Identifying candidate reference chemicals for in vitro testing of the retinoid pathway from public
data and literature mining

Nancy C. Baker?!, Jocylin D. Pierro?, Laura W. Taylor?, Thomas Knudsen?

WWWw.epa.gov 1 Leidos, RTP, NC; 2CCTE, EPA, RTP, NC

Nancy C. Baker | baker.nancy@epa.gov | 0000-0002-8351-9435

Introduction Candidate chemical compilation Results summary

Refe rence Chemicals are essential to Calibrate in Vitl’O assays and Hits in ToxCast RARa assays. The results were filtered to chemicals with AC50 under 2 micromola

i Curation steps were used to remove chemical hits with caution flags.

establish confidence in their results. The retinoid pathway is critical Assay D33TexD | Chemical Name ACS0 US EPA ToxCast and Tox21 assays data were The process produced approximately 220 putative Figure 6. Candidate reference

in embryc_)nic development and chemical perturbation of thi; | (M) extracted from the EPA Chemicals Dashboard reference chemicals. The results differed among chemical counts by taraet
athway is known to lead to adverse outcomes. In vitro testing of DTX5103023556 | Retinol 0.0763 the t t y g
P y - 9 (comptox.epa.gov) for RARA, RARB, RARG and € targets.

DTXSID2022880 Danazol 0.7338

I I - . I ieldrin . . . ° I I 25 B
chemicals against the majr argets of the retinoid pathway can hel e o 7% the retinoid pathway (ATG_DRS and To2LRAR) For STRAS, 10 putative reference chercals  * N
. ATG_RARa_trans_up DTXSID8041379  2,6-Di-tert-butyl-4-methoxyphenol 1.0705 . . .
sources, we assembled a set of candidate reference chemicals for t DIXSID9037539  Endosulfan | 1.3836 A stringent cutoft of 2.0 micromolar AC50 was * RALDH has many candidates, but this enzyme . -

DTXSID2032500  Triflumizole 1.4526 : : - )
ten targets of the retinoid pathway: DTXSID4038922  Tetrabromobisphenol A bis(2-hydroxyethyl) ether  1.5032 app“ed In order to retrieve Only the most potent family has many members that share . —

° ; : : ; DTX51D7047279  (CP-532623 1.5610 I Substrates
Ret|n0| blndlng prOteln (Serum) — RBP DTXSID4021559  2,6-Di-tert-butyl-4-nitrophenol 1.8870 hItS . . ;
« Stimulated by retinoic acid 6 (STRAB) NVS_NR_hRAR Antagonist DTXSID2026523 Symclosene 0.2638 « Targets of interest to drug discovery have the |:| |:|
o : : . : DTX5ID8041909 Dysprosium(lll) chloride 0.8540 most in VitI‘O teStin aCtiVit ’ but fewer 1 3 3 [ 3
Ce”U|ar ret|n0| blndlng prOteIn (CRBP) DTXSID7021239  all-trans-Retinoic acid 0.1258 . ) | h g ] | y d 0 BP  SIRAE CRPB  CRABP CYP26  RDH RALDH RARA RARB  RARC
« Cellular retinoic acid b|nd|ng protein (CRABP) NVS_NR_hRARa_Agonist ~DIXSID9022310 Daidzein 0.93609 Flgure 2 Sample data frOm TOXC&St environmental chemicals are represente .

DTX51D0023901 Bentazone 1.8986

* Retinoic acid 4-hydroxylase (CYP26) DTXSID2037706
« Retinol dehydrogenase (RDH)

