Delp et al.:

A High-Throughput Approach to Identify Specific
Neurotoxicants / Developmental Toxicants in
Human Neuronal Cell Function Assays

Supplementary Data

cmn pd L NeuriTox PeriTox CMINC Neurons Cardio IPSC NSC Neurons Astrocytes
# class Compound CASE | 1o8F |gmon| e | wew | weam | @ ‘ & 2 2 2]
rugfdrug ke T-methyl-4-phenylpyridinium i 36813390 | 276 155.20] =12
X 83794 3.70] 384.42] S0 007 0.03]
j’W Cokhicna 64868 267 399.44 0.01 0.02 0.006]
63| drugidrug-ike L 56531 483 268.35 *.3.8] | 11
T9[drugidrug-ike | Berberine Ghioride 533658 3.10] 396,37 =88] Gl 5|
Z[drug/drug-ike | vamomycin 2001-85-8 2.34] 1111.34] 0.004] 0.003 15|
H|pesicide Carbaryl 63252 256) 201.23] = 15] 95
68|onv. Liheavy metal y (I chioride 115083 251.08) 0.38 11
33 |industrial chemical |Acrylamide 79-06-1 -0.34| 71.08| * 1163
42| pesticide odocarb 55406536 | 1.91] 281.09] 20
29| posticide Hexachiorophene 70304 5.08_405.90 0.4]
T7|flame retardant __[2,2'4.4"5-Peniabromodipheny] ether 60248-60- | 729] 56469 4]
25{lame relardant__[3.3.55" & A 76947 5.21| 541.85 1.2]
7| drug/drug-ike 6-Fydroxydopamine hydrochlonide 28084157 2.4]
12| postic Diekdrin 60571 79|
65| flams retardant ether 68631492 18| not tested
18| flame retardant ether 5436431 33|
31| pesticide (DDT) 50-28-3 33|
45| pesticide 76448 524] 373.32 48]
74| flame retardant | Fienol, 1) 63537417 | B.70| 452.53] 6.1
11| plasticzer 2-ethylhexyl dipheny! phosphate (EHDP} 1241947 6.49] 362.41 43|
_:'A‘Tlalm telardani | Tricresyl phosphals 1330 785 §.26] 36837 73|
1| pestoide [Chiorpyritos (Dursban) 2621-88-2 472| 35059 2]
73 {lame retardant__|sodecyl dipheny! 20761215 | 7.27] 390.45| 1
75|flame retarcant tert- diph | 58B03-37-3 6.63) 38240 45
32[{lame retardant | Triphenyl 115866 5.33 326.29) 7 0]
40[PAH 208-96-8 332 15220 #
58| pesticide 107534.96-3]  3.34] 3
8| drug/drug-ike [Valproic acid sodium sait 1069-66-5 0.95) 143.
[nchustrial chemical i 12108-13-3 218.09
20|industrial Ghemical |1-ethy-3 848641-69-0 264.26
15 plasticizer Di2-ethylhexyl) phthalate 17-81-7 643 300.56
64]drug/drug-ike Dlazepam 38145 3.15] 284.75
30| pesticids Deftamethrin 528918-63-5 | 649] 505.21 |
50| pesticide Farathion 56352 327 291.27)
36| pesticide Permethrin 52645531 | 6.11] 391.29]
23| solvent n-Hexane T10-54-3 2538618,
55[PAH Fluorene 86737 3.25 166.22
38[FAH Benzo{e)pyrenc 162.97-2 574 25232
48|PAH 91203 2.84] 12817
16| plasticizer Bisphenal A B0-05-7 3.42| 228.29
Ta[FAH Fyrene 128-00-0 458 202.26
S1[PAH Benz(a)anthracene 56553 5.15] 228.29
26/ solvent Toluene 106-88-3 2.00] 9214
27 flame retardant__| Tris(2-chioroethyl) phosphate: 15968 205 265.49
Z4[PAH 4HG e 203645 3.90] 190.25
62|PAH 83-32.9 254 15421
37[PAH 85018 399 178.23
56[PAH Anthracene 120-12-7 388 178.23 #
60]PAH Epn o{DflL 205-93-2 5.64] 252.32] #
Z2[PAH B e 207-08-8 5.64] 252.32 #
52| pesticide Lindane 58-89-3 1
54/food additive L-Ascorbic acid 50-81-7
I ke TotrasthytHi 97-77-8
1| drugidrug-like Hydroxyurea 127-07-1
3| ndustri EER 111-94-4
43| industrial chemical |Acetic aci, ) sak 538380
9[solvent [2-Methyoxyethanol 109-86-4 0. X
28| pesticide Captan T35-06-2 X X
Z1[PAH |Benzotalpyrene 50-32-8 5.74] 252.92
38]drug/rug-ike 6 Fropyl-2- thiouraci 51525 1.39] 170.24]
47[food additive D-Glucitol 50-704 359 18217
I ke F satt 57-30-7 0.70] 23224
53[drug/drug-Tke A acid 50-78-2 -0.03]_179.15
57| pestickls Akicar 116-06-3
48| drugidrug-like L 4 103-90-2
71 PAH Dbz, 215567
6|food addiiive |Saccharin Sedium Sak hydrale 82385420
A|drogidrug-tke | 50-35-1 #
59| drug/drug-Tike 5 51218
70[PAH |Eenzou;,n,.perylene 191-24-2 ot tested
66PAH |chrysene 218019 not tested
67[PAH Dberz{ananthracens 53.70-3 ol tested
69/ onv_ tiheavy me«allﬁ T 56359 ot tested
72|env. Liheavy metal |2,3,7,8- p-diai 1746-01-6 ot tesied
specific mﬂm no effect |

