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Most pyrethroid insecticides (PYRs)
share a similar primary target site in
mammals. However, the potency
estimates of the lethal and sublethal
effects of these compounds differ up to
103-fold. The aim of this study was to
evaluate the relationship between the
dose administered, the target tissue dose,
and the effect of 2 highly toxic PYRs,
tefluthrin (TEF; 0.1-9 mg/kg) and
bifenthrin (BIF; 0.5-12 mg/kg), by using
the oral route, a corn oil vehicle (1 ml/kg)
and subcutaneous temperature (7%)
monitoring assays in adult rats. The 7z
was determined at 30-min intervals for 5
h (TEF) or 4.5 h (BIF) after dosing. Rats
were sacrificed at 6 h after dosing, and
BIF and TEF concentrations were
determined in blood (Bd), liver (Lv), and
cerebellum (Cb) by using a GC-ECD
system. The minimal effective dose of
BIF (3 mg/kg) affecting 7% was similar to
that found in prior studies using other
testing paradigms. Regarding TEF, a

very steep relationship between the dose
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administered and toxicity was observed,
with a near-threshold to low-effective
range for 7i at 0.1-6 mg/kg, and a near
lethal syndrome at > 7.5 mg/kg. At 6-7.5
mg/kg TEF, the Cb/Bd and Cb/Lv
concentration ratios were both > 1.
Conversely, for BIF, the Cb concentration
was barely over the Bd concentration and
the Cb/Lv concentration ratio remained <
1. Our results and previous findings call
for more comprehensive consideration to
establish the relevance of the distribution
into target tissues and the tissue
dosimetry for health risks through the

exposure to PYRs in humans
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High(er) throughput toxicokinetics
(HTTK) encompasses in vitro measures of
key determinants of chemical
toxicokinetics and reverse dosimetry
approaches for in vitro-in vivo
extrapolation (IVIVE). With HTTK, the
bioactivity identified by any in vitro
assay can be converted to human
equivalent doses and compared with
chemical intake estimates. Biological
variability in HTTK has been previously

considered, but the relative impact of
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measurement uncertainty has not.
Bayesian methods were developed to
provide chemical-specific uncertainty
estimates for 2 in vitro toxicokinetic
parameters: unbound fraction in plasma
(£p) and intrinsic hepatic clearance
(Clint). New experimental measurements
of £ip and Clint are reported for 418 and
467 chemicals, respectively. These data
raise the HTTK chemical coverage of the
ToxCast Phase I and II libraries to 57%.
Although the standard protocol for Clint
was followed, a revised protocol for fip
measured unbound chemical at 10%,
30%, and 100% of physiologic plasma
protein concentrations, allowing
estimation of protein binding affinity.
This protocol reduced the occurrence of
chemicals with £p too low to measure
from 44% to 9.1%. Uncertainty in £, was
also reduced, with the median coefficient
of variation dropping from 0.4 to 0.1.
Monte Carlo simulation was used to
propagate both measurement
uncertainty and biological variability into
IVIVE. The uncertainty propagation
techniques used here also allow
incorporation of other sources of
uncertainty such as in silico predictors of
HTTK parameters. These methods have
the potential to inform risk-based
prioritization based on the relationship
between in vitro bioactivities and

exposures
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CARCINOGENESIS
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Hexavalent chromium [Cr(VI)] is one of
the most common environmental
carcinogen causing lung cancer in
humans; however, the mechanism of
Cr(VI) carcinogenesis remains elusive.
Cancer stem cells (CSCs) are considered
as cancer initiating and maintaining
cells. Ours and other recent studies
showed that chronic Cr(VI) exposure
induces CSC-like property representing
an important mechanism of Cr(VI)
carcinogenesis. However, how Cr(VI)
exposure induces CSC-like property
remains largely unknown. In this study,
we found that stably knocking down the
expression of c-Myc, a proto-oncogene
and one of key stemness factors playing
critical roles in cancer initiation and
progression, in Cr(VI)-transformed
human bronchial epithelial cells
[BEAS-2B-Cr(VI)] significantly decreased
their CSC-like property and
tumorigenicity in mice. Moreover, stably
knocking down c-Myc expression in
parental nontransformed BEAS-2B cells
significantly impaired the capability of
chronic Cr(VI) exposure to induce

