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729 features important to EPA & FDA’s “chemical exposure” landscape and safety 
assessment workflow

ToxPrints: http://www.toxprint.org

Chemotyper: http://www.chemotyper.org

Groups & Scaffolds Bonding 
Patterns

Chains

Atom types

Binary fingerprint file

Windows desktop 
application

ToxPrints: A Public Set of Chemotypes

 Clear, reproducible means for 
defining & visualizing local chemistry 
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Chemotype-Enrichment Approaches:
Finding chemical-activity patterns in the noise



w/ Tom Knudsen (NCCT), Bhavesh Ahir, NCCT (ORISE)

42 chemicals labeled as “Flame Retardants” 
included in ToxCast & Tox21

Are there enriched chemotypes 
within this FR subset relative to 
ToxCast & Tox21?

Chemotype Enrichment, 
e.g., Flame Retardant (FR) Use Category



Chemotype Enrichment, 
e.g., Flame Retardant (FR) Use Category

5/42, 
12%

10/8600,
0.11%

114 : 1 
“enrichment”

Use chemotypes to search ToxCast-
Tox21 screening inventories 

w/ Tom Knudsen and Bhavesh Ahir
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What is “known” about this CT in the 
larger context of ToxCast assay results?

www.chemotyper.org

Chlorendic Acid –
used as an 
intermediate in FR 
production

5/10 are FR 
chemicals



w/ Tom Knudsen and Bhavesh Ahir

{CT-Assay}ToxCast-FR

Significant {CT-Assay}ToxCast-FR associations 
potentially related to developmental outcomes 



In Vitro HTS

{CT-Assay}ToxCast.Tox21

{CT-Assay}ToxRef

{CT-Assay}i

Tox21

Chemotype-Activity Enrichments

ToxPrint
Chemotypes

{CT}Tox21

+

+ In vivo

 Create {CT-Activity} enrichment profiles for any “active” subspace of a test set
 Focus studies in local CT domains
 Enhance HTS or structure-activity signal
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Computing CT-Assay “Enrichments” 
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Simple statistical thresholds & filters of significance:

 Odds Ratio ≥ 3, conveys simple fractional enrichment
 Fischer’s exact p value ≤ 0.05, compensates for size of dataset
 Tpos (TP) ≥ 3, require at least 3 chemicals with CT in Positives



DTXSID PREFERRED_NAME Hit_Call bond:C
X_halid
e_alken
yl-
Cl_dichl
oro_(1_
1-)

bond:C
X_halid
e_alken
yl-
X_acycli
c_gener
ic

bond:C
X_halid
e_alken
yl-
X_dihal
o_(1_1-)

bond:C
X_halid
e_alken
yl-
X_gener
ic

bond:C
X_halid
e_alkyl-
Cl_trichl
oro_(1_
1_1-)

bond:C
X_halid
e_alkyl-
X_arom
atic_alk
ane

bond:C
X_halid
e_alkyl-
X_arom
atic_ge
neric

bond:C
X_halid
e_alkyl-
X_benz
yl_alkan
e

bond:C
X_halid
e_alkyl-
X_dihal
o_(1_3)

bond:C
X_halid
e_alkyl-
X_secon
dary

bond:C
X_halid
e_alkyl-
X_trihal
o_(1_1_
1-)

bond:C
X_halid
e_alkyl-
X_trihal
o_(1_1_
2-)

bond:C
X_halid
e_arom
atic-
X_ether
_aromat
ic_(Ph-
O-Ph)

