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Background Bisphenol A Analogs Results

e Bisphenol A (BPA) is used in consumer products and industrial applications, primarily in plastics, and has been e The most active compounds in the gene set analysis were BPAF (ER,

detected in the environment, human urine, blood, and breast milk. Hac AROM, AHR), TMBPA (AR), BAGM (TR), TBBPA (PPAR) and BPB (PXR) Chemical Name EStrog.en SO : Androgen RecepFor
. . . . . . . . . . . CHs o ¢ ¢ ’ ’ EDSP Agonist EDSP Antagonist TIMES . EDSP EDSP Antagonist TIMES
e Mainly studied as an endocrine disruptor, other toxicities, including obesity, metabolic conditions such as diabetes, he. chy . “ | “ s NI (Figure 2). In general, activity was not restricted to the ER, with the Gene Score Score Score Binding CERAPP Binding Gene Score Agonist Score Binding
. . . . . . I F F O . ’ . . . ’
zndl.ne'urgdevelopmethz'al effects have also been associated with exposure to BPA, indicating that its effects may not HD—Q_Q-Q—OH O O O most active compounds showing high potency in AR, AHR, PPAR and  |gpar i oees 0.000026 Ves Active (Weak) 143x10°  0.000746 163 Ves
| © :jrglie t0 estrosenlc;t;.PA | : d hibit other additional toxiciti o on o oH O Q . . PXR as well. In general, less activity was seen in the TR and AROM gene |BPB 2.85x10° 0.491 0.00196 Yes Active (Weak) 741 0 0.134 Yes
* Inaddition, a number o analogs are in use and may exhibit other additional toxicities. e > o o 5 _ r
sets. BPA 7.98x10 0.45 0 Yes Active (Weak) 790 0 0.136 Yes
. . Bisphenol A 4’-Sulfonyldiphenol Dihydroxymethoxychlor ~ 4,4’-(4-Methlypentane- Bisphenol AF Bisphenol B 4-benzylphenol ) ) ) ) ) BPS 1.20x10% 0.263 0 Yes  Active (Very Weak) 3.55 0 0 No
O bJ ect I V e (BPA) (BPS) olefin 2,2-diyl)diphenol (BPAF) (BPB) (MH-BPF) * The compounds with highest ToxPi scores in all ToxCast assays with CBPA L 10" 019 o y et (Ve e o3 o o y
80-05-7 80-09-1 (BPC) (DMB-BPA) 77-40-7 101-53-1 44X : es  Active (Very Weak)| : es
14868-03-2 6807-17-6 gene targets were BPAF, BPA, TBBPA, and BPB. These analogs were TBBPA 214 0 3.81E-07 No Inactive 99.0 0 0.0159 NA
Determine the relative activity of BPA and 20 BPA analogs using ToxCast data in order to gain o c~ , ‘ particularly enriched in the nuclear receptor, ion channel, BADGE 12.9 0 0 No Inactive 24.9 0 0.0197 Yes
Cl cl HyC . . . . . . .
. . - . . . oH - - . . mitochondrial biogenesis, transporter, and transcription factor protein . i .
a greater understanding of their activity not only as possible endocrine disruptors but also O ) e i , : H, chond g P P P BPF 32.0 0 0 Yes  Active (Very Weak)|  3.20 0 0 No
. . . . O O 1 AN e K[ Q families (Figure 3). BAGM 3.00 0 0 Yes Inactive 83.1 0 0 Yes
across a wide spectrum of potential biological targets N Q on et T H S S O - o TBBPA diallyl ether 0 0 0 No Active (Weak) 0 0 0 NA
iy : on e 15 ofthe 2.1 compounds exhibit cytotoxicity in the tested DMBPA 6.13x10" NA NA Yes NA 8.85 NA NA Ves
M et h O d S Bisphenol F Tetrachlorobisphenol A Tetrabromobisphenol A Tetrabromobisphenol Tetr_abromobisphenol A- Tetrabromobisphenol . r‘:,'l-blis(4-I ) concentration range (Table 1) BPAP 5.44)(106 NA NA Yes NA 0 NA NA NA
24(57%':2) 9 (;g Sg g) (7T98 gﬁ) Az‘é,';g‘;'_ge;'_‘? bls(z_hﬁ;gfyethyl) dibrorﬁf;zlrsésf_ether) YEroeP e(gg;)y coneEne Using the OASIS Pipeline Profiler set of models, we found good DMB-BPA 7.80x10° NA NA Yes NA 541 NA NA Yes
* . . . . . . . M M = = - - - - . . . . . 3
