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RNA molecules have long been
considered as mere intermediate players
that bridge 1-way genetic information
passing flow from DNA to protein in
organisms. The discovery and
characterization of regulatory noncoding
RNAs (such as microRNAs and long
noncoding RNAs) challenged the central
dogma of molecular biology and
revolutionized the traditional view of
RNA function. The recent breakthrough
in demonstrating the dynamic and
reversible feature of RNA modifications
and their vital roles in a variety of
biological processes represents another
wave in the revolution of understanding
RNA biology and function (Shi et al,
2019; Zhao et al,, 2017). The recognition

of important..
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Acute kidney injury (AKI) is a serious
syndrome with increasing incidence and
health consequences, and high mortality
rate among critically ill patients. Acute
kidney injury lacks a unified definition,
has ambiguous semantic boundaries, and
relies on defective diagnosis. This, in
part, is due to the absence of biomarkers
substratifying AKI patients into
pathophysiological categories based on
which prognosis can be assigned and
clinical treatment differentiated. For
instance, AKI involving acute tubular
necrosis (ATN) is expected to have a
worse prognosis than prerenal, purely
hemodynamic AKI. However, no
biomarker has been unambiguously
associated with tubular cell death or is
able to provide etiological distinction. We
used a cell-based system to identify
TCP1-eta in the culture medium as a
noninvasive marker of damaged renal
tubular cells. In rat models of AKI,
TCP1-eta was increased in the urine
co-relating with renal cortical tubule
damage. When kidneys from ATN rats
were perfused 1n situ with Krebs-dextran
solution, a portion of the urinary
TCP1-eta protein content excreted into
urine disappeared, and another portion
remained within the urine. These results
indicated that TCP1-eta was secreted by

tubule cells and was not fully reabsorbed

SYEEREE (AKD 1%, AR L@FE~DE
BN L, HIE RS DL RN & OEA
IEBRECY, AMEEEICIIR Sk
ERNPIRL BEROERAPRHNENTHY |
B O KKK L TR, ZhiE, —
I, AKI BE 2R AR 7 T Y
—ZHET O, =T =D T
HY., ZHIZESHTPHREE D LT,
RiRRE KB+ ENTEET, &%
(X, BERMEEESE (ATN) Z1E 5 AKI I,
REHT, MU A TENRE AKL LD b TR NE
WeETREINET, 7720, R ML
EHREIZBIEM T DTS RS A~ —h
— RN RFHI KR Z R TE DA F~—
H—EH Y EFHEA, MERX—ZADT AT A
A LC, BB L RE o R
P~ —H—& LT o TCP1-eta % 4F
ELELTE, AKIOTZ v MET AT, &
PR ORE EHEBIT B IR T O
TCPl-eta 23N L7, ATN 7 v FOEE
27 LT AT XA N7 VR % in situ THE
D& RyPICHEt Sz R o
TCPl-eta ¥ o /"7 EO—ENHEK L, HlD
HAOMIRFICFE -T2, T D OFERIE,
TCP1-eta A JRMEMIALIZ L > THW S,
B LR I L » CRABICERI S
ol Z EERLTEY, EHLORE
HIRFHRIEOHEINCT S L CWES, JRF
TCP1-eta (3% < DIFIKFHIZ FFED AKI
BEICH B, BEEDO AKI 255
"L BE Tt E W, fime LT,
JRH1D TCP1-eta ld, T4 ARICBEHET S
B R ARG OETER e B B b A A~ — T




