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Investigation of new evaluation system for neurodevelopmental toxicity using
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In recent years, the incidence of neurodevelopmental disorders has been

increasing, and one of the factors is concerned about the effects of exposure to chemical substances

in the environment. The purpose of this study was to investigate a neurodevelopmental toxicity
evaluation system using mouse ES cells. As a result, we found that the differentiation to glial
cells was remarkably suppressed when cells were exposed to several insecticides during the stage of
differentiation from neural stem cells to neural cells. The effect on glial cell differentiation in
this in vitro system was found to be highly sensitive compared to previously reported
neurodevelopmental toxicity effects, suggesting that it is an effective in vitro screening tool for
neurodevelopmental toxicity.

ES



in vitro

National Toxicity Program NTP in vitro
in vitro OECD
in vitro
ES
in vitro ES/iPS
in vivo
ES
ES
C57BL/6 ES B6G-2 B6-6
ES 14% KSR 1% FBS 1 mM sodium pyruvate
0.1 mM beta-mercaptoethanol LIF 1 puM PD0325901 3 uM CHIR99021 GMEM
2 3 Accutase
2 3 ES
Accutase 15% KSR 0. 25 pM LDN-193189 DMEM 1x10* cells/0.2
ml 96 well plate 6 Day 6
EB TrypLE Invitrogen 37 5
single cell bFGF EGF 20 ng/ml RHB-A TaKaRa Bio
4 Day 10 4 Day 14 /
Day 6 Day 10 Day 14
96 well plate 1 B27 BrainPhys STEMCELL Technologies
4
PCR
ES / bFGF EGF RHB-A 48
well plate  3x10* cells/0.1 ml 24 B27 BrainPhys
4 NucleoSpin RNA
total RNA PrimeScript™ RT Master Mix (Perfect Real Time) TaKaRa Bio
CDNA GeneAce SYBR® qPCR Mix « No ROX
Gapdh Pax6 Map2 Gfap PCR

LightCycler® 96 Roche Gapdh



96 well plate ES / 1x10* cells/0.1 ml

24 4 CellCounting Kit-8
DOJINDO
96 well plate 48 well plate
0.1% Triton X-100 15 3% BSA 1
1 1 DAPI
FV1200
ES
ES
RHB-A TaKaRa Bio
ES /
in vivo
ES RHB-A
6 EB
RHB-A
a Pax6 Nestin Day
0 EB Day 6 RHB-A Day 10 Day 14
Pax6
RHB-A /
EB RHB-A
Pax6 /
Day 10 NPC NPC Day 14
NPC NPC BrainPhys
NPC Map?2 Gfap
NPC Gfap
RHB-A in vivo
/ neurogenesis gliogenesis
Map2 NPC
NPC
a) Primary Secondary b)
ES cells EB NPC NPC Pax6 gene Nestin gene
: ] + : 140 40
-3 0 6 10 14 120
g 100 ) %0
13 :,
:
0 0 6 10 14 ° 0 6 10 14
Days Days
c d i
) Pax6 ) Primary NPC Secondary NPC
Day 10 Day 14 Map2 gene % Gfap gene @ Map2 gene - Gfap gene
° 30 - 8 ; » 35 800
82 g%
7] 6 o 5 600
s s 4 22 e
3 ’2 2 3 ’g 200
0 0 0 0
v T ES NPC Diff ES NPC Diff ES NPC Diff ES NPC Diff
ES
ES
NPC

