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This is my last Look Inside 7oxSci. I have
enjoyed drawing attention to the
outstanding research published in
Toxicological Sciences. I thank our
Associate Editors who have penned the
dozens of highlights, the investigators
who conducted the research and
submitted the manuscripts to 7oxScr, and
the reviewers who provided the scientific
evaluation. It has been an honor serving
as a steward for the Journal, the Society
of Toxicology, and the field in general.
Understanding how our environment
impacts our health is critical for our
future. The world needs experts in the
science of toxicology and 7vxicological

Sciences is proud to serve as...
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Shortly after I accepted the position of
Editor-in-Chief 6 years ago, I wrote an

editorial entitled “Improving
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Reproducibility in Toxicology” (Miller,
2014). The topic of reproducibility had
been receiving widespread attention in
scientific journals and popular press, and
I wanted to examine this important topic
and encourage our readers to consider it
within the context of the field. Our
editorial team evaluated our policies and
procedures to determine if there were
areas where we could enhance
reproducibility, and we made several
changes aimed at doing just that (Miller,
2015a,b, 2016a, 2017; Waller and Miller,
2016). I...
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EPA COMPUTATIONAL TOXICOLOGY BLUEPRINT

The Next Generation Blueprint of Computational Toxicology at the U.S. Environmental
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The U.S. Environmental Protection
Agency (EPA) is faced with the challenge
of efficiently and credibly evaluating
chemical safety often with limited or no
available toxicity data. The expanding
number of chemicals found in commerce
and the environment, coupled with time
and resource requirements for traditional
toxicity testing and exposure
characterization, continue to underscore
the need for new approaches. In 2005,

EPA charted a new course to address this
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challenge by embracing computational
toxicology (CompTox) and investing in
the technologies and capabilities to push
the field forward. The return on this
investment has been demonstrated
through results and applications across a
range of human and environmental
health problems, as well as initial
application to regulatory decision-making
within programs such as the EPA’s
Endocrine Disruptor Screening Program.
The CompTox initiative at EPA is more
than a decade old. This manuscript
presents a blueprint to guide the
strategic and operational direction over
the next 5 years. The primary goal is to
obtain broader acceptance of the
CompTox approaches for application to
higher tier regulatory decisions, such as
chemical assessments. To achieve this
goal, the blueprint expands and refines
the use of high-throughput and
computational modeling approaches to
transform the components in chemical
risk assessment, while systematically
addressing key challenges that have
hindered progress. In addition, the
blueprint outlines additional investments
in cross-cutting efforts to characterize
uncertainty and variability, develop
software and information technology
tools, provide outreach and training, and
establish scientific confidence for
application to different public health and

environmental regulatory decisions.
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ENDOSULFAN NEUROTOXICITY AND PESTICIDE AOPs

Mechanistic Interplay Between Autophagy and Apoptotic Signaling in Endosulfan-Induced

Dopaminergic Neurotoxicity: Relevance to the Adverse Outcome Pathway in Pesticide

Neurotoxicity

Chunjuan Song; Adhithiya Charli; Jie Luo; Zainab Riaz; Huajun Jin ...

Toxicol. Sci. (Jun. 2019) 169 (2) : 333-352,
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Chronic exposure to pesticides is
implicated in the etiopathogenesis of
Parkinson’s disease (PD). Previously, we
showed that dieldrin induces
dopaminergic neurotoxicity by activating
a cascade of apoptotic signaling pathways
in experimental models of PD. Here, we
systematically investigated endosulfan’s
effect on the interplay between apoptosis
and autophagy in dopaminergic neuronal
cell models of PD. Exposing N27
dopaminergic neuronal cells to
endosulfan rapidly induced autophagy,
indicated by an increased number of
autophagosomes and LC3-11
accumulation. Prolonged endosulfan
exposure (>9 h) triggered apoptotic
signaling, including caspase-2 and -3
activation and protein kinase C delta
(PKCS8) proteolytic activation, ultimately
leading to cell death, thus demonstrating
that autophagy precedes apoptosis
during endosulfan neurotoxicity.
Furthermore, inhibiting autophagy with
wortmannin, a phosphoinositide 3-kinase
inhibitor, potentiated endosulfan-induced

apoptosis, suggesting that autophagy is
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an early protective response against
endosulfan. Additionally, Beclin-1, a
major regulator of autophagy, was
cleaved during the initiation of apoptotic
cell death, and the cleavage was
predominantly mediated by caspase-2.
Also, caspase-2 and caspase-3 inhibitors
effectively blocked endosulfan-induced
apoptotic cell death. CRISPR/Cas9-based
stable knockdown of PKC§ significantly
attenuated endosulfan-induced caspase-3
activation, indicating that the kinase
serves as a regulatory switch for
apoptosis. Additional studies in primary
mesencephalic neuronal cultures
confirmed endosulfan’s effect on
autophagy and neuronal degeneration.
Collectively, our results demonstrate that
a functional interplay between autophagy
and apoptosis dictate pesticide-induced
neurodegenerative processes in
dopaminergic neuronal cells. Our study
provides insight into cell death
mechanisms in environmentally linked

neurodegenerative diseases.
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IMPROVED ACUTE FISH TOXICITY ASSAY

Repeatability and Reproducibility of the RTgill-W1 Cell Line Assay for Predicting Fish Acute

Toxicity

Melanie Fischer; Scott E Belanger; Pascale Berckmans; Mary J Bernhard; Ludek
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Predicting fish acute toxicity of chemicals
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in vitrois an attractive alternative
method to the conventional approach
using juvenile and adult fish. The
rainbow trout (Oncorhynchus mykiss)
cell line assay with RTgill-W1 cells has
been designed for this purpose. It
quantifies cell viability using fluorescent
measurements for metabolic activity, cell-
and lysosomal-membrane integrity on
the same set of cells. Results from over 70
organic chemicals attest to the high
predictive capacity of this test. We here
report on the repeatability
(intralaboratory variability) and
reproducibility (interlaboratory
variability) of the RTgill-W1 cell line
assay in a round-robin study focusing on
6 test chemicals involving 6 laboratories
from the industrial and academic sector.
All participating laboratories were able
to establish the assay according to preset
quality criteria even though, apart from
the lead laboratory, none had previously
worked with the RTgill-W1 cell line.
Concentration-response modeling, based
on either nominal or geometric
mean-derived measured concentrations,
yielded effect concentrations (ECso) that
spanned approximately 4 orders of
magnitude over the chemical range,
covering all fish acute toxicity categories.
Coefficients of variation for
intralaboratory and interlaboratory
variability for the average of the 3
fluorescent cell viability measurements

were 15.5% and 30.8%, respectively,
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which is comparable to other
fish-derived, small-scale bioassays. This
study therefore underlines the
robustness of the RTgill-W1 cell line
assay and its accurate performance when
carried out by operators in different

laboratory settings.

