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Schedule 

Thursday, May 5, 2016 

10:00 AM Registration, Continental Breakfast, Poster and Sponsor Booth Setup 

11:00 Welcome:  Anthony Lee, Ph.D., AbbVie 

11:10 Moderator:  Laura Furge, Ph.D., Kalamazoo College  
 
Cytochrome P450 Structure, Dynamics, and Specificity. 
Paul Ortiz de Montellano, Ph.D., Professor, Department of Pharmaceutical Chemistry, 
School of Pharmacy, University of California, San Francisco. 

11:50 Systems Pharmacology Modeling to Predict Drug-Induced Liver Injury: Hype or 
Hope? 
Kim Brouwer, Pharm.D., Ph.D., Distinguished Professor, Division of Pharmacotherapy 
and Experimental Therapeutics, School of Pharmacy, Associate Dean for Research and 
Graduate Education, University of North Carolina at Chapel Hill. 

12:30 PM Lunch 
Students and Postdocs Network with Industry Scientists 
Poster Viewing and Visit Sponsor Booths 

2:00 Moderator:  Richard Voorman, Ph.D., Covance 
 
The Outlier in All of Us: Implementing Pharmacogenomics in 2016. 
Peter H. O’Donnell, M.D., Assistant Professor, Department of Medicine, University of 
Chicago. 

2:40 Unraveling the Mysteries of Predicting Human Pharmacokinetics of Targeted 
Covalent Inhibitors. 
Mike Zientek, M.S., Associate Research Fellow, Pharmacokinetics Dynamics & 
Metabolism, Pfizer. 

3:20 Break 

3:40 Moderator:  Anthony Lee, Ph.D., AbbVie 
  
A View of ADME through the MALDI Imaging MS Looking Glass. 
Steve Castellino, Ph.D., Director, Imaging MS and DMPK, GlaxoSmithKline. 

4:20 Evaluating the Biodistribution of Biologics using Molecular Imaging. 
John Beaver, Ph.D., Research Fellow & Head, Translational Imaging, AbbVie. 

5:00 Poster Session (Author Available), Sponsor Booths and Mixer 

7:00 Dinner  
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Schedule 
 

Friday, May 6, 2016 

7:30 AM GLDMDG Open Business Meeting 
 
Continental Breakfast, Poster Viewing and Visit Sponsor Booths 

9:00 Moderator:  Stephen Hall, Ph.D., Eli Lilly & Company 
 
Predicting the Effect of Disease on Drug Exposure. 
Maria Posada, Ph.D., Research Scientist, Lilly Research Laboratories. 

9:40 What We Understand of the Properties of Circulating Metabolites. 
Cyrus Khojasteh, Ph.D., Associate Director, Drug Metabolism & Pharmacokinetics, 
Genentech 

10:20 Break 

10:40 Moderator:  Hyun Young Jeong, Ph.D., University of Illinois at Chicago 
 
Biomeasures and the Characterization of ADCs – The Expanding Role of DMPK 
Bioanalysis in Drug Discovery. 
Gary Jenkins, Ph.D., Senior Group Leader, AbbVie. 

11:20 Nitric Oxide Stimulates CYP51A1 Down Regulation. 
Aria Byrd, Emory University, Student Presentation. 

11:35 Influence of Carboxylesterase 1 Genetic Polymorphisms on the Activation of 
Dabigatran Etexilate. 
Jian Shi, Ph.D., University of Michigan, Post-Doc Presentation. 

11:50 Closing Remarks:  Matthew Zaya, Ph.D., Zoetis 
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Posters 
 
1. Intestinal HIF-1α Deletion Exacerbates Alcohol-induced Hepatic Steatosis Mediated by 

Intestinal Dysbiosis and Barrier Dysfunction 
 

Tuo Shao, Liming Liu, Fengyuan Li, Craig James McClain, Wenke Feng 
Department of Pharmacology & Toxicology and Medicine, University of Louisville School of Medicine, 
Louisville, KY, United State 

 
Background: Alcoholic liver disease (ALD) is characterized by increased gut permeability and 
bacterial translocation. Hypoxia Induced Factor 1α (HIF-1α) has been implicated in transcriptional 
regulation of intestinal barrier integrity and inflammation. However, the link between intestinal HIF-1α 
regulation and ALD is unclear. We aimed to test our hypothesis that HIF-1α plays a critical role in gut 
microbiota homeostasis and the maintenance of intestinal barrier integrity in a mouse model of ALD. 

 
Methods: Wide type (WT) and intestinal-specific HIF-1α knockout mice (HIF-1α -/-) were pair-fed 
modified Lieber-DeCarli liquid diets containing 5% (w/v) alcohol or isocaloric maltose dextrin for 24 
days. ALT and AST, endotoxin level, bacteria DNA and lipid panel were detected. Proinflammatory 
cytokines, liver triglyceride (TG) content and bacteria DNA were measured. Expression of intestinal 
HIF targets and proinflammatory cytokines were determined.       

 
Results: Alcohol feeding significantly increased serum levels of ALT, AST and LPS in the WT mice. 
These elevations were more pronounced in HIF1α -/- mice. Histology examination revealed that 
hepatic lipid accumulation is increased by alcohol exposure, and it was exaggerated in HIF1α -/- mice. 
Liver triglyceride concentration was increased by alcohol exposure in the WT mice and further 
elevated in the KO mice. Intestinal HIF-1α deletion resulted in a marked increase in hepatic 
inflammatory cytokine expression. In the HIF-1α -/- mice alcohol exposure disrupted intestinal 
structure integrity. 16s RNA analysis of the cecal and fecal samples of HIF1α-/- mice exposure to 
alcohol showed an elevated dysbiosis. Alcohol exposure decreased the expression of tight junction 
gene, occludin, and CRAMP, P-gp, and ITF, which are HIF1α transcription target genes and important 
for intestinal barrier integrity.  