Potassium perfluorooctanesulfonate 1.9118

« Retinal dehydrogenase (RALDH)
- - - A B C D E F G H L] - - - L -
°
Retinoic acid receptors (RARA, RARB, RARG) Figure 3. Sample data from ChEMBL. Figure 7. Abstract Sifter article counts for toxicity,
1 |Assays
2 |TargetID - | Assay ID - |Chemical Ct |-} Type - | Assay description - | Documen tID |~ |Target Preferred Name *|PMID |~ 1 M .
3 |CHEMBL2055 CHEMBL2401373 Transactivation of Gal4-fused RARalpha (unknown origin) expressed in African green monkey COS51 cells at 100 nM by luciferase re CHEMBL2396574  Retinoic acid receptor alpha 23685180 u e Searc eS Wi d eve I O p m e ntal tOXI C Ity’ an d I I m b d efe CtS
04 4 |CHEMBL2055 CHEMBL4195064 Agonist activity at GALA DNA-binding domain-tagged RARalpha (unknown origin) ligand-binding domain expressed in human HG5 CHEMBLA190387  Retinoic acid receptor alpha 29706423 C h E M B L WaS Searc h ed for P b M d h th
5 |CHEMBL2055 CHEMBL3118436 A [a) 3] L= L = T
v & Metabolites CYP26 & |CHEMBL2055 CHEMBL3118434 A . th Ab t t S'ft t I B C E E G
o2 i _ . R e o Chemicasfrom chémL each of the targets and records € ADSIract SIfer 1001 Jindscape view
: : : : ! TargetID - | Assay ID ~ | Chemical ID - | SMILES ~ | Pref Chem Name -1| Results
Vitamin A ProvitaminA 1 9 |CHEMBL205S CHEMBL3405114 Ap |1arg Y f d d ) HeatMapby| Heat Map by
o= ; i i == ! 10 |CHEMBL20SS  CHEMBL4220761 T |CHEMBL20S5 ~ CHEMBLI671298 CHEMBLI668776  CC(C)=CCCCI=C[C@@H](C/C(C)=C/CC/C(C)=C/CC2=CC(=0)C=C(C)C2=0)0C1: YEZOQUINOLIDE Activity: down Ioaded to Excel for were pel' ormed an Undate Articke Counts More st | column row
(retinol) (B-carotenoids) i 11 |CHEMBL2055 CHEMBL3224186 In ivi
| 2 | CHEMBLI0 e — . CHEMBL2055  CHEMBLA150340 CHEMBL1545045  CC1=C2[C@H](/C=C{\C)C{=0)0}CCIC@@H](C)[C@H]2CC WVALERENIC ACID Activity: . . Ie e 0 embryonicOr  Congenital{ow] OR
I CHEMBL2055 ~ CHEMBL3100731 CHEMBL3098771  CC{=C/C=C/C{C)=C/C(=0)0}/C=C1\CCCc2ccecc2l UAB-30 Activity: 1.0 % I t d f y Id d 137 (~ 75 /0) embryonal OR limb defects OR
N I E E:Eﬂ:igﬁ; E:Eﬂﬁtjjgﬁ:ﬁ i CHEMBL2055  CHEMBL3297476 CHEMBL3098771  CC(=C/C=C/C{C}=C/C(=0)0}/Cc=C1\CCCc2ccerc2l UAB-30 Activity: 1.0 % eva- u a- Ion an Scan n I ng Or Embbm;gen;:i o "mbgd;:-m:nes
\ = - - _ - _| i e - embryalogy etus im
*» S - v | 15 |CHEMBL2055 CHEMBL3292973 a| |[CHEMBL2055 ~ CHEWBL1671298 CHEMBL1668774  CC(C)=CCCC1=C[C@@H]|C/C(C)=C/CClC@®@]2{C)C=Cc3ce{0)cc(C)c302)0C1= TUBERATOLIDE B Activity: . .-y . . . g h I h d Or fetsl OB 1 4 N .
Q"~ _VL ~ > Ll o, o) Gy v 57 I 16 |CHEMBL2055 CHEMBL3405115 Al |CHEMBL2055  CHEWMBL1671298 CHEMBL1668773  CC(=0)CC/C=C(\C)CIC@@H]LC=C{CCC=C{C)C)C{=0)01 TUBERATOLIDE A Activity: Chemlcal entltles Wlth Identlfled C emlca S S Owe toxicity OR adverse 0,; ;t;amgi:::: Q,’Z";E:ﬂd:f;ﬂfé';
¥y eSS > 17 |CHEMBL2055 CHEMBL1227766 T R
R STRA6 " RDH RALDH : CHEMBL2055  CHEMBL3880815 CHEMBL3707313  CC{C){C)elee|-c2eef-c3cec(C{=0)0)ce3)cec20CCO)cocclNICCCCL TRIFAROTENE Kd: 500.0 nM . . ) - |effeas OR OR Embryonicand  Brachydactyly OR
RBP/TTR - - Retinol CO — céa;f_’ R%a’ - - AgA_ - J E E:Eﬂgigﬁ; E:Eﬂgtig:izi: i CHENBL2055 CHEWBLA195064 CHEMBL3707313  CC{C){C)clec|-c2ocf-c3ecec|C{=0)0)cc3)ccc20CCO) eccINICCCCL TRIFAROTENE EC50: 500.0 nM nam e S For C andlda‘te Con nectlons to Subject queries: |poisenin £ Fetal digits OR