AGE EFFECTS IN PYRETHROID PBPK MODELS

Evaluation of Age-Related

Physiologically-Based Pharmacokinetic Model Development Using In Vitro Data and In Vitro

to In Vivo Extrapolation
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Pharmacokinetic Differences in
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An in vitro to in vivo (IVIVE)
extrapolation based-physiologically based
pharmacokinetic (PBPK) modeling
approach was demonstrated to
understand age-related differences in
kinetics and how they potentially affect
age-related differences in acute
neurotoxic effects of pyrethroids. To
describe the age-dependent changes in
pyrethroid kinetics, it was critical to
incorporate age-dependent changes in
metabolism into the model. As such, in
vitro metabolism data were collected for 3
selected pyrethroids, deltamethrin
(DLM), cis-permethrin, and
trans-permethrin, using liver microsomes
and cytosol, and plasma prepared from
immature and adult rats. Resulting

metabolism parameters, maximum rate
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of metabolism (Vmax) and
Michaelis-Menten constant (Xm), were
biologically scaled to respective in vivo
parameters for use in the age-specific
PBPK model. Then, age-dependent
changes in target tissue exposure, I.e.,
brain Cmax, to a given pyrethroid were
simulated across ages using the model.
The PBPK model recapitulated in vivo
time-course plasma and brain
concentrations of the 3 pyrethroids in
immature and adult rats following oral
administration of both low and high
doses of these compounds. A single model
structure developed for DLM was able to
describe the kinetics of the other 2
pyrethroids when used with compound-
and age-specific metabolism parameters,
suggesting that one generic model for
pyrethroids as a group can be used for
early age-sensitivity evaluation if
appropriate metabolic parameters are
used. This study demonstrated the
validity of applying IVIVE-based PBPK
modeling to development of age-specific
PBPK models for pyrethroids in support
of pyrethroid risk assessment of
potentially sensitive early age

populations in humans.
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PBDE TOXICITY IN BREAST CANCER CELL MODELS

Molecular Mechanisms of Polybrominated Diphenyl Ethers (BDE-47, BDE-100, and

BDE-153) in Human Breast Cancer Cells and Patient-Derived Xenografts

Noriko Kanaya; Lauren Bernal; Gregory Chang; Takuro Yamamoto; Duc Nguyen ...

Toxicol. Sci. (Jun. 2019) 169 (2) : 380-398,
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Polybrominated diphenyl ethers (PBDEs)
have been used as flame retardants in
household materials. Their
environmental persistence has led to
continuous human exposure and
significant tissue levels. Three PBDE
congeners (BDE-47, BDE-100, and
BDE-153) have been frequently detected
in human serum. Although these
compounds appear to possess endocrine
disrupting activity, studies are largely
missing to determine the biological
mechanisms of PBDEs in breast cancer
cells. Here, we assessed PBDE
bioactivities with three complementary
strategies: receptor binding/activity
assays; nonbiased RNA-sequencing
analysis using an estrogen-dependent
breast cancer cell line MCF-7aroERE;
and in vivo assessments using
patient-derived xenograft (PDX) models
of human breast cancer. According to the
results from in vitro experiments, the
PBDE congeners regulate distinct
nuclear receptor signaling pathways.
BDE-47 acts as a weak agonist of both
estrogen receptor a (ERa) and
estrogen-related receptor a (ERRa); it
could stimulate proliferation of
MCF-7aroERE and induced expression of
ER-regulated genes (including cell cycle
genes). BDE-153 was found to act as a
weak antagonist of ERa. BDE-100 could

act as (1) an agonist of aryl hydrocarbon
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receptor (AhR), inducing expression of
CYP1A1 and CYP1B1 and (2) as a very
weak agonist/antagonist of ERa. In vivo,
a mixture of the three congeners with
ratios detected in human serum was
tested in an ER+ PDX model. The
mixture exhibited estrogenic activity
through apoptosis/cell cycle regulation
and increased the expression of a
proliferation marker, Ki-67. These results
advance our understanding of the
mechanisms of PBDE exposure in breast

cancer cells.
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SMALL RNA BIOMARKERS OF TESTICULAR TOXICITY

Small RNAs in Rat Sperm Are a Predictive and Sensitive Biomarker of Exposure to the

Testicular Toxicant Ethylene Glycol Monomethyl Ether

Angela R Stermer; Gerardo Reyes; Susan J Hall; Kim Boekelheide
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Testicular histology and semen
parameters are considered the gold
standards when determining male
reproductive toxicity. Ethylene glycol
monomethyl ether (EGME) is a testicular
toxicant with well-described effects on
histopathology and sperm parameters. To
compare the predictivity and sensitivity
of molecular biomarkers of testicular
toxicity to the traditional endpoints,
small RNAs in the sperm were analyzed
by next generation RNA-sequencing
(RNA-seq). Adult rats were exposed to 0,
50, 60, or 75 mg/kg EGME by oral gavage
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for 5 consecutive days. Testis histology,
epididymal sperm motility, and sperm
small RNAs, including microRNAs
(miRNAs), mRNA fragments,
piwi-interacting RNAs (piRNAs), and
tRNA fragments (tRFs), were analyzed
5 weeks after cessation of exposure.
Testicular histology showed a significant
dose-dependent increase in retained
spermatid heads (RSH), while sperm
motility declined with increasing dose.
RNA-sequencing of sperm small RNAs
was used to identify significant
dose-dependent changes in percent
mRNA fragments (of total reads), percent
miRNAs (of total reads), average tRF
length, average piRNA length, and
piRNA and tRF length-distributions.
Discriminant analysis showed relatively
low predictivity of exposure based on
RSH or motility compared to the average
read length of all assigned RNAs.
Benchmark dose (BMD) modeling
resulted in a BMD of 62 mg/kg using
RSH, whereas average read length of all
assigned RNAs resulted in a BMD of