 
Conclusions: Our results demonstrated that intestinal HIF1α is required for the adaptation response to 
alcohol exposure-induced changes in intestinal microbiota and barrier function leading to elevated 
endotoxemia and hepatic steatosis and injury. 

 



2016 Great Lakes DMDG Meeting  May 5-6, Rosemont, Illinois 
 

Page 4 

2. Nitric Oxide Stimulates CYP51A1 Down Regulation  
 

Aria Byrd, Ji Won Park, Choon Lee, Edward T. Morgan  
 

Department of Pharmacology, Emory University School of Medicine  
 

Cytochrome P450 proteins (P450) are a family of enzymes found in virtually all living organisms. 
These proteins are responsible for the metabolism of xenobiotics as well as clearance and 
biosynthesis of endogenous compounds in the body. Cholesterol is an endogenous sterol that is vital 
for maintaining cell membrane fluidity and serving as a precursor for the production of important 
biological compounds such as vitamin D, steroid hormones and bile acids. The production of 
cholesterol is reliant on CYP51A1, which is the only P450 that converts lanosterol to 4, 4-
dimethylcholesta-8(9), 14, 24-trien-3β-ol via 14α-demethylation. CYP51A1 is also believed to be the 
oldest recognizable P450, as it is the only P450 with a conserved function across animal, fungal and 
plant kingdoms. Previous studies have shown that nitric oxide (NO) formed in hepatocytes in 
response to inflammatory stimuli can cause down regulation of a number of drug metabolizing P450s. 
The objective of this study is to determine if CYP51A1 is down regulated by NO. Huh7 cell lines were 
transduced with lentiviral vectors containing pLX304-CYP51A1V5 to generate v5-tagged CYP51A1 
expressing cell lines. HeLa cell lines were transduced with lentivirus containing doxycycline inducible 
pLIX304-hNOS2, in which human nitric oxide synthase2 (hNOS2) is regulated through a tetracycline 
promoter region, and additionally transduced with lentiviral vectors containing pLX304-CYP51A1V5. 
Huh7 cell lines were treated with NO donors (the NONOates DPTA and NOC-18, and S-
nitrosoglutathione, GSNO) and then CYP51A1 protein expression was determined by Western Blot 
Analysis. Results showed that NOC-18 down regulated CYP51A1 in both a time and dose dependent 
manner. Treatment with DPTA (6 h) and NOC-18 (18 h) were more effective than GSNO in down 
regulation of CYP51A1. The HeLa cell lines treated with doxycycline produced amounts of NO 
comparable to those observed in human hepatocytes, which was blocked by the competitive hNOS2 
inhibitor L-NG-nitroarginine methyl ester (L-NAME). Doxycycline treatment for 12 or 18 hours of down 
regulated 51A1 protein expression to 25-30% of control values. L-NAME treatment blocked the down-
regulation of CYP51A1 in doxycycline-treated cells. We conclude that NO stimulates the down 
regulation of CYP51A1 in both HeLa and Huh7 cell lines. Future studies will investigate whether this 
down regulation is achieved through proteasomal degradation subsequent to ubiquitin tagging, as has 
been seen in the down regulation of drug metabolizing P450s like CYP2B1.  

 
This research is supported by the National Institutes of Health grant R01GM069971 
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3. Activity and Kinetic Characterization of Four Human CYP2D6 Polymorphisms and One Active 
Site Mutant using the Substrates Bufuralol and Dextromethorpha 

 
Sarah M. Glass, Laura Lowe Furge  

 
Department of Chemistry, Kalamazoo College, Kalamazoo, MI 49009 USA  

 
Human cytochrome P450 enzymes (CYPs) are a heme-containing enzyme superfamily that have a 
major role in the metabolism of drugs along with other endogenous and exogenous chemicals. 
Human CYP2D6 is responsible for approximately 12% of CYP-mediated drug metabolism. There are 
over 100 different allelic variants of CYP2D6 with metabolic profiles ranging from poor to ultra-rapid. 
Four CYP2D6 allelic variants, three with a series of distal mutations (*34, *17-2, *17-3) and one 
possible ultra-metabolizer (*53), along with one active site mutant (T309A), were expressed and 
purified in E. coli to further characterize their interactions with the substrates bufuralol and 
dextromethorphan using HPLC with UV detection. Km and vmax values were measured for 
comparison between variants and the reference *1. All three variants in the series of distal mutations 
(*34, *17-2, *17-3) displayed decreased activity. Analysis of *17-2 and *17-3 produced very similar 
kinetic parameters. An increased intrinsic clearance with both substrates for *53 along with the 
production of a second major metabolite in the presence of dextromethorphan supports its 
designation as an ultra-metabolizer. The T309A mutant displayed similar metabolic properties to *1 in 
the presence of bufuralol which makes it a promising candidate for studying the mechanism-based 
inactivation of CYP2D6 (Support: NIH 1R15- GM086767-02). 
 