Fig. S1: Cross-comparison of test data for the NTP80 collection

NeuriTox (= UKN4) and PeriTox (= UKN5) data obtained here are shown in the context of published data from other studies on the
NTP80 collection. The effect of the chemicals on the different tests is indicated as specific effect on cell function (blue), cytotoxic
effect (red), or no effect (white); light red coloring indicates that the used assay did not discriminate between specific effects and
cytotoxicity ([4] = Pei et al., 2016). For the specific hits of the UKN4, UKN5, and UKN2 (= cMINC: [1] = Nyffeler et al., 2017a) tests,
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the ECys value for the most sensitive endpoint is given in uM. For the NeuriTox test, specific hits were defined by an EC50(V/NA)
ratio of 2 4, for the PeriTox test the ratio had to be = 3. For the cMINC test, compounds inhibiting migration = 25% without affecting
viability by more than 10% were considered specific. For the alternative neurite outgrowth model ([2] = Ryan et al., 2016), specificity
was defined as ratio between BMC concentrations for viability and neurite area = 3.16 and the confirmation of this classification in a
retesting. In the cardiotoxicity test ([3] =Sirenko et al., 2017), substances were defined as specific if they i) affected cardio-
physiologic parameters after 30 min treatment at a three-fold lower concentration than viability and ii) if they affected viability by

< 10% after 24 h. If not stated otherwise, NeuriTox, PeriTox, and cMINC were performed with 20 uM as highest concentration, with a
DMSO concentration of 0.1%. Other assays were performed at concentrations up to 100 uM (with up to 0.5% DMSO in the test).
Compound number in the NTP80 collection, compound classification, Chemical Abstracts Service Registry Number (CAS#),
molecular weight, and hydrophobicity (logP) are given as additional information. An asterisk (*) indicates that the substance was
tested at higher than standard concentrations, ° indicates that a substance was tested at lower than standard concentrations, #
indicates that the calcein signal was impaired, but the authors did not conclude cytotoxicity from that. Abbreviations: PAH =
polycyclic aromatic hydrocarbon, env. t./heavy metal = environmental toxicant/heavy metal.
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Fig. S2: Characterization of the chemical properties of the screened library

