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Cerebral chemical stability, which
underlies normal human thinking,
learning, and behavior, is strictly
regulated by brain barrier systems that
separate the blood circulation from brain
extracellular fluids. The blood-brain
barrier (BBB), whose structural basis is
capillary endothelial cells sealed by tight
junctions, disconnects the blood from
cerebral interstitial fluid. The BBB is
central to the neurovascular unit which
includes pericytes and astrocyte end-feet
and allows regional coupling of blood
supply with neuronal activity. The
epithelial cells of choroid plexuses are
also sealed by tight junctions, but
separate blood from the ventricular
cerebrospinal fluid (CSF), constituting
the blood-CSF barrier. Much more than

physical barriers, these cellular...
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In 2014, it was estimated that more than
1.9 billion adults were overweight with
over 600 million classifiable as obese.
Approximately two-thirds of U.S. adults
over 20 years of age are currently
overweight with about 35% classified as
obese, a figure thought likely to reach
42% by 2030 in those over 18 years of
age. Adipose cells from stored body fat
secrete estrogen and a very large number
(> 500) of biologically active substances
termed adipokines, in addition to
inducing, by other cell-driven effects,
pathological alterations in insulin
pathways. The U.S. National Cancer
Institute reports that exposure to the
hormone disrupting and
proinflammatory effects of excess adipose
tissue are associated with an increased
risk for 11 different cancers. Obesity is
also associated with a number of serious
non-neoplastic conditions including
metabolic syndrome and type 2 diabetes;
menstrual cycle irregularities and
lowered fertility (men and women); and
abnormal bone morphology in a subset of
female patients. In men hypogonadism,
low testosterone levels, benign prostatic
hyperplasia, and lowered sperm counts
have been reported. In developed
countries, the endogenous adverse health
burden associated with obesity is only

matched, quantitatively and
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qualitatively, by the exogenous toxicity of
cigarette smoking. The investigation of
possible hormonal and/or
proinflammatory effects of chemicals
should include an assessment of the
profound endocrine alterations associated

with obesity.
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Glyphosate is a widely used herbicide
worldwide. In 2015, the International
Agency for Research on Cancer (IARC)
reviewed glyphosate cancer bioassays
and human studies and declared that the
evidence for carcinogenicity of glyphosate
is sufficient in experimental animals. We
analyzed 10 glyphosate rodent bioassays,
including those in which IARC found
evidence of carcinogenicity, using a
multiresponse permutation procedure
that adjusts for the large number of
tumors eligible for statistical testing and
provides valid false-positive probabilities.
The test statistics for these permutation
tests are functions of p values from a
standard test for dose-response trend
applied to each specific type of tumor. We
evaluated 3 permutation tests, using as

test statistics the smallest p value from a
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standard statistical test for
dose-response trend and the number of
such tests for which the p value is less
than or equal to .05 or .01. The
false-positive probabilities obtained from
2 implementations of these 3
permutation tests are: smallest p

value: .26, .17; pvalues <.05: .08, .12;
and p values <.01: .06, .08. In addition,
we found more evidence for negative
dose-response trends than positive. Thus,
we found no strong evidence that
glyphosate is an animal carcinogen. The
main cause for the discrepancy between
TIARC’s finding and ours appears to be
that TARC did not account for the large
number of tumor responses analyzed and
the increased likelihood that several of
these would show statistical significance
simply by chance. This work provides a
more comprehensive analysis of the
animal carcinogenicity data for this
important herbicide than previously

available.
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Acetaminophen (APAP) overdose-induced
acute liver failure is an important clinical