R ‘ ) 1 20 | CHEMBLZ055 CHEMBLA430355 o] |[CHEMBL2055 ~ CHEWBL2401367 CHEMBL38 Cri1=C{/Cc=C/C(C)=C/c=C/C{C)=C/C{=0)a)C(C){C)ccr TRETINOIN EC50: 50.0 nM - ..
_________________ 21 |CHEMBL2055 CHEMBLA187072 Il |CHENMBL2055 CHEMBL2401373 CHEMBL38 cci=c(/c=c/c(c)=C/c=c/c{C)=Cc/Cc(=0)0)C{C){C)cCCl TRETINOIN FC:55.0 h . I h bI t d I p t I t ty Preferred Name chemical / Entity query Toxicity EmbDev AO:Digit
: “ RAR | I'CRABP" 22 |CHEMBLI0SS CHEMBLA187066 T| |CHEMBL2055  CHEWBL3118435 CHEMBL38 CC1=C{/C=C/C(C)=C/C=C/C{C)=C/C(=0)O)C(C){C)CCrl TRETINOIN FC:110.8 C emlca S, t e pU ICa. |On WaS eve O men a‘ OXICI - b = ~ ~ ~
: H £ - . ' : ; 23 |CHEMBL2055 CHEMBLA037125 A - - /= - - ivity: in hydrochloride 23541-50-6 OR Daunomycin hydrochloride OR Daunorubicin 1429 20
. : b D i— ' CHEMBL2055  CHEMBL3405117 CHEMEL33 CC1=C{/C=C/C(C)=C/C=C/C{C)=C/C({=0}O)C(C){C)CCrl TRETINOIN Activity: . . Daunomycin hy yein hy
Fi g u r_e 1 Slmp“fle(_j pRNIL A= : : O . ij E:Eﬂgigﬁ; E:Eﬂ:tjﬁ:i:i i CHEMBL20S5  CHEMBL4187069 CHEMBL38 CC1=C(/c=C/c(C)=C/c=C/C{C)=C/C(=0)0)C(C){C)cCct TRETINOIN EC50: 1.01 nM retrl eved and reV| ewed . Daunorubicin 20830-81-3 OR Daunorubicin 1429 20
retl n0|d athwa Wlth W CHENEI 2055 CHEMPBIA22076]  CHEMEB) 38 e e o alar o e (e Tt ol fal el Ta il Tl f e et o TEETINOIN ECS0- 161 o Retinal 116-31-4 OR Retinal OR Retinaldehyde
P y :
t t RARE/DRS AS an exam ple’ 55 Ethanal Ethanol[majr] 17658 4152 39
al‘ge S / Acetaminophen 103-90-2 OR Acetaminophen 13149 558 7
: Retinol 63-26-8 OR Retinol OR Vitamin A 2962 7787, 266
. A b E F GH I J KLM®MNOGSEP QRS T U v Chemlcals had Indomethaf:in 53-86-1 ORIndomethaf:in 8007 2175 5
Figure 4. Sample data from PDB. -  [overview | literature on limb Cormaldehyde 50000 on Farmaldehyse 2t 125 E
F I g u r e 5 . S am p I e d ata 2 |Double-click on article count to see defail Bisphenol A 80-05-7 OR Bisphenol A 5150 1351 3
7 Sample of Protein Pata Bank records for Cellular Retinol Binding PI‘ot.ein (CRBP) . . - én & g - %; d efe CtS Tetrachlorodibenzodioxin 41903-57-5 OR Tetrachlorodibenzodioxin 4597 961 8
Eﬁi structure Title PMID ‘[r;eea;r Ligands Used fro m L ItD B I Ite ratu re - 'é -T. E *-g o % %u E’ E” 2 = o b ‘-;- w j‘g" " all-trans-Retinoic acid 302-79-4 OR all-trans-Retinoic acid OR Tretinoin 4149 5757 234
g~ FE 3 5 g E £ 5 & - g £ % - B A Toommsmmms e mmes -ene -
E 533 2 EEEESE S~ =& E~ & 8 @ - .
oD rotems AR N comrLe | | | e term database R
) 1- T s t3 e 88 832 8FTEELE 2L DE
WITH ALL-TRANS-RETINOIC ACID AND A METYLENEINDEN-2-YL)-3- 8 £3 %83 5 5 2t s 588858572
SYNTHETIC RETINOID METHYLHEXA-2,4-DIENOIC = & E_ 5 E_ T E RS z E‘ S 'g'- g 2 'g,_ E‘ g
. . . ACID / PHOSPHATE ION ’ §SF5pz2E % IEN R N eXt S t e S
m = © E £ £ E 0O -E - g ° 5 T = o e
Structured databases of in vitro testing results were searched i | crvsTac SRt or e eTmog. | 1iagess | 1904 | sErOIC Ac EPA's database of MeSH PrfifEsiiziziiigies
. . . . ACID-BINDING PROTEINS | AND I IN COMPLEX S 5 5 8 v £ e 2835 28T T Es 85 o
for candidate chemicals, including: ToxCast / Tox21; ChEMBL; AL TS SETHIC A 0 terms extracted from seljiaeedzsagsifsg
’ . ’ ) SYNTHETIC RETINOID . £ % 2% € 2 % = = £ - %
PubMed was queried for £ % 2 : :