 
 
 
 

4. In Vitro Hepatic Metabolism of Licochalcone A, a Chalcone from the Licorice 
species Glycyrrhiza inflata. 

 
Lingyi Huang1; Dejan Nikolic1; Richard van Breemen1; 

 

1 UIC/NIH Center for Botanical Dietary Supplements Research, University of Illinois College of 
Pharmacy, 833 S. Wood St., Chicago, IL 60612 

 
Licochalcone A is a chalcone natural product that has been isolated from roots of the licorice 
species, Glycyrrhiza inflata. It shows antimalarial, anticancer, antibacterial, and antiviral (specifically 
against influenza neuraminidase) properties in vitro. Since little information is available concerning 
the human bioavailability and metabolism of licochalcone A, we carried out preclinical in vitro hepatic 
metabolism studies. Several Phase I metabolites of licochalcone A were observed and characterized 
using high resolution LC-MS/MS (QToF Synapt G1) with accurate mass measurement. Based on 
fragmentation pathways and high resolution tandem mass spectrometry, the structure of each phase I 
metabolite was characterized and at least partially determined. 
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5. Genome wide association study in immunocompetent patients with delayed hypersensitivity 
to sulfonamide antimicrobials 

 
Jennifer M. Reinhart, DVM, MS, Alison Motsinger-Reif, PhD, Allison Dickey, PhD, Steven Yale, MD, 

and Lauren Trepanier, DVM, PhD 
 

University of Wisconsin-Madison 
 

Background – Hypersensitivity (HS) reactions to sulfonamide antibiotics occur uncommonly, but with 
potentially severe clinical manifestations. A familial predisposition to sulfonamide HS is suspected, 
but robust predictive genetic risk factors have yet to be identified. Strongly linked genetic 
polymorphisms have been used clinically as screening tests for other HS reactions prior to 
administration of high-risk drugs. 

 
Objective – The purpose of this study was to evaluate for genetic risk of sulfonamide HS in the 
immunocompetent population using genome-wide association. 

 
Methods – Ninety-one patients with symptoms after trimethoprim-sulfamethoxazole (TMP-SMX) 
attributable to “probable” drug HS based on medical record review and the Naranjo Adverse Drug 
Reaction Probability Scale, and 184 age- and sex-matched patients who tolerated a therapeutic 
course of TMP-SMX, were included in a genome-wide association study using both common and rare 
variant techniques. Additionally, two subgroups of HS patients with a more refined clinical phenotype 
(fever and rash; or fever, rash and eosinophilia) were evaluated separately. 

 
Results – For the full dataset, no single nucleotide polymorphisms were suggestive of or reached 
genome-wide significance in the common variant analysis, nor was any genetic locus significant in 
the rare variant analysis. A single, possible gene locus association (COL12A1) was identified in the 
rare variant analysis for patients with both fever and rash, but the sample size was very small in this 
subgroup (n=16), and this may be a false positive finding. No other significant associations were 
found for the subgroups. 

 
Conclusions – No convincing genetic risk factors for sulfonamide HS were identified in this 
population. These negative findings may be due to challenges in accurately confirming the phenotype 
in exanthematous drug eruptions, or to unidentified gene-environment interactions influencing 
sulfonamide HS. 
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6. Glutathione-S-transferase-theta genotype and risk for bladder cancer in Scottish terriers 
 

Katherine R. Luethcke1, Joanne Ekena1, Deborah Knapp2, Sessaly Craft1, and Lauren Trepanier1 
 

1Department of Medical Sciences, School of Veterinary Medicine, University of Wisconsin-Madison, 
Madison, WI and 
2Department of Veterinary Clinical Sciences, Purdue University College of Veterinary Medicine, West 
Lafayette IN 

 
Transitional cell carcinoma (TCC) is the most prevalent bladder cancer in dogs and is a common 
tumor in humans. In both species, the incidence of TCC maps to geographic regions with high levels 
of manufacturing, and is linked with exposure to herbicides and pesticides, suggesting shared 
environmental risk factors. Scottish terriers also have a breed-risk for TCC, which suggests a genetic 
component to bladder cancer risk in dogs. The enzyme glutathione-S-transferase (GST) inactivates 
some pesticides and environmental carcinogens, and low activity GST variants have been associated 
with genetic risk for TCC in humans. We recently identified a novel canine GST-theta gene, GSTT2, 
expressed in the liver, and found a 6bp deletion (ΔAspGln) from a dog lacking activity for the GSTT 
substrate DCNB. Given these observations, we hypothesized that the GSTT2ΔAspGln allele may be 
overrepresented in purebred Scottish Terriers, and that this polymorphism may contribute to the risk 
of TCC in this breed, in association with environmental exposures. Genomic DNA was isolated from 
buccal swabs of pet dogs and sequenced for the GSTT2 polymorphism. Preliminary results in 39 
Scottish terriers and 39 age- and sex-matched non-Scottish terrier dogs suggest that GSTT2ΔAspGln is 
actually more prevalent in non-Scottish terrier dogs (MAF = 0.12) compared to Scottish terriers 
(MAF= 0.00, p = 0.012). Investigation of GSTT2ΔAspGln function is underway to help explain these 
preliminary results, along with collection of environmental exposure data. These ongoing studies may 
help characterize the epidemiological relationships among breed, GST polymorphisms, and bladder 
cancer risk in dogs. 