problem in the United States and the
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current antidote N-acetylcysteine, has a
short early therapeutic window. Since
most patients present late to the clinic,
there is need for novel late-acting
therapeutic options. Though the neuronal
guidance cue netrin-1, has been shown to
promote hepatic repair and regeneration
during liver ischemia/reperfusion injury,
its effect in APAP-induced hepatotoxicity
1s unknown. In the quest for a late-acting
therapeutic intervention in
APAP-induced liver injury, we examined
the role of netrin-1 in a mouse model of
APAP overdose. Male C57BL/6J mice
were cotreated with exogenous netrin-1
or vehicle control, along with 300 mg/kg
APAP and euthanized at 6, 12, and 24 h.
Significant elevations in alanine
aminotransferase indicative of liver
injury were seen in control mice at 6 h
and this was not affected by netrin-1
administration. Also, netrin-1 treatment
did not influence mitochondrial
translocation of phospho-JNK, or
peroxynitrite formation indicating that
there was no interference with
APAP-induced injury processes.
Interestingly however, netrin-1
administration attenuated liver injury at
24 h, as seen by alanine
aminotransferase levels and histology, at
which time significant elevations in the
netrin-1 receptor, adenosine A2B receptor
(A2BAR) as well as macrophage
infiltration was evident. Removal of

resident macrophages with clodronate
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liposomes or treatment with the A2BAR
antagonist PSB1115 blocked the
protective effects of netrin-1. Thus, our
data indicate a previously unrecognized
role for netrin-1 in attenuation of APAP
hepatotoxicity by enhancing recovery and
regeneration, which is mediated through
the A2BAR and involves resident liver

macrophages.
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Prenatal exposure to cypermethrin is a
risk factor for adverse
neurodevelopmental outcomes in
children. In addition, maternal
psychological stress during pregnancy
has significant effects on fetal
neurodevelopment and may influence
end-stage toxicity to offspring by altering
maternal xenobiotic metabolism. As such,
this study examined effects of maternal
exposure to alpha-cypermethrin and
stress, alone and in combination, on
offspring development, with a focus on
fetal neurotoxicity. CD1 mouse dams
were administered 10 mg/kg
alpha-cypermethrin or corn oil vehicle via
oral gavage from embryonic day 11 (E11)

to E14. In addition, dams from each
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treatment were subjected to a standard
model of restraint stress from E12 to
E14. Cypermethrin treatment impaired
fetal growth, reduced fetal forebrain
volume, and increased ventral forebrain
proliferative zone volume, the latter
effects driven by combined exposure with
stress. Cypermethrin also impaired
migration of GABAergic progenitors,
with different transcriptional changes
alone and in combination with stress.
Stress and cypermethrin also interacted
in effects on embryonic microglia
morphology. In addition, levels of
cypermethrin were elevated in the serum
of stressed dams, which was accompanied
by interacting effects of cypermethrin
and stress on hepatic expression of
cytochrome P450 enzymes. Levels of
cypermethrin in amniotic fluid were
below the limit of quantification,
suggesting minimal transfer to fetal
circulation. Despite this, cypermethrin
increased placental malondialdehyde
levels and increased placental expression
of genes responsive to oxidative stress,
effects significantly modified by stress
exposure. These findings suggest a role
for interaction between maternal
exposures to cypermethrin and stress on
offspring neurodevelopment, involving
indirect mechanisms in the placenta and

maternal liver.
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Brominated flame retardants (BFRs),
including polybrominated diphenyl
ethers and hexabromocyclododecane,
leach out from consumer products into
the environment. Exposure to BFRs has
been associated with effects on endocrine
homeostasis. To test the hypothesis that
in utero and lactational exposure to BFRs
may affect the reproductive system of
female offspring, adult female Sprague
Dawley rats were fed diets formulated to
deliver nominal doses (0, 0.06, 20, or 60
mg/kg/day) of a BFR dietary mixture
mimicking the relative congener levels in
house dust from prior to mating until
weaning. Vaginal opening and the day of
first estrus occurred at a significantly
earlier age among offspring from the 20
mg/kg/day BFR group, indicating that
the onset of puberty was advanced.
Histological analysis of ovaries from
postnatal day 46 offspring revealed an
increase in the incidence of abnormal
follicles. A toxicogenomic analysis of
ovarian gene expression identified
upstream regulators, including HIF1A,
CREB1, EGE, the B-estradiol, and PPARA
pathways, predicted to be downregulated
in the 20 or 60 mg/kg/day group and to
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contribute to the gene expression
patterns observed. Thus, perinatal
exposure to BFRs dysregulated ovarian
folliculogenesis and signaling pathways
that are fundamental for ovarian