Google Translaion/ AE]C triat

by the damaged tubules, both effects
contributing to the increased urinary
excretion. Urinary TCP1-eta is found in
many etiologically heterogeneous AKI
patients, and is statistically higher in
patients partially recovered from severe
AKI. In conclusion, urinary TCP1-eta
poses a potential, substratifying
biomarker of renal cortical damage

associated with bad prognosis.
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1,3-Dichloropropene (1,3-D) showed a
statistically increased incidence of
bronchioloalveolar adenomas in male
B6C3F1 mice at 60 ppm air
concentration during previous chronic
inhalation testing. No tumors were
observed in female mice, nor in either sex
of F344 rats up to 60 ppm, the highest
dose tested. Therefore, to understand if
lung tumors observed in high dose male
mice are due to saturation of metabolic
clearance, the linearity of 1,3-D
concentrations in mouse blood was
investigated on day 15 of repeated

nose-only inhalation exposure to 0, 10,
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20, 40, 60, 90, and 120 ppm (6 h/d, 7
d/week). Additional groups were included
at 20, 60, and 120 ppm for blood
collection at 1.5 and 3 h of exposure and
up to 25 or 40 min post-exposure to
determine area-under-the-curve. The
data provide multiple lines of evidence
that systemic exposures to 1,3-D in the
mouse become nonlinear at inhalation
exposure levels of 30 ppm or above. A
reduction in minute volume occurred at
the highest exposure concentration. The
glutathione (GSH)-dependent
metabolism of 1,3-D results in significant
depletion of GSH at repeated exposure
levels of 30 ppm and above. This loss of
GSH results in decreased metabolic
clearance of this test material, with a
concomitant increase of the 1,3-D isomers
in circulating blood at exposure
concentrations >30 ppm. Shifts in the
ratio of cis- and trans-1,3-D also support
nonlinear toxicokinetics well below 60
ppm. Based on this data, a kinetically
derived maximum dose for 1,3-D in mice
for repeated exposures should be at or
below 30 ppm. These results support
non-relevance of 1,3-D-induced benign
pulmonary tumorigenicity in mice for

human health risk assessment
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Permethrin exposure of children and
adults is widespread in many
populations, but knowledge of its relative
toxicokinetics (TK) and health risks in
immature age groups is lacking. Studies
were conducted in rats to determine the
influence of immaturity and sex (on
plasma and target organ dosimetry of
each of the insecticide’s 2 isomers, cis-
and transpermethrin [CIS and TRANS]).
Postnatal day 15, 21, and 90 (adult),
Sprague Dawley rats were orally
administered a graduated series of doses
of CIS and TRANS in corn oil. Serial
sacrifices were conducted over 24 h to
obtain plasma, brain, liver, skeletal
muscle, and fat profiles of CIS and
TRANS. Levels of TRANS decreased
relatively rapidly, despite administration
of relatively high doses. Concentrations
of each 1somer in plasma, brain, and
other tissues monitored were inversely
proportional to the animals’ age. The
youngest pups exhibited 4-fold higher
plasma and brain area under the curves
than did adults. Little difference was
observed in the TK of CIS or TRANS
between adult male and female rats,
other than higher initial plasma and liver
CIS levels in females. Elevated exposure
of the immature brain appears to be

instrumental in increased susceptibility
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to the acute neurotoxicity of high-dose
permethrin (Cantalamessa [1993]), but it
remains to be established whether
age-dependent TK is relevant to

long-term, low-level risks.
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Mixtures risk assessment needs an
efficient integration of in vivo, in vitro,
and in silico data with epidemiology and
human studies data. This involves
several approaches, some in current use
and others under development. This work
extends the Agency for Toxic Substances
and Disease Registry physiologically
based pharmacokinetic (PBPK) toolkit,
available for risk assessors, to include a
mixture PBPK model of benzene, toluene,
ethylbenzene, and xylenes. The recoded
model was evaluated and applied to
exposure scenarios to evaluate the
validity of dose additivity for mixtures. In
the second part of this work, we studied
toluene, ethylbenzene, and xylene
(TEX)-gene-disease associations using
Comparative Toxicogenomics Database,
pathway analysis and published
microarray data from human gene

