0 EPA New Approach Methodology (NAM) using 3D Human iPSC-Derived
\7 UrTted States Neural Organoids to Screen for Developmental Neurotoxicity Hazard

Eg\éirr]gcmenm Protection Sierra L. Boyd?, Jessica A. Conley'?, Timothy J. Shafer!

1Center for Computational Toxicology and Exposure, USA Environmental Protection Agency, Research Triangle Park, NC

’Oak Ridge Institute for Science and Education Boyd.sierra@epa.gov
Introduction Deltamethrin, dieldrin, and loperamide exposure in organoids disrupts neuronal network size Chemical exposure is not cytotoxic
] — : AC;, Values for Activity Analysis % Active Electrode Area Cell-Titer Blue
* New approach methodologies (NAMs) have been developed to better Activity Analysis | Deltamethrin Dieldrin Deltamethrin Dieldrin
. . . —~ o TR B T Individual
recapitulate human biology, increase throughput, lower costs, and reduce e | des with 250 250 200~ 200+
the time required for toxicological testing. hdMEA i firing activity ACq (M) ] ~ 1507 150- 'I' I
. . . . Chip A : Deltamethri = ] |
* The developing brain is particularly vulnerable to perturbations as a result of ttotal of 26,400 i hate . £ o 1004 g w0 100
chemical exposures; exposures during neurodevelopment can result in electrodes) roPike Ampltude Dieldrin O 501 50- S =~ 507 50
- ctive EIgctrodeArea . 60 "'5 04 04 3 o)
developmental neurotoxicity (DNT). Inter-Spike Interval Loperamide NS 2 5 7 9 12 14 16 19 21 23 26 28 2 5 7 9 12 14 16 19 21 23 26 28 o E 0 S — 01 S —
. . . . L < x5 0 1 3 10 30 100 0 1 3 10 30 100
* Current DNT NAMs use 2-dimensional primary rat cortical neural cultures on Day5  Day7 Days Glyphosate | 40 @ . M M e 10uM e S0 A 100M . 1M M e 10uM ke S0 A 100M 80 Loperamide Glyphosate
. . = £ 0 2p0- -
microelectrode arrays (MEAs) to determine the effects of developmental | i, < | 3 = K3 200
_ _ N F il Deltamethrin N Loperamide Glyphosate ®  150- = 150-
chemical exposure on neural network formation. e £ 6004 250+ £ T
. . . . . e Dieldri (&) 100 _
* Here, a 3D human iPSC-derived organoid model is used to screen 4 chemicals i o e 2001 3 * 5 190 Iy
. . . . . . . i 150+ 50— —
(dieldrin, deltamethrin, loperamide, and glyphosate) using high-density operamice 9 100-w >
= 200+ 0
MEAs (hdMEAs). Timepoints where organoids are developing (Day 16) and Glyphosate < K 50- : 0 00304 03 1 3 10 R S S S A
. . c\o 04 0 ]
re.aChm.g maturation (Day 23.) show developmental : 2 5 7 9 12 14 16 19 21 23 26 28 2 5 7 9 12 14 16 19 21 23 26 28 Concentration (uM)
disruption for several endpoints for all tested chemicals,
expect glyphosate. Dieldrin and Deltamethrin appear to have ‘4’{% @ 0.03uM 4 0.1uM 0= 0.3uM = 1M = 3uM @ 03uM 4% 1uM - 3uM <A 10uM A& 30uM LDH
greater effects at Day 23 compared to Day 16. ¥ , Deltamethrin Dieldrin
- Neural progenitor cells DayS-POSt-Platmg 200 200+
~N
%\AGUFOI’IS 150 150-
ipscs  Neural Progenitor A suoeies e
plhady _ Cells . 100- 100-
; \/ . AC50 Values for Network A“ﬂlYSIS Inter-Burst-Interval o= 50- 50- . 14(0)
Network Analysis Deltamethrin Dieldrin oo
———————— 1 300 300+ g 0 T 1 0= =11
Burst Cluster P I Cluster Duration (s) 8 @) 0 1 3 10_ 30 100 0 1 3 10 30 100
o . | /) AC., (M) o O Loperamide Glyphosate
T | iy | W0 Group : 100 200 2001 o 'S 200- 200~
- ! B — -
f— t ot 3 weeks 'o 2 5 6 7 8 9 12 13 14 15 16 19 20 21 22 23 26 27 28 29 'jﬁ:ﬁ FreB”urZ:]c | | Deltamethrin | o u_:: X 150- 150
Initiate 7 days 3D T Days post-hdMEA Plating o 1‘ I ‘l‘ = 51 (#/SOOSGS;\ e} | Dieldrin 80 T 100+ 100 - -
ing%léi?cl)n Fsoepne;'ggjn Plate on hdMEA WaesnﬁL?ﬁ E 41 Inter-Cluster:zinterval (s) I % < Number of I 8 . : . . . . . . . . . . . . . . . . . . . . . . 100 100- +V
Initiate ? Activity Scan, Network Scan & Dosing Cell Titer-Blue o 3 I & Bursts per Loperamide 60 “6 2 5 7 9 12 14 16 19 21 23 26 28 2 5 7 9 12 14 16 19 21 23 26 28
differlglrjl[[?elltion ¢ Axon Tracking S0 jE 2. Fr?:j;rcy%/ | g Cluster I o 50 50—
. . (#/900sec) I = Inter-Burst-Interval (s) I Glyphosate 40 9_—’ ® 1uM -8 3uM <0 10uM =@ 30pM = 100uM @ 1uM -8 3uM <0~ 10uM == 30pM = 100pM 0 I I I T 0 T T T T
3-week organoids were plated on hdMEAs and treated with chemicals three times a week for 29 days. , W"M . | | | g _ 0 0030103 1 3 10 0 03 1 3 10 30
General activity, neuronal network activity, and features of action potential propagation were recorded as o 10 frc'i“m;[”:] 400 \\ Iw | Deltamethrin | 20 % . Loperamide . Glyphosate Concentration (uM)
indicated above.. Data frorp chemically trgated sph.er.oio!s at select days were fit to a curve using teplfit2. W i1 L L/\:’_W\_ﬁ' Dieldrin o Chemical exposure to deltamethrin, dieldrin, loperamide and
AC, (Foncentratlon a-t which 50% of maximum activity is observed) was calculated only for active Loperamide Gro;zrst 2 200- 200 - glyphosate do not show signs of cytotoxicity (Cell-Titer Blue and
chemicals per endpoint. Glyphosate !Cluster a total LDH). Statistics were computed using a one-tailed t-test,
Exposure to deltamethrin, dieldrin and loperamide at T 1001 100-% p<0.05.
o o . . timepoints where neural network in organoids is developing 3 vy . = T T YV T Y
Ontogeny of spontaneous activity In neural organmds (Day 9) and reaching maturation (Day 12) results in disruption 1Y 2 5 7 9 12 14 16 19 21 23 26 28 2 5 7 9 12 14 16 19 21 23 26 28

