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Safety biomarker applications in drug development
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Biomarkers are invaluable drug
development tools to assess and monitor
safety in early clinical trials especially

when exposure margins are limiting for

promising therapeutics. Although
progress has been made towards
identifying and implementing

translational safety biomarkers for a
number of organ toxicities such as

kidney and liver, significant biomarker

gaps still exist to monitor toxicities for
testis, pancreas, etc. Several
precompetitive consortia [e.g.,

Predictive Safety Testing Consortia
(PSTC), Innovative Medicines Initiative
(IMD)]

academia, government, patient advocacy

are working with industry,
groups and foundations with a goal to
qualify biomarkers such that they can be
used in preclinical studies and clinical
trials to accelerate drug development.
This the

complexities  of biomarker

manuscript discusses
novel
discovery, validation and international

regulatory qualifications intended for

clinical trial applications and shares
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specific examples from Pfizer Research
and Development. As safety biomarkers
become widely accepted and qualified by
the they will

regulatory agencies,

increasingly be implemented in early
clinical trials, play a key role in decision
making and facilitate the progression of
promising therapeutics from preclinical

through clinical development.

Original Article

Di(2-ethylhexyl) phthalate promotes lung cancer cell line A549 progression via Wnt/B-catenin

signaling

Jin Hee Kim

J. Toxicol. Sci., 2019; 44(4): 237-244

Original
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Di(2—ethylhexyl) phthalate (DEHP) is
widely used in polyvinylchloride—based
materials and remains intact in the
environment. Lungs are one route of
entry of DEHP into the body; however,
there is limited information on the
effects and mechanism of action of
DEHP on non—-small cell lung cancer
(NSCLC). Here, we addressed this by
examining the effect of DEHP on the
of Ab549 human
adenocarcinoma cells by MTS assay.
The

epithelial-to—mesenchymal

proliferation lung

induction of inflammation and
transition
(EMT), as well as activation of the
kinase

mitogen—activated protein

(MAPK) and Wnt/ 8 —catenin signaling
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pathways, were assessed by western
blot and real-time polymerase chain
Although
discrepancies in the
DEHP treatment enhanced A549 cell
viability
mRNA

inflammation—related factors,

reaction. there were

concentration,
accompanied by increased

and protein levels of
such as
matrix metalloproteinase—9 and nuclear
factor— £ B. Additionally, EMT was
activated in cells according to decreased
E-cadherin and increased vimentin
expression. Furthermore, MAPK pathway
components, including phosphorylated
p38 and c—Jun N—terminal kinase, and
Wnt/ B —catenin pathway components,
including phosphorylated glycogen
synthase kinase 38 and S8 —catenin, as
well as their downstream genes c—Myc
and cyclin D1, were upregulated in the
presence of DEHP. These
suggest that DEHP promotes NSCLC
by

proliferation, inflammation, and EMT via

results

progression promoting cell

activation of Wnt/ 8 —catenin signaling.
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Comparison of the developmental/reproductive toxicity and hepatotoxicity of phthalate esters

in rats using an open toxicity data source

Kaori Ambe, Yuko Sakakibara, Aya Sakabe, Hayato Makino, Tatsuya Ochibe ...

J. Toxicol. Sci., 2019; 44(4): 245-255
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Phthalate esters (PEs) are widely used

TENBEE ATV (PE) 1L, SEIE M
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as plasticizers in various kinds of plastic
products. Some PEs have been known to
induce developmental and reproductive
toxicity (DART) as well as hepatotoxicity
in laboratory animals. In some cases of
DART, the strength of toxicity of PEs
depends on the side chain lengths, while
the relationship between hepatotoxicity
length
Therefore, in this study, we compared
DART
focusing on 6 PEs with different side

and side chain is unknown.

