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From the Editor's Desk, Editor's Highlights

Toxicol. Sci. (Apr. 2019) 168 (2) : 283-284,

Original

Google translation

A couple of years ago, I wrote an editorial
about the challenges facing young
investigators in toxicology. I was recently
reminded of the professional angst I
described then and how mentors can help
trainees deal with these challenges. I
believe mentorship should be conducted
in the same way science is conducted in
the lab. One must allow for
experimentation and recognize the utility
of small experiments. Encourage trainees
to attend seminars, meetings, courses,
and events that allow them to explore a
variety of career paths. Ask them about
their experiences. Help them analyze the
data just as one would at lab meeting. It

may be...
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Decisions, decisions. Each year the Board
of Publications selects a paper published

over the previous July-June 12-month
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period as the Paper of the Year. It is
always a difficult task. This year the
Board decided 2 papers were deserving of
the honor of the award. In no particular
order, the 7oxicological Sciences Paper of
the Year Award was awarded to:
Abhishek Venkatratnam, Shinji Furuya,
Oksana Kosyk, Avram Gold, Wanda
Bodnar, Kranti Konganti, David W.
Threadgill, Kevin M. Gillespie, David L.
Aylor, Fred A. Wright, Weihsueh A. Chiu,
and Ivan Rusyn

https://doi.org/10.1093/toxsci/kfx065

General toxicological evaluation of
chemaical biotransformation has relied on

a limited number of animal...
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Abhishek Venkatrathnam, Furuya Shinji,

Toxicological Sciences

Oksana Kosyk, Avram Gold, Wanda
Bodnar, Kranti Konganti, David W.
Threadgill, Kevin M. Gillespie, David L.
Aylor, Fred A. Wright, Weihsueh A. Chiu,
Ivan Rusyn
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MACROPHAGES IN LUNG INJURY AND FIBROSIS

Role of Macrophages in Acute Lung Injury and Chronic Fibrosis Induced by

Pulmonary Toxicants

Debra L Laskin, Rama Malaviya, Jeffrey D Laskin

Toxicol. Sci. (Apr. 2019) 168 (2) : 287-301,

Original

Google translation

A diverse group of toxicants has been
identified that cause injury to the lung
including gases (eg, ozone, chlorine),
particulates/aerosols (eg, diesel exhaust,
fly ash, other combustion products,
mustards, nanomaterials, silica,
asbestos), chemotherapeutics (eg,
bleomycin), and radiation. The pathologic
response to these toxicants depends on
the dose and duration of exposure and

their physical/chemical properties. A
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common response to pulmonary toxicant
exposure is an accumulation of
proinflammatory/cytotoxic M1
macrophages at sites of tissue injury,
followed by the appearance of
anti-inflammatory/wound repair M2
macrophages. It is thought that the
outcome of the pathogenic responses to
toxicants depends on the balance in the
activity of these macrophage
subpopulations. Overactivation of either
M1 or M2 macrophages leads to injury
and disease pathogenesis. Thus, the very
same macrophage-derived mediators,
released in controlled amounts to destroy
injurious materials and pathogens (eg,
reactive oxygen species, reactive nitrogen
species, proteases, tumor necrosis factor
a) and initiate wound repair (eg,
transforming growth factor B, connective
tissue growth factor, vascular endothelial
growth factor), can exacerbate acute lung
injury and/or induce chronic disease such
as fibrosis, chronic obstructive
pulmonary disease, and asthma, when
released in excess. This review focuses on
the role of macrophage subsets in acute
lung injury and chronic fibrosis.
Understanding how these pathologies
develop following exposure to toxicants,
and the contribution of resident and
inflammatory macrophages to disease
pathogenesis may lead to the
development of novel approaches for

treating lung diseases.
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LUNG CELL TYPES AND IN VITRO TOXICITY MODELS
Refining In Vitro_Toxicity Models: Comparing Baseline Characteristics of Lung

Cell Types

Henry Lujan, Michael F Criscitiello, Amanda S Hering, Christie M Sayes

Toxicol. Sci. (Apr. 2019) 168 (2) : 302—-314,

Original

Google translation

There is an ever-evolving need in the
field of in vitro toxicology to improve the
quality of experimental design, ie, from
ill-defined cell cultures to
well-characterized cytotoxicological
models. This evolution is especially
important as environmental health
scientists begin to rely more heavily on
cell culture models in pulmonary
toxicology studies. The research
presented in this study analyzes the
differences and similarities of cells
derived from two different depths of the
human lung with varying phenotypes. We
compared cell cycle and
antioxidant-related mRNA and protein
concentrations of primary, transformed,
and cancer-derived cell lines from the
upper and lower airways. In all, six of the
most commonly used cell lines reported
in in vitro toxicology research papers
were included in this study (e, PTBE,
BEAS-2B, A549, PSAE, Met-5A, and
Calu-3). Comparison of cell
characteristics was accomplished
through molecular biology (q-PCR,
ELISA, and flow cytometry) and

microscopy (phase and fluorescence)
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techniques as well as cellular oxidative
stress endpoint analyses. After
comparing the responses of each cell type
using statistical analyses, results
confirmed significant differences in
background levels of cell cycle regulators,
inherent antioxidant capacity,
pro-inflammatory status, and differential
toxicological responses. The analyzed
data improve our understanding of the
cell characteristics, and in turn, aids in
more accurate interpretation of
toxicological results. Our conclusions
suggest that in vitro toxicology studies
should include a detailed cell
characterization component in published

papers.
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SAFETY STUDY OF GMO MAIZE

The GMO90+ Project: Absence of Evidence for Biologically Meaningful Effects
of Genetically Modified Maize-based Diets on Wistar Rats After 6-Months
Feeding Comparative Trial

Xavier Coumoul, Rémi Servien, Ludmila Juricek, Yael Kaddouch-Amar, Yannick

Lippi ...
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The GMO90+ project was designed to
identify biomarkers of exposure or health
effects in Wistar Han RCC rats exposed
in their diet to 2 genetically modified
plants (GMP) and assess additional
information with the use of metabolomic
and transcriptomic techniques. Rats were

fed for 6-months with 8 maize-based diets
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at 33% that comprised either MONS&10
(11% and 33%) or NK603 grains (11% and
33% with or without glyphosate
treatment) or their corresponding
near-isogenic controls. Extensive
chemical and targeted analyses
undertaken to assess each diet
demonstrated that they could be used for
the feeding trial. Rats were necropsied
after 3 and 6 months. Based on the
Organization for Economic Cooperation
and Development test guideline 408, the
parameters tested showed a limited
number of significant differences in
pairwise comparisons, very few
concerning GMP versus non-GMP. In
such cases, no biological relevance could
be established owing to the absence of
difference in biologically linked variables,
dose-response effects, or clinical
disorders. No alteration of the
reproduction function and kidney
physiology was found. Metabolomics
analyses on fluids (blood, urine) were
performed after 3, 4.5, and 6 months.
Transcriptomics analyses on organs
(liver, kidney) were performed after 3 and
6 months. Again, among the significant
differences in pairwise comparisons, no
GMP effect was observed in contrast to
that of maize variety and culture site.
Indeed, based on transcriptomic and
metabolomic data, we could differentiate
MON:- to NK-based diets. In conclusion,
using this experimental design, no

biomarkers of adverse health effect could

U ARY— MLEROFEEIZ) 00 57 11%3%
L 33%) FIXENHITRHET 2 IFIXF
BEiEFOary ha— L %&1033%D 8D
DRUERIAVR—AOREELHEXEL

oo FBELZIMMT 2 7-OIATO I IAE
AT K OMERI AT, 6038
BRBRICHEACTE s L 2FEIELE LT,

7y MEI3rHBXU6 »r HRICHIB S
Tz R TIBARHERE BRI A R T 4

408 |[ZHSNWT, BB SN RT A —HF —
X, T VA X CRONTBOFEE
oL, GMP LJEGMP (ICBIL TIIF & A
EHVERHATLE, 20X 7RGE, &
W BT 5 A, HERICEIR. £
B ZRI0] A N AN ARV SN U 7/ L=
FIBEEME I TR, T & /A, ERRERE & B
fig D AEFRERE D ZLITRO N FEFHFATL
Tz WRIR (MK, JR) OAXKRwI 7R3
Frix, 3. 45, BLU6e»rH®BRICFEITSH
F L7, B (IFhg. B o h 727
U7 N —AfHTIX, 3 A% E 6 00ARKIC
fTohhE L7, MOIRLETH, XTUA
R OFEREZEDOHF T, FUET IO
il & b DO Zh SR & i RIS . GMP 23
TBESNEREATLE, EE PR
IV T h—LBLURAZ AR —LDT —X
[ZHESNWT, MON R—Z D g & NK ~—
ADOBEEZXJTEE L, fme LT,