CSC-like property and cell
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transformation. It was also found that
stably overexpressing c-Myc alone in
parental nontransformed BEAS-2B cells
is capable of causing CSC-like property
and cell transformation. Mechanistic
studies showed that chronic Cr(VI)
exposure increases c-Myc expression by
down-regulating the level of
microRNA-494 (miR-494). It was further
determined that overexpressing miR-494
significantly reduces Cr(VI)-induced
CSC-like property, cell transformation,
and tumorigenesis mainly through
down-regulating c-Myc expression.
Together, these findings indicate that
chronic low dose Cr(VI) exposure induces
CSC-like property and tumorigenesis by
increasing c-Myc expression through
down-regulating the level of miR-494,
revealing an important role of the
proto-oncogene c-Myc in Cr(VI)

carcinogenesis.
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Idelalisib is a phosphatidylinositol
3-kinase inhibitor highly selective for the
delta isoform that has shown good
efficacy in treating chronic lymphocytic

leukemia and follicular lymphoma. In
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clinical trials, however, idelalisib was
associated with rare, but potentially
serious liver and lung toxicities. In this
study, we used the Collaborative Cross
(CC) mouse population to identify genetic
factors associated with the drug response
that may inform risk management
strategies for idelalisib in humans. Eight
male mice (4 matched pairs) from 50 CC
lines were treated once daily for 14 days
by oral gavage with either vehicle or
idelalisib at a dose selected to achieve
clinically relevant peak plasma
concentrations (150 mg/kg/day). The drug
was well tolerated across all CC lines,
and there were no observations of overt
liver injury. Differences across CC lines
were seen in drug concentration in
plasma samples collected at the
approximate 7max on study Days 1, 7, and
14. There were also small but
statistically significant
treatment-induced alterations in plasma
total bile acids and microRNA-122, and
these may indicate early hepatocellular
stress required for immune-mediated
hepatotoxicity in humans. Idelalisib
treatment further induced significant
elevations in the total cell count of
terminal bronchoalveolar lavage fluid,
which may be analogous to pneumonitis
observed in the clinic. Genetic mapping
identified loci associated with interim
plasma idelalisib concentration and the
other 3 treatment-related endpoints.
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trait genes identified in CC mice may
now guide interrogation of risk factors for
adverse drug responses associated with

idelalisib in humans.

COMPUTATIONAL TOXICOLOGY AND DATABASES

Genome-Scale Characterization of Toxicity-Induced Metabolic Alterations in

Primary Hepatocytes

Kristopher D Rawls, Edik M Blais, Bonnie V Dougherty, Kalyan C Vinnakota, Venkat R

Pannala ...

Toxicol. Sci. (Dec. 2019) 172 (2) : 279-291

Original

Google translation

Context-specific GEnome-scale metabolic
Network REconstructions (GENRESs)
provide a means to understand cellular
metabolism at a deeper level of
physiological detail. Here, we use
transcriptomics data from
chemically-exposed rat hepatocytes to
constrain a GENRE of rat hepatocyte
metabolism and predict biomarkers of
liver toxicity using the Transcriptionally
Inferred Metabolic Biomarker Response
algorithm. We profiled alterations in
cellular hepatocyte metabolism following
1n vitro exposure to four toxicants
(acetaminophen, carbon tetrachloride,
2,3,7,8-tetrachlorodibenzodioxin, and
trichloroethylene) for six hour. TIMBR
predictions were compared with paired
fresh and spent media metabolomics data
from the same exposure conditions.
Agreement between computational model

predictions and experimental data led to

27 F A MNEA D Genome A7 — L DA
#A Y BV —7 FRER (GENRE) 13, #ilig
DA 2 PR FRIFEM O L D IRV L~ LT
R 5 AL ET, 22T 1k
FHNCEM LI2T > MFlR» b0 R T
AP VT NI VAT —=H2EMEHLT, T
FFRBRH O U v L Z R L. iREHE
ERHAA A~ — D — BT NVTY A L%
R L CHEEDO AN, A~—D—% THI L
£, RO4208Y (TN 7=
v, W bIRF#E, 2. 3. 7. 87T hF7un
DAV e SN SE R O N7/ ===
F L) ~O in vitro FiE % O R PR
R#OLEZ 6 FfH] 7T m 7 7 A L LEL

7z, TIMBR Fllli%, [A] CBREESRIEDND D
Ty Y a b HERDAT 4T ALRR
RTADXXT OTFT—H LI NE L,

FHRET VO L FERT — 5 L D—HIZ
£V FFEDORMEMDFEE S 1L, B
22 BT 2 RIS R E SV E LTz,

Z TR RARIERE O L & ATP A FE
E TCAHA 7 VO AZ T, TCALK



https://academic.oup.com/toxsci/article/172/2/279/5566504
https://academic.oup.com/toxsci/article/172/2/279/5566504