 
Research Grant:  National Canine Cancer Foundation 
Student Support: University of Wisconsin-Madison School of Veterinary Medicine 
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7. Evaluation of UGT Enzyme Inhibition Using Low Levels of Human Liver Microsomal Protein 
 
Ritu Singh, Timothy Creegan, Molly McDonnell, Enne Akor, and David M. Stresser 

 
Corning Incorporated, Life Sciences; Corning® GentestSM Contract Research Services 
6 Henshaw Street, Woburn, MA 01801, USA 

 
Assays to evaluate UDP-glucuronosyltransferase (UGT) enzyme inhibition by new chemical entities 
have become increasingly important tools in drug discovery to evaluate drug-drug interaction (DDI) 
liabilities. Glucuronidation accounts for approximately 35% of Phase II drug metabolism and 
represents the primary clearance pathway for ~10% of the 200 most prescribed drugs. Guidelines 
provided by European Medicines Agency (EMA) on the investigation of drug interactions recommend 
studying inhibition of UGTs if direct glucuronidation is one of the major elimination pathways of the 
investigational drug. We have recently developed improved and robust methods of assessing 
inhibition of UGT1A1, UGT1A4, UGT1A6, UGT1A9, and UGT2B7 enzymes using pooled human liver 
microsomes, drug-like specific probe substrates, and LC-MS/MS analysis with stable-labeled isotope 
internal standards. These newly established methods utilize an ultra-low concentration (0.01 mg/mL) 
of enzyme protein designed to reduce impact of free fatty acids (e.g., arachidonic, linoleic, and oleic 
acid), which can be potent inhibitors of certain UGTs (UGT1A9 and UGT2B7) and may confound 
results. Additionally, lower enzyme protein can reduce non-specific binding of the test article. Unlike 
cytochrome P450 enzymes, UGT enzymes are stable over longer incubation times, and, in some 
cases, we incorporated incubation periods up to 60 minutes to allow for increased metabolite 
production resulting in improved sensitivity of detection, while retaining initial-rate conditions. The 
substrate concentration selected for each assay was determined by first characterizing the enzyme 
kinetics of each reaction. 17β-Estradiol, trifluoperazine, deferiprone, propofol, and zidovudine (AZT) 
were the substrates selected for UGT1A1, UGT1A4, UGT1A6, UGT1A9, and UGT2B7, respectively. 
Nicardipine was used as a non-selective control inhibitor for UGT1A1, UGT1A4, UGT1A6, UGT1A9, 
and UGT2B7, which provided IC50 values of 0.20 μM, 2.9 μM, 12 μM, 0.64 μM, and 9.2 μM, 
respectively. In conclusion, UGT inhibition assays incorporating ultra-low HLM protein concentrations 
have been developed. As the assays were designed to reduce artifacts, they should provide an 
excellent tool to more confidently evaluate in vivo DDI potential of new chemical entities. 
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8. Susceptibility of Four Human CYP2D6 Variants and One Active Site Mutant to Inhibition by the 
Mechanism-based Inactivator SCH 66712  

 
Victoria M. Osorio1, Amin A. Nomeir2, Laura Lowe Furge1  

 

1 Department of Chemistry, Kalamazoo College, Kalamazoo, MI 49009 USA  
2 Amin Nomeir Pharmaceutical Consulting, LLC, Milford, New Jersey (A.A.N.)  

 
SCH 66712 has been previously identified as a mechanism based inactivator of CYP2D6*1. The 
present study examined the susceptibility to inactivation by SCH 66712 of three CYP2D6 allelic 
variants with a series of distal mutations (*34, *17-2, *17-3) and one possible ultra-metabolizer (*53). 
An active site mutant of CYP2D6, T309A, was also studied. Metabolite assays using mass 
spectrometry determined that all of the variants and the modified 2D6*1 T309A were active and 
formed the same metabolites. Activity and inactivation assays were performed to determine ki and 
Kinact utilizing bufuralol as a reporter substrate. Although variants showed overall decreased stability 
in activity assays, in inactivation assays all were less susceptible to inactivation by SCH 66712 when 
compared to the reference, CYP2D6*1. The study also supports the designation of *53 as an ultra-
metabolizer as it produced nearly double the product in activity assays compared to *1 even in the 
presence of SCH 66712. (Support: NIH 1R15- GM086767-02;-02S1). 
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9. Hop extract and 6-prenylnaringenin induce P450 1A1 catalyzed estrogen 2-hydroxylation 
 

Shuai Wang, Tareisha L. Dunlap, Caitlin E. Howell, Obinna C. Mbachu, Emily A. Rue, Shao-Nong 
Chen, Guido F. Pauli, Birgit M. Dietz, and Judy L. Bolton 