COEBRT A CEERT D L. REICE
MR G2 5, F~—T—%, RE&E
FAIIEWIEGMP 22> f o — L OiEE & 1t
LT, GMP ¥4 = NOHEIZERT S
HLOTIEHY FH A,




Google Translaion/ AE]C triat

be attributed to the consumption of GMP
diets in comparison with the
consumption of their near-isogenic

non-GMP controls.

XIAP AND SYNERGISTIC TOXICITY IN LIVER CELLS
The Critical Role of X Chromosome-Linked Inhibitor of Apoptosis (XIAP) in

Differential Synergism Induced by Pentachlorophenol and

Copper-1,10-Phenanthroline Complex in Normal and Cancer Liver Cells

Zhi-Guo Sheng, Chen Shen, Rui-Mei Fan, Xi-Juan Chao, Yu-Xiang Liu ...
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Chemical pollutants often co-occur and
can interact to cause unexpected
combined toxic effects. Both
pentachlorophenol (PCP) and
copper-1,10-phenanthroline [Cu(OP)2],
used as wood preservatives, coexist in
fluids and tissues of ordinary population.
Our previous studies demonstrate that a
combination of subtoxic PCP and Cu(OP)2
causes synergistic toxicity on Escherichia
coli and hepatocarcinoma cells. However,
it is not clear whether this effect also
occurs in normal hepatocytes; and if so,
what are the differences as compared
with the hepatocarcinoma cells. We
demonstrate that the combination of
low-toxic PCP and Cu(OP)2 (0-1.6 pM;
PCP/Cu(OP)2 molar ratio: 2:1) induces a
concentration-dependent intracellular
copper accumulation, apoptosis,
caspase-3/9 activation, depolarization of

mitochondrial membrane potential, and
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oxidative stress (reactive oxygen species
increasing and glutathione/oxidized
glutathione ratio decreasing) in both
normal hepatocytes HL-7702 and
hepatocarcinoma HepG2 cells. However,
HepG?2 cells are more susceptible to the
above molecular events as compared with
HL-7702 cells. Further data reveal that
PCP/Cu(OP)2 markedly decreases X
chromosome-linked inhibitor of apoptosis
(XIAP), pERK-1/2, and p-JNK protein
expression in HepG2, but not HL-7702.
Overexpression of XIAP gene in HepG2
significantly blocks
PCP/Cu(OP)2-induced cytotoxicity,
caspase activity, apoptosis, ROS
accumulation, and antioxidant genes
expression. These results suggest that
the combination of low-toxic PCP and
Cu(OP): preferentially induce synergistic
cytotoxicity in human hepatocarcinoma
cells by XIAP-ROS-apoptosis pathway,
compared with the normal hepatocytes.
The present data not only confirm the
synergistic toxicity of PCP/Cu(OP)2
combination in normal liver cells, but
also suggest a possible opportunity in
developing new therapeutic approaches
for liver cancer by sensitizing cancer cells

to chemotherapy.
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EXPANDING AOP KNOWLEDGE

Extracting and Benchmarking Emerqging Adverse Outcome Pathway Knowledge

Nathan L Pollesch, Daniel L Villeneuve, Jason M O’Brien

Toxicol. Sci. (Apr. 2019) 168 (2) : 349-364,
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As the community of toxicological
researchers, risk assessors, and risk
managers adopt the adverse outcome
pathway (AOP) framework for organizing
toxicological knowledge, the number and
diversity of AOPs in the online AOP
knowledgebase (KB) continues to grow.
To track and investigate this growth,
AOPs in the AOP-KB were assembled
into a single network. Summary
measures on the current state of the
AOP-KB and the overall connectivity and
structural features of the resulting
network were calculated. Our results
show that networking the 187
user-defined AOPs currently described in
the AOP-KB resulted in the emergence of
9405 unique, previously undescribed,
linear AOPs (LAOPs). To investigate
patterns in this emerging knowledge, we
assembled the AOP-KB network
retrospectively by sequentially adding
each of the 187 user-defined AOPs and
found that the creation of new AOPs that
borrowed components from previously
existing AOPs in the KB most described
emergence of new LAOPs. However, the
introduction of nonadjacent key event
relationships and cycles among KEs also
play key roles in emergent LAOPs. We
provide examples of how to identify
application-specific critical paths from
this large number of LAOPs. Our
research shows that the global AOP
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network may have considerable value as
a source of emergent toxicological
knowledge. These findings are not only
helpful for understanding the nature of
this emergent information but can also be
used to manage and guide future
development of the AOP-KB, and how to
tailor this wealth of information to

specific applications.
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ARRYTHMIC POTENTIAL ON hERG AND POTASSIUM CURRENTS

Evaluation of Possible Proarrhythmic Potency: Comparison of the Effect of

Dofetilide, Cisapride, Sotalol, Terfenadine, and Verapamil on hERG and Native

Ikr Currents and on Cardiac Action Potential

Péter Orvos, Zsofia Kohajda, Jozefina Szlovak, Péter Gazdag, Tamas Arpédffy-Lovas

Toxicol. Sci. (Apr. 2019) 168 (2) : 365-380,
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The proarrhythmic potency of drugs is
usually attributed to the /kr current
block. During safety pharmacology
testing analysis of /kr in cardiomyocytes
was replaced by Auman
ether-a-go-go-related gene WERG) test
using automated patch-clamp systems in
stable transfected cell lines. Aim of this
study was to compare the effect of
proarrhythmic compounds on hERG and
Ikr currents and on cardiac action
potential. The hERG current was
measured by using both automated and
manual patch-clamp methods on
HEK293 cells. The native ion currents
(Ikr, INa1, Ica1) were recorded from rabbit

ventricular myocytes by manual
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patch-clamp technique. Action potentials
in rabbit ventricular muscle and
undiseased human donor hearts were
studied by conventional microelectrode
technique. Dofetilide, cisapride, sotalol,
terfenadine, and verapamil blocked
hERG channels at 37°C with an ICso of 7
nM, 18 nM, 343 pM, 165 nM, and 214
nM, respectively. Using manual
patch-clamp, the ICs0 values of sotalol
and terfenadine were 78 uM and 31 nM,
respectively. The ICso values calculated
from /&r measurements at 37°C were 13
nM, 26 nM, 52 pM, 54 nM, and 268 nM,
respectively. Cisapride, dofetilide, and
sotalol excessively lengthened,
terfenadine, and verapamil did not
influence the action potential duration.
Terfenadine significantly inhibited /NaL
and moderately IcaL, verapamil blocked
only Icar. Automated hERG assays may
over/underestimate proarrhythmic risk.
Manual patch-clamp has substantially
higher sensitivity to certain drugs. Action
potential studies are also required to
analyze complex multichannel effects.
Therefore, manual patch-clamp and
action potential experiments should be a

part of preclinical safety tests.
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SMOX AND ISCHEMIA-INDUCED BRAIN INFLAMMATION

Targeting Smox Is Neuroprotective and Ameliorates Brain Inflammation in

Cerebral Ischemia/Reperfusion Rats

Jiawei Fan, Mei Chen, Xiyan Wang, Zhijie Tian, Jinwu Wang ...

