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Gene editing technologies including zinc
finger nuclease and transcription
activator-like effector nucleases (TALENs)
have been in use for a decade or more.
However, the development of gene editing
methods based on CRISPR/Cas9 (clustered
regularly interspaced short palindromic
repeats and CRISPR-associated protein 9) is
nothing short of revolutionary in the biological
sciences. Although CRISPR-based gene
editing techniques are at the forefront of many
areas of biomedical science, adoption and
integration of these techniques into the
broader functional genomics landscape in
toxicology is just beginning. A recent National
Academy of Sciences workshop explored the
current and potential applications of these
technologies in toxicology
(http://nas-sites.org/emergingscience/meetings
/the-promise-of-genome-editing-tools-to-advan

ce-environmental-health-research/). In...
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In the above-referenced publication, Drs
Warner and Flaws presented a summary
of the history of research on BPA and
phthalates and their views on how
findings from studies on these
compounds have impacted the field of
toxicology. There is a rich scientific
literature on these substances and many
of the views they presented touch on very
complex issues that are topics of debate
in the scientific community. We wish to
provide some comments on specific points
made in the Perspective.

Warner and Flaws stated that “Data from
another branch of the [CLARITY-BPA]
study performed solely at the FDA under
GLP have not been peer reviewed yet, but
preliminary data show some low dose

effects that the FDA has dismissed as...
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Drs Delclos, Camacho, and Gamboa da
Costa (2019) emphasize that the NTP
CLARITY-BPA core report has been
reviewed by a panel of scientists. We
acknowledge the review that occurred,
but emphasize that the process is

significantly different from peer review

Dr. Delclos, Camacho, ¥ X O* Gamboa da
Costa (2019) . NTP CLARITY-BPA =
T UAR—= b BRFEARVICE>TLE 2
— SN EEEHMLTWET, BAELL
LE2—3@BOETN, 207 akRL,
JiFies 2 B R HERE I B 9 D BRICRF 28 5%
BIHET L a—LiTRE< Err b



https://academic.oup.com/toxsci/article/169/1/3/5415891

Google Translaion/ AE]C triat

experienced by scientists upon
submission of a manuscript to a scientific
journal. Notably, the NTP panel
specifically excluded any researcher who
has published on BPA (NTP, 2018a). As
BPA is one of the most widely studied
environmental chemicals, with over 30
000 publications (identified by Web of
Science), this severely limits the reviewer
pool.

We followed the review process, but it is

important to note...
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BISPHENOL AAND EXOSMAL MIRNA FROM GRANULOSA CELLS

Supraphysiological Concentrations of Bisphenol A Alter the Expression of

Extracellular Vesicle-Enriched miRNAs From Human Primary Granulosa Cells

Rodosthenis S Rodosthenous, Andrea A Baccarelli, Abdallah Mansour, Michal Adir,

Ariel Israel ...

Toxicol. Sci. (May 2019) 1669(1) : 5-13,

Original
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Bisphenol A (BPA) is a widely used
chemical that has been detected in
follicular fluid and associated with
adverse reproductive effects. Granulosa
cells have an important role in follicular
growth and oocyte maturation, however,
little 1s known about the biological
mechanisms of BPA toxicity on human
granulosa cells. In this study, we exposed
primary granulosa cells to different
concentrations of BPA (0, 20, 200, 2000,
and 20 000 ng/ml) and used quantitative
polymerase chain reaction to measure the

expression levels of miRNAs enriched in
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extracellular vesicles (EV-enriched
miRNAs), and cellular levels of selected
target genes of differentially expressed
EV-enriched miRNAs. We found that
exposure to 20 000 ng/ml BPA was
associated with decreased levels of
EV-miR-27b-3p (FC = 0.58, p = .04) and
increased levels of its biologically
relevant target genes FADD (FC = 1.22,
p = .01), IGF1 (FC = 1.59, p = .06), and
PPARG (FC = 1.73, p = .001) as
compared with the control. In addition,
we observed that under the same
exposure conditions, the expression levels
of miR-27b-3p in granulosa cells were
also downregulated (FC = 0.65, p = .03)
as compared with the control. Our
findings suggest that both cellular and
extracellular changes in gene expression
may mediate BPA toxicity in granulosa

cells.
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USING PUBLIC DATATO IDENTIFY TOXIC CHEMICALS

An Integrated Approach Using Publicly Available Resources for Identifying and
Characterizing Chemicals of Potential Toxicity Concern: Proof-of-Concept With
Chemicals That Affect Cancer Pathways

Shoba Iyer, Nathalie Pham, Melanie Marty, Martha Sandy, Gina Solomon ...
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We developed an integrated, modular
approach to predicting chemical toxicity
relying on in vitro assay data, linkage of

molecular targets to disease categories,

and software for ranking chemical
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activity and examining structural
features (chemotypes). We evaluate our
approach in a proof-of-concept exercise to
identify and prioritize chemicals of
potential carcinogenicity concern. We
identified 137 cancer pathway-related
assays from a subset of U.S. EPA’s
ToxCast platforms. We mapped these
assays to key characteristics of
carcinogens and found they collectively
assess b of 10 characteristics. We ranked
all 1061 chemicals screened in Phases I
and II of ToxCast by their activity in the
selected cancer pathway-related assays
using Toxicological Prioritization Index
software. More chemicals used as
biologically active agents (eg,
pharmaceuticals) ranked in the upper
50% versus lower 50%. Twenty-three
chemotypes are enriched in the top 5% (n
= 54) of chemicals; these features may
be important for their activity in cancer
pathway-related assays. The biological
coverage of the ToxCast assays related to
cancer pathways is limited and
short-term assays may not capture the
biology of some key characteristics.
Metabolism is also minimal in the assays.
The ability of our approach to identify
chemicals with cancer hazard is limited
with the current input data, but we
expect that our approach can be applied
with future iterations of ToxCast and
other data for improved chemical
prioritization and characterization. The

novel approach and proof-of-concept
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exercise described here for ranking
chemicals for potential carcinogenicity
concern 1s modular, adaptable, and

amenable to evolving data streams.