 
University of Illinois at Chicago 

 
Humulus lupulus L. (hops) is a popular botanical dietary supplement used by women as a sleep aid 
and for post-menopausal symptom relief. In addition to its efficacy for menopausal symptoms, hops 
could also modulate the chemical estrogen carcinogenesis pathway and potentially protect women 
from breast cancer. In the present study, an enriched hop extract and the key bioactive compounds 
[6-prenylnarigenin (6-PN), 8-prenylnarigenin (8-PN), isoxanthohumol (IX), xanthohumol (XH)] were 
tested for their effects on estrogen metabolism in breast cells (MCF-10A and MCF-7). The 
methoxyestrones (2-/4-MeOE1) were analyzed as biomarkers for the benign P450 1A1 catalyzed 2-
hydroxylation and the genotoxic P450 1B1 catalyzed 4-hydroxylation pathways. The results indicated 
that the hop extract and 6-PN preferentially induced the 2-hydroxylation pathway in both cell lines. 8-
PN only showed slight up-regulation of metabolism in MCF-7 cells, whereas IX and XH did not have 
significant effects in either cell line. To further explore the influence of hops and the compounds on 
P450 1A1/1B1, mRNA expression and ethoxyresorufin O-dealkylase (EROD) activity were measured. 
The results correlated with the metabolism data and showed that hop extract and 6-PN preferentially 
enhanced P450 1A1 mRNA expression and increased P450 1A1/1B1 activity. The aryl hydrocarbon 
receptor (AhR) activation by the compounds was tested using xenobiotic response element (XRE) 
luciferase construct transfected cells. 6-PN was found to be an AhR agonist that significantly induced 
XRE activation and inhibited 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) induced XRE activity. 6-PN 
mediated induction of EROD activity was also inhibited by the AhR antagonist CH223191. These data 
show that the hop extract and 6-PN preferentially enhance the benign estrogen 2-hydroxylation 
pathway through AhR mediated up-regulation of P450 1A1, which further emphasizes the importance 
of standardization of botanical extracts to chemical markers that indicate both safety and desired 
bioactivity. 
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10. Solution NMR study reveals the structure and dynamics of complex formation between 
cytochrome P450 and its redox partners 

 
Meng Zhang, Rui Huang, Vivekanandan Subramanian, Sangchoul Im, Lucy Waskell, Ayyalusamy 
Ramamoorthy 

 
University of Michigan 

 
Cytochrome P450s (P450s) are a ubiquitous superfamily of enzymes found in all living kingdoms. 
They are responsible for metabolizing a dazzling array of exogenous and endogenous compounds, 
including carcinogens, steroids, hormones, and over 75% of the pharmaceuticals on the current 
market. Electron transfer from cytochrome P450 reductase (CPR) and cytochrome b5 (cytb5) to P450s 
are essential steps in the catalytic cycle of the P450 enzymes. A complete understanding of the 
electron transfer processes require detailed structural and dynamic information of the protein 
complexes. In our study, the structure and dynamics of (1) the FMN binding domain of CPR (trFBD) 
expressed and purified from E. coli; (2) the interaction between trFBD and P450 2B4; (3) the 
interaction between cytb5 and P450 2B4; and (4) the interplay among all three proteins in a tertiary 
trFBD-P450-cytb5 system were investigated by solution NMR approaches. Analysis on differential 
line-broadening and solvent PRE results reveals residues of trFBD located surrounding the solvent 
exposed edge of the FMN cofactor to be potentially on the binding interface with P450. Using 
HADDOCK and HARLEM programs, a trFBD-P450 2B4 complex model was generated based on 
NMR restraints, and an electron transfer pathway was predicted based on the complex structure. The 
proposed model allows identification of potential interactions including salt bridges, hydrogen bonds 
and van der Waals contacts on the binding interface and residues that are important for complex 
formation.  Effect of substrates on complex formation was investigated for both P450-trFBD and 
P450-cytb5, which reveals distinct substrate modulation patterns between the two complexes. While 
most substrates enhance P450-cytb5 interactions, complex formation between P450 and trFBD is 
minimally affected by the substrates involved in the current study. Investigation on the tertiary trFBD-
P450-cytb5 system implies competitive binding between cytb5 and trFBD for P450, which is also 
regulated by different substrates. Enhancement of P450-cytb5 interaction by the substrate 
benzphetamine results in almost 100% dissociation of P450-trFBD complexes in the tertiary system. 
Inhibition of P450-trFBD interaction would result in inhibition of the first electron transfer step in the 
catalytic cycle of P450, thereby contributes to a decrease in P450 activity. In contrast, P450-trFBD 
complexes remain partially bound in the presence of the susbtrate methoxyflurane in the tertiary 
system. These results explain why cytb5 stimulation effect on P450 activity is different for different 
substrates. Our study unravels the mechanism of substrate regulation on the tertiary trFBD-P450-
cytb5 system, providing insights into the structural basis of the interplay of the three redox partners.    
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11. Molecular Dynamics of Human Cytochrome P450 2D6 to Investigate Effects of Polymorphic 
Variation on Metabolism of Bufuralol 

 
Kyle F. Sunden and Laura Lowe Furge 

 
Department of Chemistry, Kalamazoo College, Kalamazoo, MI 49009 USA 

 
Cytochromes P450 are a superfamily of heme-containing enzymes responsible for the metabolism of 
small molecules. CYP2D6 is responsible for about 15 percent of xenobiotic metabolism in humans. 
CYP2D6 is also expressed with a high degree of allelic variation, resulting in greatly differed rates of 
metabolism across individuals. This has implications for the application of medical treatments to 
patients who express forms of CYP2D6 that metabolize drugs at differing rates. Computational 
methods were used to gain insights into how individual amino acid substitutions cause changes to the 
structural stability and plasticity of CYP2D6. Ultimately, the methods are intended as a way to 
characterize how the observed reaction rates correlate to computational data on a molecular scale. 
The dynamics of six variants, *1, *53, *34, *2, *17-2, and *17-3, and one mutant, *1-T309A, were 
studied. The variants possess a variety of substitutions distal and local to the active site that affect 
enzyme activity. Trends in flexibility and substrate orientation were observed through molecular 
dynamics (MD) simulations using AMBER14 with AmberTools15. The results show that bufuralol 
behaves in a similar manner within the active site of the variants, but the enzymes have differences in 
the surrounding structure. Root-Mean-Squared Deviation and Root-Mean-Squared Fluctuation were 
used to characterize the differences in enzyme structure. Molecular Dynamics confirmed that the 
portions that lacked secondary structure, particularly the F-G loop region, were the most flexible 
residues in all variants. The C-D loop of the two variants that contain the T107I substitution, *17-2 and 
*17-3, showed increased flexibility compared to *1 with no ligand bound that was greatly diminished in 
simulations with ligand bound. Principal Component Analysis was used to determine the orientation of 
the ligand, bufuralol, within the active site and show possible differences. (Support: NIH 
1R15GM086767-02 to LLF and NSF ACI-1053575 to XSEDE) 
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12. Diet-induced Obesity Alters Hepatic Drug-metabolizing Enzyme Expression in Mice 
 