A) Characterization of the hydrophobicity and molecular weight of the NTP80 collection chemicals. Coloring was chosen for
polycyclic aromatic hydrocarbons (PAH, blue), which cluster closely together in the lower right part of the plot, and for chemicals that
were identified as hits in the NeuriTox test (red). Hit substances covered the full range of molecular weights and they were in the
hydrophobicity range between logP 2 and logP 5. B) An extensive set of molecular descriptors was generated for the combined
Tox21 and DrugBank libraries as well as for the NTP80 collection. The chemical descriptors of the Tox21 and DrugBank libraries
were used to define the axes of the principal component analysis in which the chemicals of the NTP80 collection were plotted. The
specific hits of the screen described later in this publication are highlighted in red — they are spread over the complete described
chemical space. C) Table of abbreviations of chemicals of the NTP80 collection.
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Suppl. Fig. S3: Chemical library handling

The “master plate” of chemicals was delivered with each well (A2-H11) filled with a different chemical (75 unique chemicals plus 5
internal duplicates as control). To keep the number of freeze-thaw cycles low and equal between the experiments, five compounds
from the “master plate” were always transferred to the “dilution plate”, where they were diluted in DMSO and complemented with
DMSO wells (solvent control) and narciclasine (50 uM on “dilution plate”, 50 nM final concentration on cells, positive control). Several
copies (= “aliquots”) of the “dilution plates” were produced and stored at -80°C until use.
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Fig. S4: Different scopes of data usage determine strategies for hit compound definitions

A) Different data usages demand alternative data evaluation procedures. For hazard identification of compounds or for quantitative
follow-up (e.g., QSAR, read-across), screen hits have to be confirmed by detailed hit confirmation testing in the same assay.
Moreover, confirmation in a secondary assay is desirable. For initial screening and prioritization, in the context of big data sets like
Tox21, priorities are rather on rapid processing and comparability of the hit definitions across multiple diverse assays.

B) Comparison of the interpretation of NeuriTox test outcomes by either the ECso method (NeuriTox prediction model), or the BMC
method. Substances that were found to be active by at least one of the methods are shown. The specificity threshold for the
NeuriTox (and PeriTox) test was originally derived by statistical values from noise data in the assays (specific effect if ECs ratio
V/INA = 4, Fig. 3). The transformation of an ECs ratio into a BMC ratio at about the ECy level is not trivial. Curve variability, curve
steepness, and steepness-dependence of variability differ in different parts of a fitted curve. Thus, here a BMC ratio of = 3.16 was
used as selectivity threshold, as this value has been used in the literature (Ryan et al., 2016).

Substance classification: c= cytotoxic, s= specific hit. HIT: classified by both methods as specific hit. &: classified by both methods as
cytotoxic. HIT(N): classified as active by both methods. Cytotoxic according to BMC method, specific according to NeuriTox (N)
method. $: retested and classified as cytotoxic by N method; no BMC derivable. Concentrations are outside the screen range. *:
BMC was derived from screen data and thus classified as cytotoxic. Retesting and ECs, analysis revealed no toxicity in the range up
to 20 pM. °: Classified as active but cytotoxic by ECso method but with EC values > 20 uM. 2,2',4,4',5-PBDE: 2,2',4,4',5-
pentabromdiphenylether, 2,2'4,4'-TBDE: 2,2'4,4'- tetrabromdiphenylether.