47 mg/kg. These results showed that
sperm small RNAs are sensitive and
predictive biomarkers of EGME-induced

male reproductive toxicity.
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INFLUENZA B AND ANTIBODY THERAPIES

In Vivo Assessment of Antibody-Dependent Enhancement of Influenza B Infection

Gautham K Rao; Rodney A Prell; Steven T Laing; Stefanie C M Burleson; Allen

Nguyen ...
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A theoretical safety concern proposed in
the influenza literature is that
therapeutic antiviral antibodies could
have the potential for
antibody-dependent enhancement (ADE)
of infection and disease. ADE may occur
when virus-specific antibodies at
subtherapeutic, nonneutralizing
concentrations facilitate virus uptake
and, in some cases, enhance replication,
which can lead to an exacerbation of
virus-mediated disease. Alternatively,
ADE may occur due to
antibody-dependent complement
activation exacerbating virus-mediated
disease in the absence of increased
replication. As a result of this theoretical
safety concern, safety assessment of
anti-influenza antibodies may include an
in vivo evaluation of ADE of infection
and/or disease. These studies were
conducted to investigate the potential of
MHAB5553A, a broadly specific,
neutralizing therapeutic anti-influenza B
antibody, to elicit ADE of infection and
disease in mouse models of influenza B
infection. In parallel studies, female
DBA/2J mice were infected with either
influenza B/Victoria/504/2000 or
influenza B/Brisbane/60/2008
representing distinct lineages.
Assessment of ADE was based on an

integration of results from multiple
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endpoints, including infectious lung viral
titers and genomes, body weight,
mortality, lung weight, and
histopathology. In these studies, the high
dose of 15 mg/kg MHAB5553A resulted in
substantial attenuation of influenza
pneumonia, with more modest effects at
1.5 mg/kg; whereas MHAB5553A
treatment at 0.15 or 0.015 mg/kg was
generally comparable to vehicle-treated
controls. Our results demonstrate that
MHAB5553A across a broad range of
doses did not enhance primary influenza
B infection or disease in this model, and
represent a nonclinical de-risking of the

ADE potential with this antibody:.

FIL, —RICE 7 VRS FRI%TL
7z, Fox OFERIT, IRE A EICDZ S
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SYNTHETIC CANNABINOIDS AND MECHANISMS OF NEPHROTOXICITY
Synthetic Cannabinoids JWH-122 and THJ-2201 Disrupt Endocannabinoid-Regulated
Mitochondrial Function and Activate Apoptotic Pathways as a Primary Mechanism of In Vitro
Nephrotoxicity at In Vivo Relevant Concentrations

Joao P Silva; Ana Margarida Araujo; Paula Guedes de Pinho; Helena Carmo; Félix

Carvalho

Toxicol. Sci. (Jun. 2019) 169 (2) : 422-435,

Original Google translation

HBR e A4 R (SCB) DRI/ L7
Jx—a UEAIL, SCBER% O L
L OWENAFITHM L TWDH-D,
TR AR AEMEEZ R L COET, BED
21X, SCB Offif] & AR fEE (AKI) @
ELRE 2R BRI, SV TV E AN, R
AP AT = A LIRERDOEETT,
Z TR b MEAMRME M (HK-2) T
— AR S, REERYICR R D 35D

The widespread recreational use of
synthetic cannabinoids (SCBs)
represents a major public health issue, as
reports of intoxications and deaths
following SCB use rapidly mount up.
Specifically, a direct link between SCB
use and acute kidney injury (AKI) has
been established, although the

pathophysiologic mechanisms remain
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undefined. Here we assessed the in vitro
nephrotoxicity of 3 commonly detected
and structurally distinct
SCBs—AB-FUBINACA, JWH-122, and
THJ-2201—in human proximal tubule
cells (HK-2), to ascertain potential
similarities and/or differences regarding
their nephrotoxicity signatures. We
showed that 2 of the 3 SCBs tested,
namely JWH-122 and THJ-2201, at in
vivo relevant concentrations (1 nM—1
pM), triggered apoptotic cell death
pathways, mainly through a shared
mechanism involving the deregulation of
mitochondrial function (ie, with
mitochondrial membrane
hyperpolarization and increased
intracellular ATP levels), as the primary
molecular signature of nephrotoxicity
mechanism. Noteworthy, no SCB affected
cell viability (MTT reduction, lactate
dehydrogenase release, Neutral Red
inclusion). Use of the cannabinoid
receptor (CBR) antagonists SR141716A
and SR144528, as well as HEK293T cells,
which do not express CBRs, confirmed
the involvement of these receptors in
SCB-mediated mitochondrial membrane
hyperpolarization but not on other
events, suggesting an off-target action
regulating SCB-induced kidney cell
death. Our results further strengthen the
relevance of the endocannabinoid system
in maintaining mitochondrial function in
kidney cells, as we demonstrate that

HK-2 incubation with CBR antagonists

SCB (AB-FUBINACA, JWH-122, B J O
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HIZBT HIETER e BRI ERS KOV E
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or inhibitors of endocannabinoid
biosynthesis (ie, methyl arachydonyl
fluorophosphonate, tetrahydrolipstatin)
alone produced deleterious effects similar
to those now reported for SCBs. Overall,
SCB-induced nephrotoxicity seems to be
mainly regulated at the mitochondrial
level, but the specific mechanisms

involved require further clarification.

USING MICROELECTRODE ARRAYS TO STUDY CHEMICAL EFFECTS IN

CORTICAL NEURON NETWORKS

Evaluation of Chemical Effects on Network Formation in Cortical Neurons Grown on

Microelectrode Arrays

Timothy J Shafer; Jasmine P Brown; Brittany Lynch; Sylmarie Davila-Montero;

Kathleen Wallace ...