Miaoran Ning and Hyunyoung Jeong 
 

University of Illinois at Chicago 
 

Obesity is prevalent in U.S. that more than one-third of adults are considered to be obese. Medical 
conditions accompanying obesity (e.g., metabolic diseases) often require drug therapy. However, 
whether and how obesity alters the expression of drug-metabolizing enzyme and thus drug 
pharmacokinetics is poorly defined. Previous studies have shown that high fat diet feeding and 
subsequent obesity in mice lead to altered expression of transcriptional regulators for cytochrome 
P450 (CYP) 2D6, including hepatocyte nuclear factor 4α (HNF4α, transcriptional activator of 
CYP2D6) and small heterodimer partner (SHP, transcriptional repressor of CYP2D6) (1, 2). The 
objective of this study is to examine whether diet-induced obesity represses CYP2D6 expression by 
modulating HNF4α and SHP expression. To this end, male CYP2D6-humanized transgenic (Tg-
CYP2D6) mice were fed with high-fat diet (HFD, TD.88137, 42% kJ from fat) or matching control diet 
(TD.08485, 13% kJ from fat) for 18 weeks. qRT-PCR results showed that hepatic expression of 
CYP2D6 decreased to a small extent (1.5- and 1.2-fold at mRNA and protein levels, respectively). 
CYP2D6 activity (tested by using a CYP2D6 probe drug debrisoquine) in S9 fractions prepared from 
the liver tissues did not differ between the groups. While hepatic SHP expression did not differ 
between the groups, HNF4α mRNA and protein levels decreased 1.5-fold in HFD group. Considering 
that HNF4α is a global regulator of hepatic genes including other drug-metabolizing enzyme genes, 
we examined the expression of mouse endogenous CYPs (Cyp1a2, 2b10, 2c37, 2d40, 2e1, and 
3a11). Cyp1a2, 2c37 and 2d40 showed significant decreases in HFD group; Cyp2e1 expression did 
not differ between groups; and Cyp2b10 and 3a11 expression increased significantly. CYP3A 
activities (in S9 fractions, determined by using triazolam as a substrate) in HFD-fed mice were 2.9-
fold higher as compared with those in control diet group. Notably, the expression of transcription 
factors that mediate upregulation of Cyp3a11 and Cyp2b10 (pregnane X receptor and constitutive 
androstane receptor, respectively (3)) did not increase in HFD-fed group, suggesting that increased 
concentrations in ligands of these transcription factors might be responsible for Cyp3a11 and 
Cyp2b10 induction in obese mice. Together, these results suggest that obesity represses CYP2D6 
expression potentially through decreased HNF4α expression although the magnitude of the change in 
CYP2D6-mediated drug metabolism was small. Obesity had differential effects on mouse 
endogenous CYPs.  

 
1. Koh KH, Pan X, Shen HW, Arnold SL, Yu AM, et al. 2014. J Biol Chem 289: 3105-13 
2. Pan X, Lee YK, Jeong H. 2015. Drug Metab Dispos 43: 1002-7 
3. Aleksunes LM, Klaassen CD. 2012. Drug Metab Dispos 40: 1366-79 
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13. A PBPK Model of Vincristine that Incorporates CYP3A Metabolism 
 

Moreira FL, Skiles JL,  Renbarger JL, Chiang C, Li L, Quinney SK 
 

IUPUI 
 

Background:  Vincristine (VCR) is widely used for treatment of a variety of neoplastic malignancies in 
adults and children including acute lymphoblastic leukemia and non-Hodgkin’s lymphoma. A dose-
limiting side effect of VCR is peripheral neuropathy, which presents as paresthesia in fingers and toes 
and in severe cases can lead to paralysis. These adverse effects may be related to drug exposure.  
VCR is predominantly metabolized by cytochrome P450 3A (CYP3A) enzymes. We have observed 
that neuropathy is more severe in patients with polymorphisms in CYP3A5 that lead to reduced 
clearance of VCR.  Here we utilize in vitro metabolism data to develop a PBPK model for VCR and to 
explore the effect of CYP3A5 genotype on VCR exposure. 

 
Methods:   Simcyp v. 15 was used to develop a physiologically based pharmacokinetic (PBPK) model 
for VCR.  Volume of distribution was predicted using the Rodgers and Rowland method.  Hepatic 
metabolism by CYP3A4 and CYP3A5 were extrapolated from in vitro data from human liver 
microsomes (HLM) and recombinant CYP3A4 and CYP3A5. Biliary clearance was determined from 
clinical reports.   The robustness of the model was determined by comparing simulated concentration-
time profiles with published VCR pharmacokinetic data.  The model was deemed acceptable if 
pharmacokinetic parameters calculated were within 2-fold of observed parameters.   