bond:C
X_halid
e_arom
atic-
X_ether
_aromat
ic_(Ph-
O-
Ph)_gen
eric

DTXSID7021233 FD&C Red 3 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1
DTXSID1041978 Flufenoxuron 0 0 0 0 0 0 0 0 1 0 0 1 0 1 1
DTXSID7024160 Lactofen 1 0 0 0 0 0 0 0 1 0 0 1 0 1 1
DTXSID7024241 Oxyfluorfen 1 0 0 0 0 0 0 0 1 0 0 1 0 1 1
DTXSID5035957 Cyfluthrin 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1
DTXSID5032498 Triclosan 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1
DTXSID8023216 3,5,3'-Triiodothyronine 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1
DTXSID0020022 5-(2-Chloro-4-(trifluor  0 0 0 0 0 0 0 0 1 0 0 1 0 1 1
DTXSID7024112 Fomesafen 0 0 0 0 0 0 0 0 1 0 0 1 0 1 1
DTXSID1034503 Cyhalofop-butyl 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
DTXSID0032605 Methyl (RS)-2-[4-(2,4-d 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
DTXSID5048186 Tetrac 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
DTXSID2045232 Tiratricol 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
DTXSID7020970 Nitrofen 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
DTXSID6028022 1-(Bromomethyl)-3-ph 1 0 0 0 0 0 1 1 1 0 0 0 0 1 0
DTXSID7032559 λ-Cyhalothrin 1 0 1 0 1 0 0 0 0 0 0 1 1 1 0
DTXSID1032648 Z-Tetrachlorvinphos 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0
DTXSID5032315 4,5-Dichloro-2-octyl-3( 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0
DTXSID5032654 Triforine 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0
DTXSID4027527 1,2,5,6,9,10-Hexabrom 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0
DTXSID5021413 Tris(2,3-dibromopropy  1 0 0 0 0 0 0 0 0 0 1 0 0 0 0
DTXSID8034324 Phoxim 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DTXSID3032416 Cybutryne 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DTXSID8032675 Sulprofos 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Binary “Activity” Hit Call + 
Fingerprint = CT Enrichment Table

ToxPrint  
ID

Chemotype Label CT-
Tot

TP FP FN TN OR P-Value

Txp-117 bond:COC_ether_aromatic 41 9 32 103 1627 4.44 7.4E-04
Txp-13 bond:C#N_nitri le_generic 52 9 43 103 1616 3.28 4.3E-03
Txp-134 bond:CS_sul fide_dia lkyl 32 7 25 105 1634 4.36 3.0E-03
Txp-137 bond:CX_hal ide_alkenyl -Cl_dichloro_(1_1-) 7 3 4 109 1655 11.39 7.1E-03
Txp-139 bond:CX_hal ide_alkenyl -X_acycl ic_generic 16 5 11 107 1648 7.00 2.3E-03
Txp-140 bond:CX_hal ide_alkenyl -X_diha lo_(1_1-) 8 3 5 109 1654 9.10 1.1E-02
Txp-142 bond:CX_hal ide_alkenyl -X_generic 40 9 31 103 1628 4.59 6.1E-04
Txp-146 bond:CX_hal ide_alkyl -Cl_trichloro_(1_1_1-) 15 4 11 108 1648 5.55 1.2E-02
Txp-153 bond:CX_hal ide_alkyl -X_aromatic_a lkane 6 3 3 109 1656 15.19 4.3E-03
Txp-154 bond:CX_hal ide_alkyl -X_aromatic_generic 6 3 3 109 1656 15.19 4.3E-03
Txp-155 bond:CX_hal ide_alkyl -X_benzyl_a lkane 41 7 34 105 1625 3.19 1.3E-02
Txp-161 bond:CX_hal ide_alkyl -X_diha lo_(1_3) 39 7 32 105 1627 3.39 9.5E-03
Txp-166 bond:CX_hal ide_alkyl -X_secondary 13 3 10 109 1649 4.54 4.4E-02
Txp-169 bond:CX_hal ide_alkyl -X_triha lo_(1_1_1-) 96 16 80 96 1579 3.29 2.1E-04
Txp-170 bond:CX_hal ide_alkyl -X_triha lo_(1_1_2-) 29 5 24 107 1635 3.18 3.2E-02
Txp-183 bond:CX_hal ide_aromatic-X_ether_aromatic_(Ph-O 40 9 31 103 1628 4.59 6.1E-04
Txp-184 bond:CX_hal ide_aromatic-X_ether_aromatic_(Ph-O 14 6 8 106 1651 11.68 1.1E-04
Txp-239 bond:P=O_phosphate_thioate 14 5 9 107 1650 8.57 1.2E-03
Txp-260 bond:P~S_generic 36 8 28 104 1631 4.48 1.4E-03
Txp-423 chain:a lkaneBranch_t-butyl_C4 71 12 59 100 1600 3.25 1.2E-03
Txp-433 chain:a lkaneCycl ic_propyl_C3 25 6 19 106 1640 4.89 3.7E-03
Txp-557 group:l igand_path_4_bidentate_ethylenediamine 10 3 7 109 1652 6.50 2.1E-02
Txp-6 atom:element_metal_trans is tion_metal 10 3 7 109 1652 6.50 2.1E-02