function in the adult.
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Per- and polyfluoroalkyl substances
(PFAS) are used as industrial surfactants
and chemical coatings for household
goods such as Teflon. Despite regulatory
efforts to phase out legacy PFAS, they
remain detectable in drinking water
throughout the United States. This is due
to the stability of legacy PFAS and the
continued use of replacement compounds.
In humans, PFAS have been detected in
placenta and cord blood and are
associated with low birth weight and
preeclampsia risk. Preeclampsia is a
leading cause of maternal mortality and
is driven by insufficient endometrial
trophoblast invasion, resulting in poor
placental blood flow. PFAS alter invasion
of other cell types, but their impact on
trophoblasts is not understood. We

therefore assessed the effects of PFAS on
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trophoblast migration, invasion, and
gene expression in vitro. Trophoblast
migration and invasion were assessed
using a modified scratch assay in the
absence or presence of Matrigel,
respectively. Treatment with
perfluorooctanoic sulfate (PFOS),
perfluorooctanoic acid (PFOA), and GenX
(1000 ng/ml) each decreased trophoblast
migration over 24 h. However, only GenX
(1000 ng/ml) significantly inhibited
trophoblast invasion. Treatment with
PFOS, PFOA, and GenX also decreased
trophoblast expression of chemokines (eg,
CCL2), chemokine receptors (eg, CCR4),
and inflammatory enzymes (eg, ALOX15)
involved in migration. Inhibition of
chemokine receptors with pertussis toxin
(10 ng/ml), a G-protein inhibitor,
inhibited trophoblast migration similar
to the PFAS. Taken together, PFAS
decrease trophoblast migration, invasion,
and inflammatory signaling. By
understanding the mechanisms involved,
it may be possible to identify the
biological and exposure factors that

contribute to preeclampsia.
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Zileuton is an orally active inhibitor of
leukotriene synthesis for maintenance
treatment of asthma, for which clinical
usage has been associated with
idiosyncratic liver injury. Mechanistic
understanding of zileuton toxicity is
hampered by the rarity of the cases and
lack of an animal model. A promising
model for mechanistic study of rare liver
injury is the Diversity Outbred (J:DO)
mouse population, with genetic variation
similar to that found in humans. In this
study, female DO mice were administered
zileuton or vehicle daily for 7 days (i.g.).
Serum liver enzymes were elevated in the
zileuton group, with marked
interindividual variability in response.
Zileuton exposure-induced findings in
susceptible DO mice included
microvesicular fatty change,
hepatocellular mitosis, and
hepatocellular necrosis. Inducible nitric
oxide synthase and nitrotyrosine
abundance were increased in livers of
animals with necrosis and those with
fatty change, implicating nitrosative
stress as a possible injury mechanism.
Conversely, DO mice lacking adverse
liver pathology following zileuton
exposure experienced decreased hepatic
concentrations of resistin and increased
concentrations of insulin and leptin,
providing potential clues into
mechanisms of toxicity resistance.
Transcriptome pathway analysis

highlighted mitochondrial dysfunction
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and altered fatty acid oxidation as key
molecular perturbations associated with
zileuton exposure, and suggested that
interindividual differences in cytochrome
P450 metabolism, glutathione-mediated
detoxification, and farnesoid X receptor
signaling may contribute to
zileuton-induced liver injury (ZILI).
Taken together, DO mice provided a
platform for investigating mechanisms of
toxicity and resistance in context of ZILI
which may lead to targeted therapeutic

interventions.