PARAQUAT AND ONE-CARBON METABOLISM

Paraquat Exposure Increases Oxidative Stress Within the Dorsal Striatum of

Male Mice With a Genetic Deficiency in One-carbon Metabolism

Nafisa M dJadavji, Lauren K Murray, Joshua T Emmerson, Chris A Rudyk, Shawn

Hayley ...
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Paraquat is an herbicide that is
commonly used worldwide. Exposure to
paraquat results in Parkinson’s disease
(PD)-like symptoms including
dopaminergic cell loss. Nutrition has also
been linked in the pathogenesis of PD,
such as reduced levels of folic acid, a
B-vitamin, and component of one-carbon
metabolism. Within one-carbon
metabolism, methylenetetrahydrofolate
reductase (MTHFR) catalyzes the
irreversible conversion of 5,
10-methylenetetrahydrofolate to
5-methyltetrahydrofolate. A
polymorphism in MTHFR (677 C&—T)
has been reported in 5%—15% of North
American and European human
populations. The MTHFR polymorphism
is also prevalent in PD patients. The goal
of this study was to investigate the
impact of paraquat-induced PD-like

pathology in the context of reduced levels
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of MTHFR. Three-month-old male
Mthfrt- mice, which model the MTHFR
polymorphism observed in humans, were
administered intraperitoneal injections of
paraquat (10 mg/kg) or saline 6 times
over 3 weeks. At the end of paraquat
treatment, motor and memory function
were assessed followed by collection of
brain tissue for biochemical analysis.
Mthfrt- mice treated with paraquat
showed impaired motor function. There
was increased microglial activation
within the substantia nigra (SN) of
Mthfrt- mice treated with paraquat.
Additionally, all Mthfi+'- mice that were
treated with paraquat showed increased
oxidative stress within the dorsal
striatum, but not the SN. The present
results show that paraquat exposure
increases PD-like pathology in mice

deficient in one-carbon metabolism.
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NANOHYDROXYAPATITE CYTOTOXICITY IN GLIOMA CELLS

Nanohydroxyapatite Exerts Cytotoxic Effects and Prevents Cellular Proliferation

and Migration in Glioma Cells

Roxana Mayra Gorojod, Soledad Porte Alcon, Maria Laura Dittler, Ménica Cristina

Gonzalez, Moénica Lidia Kotler

Toxicol. Sci. (May 2019) 1669(1) : 34-42,
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Hydroxyapatite (Ca10(PO4)s(OH)2; HAP)
is an essential component of the human
bone inorganic phase. At the nanoscale
level, nano-HAP (nHAP) presents

marked emergent properties differing
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substantially from those of the bulk
counterpart. Interestingly, these
properties depend on nanoparticle
characteristics. In this study, we
investigated the cytotoxicity of
rod-shaped crystalline nHAP (10-20 nm
x 50-100 nm) in both normal (ARPE-19,
BV-2) and tumoral (HepG2, HEp-2, A549
and C6) cells. We found that nHAP was
cytotoxic in tumor HEp-2, A549, and C6
cells. Moreover, it induced an expansion
of the lysosomal compartment at
sublethal concentrations in different cell
lines, while lysosomal membrane damage
was not detected. In C6 glioma cells, the
most sensitive cell line to nHAP, these
nanoparticles increased reactive oxygen
species (ROS) production and induced
DNA damage measured by y-H2AX
phosphorylation. Interestingly, our data
also show for the first time that nHAP
affects both cell unlimited proliferative
capacity and cell migration, two of the
major pathways involved in cancer
progression. The present results showed
the cytotoxic and antiproliferative effects
of nHAP and suggest its potential as an

alternative agent for glioma therapy.
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VINCRISTINE-INDUCED ATRESIA IN OVARIAN FOLLICLES
Vincristine Chemotherapy Induces Atresia of Growing Ovarian Follicles in Mice

Amy L Winship, Melanie Carpenter, Meaghan Griffiths, Karla J Hutt

Toxicol. Sci. (May 2019) 1669(1) : 43-53,
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With great advances in cancer detection
and treatment, patient survival rates
have improved substantially.
Subsequently, significant efforts are now
focused on improving the long-term
sequelae of anticancer therapies in
survivors, which includes fertility.
Vincristine is a microtubule destabilizing
antimitotic chemotherapeutic agent
commonly administered for the
treatment of cancers or autoimmune
disorders prevalent in girls and women of
reproductive age. The potential off-target
effects of vincristine on the ovary have
not been directly examined. Eight-week
and 6-month-old C57BL/6J mice were
administered with vincristine (1
mg/kg/bw/day) or saline on day (d)1, d4,
and d8, then sacrificed after 24 hours (h),
or 14 days (n = 4-6/group). We assessed
the impact of vincristine on the ovarian
reserve of quiescent primordial follicles,
as well as growing follicles, which
produce mature ovulatory oocytes. This
study clearly demonstrated that
multidose vincristine administration
caused acute atresia and loss of growing
follicles and reduced corpora luteua
counts 24 h following final treatment.
Treatment also disrupted estrous cycling
and reduced serum anti-Millerian
hormone levels. However, primordial
follicle numbers were unaffected, and
growing follicle populations were
restored to control levels 14 days after

final treatment. Vincristine exerted
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similar effects on ovarian follicle
populations in both 8-week-old
reproductively young mice and
reproductively older 6-month-old mice.
This study suggests that vincristine,
administrated at the current dose, 1s
toxic to growing follicles but does not
deplete primordial follicles in mice.
Further studies should be performed
before extrapolating these data to infer
the consequences of vincristine on the

ovary in humans.
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SYSTEMS TOXICOLOGY FOR PREDICTING RENAL TOXICITY

A Systems Toxicology Approach for the Prediction of Kidney Toxicity and Its

Mechanisms In Vitro

Susanne Ramm, Petar Todorov, Vidya Chandrasekaran, Anders Dohlman, Maria B

Monteiro ...

