MODE OF ACTION (MOA) AND DOSE-RESPONSE APPROACHES FOR NUCLEAR RECEPTORS
Schrenk, D.; Budinsky, R.%; Corton, J.C.3; Elcombe, C.#; Klaunig, J.>; Wolf, D.3

1. University of Kaiserslautern, Kaiserslautern, Germany; 2. Dow Chemical Company, Midland, MI; 3. EPA, RTP, NC; 4. CXR Biosciences, Dundee, Scotland, United Kingdom; 5. Indiana U., Indianapolis, IN.

Background .
. . . . R P R P P A H R Workshop Conclusions
o A Steering Committee chaired by Dr. Julian Preston C A / X AR(I h 1] P ; £ Di :
and Dr. Melvin Andersen organized the workshop to : : . eme . 1MPoriafnce ot LISCLSSIoN
evaluate dose-response impl?cations of nuclear- PR . Constitutive Androstane Receptor (CAR)/ Pregnane X Receptor (PXR) * Peroxisome Proliferator-Activated Receptor Alpha (PPARa) * Aryl Hydrocarbon Receptor (AHR) Among Diverse Experts
receptor mediated modes of action for liver tumors | ° Case Study Approach — the CAR/PXR panel used phenobarbital as the model || ¢ Case Study Approach — the PPARa panel used di-(2-ethylhexyl) phthalate » Case Study Approach — the AHR panel used 2,3,7,8-tetrachlorodibenzo-p-dioxin The Peer Workshop approach featured:
using a case study approach receptor-activator. (DEHP) and clofibrate as the model receptor-activators. (TCDD) as the model receptor-activator (planar persistent activator). e The sharing of information among a
e Evidence for the mode of action (MOA), its human » The CAR expert panel identified relevant data and applied the framework with || ¢ For PPARa, the expert panel built upon previous applications of the MOA/HRF * The AHR expert panel, for the first time in an expert panel format, rigorously unique mix of science disciplines,
relevance, and the dose-response impli céti ons for emphasis on the qualitative and quantitative aspects of human relevance. Overall || framework using significant new data that allowed for refinement of the key event || applied the MOA/HRF framework and agreed on an MOA. Overall the panel leading to a greater understanding of the
o re’ceptor-mediated iver cancer was exolored the panel concluded that the mode of action is not relevant to humans based on descriptions and updated considerations related to human relevance. Overall the concluded that the mode of action cannot be reasonably excluded for humans, and to complexities of each area and allowing
based on data for selected ligands and activators qualitative considerations. panel concluded that the mode of action iIs not relevant to humans based on continue with the risk assessment. for meaningful consensus.
e Expert panels were recruited, providing a broad qualitative and guantitative considerations. Theme 2: Challenges due to the
molecular biology, toxicology, dose-response CAR Activation mediated toxicity
modellng, rlsk assessment’ and Other areas. M?fti:zgzszﬁ;:\fatlﬂn Sustained AHR Associative: AHR dependent ® MeChanlsmS at the IEVEI Of indUCEd genes
~ Activation gene exp. - CYP1A1; 1A2, etc. - - -
— remains unclear, but this data 1s not
Altered gene expression Altered epigenetic changes ﬂ‘S_E'[TUatWE: . required for MOA evaluation -
M e.thOdS specific to CAR activation specific to CAR activation -Llpld-metlfbﬂltl..zmg 5 e Pre-existing associative events data are often used
—— enzyme alteration re-existing e e lative ev u :
DISCUSSION QUESTIONS: Case study panels used Activation of the PPARa -Hypolipidemic effects initiated L Apoptosis or '"':;'atEd LD e There is qualitative similarity in the
i i i I - : _ - hepatocytes or TProliferation EE LT :
discussion questions to focus the MOA analysis and T — Mproliferation Fa— i overall MOA for later key events for this
dose response considerations: P ypErony Increased hepatocellular stem celis
AR ' . Associative: Cyp2b proliferation with or without set of nuclear receptors.
1. Is the existing biological knowledge for liver tumors Induction and Hypertrophy decrease apoptosis —— Theme 3: The application of current
Induced through the receptor sufficiently understood Clonal expansion MOA/HRE for nucl ]
to identify the MOA and its component key events leading to altered foci Selecti ion of ¥ Or nuclear receptor
) eleclive exXpansion o _ .- - .