Generate CT-Enrichment Table Results

Store CTEW 
results in DB 

qsarDB

Generate fingerprints

ToxPrints

Generate binary 
“Hitcall Matrix”

DSSTox

MySQL DB

invitroDB

Automated Chemotype-Enrichment 
Workflow (CTEW)

12

ToxCast 
assays

Calculate enrichment 
statistics

w/ Ryan Lougee and Chris Grulke
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Chemotype-Enrichment vs. QSAR
It’s not a contest!



Mech 1

Mech 2

Mech 3

Mech 5

Toxicity
Endpoint

Chemical
Structures

Mech 4

QSAR vs. CTE Approach

SAR1

SAR2
SAR3

SAR4

SAR5

QSAR

14

Biological attributesChemical reactivity 



Mech 1

Mech 2

Mech 3

Mech 5

Toxicity
Endpoint

Chemical
Structures

Mech 4Chemical reactivity 

{CTEs}

Biological attributes
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QSAR vs. CTE Approach



Physchem

Fragments

Topological

Electronic

Steric

2D

3D

…

Linear 
regression

Multiple 
regression

kNN

SVM

Random Forest

Decision trees

…

Genetox

Cancer

Skin 
sensitization

Developmental 
tox

ER binding

Acute Tox

…

Binary [0,1]

Quantitative

Pesticides

Industrial

Drugs

Food 
additives

Flame 
retardants

Endocrine 
disruptors
…

Activity = f {structure}

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

…

16

+  {Descriptor set}i +  {Method}i  {Model}i{Training set}i

QSAR vs. CTE Approach



+  {Descriptor set}i +  {Method}i  {Model}i{Training set}i

Physchem

Fragments

Topological

Electronic

Steric

2D

3D

…

Linear 
regression

Multiple 
regression

kNN

SVM

Random Forest

Decision trees

…

Activity = f {structure}

 {Model}i

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

…
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{ToxPrints}
CTEW 

Statistical
Enrichment

{CTE}1

{CTE}2

{CTE}3

{CTE}4

{CTE}5

{CTE}6

…

 {CTE}i

Genetox

Cancer

Skin 
sensitization

Developmental 
tox

ER binding

Acute Tox

…

Binary [0,1]

Quantitative

Pesticides

Industrial

Drugs

Food 
additives

Flame 
retardants

Endocrine 
disruptors
…

QSAR vs. CTE Approach
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Use Chemotypes to Explore the 
Global ToxCast Chemical-

Activity Landscape



L:\Lab\NCCT_ToxCast\CTEW-
Chemotype enrichments

TXP_ENRICHMENTS_INVITRODBV2_2018.xlsx

• 13757 assay(aeid)–CTE pairs

• 773/1440 unique assays have enriched CTs

• 424/729 unique ToxPrints are enriched
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ToxCast assays (aeids)

Significant CT-enrichments across ToxCast assay space considered 
unmodelable by traditional “global” QSAR methods

“Global” QSAR models* 
for 167 ToxCast Assays
Avg % Median BA = 0.67

“Global” QSAR models failed for 86% of ToxCast Assays

*Random Forest models based on ToxPrint CT descriptors, validated using 
independent Test Set & Y-randomization, with Training (100A,100I) & Test 
(25A,25I) Set minimums (J. Fitzpatrick)

w/ Jeremy Fitzpatrick and Grace Patlewicz



What about the “Inactives”?
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CT-Active CT-Inactive