Toxicol. Sci. (Apr. 2019) 168 (2) : 381-393,
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Spermine oxidase (Smox) is a member of
the polyamine oxidases and has been
demonstrated to be involved in ischemic
brain damage. In this study, we found
that Smox expression was increased in a
rat middle cerebral artery occlusion
(MCAO) model and in cultured primary
neurons after oxygen-glucose deprivation
and reoxygenation (OGD/R). Smox
downregulation by the adeno-associated
virus RNA interference system
significantly reduced the MCAO-induced
brain infarct volume and neurological
deficits and decreased neuronal apoptosis
and inflammatory reactions. In addition,
significant microglial activation and
increased IL-6 and TNF-a expression
were observed in microglia treated with
supernatant from neurons after OGD/R.
However, a significant reduction in
microglial activation as well as IL.-6 and
TNF-a expression was observed in
microglia treated with supernatant from
Smox downregulated neurons after
OGD/R. Therefore, the results indicated
that Smox i1s an important mediator of
cerebral ischemia injury and may be a
therapeutic target for cerebral ischemia

patients.
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IUAFVHE—EDORANN=TH Y| i
MERMIREICB 5T 5 2 EMFEFES TN E
T ARWFIETIX, T v FHRMENREAZE
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PLACENTAL TRANSPORTERS AND ZEARALENONE TOXICITY

Placental BCRP/ABCG2 Transporter Prevents Fetal Exposure to the Estrogenic

Mycotoxin Zearalenone

John T Szilagyi, Ludwik Gorczyca, Anita Brinker, Brian Buckley, Jeffrey D Laskin ...
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In the placenta, the breast cancer
resistance protein (BCRP)/ABCGZ efflux
transporter limits the maternal-to-fetal
transfer of drugs and chemicals. Previous
research has pointed to the estrogenic
mycotoxin zearalenone as a potential
substrate for BCRP. Here, we sought to
assess the role of the BCRP transporter
in the transplacental disposition of
zearalenone during pregnancy. In vitro
transwell transport assays employing
BCRP/Bcerp-transfected Madine-Darby
canine kidney cells and BeWo
trophoblasts with reduced BCRP
expression were used to characterize the
impact of BCRP on the bidirectional
transport of zearalenone. In both models,
the presence of BCRP protein increased
the basolateral-to-apical transport and
reduced the apical-to-basolateral
transport of zearalenone over a 2-h
period. In vivo pharmacokinetic analyses
were then performed using pregnant
wild-type and Berp~- mice after a single
tail vein injection of zearalenone.
Zearalenone and its metabolite
a-zearalenol were detectable in serum,
placentas, and fetuses from all animals,
and B-zearalenol was detected in serum
and fetuses, but not placentas. There
were no significant differences in the

maternal serum concentrations of any
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yEAEZMEHLT, BT 7L OB
RS2 %6 45 BCRP OB A K ffir £ L
Teo MFDOET VT, BCRP ¥ /X7 ED
FIEIC LD, BT L v oIEESMAIN HTE
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analytes between the two genotypes. In
Berp~~ mice, the free fetal concentrations
of zearalenone, a-zearalenol, and
B-zearalenol were increased by 115%,
84%, and 150%, respectively, when
compared with wild-type mice.
Concentrations of free zearalenone and
a-zearalenol were elevated 145% and
78% in Berp~- placentas, respectively,
when compared with wild-type placentas.
Taken together, these data indicate that
the placental BCRP transporter functions
to reduce the fetal accumulation of
zearalenone, which may impact
susceptibility to developmental toxicities
associated with in utero zearalenone

exposure.

AT L bl LT A, Z L Berp--
JEHEC 145% B LN 78% LH- Liz, &8
LHE, INbDT—4I%, B BCRP 7
VAR—=E—=INET TV ORISR E
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WBE 52 AR D Z L ER LT
3

3,5-DMA, OXIDATIVE STRESS, AND NEURODEVELOPMENTAL TOXICITY

In Vitro and In Vivo Analysis of the Effects of 3,5-DMA and Its Metabolites in

Neural Oxidative Stress and Neurodevelopmental Toxicity

Ming-Wei Chao, Hui-Chuan Kuo, Sih-Yu Tong, Yu-Shiu Yang, Yu-Chen Chuang ...

Toxicol. Sci. (Apr. 2019) 168 (2) : 405419,
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3,5-Dimethylaniline (3,5-DMA), a
monocyclic aromatic amine, is widely
present in a spectrum of sources
including tobacco, dyes, combustion
products, and suspended particulates.
3,5-DMA and its metabolites form
superoxides, resulting in apoptosis or
oncogenesis. Data of a direct effect of
3,5-DMA on the nervous system,

especially the developing brain, are

HERALERT I THD 3,5-VAF LT
=V (3,5-DMA) E, Z 3=, Yegh #A
BEAE RS, FRIERORL T2 E O 8 E X0 %
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F—Y A E T3 Z s S LET, b
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lacking. Therefore, we investigated the
effects of 3,5-DMA and its metabolites on
fetal neurite growth and brain
development using in vitro cell cultures
of primary cortical neurons to observe
whether these compounds caused
neuronal cytotoxicity and affected neurite
structural development. With increasing
concentrations of 3,5-DMA (10, 50, 100,
500, 1000 pM) and its major metabolite
5-dimethylaminophenol (3,5-DMAP) (10,
50, 100, 500, 1000 uM), reactive oxygen
species (ROS), cytotoxicity, and DNA
damage increased significantly in the
cells and dendritic arborization
decreased. The addition of 5 mM
N-acetylcysteine, an ROS scavenger,
reduced ROS in the cells and alleviated
the neuronal damage. In vivo studies in
Sprague Dawley pregnant rats suggested
that exposure to 3,5-DMA (10, 30, 60, 100
mg/kg/day) subcutaneously from GD15
to GD17 led to fetal cerebral cortex
thinning. BrdU labeling showed that
3,5-DMA reduced the number and
generation of cortical cells. To detect the
laminar position of newly generated
neurons, cortex layer markers such as
Satb2, Ctip2, and Thrl were used.
3,5-DMA perturbed the cortical layer
distribution in developing fetal rats. In
summary, this is the first study to
provide evidence for 3,5-DMA and its
metabolites causing anomalies of the
fetal central nervous system development

through ROS production.
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OP FLAME RETARDANTS AND BONE OSSIFICATION

Effects of Organophosphate Ester

Flame Retardants on Endochondral

Ossification in Ex Vivo Murine Limb Bud Cultures

Han Yan, Barbara F Hales

Toxicol. Sci. (Apr. 2019) 168 (2) : 420-429,

Original

Google translation

Phasing out the usage of polybrominated
diphenyl ether (PBDE) flame retardants
(FRs) in consumer products led to their
widespread replacement with
organophosphate ester (OPE) FRs,
despite scarce safety data. PBDE
exposures were associated with the
suppression of endochondral ossification
but little is known about the effects of
OPEs on bones. Here, we used a novel ex
vivo murine limb bud culture system to
compare the effects of