and hepatotoxicity in rats,
chains. We collected toxicity data of 6
PEs, namely, mbutyl benzyl phthalate
(BBP), di-r—butyl phthalate (DBP), di(2—
phthalate (DEHP), di-
isodecyl phthalate (DIDP), di—isononyl
phthalate  (DINP),
phthalate (DNOP),
then,

toxicity database to comprehensively

ethylhexyl)

di—rmoctyl
data

and
from open
source, we constructed the
and efficiently compare the toxicity
effects. When we compared DART using
the toxicity database, we found that
BBP, DBP, and DEHP with short side
chains showed strong toxicities against
the organs
offspring, the No—Observed-
Adverse—Effect Levels (NOAELs) of
BBP, DBP, and DEHP were lower than
DIDP, DINP, and DNOP with long side
chains. Comparing hepatotoxicities, the
lowest NOAEL was shown 14 mg/kg/day
for DEHP, based on liver weight gain with

reproductive of male

and

histopathological changes. However, as
BBP and DBP showed higher NOAEL
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BlXovn-A42r7F1r7%1—k~ (DNOP)
X, A= T = =2, BT —
HR— 2L R A iR
WA L E Lz, ST — 2=
Zfff LT DART % lti#k+ % &, BBP,
DBP. ¥ X OEVMAISH A 5> DEHP I%, %
PED T FROAFEERE KT L T il 2 oR
L. BBP, DBP @I SN WA EEH L
~L (NOAEL) %7~ L7=, 3 LUV DEHP [,
FE\ Ml % £5-> DIDP,DINP, ¥ L U DNOP
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than the other 3 PEs (DIDP, DINP, and
DNOP), we conclude that hepatotoxicity
does not depend on the length of side
chain. Concerning side chain length of
PEs,

constructed database and found that

we effectively utilized our

DART and hepatotoxicity in rats showed

different modes of toxicities.

Original Article

Long-term dietary intake of excessive vitamin A impairs spermatogenesis in mice

Satoshi Yokota, Takuya Shirahata, Junko Yusa, Yuko Sakurai, Hiroshi It ...

J. Toxicol. Sci., 2019; 44(4): 257-271

Original
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Vitamin A and its derivatives contribute

to many physiological processes,
including vision, neural differentiation,
and reproduction. Vitamin A deficiency
cessation of

causes early

spermatogenesis, characterized by a
marked depletion of germ cells. However,
there has been no clear understanding
about the role of chronic intake of
(VAE) in

spermatogenesis. The objective of this

vitamin A excess
study was to investigate whether chronic
intake of VAE diet causes arrest of
To the

effects of VAE on spermatogenesis, we

spermatogenesis. examine
used ICR male mice fed with control
(AIN-93G purified diet: 4 IU/g) diet or
VAE (modified AIN-93G diet with VAE:
1,000 IU/g) diet for 7 weeks (from 3 to
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10 weeks of age). At 10 weeks of age,
the retinol concentration in the testes of
VAE mice was significantly higher than
that of control mice. Testicular cross
sections from control mice contained a
normal array of germ cells, while the
seminiferous tubules from VAE mice
exhibited varying degrees of testicular
degeneration. Daily sperm production in
VAE testes was dramatically decreased
compared to that in control testes.
Sperm viability, motility, and morphology
VAE mice.

Furthermore, we examined the effects of

were also impaired in
VAE on the expression of genes involved
in retinoid signaling and spermatogenesis
to determine the underlying molecular
mechanisms. Therefore, we are the first
to present results describing the long—
intake of VAE

spermatogenesis using a mouse model.

term dietary impairs

TUAPLORBHEILIS E S ERBEOR
BIEME 2R LTz, VAE RS TOMH DR+
APEIT, SRR CTORFAE L i LT
BRI UE LT, FFoEFR, EH)
P, BXOERED VAE ~ 7 X Tl bihv
L7z, ST, VF /A RV T IViReEL
BRI RE 53 2 BI5 T ORBUKTT 5
VAE DRBEZFH~T, LR D0 AT
=ALEPRELE Lz, L2 > T VAE O
EHORFEBERN~ Y AET VEMHEH LT
Ik EER D 2 & 23T 2Ry
RERRLET,

Original Article
Dosage time affects alkylating agents induced micronuclei in_mouse peripheral blood

reticulocytes through the function of erythropoietin

Keiichi Itoh, Shoji Masumori, Daisuke Mukai, Hiroyuki Sakakibara, Mich ...