More “signal” in Actives, but significant 
amount of signal in Inactives

• Span ToxCast assay space

• More frequent in assays with fewer 
Active CT-enrichments

Inactive CT-enrichments 
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assay count (CT-Active enrichment) - 479 Total
CTs

Top 10 enriched CT-Inactives
(skewed from actives)

CT-Inactive >75 assays, 
CT-active <10 assays

Inactive CT-enrichments 

Txp CT Name
assay count 
(CT-Active 
enrichment)

assay count 
(CT-Inactive 
enrichment)

Txp-101 bond:CN_amine_pri-NH2_aromatic 3 84
Txp-145 bond:CX_halide_alkyl-Cl_ethyl 0 79
Txp-260 bond:P~S_generic 1 94
Txp-362 bond:metal_metalloid_oxy 2 96
Txp-372 bond:metal_metalloid_Si 6 99
Txp-374 bond:metal_metalloid_Si 6 116
Txp-496 chain:oxy-alkaneLinear_ethyleneOxide_EO1(O) 5 91
Txp-497 chain:oxy-alkaneLinear_ethyleneOxide_EO2 6 127
Txp-607 ring:hetero_[4]_N_beta_lactam 1 118
Txp-663 ring:hetero_[6]_N_triazine_(1_3_5-) 2 234

• True inactivity?
• Assay artifacts?
• QC failure?



ToxPrints enriched in Fails
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Promiscuous ToxPrints

ct_id AssayCount 
/TP 

atom.element_metal_poor_metal 271 
bond.metal_group_III_other_generic 270 
atom.element_metal_transistion_metal 220 
bond.metal_group_III_other_Sn_generic 183 
bond.metal_group_III_other_Sn_organo 183 
bond.metal_group_III_other_Sn_halide 107 
bond.metal_group_III_other_generic_oxy 80 
bond.metal_group_III_other_Sn_oxy 76 
bond.metal_transition_Hg_generic 70 
bond.metal_transition_Hg_organo 70 
bond.metal_transition_oxy 60 

 

Enriched in actives of >100 ToxCast Assays

  
 

  
  
  

  
  

  
  

chain.aromaticAlkane_Ar.C.Ar 345 
chain.aromaticAlkane_Ph.C1.Ph 351 
chain.aromaticAlkane_Ph.C1_cyclic 111 
chain.aromaticAlkane_Ph.C4 137 
chain.aromaticAlkane_Ph.C6 132 
chain.aromaticAlkene_Ph.C2 166 

 

ct_id AssayCount 
/TP 

  
  
  

  
  

  
  

  
  

  
  
  
  

 

ct_id AssayCount 
/TP 

chain.alkaneLinear_decyl_C10 159 
chain.alkaneLinear_tetradecyl_C14 159 
chain.alkaneLinear_dodedyl_C12 149 
chain.alkaneLinear_hexadecyl_C16 127 
chain.alkaneLinear_octyl_C8 126 

  
  

  
  

  
  

 

ct_id AssayCount 
/TP 

bond.CX_halide_alkenyl.X_dihalo_.1_2.. 165 
bond.CX_halide_alkyl.Cl_dichloro_.1_1.. 107 
bond.CX_halide_alkyl.F_perfluoro_octyl 118 
bond.CX_halide_alkyl.X_bicyclo.2_2_1.heptene 110 
bond.CX_halide_alkyl.X_dihalo_.1_3. 103 
bond.CX_halide_alkyl.X_tertiary 104 

  
  

  
  

  
  
  

 

ct_id AssayCount 
/TP 

bond.CN_amine_ter.N_aliphatic 133 
bond.CN_amine_ter.N_generic 133 
bond.CN_amine_alicyclic_generic 115 
bond.CN_amine_aliphatic_generic 111 

  
  

  
  

  
  

  
  

  
  

  
  

  
 

• True actives?
• Assay artifacts?
• Cytotoxic?