Toxicol. Sci. (Jun. 2019) 169 (2) : 436-455,

Original

Google translation

Thousands of chemicals to which humans
are potentially exposed have not been
evaluated for potential developmental
neurotoxicity (DNT), driving efforts to
develop a battery of in vitro screening
approaches for DNT hazard. Here, 136
unique chemicals were evaluated for
potential DNT hazard using a network
formation assay (NFA) in cortical cells
grown on microelectrode arrays. The
effects of chemical exposure from 2 h
postplating through 12 days in vitro
(DIV) on network formation were
evaluated at DIV 5, 7, 9, and 12, with cell
viability assessed at DIV 12. Only 82

chemicals altered at least 1 network

b M OSEREIND ATREMED B 2 BT ok
WX, WIERZRsE MRt aEErE (DNT) 12
DOWTEHii S TEH 5, DNT Ofafikic
X425 —HEHDinvitro A7 ) —= 77 7 n
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Z T, UNEMRT LA TR L7 B
faCxry NU—2RT v A (NFA) %
i L CLIER 72 DNT Y — RIZoWn T
136 D =— 7 ML FWE LTI L E L

oo Xy NU—ZBRICK T 2 2 KD 8
S &5 12 A O invitro (DIV) £TO
L ERBEOREE DIVE, 7, 9, B &
OV12 TiMli L, Ml 7% DIV 12 TFE
MLE Lz, T A—H, 7T v iERIT
BHMERDH O E Lz, APl LT
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development parameter. Assay results
were reproducible; 10 chemicals tested as
biological replicates yielded qualitative
results that were 100% concordant, with
consistent potency values. Toxicological
tipping points were determined for 58
chemicals and were similar to or lower
than the lowest 50% effect concentrations
(ECs0) for all parameters. When ECso and
tipping point values from the NFA were
compared to the range of potencies
observed in ToxCast assays, the NFA
ECso values were less than the lower
quartile for ToxCast assay potencies for a
subset of chemicals, many of which are
acutely neurotoxic in vivo. For 13
chemicals with available in vivo DNT
data, estimated administered equivalent
doses based on NFA results were similar
to or lower than administered doses in
vivo. Collectively, these results indicate
that the NFA is sensitive to chemicals
acting on nervous system function and
will be a valuable contribution to an in

vitro DNT screening battery.
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CELLULAR PROLIFERATION BY AAOT

CANCER

Acetoaceto-o-Toluidide Enhances Cellular Proliferative Activity in the Urinary Bladder of

Rats

Takahiro Okuno; Min Gi; Masaki Fujioka; Nao Yukimatu; Anna Kakehashi ...

Toxicol. Sci. (Jun. 2019) 169 (2) : 456464,
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Acetoaceto-o-toluidide (AAOT) is made

7 FT7E& h-o- b A TR (AAOT) I3,

IN RAT URINARY BLADDER
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from ortho-toluidine (OTD) and is used
for the synthesis of pigments. A report of
occupational urinary bladder carcinomas
in Japanese workers chronically exposed
to OTD and AAQOT has recently been
published. OTD is a well-known human
urinary bladder carcinogen; however,
little 1s known about the toxicity and the
carcinogenicity of AAOT. The aim of the
present study is to evaluate the toxic
effects of AAOT on urinary bladder
epithelium. /n vitro, the cytotoxicities of
AAOT and OTD were evaluated in rat
(MYP3) and human (1T1) urothelial cells.
The LCs0 of AAOT was higher than that
of OTD in both MYP cells and 1T1 cells.
In vivo, 6-week-old male and female F344
rats were fed diets supplemented with
0%, 1.5%, or 3% AAOT for 4 weeks.
Incidences of simple hyperplasia, cell
proliferative activity, and y-H2AX
expression, which is a novel marker for
the prediction of carcinogenicity, were
significantly increased in a
dose-dependent manner in the bladder
urothelium of male and female rats
administered AAOT. Furthermore, in
male and female rats administered
AAOT, the major urine metabolite of
AAOT was OTD. These results
demonstrate that AAOT has
proliferation-enhancing activity and
suggest that OTD metabolized from
AAOT may play a pivotal role in the
deleterious effects of AAOT in rats. The

results of the present study also indicate
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that AAOT, like other carcinogenic
aromatic amines, is likely to be a human

bladder carcinogen.

ACH'ASE REACTIVATORS AND REDUCED HIPPOCAMPAL OP TOXICITY

Novel Brain-Penetrating  Oxime

Acetylcholinesterase

Reactivators Attenuate

Organophosphate-Induced Neuropathology in the Rat Hippocampus
Mary B Dail; Charles A Leach; Edward C Meek; Alicia K Olivier; Ronald B Pringle ...

Toxicol. Sci. (Jun. 2019) 169 (2) : 465-474,
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Google translation

Organophosphate (OP)
anticholinesterases cause excess
acetylcholine leading to seizures which, if
prolonged, result in neuronal damage in
the rodent brain. Novel substituted
phenoxyalkyl pyridinium oximes have
previously shown evidence of penetrating
the rat blood-brain barrier (BBB) in in
vivo tests with a sarin surrogate
(nitrophenyl isopropyl
methylphosphonate, NIMP) or the active
metabolite of the insecticide parathion,
paraoxon (PXN), by reducing the time to
cessation of seizure-like behaviors and
accumulation of glial fibrillary acidic
protein, whereas 2-PAM did not. The
neuroprotective ability of our lead oximes
(15, 20, and 55) was tested using NeuN,
Nissl, and Fluoro-Jade B staining in the
rat hippocampus. Following lethal-level
subcutaneous challenge with NIMP or
PXN, rats were intramuscularly
administered a novel oxime or 2-PAM

plus atropine and euthanized at 4 days.
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There were statistically significant
increases in the median damage scores of
the NeuN-stained NIMP, NIMP/2-PAM,
and NIMP/Oxime 15 groups compared
with the control whereas the scores of the
NIMP/Oxime 20 and NIMP/Oxime 55
were not significantly different from the
control. The same pattern of statistical
significance was observed with PXN.
Nissl staining provided a similar pattern,
but without statistical differences.
Fluoro-Jade B indicated neuroprotection
from PXN with novel oximes but not with
2-PAM. The longer blood residence times
of Oximes 20 and 55 compared with
Oxime 15 might have contributed to their
greater efficacy. These results suggest
that novel oximes 20 and 55 were able to
penetrate the BBB and attenuate
neuronal damage after NIMP and PXN
exposure, indicating potential

broad-spectrum usefulness.
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TBBPA, ABC, AND BBB

