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Welcome to the Toxicology Issue!

Welcome to the Toxicology issueof Nuclear Receptor News. It is becoming clear that Nuclear Receptors are critical to how the body metabolizes drugs,
chemicals, nutriceuticals and-dietary components. For example, the “adaptive response’; whereby a xenobiotic increases the enzymes that are involved in
its detoxification-and excretion, results from Nuclear Receptor regulation. In addition, various Nuclear Receptors are involved in other areas of toxicologi-
cal importance, such as'drug-drug and drug-nutrient interactions. I'll be teaching in a Continuing Education course at the Society of Toxicology Meeting
and ToxExpoin Salt Lake City on March 7,2010 entitled “Nuclear Receptors: Role in Chemical Mode of Action and Targets for Toxicity Testing.” | hope to

see you there!

As always, we are looking for contributors to continue to build NRResource.org. Visit today and see what's new.

Cheers, Jack Vanden Heuvel, PhD

Visit my lab’s website at http://jackvh.cas.psu.edu and follow me on Twitter twitter.com/drjackvh

Nuclear Receptors and Control of Drug Metabolism

The metabolism of lipophilic xenobiotics, including drugs and nutrients,
involves a coordinated process of biotransformation and transport,
ultimately aimed at detoxifying and eliminating potentially harmful
compounds. Most of the tissues and organs are well equipped with diverse
and various drug metabolism enzymes including Phase | (oxidative) and
Phase Il (conjugative) metabolizing enzymes as well as Phase Ill transport-
ers.These proteins are present in abundance either at the basal level or are
inducible after xenobiotic exposure. Phase | enzymes consist primarily of
the cytochrome P450 (CYP) superfamily of microsomal enzymes, which are
found abundantly in the liver, gastrointestinal tract, lung and kidney. The
Phase Il metabolizing or conjugating enzymes, consist of several gene
families including sulfotransferases (SULT), UDP-glucuronosyltransferases
(UGT), epoxide hydrolases (EPH) and glutathione S-transferases (GST).
Phase Il transporters, including P-glycoprotein (P-gp), multidrug
resistance-associated protein (MRP) and organic anion transporting
polypeptide 2 (OATP2) are expressed in many tissues including liver,
intestine, kidney,and brain.P-gp and MRP utilize the energy from the hydro-
lysis of ATP to substrate transport across the cell membrane, and are called
ATP binding cassette (ABC) transporters.

The regulation of gene expression of the Phase |, Phase Il enzymes
and Phase Il transporters has an important impact on the metabolism,
elimination and drug-drug interactions of many therapeutic agents and
affects the ability of the human body to protect itself against exposure of
environmental xenobiotics. Specific members of the Nuclear Receptor (NR)
superfamily function as master regulators of the adaptive response of an
organism to xenobiotics. Some of the important nuclear receptors and the
drug metabolism and transport proteins they transcriptionally regulate are
shown in Figure 1 (based on references [1,2,3,4]). Ligands for the metabolic
nuclear receptors are commonly present in cells in much higher
(micromolar) concentrations than ligands for steroid receptors (nanomolar
range), such as estrogen receptor (ER) and glucocorticoid receptor (GR),
which are mediators of endocrine signaling. Three NRs that have overlap-
ping roles in preventing against xeno- and endo-biotic toxicity are PXR,
(pregnane X receptor), CAR (constitutive androstane receptor) and FXR
(farnesoid X receptor).PXR is a master regulator of the CYP3A4 gene,impor-
tant since members of this family of enzymes metabolize a large proportion
of all prescription drugs. Regulation of CYP3A4 may cause adverse drug-
drug interactions, in which metabolism of one drug is accelerated by the
other.Another PXR target gene commonly involved in untoward drug-drug
interactions is MDR1. CAR is best known for its role as an inducer of the
phenobarbital-responsive CYP2B gene family.In addition to CYP genes, PXR
and CAR regulate genes encoding phase Il drug-metabolizing enzymes,
such as UGT1A. Similar to PXR and CAR, the bile acid receptor FXR regulates
expression of CYP3A4, MRP2, and SULT2A1. HNF-a. has emerged as one of
the key regulators of hepatic transport and metabolism of drugs and bile

and bile acids. Included in the genes that are regulated by HNF4o are CYP7A1,
8B1and 27A1 and the transporter OAT2.The Liver X Receptors,LXRa and f3 are
now recognized to be central regulators of cholesterol increasing Cyp7alas
well as ABCG5 and ABCG8. Peroxisome proliferator-activated receptor o
(PPARa) induces members of the CYP4A subfamily of enzymes which a central
role  in the hydroxylation of fatty acid derivatives and
cholesterol metabolism.
Summary

The transcriptional regulation of genes involved in drug detoxification is
highly complex.The nuclear receptors chiefly responsible for these transcrip-
tional events interact functionally with each other to adjust the expression
levels of genes encoding transporter proteins and metabolic enzymes that
mediate appropriate responses to endo- and xenobiotic challenges in the

cellular environment.

References
1 Urquhart, B.L., Tirona, R.G.and Kim, R.B.(2007) Nuclear receptors and the regulation of
drug-metabolizing enzymes and drug transporters: implications for interindividual variability in
response to drugs.J Clin Pharmacol 47, 566-578
2 Handschin, C,, Lin, J., Rhee, J., Peyer, A.K., Chin, S.,Wu, P.H., Meyer, U. A.and Spiegelman, B. M. (2005)
Nutritional regulation of hepatic heme biosynthesis and porphyria through PGC-1alpha. Cell 122,
505-515
3 Xu,C, Li,C.Y.and Kong, A. N. (2005) Induction of phase |, Il and Ill drug metabolism/transport by
xenobiotics. Arch Pharm Res 28, 249-268
4 Eloranta, J.J.and Kullak-Ublick, G. A.(2005) Coordinate transcriptional regulation of bile acid
homeostasis and drug metabolism. Arch Biochem Biophys 433,397-412
— e

MNRs and drug metabolism
Phase 1, 2,3

O 3000 Lach Vardes eae
Figure 1. Nuclear receptors and control of drug metabolism
and transport




INDIG@!Biosciences, Inc.

;The)Nuclear)Receptor/€Company -

Spring 2010

New Nuclear Receptor Assay Panels
Make Testing Convenient

INDIGO Biosciences introduces Nuclear Receptor Reporter Assay Panels, making testing of compounds
easy and convenient. The newpanels will allow researchers to test for agonist or antagonist activity
against all members of the human Estrogen Receptors (ERc. and ERP), Liver X Receptors (LXRo and
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customers time and money. Each panel is offered as a complete lab-in-a-box' with engineered cells
cryopreserved using INDIGO's proprietary Cryomite™ process, optimized culture media, positive-
control agonist, all reagents and even the plate in 96-well format included, as well as a detailed
Technical Manual and Protocol Quick Guide. They go from freezer to data in 24 hours, with minimal . s
hands on time. INDIGO's simple four step process: Thaw, Feed, Dose, Read. It's that simple. There is no . = ”
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INDIGO Biosciences, 814-234-1919, www.indigobiosciences.com
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