2,2 4,4'-tetrabromodiphenyl ether
(BDE-47) with those of several OPEs.
Gestation day 13 embryos were collected
from transgenic CD1 mice expressing
fluorescent markers for the major stages
of endochondral ossification:
COL2A1-ECFP (chondrogenesis),
COL10A1-mCherry (early osteogenesis),
and COL1A1-YFP (late osteogenesis).
Limbs were excised and cultured for 6
days in the presence of vehicle, BDE-47,
or an OPE FR: triphenyl phosphate
(TPHP), tert-butylphenyl diphenyl
phosphate (BPDP), tris(methylphenyl)
phosphate (TMPP), or isopropylated
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BlzonwTRiEE A EmbBN TR, 2
T, 22 44T R T REY T 22
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OPE D4R & Ll 272912, Hr LV ex
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72 8Tz 13 H H O, kB8 NELoFE
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triphenyl phosphate (IPPP). BDE-47 (50
uM) decreased the extent of
chondrogenesis in the digits and
COL1A1-YFP expression in the radius
and ulna relative to control. In
comparison, concentrations of >1 pM of
all 4 OPEs limited chondrogenesis;
osteogenesis (both COL10A1-mCherry
and COL1A1-YFP fluorescence) was
markedly inhibited at concentrations >3
pM. The expression of Sox9, the master
regulator of chondrogenesis, was altered
by BDE-47, TPHP, and BPDP. BDE-47
exposure had minimal impact on the
expression of Kunx2and Sp7, which drive
osteogenesis, whereas TPHP and BPDP
both suppressed the expression of these
transcription factors. These data suggest
that OPE FRs may be more detrimental
to bone formation than their brominated

predecessors.

THEHEEL T, 450 OPE XTI
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TOXCAST SCREENING FOR IODOTHYRONINE DEIODINASE INHIBITION

Screening the ToxCast Phase 1, Phase 2, and elk Chemical Libraries for

Inhibitors of lodothyronine Deiodinases

Jennifer H Olker, Joseph J Korte, Jeffrey S Denny, Phillip C Hartig, Mary C Cardon ...

Toxicol. Sci. (Apr. 2019) 168 (2) : 430-442,
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Deiodinase enzymes play an essential
role in converting thyroid hormones
between active and inactive forms by
deiodinating the pro-hormone thyroxine

(T4) to the active hormone

triiodothyronine (T3) and modifying T4

MBi=— FEERIL, YakrerFaxs v
(T4) %iEMEARLEL Y I — R A n=
v (T3) IMavHEL, TABLOTI AR
IEMHRNCEMT 2 Z ik, FRRA L
U ETEER & RNIEHRI OB CEWRT 5D
\CEHEERERE R LET, Bla— NEER
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and T3 to inactive forms. Chemical
inhibition of deiodinase activity has been
identified as an important endpoint to
include in screening chemicals for thyroid
hormone disruption. To address the lack
of data regarding chemicals that inhibit
the deiodinase enzymes, we developed
robust 1n vitro assays that utilized
human deiodinase types 1, 2, and 3 and
screened over 1800 unique chemicals
from the U.S. EPA’s ToxCast phase 1_v2,
phase 2, and elk libraries. Initial testing
at a single concentration identified 411
putative deiodinase inhibitors that
produced inhibition of 20% or greater in
at least 1 of the 3 deiodinase assays,
including chemicals that have not
previously been shown to inhibit
deiodinases. Of these, 228 chemicals
produced enzyme inhibition of 50% or
greater; these chemicals were further
tested 1in concentration-response to
determine relative potency. Comparisons
across these deiodinase assays identified
81 chemicals that produced selective
inhibition, with 50% inhibition or greater
of only 1 of the deiodinases. This set of 3
deiodinase inhibition assays provides a
significant contribution toward
expanding the limited number of in vitro
assays used to identify chemicals with
the potential to interfere with thyroid
hormone homeostasis. In addition, these
results set the groundwork for
development and evaluation of

structure-activity relationships for

TEMEDALFRIBAEF L. FURIR A VT il
DAL E DAY V) —=2 T E» HEE
IR RARA Y MELTREINTVE

T, MhE— FEER A ET 2 eI’
THT =X DORBIZHUST H7-0I12, B K
fiis— REER 2 A 7 1, 2, BLO3 2 H
L7=B 22 invitro 7 v A Z#BA% L. US
EPA ® ToxCast 7 =— A1 v2, 7 =— X 2,
B Welk 75 1800 LA ED = =—7 724k
FMEEAT )= T LE LT TAT T
U, H—DRETOHMT A FTiX, LUl
W a URMREAAET L2 RSN T
Wi o Tk E A Bte, 3 oORa U
FRERT A DD & H 15T 20%L
FOEAGIEED L 410 HEEN 2 V%
FEREAZRFELE LIz, ZRLHD 9 b,
228 FEFE DAL FEWE 8 50% UL Ol FRFHE
EHI-HLE LI, ZhbDLEWEIL,

FRXE) 702580 1 2 DR e 2 T2 IR FE B T
SIHliZTAMSNELEE, ZhHOT 99—
TVF—EBT A BEROHBIC LD BN
HIFRSE % 42 U % 81 FHDAL W E D5 E
Sh, 2055 LHEEO LD 50%LL EIHE
hELFE, 2035073 —YF—FH
BT vvA DOty ME, FRIBALVESD
TE M 2 15T 5 RTRENE D & DAL E % 5
ETHEOIHEHINDRONTZED Iin

vitro 7 v B A OPERIZKE S BB L 7,
SHIZ, THHORRIT, B3 — SRR
EOREETE MR B 0BRSS 35 L OV D He itk
ARRE L, = — FEERIAE OF EF R R
ERIETDHTODI B 5RO T-HI124b
FWVE ORI Al L £,




Google Translaion/ AE]C triat

deiodinase inhibition, and inform
targeted selection of chemicals for further
testing to identify adverse outcomes of

delodinase inhibition.

METHYLENE BLUE AND HYDROGEN SULFIDE TOXICITY

Methylene Blue Administration During and After Life-Threatening Intoxication by

Hydrogen Sulfide: Efficacy Studies in Adult Sheep and Mechanisms of Action

Philippe Haouzi, Nicole Tubbs, Joseph Cheung, Annick Judenherc-Haouzi

Toxicol. Sci. (Apr. 2019) 168 (2) : 443—-459,

Original

Google translation

Exposure to toxic levels of hydrogen
sulfide (H2S) produces an acute cardiac
depression that can be rapidly fatal. We
sought to characterize the time course of
the cardiac effects produced by the
toxicity of HaS in sheep, a human sized
mammal, and to describe the in vivo and
in vitro antidotal properties of methylene
blue (MB), which has shown efficacy in
sulfide intoxicated rats. Infusing NaHS
(720 mg) in anesthetized adult sheep
produced a rapid dilation of the left
ventricular with a decrease in
contractility, which was lethal within
about 10 min by pulseless electrical
activity. MB (7 mg/kg), administered
during sulfide exposure, maintained
cardiac contractility and allowed all of
the treated animals to recover. At a dose
of 350 mg NaHS, we were able to produce
an intoxication, which led to a persistent
decrease in ventricular function for at

least 1 h in nontreated animals.