Google Translaion/ AE]C triat

the identification of specific metabolites
and thus metabolic pathways associated
with toxicant exposure. Here, we
identified changes in the TCA
metabolites citrate and
alpha-ketoglutarate along with changes
in carbohydrate metabolism and
interruptions in ATP production and the
TCA Cycle. Where predictions and
experimental data disagreed, we
1dentified testable hypotheses to
reconcile differences between the model
predictions and experimental data. The
presented pipeline for using paired
transcriptomics and metabolomics data
provides a framework for interrogating
multiple omics datasets to generate
mechanistic insight of metabolic changes

associated with toxicological responses.
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Gestational exposure to bisphenol A
(BPA) can lead to offspring insulin
resistance. However, despite the role that
the skeletal muscle plays in glucose
homeostasis, it remains unknown
whether gestational exposure to BPA, or
its analog bisphenol S (BPS), impairs

skeletal muscle development. We
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hypothesized that gestational exposure to
BPA or BPS will impair fetal muscle
development and lead to muscle-specific
insulin resistance. To test this, pregnant
sheep (n = 7—-8/group) were exposed to
BPA or BPS from gestational day (GD) 30
to 100. At GD120, fetal skeletal muscle
was harvested to evaluate fiber size, fiber
type, and gene and protein expression
related to myogenesis, fiber size, fiber
type, and inflammation. Fetal primary
myoblasts were isolated to evaluate
proliferation and differentiation. In fetal
skeletal muscle, myofibers were larger in
BPA and BPS groups in both females and
males. BPA females had higher MYH1
(reflective of type-IIX fast glycolytic
fibers), whereas BPS females had higher
MYHZ2 and MYH?7, and higher myogenic
regulatory factors (Myf5, MyoG, MyoD,
and MRF4) mRNA expression. No
differences were observed in males.
Myoblast proliferation was not altered in
gestationally BPA- or BPS-exposed
myoblasts, but upon differentiation, area
and diameter of myotubes were larger
independent of sex. Females had larger
myofibers and myotubes than males in
all treatment groups. In conclusion,
gestational exposure to BPA or BPS does
not result in insulin resistance in fetal
myoblasts but leads to fetal fiber
hypertrophy in skeletal muscle
independent of sex and alters fiber type

distribution in a sex-specific manner.
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This study was performed to examine the
transgenerational effects of bisphenol
(BP) A analogs, BPE, and BPS on male
reproductive functions using mice as a
model. CD-1 mice (FO0) were orally
exposed to control treatment (corn oil),
BPA, BPE, or BPS (0.5 or 50 pg/kg/day)
from gestational day 7 (the presence of
vaginal plug = 1) to birth. Mice from F1
and F2 offspring were used to generate
F3 males. Prenatal exposure to BPA,
BPE, and BPS decreased sperm counts
and/or motility and disrupted the
progression of germ cell development as
morphometric analyses exhibited an
abnormal distribution of the stages of
spermatogenesis in F3 males.
Dysregulated serum levels of
estradiol-178 and testosterone, as well as
expression of steroidogenic enzymes in
F3 adult testis were also observed. In the
neonatal testis, although apoptosis and
DNA damage were not affected, mRNA
levels of DNA methyltransferases,
histone methyltransferases, and their
associated factors were increased by BP

exposure. Furthermore, BP exposure
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induced immunoreactive expression of
DNMT3A in Sertoli cells, strengthened
DNMT3B, and weakened H3K9me2 and
H3K9me3 in germ cells of the neonatal
testis, whereas DNMT1, H3K4me3, and
H3K27ac were not affected. In adult
testis, stage-specific DNMT3B was
altered by BP exposure, although
DNMT3A, H3K9me2, and H3K9me3
expression remained stable. These
results suggest that prenatal exposure to
BPA, BPE, and BPS induces
transgenerational effects on male
reproductive functions probably due to
altered epigenetic modification following
disruption of DNMTs and histone marks

in the neonatal and/or adult testis
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OIEFIZBIT AR br~—7 OEIC X
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EMERGING TECHNOLOGIES, METHODS, AND MODELS