Toxicol. Sci. (May 2019) 1669(1) : 54-69,

Original

Google translation

The failure to predict kidney toxicity of
new chemical entities early in the
development process before they reach
humans remains a critical issue. Here,
we used primary human kidney cells and
applied a systems biology approach that
combines multidimensional datasets and
machine learning to identify biomarkers
that not only predict nephrotoxic
compounds but also provide hints toward
their mechanism of toxicity. Gene
expression and high-content
imaging-derived phenotypical data from

46 diverse kidney toxicants were
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analyzed using Random Forest machine
learning. Imaging features capturing
changes in cell morphology and nucleus
texture along with mRNA levels of
HMOXI and SQSTM1 were identified as
the most powerful predictors of toxicity.
These biomarkers were validated by their
ability to accurately predict kidney
toxicity of four out of six candidate
therapeutics that exhibited toxicity only
in late stage preclinical/clinical studies.
Network analysis of similarities in toxic
phenotypes was performed based on
live-cell high-content image analysis at
seven time points. Using compounds with
known mechanism as reference, we could
infer potential mechanisms of toxicity of
candidate therapeutics. In summary, we
report an approach to generate a
multidimensional biomarker panel for
mechanistic de-risking and prediction of
kidney toxicity in in vitro for new
therapeutic candidates and chemical

entities.
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POLYAROMATIC HYDROCARBONS AND ENDOCRINE EFFECTS ON

TESTICULAR GAP JUNCTIONS

Polycyclic Aromatic Hydrocarbons and Endocrine Disruption: Role of Testicular

Gap Junctional Intercellular Communication and Connexins

Petra Kubincovd, Eliska Sychrova, Jan Raska, Amrita Basu, Affiefa Yawer ...
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Ambient air pollution and smoking are

well-documented risk factors for male
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infertility. Prevalent air pollutants and
cigarette smoke components, polycyclic
aromatic hydrocarbons (PAHs), are
environmental and occupational
toxicants that act as chemicals disrupting
endocrine regulation and reproductive
potential in males. Testicular gap
junctional intercellular communication
(GJIO) is critical for normal development
and function of testicular tissue, thus we
assessed GJIC as a process potentially
targeted by PAHs in testes. Lower MW
PAHs with a bay or bay-like region
rapidly dysregulated GJIC in Leydig
TMS3 cells by relocalization of major
testicular gap junctional protein
connexin 43 (Cx43) from plasma
membrane to cytoplasm. This was
associated with colocalization between
Cx43 and ubiquitin in intracellular
compartments, but without any effect on
Cx43 degradation rate or steady-state
Cx43 mRNA levels. A longer exposure to
active PAHs decreased steady-state levels
of full-length Cx43 protein and its 2
N-truncated isoforms. Inhibition of GJIC
by PAHs, similarly to a prototypic
GJIC-inhibitor TPA, was mediated via
the MAP kinase-Erk1/2 and PKC
pathways. Polycyclic aromatic
hydrocarbon-induced GJIC dysregulation
in testes was cell-type-specific because
neither PAH dysregulated GJIC in
Sertoli TM4 cells, despite PAHs were
rapidly taken up by both Leydig TM3 as
well as Sertoli TM4 cells. Because TPA
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effectively dysregulated GJIC in both
testicular cell types, a unique regulator of
GJIC targeted by PAHs might exist in
Leydig TMS3 cells. Our results indicate
that PAHs could be a potential etiological
agent contributing to reproductive
dysfunctions in males through an
impairment of testicular GJIC and
junctional and/or nonjunctional functions

of Cx43.
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Manganese (Mn)-associated neurotoxicity
has been well recognized. However, Mn is
also an essential nutrient to maintain
physiological function. Our previous
study of human neuroblastoma SH-SY5Y
cells showed that Mn treatment
comparable to physiological and
toxicological concentrations in human
brain resulted in different mitochondrial
responses, yet cellular metabolic
responses associated with such different
outcomes remain uncharacterized.
Herein, SH-SY5Y cells were examined for
metabolic responses discriminated by
physiological and toxicological levels of

Mn using high-resolution metabolomics
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(HRM). Before performing HRM, we
examined Mn dose (from 0 to100 uM) and
time effects on cell death. Although we
did not observe any immediate cell death
after 5 h exposure to any of the Mn
concentrations assessed (0-100 puM), cell
loss was present after a 24-h recovery
period in cultures treated with Mn > 50
pM. Exposure to Mn for 5 h resulted in a
wide range of changes in cellular
metabolism including amino acids (AA),
neurotransmitters, energy, and fatty
acids metabolism. Adaptive responses at
10 pM showed increases in
neuroprotective AA metabolites (creatine,
phosphocreatine, phosphoserine). A 5-h
exposure to 100 uM Mn, a time before
any cell death occurred, resulted in
decreases in energy and fatty acid
metabolites (hexose-1,6 bisphosphate,
acyl carnitines). The results show that
adjustments in AA metabolism occur in
response to Mn that does not cause cell
death while disruption in energy and
fatty acid metabolism occur in response
to Mn that results in subsequent cell
death. The present study establishes
utility for metabolomics analyses to
discriminate adaptive and toxic
molecular responses in a human in vitro
cellular model that could be exploited in

evaluation of Mn toxicity.
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ADRENERGIC RECEPTOR EXPRESSION AND AIR POLLUTION TOXICITY
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Fine ambient particulate matter (PMz.5)
1s able to induce sympathetic activation
and inflammation in the brain. However,
direct evidence demonstrating an
essential role of sympathetic activation in
PM_25-associated disease progression is
lacking. We assess the contribution of
a2B-adrenergic receptor (Adra2b) in air
pollution-associated hypertension and
behavioral changes in this study.
Wild-type mice and Adra2b-transgenic
mice overexpressing Adra2b in the brain
(Adra2bTe) were exposed to concentrated
PMs 5 or filtered air for 3 months via a
versatile aerosol concentrator exposure
system. Mice were fed with a high salt
diet (4.0% NaCl) for 1 week at week 11 of
exposure to induce blood pressure
elevation. Intra-arterial blood pressure
was monitored by radio-telemetry and
behavior changes were assessed by open
field, light-dark, and prepulse inhibition
tests. PMz2.5 exposure increased Adra2b in
the brain of wild-type mice. Adra2b
overexpression enhanced the anxiety-like
behavior and high salt diet-induced blood

pressure elevation in response to air

M E FHORLFIRWE (PM2.5) 13, K
(2 A SEAPRE DTG AL & RIEE B E 232
ENRTEET, 2720, PM2.5 BERED
HATIZ I 1T D A AR AR TE AL O BB 72 15
EAOTHEBENRFFUI AR L THET, o
DRFFETIE, KRG Y B M ESEdS KO
TEVELICBIT D a2B 7 KLU U5
& (Adra2b) OFGZFHEL £, MNT
Adra2b ZiEfEIFEE L T\ 5 EER < T A
BXOAdra2b F 7 v AV = w7 A
(Adra2bTg) #, WHO=TrY L2 &
VhL— A — BB AT A BN LT 3NA
M. JfE PM2.5 £ 13 A2 RICRE L E
L7z, ~T7RX, IEEFEZFET L7120
o, BFEOLLHEBIC1EM, SEA (4.0%
NaCl) %5z 6ivE L7z, RN Z
AT LA M) —Ck o TERSN, 1T
AT A =77 40— R, B, BIO
T L OV AT A M X o TRl S v E
L7=. PM25 BiEIZ Ly B4y 20
N D Adra2b 238N L E L7=, Adra2b
OMFFEBLL, KREIGHIBL L TREZD
O ATE & Wl B K D E B AR
WL, 7 4 v F — A S 2o KR
WIS Lo 72, Adra2b O JE15s B
X, PM2.5 |ZB## U724 C TLR2, TLR4,
IL-6 7 & O RAEVERR 7D b7 il & 755

in the Brain Potentiate Air



https://academic.oup.com/toxsci/article/169/1/95/5300247
https://academic.oup.com/toxsci/article/169/1/95/5300247