NPC



Map2 Day 6 EB
chlorpyrifos
DDT rotenone carbaryl
deltamethrin imidacloprid
Day 6 EB 6 4
Map2 Imidacloprid
a Map2
Map2
Map2
NPC
Gfap
Gfap b
Chlorpyrifos Deltamethrin Imidacloprid Gfap
a)
Chlorpyrifos DT Rotenone
150 -e- Viability 150 =&~ Viability 190 -~ Viability
125 -0 Map2 125 éo Map2 125 -0 Map2
- - ot _/ -
£100 é é'o“o 100 ) ¢ Z10of © é:\i
8 75 S 8 75 LI 8 75 = :Q\
$ 50 ‘4\\ $ 50 \\°\\ $ 50 e
25 LR - 25 Y 25 Se
0 0 0
0 -6 - -4 0o -7 6 -5 0o -9 8 -7
concentration [log,o(M)] concentration [log,,(M)] concentration [log,,(M)]
Carbaryl Deltamethrin Imidacloprid
150 -e- Viability 150 -&- Viability 180 -o- Viability
125 -O- Map2 125 -0 Map2 125 & i 30- MapZj
2100 é QL o= o B0l ¢ E-&- S100{ ¢ =t=0=3=
T REERRALE SE b A |
$ 50 $ 50 \ $ 50
25 25 Se-= 25
0 0 0
0 -8 - 6 5 0 -6 5 -4 0 -6 5 -4
concentration [log,,(M)] concentration [log,,(M)] concentration [log,,(M)]
Chlorpyrifos DoT Rotenone
. -@- Viability 150 -& Viability 150 =@ Viability
125 -0 Gfap 125 -0 Gfap 125 -0 Gfap
Bioo] § C-e-g S100] & %—i—\’ B100{ ¢ ¢
c ~ € c =
8 75 o\é\ \* 8 75 |\\ 87 & +\
5 ~ S S ~ AN
e 50 \Q\ + e 50 e, \‘ ¢ 50 LN
25 D~ 25 \ 25 So e
0 ~o 0 " __» 0 ~¢
0 -6 5 -4 0 -7 ) -5 0o -9 -8 -7
concentration [log,,(M)] concentration [log,o(M)] concentration [log,,(M)]
Carbaryl Deltamethrin Imidacloprid
10 - Viability 156 -&- Viability 350 -&- Viability
125 éh -0 Gfap 125 . -0 Gfap 125 § -0 Gfap
Zroof § 2ol b sz B0 29—~
8 7 ‘é‘s;:‘ 8 7 ¢\\ \\ § 75 $ &“$~-¢_~§
$ 50 A $ 50 ® “ $ 50
25 25 25
0 0 \ s (]
0 -8 - -6 5 0 -6 5 -4 0o -6 -5 -4
concentration [log,o(M)] concentration [log,s(M)] concentration [log,o(M))
Gfap
Gfap
BMC http://invitrotox.uni-konstanz.de/BMCeasy/ EC10
EC10 Log10(EC10viavitity/EC106sap) Selectivity Score
(8S) 0.5 Chlorpyrifos

Rotenone Deltamethrin Imidacloprid SS 0.5

Map2 Chlorpyrifos Deltamethrin SS



0.5 Gfap
NTP
Rotenone

Chlorpyrifos Deltamethrin
Gfap

Selective score SS

nEL mES-Diff mES-Diff hiPs Human Primary LUHMES Rat primary
(Map2) (Gfap) (outgrowth) (outgrowth) (outgrowth) (fire rate)
NA NA

P 0.94 1.35 0.17 0.58
QURYIIOS (1.91/16.6) (0.74/16.6) (42.95/63.80) (NA/NA) (NA/NA) (3.91/14.77)
oot 0.13 0.17 0.06 NA NA :
(0.955/1.29) (0.871/1.29) (13.70/15.64) (NA/NA) (NA/NA) (6.13/3.89)
e -0.42 0.74 1.37 >4.67 >2.50 .
AOERORE T (0.0030/0.0011)  (0.00021/0.0011)  (1.65/38.83)  (0.000424/NA) (0.06/NA)  (0.02/0.00767)
o -0.040 0.27 >0.56 >0.13 NA 0.45
2ruaty (0.331/0.302) (0.162/0.302) (27.78/NA) (14.77/NA) (NA/NA) (2.93/8.26)
— 0.69 0.82 0.14 NA NA >1.42
€ltamethrin (2.75/13.5) (2.04/13.5) (26.25/36.36) (NA/NA) (NA/NA) (1.15/NA)
Imidacloprid o 1.92
(331.1/112.2) (1.35/112.2)
ES
Gfap 6

1. Behl M., Ryan K., Hsieh J.H., Frederick Parham F., Shapiro A.J., Collins B.J.,
Sipes N.S., Birnbaum L.S., Bucher J.R., Foster P.M.D., Walker N.J., Paules R.S.,
Tice R.R.(2019)Screening for Developmental Neurotoxicity at the National
Toxicology Program: The Future Is Here. Toxicol Sci. 167, 6-14.

2. Crofton K.M., Mundy W.R.(2021)External Scientific Report on the Interpretation of
Data from the Developmental Neurotoxicity In Vitro Testing Assays for Use in
Integrated Approaches for Testing and Assessment. EFSA Supporting Publications.
18, EN-6924.

3. Ying Q.L., Stavridis M., Griffiths D., Li M., Smith A. Conversion of embryonic
stem cells into neuroectodermal precursors in adherent monoculture.(2003)Nat
Biotechnol. 21, 183-186.

4. Okada Y., Matsumoto A., Shimazaki T., Enoki R., Koizumi A., Ishii S., ltoyama Y.,
Sobue G., Okano H.(2008)Spatiotemporal recapitulation of central nervous system
development by murine embryonic stem cell-derived neural stem/progenitor cells.
Stem Cells 26, 3086-3098.

5. Ryan K.R., Sirenko 0., Parham F., Hsieh J.H., Cromwell E.F., Tice R.R., Mamta Behl
M. (2016)Neurite outgrowth in human induced pluripotent stem cell-derived neurons
as a high-throughput screen for developmental neurotoxicity or neurotoxicity.
Neurotoxicology 53,271-281.



4
142
2022
29
2021
ES
141
2021
in vitro
49

2022