Evaluating Sufficient Similarity of Botanical Dietary Supplements: Combining

Chemical and In Vitro Biological Data
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Botanical dietary supplements are
complex mixtures with numerous
potential sources of variation along the
supply chain from raw plant material to
the market. Approaches for determining
sufficient similarity (ie, complex mixture
read-across) may be required to
extrapolate efficacy or safety data from a

tested sample to other products
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containing the botanical ingredient(s) of
interest. In this work, screening-level
approaches for generating both chemical
and biological-response profiles were
used to evaluate the similarity of black
cohosh (Actaea racemosa) and Echinacea
purpurea samples to well-characterized
National Toxicology Program (NTP) test
articles. Data from nontargeted chemical
analyses and gene expression of
toxicologically important hepatic receptor
pathways (aryl hydrocarbon receptor
[AhR], constitutive androstane receptor
[CAR], pregnane X receptor [PXR],
farnesoid X receptor [FXR], and
peroxisome proliferator-activated
receptor alpha [PPARal) in primary
human hepatocyte cultures were used to
determine similarity through
hierarchical clustering. Although there
were differences in chemical profiles
across black cohosh samples, these
differences were not reflected in the
biological-response profiles. These
findings highlight the complexity of
biological-response dynamics that may
not be reflected in chemical composition
profiles. Thus, biological-response data
could be used as the primary basis for
determining similarity among black
cohosh samples. Samples of £. purpurea
displayed better correlation in similarity
across chemical and biological-response
measures. The general approaches
described herein can be applied to

complex mixtures with unidentified
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active constituents to determine when
data from a tested mixture (eg, NTP test
article) can be used for hazard
identification of sufficiently similar
mixtures, with the knowledge of
toxicological targets informing assay

selection when possible.

EXPOSURE SCIENCES

Physiologically Based Pharmacokinetic Modeling of Salivary Concentrations for

Noninvasive Biomonitoring of 2,4-Dichlorophenoxyacetic Acid (2,4-D)

Alice A Han, Charles Timchalk, Zana A Carver, Thomas J Weber, Kimberly J Tyrrell ...

Toxicol. Sci. (Dec. 2019) 172 (2) : 330-343
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Saliva has become a favorable sample
matrix for biomonitoring due to its
noninvasive attributes and overall
flexibility in collection. To ensure
measured salivary concentrations reflect
the exposure, a solid understanding of
the salivary transport mechanism and
relationships between salivary
concentrations and other monitored
matrices (ie, blood, urine) is needed.
Salivary transport of a commonly applied
herbicide, 2,4-dichlorophenoxyacetic acid
(2,4-D), was observed in vitro and in vivo
and a physiologically based
pharmacokinetic (PBPK) model was
developed to translate observations from
the cell culture model to those in animal
models and further evaluate 2,4-D
kinetics in humans. Although apparent

differences in experimental in vitro and

WERR X, 2 DOIRIEAFE &S INEICBIT D
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in vivo saliva‘plasma ratios (0.034 and
0.0079) were observed, simulations with
the PBPK model demonstrated dynamic
time and dose-dependent saliva:plasma
ratios, elucidating key mechanisms
affecting salivary transport. The model
suggested that 2,4-D exhibited
diffusion-limited transport to saliva and
was additionally impacted by protein
binding saturation and permeability
across the salivary gland. Consideration
of sampling times post-exposure and
potential saturation of transport
mechanisms are then critical aspects for
interpreting salivary 2,4-D biomonitoring
observations. This work utilized PBPK
modeling in 1n vitro to in vivo translation
to explore benefits and limitations of
salivary analysis for occupational

biomonitoring.

ZBEEIRATN=ALBHALNNT/RD E L
72 TOFTIVIL, 2,4-D MMER~DYLEHER
MR SNk zE R L, S OICERIRE
RO & 37 B A L OZEEMED
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T, ZOE¥ETIEL, PBPKET Y 7%
in vitro 2> % in vivo ~OFHFR THIH L T, ik
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Reqgulation of Macrophage Foam Cell Formation During Nitrogen Mustard