Endocrine Toxicology

Targeted Pathway-based In Vivo Testing Using Thyroperoxidase Inhibition to

Evaluate Plasma Thyroxine as a Surrogate Metric of Metamorphic Success in

Model Amphibian Xenopus laevis

Jonathan T Haselman, Jennifer H Olker, Patricia A Kosian, Joseph J Korte, Joseph A

Swintek ...

Toxicol. Sci. (2020) 175 (2): 236-250,
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Chemical safety evaluation is in the
midst of a transition from traditional
whole-animal toxicity testing to
molecular pathway-based 1n vitro assays
and in silico modeling. However, to
facilitate the shift in reliance on apical
effects for risk assessment to predictive
surrogate metrics having characterized
linkages to chemical mechanisms of
action, targeted in vivo testing is
necessary to establish these predictive

relationships. In this study, we
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demonstrate a means to predict
thyroid-related metamorphic success in
the model amphibian Xenopus laevis
using relevant biochemical
measurements during early
prometamorphosis. The adverse outcome
pathway for thyroperoxidase inhibition
leading to altered amphibian
metamorphosis was used to inform a
pathway-based in vivo study design that
generated response-response
relationships. These causal relationships
were used to develop Bayesian
probabilistic network models that
mathematically determine conditional
dependencies between biochemical nodes
and support the predictive capability of
the biochemical profiles. Plasma
thyroxine concentrations were the most
predictive of metamorphic success with
improved predictivity when thyroid gland
sodium-iodide symporter gene expression
levels (a compensatory response) were
used in conjunction with plasma
thyroxine as an additional regressor.
Although thyroid-mediated amphibian
metamorphosis has been studied for
decades, this is the first time a predictive
relationship has been characterized
between plasma thyroxine and
metamorphic success. Linking these
types of biochemical surrogate metrics to
apical outcomes is vital to facilitate the
transition to the new paradigm of

chemical safety assessments.
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Genetic and Epigenetic Toxicology

Development and Application of TK6-derived Cells Expressing Human

Cytochrome P450s for Genotoxicity Testing
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Metabolism plays a key role in chemical
genotoxicity; however, most mammalian
cells used for in vitro genotoxicity testing
lack effective metabolizing enzymes. We
recently developed a battery of
TK6-derived cell lines that individually
overexpress 1 of 8 cytochrome P450s
(CYP1A1, 1A2, 1B1, 2A6, 2B6, 2C9,
2C19, and 3A4) using a lentiviral
expression system. The increased
expression and metabolic function of each
individual CYP in each established cell
line were confirmed using real-time PCR,
Western blotting, and mass spectrometry
analysis; the parental TK6 cells and
empty vector (EV) transduced cells had
negligible CYP levels. Subsequently, we
evaluated these cell lines using 2
prototypical polyaromatic hydrocarbon
mutagens,
7,12-dimethylbenz[alanthracene (DMBA)
and benzolalpyrene (B[a]P), that require
metabolic activation to exert their
genotoxicity. DMBA-induced cytotoxicity,
phosphorylation of histone H2A.X, and
micronucleus formation were
significantly increased in TK6 cells with

CYP1A1, 1B1, 2B6, and 2C19 expression
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as compared with EV controls. B[a]P
significantly increased cytotoxicity, DNA
damage, and chromosomal damage in
TKG6 cells overexpressing CYP1A1 and
1B1 when compared with EV controls.
Blal]P also induced micronucleus
formation in TK6 cells expressing
CYP1A2. These results suggest that our
CYP-expressing TK6 cell system can be
used to detect the genotoxicity of
compounds requiring metabolic

transformation.
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The prediction of drug hypersensitivity is
difficult due to the lack of appropriate
models and known risk factors. /n vitro
naive T-cell priming assays that assess
immunogenicity have been developed.
However, their application is limited due
requirements for 2 batches of autologous
dendritic cells (DC) and inconsistent
results; a consequence of single well
readouts when exploring reactions where
compound-specific T-cell frequency is
undefined. Hence, we aimed to develop
an improved, but simplified assay,
termed the T-cell multiple well assay