w/ Ryan Lougee



CT Enrichments in 
Fluorescence Assays
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CT’s enriched (much more likely to be active) in “Fluorescence Assays” 
than in non-fluorescence detection assays

w/ Ryan Lougee



aeid assay_component_endpoint_name assay_forma
t_type

organism intended
_target_t
ype

intended_t
arget_type
_sub

intended_ta
rget_family

intended_target
_family_sub

assay_design_type assay_design_typ
e_sub

detection_techn
ology_type

detection_tech
nology_type_su
b

1 ACEA_T47D_80hr_Negative cell-based human cellular cellular cell cycle cytotoxicity growth reporter real-time cell-grow  Label Free TechnoElectrical Sensor  
5 APR_HepG2_CellLoss_1h_dn cell-based human cellular cellular cell cycle cytotoxicity viability reporter cell number Fluorescence Fluorescence int

25 APR_HepG2_CellLoss_24h_dn cell-based human cellular cellular cell cycle cytotoxicity viability reporter cell number Fluorescence Fluorescence inte
45 APR_HepG2_CellLoss_72h_dn cell-based human cellular cellular cell cycle cytotoxicity viability reporter cell number Fluorescence Fluorescence inte

157 BSK_3C_Proliferation_down cell-based human cellular cellular cell cycle cytotoxicity viability reporter protein content Spectrophotomet Absorbance
159 BSK_3C_SRB_down cell-based human cellular cellular cell cycle cytotoxicity viability reporter protein content Spectrophotomet Absorbance
177 BSK_4H_SRB_down cell-based human cellular cellular cell cycle cytotoxicity viability reporter protein content Spectrophotomet Absorbance
197 BSK_BE3C_SRB_down cell-based human cellular cellular cell cycle cytotoxicity viability reporter protein content Spectrophotomet Absorbance
221 BSK_CASM3C_Proliferation_down cell-based human cellular cellular cell cycle cytotoxicity viability reporter protein content Spectrophotomet Absorbance
225 BSK_CASM3C_SRB_down cell-based human cellular cellular cell cycle cytotoxicity viability reporter protein content Spectrophotomet Absorbance
251 BSK_hDFCGF_Proliferation_down cell-based human cellular cellular cell cycle cytotoxicity viability reporter protein content Spectrophotomet Absorbance
253 BSK_hDFCGF_SRB_down cell-based human cellular cellular cell cycle cytotoxicity viability reporter protein content Spectrophotomet Absorbance
269 BSK_KF3CT_SRB_down cell-based human cellular cellular cell cycle cytotoxicity viability reporter protein content Spectrophotomet Absorbance
291 BSK_LPS_SRB_down cell-based human cellular cellular cell cycle cytotoxicity viability reporter protein content Spectrophotomet Absorbance
314 BSK_SAg_PBMCCytotoxicity_up cell-based human cellular cellular cell cycle cytotoxicity viability reporter dehydrogenase act  Fluorescence Fluorescence int
315 BSK_SAg_Proliferation_down cell-based human cellular cellular cell cycle cytotoxicity viability reporter protein content Spectrophotomet Absorbance
317 BSK_SAg_SRB_down cell-based human cellular cellular cell cycle cytotoxicity viability reporter protein content Spectrophotomet Absorbance
763 TOX21_AR_BLA_Antagonist_viability cell-based human cellular cellular cell cycle cytotoxicity viability reporter atp content Luminescence Bioluminescence
787 TOX21_ERa_BLA_Antagonist_viability cell-based human cellular cellular cell cycle cytotoxicity viability reporter atp content Luminescence Bioluminescence
795 TOX21_GR_BLA_Antagonist_viability cell-based human cellular cellular cell cycle cytotoxicity viability reporter atp content Luminescence Bioluminescence
799 TOX21_MMP_viability cell-based human cellular cellular cell cycle cytotoxicity viability reporter atp content Luminescence Bioluminescence

CTEs for Cytotoxicity

categories_table_invitrodb_v2

41 assays labeled as 
target_family_category

“cytotoxicity”