Google Translaion/ AE]C triat

pollution but not filtered air exposure.
Adra2b overexpression induced
upregulation of inflammatory genes such
as TLR2, TLR4, and IL-6 in the brain
exposed to PMz 5. In addition, there were
increased frequencies of activated
effector T cells and increased expression
of oxidative stress-related genes, such as
SOD1, NQO1, Nrf2, and Gelm in
Adra2bTs mice compared with wild-type
mice. Our results provide new evidence of
distinct behavioral changes consistent
with anxiety and blood pressure
elevation in response to high salt intake
and air pollution exposure, highlighting
the importance of centrally expressed
Adra2b in the vulnerability to air

pollution exposure.
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Arsenic exposure is a worldwide health
concern associated with an increased risk
of skin, lung, and bladder cancer but
arsenic trioxide (As!) is also an effective
chemotherapeutic agent. The current use
of As!l in chemotherapy is limited to
acute promyelocytic leukemia (APL).
However, As!!l was suggested as a

potential therapy for other cancer types
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including chronic myeloid leukemia
(CML), especially when combined with
other drugs. Here, we carried out a
genome-wide CRISPR-based approach to
identify modulators of As!! toxicity in
K562, a human CML cell line. We found
that disruption of KEAP1, the inhibitory
partner of the key antioxidant
transcription factor Nrf2, or TXNDC17, a
thioredoxin-like protein, markedly
increased As!! tolerance. Loss of the
water channel AQP3, the zinc
transporter ZNT1 and its regulator
MTF1 also enhanced tolerance to As!!!
whereas loss of the multidrug resistance
protein ABCC1 increased sensitivity to
As!l, Remarkably, disruption of any of
multiple genes, FEFSEC, SECISBPZ,
SEPHSZ2, SEPSECS, and PSTK, encoding
proteins involved in selenocysteine
metabolism increased resistance to As!
Our data suggest a model in which an
intracellular interaction between
selenium and As™! may impact
intracellular As! levels and toxicity.
Together this work revealed a suite of
cellular components/processes which
modulate the toxicity of As!!l in CML
cells. Targeting such processes
simultaneously with As!!! treatment

could potentiate As!l in CML therapy.
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This study examined hypermethylated
and downregulated genes specific to
carbon tetrachloride (CCls) by
Methyl-Seq analysis combined with
expression microarray analysis in the
liver of rats treated with CCls or
Nmitrosodiethylamine (DEN) for 28
days, by excluding those with DEN.
Among 52 genes, Ldlrad4, Proc, Cdhl7,
and MNfia were confirmed to show
promoter-region hypermethylation by
methylation-specific quantitative PCR
analysis on day 28. The transcript levels
of these 4 genes decreased by real-time
reverse transcription-PCR analysis in the
livers of rats treated with nongenotoxic
hepatocarcinogens for up to 90 days
compared with untreated controls and
genotoxic hepatocarcinogens.
Immunohistochemically, LDLRAD4 and
PROC showed decreased
immunoreactivity, forming negative foci,
in glutathione S‘transferase placental
form (GST-P)* foci, and incidences of
LDLRAD4- and PROC- foci in GST-P+
foci induced by treatment with

nongenotoxic hepatocarcinogens for 84 or
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90 days were increased compared with
those with genotoxic hepatocarcinogens.
In contrast, CDH17 and NFIA responded
to hepatocarcinogens without any
relation to the genotoxic potential of
carcinogens. All 4 genes did not respond
to renal carcinogens after treatment for
28 days. Considering that Ldlrad4is a
negative regulator of transforming
growth factor-B signaling, Proc
participating in p21WAFI/CIP1 ypregulation
by activation, CdhI7inducing cell cycle
arrest by gene knockdown, and Nfia
playing a role in a tumor-suppressor, all
these genes may be potential in vivo
epigenetic markers of nongenotoxic
hepatocarcinogens from the early stages
of treatment in terms of gene expression
changes. LDLRAD4 and PROC may have
a role in the development of preneoplastic

lesions produced by nongenotoxic

hepatocarcinogens.
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ANTHRACYCLINE TOXICITY IN CARDIAC MITOCHONDRIA
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Doxorubicin (DOX) is an anticancer drug
widely used to treat human and

nonhuman tumors but the late and

persistent cardio-toxicity reduces the
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therapeutic utility of the drug. The full
mechanism(s) of DOX-induced acute,
subchronic and delayed toxicity, which
has a preponderant mitochondrial
component, remains unclear; therefore, it
1s clinically relevant to identify early
markers to identify patients who are
predisposed to DOX-related
cardiovascular toxicity. To address this,
Wistar rats (16 weeks old) were treated
with a single DOX dose (20 mg/kg, i.p.);
then, mRNA, protein levels and
functional analysis of mitochondrial
endpoints were assessed 24 h later in the
heart, liver, and kidney. Using an
exploratory data analysis, we observed
cardiac-specific alterations after DOX
treatment for mitochondrial complexes
III, IV, and preferentially for complex I.
Conversely, the same analysis revealed
complex II alterations are associated
with DOX response in the liver and
kidney. Interestingly, H202 production by
the mitochondrial respiratory chain as
well as loss of calcium-loading capacity,
markers of subchronic toxicity, were not
reliable indicators of acute DOX
cardiotoxicity in this animal model. By
using sequential principal component
analysis and feature correlation analysis,
we demonstrated for the first time
alterations in sets of transcripts and
proteins, but not functional
measurements, that might serve as
potential early acute markers of

cardiac-specific mitochondrial toxicity,
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contributing to explain the trajectory of
DOX cardiac toxicity and to develop novel
interventions to minimize DOX cardiac

liabilities.

