histopathological and Molecular Signatures of a Mouse Model of

Acute-on-Chronic Alcoholic Liver Injury Demonstrate Concordance With Human
Alcoholic Hepatitis

Shinji Furuya, Joseph A Cichocki, Kranti Konganti, Kostiantyn Dreval, Takeki
Uehara ...
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Human alcoholic hepatitis (AH) carries a
high mortality rate. AH is an
acute-on-chronic form of liver injury
characterized by hepatic steatosis,
ballooned hepatocytes, neutrophil
infiltration, and pericellular fibrosis. We
aimed to study the pathogenesis of AH in
an animal model which combines chronic
hepatic fibrosis with intragastric alcohol
administration. Adult male C57BL6/J
mice were treated with CCls (0.2 ml/kg,
2xweekly by intraperitoneal injections
for 6 weeks) to induce chronic liver
fibrosis. Then, ethyl alcohol (up to 25
g/kg/day for 3 weeks) was administered
continuously to mice via a gastric feeding
tube, with or without one-half dose of
CCls. Liver and serum markers and liver
transcriptome were evaluated to
characterize acute-on-chronic-alcoholic
liver disease in our model. CCl4 or alcohol
treatment alone induced liver fibrosis or
steatohepatitis, respectively, findings
that were consistent with expected
pathology. Combined treatment resulted
in a marked exacerbation of liver injury,
as evident by the development of
inflammation, steatosis, and pericellular
fibrosis, pathological features of human
AH. E. coli and Candida were also
detected in livers of mice cotreated with
CCl4 and alcohol, indicating pathogen

translocation from gut to liver, similar to
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human AH. Importantly, liver
transcriptomic changes specific to
combined treatment group demonstrated
close concordance with pathways
perturbed in patients with severe AH.
Overall, mice treated with CCls and
alcohol displayed key molecular and
pathological characteristics of human
AH—pericellular fibrosis, increased
hepatic bacterial load, and dysregulation
of the same molecular pathways. This
model may be useful for developing

therapeutics for AH.

OB, 7 U+ REOFHE A2 2R L
F L7, ZOFET VL, AH OTEEIKDOBAFE

(ZBLSHERDH Y £,

Intracellular

Demethylation of Methylmercury to

Organomercurial Lyase (MerB) Strengthens Cytotoxicity

Yasukazu Takanezawa, Ryosuke Nakamura, Haruki Matsuda, Tomomi Yagi, Zen

Egawa ...

Toxicol. Sci. (Aug. 2019) 170 (2) : 438-451,

Original

Google translation

Some methylmercury (MeHg) is
converted to inorganic mercury (Hg2+)
after incorporation into human and
animal tissues, where it can remain for a
long time. To determine the overall
toxicity of MeHg in tissues, studies
should evaluate low concentrations of
Hg2*. Although demethylation is
involved, the participating enzymes or
underlying mechanisms are unknown; in
addition, the low cell membrane
permeability of Hg2* makes these
analyses challenging. We established

model cell lines to assess toxicities of low
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concentrations of Hg2* using bacterial
organomercury lyase (MerB). We
engineered MerB-expressing HEK293
and HeLa cell lines that catalyze MeHg
demethylation. These cells were
significantly more sensitive to MeHg
exposure compared to the parental cells.
MeHg treatment remarkably induced
metallothioneins (1/75) and
hemeoxygenase-1 (HMOX-1) mRNAs and
modest expression of superoxide
dismutase 1, whereas catalase and
glutathione peroxidase 1 mRNAs were
not up-regulated. merB knockdown using
small interfering RNA supported the
induction of M7 and HMOX-1 mRNA by
MerB enzymatic activity. Pretreatment
with Trolox, a water-soluble vitamin E
analog, did not inhibit MeHg-induced
elevation of M7"Ix and HMOX-1 mRNAs
in MerB-expressing cells, suggesting that
Hg2* works independently of reactive
oxygen species generation. Similar
results were obtained in cells expressing
MerB, suggesting that high M7s and
HMOX-1 induction and cytotoxicity are
common cellular responses to low
intracellular Hg2* concentrations. This is
the first study to establish cell lines that
demethylate intracellular MeHg to Hg2+
using bacterial MerB for overcoming the
low membrane permeability of Hg2+ and
exploring the intracellular responses and