at d dulating f ? h reneoplastic Ee atocytes Hepa'.tupath',r. ® Oval cel : Biliary P;f‘thﬂl' : mediated outcomes and potential
aSSOCIatIVE eventS, and moau atlng aCtOrS : W a.t P P P multinucleation hyperplasm Ehnlanglnﬁhrﬂsm f_ t t th f k
are the key data gaps? E:lfer e Neosias e |neme-n S O e rameW.Or
2. Is the existing biological knowledge of the MOA —————— formation * When investigating a possible mode of
sufficiently understood to reasonably exclude, on a — — r— action, one does not need to identify
. . : Associative or Modulating factor: B =l vat vat Modulating factors: every biological step in the toxicological
qua“tatlve ol quantltatlve baSIS’ the human e detese WEteivs s AR e cle i LIl e ceite el *Estradiol effects; oxidative stress; cell communication; mitoinhibition 4 - ) P ) -
rEIevance Of rOdent Iiver tumors induced through Table 1: Dose-Response, Temporality Concordance Table for DEHP in rats Table 1: bOSé Rejsponse Tef;lpore;“t\j’ Co.ncordance J meChanlsm. In many Cases, key Steps "
thlS recept0r7 What are the key data gapsf) Table 1: Dose-Response, Temporality Concordance Table (Male CD1 or Male C57BL/10J Mice) : P l ’ P Y Ty Erp— the MOA are adequately represented by
- . . . Temporal T
3. Are the data. ale SUﬁlClent '[O |dent|fy d MOA? What Dose " 0 » ‘ Dose =mpera , Dose Key Event 1| Key Event 2 Key Event 3 Key Event 4 aSSOF:l-atlve eventS. - -
) ey ey ey : Days to
is the relevance to humans? What are the dose- fuent1 | Bvent2 | vent3 v R e S o S ALc | (mmediate)] (20 (Month) (Month) > Sl ETEIEIE G G (el
response implications of the key events in the MOA, mete | o Arered | e ex(;::;:m Acenomas/ Dg; sf ol Selective  Hepatocellular Tl Proliferation/Hyperplasia Toxicity quantlFatlve deCISIODS and dose-response
including associative events and modulating factors? day) | sctvaton’ | L0 on | Profferation SECCLEE) N L P expansionof | Tumors AU M| modeling - modulating factors could
(PP Activation | Activation reneoplastic Activation/ . Diffuse Fatt . - -
: : i +/- apoptosis | 4 . V Apoptosis Bil oval | Ll ¥ Influence these interpretations
Are the data adequate to develop biologically based Immediate | Days [ Days Months diet) Pop hepatocytes Transerip. | *sea0) | AHF | BrdU | o | ooy |[SEEE I 1peic chotangio | P -
. . . . (1) nom rcinom
dose-response or other biological-informed models 015 | - ' : Hours | Hours |  Days Months Years @234 sean| nzaz | ©0H) | ook FEREIEAHE TR i | Avdalue bOf lnfc_)r?atlonhapdproach could be
for this receptor? Is linear low-dose modeling b N ' : e ' 500 ; - ND ND - 14 31 5 1 o s used to better inform the dose-response
g . . 15 + + + d d <100 - - -
appropriate based on the underlying science of T - : - - 00 |+ " - ND - o —— Implications of proposed research.
nuclear receptor biology? — =0 P ! N N " e e R e B o Other refinements to the MOA approach
2000-5000]  ++++ n RN - might address the impact of multiple
M e L B + + - sl I ’ ’ h ! 2000 | s I . v | Ll : pathways or components within a single
- 1. CAR Activation inferred in vivo based on surrogate markers: “I* PROD + BROD activity, “T'cyp2b10 mRMNA. CAR activation demonstrated in other in vivo studies 10000
Mode Of Action A S A SO A S ORI g O 12,000 + + + ND + | 10000 [ 1ov7 T T T o T Ll e T " -
mouse studies (9, 16) [grey shading] or from C57BL/10) mouse studies {15) [white shading]. ! > Integrated MOA-
= Table 2: Species Concordance, Human Relevance Table Table 2: Species Concordance, Human Relevance Table for PPARalpha Activators Including DEHP . _
App rO aC h/ ReSU ItS : o o KeyEventor [ S OSSO PN I Key Event;; :.tssociative Vice cate | Hametars | primates . Table 2: Species Concordance, Human Relevance Table
To reflect the availability of significant mechanistic cansemaren |20 ] e e e ey Event of Avsociative Event — o —
UnderStandlng |n nUC|eaI’ I‘eceptOI‘ bIO|Ogy the Altered gene TUO) necessary) yes yes yes yes Yes Yes (in vitro and in vivo based on | Yes (in vitro and in vivo based on W
- ’ . s expression Yeslclj 7 ves Yes Yes Yes (in vitro) ustaine ctivation associative events — ene associative events — ene OrkShO S Onsors
workshop panels agreed on the following definitions 7 Lipid-metabolizing enzyme | B . . ustained AHR Actvat o T o eTEE . .p P | .