expression changes in blood samples
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after short- and long-term exposures.
Collectively, this information was used to
establish hypotheses on potential
linkages between TEX exposures and
human health. The results show that 236
genes expressed were common between
the short- and long-term exposures.
These genes could be central for the
interconnecting biological pathways
potentially stimulated by TEX exposure,
likely related to respiratory and neuro
diseases. Using publicly available data
we propose a conceptual framework to
study pathway perturbations leading to
toxicity of chemical mixtures. This
proposed methodology lends mechanistic
insights of the toxicity of mixtures and
when experimentally validated will allow
data gaps filling for mixtures’ toxicity
assessment. This work proposes an
approach using current knowledge,
available multiple stream data and
applying computational methods to

advance mixtures risk assessment.
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Pregnane X receptor (PXR; NRI1I9) is a
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nuclear receptor that regulates
transcriptional responses to drug or
xenobiotic exposure, including induction
of CYP3A transcription, in many
vertebrate species. PXR is activated by a
wide range of ligands that differ across
species, making functional studies on its
role in the chemical defensome most
relevant when approached in a
species-specific manner. Knockout
studies in mammals have shown a
requirement for PXR in ligand-dependent
activation of CYP3A expression or
reporter gene activity. Morpholino
knockdown of Pxr in zebrafish indicated
a similar requirement. Here, we report on
the generation of 2 zebrafish lines each
carrying a heritable deletion in the pxr
coding region, predicted to result in loss
of a functional gene product. To our
surprise, larvae homozygous for either of
the pxr mutant alleles retain their ability
to induce cyp3a65 mRNA expression
following exposure to the established
zebrafish Pxr ligand, pregnenolone.
Thus, zebrafish carrying pxr alleles with
deletions in either the DNA binding or
the ligand-binding domains did not yield
a loss-of-function phenotype, suggesting
that a compensatory mechanism is
responsible for cyp3a65 induction.
Alternative possibilities are that Pxr is
not required for the induction of selected
genes, or that truncated yet functional
mutant Pxr is sufficient for the

downstream transcriptional effects. It is
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crucial that we develop a better
understanding for the role of Pxr in this
important biomedical test species. This
study highlights the potential for
compensatory mechanisms to avoid
deleterious effects arising from gene

mutations
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Thyroid hormones (TH) are essential for
regulating a number of diverse
physiological processes required for
normal growth, development, and
metabolism. The US EPA Endocrine
Disruptor Screening Program (EDSP)
has identified several molecular thyroid
targets relevant to hormone synthesis
dynamics that have been adapted to
high-throughput screening (HTS) assays
to rapidly evaluate the ToxCast/Tox21
chemical inventories for potential thyroid
disrupting chemicals (TDCs). The
uncertainty surrounding the specificity of
active chemicals identified in these
screens and the relevance to phenotypic
effects on 1n vivo human TH synthesis
are notable data gaps for hazard

identification of TDCs. The objective of
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this study was to develop a
medium-throughput organotypic
screening assay comprised of
reconstructed human thyroid
microtissues to quantitatively evaluate
the disruptive effects of chemicals on TH
production and secretion. Primary
human thyroid cells procured from
qualified euthyroid donors were analyzed
for retention of NK2 homeobox 1
(NKX2-1), Keratin 7 (KRT7), and
Thyroglobulin (T'G) protein expression by
high-content image analysis to verify
enrichment of follicular epithelial cells. A
direct comparison of 2-dimensional (2D)
and 3-dimensional (3D) 96-well culture
formats was employed to characterize the
morphology, differential gene expression,
TG production, and TH synthesis over
the course of 20 days. The results
indicate that modeling human thyroid
cells in the 3D format was sufficient to
restore TH synthesis not observed in the
2D culture format. Inhibition of TH
synthesis in an optimized 3D culture
format was demonstrated with reference
chemicals for key molecular targets
within the thyroid gland.
Implementation of the assay may prove
useful for interpreting phenotypic effects
of candidate TDCs identified by HT'S
efforts currently underway in the EDSP
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Vinyl chloride (VC), a common industrial
chemical, has been associated with
hemangiosarcoma and
toxicant-associated steatohepatitis
(TASH) in men working at
rubber-production plants. Our group
previously demonstrated that chronic VC
inhalation at environmentally relevant
levels (< 1 ppm) in male mice exacerbated
hepatic injury caused by high-fat diet
(HFD) feeding. Because VC studies on
TASH have only been performed in male
models, the objective of this study is to
examine VC inhalation in female mice in
the context of TASH mechanisms. Male
and female C57Bl/6 mice were fed either
a low-fat diet or HFD and exposed to VC
or room air using an inhalation chamber,
for 12 weeks (6 h, 5 days/week); and
plasma and liver samples were collected
after euthanasia. Compared with males,
females were less susceptible to
HFD+VC-induced obesogenic effects
demonstrated by lower body weight and
fat composition. Histological analysis
revealed that whereas VC exacerbated
HFD-induced steatosis in males, this