Tetrabromobisphenol A (TBBPA) Alters ABC Transport at the Blood-Brain Barrier

Ronald E Cannon; Andrew W Trexler; Gabriel A Knudsen; Rebecca A Evans; Linda S

Birnbaum
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Tetrabromobisphenol A (TBBPA, CAS No.
79-94-7) is a brominated flame retardant
used in 90% of epoxy coated circuit
boards. Exposures to TBBPA can induce
neurotoxicity and disrupt MAPK,

T 77 utr 27/ —/LA (TBBPA,
CAS No. 79-94-7) 1%, =R 4Rl EE I
D 90% T S 5 RFCEERAITT,
TBBPA ~DEFEIL, Mk atE 2755 L.
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estrogen, thyroid, and PPAR-associated
signaling pathways. Because these
pathways also regulate transporters of
the central nervous system barriers, we
sought to determine the effect of TBBPA
on the expression and activity of 3 ATP
binding cassette (ABC) transporters of
the blood-brain barrier (BBB). Using a
confocal based assay, we measured the ex
vivo and 1n vivo effects of TBBPA on
P-glycoprotein (P-gp), breast cancer
resistant protein (BCRP), and multidrug
resistance-associated protein 2 (MRP2)
transport activity in rat brain capillaries.
Our rationale for using a rat model was
based on tissue availability, ease of
handling, and availability of historical
TBBPA toxicokinetic data. We found that
TBBPA (1-1000 nM) exposure had no
significant effect on multidrug
resistance-associated protein 2 transport
activity in either sex, suggesting TBBPA
does not compromise the physical
integrity of the BBB. However, low
concentrations of TBBPA (1-100 nM)
significantly decreased breast cancer
resistant protein transport activity in
both sexes. Additionally, TBBPA
exposures (1-100 nM), elicited a
sex-dependent response in P-gp
transport: increasing transport activity
in males and decreasing transport
activity in females. All TBBPA dependent
changes in transport activity were dose-
and time-dependent. Inhibitors of either

transcription or translation abolished the
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TBBPA dependent increases in male P-gp
transport activity. Western blot and
immunofluorescent assays confirmed the
TBBPA dependent P-gp increases
expression in males and decreases in
females. Antagonizing PPAR-y abolished
the TBBPA dependent increases in males
but not the decreases in females.
However, the decreases in female P-gp
transport were blocked by an ER-a
antagonist. This work indicates that
environmentally relevant concentrations
of TBBPA (1-100 nM) alter ABC
transporter function at the BBB.
Moreover, permeability changes in the
BBB can alter brain homeostasis, hinder
central nervous system drug delivery,
and increase the brain’s exposure to

harmful xenobiotic toxicants.
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Nrf2 REDUCES FIBROSIS AND ENHANCES REGENERATION IN LIVER

Nrf2 Ameliorates DDC-Induced Sclerosing Cholangitis and Biliary Fibrosis and Improves the

Regenerative Capacity of the Liver

Athanassios Fragoulis; Julia Schenkel; Miriam Herzog; Tim Schellenberg; Holger

Jahr ...
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The Nrf2 pathway protects against
oxidative stress and induces regeneration
of various tissues. Here, we investigated
whether Nrf2 protects from sclerosing
cholangitis and biliary fibrosis and
simultaneously induces liver

regeneration. Diet containing
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3,5-diethoxycarbonyl-1,4-dihydrocollidine
(DDC) was fed to Nrf2-KO mice (Nrf2--),
mice with liver-specific hyperactivated
Nrf2 (HKeap1~-) and wild-type (WT)
littermates to induce cholangitis, liver
fibrosis, and oval cell expansion.
HKeapl-—mice were protected from
almost all DDC-induced injury compared
with WT and Nrf2--, Liver injury in
Nrf2-- and WT mice was mostly similar,
albeit Nrf2-/- suffered more from DDC
diet as seen for several parameters. Nrf2
activity was especially important for the
expression of the hepatic efflux
transporters Abcg2 and Abcce2-4, which
are involved in hepatic toxin elimination.
Surprisingly, cell proliferation was more
enhanced in Nrf2-/-- and HKeapl~—-mice
compared with WT. Interestingly,
Nrf2---mice failed to sufficiently activate
oval cell expansion after DDC treatment
and showed almost no resident oval cell
population under control conditions. The
resident oval cell population of untreated
HKeapl-—mice was increased and DDC
treatment resulted in a stronger oval cell
expansion compared with WT. We
provide evidence that Nrf2 activation
protects from DDC-induced sclerosing
cholangitis and biliary fibrosis. Moreover,
our data establish a possible role of Nrf2

in oval cell expansion.
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SEX EFFECTS IN OZONE-MEDIATED AIRWAY DYSFUNCTION

Sex Modifies Acute Ozone-Mediated Airway Physiologic Responses

Anastasiya Birukova; Jaime Cyphert-Daly; Robert Ian Cumming; Yen-Rei Yu;
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Sex differences clearly exist in incidence,
susceptibility, and severity of airway
disease and in pulmonary responses to
air pollutants such as ozone (O3). Prior
rodent O3 exposure studies demonstrate
sex-related differences in the expression
of lung inflammatory mediators and
signaling. However, whether or not sex
modifies Os-induced airway physiologic
responses remains less explored. To
address this, we exposed 8- to
10-week-old male and female C57BL/6
mice to either 1 or 2 ppm Os or filtered air
(FA) for 3h. At 12, 24, 48, and 72h
following exposure, we assessed airway
hyperresponsiveness to methacholine
(MCh), bronchoalveolar lavage fluid
cellularity, cytokines and total
protein/albumin, serum progesterone,
and whole lung immune cells by flow
cytometry. Male mice generated
consistent airway hyperresponsiveness to
MCh at all time points following
exposure. Alternatively, females had less
consistent airway physiologic responses
to MCh, which were more variable
between individual experiments and did
not correlate with serum progesterone
levels. Bronchoalveolar lavage fluid total
cells peaked at 12 h and were persistently
elevated through 72 h. At 48 h,
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bronchoalveolar lavage cells were greater
in females versus males. Bronchoalveolar
lavage fluid cytokines and total
protein/albumin increased following O3
exposure without sex differences. Flow
cytometry of whole lung tissue identified
dynamic Os-induced immune cell changes
also independent of sex. Our results
indicate sex differences in acute
Os-induced airway physiology responses
and airspace influx without significant
difference in other injury and
inflammation measures. This study
highlights the importance of considering
sex as a biological variable in acute