of network formation, with greater effects seen at Day 12

Cy ®- 0.03uM <8 0.1pM 0= 0.3uM =i 1uM = 3uM @ 0.3pM - 1uM 0= 3uM = 10uM S 30uM ConCIUSiOnS

Neuronal Activity Neuronal Network Action Potential Propagation

. , 5 000 . compared to Day 9. _
i > Days-Post-Plating
o . z
<™ ¢ o §3 ’ 8 7501 ° * Preliminary data demonstrates that loperamide,
e, o »
o O . . .

%20 i ol|o[1(* = o dieldrin, and deltamethrin exposure to 3-week
o = o ® v 5001 . e . . . .
m @ * “| N 5 -!— : AC;, Values for Axon Tracking Neuron Firing Rate: Day 27 oreanoids alters multiple metrics of network
o = N Xon Iracking
2 ° © _ @ Deltamethrin Dieldrin Loperamide Glyphosate .
= 3. T é g = 2 formation
< g 250 ° © —~ e o o o o I e — e e o i .
o\o $ E % -!. T 2 * _I_ MV-NJ\/J_\M 175 ;?Snc;‘uuacrﬂzl\fg}g = D.;l i m e e 20 e e e . . . . :

Y 0 c | ol A () o & 55|68 200- ‘s- . é_ 4 * The chemical-induced disruption in neuronal

0+ ° . = - 4 s S T 50 = O e ] I = — .. . . .
2 5 7 9 12 1436 19 21 K] 26 28 2 5 7 @)Y 14 16 19 21 23 26 28 N R N 29 W%M Group g 100 i O 504 - 123_%_4;_ _ ., 907 $ == -+ I? activity was selective, occurring without
Days Post-Plating Days Post-Plating Days Post-Plating 231 . c 0 95 | i o | 504 . . . . . .
| Deltamethrin | O = 50 inducing overt cytotoxicity in the organoids.
. o ~— o o ol__ = o .
Activity analysis (% of active electrodes), network analysis (mean burst peak), and axon tracking (total N B Day27 Dieldrin 50 Z 1 3 10 30 100 1 3 10 30 100 0.03 041 03 03 1 3 10 30 * These results are concordant with effects of
number of spikes per neuron) shows an increase in activity of 3-week organoids plated on hdMEAs for [l Concentration (uM) these chemicals in rat 2-dimensional cortical
up to 29 days. The increase in activity is an indication of neurodevelopment and neural network 2 Loperamide | _ cultures on MEAs.
formation. Organoid network formation appears to develop earlier and plateaus at day 12 while general A N 2 < . Longe?’t BranCh Length: DaY 27 e Future experiments will exnoand on preliminar
activity plateaus near day 23. Axonal firing and axon branch arborization is the last phase of organoid BT & e Glyphosate g — Deltamethrin » Dieldrin e Loperamide o Glyphosate P o P . P ) _ Y
development reaching maturation at Day 27. The boxes around select days indicate the days where AC;, Group EI e - ? results and test additional chemicals, |ncIud|ng
. . PR A =
values were calculated in the following heatmaps. (0%%@0%?’%%%&%%%%%@4 Neuron 2 5 100 -—ﬁ ————— 150 100 é ————— 100 = -?—-:— # I'%I PFAS compounds.
& oot 2 ¢ Q) Vo QP RS Branch o O = $
At day 27, when axons are further developed and detectable, seve: (6%%%@“?%%3)%;%Zggé%o%gf‘f’fg@ Well M ‘5 s50- ¢ 100 ié - 50- 50.-
Y 00 < Or % ; ¢ —
action potential propagation endpoints at the well, branch, and & ”’%"j%ff%,)O"°f2§2§0§;%%1%§%%%°@’o o X ‘ Disclai he vi Jin thi . Fth ; J
] ] : L , 7, oS 8 sk, 0y, o — ol | | sod o{ _ = o isclaimer: The views expressed in this poster are those of the authors an
U.S. Environmental Protection Agency gﬁzn(;r;:i:i?daere disrupted by exposure to dieldrin, deltamethrin, Q’é/gg@’é 603@,;0;%@046f% “, § 1 310 1 3 10 30 003 01 03 03 1 3 10 30 do not necessarily reflect the views or policies of the U.S. EPA.
. . "6} S . % () i
Office of Research and Development % s %o, % 7 Concentration (uM)




	Slide Number 1