(T-MWA), that permits assessment of
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drug-specific activation of naive T cells,
alongside analysis of the strength of the
induced response and the number of
cultures that respond. DC naive T-cell
coculture, depleted of regulatory T cells
(Tregs), was conducted in up to 48 wells
for 2 weeks with model haptens (nitroso
sulfamethoxazole [SMX-NO],
Bandrowski’s base [BB], or piperacillin
[PIP]). Cultures were rechallenged with
hapten and T-cell proliferation was
measured using [*H]-thymidine
incorporation. Priming of naive T cells
was observed with SMX-NO, with no
requirement for DC during
restimulation. Greater than 65% of
cultures were activated with SMX-NO;
with 8.0%, 30.8%, and 27.2%
characterized as weak (stimulation index
[SI] =1.5-1.9), moderate (SI = 2-3.9),
and strong responses (SI > 4),
respectively. The number of responding
cultures and strength of the response was
reproducible when separate blood
donations were compared. Coinhibitory
checkpoint blockade increased the
strength of the proliferative response, but
not the number of responding cultures.
Moderate to strong priming responses
were detected with BB, whereas PIP
stimulated only a small number of
cultures to proliferate weakly. In
drug-responsive cultures inducible
CD4+CD25*FoxP3+*CD127v Tregs were
also identified. To conclude, the T-MWA

offers improvements over existing assays
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and with development it could be used to
study multiple HLA-typed donors in a

single plate format.

Molecular, Biochemical, and Systems Toxicology
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Organic anion transporters 1 and 3
(OAT1 and OATS3) play a critical role in
renal drug-drug interactions and are
involved in the nephrotoxicity of many
anionic xenobiotics. To date, relatively
little is known about the interaction of
natural compounds with OAT1 and
OAT3. Of the 270 natural compounds
screened in the present study, 21
compounds inhibited OAT1 and 45
compounds inhibited OATS3. Further
concentration-dependent studies
identified 7 OAT1 inhibitors and 10 OAT3
inhibitors with I1Cso values of <10 pM,
and most of them were flavonoids, the
most commonly ingested polyphenolic
compounds in the diet and herbal
products. Computational modeling of
OAT1 and OATS revealed the important
residues for the recognition of inhibitors.
The two strong OAT inhibitors, namely
wedelolactone and wogonin, were
evaluated for their in vivo interactions

with the OAT substrate aristolochic acid I

BT =4 N T U AR—F—1BILO3
(OAT1 & OAT3) IZ. Bl M HIFA A A
RICEE BB E2R-L, Z<OT =4
PEAEKREYORERICEE L THET, 4
AE T, KX LAY E OATL £ L U OAT3
EOMEAERIZONWTIE, EEA DN
TWEHAL, KR TR ) —=2 73N
72270 DR EH D 5 B, 21 DILEWH
OAT1 Z[#E L. 45 D{LE#) OAT3 %[l
Tl SORDBERMFMEMFRIZELY
IC50 fE7Y 10 1 M AKii D 7 >0 OAT1 fHFH
#l & 10 > OAT3 FHERIDFRFE 4, T
LOIEEAEIZT IR/ A RTHY, ¥4
Ty M N— TR TR b BT
BRENDRY 7= ) —bEMTLT,

OAT1 B L WOAT3 OEtHET U v 7Ic &
0. BHEAOFFRICEE RN ST
20 E Lz, 25057172 OAT FHEHA,

ThhbbyvzrunI s hrbkyrad=r

X, OAT B THDHT UV A hux gl

(AAI) & OAMRNAAAERIZ W TR X
WE L7z, AAl OffilazErEX, 2 20 OAT
R B AEE CTHIM L, OATL i\ FIF Bl
AR TIX L 0 A EED RN &b,



https://academic.oup.com/toxsci/article/175/2/279/5803092
https://academic.oup.com/toxsci/article/175/2/279/5803092