INTERCELLULAR COMMUNICATION

PERICENTRAL NECROSIS

IN  ACETAMINOPHEN-INDUCED

Propagation of Pericentral Necrosis During Acetaminophen-Induced Liver Injury:

Evidence for Early Interhepatocyte Communication and Information Exchange
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Acetaminophen (APAP)-induced liver
injury is clinically significant, and APAP
overdose in mice often serves as a model
for drug-induced liver injury in humans.
By specifying that APAP metabolism,
reactive metabolite formation,
glutathione depletion, and mitigation of
mitochondrial damage within individual
hepatocytes are functions of intralobular
location, an earlier virtual model
mechanism provided the first concrete
multiattribute explanation for how and
why early necrosis occurs close to the
central vein (CV). However, two
characteristic features could not be
simulated consistently: necrosis
occurring first adjacent to the CV, and
subsequent necrosis occurring primarily
adjacent to hepatocytes that have already
initiated necrosis. We sought

parsimonious model mechanism
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enhancements that would manage
spatiotemporal heterogeneity sufficiently
to enable meeting two new target
attributes and conducted virtual
experiments to explore different ideas for
model mechanism improvement at
intrahepatocyte and multihepatocyte
levels. For the latter, evidence supports
intercellular communication via
exosomes, gap junctions, and connexin
hemichannels playing essential roles in
the toxic effects of chemicals, including
facilitating or counteracting cell death
processes. Logic requiring hepatocytes to
obtain current information about
whether downstream and lateral
neighbors have triggered necrosis
enabled virtual hepatocytes to achieve
both new target attributes. A virtual
hepatocyte that is glutathione-depleted
uses that information to determine if it
will initiate necrosis. When a
less-stressed hepatocyte is flanked by at
least two neighbors that have triggered
necrosis, it too will initiate necrosis. We
hypothesize that the resulting
intercellular communication-enabled
model mechanism is analogous to the
actual explanation for APAP-induced
hepatotoxicity at comparable levels of

granularity.
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TOXICOKINETICS OF 2,4,6-TRIBROMOPHENOL

2.4.6-Tribromophenol Disposition and Kinetics in Rodents: Effects of Dose,

Route, Sex, and Species

Gabriel A Knudsen, Andrew W Trexler, Alicia C Richards, Samantha M Hall, Michael F
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2,4,6-tribromophenol (TBP, CAS No.
118-79-6) is widely used as a brominated
flame retardant and wood antifungal
agent. TBP is frequently detected in
environmental matrices, biota, and
humans. In female SD rats, systemically
available TBP (10 pmol/kg, IV) was
rapidly excreted primarily via urine, with
approximately 61% of the dose recovered
after 4 h, and 89%—-94% in 24 h; 5% was
recovered in feces; and 1%—2% in
blood/tissues. TBP administered to
female SD rats (0.1-1000 pmol/kg) by
gavage was well absorbed, with
approximately 25% eliminated via urine
after 4 h and approximately 88% after 24
h. Approximately 11% of a single oral
dose was recovered in bile. Male SD rats
and B6C3F1/J mice of both sexes had
similar disposition profiles when
administered a single oral dose of TBP
(10 pmol/kg). Following administration,
fecal recoveries varied only slightly by
dose, sex, or species. TBP readily passed
unchanged through both human (ex vivo
only) and rat skin with between 55% and
85% of a 100 nmol/cm? passing into or
through skin. Concentrations of TBP in
blood fit a two-compartment model after
IV-dosing and a one-compartment model

after oral dosing. Urine contained a
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mixture of TBP, TBP-glucuronide, and
TBP-sulfate. Fecal extracts contained
only parent TBP whereas bile contained
only TBP-glucuronide. TBP did not
appear to bioaccumulate or alter its own
metabolism after repeated
administration. TBP was readily
absorbed at all doses and routes tested
with an oral bioavailability of 23%—27%:;
49% of TBP is expected to be dermally
bioavailable in humans. From these data,
we conclude that humans are likely to
have significant systemic exposure when
TBP is ingested or dermal exposure

occurs.
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POLYAROMATIC HYDROCARBONS AND EICOSANOID SIGNALING

Early Mechanistic Events Induced by Low Molecular Weight Polycyclic Aromatic

Hydrocarbons in Mouse Lung Epithelial Cells: A Role for Eicosanoid Signaling
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Toxicol. Sci. (May 2019) 1669(1) : 180-193,

Original

Google translation

Low molecular weight polycyclic aromatic
hydrocarbons (LMW PAHs; < 206.3
g/mol) are under regulated
environmental contaminants (eg,
secondhand smoke) that lead to gap
junction dysregulation, p38 MAPK
activation, and increased mRNA
production of inflammatory mediators,
such as cytokines and cyclooxygenase
(COX2), in lung epithelial cells. However,
the early mechanisms involving lipid

signaling through the arachidonic acid
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pathway and subsequent eicosanoid
production leading to these downstream
events are not known. Common human
exposures are to mixtures of LMW PAHs,
thus C10 cells (a mouse lung epithelial
cell line) were exposed to a representative
binary PAH mixture,
1-methylanthracene (1-MeA) and
fluoranthene (Flthn), for 30 min—24 h
with and without p38 and cytosolic
phospholipase Az (cPLA2) inhibitors.
Cytosolic phospholipase A2 inhibition
reversed PAH-induced phospho-p38
MAPK activation and gap junction
dysregulation at 30 min. A significant
biphasic increase in cPLA2 protein was
observed at 30 min, 2, and 4 h, as well as
COX2 protein at 2 and 8 h. Untargeted
metabolomics demonstrated a similar
trend with significantly changing
metabolites at 30 min and 4 h of exposure
relative to 1 h; a “cPLAs-like” subset of
metabolites within the biphasic response
were predominately phospholipids.
Targeted metabolomics showed several
eicosanoids (eg, prostaglandin D2 (PGD2),
PGE2.) were significantly increased at 4,
8, and 12 h following exposure to the
binary PAH mixture and this effect was
p38-dependent. Finally, PAH metabolism
was not observed until after 8 h. These
results indicate an early lipid signaling
mechanism of LMW PAH toxicity in lung
epithelial cells due to parent PAH

compounds.
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NIVOLUMAB IMMUNOTOXICITY IN BLT-IMMUNE HUMANIZED MICE