effect was absent in females. In addition,
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females were more resistant to
VC-induced hepatic inflammation
whereas males had increased liver
weights and higher hepatic 7nfa mRNA
levels. Systemic markers of hepatic
injury, namely alanine
aminotransaminase and
thrombin/antithrombin levels were
increased by HFD+VC co-exposures only
in males. In addition, females did not
show significant cell death as previously
reported in males. Taken together, the
results suggested that VC inhalation led
to sex-dependent liver and metabolic
toxicity. This study implicated the
importance of assessing sex differences in
environmental basic science and
epidemiologic studies to better identify
at-risk populations in both men and

women
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Triclocarban Exposure Exaggerates Spontaneous Colonic

Inflammation

[I-107~ Mice

Minhao Xie, Hongna Zhang, Weicang Wang, Heather L. Sherman, Lisa M Minter ...

Toxicol. Sci. (Mar. 2020) 174 (1) : 92-99
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Triclocarban (3,4,4'-trichlorocarbanilide,
TCC) is a high-volume chemical used as
an antimicrobial ingredient in many
consumer and personal care products. In
2016, the Food and Drug Administration
removed TCC from over-the-counter

hand washing products. However, TCC
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remains approved to use in many other
products and is a ubiquitous contaminant
in the environment; furthermore, many
common food crops can efficiently
accumulate environmental TCC,
resulting in potential human exposure
through oral ingestion of contaminated
food products. Therefore, human
exposure to TCC could be a long-lasting
and serious problem. A better
understanding of its impact on human
health could lead to important impact for
public health and regulatory policy.
Using a spontaneous colonic
inflammation model in //-10-- mice, here
we demonstrate that exposure to TCC, at
doses relevant to human exposure,
exaggerates spontaneous colonic
inflammation in //-710-- mice, with
reduced colon length, increase fecal
concentration of lipocalin 2, enhanced
gene expression of //-6 and Ifn-yin the
colon, and exaggerated crypt damage in
the colon. Collectively, these results
support that TCC could be a potential
environmental risk factor of colitis and

associated gut diseases.
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Exposure Sciences

Effect of a High-Fat Diet and Occupational Exposure in Different Rat Strains on

Lung and Systemic Responses: Examination of the Exposome in_an Animal
Model

James M Antonini, Vamsi Kodali,
Roach ...
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The exposome is the measure of all
exposures of an individual in a lifetime
and how those exposures relate to health.
The goal was to examine an experimental
model integrating multiple aspects of the
exposome by collecting biological samples
during critical life stages of an exposed
animal that are applicable to worker
populations. Genetic contributions were
assessed using strains of male rats with
different genetic backgrounds
(Fischer-344, Sprague Dawley, and
Brown-Norway) maintained on a regular
or high-fat diet for 24 weeks. At week 7
during diet maintenance, groups of rats
from each strain were exposed to
stainless steel welding fume (WF; 20
mg/m3 x 3 h/d x 4 days/week x 5 weeks)
or air until week 12, at which time some
animals were euthanized. A separate set
of rats from each strain were allowed to
recover from WF exposure until the end
of the 24-week period. Bronchoalveolar
lavage fluid and serum were collected at
7, 12, and 24 weeks to assess general
health indices. Depending on animal
strain, WF exposure and high-fat diet
together worsened kidney toxicity as well
as altered different serum enzymes and
proteins. Diet had minimal interaction
with WF exposure for pulmonary toxicity
endpoints. Experimental factors of diet,
exposure, and strain were all important,

depending on the health outcome
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measured. Exposure had the most
significant influence related to
pulmonary responses. Strain was the
most significant contributor regarding
the other health indices examined,
indicating that genetic differences
possibly drive the exposome effect in each

strain.