toxicities of low Hg2* concentrations.
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Quizalofop-p-Ethyl Induces Adipogenesis in 3T3-L1 Adipocytes
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Toxicol. Sci. (Aug. 2019) 170 (2) : 452-461,
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Exposure to endocrine disrupting
chemicals is an established risk factor for
obesity. The most commonly used
pesticide active ingredients have never
been tested in an adipogenesis assay. We
tested for the first time the potential of
glyphosate, 2, 4-dichlorophenoxyacetic
acid, dicamba, mesotrione, isoxaflutole,
and quizalofop-p-ethyl (QpE) to induce
lipid accumulation in murine 3T3-L1
adipocytes. Only QpE caused a
dose-dependent statistically significant
triglyceride accumulation from a
concentration of 5 up to 100 uM. The QpE
commercial formulation Targa Super was
100 times more cytotoxic than QpE alone.
Neither the estrogen receptor antagonist
ICI 182, 780 nor the glucocorticoid
receptor antagonist RU486 was able to
block the QpE-induced lipid
accumulation. RNAseq analysis of
3T3-L1 adipocytes exposed to QpE
suggests that this compound exerts its
lipid accumulation effects via a
peroxisome proliferator-activated
receptor gamma (PPARy)-mediated
pathway, a nuclear receptor whose
modulation influences lipid metabolism.
QpE was further shown to be active in a

PPARYy reporter gene assay at 100 pM,
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reaching 4% of the maximal response
produced by rosiglitazone, which acts as
a positive control. This indicates that
lipid accumulation induced by QpE is
only in part caused by PPARy activation.
The lipid accumulation capability of QpE
we observe suggest that this pesticide,
whose use is likely to increase in coming
years may have a hitherto unsuspected

obesogenic property.
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Blockade of the NLRP3/Caspase-1 Axis Ameliorates Airway Neutrophilic

Inflammation in a Toluene Diisocyanate-Induced Murine Asthma Model
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Multiple studies have addressed the vital
role of Nod-like receptor protein
3(NLRP3)/caspase-1/IL-1B signaling in
asthma. Yet, the role of NLRP3/caspase-1
in toluene diisocyanate (TDI)-induced
asthma is still obscure. The aim of this
study is to investigate the role of the
NLRP3/caspase-1 axis in TDI-induced
asthma. Using an established murine
model of TDI-induced asthma as
described previously, we gave the
asthmatic mice a highly selective NLRP3
inhibitor, MCC950, as well as the specific
caspase-1 inhibitors VX-765 and
Ac-YVAD-CHO for therapeutic purposes.
Airway resistance was measured and
bronchoalveolar lavage fluid was

analyzed. Lungs were examined by

BEHE ORI X
BARH X8

B 5 Nod H3%
3(NLRP@ 17 ZA8—F-1
NL-1 B > 7 F IAREO EE TN IR |
FohTnwEd, £, oA VY

72—k (TDI) ¥ ElZF1T 5 NLRP3/
WX/thlawaiit%bGNVTi
Z OO BRIX, TDI G %éﬂ BTD
NLRP3 /1 A 8—F 1 D% ﬁﬁ#é
ZETY, WL@i?G\Tmﬁ%%wm
ENLSINTe~w T RAET NV EFEH LT, ImE
~ U A E LSRR A 72 NLRP3 FHE A,
MCC950, 5 K ONEHE HI TREED A7 AR
— 1 BHFEH VX-765 B LY
Ac-YVAD-CHO % # 5 L & L7, XuEHHT
ZRE L, RUESRBER Z o LE L
Too MilE, AEART:, S ikibs, v =X
groguayr 4y, BXOT7r—%A K
AR =k TSN E Lz, TDIEE



https://academic.oup.com/toxsci/article/170/2/462/5472347
https://academic.oup.com/toxsci/article/170/2/462/5472347