fifbksE (H2S) DML~/ ~DR&FE T,
BRI B R A D DEEREIR T 25| & i
ZLET, B YA XOEHIETHDLE Y
T H2S OFEFMEIC X > THE L 2 DlE~D
HEORRFEAAZ R T . it hE T
WA TR LIEAF L7 — (MB) O
KNI L ORI O ER 2 L L9
ELELE, Ty b, BBELIZEY DI
NaHS (720 mg) Z7EAT 5 & UUHEtED
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Administration of MB, 3 or 30 min after
the end of exposure, whereas all free HaS
had already vanished, restored cardiac
contractility and the pyruvate/lactate
(P/L) ratio. We found that MB exerts its
antidotal effects through at least 4
different mechanisms: (1) a direct
oxidation of free sulfide; (2) an increase in
the pool of “trapped” HsS in red cells; (3)
a restoration of the mitochondrial
substrate-level phosphorylation; and (4) a
rescue of the mitochondrial electron
chain. In conclusion, HaS intoxication
produces acute and long persisting
alteration in cardiac function in large
mammals even after all free HaS has
vanished. MB exerts its antidotal effects
against life-threatening sulfide
intoxication via multifarious properties,
some of them unrelated to any direct

interaction with free HsS.
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BROMATE AND EPIGENETIC CHANGES IN RENAL CELLS

Bromate-induced Changes in p21 DNA Methylation and Histone Acetylation in

Renal Cells

Ramya T Kolli, Travis C Glenn, Bradley T Brown, Sukhneeraj P Kaur, Lillie M

Barnett ...
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Bromate (BrO-3) is a water disinfection

byproduct (DBP) previously shown to
induce nephrotoxicity in vitro and in vivo.

We recently showed that inhibitors of

Bromate (BrO-3) . in vitro 33 X WNin vivo
CTHBMEEFRET L Z EBLENTR ST
KiEEERIPEY) (DBP) T, fixilt. DNA X
FNRTV AT 2T —EE-TH-2-FT 4%
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DNA methyltransferase
5-aza-2'-deoxycytidine (5-Aza) and
histone deacetylase trichostatin A (TSA)

increased BrO-3 nephrotoxicity

whereas altering the expression of the
cyclin-dependent kinase inhibitor p21.
Human embryonic kidney cells (HEK293)
and normal rat kidney (NRK) cells were

sub-chronically exposed to BrO-3or

epigenetic inhibitors for 18 days, followed
by 9 days of withdrawal. DNA
methylation was studied using a
modification of bisulfite amplicon
sequencing called targeted gene bisulfite
sequencing. Basal promoter methylation
in the human p27 promoter region was
substantially lower than that of the rat
DNA. Furthermore, 5-Aza decreased
DNA methylation in HEK293 cells at the
sis-inducible element at 3 distinct CpG
sites located at 691, 855, and 895 bp
upstream of transcription start site
(TSS). 5-Aza also decreased methylation
at the rat p21 promoter about 250 bp
upstream of the p21 TSS. In contrast,

sub-chronic BrO-3 exposure failed to

alter methylation in human or rat renal

cells. BrO-3 exposure altered histone

acetylation in NRK cells at the p21 TSS,
but not in HEK293 cells. Interestingly,
changes in DNA methylation induced by

5-Aza persisted after its removal;
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however, TSA- and BrO-3-induced

histone hyperacetylation returned to
basal levels after 3 days of withdrawal.
These data demonstrate novel sites
within the p21 gene that are
epigenetically regulated and further
show that significant differences exist in
the epigenetic landscape between rat and
human p21, especially with regards to
toxicant-induced changes in histone

acetylation.

FHETHZEHRLTWET,

BILE ACID ACCUMULATION AS A MARKER OF CHOLESTASIS

Predictive Value of Cellular Accumulation of Hydrophobic Bile Acids As a Marker

of Cholestatic Drug Potential

Audrey Burban, Ahmad Sharanek, Lydie Humbert, Thibaut Eguether, Christiane
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Drug-induced cholestasis is mostly
intrahepatic and characterized by
alterations of bile canaliculi dynamics
and morphology as well as accumulation
of bile acids (BAs) in hepatocytes.
However, little information exists on first
changes in BA content and profile
induced by cholestatic drugs in human
liver. In this study, we aimed to analyze
the effects of a large set of cholestatic and
noncholestatic drugs in presence of
physiological serum concentrations and
60-fold higher levels of 9 main BAs on

cellular accumulation of BAs using
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HepaRG hepatocytes. BAs were
measured in cell layers (cells + bile
canaliculi) and culture media using
high-pressure liquid chromatography
coupled with tandem mass spectrometry
after 24 h-treatment. Comparable
changes in total and individual BA levels
were observed in cell layers and media
from control and noncholestatic
drug-treated cultures: unconjugated BAs
were actively amidated and lithocholic
acid (LCA) was entirely sulfated. In
contrast, cellular accumulation of LCA
and in addition, of the 2 other
hydrophobic BAs, chenodeoxycholic acid
and deoxycholic acid, was evidenced only
with cholestatic compounds in presence
of BA mixtures at normal and 60-fold
serum levels, respectively, suggesting
that LCA was the first BA to accumulate.
Cellular accumulation of hydrophobic
BAs was associated with inhibition of
their amidation and for LCA, its
sulfation. In conclusion, these results
demonstrated that cellular accumulation
of unconjugated hydrophobic BAs can be
caused by various cholestatic drugs in
human hepatocytes and suggest that
their cellular detection, especially that of
LCA, could represent a new strategy for
evaluation of cholestatic potential of

drugs and other chemicals.
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HIPPOCAMPAL ALTERATIONS IN ASYMPTOMATIC WELDERS
Higher Hippocampal Mean Diffusivity Values in Asymptomatic Welders

Eun-Young Lee, Michael R Flynn, Guangwei Du, Mechelle M Lewis, Lan Kong ...
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Chronic high-level manganese
(Mn)-induced neurotoxicity has been
associated with Mn accumulation in the
basal ganglia and higher risk for
developing parkinsonism. Recent studies
in Mn-exposed animals revealed Mn
accumulation in the hippocampus, the
presence of AB diffuse plaques, and
deficits in associative learning, the latter
being hallmarks of Alzheimer’s disease
(AD) or related disorders. This and recent
evidence of hippocampal Mn
accumulation in welders prompted us to
test the hypothesis that welders with
chronic Mn exposure would display
changes in the hippocampus. Subjects
with (welders; n = 42) or without
(controls; n = 31) welding history were
studied. Mn exposure was estimated by
occupational questionnaires, whole blood
Mn, and R1 imaging (estimate of
short-term brain Mn accumulation).
Hippocampal diffusion tensor imaging
(DTL; estimate of microstructural brain
changes) and volume were determined.
Compared with controls, welders
displayed no significant difference in
hippocampal volume (p = .165). Welders,
however, exhibited higher DTI
hippocampal mean diffusivity (MD)
values compared with controls (p = .035)

that was evident particularly in older
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welders (>50 years, p = .002).
Hippocampal MD was associated
significantly with age in welders (B =
0.59; p < .001) but not in controls (p =

.16). Moreover, higher hippocampal MD
values (age adjusted) were associated
with long-term cumulative Mn exposure
(R = 0.36, p = .021). Welders with
chronic exposure have higher MD values
in the hippocampus that become greater
with increasing age, a brain change that
is similar to that observed in those at risk
for AD. The current results suggest that
Mn exposure, coupled with aging, may
make welders more vulnerable to AD or
AD-like changes.
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EARLY EXPOSURE TO ATRAZINE AND LONG-TERM IMMUNOTOXICITY
Long-term Immunotoxic Effects of Oral Prenatal and Neonatal Atrazine
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Atrazine and its metabolites are present
at high concentrations in many water
supplies in agro-intensive areas. Because
residents in these areas drink water from
sources fed from these contaminated
supplies, we investigated the long-term
immunotoxicity of combined prenatal and
neonatal (perinatal) exposure to atrazine
via drinking water, on the immune
system in mice. At 6 months of age, upon

immunization with heat-killed
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Streptococcus pneumoniae, the serum
IgG antibody response against the T
independent antigen phosphorylcholine
was significantly higher in male, but not
female, atrazine-exposed mice as
compared with that in untreated
controls. No alterations were present in
all offspring in the serum antibody
response against the T-dependent
antigen pneumococcal surface protein A
(PspA). ELISpot analysis showed only a
small, insignificant reduction in
PspA-specific IgG producing splenocytes
in atrazine-treated male offspring.
Interestingly, upon ex vivo stimulation
with anti-CD3 and anti-CD28 antibodies,
significant decreases in interleukin
(IL)-2, tumor necrosis factor-a,
interferon-y, and I1.-17A and a
decreasing trend in IL.-10 were observed
in splenocytes from atrazine-exposed
male, but not female mice. Analysis of
thymic and splenic cell populations
showed no effects of atrazine exposure in
either sex. This is the first time that
long-term changes in the immune
response were observed after a perinatal
exposure to atrazine and it demonstrates
that these early life exposures can result
in permanent changes to the immune
system as well as a male bias in these

effects.
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QUARTERNARY AMMONIUM EXPOSURE AND MIXED-TYPE ALLERGIC