BLT-Immune

Humanized Mice as

a Model for Nivolumab-Induced

Immune-Mediated Adverse Events: Comparison of the NOG and NOG-EXL

Strains

James L Weaver, Leah M Zadrozny, Kathleen Gabrielson, Kenrick M Semple, Katherine

I Shea ...
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Checkpoint inhibitors represent a new
class of therapeutics in the treatment of
cancer that has demonstrated
remarkable clinical effectiveness.
However, some patients have experienced
serious immune-mediated adverse effects
including pneumonitis, hepatitis, colitis,
nephritis, dermatitis, encephalitis, and
adrenal or pituitary insufficiency. These
adverse events were not predicted by
nonclinical studies. To determine if bone
marrow-liver-thymus (BLT) immune
humanized mice could demonstrate these
adverse effects, we studied the effect of
nivolumab on 2 strains of
BLT-humanized mice, NOD.Cg-Prkdcscid
I12rgtm1Sue/JicTac (NOG) and
NOD.Cg-Prkdcscid [12rgtm1Sug
Tg(SV40/HTLV-IL3, CSF2)10-7Jic/JicTac
(NOG-EXL). Mice were treated with 2.5,
5.0, or 10.0 mg/kg nivolumab or saline
twice weekly for 28 days. BLT-NOG mice
had significantly reduced survival
compared with BLT-NOG-EXL mice. In
spite of the difference in survival, both

BLT-humanized strains showed adverse
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reactions similar to those reported in
humans, including pneumonitis and
hepatitis, with nephritis, dermatitis and
adrenalitis also noted in some
individuals. Additional histopathologic
findings included pancreatic atrophy,
myositis, and osteomyelitis in some
animals. T-cell activation increased with
concomitant loss of PD-1 detection. These
findings show that BLT immune
humanized mice can demonstrate
immune-mediated adverse effects of
antiPD1 therapy, and may represent a
model that can be used to better

understand toxicity of this class of drugs.
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TEBUCONAZOLE AND ECONAZOLE EFFECTS ON BIOENERGETICS AND
APOPTOSIS IN SERTOLI CELLS

Tebuconazole and Econazole Act Synergistically in Mediating Mitochondrial
Stress, Energy Imbalance, and Seguential Activation of Autophagy and
Apoptosis in Mouse Sertoli TM4 Cells: Possible Role of AMPK/ULK1 Axis

Sabrina Petricca, Vincenzo Flati, Giuseppe Celenza, Jacopo Di Gregorio, Anna Rita
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Tebuconazole and Econazole are triazole
and imidazole fungicides currently used
worldwide. Although their reproductive
toxicity in mammals has been described,
their effect on male reproductive systems
has been poorly investigated. As humans
may be exposed to different azole
compounds simultaneously, the

combinational in vitro toxicity of
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Tebuconazole and Econazole (MIX) in
mouse Sertoli TM4 cells was
investigated. This study demonstrates
that Tebuconazole (40 pM) and
Econazole (20 uM) act synergistically in
mediating decrease of mitochondrial
membrane potential (AWr) and changes
in mitochondrial morphology. These
events were associated with ATP
depletion, cell cycle arrest, and
sequential activation of autophagy and
apoptosis. Remarkable differences on
other parameters such as AMP/ATP ratio
and adenylate energy charge were
observed. Pharmacological inhibition of
autophagy by bafilomycin Al leads to
enhanced MIX-induced apoptosis
suggesting an adaptive cytoprotective
function for MIX-modulated autophagy.
Finally, a possible role of AMPK/ULK1
axis in mediating adaptive signalling
cascades in response to energy stress was
hypothesized. Consistently, ULK1 Ser
555 phosphorylation occurred in response
to AMPK (Thr 172) activation. In
conclusion, Tebuconazole and Econazole
combination, at concentrations relevant
for dermal and clinical exposure, induces
a severe mitochondrial stress in SCs.
Consequently, a prolonged exposure may
affect the ability of the cells to
re-establish homeostasis and trigger

apoptosis.
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SIRTUIN 3 AND CHROMIUM (VI) TUMORIGENESIS

Constitutive Activation of NAD-Dependent Sirtuin 3 Plays an Important Role in
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Tumorigenesis of Chromium(VI)-Transformed Cells
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Chronic exposure of human bronchial
epithelial BEAS-2B cells to hexavalent
chromium [Cr(VI)] causes malignant cell
transformation. Sirtuin-3 (SIRTS3)
regulates mitochondrial adaptive
response to stress, such as metabolic
reprogramming and antioxidant defense
mechanisms. In Cr(VI)-transformed cells,
SIRT3 was upregulated and
mitochondrial adenosine triphosphate
(ATP) production and proton leak were
reduced. Knockdown of SIRTS by its
shRNA further decreased mitochondrial
ATP production, proton leak,
mitochondrial mass, and mitochondrial
membrane potential, indicating that
SIRT3 positively regulates mitochondrial
oxidative phosphorylation and
maintenance of mitochondrial integrity.
Mitophagy is critical to maintain proper
cellular functions. In Cr(VI)-transformed
cells expressions of Pink 1 and Parkin,
two mitophagy proteins, were elevated,
and mitophagy remained similar as that
in passage-matched normal BEAS-2B
cells, indicating that in
-Cr(VI)-transformed cells mitophagy is
suppressed. Knockdown of SIRT3
induced mitophagy, suggesting that
SIRTS3 plays an important role in
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mitophagy suppression of
Cr(VI)-transformed cells. In
Cr(VD-transformed cells, nuclear factor
(erythroid-derived 2)-like 2 (Nrf2) was
constitutively activated, and protein
levels of p62 and p-p625er349 were
elevated. Knockdown of STRT3 or
treatment with carbonyl cyanide
m-chlorophenyl hydrazone (CCCP)
decreased the binding of p-p62Ser349 to
Keapl, resulting in increased binding of
Keapl to Nrf2 and consequently reduced
Nrf2 activation. The results from CHIP
assay showed that in Cr(VI)-transformed
cells binding of Nrf2 to antioxidant
response element (ARE) of SIRT3 gene
promoter was dramatically increased.
Knockdown of SIRT3 suppressed cell
proliferation and tumorigenesis of
Cr(VI)-transformed cells. Overexpression
of STRT3 in normal BEAS-2B cells
exhibited mitophagy suppression
phenotype and increased cell
proliferation and tumorigenesis. The
present study demonstrated that
upregulation of SIRT3 causes mitophagy
suppression and plays an important role
in cell survival and tumorigenesis of