We used the TOX|c'oIog|c.aI Prlor!ty Index (ToxPi) software to ’creatg graphlcal representations of BPA analog activity 21850-44-2 843-55-0 predictivity of binding for ER (~19/21) but not for AR (~9/21 correct, 4,4-BPF 5.16x10 NA NA Yes NA 767 NA NA Yes
and to calculate dimensionless index scores for each analog’s activity. o on o . 5/21 could not be predicted) (Table 3) . These data are shown BPE 5.62x10" NA NA Yes NA 7.45 NA NA Yes
 Two sets of ToxPi’s were produced. The first set was created using a selection of ToxCast/Tox21 assays related to 7 O 3 N O O 3 O compared to the EDSP database and CERAPP model scores (ER only) TBBPA bis(2-hydroxyethyl) ether 10.6 NA NA No NA 74.6 NA NA NA
“gene sets”, where each gene set consists of a number of in vitro assays that are targeted to a specific gene: - Q O - e O O 3 ) Y N O O N W, v; HOOH for the AR model. predictions could not be made for five com ound.s MH-BPF 190 NA NA Yes NA 12.2 NA NA No
estrogen receptor (ER), androgen receptor (AR), thyroid hormone receptor (TR), peroxisome proliferator-associated Ho on O L O B o’ N wd <[ J hat fell id 'fph licability d inthree fell id pf h TMBPA 1.64x10° NA NA Yes NA 1.21x10° NA NA Yes
receptor (PPAR), pregnane X receptor (PXR), aryl hydrocarbon receptor (AHR), and aromatase (AROM). The second ’ that <.a outside o t.e applicanl |.ty oma.ln-t ree fell outside of the BPZ 803 NA NA Yes NA 188 NA NA Yes
set of ToxPi’s was created using all 482 ToxCast assays that have an associated gene target. Each gene target was 3.3- 441 4 4Propane-2,2-diylbis(2,6-  Bisphenol A glycidyl Bisphenol E Bisphenol A diglycidy| Bis(4- domain as characterized by physicochemical parameters MW and e | 729 NA NA Yes NA | 144 NA NA Yes
mapped to a general protein family using the KEGG BRITE hierarchy in order to obtain a broader understanding of dimethylbisphenol A Phenylethylidene)bisphenol dimethylphenol) methacrylate (BPE) ether hydroxyphenyl)methane logK,,,, and two fell outside of the structural domain as characterized  [TBBPA-bis(2,3-dibromopropy! ether) 0 NA NA No NA 0 NA NA NA
the BPA analog activity. (DMBPA) (BPAP) (TM BPA) (BAGM) 2081-08-5 (BADGE) (4,4-BPF) by atom-centered fragments.
. For the 7 gane sets consisting mostlv of nuclear receptors. we also calculated “cene scores” which use the sum of 79-97-0 1571-75-1 5613-46-7 1565-94-2 1675-54-3 620-92-8 _ _ _ o Table 3. Comparison of gene scores, estrogen and androgen receptor model predictions as calculated by the Endocrine Disruptor Screening
g g y -PLors, . & . ’ ) , * We also explored which physicochemical parameters discriminated for  program Dashboard using ToxCast data (AUC=area under the curve for the model. NA=data not available) and TIMES model predictions from
the —logAC50s zfvera,'ge.d over the number of assays in the gene set to derive a dimensionless value that is reflective activity in the ER set and found that high molecular weight and the OASIS Pipeline Profiler (yes=binds, no=doesn’t bind, NA=could not be predicted by TIMES model, yellow indicates a likely incorrect
of the chemical’s activity in that gene set[1]. For our purposes, we also normalized by the number of assays tested extreme hydrophobicity were associated with inactivity. prediction). CERAPP scores are also included for comparison.

for each chemical as all chemicals were not tested in every assay.
e We also explored the structure-activity relationships of the analogs to the gene sets in order to determine how
predicted models of their binding compares to our in vitro data using TIMES models in the OASIS Pipeline Profiler.