Molecular, Biochemical, and Systems Toxicology
Methylmercury Induces Metabolic Alterations in Caenorhabditis elegans: Role

for C/EBP Transcription Factor

Samuel W Caito, Jennifer Newell-Caito,

Aschner

Toxicol. Sci. (Mar. 2020) 174 (1) : 112-123
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Methylmercury (MeHg) is a well-known
neurotoxicant; however, its role in
metabolic diseases has been gaining
wider attention. We have previously
shown that MeHg causes metabolic
alterations in Caenorhabditis elegans,
leading to decreased nicotinamide
adenine dinucleotide cofactor,
mitochondrial dysfunction, and oxidative
stress. We were, therefore, interested in
whether MeHg also affects nutrient
metabolism, particularly lipid
homeostasis, which may contribute to the
development of metabolic conditions such
as obesity or metabolic syndrome (MS).
RNA from wild-type worms exposed to
MeHg was collected immediately after

treatment and used for gene expression
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analysis by DNA microarray. MeHg
differentially regulated 215 genes, 17
genes involved in lipid homeostasis, and
12 genes involved in carbohydrate
homeostasis. Of particular interest was
cebp-1, the worm ortholog to human
C/EBP, a pro-adipogenic transcription
factor implicated in MS. MeHg increased
the expression of cebp-1 as well as
pro-adipogenic transcription factors sbp-1
and nhr-49, triglyceride synthesis
enzyme ac/-6, and lipid transport
proteins vit-2 and vit-6. Concurrent with
the altered gene expression, MeHg
increased triglyceride levels, lipid
storage, and feeding behaviors. Worms
expressing mutant cebp-1 were protected
from MeHg-induced alterations in lipid
content, feeding behaviors, and gene
expression, highlighting the importance
of this transcription factor in the worm’s
response to MeHg. Taken together, our
data demonstrate that MeHg induces
biochemical, metabolic, and behavioral
changes in C. elegans that can lead to

metabolic dysfunction
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Neurotoxicology

Characterization of Cholinesterases From Multiple Large Animal Species for
Medical Countermeasure Development Against Chemical Warfare Nerve Agents
Kevin G McGarry, Kevin E Schill, Tyson P Winters, Erin E Lemmon, Carol L
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Organophosphorus (OP) compounds,
which include insecticides and chemical
warfare nerve agents (CWNAs) such as
sarin (GB) and VX, continue to be a
global threat to both civilian and military
populations. It is widely accepted that
cholinesterase inhibition is the primary
mechanism for acute OP toxicity.
Disruption of cholinergic function
through the inhibition of
acetylcholinesterase (AChE) leads to the
accumulation of the neurotransmitter
acetylcholine. Excess acetylcholine at the
synapse results in an overstimulation of
cholinergic neurons which manifests in
the common signs and symptoms of OP
intoxication (miosis, increased secretions,
seizures, convulsions, and respiratory
failure). The primary therapeutic
strategy employed in the United States to
treat OP intoxication includes
reactivation of inhibited AChE with the
oxime pralidoxime (2-PAM) along with
the muscarinic acetylcholine receptor
antagonist atropine and the
benzodiazepine, diazepam. CWNAs are
also known to inhibit
butyrylcholinesterase (BChE) without
any apparent toxic effects. Therefore,
BChE may be viewed as a “bioscavenger”
that stoichiometrically binds CWNAs and
removes them from circulation. The
degree of inhibition of AChE and BChE
and the effectiveness of 2-PAM are
known to vary among species. Animal

models are imperative for evaluating the
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efficacy of CWNA medical
countermeasures, and a thorough
characterization of available animal
models is important for translating
results to humans. Thus, the objective of
this study was to compare the circulating
levels of each of the cholinesterases as
well as multiple kinetic properties
(inhibition, reactivation, and aging rates)
of both AChE and BChE derived from
humans to AChE and BChE derived from

commonly used large animal models
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A Novel, Modified Human Butyrylcholinesterase Catalytically Degrades the