Cr(VD-transformed cells.
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CRISPR SCREENING AND ACETALDEHYDE TOLERANCE

Genome-Wide CRISPR Screening ldentifies the Tumor Suppressor Candidate

OVCAZ2 As a Determinant of Tolerance to Acetaldehyde
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Acetaldehyde, a metabolite of ethanol, is
a cellular toxicant and a human
carcinogen. A genome-wide
CRISPR-based loss-of-function screen in
erythroleukemic K562 cells revealed
candidate genetic contributors affecting
acetaldehyde cytotoxicity. Secondary
screening exposing cells to a lower
acetaldehyde dose simultaneously
validated multiple candidate genes
whose loss results in increased sensitivity
to acetaldehyde. Disruption of genes
encoding components of various DNA
repair pathways increased cellular
sensitivity to acetaldehyde.
Unexpectedly, the tumor suppressor gene
OVCAZ, whose function i1s unknown, was
identified in our screen as a determinant
of acetaldehyde tolerance. Disruption of
the OVCAZ gene resulted in increased
acetaldehyde sensitivity and higher
accumulation of the acetaldehyde-derived
DNA adduct M-ethylidene-dG. Together
these results are consistent with a role
for OVCA2 in adduct removal and/or
DNA repair.
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PHTHALATE MIXTURES AND OVARIAN METABOLISM
Ovarian Metabolism of an Environmentally Relevant Phthalate Mixture
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Phthalates are synthetic chemicals with
widespread human exposure due to their
use as additives in consumer products.
Phthalate diesters are hydrolyzed in the
environment and in the body to
monoesters that may be more toxic than
the parent compounds. This study tested
the hypothesis that adult mouse antral
follicles, but not neonatal ovaries, are
able to metabolize an environmentally
relevant mixture of phthalates. Whole
neonatal ovaries and isolated adult
antral follicles from CD-1 mice were
cultured in media treated with vehicle
control or 0.1-10 pg/ml of a mixture
composed of 35% diethyl phthalate
(DEP), 21% di(2-ethylhexyl) phthalate
(DEHP), 15% dibutyl phthalate (DBP),
15% diisononyl phthalate (DiNP), 8%
diisobutyl phthalate (DiBP), and 5%
benzylbutyl phthalate (BzBP). After 4
days of culture, media were subjected to
high-performance liquid chromatography
tandem mass spectrometry to measure
the amounts of diester phthalates and
monoester metabolites. Ovaries and
follicles were collected to measure the
gene and protein expression of the
enzymes required for phthalate
metabolism. Monoester metabolites for
all phthalates except DiNP were detected
in the media for both culture types at
most doses. The long-chain phthalates
(BzBP, DEHP, and DiNP) were

metabolized less than the short-chain
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phthalates (DEP, DBP, and DiBP)
compared with respective controls.
Expression of metabolizing enzymes was
observed for all treatment groups in both
culture types. These data indicate that
mouse ovaries are capable of
metabolizing low doses of phthalates and
suggest that metabolic capacity differs
for follicles at different stages of

development.
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GLYPHOSATE EXPOSURE AND ALTERED SPERMATOGENESIS IN MICE

Perinatal Exposure to Glyphosate and a Glyphosate-Based Herbicide Affect

Spermatogenesis in Mice

Thu Ha Pham, Lohann Derian, Christine Kervarrec, Pierre-Yves Kernanec, Bernard

Jégou ...

Toxicol. Sci. (May 2019) 1669(1) : 260-271,
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Google translation

Glyphosate is the most widely used
herbicide in the world. Several studies
have investigated the effects of
glyphosate and glyphosate-based
herbicides (GBHs) on male reproduction,
but there is still little and conflicting
evidence for its toxicity. In this study, we
analyzed the effects of glyphosate, alone
or in formula, on the male reproductive
system. Pregnant mice were treated from
E10.5 to 20 days postpartum by adding
glyphosate or a GBH (Roundup 3 Plus) to
their drinking water at 0.5 (the
acceptable daily intake, ADI dose), 5 and
50 mg/kg/day. Male offspring derived

from treated mice were sacrificed at 5,
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20, and 35 days old (d.o.) and 8 months
old (m.o.) for analysis. Our result showed
that exposure to glyphosate, but not
GBH, affects testis morphology in 20 d.o.
and decrease serum testosterone
concentrations in 35 d.o. males. We
1dentified that the spermatozoa number
decreased by 89% and 84% in 0.5 and 5
mg/kg/day of GBH and glyphosate
groups, respectively. Moreover, the
undifferentiated spermatogonia numbers
were decreased by 60% in 5 mg/kg/day
glyphosate group, which could be due to
the alterations in the expression of genes
involved in germ cell differentiation such
as Sall4 and Nano3 and apoptosis as Bax
and Bc/2. In 8 m.o. animals, a decreased
testosterone level was observed in GBH
groups. Our data demonstrate that
glyphosate and GBHs could cause
endocrine-disrupting effects on male
reproduction at low doses. As glyphosate
has effects at the ADI level, our data
suggest that the current ADI for

glyphosate could be overestimated.
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HEMODYNAMICS IN CARDIOVASCULAR SAFETY STUDIES

Preclinical to Clinical Translation of Hemodynamic Effects in Cardiovascular

Safety Pharmacology Studies

Siddhartha Bhatt, Carrie Northcott, Todd Wisialowski, Dingzhou Lai, Jill Steidl-Nichols

Toxicol. Sci. (May 2019) 1669(1) : 272-279,
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Cardiovascular (CV) safety-related

attrition is an important contributor to
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the loss of promising drug candidates
during development. CV safety
pharmacology studies are conducted to
1dentify these safety effects.
Understanding translation of CV
endpoints (specifically, heart rate [HR],
and blood pressure [BP]) across
preclinical animal models and to the
clinic is critical in developing a robust CV
derisking strategy. To this end, we
investigated translation of HR and BP
endpoints using data from 83 compounds
that were tested in telemetry studies in
rat and large animal (LA; dog or monkey)
and 79 compounds that were tested in LA
telemetry studies and human phase I
clinical trials. Sensitivity, specificity as
well as predictive values were calculated
for rat to LA model comparison and for
LA to human studies comparison. The rat
CV model showed good concordance
(sensitivity = 84% and specificity = 71%)
for LA BP and HR changes. Similarly, LA
CV measures of HR and BP showed good
concordance (sensitivity = 78% and
specificity = 79%) to clinical changes. The
CV effects generally occurred within 0.3—
3x free plasma concentration across
species. Directionality of BP and HR
change was conserved between LA to
humans. However, for rat to LA
comparisons the directionality of change
was opposite for 23%—26% compounds. In
conclusion, these data establish the
translation of HR and BP from preclinical

to clinical studies and emphasize the
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importance of preclinical animal models

in the examination of CV safety of drugs.