(NM)-Induced Pulmonary Fibrosis by Lung Lipids
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Nitrogen mustard (NM) is a vesicant
known to target the lung, causing acute
injury which progresses to fibrosis.
Evidence suggests that activated
macrophages contribute to the pathologic
response to NM. In these studies, we

analyzed the role of lung lipids generated

FTA hrYzr~vAZ— R (NM) &, itiz
R E L, BRAEEICEI T T 2 ARG 25|
ST ENMBINTWDEIEHITT,
AT JEE LS~ a7 7 — U0 NM
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following NM exposure on macrophage
activation and phenotype. Treatment of
rats with NM (0.125 mg/kg, i.t.) resulted
in a time-related increase in enlarged
vacuolated macrophages in the lung. At
28 days postexposure, macrophages
stained positively for Oil Red O, a marker
of neutral lipids. This was correlated
with an accumulation of oxidized
phospholipids in lung macrophages and
epithelial cells and increases in
bronchoalveolar lavage fluid (BAL)
phospholipids and cholesterol.
RNA-sequencing and
immunohistochemical analysis revealed
that lipid handling pathways under the
control of the transcription factors liver-X
receptor (LXE), farnesoid-X receptor
(FXR), peroxisome proliferator-activated
receptor (PPAR)-y, and sterol regulatory
element-binding protein (SREBP) were
significantly altered following NM
exposure. Whereas at 1-3 days post NM,
FXR and the downstream oxidized
low-density lipoprotein receptor, Cd36,
were increased, Lxr and the lipid efflux
transporters, Abcal and Abcgl, were
reduced. Treatment of naive lung
macrophages with phospholipid and
cholesterol enriched large aggregate
fractions of BAL prepared 3 days after
NM exposure resulted in upregulation of
Nos2 and Ptgs2, markers of
proinflammatory activation, whereas
large aggregate fractions prepared 28

days post NM upregulated expression of

(AR SN DM OB Z 5T LE L
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the anti-inflammatory markers, /10,
Cd163, and Cxscrl, and induced the
formation of lipid-laden foamy
macrophages. These data suggest that
NM-induced alterations in lipid handling
and metabolism drive macrophage foam
cell formation, potentially contributing to

the development of pulmonary fibrosis

MOLECULAR, BIOCHEMICAL AND SYSTEMS TOXICOLOGY

A Human Relevant Defined Mixture of Persistent Organic Pollutants (POPSs)

Affects In Vitro Secretion of Glucagon-Like Peptide 1 (GLP-1), but Does Not

Affect Translocation of Its Receptor
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Environmental exposure to persistent
organic pollutants (POPs) has been
suggested as a contributing factor for the
increased rate of type 2 diabetes and
obesity. A complex mixture of 29 POPs
(Total mixture), based on human blood
concentrations, was used to expose a
glucagon-like peptide 1 (GLP-1) secreting
enteroendocrine cell line (pGIP/neo:
STC-1) in vitro for 3 and 24 h.
Significant increases of GLP-1 occurred
when cells were exposed to the Total
mixture at X500 blood levels. Six
sub-mixtures representing chlorinated
(C1), brominated (Br), and perfluorinated
chemicals (PFAA), and their
combinations (Cl + Br, Cl + PFAA, Br +
PFAA) were also tested at x500.
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Secretion levels seen for these remained
lower than the Total mixture, and the Br
mixture had no effect. After 24 h,
increased secretion was seen with all
mixtures at X1 blood levels. Cytotoxicity
was present for X100 and X500 blood
levels. When tested in a GLP-1 receptor
translocation assay
(U20S-GLP1R-EGFP), neither agonistic
nor antagonist effects on receptor
internalization were seen for any of the
mixtures. We conclude individual classes
of POPs, alone or in combination, can
affect GLP-1 secretion and may
contribute as a molecular mechanism
linking environmental toxicants and

diabetes.

I AR EEAS 100 £ & 500 5 Th -7,
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2.3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) Disrupts Control of Cell Proliferation

and Apoptosis in a Human Model of Adult Liver Progenitors
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The aryl hydrocarbon receptor (AhR)
activation has been shown to alter
proliferation, apoptosis, or differentiation
of adult rat liver progenitors. Here, we
investigated the impact of
2,8,7,8-tetrachlorodibenzo-p-dioxin
(TCDD)-mediated AhR activation on a
human model of bipotent liver