TXP_ENRICHMENTS_INVITRODBV2_2018_filtered.xlsx

179 unique CTs 
enriched in the 41 

assays

CTs enriched in >10 "cytotoxicity" assays #cytotox 
assays

chain:aromaticAlkane_Ph-C1-Ph 36
chain:aromaticAlkane_Ar-C-Ar 35
bond:metal_group_III_other_Sn_generic 31
bond:metal_group_III_other_Sn_organo 31
atom:element_metal_poor_metal 27
bond:CX_halide_alkenyl-X_dihalo_(1_2-) 27
bond:quatN_alkyl_acyclic 27
bond:metal_group_III_other_generic 27
chain:alkaneLinear_tetradecyl_C14 27
chain:alkaneLinear_dodedyl_C12 24
chain:alkaneLinear_hexadecyl_C16 21
bond:C(=O)N_carbamate_dithio 20
chain:alkaneLinear_decyl_C10 20
atom:element_metal_transistion_metal 19
chain:aromaticAlkene_Ph-C2_acyclic_generic 19
chain:alkaneLinear_octyl_C8 18
bond:quatP_phosphonium 17
bond:metal_transition_Hg_generic 17
bond:metal_transition_Hg_organo 17
bond:metal_transition_oxy 17
bond:metal_group_III_other_generic_oxy 16
bond:metal_group_III_other_Sn_oxy 16
chain:alkaneLinear_hexyl_C6 16
bond:CX_halide_alkyl-X_bicyclo[2_2_1]hepte 15
bond:metal_group_III_other_Sn_halide 15
bond:CX_halide_alkyl-Cl_dichloro_(1_1-) 13
bond:quatN_generic 13
bond:CS_sulfide_di- 12
chain:aromaticAlkane_Ph-C4 12
chain:aromaticAlkene_Ph-C2 12
ring:hetero_[5]_N_pyrazole 12
bond:C=N_imine_C(connect_H_gt_0) 11
bond:CX_halide_alkenyl-X_generic 11
bond:CX_halide_alkyl-X_tertiary 11
bond:quatN_trimethyl_alkyl_acyclic 11
bond:metal_transition_Hg_halide 11
chain:alkaneLinear_stearyl_C18 11
chain:aromaticAlkane_Ph-C6 11

38 CTs enriched in >10 
“cytotoxicity” assays



ToxPrints with Attitude… 
Attributes

• Individual ToxPrints found to be 
significantly associated with:
– HTS bioactivity 
– HTS inactivity
– failed QC in DMSO
– promiscuity
– fluorescence interference
– cytotoxicity
– in vivo endpoints
– Usage/product categories
– …

• Thus, individual ToxPrints evolve 
to become “knowledge-informed” 
features, absorbing inferences 
from diverse activity datasets
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Applications of the 
CTE Approach

Finding Signal in 
the Noise



Multi-electrode array (MEA) neurotoxicity 
assay (T. Shafer)

I n c r e a s e d  M F R

D e c r e a s e d  M F R

T o t a l = 1 0 8 0

N o  E f f e c t

D e c r e a s e d  M F R  +  C y t o t o x i c

• Screened 1080 ToxCast Phase II 
chemicals, incl. ph1_v2, ph2

• Activity measured as Mean Firing 
Rate (MFR) above or below 
threshold

758

207

107

 314 total “Actives” or Hits
 758 “Inactives” or No-hits (8 cytotoxic)
 Total Tested = 1080 (30% hit rate)

8

Strickland et al., Arch Toxicol, 2018, 487-500



Optimizing MEA Assay Hit Calls

Multi-electrode array (MEA) 
InvitroDB Hits

ToxCast PhII
(1028 total) 312 Hits

MEA #Hits #CTE
v0 312 18
v1 325 33

0
5

10
15
20
25
30
35

v0 v1

#CTE

v0

ToxCast PhII
(1028 total) 325 Hits

v1

with Tim Shafer & Matt Martin



MEA Chemotype (CT) Analysis: 
Visualize & convey CT enrichment



OR=11.3 (5/6 Hits)

MEA Chemotype (CT) Analysis: 
Use CTs to build biological linkages

MEA Hits 

MEA Non-Hits

NVS_GPCR_hOpiate_mu
NVS_GPCR_rOpiate_NonSelective
NVS_GPCR_rOpiate_NonSelectiveNa
NVS_IC_rCaBTZCHL
NVS_IC_rCaDHPRCh_L
NVS_IC_rNaCh_site2