for use in evaluating the related biological steps in a methioionomaenatie| "o | 008 | o st | o Data | PoRslE bt Bl ' = ' ALIENGE Tl Rk ASEEERMERL; Az
g g p : Chénges _ ?2“936::1831 altered (24) date Hypolipidemic effects yes yes yes yes yes J.'Apnptnsis or Mproliferation Yes (in vitro and in vivo data) — Yes (based on in vitro data in ChemiStl‘y CounCi I ’S Center fOI’ AdvanCing
prOpOSEd MOA tO fO”OW the IPCS (2007) framework. cv:;se:mupc:;on Yes (15, 16) Yes Yes Yes Yez%i;{%fig [y e e Jes Jes s o ves mechanism not yet clear human cells); no in vivo data RlSk Assessment SCienCe and PO“Cy,
* Key Event: An empirically observable C’C.lu?al e e e e No N CropLife America; CXR Biosciences;
precursor step to the adverse outcome that is itself a proliieration | ves(15,16)| ves(zs) | Ne | no | Veresnd O oratinithor | ves vee | evidence | orseonn . Altered Foci Ves (observed in rat bioassays) | No evidence in humans DuPont: The Hamner Institutes for Health:
- mice in vivo . Both invitro and | Bothinvitroand | T ' vitro in Not seen in primary . . . .
necessary element of the mode of action. Key T R N (m)’ vithout decresse e | v | e i T ey ndiana University, Dept. of Environmental
events are required events for the MOA, but often taa | YN e studies || o~ Ys fbsered ot ossaps s | exposed humans s s the Health: National Institute of Environmental
- - . - Gap Junction : - . _ toxic hepatopat Seveso cohort or the Vienna . . .
are not sufficient to induce the adverse outcome in o mcagen | ves ves |No(is7-| No | No(1s9) Selective expansion of evidence e patients Health Sciences (NIEHS); Society of
inhibition (187-192) | (187-189) | 189) | (189) in vitro) preneoplastic hepatocytes yes yes fromin | No data No data - . - - a-
the absence Of Other key events. Clonal expansion (foci) Yes (15) Yes No No Data Possible but no Vivo N . . for | TOXICOIOgy, SOCIety for RISk AnaIySIS, 3M
. . . . data . . egative to equivocal Tor liver ; - .
* Associative Event: Biological processes that are PR v= most | | o iton) | noome | o910 Neonlasm formation tudies _ Hepatic tumors ves and bile duct tumors Company; Toxicology Excellence for Risk
themselves not causal necessary key events for the DR %1% | (o0 e ves ves N0 | evidence|  NOevidence éssessment; UI.SﬁEPA, Natlonc';l Hebalth and
: JRE nvironmental Effects Research Laboratory;
MOA! bUt are rel Iable Indlcators Or markers for key CAR Applicatinn to IPCS Scheme CAR Sl.lppﬂl'til'lg Evidence PPARa Application to IPCS Scheme PPARQ Supporting Evidence AHR Applicatign to IPCS Scheme AHR Suppgrting Evidence - - y
events. Associative events can often be used as = e ¢ “f‘ FI‘ = I R g S T |L3Jc')|S|'u|t:_iz'rbm\’P(r)efxltllecr?ti%fncneg1 IIECS,IASggfti)::: r(\)(:l:
- ., — Activation | Proliferation Q = & Preliferation e fumors - UL . :
Surrogate markers for d key eventin a MOA [ = Supported in ves ves Yes ves ?_‘3 Plausible  Plausible  Plausible  Plausible Plaitrle =) | 2 l 'l' ‘L l l \Water
evaluation or as indicators of exposure to a = e l l l l A T A A A : l l I l l
XenObiOtiC that haS StimUIated the mOIeCUIar Eﬁ] Qualitatively Plausible Mot Plausible Mot Plausible Mot Plausible = Same for NP[%%[ 'Hm_hmﬂﬂgn~ 'N%E 'EPQE‘EQ&‘W C‘:" A
.. ) ?&-.:‘:1“:-“ Plausible in E rhc;i?;;zand E?ﬁ-?ﬂdrﬂ P:J_g:txidig.*;]?t ‘-?iawéi_r]];'ﬂ1E3 Eélcna;l;i;;f_ L e y E Yes (invitro Yes(basedonin No Has not Negative Ckn OWI ed ements
Initiating event or a key event. Tro g s E}’g;j o, Sghe, T [mea” e o cheredin cqivec J
* Modulating Factor: There are many factors or = os| ZEEEE | Quantively | A VA VA /A o ;mm ﬁ%m mdiﬂ S i M e ]“,iﬂ m For more information on the workshop
biological responses that are not necessary to induce e Sofoe  Taemy " S — expresson) suchas e fomors sponsors, case study panel membership,
the adverse outcome, but could modulate the dose- o et ot o } references and other background
response behavior or probability of inducing one or \ AR mediated temen MO - Balittuch POt ible in Humans } \ PEARAa } materials see the workshop website at:
more key events or the adverse outcome. Such Y Y http.//www.tera.org/peer/nuclearreceptor/
biological factors are considered modulating factors V
N/A = not EPD“CEHE g::,:u::D @r;tﬁi:::swniéhn



http://www.tera.org/peer/nuclearreceptor/�

	Slide Number 1

