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Introduction A Primer on Mahalanobis Distance Filtering HT-H295R Positives Using More Data

Background: Endocrine disruption is a toxicity of both physiological and regulatory importance; as steroid We use Mahalanobis distance to quantify disruption of steroidogenesis across 11 steroid hormone measurements. i S A :
hormgnes regulate reproductio% developmen’{ and othzr)t/)iologgijcal processges it ig a pF;iority to identify ) Y i ° . 3 i For each mMd concentration-response curve, we calculated the
) ) ] ) ’ : ’ Mahalanobis distance incorporates the effect size for h steroid hormone measure after adjusting for covariance between the steroid hormone : e T Bt minimum concentration needed to elicit a mMd equal to the critical
chemicals that may interact with production of these hormones. A high-throughput H295R assay (HT-H295R) m:azuaregb s distance incorporates the effect size for each steroid ho J g ‘ ) \ XY value (benchmark dose, or BMD) k
was developed as part of the U.S. EPA’'s ToxCast program that includes measurement of 11 hormones ' " ' el N e ’ '
across the steroid hormone biosynthesis pathway expressed in H295R cells, including progestagens, oo "-\.‘ o Ranking pathway positive hits was explored by controlling the BMD
corticosteroids, androgens, and estrogens. e V& SOy for cytotoxicity or mitochondrial toxicity (Eq. 2).
HT-H295R Screening: 2012 chemicals in single concentration screening, 656 in concentration-response. = i Eq. 2
. Vi o Ty
Objectives: | | . ] oot 1‘« T S selectivity = min(burstcyto, burstmiw) — BMDy7r_yo95p
» Demonstrate that the HT-H295R assay may be used to predict testosterone (T) and estradiol (E2) / //7 ; 5 C e s ‘{ 3 Where burst 4 burst the median log.. AC.. value for the 36 cytotoxicit
. . : . : uali P @ RIS i A | maxmMa vatue ere burst,,, and burst.;, are the median log,, ACs, value for the 36 cytotoxicity or
production via comparison of the 25 reference chemicals in the OECD-validated H295R assay. ) o s . S i 4 15 mitochondrial toxicity assays in ToxCastTox21 and BMD,,r e is the calculated
» Develop a statistical analysis that integrates data from 11 steroid hormones into a single numeric value — Y O T W £ Y "‘? 2 log,, BMD value for a test chemical.
that indicates the magnitude of effect on steroidogenesis in the HT-H295R assay. _ _ _ _ _ _ _ P e _ .
_ o _ o Left: The residual covariances of many hormone measures in HT-H295R are highly correlated. Middle: Example of Euclidean distance for correlated hormone measures. ’ L '{ s » 657 out of 766 chemical samples had adequate cytotoxicity and
» Begin development of a pathway-based kinetic model of steroidogenesis in HT-H295R. Labels represent the mean concentrations two steroid hormone analytes, A and B, at three concentrations of a chemical. The ellipse represents the joint error distribution for _ A wek mitochondrial toxicity assay data to calculate the selectivity score:
both hormone analytes. Although the conc 3 response for analyte A is twice as large as conc 2, their Euclidean distances with respect to conc 1 are the same. Right: _ .2'3-_.';_' e £ th 547 (83% d th lectivity filt > 0.5 ’
. . Mahalanobis corrects for correlations in hormone measures. Variables are changed by a rotation and rescaling so that the error distribution on the new axes is uncorrelated. L .-."""_5: . -""‘,:;{.”:‘ ' orthese, ( 0) passe € Selectivity Titer (_ ' )
H T' H 295 R VS. O EC D G ul d el Iine AS ) ay ReS u ItS Now, conc 3 is four times as far from conc 1 as is conc 2, more accurately representing the change in analyte concentrations. ISR, » This selectivity metric based on Mahalanobis distance could be
S T R L : L
| | The response at each concentration of a test chemical was considered as a point in 11-dimensional space, and a mean Mahalanobis distance (mMd) RS used to prioritize chemicals for further screening in orthogonal or
Tostosterone up revised Tostosterone On v Effect Sensitivity Specificity  Accurac - TR in vivo steroidogenesis assays
1 . y =P y y was computed for each concentration (Eg. 1 below). R :
] 2 1 1 6 i s . .
e T Testosterone 1.00 0.89 0.90 . _ . . . : .
01 - 0 0] 3 up The maximum mMd (maxmMd) value for each chemical was selected to indicate the magnitude of steroidogenesis pathway perturbation.