J. Toxicol. Sci., 2019; 44(4): 273-282

Original Google translation
Previously, we reported that the | LIAiT, Fx 1%, K5H (zeitgeber FEfH], ZT15)
frequency of micronucleated | (IZ=F /L =Fur Y7 L7 (ENU) (25 mg/

kg RE) ZMEFENES U721 C3H / He «
v A O KM M H O N B R IR i Bk
(MNRET) OSEEREWNZ E28ELEL

reticulocytes (MNRETS) in the peripheral
blood of C3H/He

intraperitoneally administered

male mice
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ethylnitrosourea (ENU) (25 mg/kg body
weight) in the dark period (zeitgeber
time, ZT15) was higher than in the light
period (ZT3). In this study, to clarify the
mechanism underlying this phenomenon,
we investigated the differences in
micronucleus (MN) induction observed
between ZT3 and ZT15 using five
(MNU),
(EMS),
cyclophosphamide and
MNU EMS,

alkylating agents,

chemicals, methylnitrosourea

ethylmethane sulfonate
mitomycin G,
vincristin. and
monofunctional
showed higher frequencies of MNRETSs in
the ZT15 than the ZT3 treatment similar
to ENU. However, no differences were
observed for the other chemicals. In the
comet assay, more DNA damage was
induced by ENU in the ZT15 than the
ZT3 treatment. Furthermore, the plasma
erythropoietin (EPO)
effector of MN

apoptotic activity mediated by Bc/—xL

level, a known

induction with anti—

expression, was higher in the dark than
in the light period. EPO did not increase
the frequency of MNRETs. However, in
the ENU treatment group at ZT3
following EPO
increase of MNRETs was observed
similar to the ZT15 treatment. Higher

expression of apoptosis—related genes

injection a significant

such as Bc/-xL was induced in bone
marrow cells from mice treated with ENU
at ZT15 compared with ZT3. From these
results, it was speculated that the

differences in MN induction in the

7 (ZT3), ZOWRETIX, ZOHZRD
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FEOENERHELE L, HERET L
U bAITH D MNU 1 L TVEMS 1Z, ENU
LRERD ZTI3 BHE LV &, ZT15 TL U &
VVEEC MNRET Z/rLE LT, L,
AL I ITEVIBE SN ERAT
L7z, 2 Ay N7 v&ATld, ZT3 LB K
W ¥ ZT15 ® ENU (2 & Y %< @ DNA 15
DA INE Lo, S HIT, BelxL FHUZ
Ko TN ENDHT R b— ATEM % £E
9 MN FHEDOBEM D7 = 7 X —Tdh 5 1L
gy 2R F L (EPO) L~ULid, B
X0 AT CR o2, EPO X MNRET
OBEEZENSEEFATLE, 72720,
EPO {EH 2D ZT3 @ ENU JRIERETlL,
ZT15 J59% &[RRI, MNRET O & 22 H0
NEERESNE L, BelxL 2 EDT R h—
VAR O XD mWIEBLIE, ZT3 &
Fe#e L C ZT15 TENU TR L7~ 7 2D
EFEARECHRESRE L, ZhbDfER
225 ENU 72 EDBEREME T L L LA
BREE L7~ U 2AORMMLIZIIT 5 MN 755
DIFWL, BHEIZIH T 5 EPO OER Y XA
WCRE G A7 R b= AEITHT AR b—
T AMRREITIKTTET D Ll S E LT,
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peripheral blood of mice exposed to
monofunctional alkylating agents such as
ENU depend on apoptotic or anti—
apoptotic conditions related to the
rhythms of EPO

circadian in bone

marrow.

Original Article
Eliminating the contribution of lipopolysaccharide to protein allergenicity in the human cell-
line activation test (h-CLAT)

Hanae Kobayashi—Tsukumo, Kanami Oiji, Dan Xie, Yuka Sawada, Kunihiko Y ...

J. Toxicol. Sci., 2019; 44(4): 283-297

Original
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We previously developed a test for
detecting naturally occurring protein—
induced skin sensitization based on the
markers and criteria of the human cell-
test (h—CLAT)
showed that the h—CLAT was useful for

assessing the allergenic potency of

line activation and

proteins. However, test proteins were
contaminated with varying amounts of
lipopolysaccharide (LPS), which might
have contributed to the stimulation of
CD86 and CD54 expression. In this
study, we developed a method to exclude
the effects of LPS in the assessment of
skin sensitization by naturally occurring
proteins. We tested two inhibitors [the
caspase—1 inhibitor acetyl-Tyr—Val-Ala—
(Ac-YVAD-
cmk; hereafter referred to as YVAD),
which can mitigate the LPS-induced