GoogleTransiadion/ AEIC Trial

(AAD), a natural compound causing
aristolochic acid-induced nephropathy
(AAN) in many species. The cytotoxicity
of AAI increased in two
OAT-overexpressing cell lines, with more
cytotoxicity in OAT1-overexpressing
cells, suggesting a more important role of
OAT1 than OATS3 in AAN. Both
wedelolactone and wogonin markedly
increased serum AAI concentrations in
AAl-treated rats and ameliorated kidney
injuries in AAl-treated mice. To conclude,
the present findings are of significant
value in understanding natural
compound-drug interactions and provide
a natural source for developing

treatments for AAN.
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Organ Specific Toxicology
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For patients with amyotrophic lateral
sclerosis who take oral riluzole tablets,
approximately 50% experience alanine
transaminase (ALT) levels above upper
limit of normal (ULN), 8% above 3x ULN,
and 2% above 5x ULN. BHV-0223 is a
novel 40 mg rapidly sublingually
disintegrating (Zydis) formulation of
riluzole, bioequivalent to conventional

riluzole 50 mg oral tablets, that averts
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the need for swallowing tablets and
mitigates first-pass hepatic metabolism,
thereby potentially reducing risk of liver
toxicity. DILIsym is a validated
multiscale computational model that
supports evaluation of liver toxicity risks.
DILIsym was used to compare the
hepatotoxicity potential of oral riluzole
tablets (50 mg BID) versus BHV-0223
(40 mg BID) by integrating clinical data
and in vitro toxicity data. In a simulated
population (SimPops), ALT levels > 3x
ULN were predicted in 3.9% (11/285)
versus 1.4% (4/285) of individuals with
oral riluzole tablets and sublingual
BHV-0223, respectively. This represents
a relative risk reduction of 64%
associated with BHV-0223 versus
conventional riluzole tablets. Mechanistic
investigations revealed that oxidative
stress was responsible for the predicted
ALT elevations. The validity of the
DILIsym representation of riluzole and
assumptions is supported by its ability to
predict rates of ALT elevations for
riluzole oral tablets comparable with that
observed in clinical data. Combining a
mechanistic, quantitative representation
of hepatotoxicity with interindividual
variability in both susceptibility and liver
exposure suggests that sublingual
BHV-0223 confers diminished rates of
liver toxicity compared with oral tablets
of riluzole, consistent with having a lower
overall dose of riluzole and bypassing

first-pass liver metabolism.
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Multidrug resistance-associated protein 4
(Mrp4) is an efflux transporter involved
in the active transport of several
endogenous and exogenous chemicals.
Previously, we have shown that hepatic
Mrp4 expression increases following
acetaminophen overdose. In mice, these
increases in Mrp4 expression are
observed specifically in hepatocytes
undergoing active proliferation. From
this, we hypothesized that Mrp4 plays a
key role in hepatocyte proliferation and
that lack of Mrp4 impedes liver
regeneration following liver injury and/or
tissue loss. To evaluate the role of Mrp4
in these processes, we employed
two-third partial hepatectomy (PH) as an
experimental liver regeneration model.
In this study, we performed PH-surgery
on male wildtype (C57BL/6J) and Mrp4
knockout mice. Plasma and liver tissues
were collected at 24, 48, and 72 h
postsurgery and evaluated for liver injury
and liver regeneration endpoints, and for
PH-induced hepatic lipid accumulation.
Our results show that lack of Mrp4 did

not alter hepatocyte proliferation and
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liver injury following PH as evaluated by
Ki-67 antigen staining and plasma
alanine aminotransferase levels. To our
surprise, Mrp4 knockout mice exhibited
increased hepatic lipid content, in
particular, di- and triglyceride levels.
Gene expression analysis showed that
lack of Mrp4 upregulated hepatic lipinl
and diacylglycerol O-acyltransferase 1
and 2 gene expression, which are
involved in the synthesis of di- and
triglycerides. Our observations indicate
that lack of Mrp4 prolonged PH-induced
hepatic steatosis in mice and suggest that
Mrp4 may be a novel genetic factor in the

development of hepatic steatosis.
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