0 1 0 1
OECD OECD
Estradiol up revised Estradiol dn revised TEStog::‘]erone 067 092 083 Eq 1 mMD — \/(yc - y1)lz_1 (yc - y1)/Nh
14 11 0 4 . . . . .
= ? - = . Where vy; is the vector of log-transformed hormone concentrations for the j concentration, N, is the number of
0; - 2 0 - 1 Estradiol up 0.75 0.83 0.80 hormones with measurements for this chemical, and } is the estimate of the covariance matrix cholesterol s el
0 i 0 i Estradiol dn 0.80 1.00 0.95 . . P ‘i . s
An example of the mMd and maxmMd computation for the steroidogenesis inhibitor, prochloraz:
OECD 1 1
Summary o HT-H295R concentration response profile Radar visualization to better mMd plot with red arrow indicating the pregnenclane ———+ 170 hydeoxypregnenclone — > To _account _ for the 'nherent complexity of the
E2§==. o0 L eeneone s o Came represent 11-dimensional nature of maxmMd and the dashed line indicating — e steroidogenesis pathway Iin H295R, we have begun
Ean= .= Ketoconazole HT-H295R results were compared to the OECD inter-laboratory 3:| et e the data the critical value ogeterme T oo opinss adapting a previously published dynamic model (Saito et
E2 Danazol . . - . - o - - o m - o v .y CrfRER . . . . . -
il | HN Prochioraz validation study (Hecker et al., 2011) for chemical perturbation P = oS o al., 2016) with isozyme-specific kinetics.
EMH= =. W renarm of T and E2 levels. ST - " i ‘ I - 5 deompntio » Current work includes analyzing time-course experiments
inasteride : : : | — —:> —:> . oreu2 omites to derive new enzyme kinetic parameters for the model,
I== =. - ;pm;o,jm One-way ANOVA was used to determine hit calls in hormone e I L 2 - , o mssnan >Nzym P )
: SN S i AN S+« I N ) S — . based on the stimulation conditions used in the HT-H295R
=21 [ I Forskolin measures between treated and controls. e emen S N\ : esrogen esrogen
=0 | | | ] Bisphenol A S = : cvei1s2 HSD1181/82 menetes metnetes assay.
E2===. = Supersben » There was a high level of concordance between the B T ~L = Hw s contsone
= | Prometon testosterone and estradiol hormone responses between the tegend [ progestagens [ androgens |
T iperon utoxice H enzyme glucocorticoi
E2== L P perony Butex HT-H295R and OECD-validated H295R assays. | | Moo | [
E2Ef?== | Eﬁ;:;ﬂ:?ﬂizmhalme » The maxmMd seemed to separate strong, moderate, and S d F t D t
=l. = Tricresyl phosphate weak modulators of testosterone and estradiol production. umimm ary an uture Irections
Benomyl
[l = Dimethoate » The maxmMd identified chemicals (e.g. fenarimol, tricresyl : : _ _ _ _
N BN Nonosynal-o hosphate, and benomyl) as athvx(/ag ositivas that wer}; > A total of 107 chemicals were replicated » Comparison of the HT-H295R screening data analyzed by ANOVA with the summary results available from the
= Fiene dinethanesuonse PROSPAALE, ) as b Y POSH across multiple blocks; of these, 94 OECD validation stud ts that the HT-H295R dicted T and E2 effects well
. m 4 Dot ar tential fal t the OECD-validated H295R validation study suggests that the assay predicted T an effects well.
- Ftamide potential talse hegatives in the -validate chemicals (87.9%) had concordant maxmMd : : o : : : : .
0T OZIOZOX assay. W e Athway responses » The maxmMd is a reproducible and quantitative metric to determine the magnitude of chemical perturbation of
: 8 » 8 = g 3 logromaxmivd § fommie X Beprnaavp P y resp ' steroidogenesis in HT-H295R, representing a data-driven option for evaluating lists of chemicals.
= 4 _g 4 2 'm I‘= ||_|_| ch . . & Danazol Rep 1 & Finasteride . . - . . . .
s s g7 I-111 2 Fomamtwz A drvopstines > rr;axth_(gl \;]alues We;]?t comptared ity sur(rj\ » The number of steroid hormone significantly perturbed in the HT-H295R assay does not indicate the magnitude
o 5 . E Fenarimal EDS . . . .
g § umene. b g SAErOOIVA ormone nit counts, as measure of effect on steroidogenesis, whereas the maxmMd can differentiate strong and weak modulators of
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