progenitors, undifferentiated HepaRG

TV = VRAWKFZ R (AhR) DOiEMAL
(X, BT > MITFRIERMALOHEE, 7R b
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cells. We used both intact
undifferentiated HepaRG cells, and the
cells with silenced Hippo pathway
effectors, yes-associated protein 1 (YAP)
and transcriptional coactivator with
PDZ-binding motif (TAZ), which play key
role(s) in tissue-specific progenitor cell
self-renewal and expansion, such as in
liver, cardiac, or respiratory progenitors.
TCDD induced cell proliferation in
confluent undifferentiated HepaRG cells;
however, following YAP, and, in
particular, double YAP/TAZ knockdown,
TCDD promoted induction of apoptosis.
These results suggested that, unlike in
mature hepatocytes, or hepatocyte-like
cells, activation of the AhR may sensitize
undifferentiated HepaRG cells to
apoptotic stimuli. Induction of apoptosis
in cells with silenced YAP/TAZ was
associated with upregulation of death
ligand TRAIL, and seemed to involve
both extrinsic and mitochondrial
apoptosis pathways. Global gene
expression analysis further suggested
that TCDD significantly altered
expression of constituents and/or
transcriptional targets of signaling
pathways participating in control of
expansion or differentiation of liver
progenitors, including EGFR,
Wnt/B-catenin, or tumor growth factor-8
signaling pathways. TCDD significantly
upregulated cytosolic proapoptotic
protein BMF (Bcl-2 modifying factor) in
HepaRG cells, which could be linked with
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an enhanced sensitivity of TCDD-treated
cells to apoptosis. Our results suggest
that, in addition to promotion of cell
proliferation and alteration of signaling
pathways controlling expansion of
human adult liver progenitors, AhR
ligands may also sensitize human liver

progenitor cells to apoptosis.

Liver Inflammatory Injury Initiated by DAMPs-TLR4-MyD88/TRIF-NFkB

Signaling Pathway Is Involved in Monocrotaline-Induced HSOS
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Hepatic sinusoidal obstruction syndrome
(HSOS) causes considerable morbidity
and mortality in clinic. Up to now, the
molecular mechanisms involved in the
development of HSOS still remain
unclear. Here, we report that hepatic
inflammation initiated by
damage-associated molecular patterns
(DAMPs) plays a critical role in the
development of HSOS. Monocrotaline
(MCT) belongs to pyrrolizidine alkaloids.
Monocrotaline-induced HSOS in mice
and rats was evidenced by the increased
serum alanine/aspartate
aminotransferase (ALT/AST) activities,
the elevated hepatic metalloproteinase 9
(MMP9) expression, and results from
liver histological evaluation and scanning

electron microscope observation.
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However, MCT-induced HSOS was
markedly attenuated in myeloid
differentiation primary response gene 88
(MyD88), TIR-domain-containing
adapter-inducing interferon-8 (TRIF) and
toll like receptor 4 (TLR4) knock-out
mice. Monocrotaline increased liver
myeloperoxidase activity, serum contents
of proinflammatory cytokines, hepatic
aggregation of immune cells, and nuclear
accumulation of nuclear factor kB
(NFxB). However, these inflammatory
responses induced by MCT were all
diminished in MyD88, TRIF, and TLR4
knock-out mice. Monocrotaline elevated
serum contents of DAMPs including high
mobility group box 1 (HMGB1) and heat
shock protein 60 (HSP60) both in mice
and in rats. HSOS was markedly
exacerbated and serum contents of
HMGB1 and HSP60 were elevated in
nuclear factor erythroid 2-related factor 2
(Nrf2) knock-out mice treated with MCT.
Our findings indicate that hepatic
inflammatory injury mediated by
DAMPs-initiated
TLR4-MyD88/TRIF-NFkB inflammatory
signal pathway plays an important role

in HSOS development.
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Carbon Nanomaterials Stimulate HMGB1 Release From Macrophages and

Induce Cell Migration and Invasion

Xuejing Cui, Bin Wan, Yu Yang, Yan Xin, Yi-Chun Xie ...
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Carbon nanomaterials (CNMs) are
widely used in industrial and medical
sectors. The increasing exposure of
CNMs necessitates the studies of their
potential environmental and health
effects. High-mobility group box-1
(HMGBJ) is a nuclear DNA-binding
protein, but when released from cells,
may cause sustained inflammatory
response and promote cell migration and
invasion. In this work, we found that
7-day exposure of 2.5 mg/kg/day CNMs,
including Ceo, single-walled carbon
nanotubes, and graphene oxides
significantly elevated the level of
HMGRBI1 in blood and lung lavage fluids
in C57BL/6 mice. Subsequently, cellular
effects and underlying mechanism were
explored by using Raw264.7. The results
showed that noncytotoxic CNMs
enhanced HMGBI intracellular
translocation and release via activating
P2X7 receptor. Released HMGBI1 further
activated receptor for advanced glycation
endproducts (RAGE) and downstream
signaling pathway by upregulating
RAGE and Racl expression.
Simultaneously, CNMs prepared the cells
for migration and invasion by modulating
MMP2 and TIMPZ2 gene expression as
well as cytoskeleton reorganization.
Intriguingly, released HMGB1 from
macrophages promoted the migration of

nearby lung cancer cell, which can be
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efficiently inhibited by neutralizing
antibodies against HMGB1 and RAGE.
Taken together, our work demonstrated
that CNMs stimulated HMGBI1 release
and cell migration/invasion through
P2X7R-HMGB1-RAGE pathway. The
revealed mechanisms might facilitate a
better understanding on the
inflammatory property and subsequent

cell functional alteration of CNMs.