RESPONSE

Topical Application of the Quaternary Ammonium Compound
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Didecyldimethylammonium Chloride Activates Type 2 Innate Lymphoid Cells and
Initiates a Mixed-Type Allergic Response

Hillary L Shane, Ewa Lukomska, Michael L. Kashon, Stacey E Anderson

Toxicol. Sci. (Apr. 2019) 168 (2) : 508-518,
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Didecyldimethylammonium chloride
(DDAC) is an antimicrobial
dialkyl-quaternary ammonium
compound used in industrial and
commercial products. Clinical data
suggest that DDAC exposure elicits
multiple types of hypersensitivity
reactions; here, we confirm this
observation in a BALB/c murine model.
To examine the immunological
mechanism behind this mixed-type
response and the potential involvement
of type 2 innate lymphoid cells (ILC2s),
we assessed early immune responses in
the skin following topical DDAC exposure
(0.125% and 0.5%). DDAC exposure
resulted in a rapid and dramatic increase
in the Th2-skewing and IL.C2-activating
cytokine thymic stromal lymphopoietin.
Correspondingly, dermal ILC2s were
activated 24 h after DDAC exposure,
resulting in increased expression of
CD25, ICOS and KLRG1, and decreased
CD127 throughout 7 days of exposure.
Following ILC2 activation, the Th2
cytokine I1.-4 was elevated compared
with control mice in total ear protein
lysate (0.5% DDAC). Rag2~- mice were

used to determine a functional role for
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ILC2s in DDAC-induced sensitization.
ILC2s from Rag2~- mice were similarly
activated by DDAC and, importantly,
produced significant levels of IL-4 and
IL-5 in the skin (0.5% DDAC). These data
indicate that ILC2s contribute to early
Th2 immune responses following DDAC
exposure. ILC2s have been previously
implicated in allergic responses, but to
our knowledge have not been thoroughly
investigated in chemical sensitization.
These results indicate that following
DDAC exposure, skin ILC2s become
activated and produce Th2 cytokines,
providing a possible mechanism for the
development of the mixed-type allergic
responses commonly observed with

chemical sensitizers.

THZEERLTOET, ILC2 LA
TUAX—INIEE LT E LA, FL
T2HbDHMBHIRY TiX, ALFEAEIZB O TH
JERICHAE SN TWERFA, 2N b ORER
i%. DDAC &%, B ILC2 25TEME(L &
NTTh2 VA b IA & pEA L, LR
AT BIE SN HIRARLT LV ¥ —
S DFEDFHER A T = X L2425
ZEERLTVET,

PERFLUOROOCTANOATE AND LIPOPROTEIN METABOLISM

Dose Effects of Ammonium Perfluorooctanoate on Lipoprotein Metabolism in

APOE*3-Leiden.CETP Mice
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Epidemiological studies have reported
positive associations between serum
perfluorooctanoic acid (PFOA) and total
and non-high-density lipoprotein
cholesterol (non-HDL-C) although the
magnitude of effect of PFOA on
cholesterol lacks consistency. The

objectives of this study were to evaluate
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the effect of PFOA on plasma cholesterol
and triglyceride metabolism at various
plasma PFOA concentrations relevant to
humans, and to elucidate the
mechanisms using
APOE*3-Leiden. CETP mice, a model
with a human-like lipoprotein
metabolism. APOE*3-Leiden. CETP mice
were fed a Western-type diet with PFOA
(10, 300, 30 000 ng/g/d) for 4—6 weeks.
PFOA exposure did not alter plasma
lipids in the 10 and 300 ng/g/d dietary
PFOA dose groups. At 30 000 ng/g/d,
PFOA decreased plasma triglycerides
(TG), total cholesterol (TC), and
non-HDL-C, whereas HDL-C was
increased. The plasma lipid alterations
could be explained by decreased very
low-density lipoprotein (VLDL)
production and increased VLDL
clearance by the liver through increased
lipoprotein lipase activity. The
concomitant increase in HDL-C was
mediated by decreased cholesteryl ester
transfer activity and changes in gene
expression of proteins involved in HDL
metabolism. Hepatic gene expression and
pathway analysis confirmed the changes
in lipoprotein metabolism that were
mediated for a major part through
activation of the peroxisome
proliferator-activated receptor (PPAR)a.
Our data confirmed the findings from a
phase 1 clinical trial in humans that
demonstrated high serum or plasma

PFOA levels resulted in lower cholesterol
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levels. The study findings do not show an
increase in cholesterol at environmental

or occupational levels of PFOA exposure,
thereby indicating these findings are

assoclative rather than causal.

OZONE EXPOSURE AND IMPLANTATION

Ozone Exposure During Implantation Increases Serum Bioactivity in
HTR-8/SVneo Trophoblasts
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Implantation is a sensitive window in
reproductive development during which
disruptions may increase the risk of
adverse pregnancy outcomes including
intrauterine growth restriction. Ozone
exposure during implantation in rats
reduces fetal weight near the end of
gestation, potentially though impaired
trophoblast migration and invasion and
altered implantation. The current study
characterized changes in ventilation,
pulmonary injury, and circulating factors
including hormonal, inflammatory, and
metabolic markers related to exposure to
ozone (0.4-1.2 ppm) for 4-h on gestation
days 5 and 6 (window of implantation) in
Long-Evans dams. To determine the
effects of this exposure on trophoblast
function, placental-derived, first
trimester, HTR-8/SVneo cells were

exposed to serum from air- or ozone (0.8
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ppmxX4 h)-exposed dams and examined
for impacts on metabolic capacity,
wound-closure, and invasion.
Peri-implantation exposure to ozone
induced ventilatory dysfunction and lung
vascular leakage in pregnant rats, with
little effect on most of the circulating
markers measured. However, ozone
inhalation induced a significant
reduction in several serum cytokines
(interferon-y, interleukin-6, and
interleukin-13). Treatment of
HTR-8/SVneo trophoblasts with serum
from ozone-exposed dams for 16-h
downregulated metabolic capacity,
wound-closure, and invasion through a
Matrigel membrane compared with both
air-serum and fetal bovine serum-treated
cells. Ozone-serum treated cells
increased the release of a critical
inhibitor of invasion and angiogenesis
(soluble fms-like receptor 1; sFlt1)
compared with air-serum treatment.
Together, our data suggest that
circulating factors in the serum of
pregnant rats exposed to ozone during
implantation receptivity can hinder
critical processes of implantation (eg,
invasion and migration) and impair

trophoblast metabolic capacity.
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BIOLUMINESCENT REPORTERS
SCREENING

Improving Estrogenic Compound Screening Efficiency by Using Self-Modulating,
Continuously Bioluminescent Human Cell Bioreporters Expressing a Synthetic