 
Results:  For the adult cancer patient, this PBPK model was able to adequately predict VCR plasma 
concentration.  The predicted systemic clearance (CL) of 10.7 L/h (95% CI 11.5 – 14.9 L/h) was 
within the range of reported values (7.4 -35 L/h).  The predicted volume of distribution (V) of 13.5 L 
was also consistent with observed V.  The estimated median CL of VCR in CYP3A5 expressers was 
nearly 4-fold higher than in nonexpressers (39.6 L/h vs 9.9 L/h, p<0.05).    

 
Conclusions:  A PBPK model accounting for the CYP3A4 and CYP3A5-mediated clearance of VCR 
simulated plasma concentrations reported in adult cancer patients.  This model indicates that 
individuals who express CYP3A5 exhibit a higher exposure to VCR than nonexpressers, which may 
lead to increased risk of neurotoxicity. 
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14. Interaction of tyrosine kinase inhibitors with OATP2B1 
 

Mingqing Chen, Alice A. Gibson, Navjotsingh Pabla, Alex Sparreboom, Sharyn D. Baker 
 

Division of Pharmaceutics, College of Pharmacy and Comprehensive Cancer Center, The Ohio State 
University, Columbus, OH 

 
Background: The human organic anion-transporting polypeptide OATP2B1 (OATP-B; SLC21A9) is 
localized to both the basolateral membrane of hepatocytes as well as the brush-boarder membrane of 
small-intestinal epithelial cells.  Based on this distribution pattern, OATP2B1 has been proposed as a 
candidate transporter that can mediate the absorption and disposition of xenobiotics and affects the 
pharmacokinetic profile of substrates.  Although several substrates of this transporter have been 
identified, the interaction of OATP2B1 with widely prescribed cancer drugs such as the tyrosine 
kinase inhibitors (TKIs) has not been previously reported. TKIs are orally administered and undergo 
extensive hepatic metabolism, but mechanisms of their intestinal and hepatocellular uptake remain 
incompletely understood.  We hypothesized that these transport processes are mediated, in part, by 
OATP2B1. 

 
Experimental design:  OATP2B1-overexpressing cells were created by transfecting HEK293 cells 
with an empty pIRES2-EGFP vector or a construct containing OATP2B1 cDNA, and cells were 
maintained in DMEM supplemented with 10% FBS and G418 sulfate. The uptake of estrone-3-sulfate 
(ES) was used as a positive control substrate, and Cyclosporine A (CsA) as a positive control 
inhibitor. 

 
Results:  An approximately three-fold increase in intracellular accumulation of radiolabeled ES (2.5 
µM) was observed in the OATP2B1 overexpressing cells compared to the vector control (VC) cells 
(28.733± 1.603 pmol/mg vs 8.748 ± 0.497 pmol/mg, respectively.  Based on the supposition that 
xenobiotic substrates of OATP2B1 would inhibit the transport of a known substrate by competitive 
binding, we employed an inhibitory cell uptake assay to identify possible TKI substrates of OATP2B1.  
Among 8 TKIs tested, we found that pre-treatment of cells with nilotinib, erlotinib, pazopanib, or 
sorafenib statistically significantly decreased the uptake of ES by OATP2B1 by more than 91 % (P < 
0.05).  Interestingly, potent inhibition of OATP2B1 function was not observed for various functionally 
and/or structurally-related TKIs, including dasatinib, imatinib, regorafenib, or vemurafenib.   

 
Conclusion:  Our preliminary studies have identified novel potent inhibitors of OATP2B1 among 
TKIs, a rapidly expanding class of drugs used in various therapeutic areas. Currently ongoing studies 
are focused on evaluating the mechanism of OATP2B1 inhibition by these TKIs, and the direct 
determination of TKI transport by OATP2B1 and its downstream toxic effects. 
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15. Prediction of the impact of CYP2D6 phenotypes on pharmacokinetic profiles of quetiapine and 
norquetiapine via physiologically-based pharmacokinetic modeling 

 
Kun Zhou1 and Hyunyoung Jeong1, 2 
 

1Department of Pharmacy Practice, College of Pharmacy, University of Illinois at Chicago, Chicago, IL 
2Departments of Biopharmaceutical Sciences, College of Pharmacy, University of Illinois at Chicago, 
Chicago, Illinois 
 
Quetiapine fumarate is an atypical antipsychotic drug, and it is available as an immediate release (IR) 
and extended release (ER) formulation. Quetipine is metabolized predominantly by CYP3A to multiple 
metabolites including norquetiapine [1, 2].  Norquetiapine exhibits better pharmacological activities 
than quetiapine, and its plasma concentration is comparable to quetiapine [3-6]. Norquetiapine is 
metabolized by CYP2D6 (major) and CYP3A4 (minor) where catalytic activity of CYP2D6 is 12-fold 
higher than that of CYP3A4 [7]. A previous study showed that genetic variability in CYP2D6 
contributes to the interindividual variability in steady-state serum concentrations of norquetiapine in 
patients taking IR quetiapine [8]. However, whether similar effects of CYP2D6 phenotypes on 
norquetiapine pharmacokinetics (PK) will be observed for the more commonly used ER formulation 
remains unknown. In this study, a predictive model for concentration vs. time profiles of quetiapine 
and norquetiapine was obtained by using physiologically-based pharmacokinetic (PBPK) modeling. 
The model was validated based on previously reported clinical data [9, 10]. The model predicted 
significant changes in quetiapine PK profiles after the administration of IR formulation, consistent with 
the previously reported finding [8]. When the potential effects of CYP2D6 phenotypes on 
norquetiapine PK after dosing ER quetiapine were simulated, the results indicated that the impact of 
CYP2D6 phenotypes on norquetiapine PK profile would be minimal. While this prediction remains to 
be clinically verified, our finding suggests that the release rate of quetiapine from ER formulation 
(rather than the elimination rate of norquetiapine) may serve as a rate-limiting step that governs 
norquetiapine PK. In conclusion, results from PBPK modeling and simulation suggest that in contract 
to IR quetiapine, the effects of CYP2D6 phenotypes on norquetiapine PK are expected to be 
insignificant in patients taking ER quetiapine due to slow release rate from the formulation.  
 