= X%, CNM DO RIERFE & F Dt O ffa
KEBEDBALIZ O W T DOBR A TED D DI
MNBHET,

Titanium Dioxide Nanoparticles Elicit Lower Direct Inhibitory Effect on Human

Gut Microbiota Than Silver Nanoparticles
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Due to continued technological
development, people increasingly come in
contact with engineered nanomaterials
(ENMs) that are now used in foods and
many industrial applications. Many
ENMs have historically been shown to
possess antimicrobial properties, which
has sparked concern for how dietary
nanomaterials impact gastrointestinal
health via microbial dysbiosis. We
employed an in vitro Human Gut
Simulator system to examine
interactions of dietary nano titanium
dioxide (TiO2) with human gut
microbiota. Electron microscopy
indicated a close association of TiO2

particles with bacterial cells. Addition of
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TiO2 to microbial communities led to a
modest reduction in community density
but had no impact on community
diversity and evenness. In contrast,
administration of known antimicrobial
silver nanoparticles (NPs) in a control
experiment resulted in a drastic
reduction of population density. In both
cases, communities recovered once the
addition of nanomaterials was ceased.
Constrained ordination analysis of
community profiles revealed that
simulated colonic region was the primary
determinant of microbiota composition.
Accordingly, predicted community
functional capacity and measured
production of short-chain fatty acids were
not changed significantly upon
microbiota exposure to TiOz2. We conclude
that tested TiOz NPs have limited direct

effect on human gut microbiota.
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NEUROTOXICOLOGY

Perfluorooctane Sulfonate (PFOS) Produces Dopaminergic Neuropathology in

Caenorhabditis elegans
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Perfluorooctane sulfonate (PFOS) has
been widely utilized in numerous
industries. Due to long environmental
and biological half-lives, PFOS is a major
public health concern. Although the
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literature suggests that PFOS may
induce neurotoxicity, neurotoxic
mechanisms, and neuropathology are
poorly understood. Thus, the primary
goal of this study was to determine if
PFOS is selectively neurotoxic and
potentially relevant to specific
neurological diseases. Nematodes
(Caenorhabditis elegans) were exposed to
PFOS or related per- and polyfluoroalkyl
substances (PFAS) for 72 h and tested for
evidence of neuropathology through
examination of cholinergic,
dopaminergic, gamma-amino butyric acid
(GABA)ergic, and serotoninergic
neuronal morphologies. Dopaminergic
and cholinergic functional analyses were
assessed through 1-nonanol and Aldicarb
assay. Mechanistic studies assessed total
reactive oxygen species, superoxide ions,
and mitochondrial content. Finally,
therapeutic approaches were utilized to
further examine pathogenic mechanisms.
Dopaminergic neuropathology occurred
at lower exposure levels (25 ppm,
approximately 50 uM) than required to
produce neuropathology in GABAergic,
serotonergic, and cholinergic neurons
(100 ppm, approximately 200 pM).
Further, PFOS exposure led to
dopamine-dependent functional deficits,
without altering acetylcholine-dependent
paralysis. Mitochondrial content was
affected by PFOS at far lower exposure
level than required to induce pathology
(>1 ppm, approximately 2 pM).
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Perfluorooctane sulfonate exposure also
enhanced oxidative stress. Further,
mutation in mitochondrial superoxide
dismutase rendered animals more
vulnerable. Neuroprotective approaches
such as antioxidants, PFAS-protein
dissociation, and targeted
(mitochondrial) radical and electron
scavenging were neuroprotective,
suggesting specific mechanisms of action.
In general, other tested PFAS were less
neurotoxic. The primary impact is to
prompt research into potential adverse
outcomes related to PFAS-induced

dopaminergic neurotoxicity in humans
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ORGAN SPECIFIC TOXICOLOGY