Protein Data Bank (PDB); and Biomedical literature concepts in SE5L | Costolsrucure ofuman cllrvinel binding | 30721022 | 2018 [ [£R20)5-meth-& peiy- & Mesh chemica Name (bypertinked) [] [2] [-] =1 - siicisiciiciclcERiaialc Tox21 Cross-Partner Project 13 is exploring development of

_ poan 1 rpopreny) each of the targets and > o LR e EE B s B\ _ _ g
EPA LitDB. S oo co-annotations of Mo -y TEEEw CYP26 a high-throughput assay for CYP26 bioactivity. The
. . . . . | et dmer a2t of fumen, chemicals and # bt e f:fr;‘:'ednag: candidate chemical collection is undergoing review to
In orderd t:)hes;alz)l;\jh dcc;\rlljflctienct:eS |_?t Olfl‘t candldatethchtle_tmlc?ls, | s s (9 _?_Etagom?tm or aglonlgmd. : ‘ém 2 5 chemicals winnow the list for this proof-of-concept study.
we used the Fubivied Abstract sirers to assess the literature € resuits were foade ey m - J Considerations for selections to the shortlist are:

connections to adverse outcomes associated with retinoid PDB was searched for each target and results to Excel and reviewed. 7 g o[opot e . Strong supportive data

pathway disruption. downloaded and reviewed. o 1 v « Environmental interest
5-7 compounds for « Known developmental toxicant
purchase and evaluation « Chemical diversity

U.S. Environmental Protection Agency

- Office of Research and Development This poster does not necessarily represent U.S. EPA policy. References 1) Baker N et al. F1000 Res. 2017 Dec 21;6. pii: Chem Inf Sci-2164.