We found that several BPA analogs (BPA, BADGE, TBBPA and BPS) have
high counts of consumer use (Figure 1). Half-lives ranged from hours

We compared these results to ER and AR model scores as well as the ER model scores from the Collaborative . to weeks, with TBBPA having the highest half-life (Table 1). 4,
Estrogen Receptor Activity Prediction Project (CERAPP), both available at the Endocrine Disruptor Screening -_ Chemical Name ACt"’e:yt°t°"'°'tV :V'e:éa;(‘) MAD O’“%o@
Program (EDSP) dashboard (http://actor.epa.gov/edsp21/). — e = ’P | * | .‘ » .‘ o o ” | * | "‘ - ’* o%o@
e  We used the Chemical and Product Categories (CPCat) database (http://actor.epa.gov/cpcat) to compare the -_ 4,4-BPF 3 0.255 1.55 A | | s - | - “
relative amount of consumer use for the BPA analogs in order to gauge the likelihood of consumer exposure. In = DMBPA _ 1> 1.21 0.0866 ' . ' _
. . . . . . ] TBBPA bis(2-hydroxyethyl) ether 24 1.34 0.403 :
addition, we used the High-Throughput Toxicokinetics (httk) R package to calculate half-lives and volumes of E L e — - . 1.3 0,0921 BPAF BPA BPB TCBPA TBBPA DMB.BPA BAGM DVIBPA  TBBPAbis(2-hydroxy  BPS BADGE _
distribution for compounds that had available clearance and fraction unbound in plasma data available. T S BPB 16 139 0.225 4.497 3.386 3.261 2.603 2.505 2.089 2.021 1.761 ethyl) ether 1.352 1.344 ::trf’x'tszme proliferator-
. . . . . . . Iva
* Finally, we summarized the cytotoxicity of the BPA analogs by reporting the median logAC50 value for active -_ BPAF 28 1.48 0.375 B 1.661 =a receptor (12)
cytotoxicity assays. = TCBPA 19 151 0.570 ' |
. | TBBPA 28 155 0.214 .’ | A e e | ® ®
- . . N R R DMB-BPA 17 1.62 0.131 * .* | 'K % s
Conclusions and Future Directions - ; -
‘ ' court ' B BPAF 8 1.67 0.496 &
We found that patterns of activity in ToxCast assays vary widely amongst BPA analogs. Many, but not all, of the | [ER——— B coveume oo pctoruseos [ o sonsc asins B ccors o commtes penmiss scan. | TMIBPA 10 1.71 0.0951 BPE TMBPA BPZ BPF BPAP 4,4-BPF BPC MH-BPF _TBBPA ~TBBPA &
. . . I e consumes e dotectas [ o ste to contact lasis [ sesrance consuemer e | [RRRTRRR-— PN 11 172 0.0711 1.344 1.146 1.033 0.782 0.661 0.643 0.625 0.395 diallyl ether  bis(2,3-dibromo
analogs are ER agonists. Additionally, they are also active towards a number of other nuclear receptors and across cpcat [ st i st i [ .o st g e [ P, e cormmar e — J——— : : 0.0 propyl ether)
a broad Spectrum Of gene ta rgetS. =chilc|_use =Flame_retardant =Iaath.ermnsumer_use. nemilecx:nsumer_use=s|:ons_equipmentchild_use ZQEDGE I 1;5 0. ]657 . N . o . . . 0.0 .
+  Several analogs stand out as being particularly broadly active, including BPAF, BPB, TBBPA, TCBPA, bis(2-hydroxy - o ncros s N ST . X A F|guhre 2. ToxPi |TrEag|es aﬂd sc?lrelg, representing act||V|tyhof BPA analc;gf] in 7 gene sets. The Iei?enlc_l mclg?_es the numbe"r of a_ssr?ysdlncluded in o
. o each gene set. The length each slice is proportional to the potency of the assays composing the slice. Slices are equally weighted. Z
ethyl) ether, DMB-BPA, and DMBPA. Figure 1. Consumer use of BPA analogs. Data from CPCat database. BPF 0 3 NA 9 g prop P y Y posing qually weig ‘9%%_ -
* Many of these compounds are cytotoxic, often at concentrations at which activity in other assays is observed, Count indicates the number of entries in CPCat per given consumer TBBPA diallyl ether 0 3 NA /0%,