Google Translaion/ AE]C triat

histology, immunohistochemistry,
Western blotting, and flow cytometry.
TDI exposure elevated the expression of
NLRP3 and caspase-1 that was coupled
with increased airway
hyperresponsiveness (AHR),
neutrophil-dominated cell infiltration,
pronounced goblet cell metaplasia,
extensive collagen deposition, and
increased Tu2/Ta17 responses. Both
VX-765 and Ac-YVAD-CHO effectively
inhibited the activation of caspase-1 in
TDI-asthmatic mice that was
accompanied by dramatic attenuation of
AHR, airway inflammation, and airway
remodeling, in addition to a decreased
TH2 response and lower levels of 11.-18
and IL-18. MCC950 blocked the
activation of NLRP3 and downregulated
protein expression of caspase-1, IL-18,
and IL-18 in TDI-exposed mice.
Furthermore, MCC950 remarkably
alleviated AHR, airway inflammation,
airway remodeling, and significantly
suppressed Tu2/Tul7 responses. These
findings suggested that blockade of the
NLRP3/caspase-1 axis effectively
prevents the progression of TDI-induced
asthma and could be used as therapeutic

targets for asthmatics.
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Acetaminophen Responsive miR-19b Modulates SIRT1/Nrf2 Signaling Pathway

in Drug-Induced Hepatotoxicity

Xing Liu, Honggian Zhao, Chunyan Luo, Debin Du, Jinlong Huang ...

Toxicol. Sci. (Aug. 2019) 170 (2) : 476-488,
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Previous studies suggest that activation
of SIRT1 protects liver from
acetaminophen (APAP)-induced injury;
however, the detailed mechanism of
SIRT1 modulation in this process is still
incomplete. Therefore, this study was to
investigate the pathophysiological role of
SIRT1 in APAP-mediated hepatotoxicity.
We found that SIRT1 mRNA and protein
were markedly upregulated in human
LO2 cells and mouse liver upon APAP
exposure. In vitro, the specific
knockdown of SIRT1 expression
ultimately aggravated APAP-evoked
cellular antioxidant defense in LO2 cells.
Moreover, lentivirus-mediated
knockdown of hepatic SIRT1 expression
exacerbated APAP-induced oxidative
stress and liver injury, especially
reduction of Nrf2 and subsequent
downregulation of several antioxidant
genes. Intriguingly, 30 mg/kg SRT1720,
the specific SIRT1 activator, which
greatly enhanced Nrf2 expression and
antioxidant defense, and then eventually
reversed APAP-induced hepatic liver
injury in mice. Furthermore, APAP
responsive miR-19b played an important
role in regulating SIRT1 expression,
whereas overexpression miR-19b largely
abolished the induction of SIRT1 by
APAP in vitro and in vivo. Specific SIRT1
3’-UTR mutation, which disrupted the
interaction of miRNA-3'UTR, and
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successfully abrogated the modulation by
miR-19b. Notably, hepatic miR-19b
overexpression worsened the
APAP-induced hepatotoxicity. In general,
our results support the notion that the
strong elevation of SIRT1 by APAP
responsive miR-19b may represent a
compensatory mechanism to protect liver
against the drug-induced damage, at

least in part by enhancing Nrf2-mediated

antioxidant capacity in the liver.

Apoptosis Resistance in Fibroblasts Precedes Progressive Scarring in

Pulmonary Fibrosis and Is Partially Mediated by Toll-Like Receptor 4 Activation
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Inhalation of environmental toxicants
such as cigarette smoke, metal or wood
dust, silica, or asbestos is associated with
increased risk for idiopathic pulmonary
fibrosis (IPF). IPF involves progressive
scarring of lung tissue, which interferes
with normal respiration and is ultimately
fatal; however, the complex cellular
mechanisms of IPF pathogenesis remain
unclear. Fibroblast apoptosis is essential
in normal wound healing but is
dysregulated in IPF. Recent studies
suggest that Toll-like receptor 4 (TLR4) is
key in the onset of IPF. Here,
radiation-induced PF was used as a