Dapsone Hydroxylamine, an Active Metabolite of Dapsone, Can Promote the

Procoagulant Activity of Red Blood Cells and Thrombosis
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Dapsone hydroxylamine (DDS-NHOH),
N-hydroxylated metabolite of a
sulfonamide antibiotic, dapsone, is
responsible for various adverse effects of
dapsone that include
methemoglobinemia, hemolytic anemia,
and thrombosis. However, the
mechanism underlying
DDS-NHOH-induced thrombosis remains
unclear. Here, we demonstrated that
DDS-NHOH, but not dapsone, could

increase prothrombotic risks through

AT Raxi sy
(DDS-NHOH) , ALk 7 2 RHUAWE.
27 DN E Raxi UAbfREmiE, £
F~EZ B EUIME, Wl D, BEO
MARIEZ EGTe 7Y v O S E S F72EIER
DJFEINTY, 7272 L. DDS-NHOH #% % Iff
JEDRITR B A =X LFIARHATH Y £
T, ZIZTIE, F7 YV rTiEe<
DDS-NHOH 73, Rifgk (RBC) DEEHEE
EIEAZFHR T LICLY, MRAEY R
7 EWIMSELAREMER S H Z 2R L E
L7, A haTHEICHBESN-E b



https://academic.oup.com/toxsci/article/172/2/435/5551365
https://academic.oup.com/toxsci/article/172/2/435/5551365

Google Translaion/ AE]C triat

inducing the procoagulant activity of red
blood cells (RBCs). In freshly isolated
human RBCs in vitro, sub-hemolytic
concentrations of DDS-NHOH (10-50
pM) increased phosphatidylserine (PS)
exposure and augmented the formation of
PS-bearing microvesicles (MV). Reactive
oxygen species (ROS) generation and the
subsequent dysregulation of enzymes
maintaining membrane phospholipid
asymmetry were found to induce the
procoagulant activity of DDS-NHOH.
Dapsone hydroxylamine also accelerated
thrombin generation and enhanced RBC
self-aggregation and adherence of RBCs
to endothelial cells in vitro. Most
importantly, both the single dose of 50 or
100 mg/kg (i.p.) DDS-NHOH and
repeated doses of 10 mg/kg per day (i.p.)
for 4 days increased thrombus formation
in rats (six rats per dose) in vivo,
substantiating a potential prothrombotic
risk of DDS-NHOH. Collectively, these
results demonstrated the central role of
RBC procoagulant activity induced by
DDS-NHOH in the thrombotic risk of

dapsone
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Chronic Nucleoside Reverse Transcriptase Inhibitors Disrupt Mitochondrial

Homeostasis and Promote Premature Endothelial Senescence
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Combination antiretroviral therapy
(cART) has improved the life expectancy
of HIV patients, thus increasing the
number of people living with HIV
(PLWH). However, cardiovascular
diseases (CVD) are now one of the most
prevalent causes of death among PLWH.
Nucleoside reverse transcriptase
inhibitors (NRTIs) are the backbone of
cART, and the emtricitabine (FTC) and
tenofovir disoproxil fumarate (TDF)
coformulation is commonly used. In prior
studies, acute NRTI treatment-induced
endothelial dysfunction, increased
reactive oxygen species production, and
mitophagic activity, suggesting that
mitochondrial dysfunction may be critical
to NRTI-induced endothelial dysfunction.
Mitochondrial dysfunction plays a causal
role in endothelial senescence, whereas
premature endothelial senescence can
promote the development of CVD. We
hypothesize that for chronic NRTI
treatment, a disruption in mitochondrial
homeostasis leads to premature
endothelial senescence and predisposes
PLWH to CVD. We used human aortic
endothelial cells (HAEC) and HIV-1
transgenic (Tg26) mice to test the
interrelationship between mitochondrial
and vascular dysfunction after chronic
NRTI treatment in vitro and in vivo.
Mitochondrial DNA copy number was
decreased in late-passage HAEC treated
with NRTIs, and senescence-associated

B-galactosidase accumulation was
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elevated. In late-passage HAEC, NRTIs
decreased the activity of Parkin-mediated
mitophagy. In Tg26 mice treated with
FTC, plasma nitrite levels were
decreased. Endothelium-dependent
vasodilation in NRTI-treated Tg26 mice
was also reduced. Our work suggests that
long-term use of NRTI may disrupt
mitochondrial homeostasis, induce
premature endothelial senescence, and

impair vascular function.
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