Asp—chloromethylketone

b MERRTE M LSRR (h-CLAT) O~—%
— LIS T, BRICEAET DX v
NI BT D BERAEET D oDT
A hZBAFE L h-CLAT N Z VR EDT L
NE—FREOFHZERTH D Z & &R
LELE, UL, By 7 Eirs %
JEREOY REHE (LPS) TIHY I TH
h. CD86 £ L1 CD54 FELDOHIIKIZE5-
L7ZmREMERH Y £9°, ZOWFETIE, K
SRICIEIET D # R I K D BB ED
FHMIZd5 1T D LPS DA BRIV D ik %
% LE L7, LPSIZX% CD54 FHD
HMERY IF L BEBEHTE 2250
FLEAI[ A A R—E-1 [LEAT & FL-Tyr-
Val-Ala-Asp- 7 & 2 2 F )4 k> (Ac-
YVAD-cmk;2LF YVAD) 27 A b LE L7z,
(PMB) . IEE RS (LPS OFEMERSY) (ThE
ATH5ZLICLY LPS Oz EAIEIL %
Tl 24 Kl O #&#E %, YVAD B LU PMB
I3 LPS # % CD86 35 X 1N CD54 D3 Hi % i
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increases in CD54 expression, and
polymyxin B (PMB), which suppresses
the effect of LPS by binding to its lipid
moiety (i.e., the toxic component of
LPS)]. After a 24 hr exposure, YVAD and
PMB reduced LPS-induced CD86 and
CD54 expression. In particular, the effect
of PMB was dependent upon pre—
incubation time and temperature, with
the effect

following pre—incubation at 37° C for 24

most potent observed
hr. Moreover, only pre—incubation with
cell-culture medium (CCM) at 37° C for
24 hr showed an inhibitory effect similar
to that of PMB, with this result possibly
caused by components of CCM binding
to LPS. Similar effects were observed in
the presence of ovalbumin (with 1070
EU/mg LPS) ovomucoid,
lysozyme (with 2.82 and 0.234 EU/mg
LPS, CCM. These
results indicated that PMB and CCM

effectively eliminated the effects of LPS

and and

respectively) in

during assessment of protein
allergenicity, thereby allowing a more

accurate evaluation of the potential of

proteins to induce skin sensitization.

HEFE LT, B2, PMB O FIZ 7 LA
VxR aX— g URFE SRR AR L

37°CT 24 Bl O T LA ¥ a_X— g v
BITE bR BN BRI E L, &
5z, Mifaks#K (CCM) & 37° C T24
RE D7 LA v FaX— g DI,

PMB & [FIBRDIRER R Z R L E Lz, 20D
FEFRIT, CCM ORIIM LPS IZfEGT 5 2
LI THIERISNDAREMELRH Y £
4, CCMIZART /L7 I (1070EU/mg
LPS #5&ip) BLUOARLIA R, BIY
U F—L(ZNTH 2828 L100.234EU
ImgLPS Z&te) DOIF(E TN THIEERDOLR
NI NE Lz, ZnbofiRix, PMB
& CCM WY LRI ET LV RO RTHM
1 LPS ORIRAZRANTHERR L, £hiZ
K0 & T BN E A RS D R
Pz L0 EMICHECE 5 Z L &R LT,

Original Article

Effects of infection of MRSA on the expression and activity of renal cytochrome P450s in

mice

Nana Long, Huagiao Tang, Lin Lin, Jianlong Li, Lijuan Guo, Fenghui Sun ...

J. Toxicol. Sci., 2019; 44(4): 299-307
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Original
Methicillin—resistant Staphylococcus
aureus (MRSA) leads to serious

infections, but it is not known whether it
changes the expression of kidney drug
metabolizing enzymes during infection.
The mice were infected with different
doses of MRSA and the oxidative stress
and inflammation levels in the kidney
were examined. The mRNA expression
and activity of cytochrome P450 enzyme
was analysed. Mice infected with high
levels of MRSA showed a decrease in
renal antioxidant capability and an
elevated level of oxidative metabolites,
which was accompanied by the release
of inflammatory cytokines. The levels of
interleukin 1, tumour necrosis factor
alpha, and macrophage inflammatory
protein—1 & were significantly increased
along with the levels of nitric oxide and
On day 7, mRNA

expression of Cypla2, 2d22, and 3all

malondialdehyde.

were decreased by the high level of
MRSA, but the of MRSA
increased their Cyp2el
mRNA expression was increased by
MRSA in the kidney of mice. High dose
of MRSA the

oxidative inflammatory

low level

expressions.

infection increased

stress and
response in mouse kidney, leading to the
decrease in the expression of renal
and no

drug—metabolizing enzymes

recovery within 7 days.