model for IPF because it very closely
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mimics the progressive and intractable
nature of IPF. Female C57BL/6J (C57)
and C57BL/6J TLR4~/~ mice were
exposed to a single dose of 13 Gy
whole-thorax ionizing radiation.
Although both strains showed similar
levels of immediate radiation-induced
damage, C57 mice exhibited more
extensive fibrosis at 22-week
postirradiation (PI) than TLR4~~ mice.
Isolated C57 primary 1° MLFs showed
decreased apoptosis susceptibility as
early as 8-week postirradiation, a
phenotype that persisted for the
remainder of the radiation response.
TLR4~- 1° mouse lung fibroblasts did not
exhibit significant apoptosis resistance at
any point. Systemic release of high
mobility group box 1, a TLR4 agonist,
during the pneumonitis phase of the
radiation response may act through
TLR4 to contribute to fibroblast apoptosis
resistance and thus interfere with wound
resolution. These findings demonstrate
that apoptosis resistance occurs earlier in
pulmonary fibrosis pathogenesis than
previously assumed, and that TLR4
signaling is a key mediator in this

process.
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Hepatocyte-Derived Exosomes Promote Liver Immune Tolerance: Possible

Implications for Idiosyncratic Drug-Induced Liver Injury
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Most idiosyncratic drug-induced liver
injury appears to result from an adaptive
immune attack on the liver. Recent
evidence suggests that the T-cell response
may be facilitated by the loss of immune
tolerance. In this study, we explored the
hypothesis that constitutively released
hepatocyte-derived exosomes (HDE) are
important for maintaining normal liver
immune tolerance. Exosomes were
isolated from the conditioned medium of
primary human hepatocytes via polymer
precipitation. Mock controls were
prepared by processing fresh medium
that was not hepatocyte exposed with
precipitation reagent. THP-1 monocytes
were then treated with HDE or an
equivalent volume of mock control for 24
h, followed by a 6-h stimulation with
LPS. HDE exposure resulted in a
significant decrease in the LPS-induced
media levels of interleukin-18 and
interleukin-8. Gene expression profiling
performed in THP-1 cells just prior to
LPS-induced stimulation identified a
significant decrease among genes
associated with innate immune response.
MicroRNA (miRNA) profiling was
performed on the HDE to identify
exosome contents that may drive immune
suppression. Many of the predicted
mRNA target genes for the most
abundant microRNAs in HDE were

among the differentially expressed genes
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in THP-1 cells. Taken together, our data
suggest that HDE play a role in
maintaining normal liver immune
tolerance. Future experiments will
explore the possibility that drugs causing
1diosyncratic liver injury promote the loss

of homeostatic HDE signaling.

Interactions of Dichlorodiphenyltrichloroethane (DDT) and

Dichlorodiphenyldichloroethylene (DDE) With Skeletal Muscle Ryanodine
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Dichlorodiphenyltrichloroethane (DDT)
and its metabolite
dichlorodiphenyldichloroethylene (DDE)
are ubiquitous in the environment and
detected in tissues of living organisms.
Although DDT owes its insecticidal
activity to impeding closure of
voltage-gated sodium channels, it
mediates toxicity in mammals by acting
as an endocrine disruptor (ED).
Numerous studies demonstrate
DDT/DDE to be EDs, but studies
examining muscle-specific effects
mediated by nonhormonal receptors in
mammals are lacking. Therefore, we
investigated whether o,p/-DDT, p,p/-DDT,
o,p-DDE, and p,p-DDE (DDx,
collectively) alter the function of
ryanodine receptor type 1 (RyR1), a

protein critical for skeletal muscle
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excitation-contraction coupling and
muscle health. DDx (0.01-10 uM) elicited
concentration-dependent increases in
[3H]lryanodine ([3H]Ry) binding to RyR1
with o,p/-DDE showing highest potency
and efficacy. DDx also showed sex
differences in [3H]Ry-binding efficacy
toward RyR1, where [3H]Ry-binding in
female muscle preparations was greater
than male counterparts. Measurements
of Ca2* transport across sarcoplasmic
reticulum (SR) membrane vesicles
further confirmed DDx can selectively
engage with RyR1 to cause Ca2?* efflux
from SR stores. DDx also disrupts
RyR1-signaling in HEK293T cells stably
expressing RyR1 (HEK-RyR1).
Pretreatment with DDx (0.1-10 uM) for
100 s, 12 h, or 24 h significantly
sensitized Ca2*t-efflux triggered by RyR
agonist caffeine in a
concentration-dependent manner.
0,/-DDE (24 h; 1 uM) significantly
increased Ca2*-transient amplitude from
electrically stimulated mouse myotubes
compared with control and displayed
abnormal fatigability. In conclusion, our
study demonstrates DDx can directly
interact and modulate RyR1
conformation, thereby altering SR
Ca2t-dynamics and sensitize
RyR1-expressing cells to RyR1 activators,
which may ultimately contribute to