Os-induced airway physiology responses.
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F L7, B2 HLORERIX, thOEESRKIE
DOREICH B ZD VAN O3 FRAuE
ARG & ZEIRA O ZEEZ R LTV E

T, ZOWFFEIE., Ak O3 BRAE AR
BB 3T 2 Wit e LTl %
EBEETHZEOEEMEEZRAL T ET,

DELTAMETHRIN AND COGNITIVE FUNCTION IN RATS

Deltamethrin Exposure Daily From Postnatal Day 3—-20 in Sprague-Dawley Rats Causes

Long-term Cognitive and Behavioral Deficits
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Pyrethroids are synthetic insecticides
that act acutely on voltage gated sodium
channels to prolong channel opening and
depolarization. Epidemiological studies
find that exposure to pyrethroids are
associated with neurological and
developmental abnormalities in children.
The long-term effects of type I1
pyrethroids, such as deltamethrin

(DLM), on development have received

L AuaA RIZAROZERTHY | EBAL
KAEET B Y U LT v RVIZEBITER L
T, F¥ RVOR D &SR AEILE LET,
FEEMFFRIC LD B LA ROREEIT,
INB ORI R L O R S B LT
WAHZERDLNDE L, TAXANY
(DLM) 72 o NHe L 2m A4 KO3~
OEHMGZEEIZEA L EHENTWE
A, Sprague-Dawley 7 v &, A7
vy NI Z—FHF AT, A% 3HHE (P) 3




Google Translaion/ AE]C triat

little attention. We exposed
Sprague-Dawley rats to DLM by gavage
at doses of 0, 0.25, 0.5, and 1.0 mg/kg/day
from postnatal day (P) 3-20 in a
split-litter design. Following behavioral
testing as adults, monoamine levels,
release, and mRNA were assessed via
high performance liquid chromatography,
microdialysis, and qPCR, respectively.
Long-term potentiation (LTP) was
assessed at P25—35. Developmental DLM
exposure resulted in deficits in allocentric
and egocentric learning and memory,
increased startle reactivity, reduced
conditioned contextual freezing, and
attenuated MK-801 induced
hyperactivity compared with controls.
Startle and egocentric learning were
preferentially affected in males.
Deltamethrin-treated rats exhibited
increased CA1l hippocampal LTP,
decreased extracellular dopamine release
by microdialysis, reduced dopamine D1
receptor mRNA expression in
neostriatum, and decreased
norepinephrine levels in the
hippocampus. The data indicate that
neonatal DLM exposure has adverse
long-term effects on learning, memory,
startle, glutamatergic function, LTP, and

norepinephrine.
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NANOMATERIAL INHALATION AND KISSPEPTIN REACTIVITY

Maternal Engineered Nanomaterial

Kisspeptin Reactivity

Elizabeth C Bowdridge; Alaeddin B Abukabda; Kevin J Engles; Carroll R McBride;

Inhalation During Gestation Disrupts Vascular
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Maternal engineered nanomaterial
(ENM) inhalation is associated with
uterine vascular impairments and
endocrine disruption that may lead to
altered gestational outcomes. We have
shown that nano-titanium dioxide
(nano-TiO2) inhalation impairs
endothelium-dependent uterine
arteriolar dilation in pregnant rats.
However, the mechanism underlying this
dysfunction is unknown. Due to its role
as a potent vasoconstrictor and essential
reproductive hormone, we examined how
kisspeptin is involved in
nano-TiOz-induced vascular dysfunction
and placental efficiency. Pregnant
Sprague Dawley rats were exposed
(gestational day [GD] 10) to nano-TiOz
aerosols (cumulative dose =525 + 16 ng;
n=28) or sham exposed (n=6) and
sacrificed on GD 20. Plasma was collected
to evaluate estrogen (E2), progesterone
(P4), prolactin (PRL), corticosterone
(CORT), and kisspeptin. Pup and
placental weights were measured to
calculate placental efficiency (grams
fetus/gram placental). Additionally,
pressure myography was used to
determine uterine artery vascular
reactivity. Contractile responses were

assessed via cumulative additions of
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kisspeptin (1 x 10-9 to 1 x 10-4 M).
Estrogen was decreased at GD 20 in
exposed (11.08 + 3 pg/ml) versus
sham-control rats (66.97 + 3 pg/ml),
whereas there were no differences in P4,
PRL, CORT, or kisspeptin. Placental
weights were increased in exposed
(0.99+0.03 g) versus sham-control rats
(0.70+0.04 g), whereas pup weights
(4.01+£0.47 g vs 4.15+0.15 g) and
placental efficiency (4.5+0.2 vs 6.4+0.5)
were decreased in exposed rats. Maternal
ENM inhalation exposure augmented
uterine artery vasoconstrictor responses
to kisspeptin (91.2%+2.0 vs 98.6%=0.10).
These studies represent initial evidence
that pulmonary maternal ENM exposure
perturbs the normal gestational
endocrine vascular axis via a
kisspeptin-dependent mechanism, and
decreased placental, which may

adversely affect health outcomes.
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DIACETYL AND AIRWAY EPITHELIAL CELL FUNCTION

EGFR-Dependent IL8 Production by Airway Epithelial Cells After Exposure to the Food