AF U UG T N U ERE (MRSA) 1X
HERERYYE A 5 &2 LE 3, g
(B HEER OB AL SE L0 E
IMIFIAHTY, v~V RIZERRLTED
MRSA % s, BlgOmMLA ML &
RIE LV EFHRE LTz, v h 7 17 A P450
B3R D mRNA S8 & 152 0T L& LT,
LUV D MRSA VDG LT~ 7 A%, &
IO BIERLARE /) DK T & B LR ED D
LAV D R ERL, RIEWEY A A >
DO ZENE LT, A —uAF 1
B. EEHERR TV 7y, B~ n
Ty = VRIEMS T La DL
X, —BREEEBLI N~ VT AT E R
DL EHITE LM LELE, 7
HHIZ, Cypla2, 2d22, B L 3all ®
MRNA 3%, MRSA OE L~Lic k-~ T
B LE L=28, MRSA O L~L 3% D
M SHE L7z, Cyp2el mRNA ¥
BUX, ~ 7 ZAOENT MRSA IZ X - T
L¥ L7z, EHED MRSA Bkt v~ 7 A
g OBR{E A b LA & RIE G & BN S
.7 HEANIZ B S R R O R B A
HEE, BELEFATLE,
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Original Article

Long-term cadmium exposure enhances metallothionein-1 induction after subsequent

exposure to high concentrations of cadmium in P1798 mouse lymphosarcoma cells

Tomoki Kimura, Takuomi Hosaka, Tsuyoshi Nakanishi, Osamu Aozasa

J. Toxicol. Sci., 2019; 44(4): 309-316

Original

Google translation

Cadmium, a ubiquitous heavy metal, is a

toxic industrial and environmental

pollutant. The initial biological response

to cadmium exposure is induction of

metallothioneins (MTs), a family of
cysteine-rich, low—molecular—-weight
proteins that bind primarily zingc,

cadmium, or both. This MT induction
protects against cadmium toxicity by
quenching cadmium. However, the
effects of long—term cadmium exposure
on MT1 gene expression are largely
unknown. To investigate these effects,
we used P1798 mouse lymphosarcoma
which the MTI1

suppressed. As previously reported, MT 1

cells, in gene is

expression remained unchanged after
MT1

induction was observed in cells treated

cadmium treatment. However,
with 0.1 uM cadmium for 7 days, then
exposed to 10 pM cadmium for 3 hr. In
cells treated with 0.1 yM cadmium for 7
days, the transfected MT1

reporter gene transcription and the

promoter

cadmium incorporation in response to 10
UM cadmium induction were similar to

those in untreated P1798 cells. Bisulfite

AEXFHAREEBTHDIUV LI, AFR
PE¥ER OB E T, W FI T A
WREE 3T D IR O AW FIOSIE, FI
fHen, NI VA, ERIFTEOWFITHEES
TOHVATA VICERR &Y VNI E
D77 IV —ThHrbAXaFFRA
(MT) OFETT, ZOMTFEIL, H K
RULEIZTFTHIEICLD, W R
UL DIRELE T, L, MTL &
BFREBST LR FI U LEROE
BIFEAEMONTHERA, ZhHD
NRAE TR D20, MTL B340 S
TS PL1798 ~ U A Y L /N il 4
MLUE L anciE shiz L HIic . MT1
FEUIH RI U LB LA LEFAT
L7 2720, MTL OFE L, 0.1uM B R
SYULTT HRE L7214, 10uM B K3
T A 3 IR Lo TR SN E L
77 01uM B RITLATT HRELEEL -
M CIX, b A7 =27 FLIEZMTL 71
F—H — L R—F—BIaTDIE L 10uM
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7o HRRERKBHL DT ) Ay —Fr o AT L
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Google translation/AEIC trial

genomic sequencing revealed that 7 day
treatment with 0.1 pM cadmium slightly
decreased CpG methylation in the 5~
flanking region of the MT1 gene. Our
results together show that cadmium
treatment results in MT1 induction and

epigenetic modification of the MT1 gene.

DE LT, B RITLNREN MTL FiE L
MTLEBEZFOTEY =327 4 v 7 IfEffi %
HLIZHT I EERA ORI IR LT
WET,
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