4/5 MEA hits with CT665 also MEA 
hits in Ion Channel (IC) assays

16/27 MEA hits in CT479 also 
hits in NVS_IC assays

NVS_IC+

NVS_IC+NVS_IC+ NVS_IC+

ToxCast assays enriched with 
hits in both CTs

OR=5.4 (27/39 Hits)

Strickland et al., Arch Toxicol, 2018, 487-500



NIS Inhibition Assay 

High-Throughput Screening and Chemotype-Enrichment Analysis of ToxCast Phase 
II Chemicals Evaluated for Human Sodium-Iodide Symporter (NIS) Inhibition

1028 total ToxCast Phase II chemicals screened

Wang et al., Environ. Int, 2019, 126:377-386



1028 
tested

273 Hit1
30 CTs enriched
60% coverage of actives
BA=0.71

63 HIT2 23 CTs enriched
64% coverage of actives
BA=0.75

1028 ToxCast Phase II chemicals screened
 27% positive at 20% threshold in single screen …Hit1

 6% positive in multiscreen, cell viability filtered results …Hit2

NIS Inhibition Assay 
Single screen vs. Multiscreen results

HIT1: Single Screen
HIT2: Multiscreen + cell viability filters

Wang et al., Environ. Int, 2019, 126:377-386



CT Enrichments (NIS Hit2) profiles 
from PhII to PhII+e1k

• Majority of PhII CTEs 
validated for Hit2 Actives

• Small number of CTEs 
disappeared

• Equal number were added 
with e1k expanded inventory

Wang et al., Arch Toxicol, 2021, 95:1723-37



M. Shobair et al., Poster #252

Thyrotropin-Release Hormone Receptor Assay
Tox21_TRHR

Goal:  Prioritize subset of actives (true hits) and inactives (potential false 
negatives) for follow-up testing using:

 domain knowledge
 chemotype enrichments
 in silico computational chemistry models



Thyrotropin-Release Hormone Receptor Assay
Tox21_TRHR

Generate CT 
enrichments for the 
4 activity subsets 
relative to the larger 
Tox21 test set

M. Shobair et al., Poster # 252



Thyrotropin-Release Hormone Receptor Assay
Tox21_TRHR

(#) of Enriched CTs per TRHR Activity Subset

CTs included in the “cytotoxic” regions are significantly enriched 
in >10/42 Tox21 “cytotoxicity”-labeled assays (invitrodb_v2)

CT sets for agonist-only 
and antagonist-only 
datasets are completely 
distinct, i.e., no overlaps

M. Shobair et al., Poster # 252
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Tox21 Library Profile
NCATS (Drugs)

vs.
EPA+NTP (Environmental)

ToxPrints

ToxPrint enrichments only possible with 
inclusion of NCATS partner library

ToxPrint enrichments only possible with 
inclusion of EPA+NTP partner libraries

Richard et al., CRT, 2021, 34:189-216



CT Profile & Assay “Enrichments” 

ToxPrint enrichments only possible with 
inclusion of NCATS partner library

Each ToxPrint below is enriched 
in 1 or more Tox21 assays

Richard et al., CRT, 2021, 34:189-216



CT Profile & Assay “Enrichments” 

ToxPrint enrichments only possible with 
inclusion of EPA+NTP partner libraries

Each ToxPrint below is enriched 
in 1 or more Tox21 assays

Richard et al., CRT, 2021, 34:189-216



Building a public chemotype
resource

HTS-In vitro

ToxRef
COSMOS

ToxCast
Tox21

Chemicals

Chemicals

DSSTox_v2

Metabolism

Biological
Data

Fate & Transport
ADME

Reactivity
Biotransformation

Phys-chem 
properties

Biological 
activities

Measured
Properties

Models

ACToR
Inventories CPCat, Use

Exposure

Exposure
Data

Toxicity Predictions
Structure-alerts
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