FOR ESTROGENIC COMPOUND

Luciferase
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A synthetic bacterial luciferase-based
autobioluminescent bioreporter,
HEK293ERE/Gals-Lux, Was developed in a
human embryonic kidney (HEK293) cell
line for the surveillance of chemicals
displaying endocrine disrupting activity.
Unlike alternative luminescent reporters,
this bioreporter generates
bioluminescence autonomously without
requiring an external light-activating
chemical substrate or cellular
destruction. The bioreporter’s
performance was validated against a
library of 76 agonistic and antagonistic
estrogenic endocrine disruptor chemicals
and demonstrated reproducible half
maximal effective concentration (ECso)
values meeting the U.S. Environmental
Protection Agency (EPA) guidelines for
Tier 1 endocrine disrupting chemical
screening assays. For model compounds,
such as the estrogen receptor (ER)
agonist 17B8-estradiol, HEK293EgRE/Gal4-Lux
demonstrated an ECso value (7.9 x 10712
M) comparable to that of the current
EPA-approved Hela-9903 firefly
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luciferase-based estrogen receptor
transcription assay (4.6 x 10712 M).
Screening against an expanded array of
common ER agonists likewise produced
similar relative effect potencies as
compared with existing assays. The
self-initiated autobioluminescent signal
of the bioreporter permitted facile
monitoring of the effects of endocrine
disrupting chemicals, which decreased
the cost and hands-on time required to
perform these assays. These
characteristics make the
HEK293gRE/Gal4-Lux bioreporter
potentially suitable as a high-throughput
human cell-based assay for screening

estrogenic activity.
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PRENATAL BPAAND FEMALE REPRODUCTION

Prenatal Exposure to Bisphenol A Analogues on Female Reproductive Functions

in Mice

Mingxin Shi, Nikola Sekulovski, James A MacLean, II, Allison Whorton, Kanako

Hayashi

Toxicol. Sci. (Apr. 2019) 168 (2) : 561-571,

Original

Google translation

This study was performed to examine
whether prenatal exposure to bisphenol
(BP) A analogues, BPE and BPS,
negatively impacts female reproductive
functions and follicular development
using mice as a model. CD-1 mice were
orally exposed to control treatment (corn
oil), BPA, BPE, or BPS (0.5, 20, or 50
ng/kg/day) from gestational day 11 (the
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presence of vaginal plug = 1) to birth.
Exposure to BPA, BPE, and BPS
accelerated the onset of puberty and
exhibited abnormal estrous cyclicity,
especially with lower doses. Females
exposed to BPA, BPE, and BPS exhibited
mating difficulties starting at 6 months
of age. By 9 months, mice exhibited
various fertility problems including
reduced pregnancy rate, parturition
issues, and increased dead pups at birth.
Furthermore, the levels of serum
testosterone were elevated by BPE or
BPS exposure at the age of 9 months,
whereas estrogen levels were not
affected. On the other hand, the
dysregulated expression of steroidogenic
enzymes was observed in the ovary at 3,
6, or 9 months of age by BPE or BPS
exposure. When we examined neonatal
ovary on postnatal day 4, BPA, BPE, and
BPS exposure inhibited germ cell nest
breakdown and reduced number of
primary and secondary follicles. These
results suggest that prenatal exposure to
BPA analogues, BPE, and BPS, have
effects on fertility in later reproductive
life probably due to the disruption of

early folliculogenesis.
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PPAR AND PERMETHRIN-INDUCED LIVER TUMORS

Involvement of Peroxisome Proliferator-Activated Receptor-Alpha in Liver Tumor

Production by Permethrin in the Female Mouse

Miwa Kondo, Kaori Miyata, Hirohisa Nagahori, Kayo Sumida, Thomas G Osimitz ...

Toxicol. Sci. (Apr. 2019) 168 (2) : 572-596,
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The nongenotoxic pyrethroid insecticide
permethrin produced hepatocellular
tumors in CD-1 mice but not in Wistar
rats. Recently, based on findings of a
Pathology Working Group involving an
expert panel of pathologists, it was
concluded that permethrin increased
liver tumors at 2500 and 5000 ppm in
female mice, but no treatment-related
tumorigenic response occurred in male
mice at dose levels examined in the
2-year bioassay. To evaluate a possible
mode of action (MOA) for the permethrin
female CD-1 mouse hepatocellular
tumors, a number of investigative studies
were conducted. In time-course studies in
female CD-1 mice, permethrin increased
relative liver weight and enhanced
hepatocyte proliferation within 1 week.
Treatment with permethrin resulted in
marked increases in CYP4A enzyme
activities and mRNA levels, but only
slightly increased CYP2B markers,
suggesting that permethrin primarily
activates the peroxisome
proliferator-activated receptor alpha
(PPARa) and to a much lesser extent the
constitutive androstane receptor. The
effects of permethrin on relative liver
weight, hepatocyte proliferation and
CYP4A enzyme activities and mRNA
levels were dose-dependent and were
reversible within 5 weeks after cessation

of treatment. The hepatic effects of
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~L A R U i, CD-1 = 7 A CHAT AR RS
HREA LT, U4 A% —T v NTILEA
L7pinodz, Foli, WBEFE OFAFE SR
NG T HHREREY —F 2 T T N—T D
FAERERIESNT, ~L A Y iditfE~
7 A C 2500 5 X 0V 5000ppm C AT 2
WIS 223, e~ v 2 TR REEDIE
BT RST TR L oo 7= L ibaaftiT &
NI 2FEFDONRAFT A, ~ILA R
i CD-1 ~ 7 AR o rTRE 72 15 1)
U (MOA) ZEHi§ 57-®lz, %< Dl
BN EmSNE Lz, HECD-1~v A
DRI TIL, ~ULA U 3 18
LA HE F A 7 IR B 2 3 00 S &, P
fadii e L E Lz, ~ULA MU Tk
LHIEHIX. CYPAA FEETEME & mRNA X
JVOBRE RN Z 726 LE L7ZAS,
CYP2B ~— I —Xb 3 M L7272
ThHYH, AR FFEIVAF Y
— LHTHR IR b R T V7 7 (PPAR
a) ZIEMEL, M7 e 22 %
Y NEdE @/ EERELEL
7o FHXHITH &, IFHIROHESE, CYP4A
EMER X UOMRNA LU 25t AL A |
UV@@%iﬁ%@ﬁ%f&w\%ﬁ$m
#% 5 A LINIC AT C© LT, AR~
&xfﬁ%éhtmwxbvymﬁwmm
WL PPARa / v 7 T U M~ 7 ATE
LA LELE, ZnbofbRIx, H~
U RNZEBT DUV A MY AT KD R
WD MOA 13, HEAEERREZ -6
T PPAR a DIEMALZ ZTr Z & 2R LT
7, PPARa{EMEILIZE D2~V ARNY &

Vs AN




Google Translaion/ AE]C triat

permethrin observed in wild-type female
mice were markedly reduced in PPARa
knockout female mice. These results
demonstrate that the MOA for
hepatocellular tumor formation by
permethrin in female mice involves
activation of PPARa resulting in a
mitogenic effect. The MOA for
permethrin-induced mouse liver tumor
formation due to PPARa activation is
considered to be not plausible for
humans. This conclusion is strongly
supported by available epidemiological

data for permethrin.
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HUMAN T-CELL RESPONSE TO TELAPREVIR

Characterization of Healthy Donor-Derived T-Cell

Telaprevir Diastereomers

Khetam Al Alhilali, Zaid Al-Attar, Andrew Gibson, Arun Tailor, Xiaoli Meng ...