long-term impairments in muscle health.
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Angiotensin Receptor Expression in C57Bl/6 Mice and Promotes Alterations in

Inteqgrity in a Blood-Brain Barrier Coculture Model
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Exposure to traffic-generated pollution is
associated with alterations in blood-brain
barrier (BBB) integrity and exacerbation
of cerebrovascular disorders. Angiotensin
(Ang) II signaling through the Ang II
type 1 (AT1) receptor is known to promote
BBB disruption. We have previously
reported that exposure to a mixture of
gasoline and diesel vehicle engine
emissions (MVE) mediates alterations in
cerebral microvasculature of C57Bl/6
mice, which is exacerbated through
consumption of a high-fat (HF) diet.
Thus, we investigated the hypothesis
that inhalation exposure to MVE results
in altered central nervous system
microvascular integrity mediated by Ang
II-AT; signaling. Three-month-old male
C57Bl/6 mice were placed on an HF or
low-fat diet and exposed via inhalation to
either filtered air (FA) or MVE (100 pg/m3
PM) 6 h/d for 30 days. Exposure to
HF+MVE resulted in a significant
increase in plasma Ang I and expression
of AT1 in the cerebral microvasculature.
Results from a BBB coculture study
showed that transendothelial electrical
resistance was decreased, associated with

reduced expression of claudin-5 and
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occludin when treated with plasma from
MVE+HF animals. These effects were
attenuated through pretreatment with
the AT: antagonist, Losartan. Our BBB
coculture showed increased levels of
astrocyte AT1 and decreased expression of
aryl hydrocarbon receptor and
glutathione peroxidase-1, associated with
increased interleukin-6 and transforming
growth factor-8 in the astrocyte media,
when treated with plasma from
MVE-exposed groups. Our results
indicate that inhalation exposure to
traffic-generated pollutants results in
altered BBB integrity, mediated through
Ang II-AT; signaling and inflammation,

which is exacerbated by an HF diet.
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ORGAN SPECIFIC TOXICOLOGY

Metabolism and Lung Toxicity of Inhaled Naphthalene: Effects of Postnatal Age
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Human exposure to naphthalene (NA),
an acute lung toxicant and possible
human carcinogen, is primarily through
inhalation. Acute lung toxicity and
carcinogenesis are thought to be related
because the target sites for both are
similar. To understand susceptibility of
the developing lung to cytotoxicity of
inhaled NA, we exposed neonatal (7

days), juvenile (3 weeks), and adult mice

SYENEEME CTHY . v MREBAMEWE
THHAREEDOH DT 72 1L (NA) ~D
E hOREZEIL, EICRAIZED DT,
SNERGFRE &S /K, T ORERSENALAS
FLLTWa 72, BAET5LE26N1T
WET, A NA O EEIZ 3 2 55
D DS M 2 BRARES 5 7212, HiAER
(7 1), g BH), BLUHE~Y 2%
5 F 7213 10 ppm NA 5T 4 FEf 5% L £
L7z, ZERfb0E R 2 I REGHI A I E



https://academic.oup.com/toxsci/article/170/2/536/5478577
https://academic.oup.com/toxsci/article/170/2/536/5478577