Chemical Warfare Nerve Agent, Sarin

Kevin G McGarry, Remy F Lalisse, Robert A Moyer, Kristyn M Johnson, Alexi M
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Chemical warfare nerve agents (CWNAs)
present a global threat to both military
and civilian populations. The acute
toxicity of CWNAs stems from their
ability to effectively inhibit
acetylcholinesterase (AChE). This
inhibition can lead to uncontrolled
cholinergic cellular signaling, resulting in
cholinergic crisis and, ultimately, death.
Although the current FDA-approved
standard of care is moderately effective
when administered early, development of
novel treatment strategies is necessary.

Butyrylcholinesterase (BChE) is an
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enzyme which displays a high degree of
structural homology to AChE. Unlike
AChE, the roles of BChE are uncertain
and possibilities are still being explored.
However, BChE appears to primarily
serve as a bioscavenger of toxic esters due
to its ability to accommodate a wide
variety of substrates within its active
site. Like AChE, BChE is also readily
inhibited by CWNAs. Due to its high
affinity for binding CWNAs, and that
null-BChE yields no apparent health
effects, exogenous BChE has been
explored as a candidate therapeutic for
CWNA intoxication. Despite years of
research, minimal strides have been
made to develop a catalytic bioscavenger.
Furthermore, BChE is only in early
clinical trials as a stoichiometric
bioscavenger of CWNAs, and large
quantities must be administered to treat
CWNA toxicity. Here, we describe
previously unidentified mutations to
residues within and adjacent to the acyl
binding pocket (positions 282—-285 were
mutagenized from YGTP to NHML) of
BChE that confer catalytic degradation of
the CWNA, sarin. These mutations,
along with corresponding future efforts,
may finally lead to a novel therapeutic to

combat CWNA intoxication.
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Nerve Growth Factor

Protects Adgainst Pyrethroid-Induced Endoplasmic

Reticulum (ER) Stress in Primary Hippocampal Neurons
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Neurotrophins are a family of growth
factors crucial for growth and survival of
neurons in the developing and adult
brain. Reduction in neurotrophin levels is
associated with reduced neurogenesis
and cognitive deficits in rodents.
Recently, we demonstrated that
long-term exposure to low levels of the
pyrethroid pesticide deltamethrin causes
hippocampal endoplasmic reticulum (ER)
stress and learning deficits in mice. Here,
we found that nerve growth factor (NGF)
mRNA and protein were selectively
reduced in the hippocampus of
deltamethrin-treated mice. To explore
potential mechanisms responsible for this
observation, we employed mouse primary
hippocampal neurons. Exposure of
neurons to deltamethrin (1-5 pM)
caused ER stress as indicated by
increased levels of C/EBP-homologous
protein (CHOP) and glucose-regulated
protein 78 (GRP78). These changes were
accompanied by increased levels of
caspase-12, activated caspase-3, and
decreased levels of NGF. Inhibition of ER
stress with the eukaryotic initiation
factor 2 alpha (eIF2a) inhibitor
salubrinal abolished
deltamethrin-induced activation of
caspase-12 and caspase-3, and restored

NGF levels. Furthermore, deltamethrin
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decreased Akt (protein kinase B)
phosphorylation, which was significantly
prevented by co-treatment with NGF or
SC-79 in cells. Collectively, these results
demonstrate that the loss of NGF
following ER stress may contribute to
deltamethrin-induced apoptosis in the
hippocampus through the Akt signaling
pathway, and that this may provide a
plausible mechanism for impaired
learning and memory observed following

exposure of mice to deltamethrin
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