Toxicol. Sci. (Apr. 2019) 168 (2) : 597-609,
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Telaprevir, a protease inhibitor, was used
alongside PEGylated interferon-a and
ribavirin to treat hepatitis C viral
infections. The triple regimen proved
successful; however, the appearance of
severe skin reactions alongside
competition from newer drugs restricted
its use. Skin reactions presented with a
delayed onset indicative of a T-cell
mediated reaction. Thus, the aim of this
study was to investigate whether
telaprevir and/or its diastereomer, which

is generated in humans, activates T-cells.
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Telaprevir in its S-configured therapeutic
form and the R-diastereomer were
cultured directly with peripheral blood
mononuclear cells from healthy donors
prior to the generation of T-cell clones by
serial dilution. Drug-specific CD4* and
CD8* T-cell clones responsive to
telaprevir and the R-diastereomer were
generated and characterized in terms of
phenotype and function. The clones
proliferated with telaprevir and
diastereomer concentrations of 520 uM
and secreted IFN-y, IL-13, and granzyme
B. In contrast, the telaprevir M11
metabolite did not stimulate T-cells. The
CD8* T-cell response was MHC
I-restricted and dependent on the
presence of soluble drug. Flow cytometric
analysis showed that clones expressed
chemokine receptors CCR4 (skin homing)
and CXCR3 (migration to peripheral
tissue) and 1 of 3 distinct TCR VBs; TCR
VB 2, 5.1, or 22. These data show the
propensity of both R- and S-forms of
telaprevir to generate skin-homing
cytotoxic T-cells that may induce the
adverse reactions observed in human

patients.
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TRANSGENERATONAL, HEAVY METALS, AND GLUCOSE HOMEOSTASIS

Transgenerational Effects of Periconception Heavy Metal Administration on

Adipose Weight and Glucose Homeostasis in Mice at Maturity

Cagri Camsari, Joseph K Folger, Sandeep K Rajput, Devin McGee, Keith E Latham ...

Toxicol. Sci. (Apr. 2019) 168 (2) : 610-619,
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We previously demonstrated that
periconception maternal administration
(2 mg/kg body weight each) of cadmium
chloride (CdCl2) plus methylmercury (II)
chloride (CH3sHgCl) impaired glucose
homeostasis and increased body weights
and abdominal adipose tissue weight of
male offspring in the F1 generation.
However, transgenerational effects of this
exposure have not been studied.
Therefore, the effects of periconception
Cd+Hg administration on indices of
chronic diseases at adulthood in F2-F4
generations were examined. Male and
female progeny of Cd+Hg
periconceptionally treated females, and
offspring of vehicle control females were
bred with naive CD1 mice to obtain F2
offspring, with additional crosses as
above to the F4 generation (F1-F4
animals were not administered Cd+Hg).
Birth weights and litter size were similar
in all generations. Indices of impaired
glucose homeostasis were observed in
matrilineally descended F2 male
offspring, including reduced glucose
tolerance, along with increased basal
phosphorylation of insulin receptor
substrate 1 (IRS1) at serine 307
suggesting altered insulin signaling.
Reduced glucose tolerance was also seen
in F4 males. Increased body weight
and/or abdominal adiposity were
observed through the F4 generation in

males descended matrilineally from the
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treated female progenitors. Patrilineally
derived F2 females displayed reduced
glucose tolerance. Females (F2)
patrilineally and matrilineally derived
displayed significant kidney
enlargement. Periconception
administration of cadmium and mercury
caused persistent transgenerational
effects in offspring through the F4
generation in the absence of continued
toxicant exposure, with persistent
transgenerational effects inherited
specifically through the matrilineal

germline.

ADULTHOOD PHTHALATE
CONSEQUENCES IN MICE

Subchronic Exposure to Di(2-ethylhexyl) Phthalate and Diisononyl Phthalate

EXPOSURE

AND

During Adulthood Has Immediate and Long-Term Reproductive Conseqguences

in Female Mice
Catheryne Chiang, Jodi A Flaws
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Di(2-ethylhexyl) phthalate (DEHP) is a
plasticizer used in a variety of consumer
products. This is concerning because
DEHP is an endocrine disruptor and
ovarian toxicant. Diisononyl phthalate
(DiNP) is a DEHP replacement that is a
rising human toxicant due to its
increased use as a DEHP substitute.
However, little is known about the effects
of DEHP or DiNP exposure during

adulthood on female reproduction. Thus,
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this study tested the hypothesis that
DEHP or DiNP exposure during
adulthood has long-term consequences
for female reproduction in mice. Adult
female CD-1 mice (39-40 days) were
orally dosed with vehicle control (corn
oil), DEHP (20 pg/kg/day—200
mg/kg/day), or DiNP (20 pg/kg/day—200
mg/kg/day) for 10 days. Females were
paired with untreated male mice for
breeding trials immediately post-dosing
and again at 3 and 9 months post-dosing.
Immediately post-dosing, DEHP and
DiNP did not affect fertility. At 3 months
post-dosing, DiNP (20 and 100 pg/kg/day
and 200 mg/kg/day) significantly
disrupted estrous cyclicity, and DiNP and
DEHP (20 pg/kg/day) significantly
reduced the ability of females to get
pregnant. At 9 months post-dosing, DiNP
significantly disrupted estrous cyclicity
(100 pg/kg/day), reduced time to mating
(100 pg/kg/day—200 mg/kg/day), and
borderline reduced percent of females
who produced offspring (20 mg/kg/day).
At 9 months post-dosing, DEHP (200
pg/kg/day and 200 mg/kg/day) and DiNP
(100 pg/kg/day and 20 and 200
mg/kg/day) increased numbers of
male-biased litters. These data show that
DEHP and DiNP exposure has long-term
consequences for female reproduction,

even long after cessation of exposure.
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ANDROGEN RECEPTOR ANTAGONISTS EFFECTS IN VITRO AND IN VIVO

A Conflicted Tale of Two Novel AR Antagonists In Vitro_and In Vivo:
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Pyrifluguinazon Versus Bisphenol C

Leon Earl Gray, Jr, Johnathan R Furr, Justin M Conley, Christy S Lambright, Nicola

Evans ...
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Chemicals that disrupt androgen
receptor (AR) function in utero induce a
cascade of adverse effects in male rats
including reduced anogenital distance,
retained nipples, and reproductive tract
malformations. The objective of this
study was to compare the in vitro and in
utero activities of two novel AR
antagonists, bisphenol C (BPC) and
pyrifluquinazon (PFQ). In vitro, BPC was
as potent an AR antagonist as
hydroxyflutamide. Furthermore, BPC
inhibited fetal testis testosterone
production and testis gene expression ex
vivo. However, when BPC was
administered at 100 and 200 mg/kg/d in
utero, the reproductive tract of the male
offspring was minimally affected. None of
the males displayed reproductive
malformations. For comparison, in utero
administration of flutamide has been
shown to induce malformations in 100%
of males at 6 mg/kg/d. In vitro, PFQ was
several orders of magnitude less potent
than BPC, vinclozolin, or procymidone.
However, in utero administration of 12.5,
25, 50, and 100 mg PFQ/kg/d on GD 14—
18 induced antiandrogenic effects at all

dosage levels and 91% of the males
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displayed reproductive malformation in
the high dose group. Overall, BPC was ~
380-fold more potent than PFQ in vitro,
whereas PFQ was far more potent than
BPC in utero. Incorporating toxicokinetic
and toxicodynamic data into in vitro to in
vivo extrapolations would reduce the
discordance between the in vitro and in
utero effects of PFQ and BPC and
combining in vitro results with a
short-term Hershberger assay would
reduce the uncertainty in predicting the
in utero effects of antiandrogenic

chemicals.
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