Google Translaion/ AE]C triat

to 5 or 10 ppm NA vapor for 4 h. We
measured vacuolated airway epithelium
morphometrically, quantified NA and
NA-glutathione levels in plasma and
lung, and quantified gene expression in
microdissected airways. NA inhalation
caused airway epithelial cytotoxicity at
all ages, in both sexes. Contrary to a
previous study that showed the greatest
airway epithelial cytotoxicity in neonatal
mice following intraperitoneal NA
injection, we observed the most extensive
airway epithelial toxicity in older,
juvenile, animals exposed to NA by
inhalation. Juvenile female animals were
the most susceptible. Furthermore, NA
inhalation in juvenile animals resulted in
damage to conducting airway Club cells
that was greater in proximal versus
distal airways. We also found NA tissue
burden and metabolism differed by age.
Gene expression pathway analysis was
consistent with the premise that female
juvenile mice are more predisposed to
damage; DNA damage and cancer
pathways were upregulated. Our data
demonstrate special susceptibility of
young, juvenile mice to NA
inhalation-induced cytotoxicity, highlight
the importance of route of exposure and
airway location in toxicity of chemicals in
the developing lung, and provide
metabolic and molecular insights for
further identification of mechanisms
underlying age and sex differences in NA

toxicity.
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The TGFB1 Receptor Antagonist GW788388 Reduces JNK Activation and

Protects Against Acetaminophen Hepatotoxicity in Mice
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Acute liver failure is a serious
consequence of acetaminophen
(APAP)-induced hepatotoxic liver injury
with high rates of morbidity and
mortality. Transforming growth factor
beta 1 (TGFB1) is elevated during liver
injury and influences hepatocyte
senescence during APAP-induced
hepatotoxicity. This study investigated
TGFB1 signaling in the context of
inflammation, necrotic cell death, and
oxidative stress during APAP-induced
liver injury. Male C57Bl/6 mice were
injected with 600 mg/kg APAP to
generate liver injury in the presence or
absence of the TGFB receptor 1 inhibitor,
GW788388, 1 h prior to APAP
administration. Acetaminophen-induced
liver injury was characterized using
histological and biochemical measures.
Transforming growth factor beta 1
expression and signal transduction were
assessed using immunohistochemistry,
Western blotting and ELISA assays.
Hepatic necrosis, liver injury, cell

proliferation, hepatic inflammation, and

oxildative stress were assessed in all mice.
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Acetaminophen administration
significantly induced necrosis and
elevated serum transaminases compared
with control mice. Transforming growth
factor beta 1 staining was observed in
and around areas of necrosis with
phosphorylation of SMAD3 observed in
hepatocytes neighboring necrotic areas in
APAP-treated mice. Pretreatment with
GW788388 prior to APAP administration
in mice reduced hepatocyte cell death and
stimulated regeneration.
Phosphorylation of SMAD3 was reduced
in APAP mice pretreated with GW788388
and this correlated with reduced hepatic
cytokine production and oxidative stress.
These results support that TGFB1
signaling plays a significant role in
APAP-induced liver injury by influencing
necrotic cell death, inflammation,
oxidative stress, and hepatocyte
regeneration. In conclusion, targeting
TGFB1 or downstream signaling may be a
possible therapeutic target for the
management of APAP-induced liver

injury.
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In their recent paper, De Miranda et al.

(2019) reported that female Lewis rats
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were substantially less sensitive to
rotenone-induced dopaminergic
neurotoxicity than similarly aged male
rats. At a dose that produced 35% loss of
nigral dopaminergic neurons in males,
females had no significant decrement,
nor did they exhibit signs of
inflammation, significant accumulation
of a-synuclein, or elevated transferrin
levels. Doses 15%—30% higher were
required to induce similar damage in the
females. The authors noted that this
observation parallels the well-established
approximately 50% higher risk of
Parkinson’s disease (PD) in men, and
suggests that greater sensitivity to
xenobiotics such as rotenone may

underlie this...
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We thank Dr Goldman and Dr Tanner for
their response to our recent publication
examining sex differences in sensitivity
to the pesticide rotenone in a rat model of
Parkinson’s disease (PD; De Miranda et
al., 2019). Evaluating data from their
well-characterized human
epidemiological cohort (Farming and
Movement Evaluation Study; Tanner et

al, 2011), Goldman and Tanner note a
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similar trend in apparent reduced
sensitivity to rotenone exposure in
women versus men. Despite the
limitations of sample size, these data are
of particular interest, since women who
reported using rotenone, did so for a
higher number of cumulative days than

men, yet...
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