ALTEX 35(2), SUPPLEMENTARY DATA



o E 125 ko E 1254
(] [}
% (fl 1004----4—-#—a—0 40 = 5 8 5 ... % Sﬂ 1004----4—-—S—g—8 4 B & a4 ...
S 9O 751 NA S S 75 NA
o E YV o E sV
-1 B o peeee -1 B IR PR
8 © 5] EC50(NA)= 7.8 uM 8 5 ,5] EC50(NA)= 0.31 uM
S 5 EC50 (V)= 18.3 uM * > K EC50 (V)= 0.36 uM
0- ratio=2.3 0- ratio= 1.16
- kK T T T T 1 -1 T T T T 1
DMSO-9 -8 7 -6 -5 -4 DMSO -10 -9 -8 7 6
Hexachlorophen log[M] Bis(tributyltin)oxide log[M]

Suppl. Fig. S5: Examples of NeuriTox screen data for cytotoxic substances

A) LUHMES cells, differentiated for two days, were plated at a density of 100,000 cells/cm? into 96-well plates, treated one hour later,
and analyzed after 24 h. Neurite area (NA, orange) and viability (V, black) were determined by high content imaging. Concentration-
response curves are given for two representative cytotoxic substances (hexachlorophen and bis(tributyltin)oxide). Since these
substances were clearly cytotoxic, ECs values were calculated directly from the screen results without re-testing. All data are means
+ SEM from three biological replicates, dashed lines are drawn at 100% and 50%. *: p < 0.05, by one-way ANOVA followed by
Dunnett’s post-hoc test.
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Suppl. Fig. S6: Hit confirmation testing in NeuriTox test of substances that were subsequently classified as unspecific
cytotoxicants

A) Substances that were classified as hits after the first round of screening were re-ordered independently and re-tested for their
effect on neurite outgrowth inhibition (NA, orange) and viability (V, black) in an adjusted concentration range (otherwise same
experimental setup as for the screening). EC values and their ratios were calculated from four-parameter log-logistic fit functions.
The substances were classified as unspecific cytotoxic chemicals (ECsg ratio (V/NA) < 4). For orientation, the highest original screen
concentration (20 pM) is indicated (blue dashed line). All data are means + SEM from three biological replicates, dashed lines are
drawn at 100% and 50%. *: p < 0.05, by one-way ANOVA followed by Dunnett’s post-hoc test.
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Fig. S7: Comparison of different BMC and EC values and ratios for the PeriTox test, for example substances that were
classified as unspecific cytotoxicants

A) Substances that were classified as hits after the first round of screening were re-ordered independently and re-tested for their
effect on neurite outgrowth inhibition (NA, orange) and viability (V, black) in an adjusted concentration range (otherwise same
experimental setup as for the screening). EC values and their ratios were calculated from four-parameter log-logistic fit functions. B)
EC ratios (V/NA) in the low toxicity range (ECxo, EC,s or ECy) are all < 3 and thus do not classify the compounds as hits. The BMC
values were calculated for the benchmark responses of 3x SD of control cells, as used by the NTP. The BMC ratio was < 3, thus
supporting our classification of the compounds as non-specific toxicants.

All data are means + SEM from three biological replicates, dashed lines are drawn at 100% and 50%. *: p < 0.05, by one-way
ANOVA followed by Dunnett’s post-hoc test.
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Suppl. Fig. S8: Exemplification of one possible hazard potential model with few example data on NeuriTox hits/non-hits

A) Graphical illustration of the fixed threshold prediction model. For values of A < 4, compounds are classified as unspecific
toxicants, while A > 4 is assumed to indicate a specific neurotoxicant. B) A set of potential curves are displayed that can relate A to
the hazard probability. The variation of A (SD(A)) was calculated from a large number of experiments and used to parametrize a
calibration curve for a continuous prediction model of the NeuriTox assay. It is based on SD(A) = 0.254, and assumes a log-logistic
curve with upper and lower asymptotes = 0% and 100% for the transition. C) Using the curve formula displayed in B, the curve
offsets (V vs NA = A) for various compounds measured in this study were converted to hazard probabilities. Compounds indicated in
orange refer to the NeuriTox hit compounds; blue indicates compounds that had been found to be non-specific toxicants.
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