Flavoring Chemical 2,3-Butanedione
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2,3-Butanedione (DA), a component of
artificial butter flavoring, is associated
with the development of occupational

bronchiolitis obliterans (BO), a disease of
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progressive airway fibrosis resulting in
lung function decline. Neutrophilic
airway inflammation is a consistent
feature of BO across a range of clinical
contexts and may contribute to disease
pathogenesis. Therefore, we sought to
determine the importance of the
neutrophil chemotactic cytokine
interleukin-8 (IL-8) in DA-induced lung
disease using in vivo and 1n vitro model
systems. First, we demonstrated that
levels of Cinc-1, the rat homolog of IL-8,
are increased in the lung fluid and tissue
compartment in a rat model of
DA-induced BO. Next, we demonstrated
that DA increased IL-8 production by the
pulmonary epithelial cell line NCI-H292
and by primary human airway epithelial
cells grown under physiologically
relevant conditions at an air-liquid
interface. We then tested the hypothesis
that DA-induced epithelial IL.-8 protein
occurs in an epidermal growth factor
receptor (EGFR)-dependent manner. In
these 1n vitro experiments we
demonstrated that epithelial I1.-8 protein
is blocked by the EGFR tyrosine kinase
inhibitor AG1478 and by inhibition of
tumor necrosis factor-alpha converting
enzyme using the small molecule
inhibitor, TAPI-1. Finally, we
demonstrated that DA-induced IL-8 is
dependent upon ERK1/2 and Mitogen
activated protein kinase kinase
activation downstream of EGFR

signaling using the small molecule
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inhibitors AG1478 and PD98059.
Together these novel in vivo and in vitro
observations support that
EGFR-dependent IL-8 production occurs
in DA-induced BO. Further studies are
warranted to determine the importance

of IL-8 in BO pathogenesis.

SIMVASTATIN, CALCIUM CHANNELS, AND MITOCHONDRIA

Simvastatin Inhibits L-Type Ca?*-Channel Activity Through Impairment of Mitochondrial

Function
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Plasma membrane ion channels and
mitochondrial electron transport
complexes (mETC) are recognized “off
targets” for certain drugs. Simvastatin is
one such drug, a lipophilic statin used to
treat hypercholesterolemia, but which is
also associated with adverse effects like
myopathy and increased risk of glucose
intolerance. Such myopathy is thought to
arise through adverse actions of
simvastatin on skeletal muscle mETC
and mitochondrial respiration. In this
study, we investigated whether the
glucose intolerance associated with
simvastatin is also mediated via adverse
effects on mETC in pancreatic beta-cells
because mitochondrial respiration
underlies insulin secretion from these
cells, an effect in part mediated by

promotion of Ca2+ influx via opening of
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voltage-gated Ca2* channels (VGCCs). We
used murine pancreatic beta-cells to
investigate these ideas. Mitochondrial
membrane potential, oxygen
consumption, and
ATP-sensitive-K+-channel activity were
monitored as markers of mETC activity,
respiration, and cellular ATP/ADP ratio
respectively; Ca2+ channel activity and
Ca?* influx were also measured. In intact
beta-cells, simvastatin inhibited
oxidative respiration (ICs0 approximately
3 uM) and mETC (1 <ICso< 10 uM),
effects expected to impair VGCC opening.
Consistent with this idea simvastatin

> 0.1 uM reversed activation of VGCCs by
glucose but had no significant effect in
the sugar’s absence. The VGCC effects
were mimicked by rotenone which also
decreased respiration and ATP/ADP. This
study demonstrates modulation of
beta-cell VGCC activity by mitochondrial
respiration and their sensitivity to mETC
inhibitors. This reveals a novel outcome
for the action of drugs like simvastatin

for which mETC is an “off target”.
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HIGH-THROUGHPUT TRANSCRIPTOMICS AND CHEMICAL-INDUCED

LIVER INJURY

The Power of Resolution: Contextualized Understanding of Biological Responses to Liver

Injury Chemicals Using High-throughput Transcriptomics and Benchmark Concentration

Modeling
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Prediction of human response to chemical
exposures is a major challenge in both
pharmaceutical and toxicological
research. Transcriptomics has been a
powerful tool to explore
chemical-biological interactions, however,
limited throughput, high-costs, and
complexity of transcriptomic
interpretations have yielded numerous
studies lacking sufficient experimental
context for predictive application. To
address these challenges, we have
utilized a novel high-throughput
transcriptomics (HTT) platform,
TempO-Seq, to apply the interpretive
power of concentration-response
modeling with exposures to 24 reference
compounds in both differentiated and
non-differentiated human HepaRG cell
cultures. Our goals were to (1) explore
transcriptomic characteristics
distinguishing liver injury compounds,
(2) assess impacts of differentiation state
of HepaRG cells on baseline and
compound-induced responses (eg,
metabolically-activated), and (3) identify
and resolve reference biological-response
pathways through benchmark
concentration (BMC) modeling. Study
data revealed the predictive utility of this
approach to identify human liver injury
compounds by their respective BMCs in
relation to human internal exposure

plasma concentrations, and effectively
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distinguished drug analogs with varied
associations of human liver injury (eg,
withdrawn therapeutics trovafloxacin
and troglitazone). Impacts of cellular
differentiation state (proliferated vs
differentiated) were revealed on baseline
drug metabolizing enzyme expression,
hepatic receptor signaling, and
responsiveness to metabolically-activated
toxicants (eg, cyclophosphamide,
benzo(a)pyrene, and aflatoxin B1).
Finally, concentration-response modeling
enabled efficient identification and
resolution of plausibly-relevant
biological-response pathways through
their respective pathway-level BMCs.
Taken together, these findings revealed
HTT paired with differentiated in vitro
liver models as an effective tool to model,
explore, and interpret toxicological and

pharmacological interactions.
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CALCIUM STORAGE AND DFP-BASED TOXICITY

Targeting Intracellular Calcium Stores Alleviates Neurological Morbidities in a DFP-Based