potentially confounding these results. use category. BPS 0 3 NA _ %c(,/
. . . . . . . = e
e Comparison of these analogs should take into account their consumer use patterns and toxicokinetics in order to Sl L = AL s%o,/_ @
understand the likelihood and duration of exposure. There is a broad range both in amount of consumer use and in Half-life (h) Volume of Distribution (L/kg) o 3"@%,
half-lives, with half-lives ranging from hours to weeks. & BPAF BPA TBBPA BPB  TBBPA bis(2-hydroxy TCBPA DMBPA DMB-BPA BADGE BAGM BPAP ”%b@s S
’ g — . : UlEizir 805 841 Table 2. Cytotoxicity of BPA analogs. Active Cytotoxicity Assays=the 14.835 12.578 10.002 9.876 ethyl) ether 7.118 6.066 3.234 2.716 2.33 1.861 Celtyy, (2
*  Our gene scores, the EDSP model scores, and TIMES binding model predictions were in relatively good agreement BPB 139 45.6 ¢ : : : : 7.201 Ntiga,
) T ) i ) : number of cytotoxicity assays in which the compound is active, S (26)
for ER but not AR. Structural analyses are in the preliminary stage and analyses are ongoing, particularly in how BPAF 138 6.41 Median LogAC50t=the median logAC50 of the chemical in these
physicochemical properties and specific R-groups affect activity. Analogs included in the current study were chosen BPA 115 0.580 assays, MAD=median absolute deviation. Median LogAC50=3 is L L J o Peptidases U:ilﬂ
based on other comparative studies [2] with the addition of several other analogs. In the future, we will BPF* 3.55 4.13 inactive. | ¢ ¢ & ¢ ¢ ¢ ncoup\edrecepmrs O
. . . . . . . el
incorporate all chemicals with available data that have bisphenyl structural features into the analysis. BPS* 0.564 0.433 G-prot Qu.s‘ﬁ\
] . . : . L : BPE BPF 4,4-BPF TMBPA BPZ BPC MH-BPF BPS TBBPA TBBPA & o e
’ Eh.elze broad based;cregmng a.p'proad:c.els a”?\gs: us(’;c.) |dent||fy 2 )A/ldedspect:oum of potlentlal Elgloglcal te?rlgits ?r;]d Table 1. Half-life (h) and volume of distribution (L/kg 1.777 1.774 1.66 1.11 1.076 0.686 0.395 0.37 diallyl ether  bis(2,3-dibromo O&‘o @;\@ 3? =
uild more comprehensive toxicity profiles o and its analogs in order to better evaluate their potential healt body weight) as calculated using the High-Throughput ief&rertm_cei/l ol Predictive Model of Rat Renroductive Toxicit from ToxCact 0.195 propyl ether) o s & &
effects. Toxicokinetics (httk) R package. "Rat clearance rates (1) Martin, M.T., et al., Predictive Model of Rat Reproductive Toxicity from ToxCas 0.0

: : : High Throughput Screening. Biology of Reproduction, 2011. 85(2): p. 327-339. Figure 3. ToxPi images and scores representing activity of BPA analogs in all ToxCast assays that have an associated gene target. Each gene
U.S. Environmental Protection Ag ency used to calculate these values instead of human. (2) Stossi, F., et al., Defining Estrogenic Mechanisms of Bisphenol A Analogs through g ' g P g y J y g get. g

_ This poster may not necessarily High Throughput Microscopy-based Contextual Assays. Chemistry & biology, 2014 target was mapped to its respective KEGG protein family. The legend includes the number of assays included in each gene set. The length
Office of Research and Development reflect official Agency policy. 21(6): p. 743-753. ' " eachslice is proportional to the potency of the assays composing the slice. Slices are equally weighted.
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