ETHANOL TOXICITY IN IPSC-DERIVED CARDIOMYOCYTES

Cardiac Toxicity From Ethanol Exposure in Human-Induced Pluripotent Stem

Cell-Derived Cardiomyocytes

Antonio Rampoldi, Monalisa Singh, Qingling Wu, Meixue Duan, Rajneesh Jha ...

Toxicol. Sci. (May 2019) 1669(1) : 280292
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Alcohol use prior to and during
pregnancy remains a significant societal
problem and can lead to developmental
fetal abnormalities including
compromised myocardia function and
increased risk for heart disease later in
life. Alcohol-induced cardiac toxicity has
traditionally been studied in
animal-based models. These models have
limitations due to physiological
differences from human cardiomyocytes
(CMs) and are also not suitable for
high-throughput screening. We
hypothesized that human-induced
pluripotent stem cell-derived CMs
(hiPSC-CMs) could serve as a useful tool
to study alcohol-induced cardiac defects
and/or toxicity. In this study, hiPSC-CMs
were treated with ethanol at doses
corresponding to the clinically relevant
levels of alcohol intoxication. hiPSC-CMs
exposed to ethanol showed a
dose-dependent increase in cellular
damage and decrease in cell viability,

corresponding to increased production of
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reactive oxygen species. Furthermore,
ethanol exposure also generated
dose-dependent increased irregular Ca2+
transients and contractility in
hiPSC-CMs. RNA-seq analysis showed
significant alteration in genes belonging
to the potassium voltage-gated channel
family or solute carrier family, partially
explaining the irregular Ca2* transients
and contractility in ethanol-treated
hiPSC-CMs. RNA-seq also showed
significant upregulation in the expression
of genes associated with collagen and
extracellular matrix modeling, and
downregulation of genes involved in
cardiovascular system development and
actin filament-based process. These
results suggest that hiPSC-CMs can be a
novel and physiologically relevant system
for the study of alcohol-induced cardiac

toxicity.
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SAPK/INK IN COPPER/ZINC-INDUCED CELL DEATH
Involvement of SAPK/JNK Signaling Pathway in Copper Enhanced Zinc-Induced

Neuronal Cell Death
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Zinc (Zn) plays an important role in many
organisms in various physiological
functions such as cell division, immune
mechanisms and protein synthesis.
However, excessive Zn release is induced

in pathological situations and causes
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neuronal cell death. Previously, we
reported that Cu ions (Cu2t) markedly
exacerbates Zn2*-induced neuronal cell
death by potentiating oxidative stress
and the endoplasmic reticulum stress
response. In contrast, the
stress-activated protein kinase/c-Jun
amino-terminal kinase (SAPK/JNK)
signaling pathway is important in
neuronal cell death. Thus, in this study,
we focused on the SAPK/JNK signaling
pathway and examined its involvement
in Cu2+/Zn2*-induced neurotoxicity.
Initially, we examined expression of
factors involved in the SAPK/JNK
signaling pathway. Accordingly, we found
that phosphorylated (ie, active) forms of
SAPK/JNK (p46 and p54) are increased
by CuClz and ZnCl2 co-treatment in
hypothalamic neuronal mouse cells
(GT1-7 cells). Downstream factors of
SAPK/JNK, phospho-c-Jun, and
phospho-activating transcription factor 2
are also induced by CuClz and ZnCl2
co-treatment. Moreover, an inhibitor of
the SAPK/JNK signaling pathway,
SP600125, significantly suppressed
neuronal cell death and activation of the
SAPK/JNK signaling pathway induced
by CuCl: and ZnCl: cotreatment. Finally,
we examined involvement of oxidative
stress in activation of the SAPK/JNK
signaling pathway, and found that
human serum albumin-thioredoxin
fusion protein, an antioxidative protein,

suppresses activation of the SAPK/JNK
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signaling pathway. On the basis of these
results, our findings suggest that
activation of ZnClz-dependent
SAPK/JNK signaling pathway is
important in neuronal cell death, and
CuCls-induced oxidative stress triggers

the activation of this pathway.

TRANSCRIPTIONAL PROFILES AFTER FINASTERIDE EXPOSURES

RATS

Distinct Transcriptional Profiles of the Female, Male, and Finasteride-Induced

Feminized Male Anogenital Reqgion in Rat Fetuses
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A short anogenital distance (AGD) in
males is a marker for incomplete
masculinization and a predictor of
adverse effects on male reproductive
health. For this reason, AGD is used to
assess the endocrine disrupting potential
of chemicals for risk assessment
purposes. The molecular mechanisms
underpinning this chemically induced
shortening of the AGD, however, remains
unclear. Although it is clear that
androgen receptor-mediated signaling is
essential, evidence also suggest the
involvement of other signaling pathways.
This study presents the first global
transcriptional profile of the anogenital
tissue in male rat fetuses with chemically

induced short AGD, also including
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comparison to normal male and female
control animals. The antiandrogenic drug
finasteride (10 mg/kg bw/day) was used
to induce short AGD by exposing
time-mated Sprague Dawley rats at
gestation days 7—21. The AGD was 37%
shorter in exposed male fetuses compared
with control males at gestation day 21.
Transcriptomics analysis on anogenital
tissues revealed a sexually dimorphic
transcriptional profile. More than 350
genes were found to be differentially
expressed between the 3 groups. The
expression pattern of 4 genes of
particular interest (Hsri, Padi2, Wnt2,
and Sfrp4) was also tested by RT-qPCR
analyses, indicating that estrogen and
Wnt2 signaling play a role in the sexually
dimorphic development of the anogenital
region. Our transcriptomics profiles
provide a stepping-stone for future
studies aimed at characterizing the
molecular events governing development
of the anogenital tissues, as well as
describing the detailed Adverse Outcome
Pathways for short AGD; an accepted
biomarker of endocrine effects for

chemical risk assessment.
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