Rat Model of Gulf War lliness
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Gulf War Illness (GW]) is a chronic
multi-symptom disorder afflicting the
veterans of the First Gulf War, and
includes neurological symptoms
characterized by depression and memory

deficits. Chronic exposure to
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organophosphates (OPs) is considered a
leading cause for GWI, yet its
pathobiology is not fully understood. We
recently observed chronic elevations in
neuronal Ca2* levels ([Ca2*];) in an
OP-diisopropyl fluorophosphate
(DFP)-based rat model for GWI. This
study was aimed at identifying
mechanisms underlying elevated [Ca2*];
in this DFP model and investigating
whether their therapeutic targeting could
improve GWI-like neurological
morbidities. Male Sprague-Dawley rats
(9 weeks) were exposed to DFP (0.5
mg/kg, s.c., 1x-daily for 5 days) and at 3
months postDFP exposure, behavior was
assessed and rats were euthanized for
protein estimations and ratiometric
Fura-2 [Ca2t]; estimations in acutely
dissociated hippocampal neurons. In DFP
rats, a sustained elevation in
intracellular Ca2* levels occurred, and
pharmacological blockade of CaZ*-induced
Ca?*-release mechanisms significantly
lowered elevated [Ca2*]; in DFP neurons.
Significant reductions in the protein
levels of the ryanodine receptor (RyR)
stabilizing protein Calstabin2 were also
noted. Such a posttranslational
modification would render RyR “leaky”
resulting in sustained DFP [Ca2t];
elevations. Antagonism of RyR with
levetiracetam significantly lower
elevated [Ca2t]; in DFP neurons and
improved GWI-like behavioral symptoms.

Since Ca2t is a major second messenger
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molecule, such chronic increases in its
levels could underlie pathological
synaptic plasticity that expresses itself as
GWI morbidities. Our studies show that
treatment with drugs targeted at
blocking intracellular Ca2* release could
be effective therapies for GWI

neurological morbidities.
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ORGANIC DUST AND NEUROINFLAMMATION

HMGB1-RAGE Signaling Plays a Role in Organic Dust-Induced Microglial Activation and

Neuroinflammation

Nyzil Massey; Sreekanth Puttachary;

Sanjana Mahadev Bhat; Anumantha G

Kanthasamy; Chandrashekhar Charavaryamath

Toxicol. Sci. (Jun. 2019) 169 (2) : 579-592,

Original

Google translation

Occupational exposure to contaminants
in agriculture and other industries is
known to cause significant respiratory
ailments. The effect of organic dust on
lung inflammation and tissue remodeling
has been actively investigated over many
years but the adverse effect of organic
dust-exposure on the central vital organ
brain is beginning to emerge. Brain
microglial cells are a major driver of
neuroinflammation upon exposure to
danger signals. Therefore, we tested a
hypothesis that organic dust-exposure of
microglial cells induces microglial cell
activation and inflammation through
HMGB1-RAGE signaling. Mouse
microglial cells were exposed to organic

dust extract showed a time-dependent
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increase in cytoplasmic translocation of
high-mobility group box 1 (HMGB1) from
the nucleus, increased expression of
receptor for advanced glycation end
products (RAGE) and activation of Ibal
as compared to control cells. Organic dust
also induced reactive oxygen species
generation, NF-kB activation, and
proinflammatory cytokine release. To
establish a functional relevance of
HMGBI1-RAGE activation in
microglia-mediated neuroinflammation,
we used both pharmacological and
genetic approaches involving HMGB1
translocation inhibitor ethyl pyruvate
(EP), anti-HMGB1 siRNA, and
NOX-inhibitor mitoapocynin.
Interestingly, EP effectively reduced
HMGBI1 nucleocytoplasmic translocation
and RAGE expression along with reactive
oxygen species (ROS) generation and
TNF-a and IL-6 production but not
NF-xB activation. HMGB1 knockdown by
siRNA also reduced both ROS and
reactive nitrogen species (RNS) and IL-6
levels but not TNF-a. NOX2 inhibitor
mitoapocynin significantly reduced RNS
levels. Collectively, our results
demonstrate that organic dust activates
HMGBI1-RAGE signaling axis to induce a
neuroinflammatory response in microglia
and that attenuation of HMGB1-RAGE
activation by EP and mitoapocynin
treatments or genetic knockdown can

dampen the neuroinflammation.
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DIELDRIN EXPOSURE AND DOPAMINE GENE DNA METHYLATION

Developmental

Dieldrin Exposure Alters DNA Methylation at

Genes Related

Dopaminergic Neuron Development and Parkinson’s Disease in Mouse Midbrain

Joseph Kochmanski; Sarah E VanOeveren; Joseph R Patterson; Alison I Bernstein

Toxicol. Sci. (Jun. 2019) 169 (2) : 593-607,

Original

Google translation

Human and animal studies have shown
that exposure to the organochlorine
pesticide dieldrin is associated with
increased risk of Parkinson’s disease
(PD). Despite previous work showing a
link between developmental dieldrin
exposure and increased neuronal
susceptibility to MPTP toxicity in male
C57BL/6 mice, the mechanism mediating
this effect has not been identified. Here,
we tested the hypothesis that
developmental exposure to dieldrin
increases neuronal susceptibility via
genome-wide changes in DNA
methylation. Starting at 8 weeks of age
and prior to mating, female C57BL/6
mice were exposed to 0.3 mg/kg dieldrin
by feeding (every 3 days) throughout
breeding, gestation, and lactation. At

12 weeks of age, pups were sacrificed and
ventral mesencephalon, containing
primarily substantia nigra, was
microdissected. DNA was isolated and
dieldrin-related changes in DNA
methylation were assessed via reduced
representation bisulfite sequencing. We
1dentified significant, sex-specific
differentially methylated CpGs (DMCs)
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and regions (DMRs) by developmental
dieldrin exposure (false discovery

rate <0.05), including DMCs at the
Nr4aZ2 and Lmx1b genes, which are
involved in dopaminergic neuron
development and maintenance.
Developmental dieldrin exposure had
distinct effects on the male and female
epigenome. Together, our data suggest
that developmental dieldrin exposure
establishes sex-specific poised epigenetic
states early in life. These poised
epigenomes may mediate sensitivity to
subsequent toxic stimuli and contribute
to the development of late-life

neurodegenerative disease, including PD.
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