References 
1. Hasselstrom, J. and K. Linnet, In vitro studies on quetiapine metabolism using the substrate depletion approach with focus 
on drug-drug interactions. Drug Metabol Drug Interact, 2006. 21(3-4): p. 187-211. 
2. Lin, S.N., et al., A liquid chromatographic-electrospray-tandem mass spectrometric method for quantitation of quetiapine 
in human plasma and liver microsomes: application to study in vitro metabolism. J Anal Toxicol, 2004. 28(6): p. 443-8. 
3. Bakken, G.V., et al., Pharmacokinetic variability of quetiapine and the active metabolite N-desalkylquetiapine in 
psychiatric patients. Ther Drug Monit, 2011. 33(2): p. 222-6. 
4. Fisher, D.S., et al., Plasma concentrations of quetiapine, N-desalkylquetiapine, o-desalkylquetiapine, 7-
hydroxyquetiapine, and quetiapine sulfoxide in relation to quetiapine dose, formulation, and other factors. Ther Drug Monit, 
2012. 34(4): p. 415-21. 
5. Jensen, N.H., et al., N-desalkylquetiapine, a potent norepinephrine reuptake inhibitor and partial 5-HT1A agonist, as a 
putative mediator of quetiapine's antidepressant activity. Neuropsychopharmacology, 2008. 33(10): p. 2303-12. 
6. Lopez-Munoz, F. and C. Alamo, Active metabolites as antidepressant drugs: the role of norquetiapine in the mechanism 
of action of quetiapine in the treatment of mood disorders. Front Psychiatry, 2013. 4: p. 102. 
7. Bakken, G.V., et al., Metabolism of the active metabolite of quetiapine, N-desalkylquetiapine in vitro. Drug Metab Dispos, 
2012. 40(9): p. 1778-84. 
8. Bakken, G.V., E. Molden, and M. Hermann, Impact of genetic variability in CYP2D6, CYP3A5, and ABCB1 on serum 
concentrations of quetiapine and N-desalkylquetiapine in psychiatric patients. Ther Drug Monit, 2015. 37(2): p. 256-61. 
9. Winter, H.R., et al., Steady-state pharmacokinetic, safety, and tolerability profiles of quetiapine, norquetiapine, and other 
quetiapine metabolites in pediatric and adult patients with psychotic disorders. J Child Adolesc Psychopharmacol, 2008. 18(1): 
p. 81-98. 
10. Li, Q., et al., Pharmacokinetics and tolerability of extended-release quetiapine fumarate in Han Chinese patients with 
schizophrenia. Clin Pharmacokinet, 2014. 53(5): p. 455-65.  
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16. Influence of Carboxylesterase 1 Genetic Polymorphisms on the Activation of Dabigatran 
Etexilate 
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The new oral anticoagulant prodrug dabigatran etexilate (DABE) is sequentially metabolized by 
intestinal carboxylesterase 2 (CES2) and hepatic carboxylesterase 1 (CES1) to form its active 
metabolite dabigatran (DAB). Significant interindividual variability in DAB blood concentrations and 
anticoagulant effects has been observed in several clinical studies. A recent genome-wide 
association study reported that two CES1 single nucleotide polymorphisms (SNPs), rs2244613 and 
rs8192935, were associated with lower DAB plasma concentrations in the RE-LY study participants, 
and the rs2244613 was also associated with a lower risk of any bleeding [1]. Furthermore, our 
previous studies identified a CES1 nonsynonymous variant rs71647871 (G143E), and demonstrated 
that the G143E is a loss-of-function variant for the metabolism of several CES1 substrate drugs 
including methylphenidate, clopidogrel, and several ACE inhibitors [2]. The aim of this study was to 
examine the effect of the CES1 genetic polymorphisms rs2244613, rs8192935, and G143E on the 
activation of DABE using CES1-transfected cell lines and a large set of individual human liver 
samples. DAB was readily formed after incubation of DABE with CES1 cell S9 fractions, suggesting 
DABE can be activated by CES1 alone, without the involvement of CES2. DAB was undetected after 
incubation of DABE with the S9 fractions of the cells expressing the G143E. Thus, the G143E is a 
loss-of-function variant for the activation of DABE. A total of 104 individual human liver samples were 
determined for the rs2244613, rs8192935, and G143E genotypes and the activity on DABE 
activation. Neither rs2244613 nor rs8192935 was associated with the rate of DABE activation. After 
being normalized to CES1 protein expression, the average activation rate of DABE and its immediate 
metabolites M1 and M2 in the liver samples carrying the heterozygous 143G/E was 47%, 57%, and 
63%, respectively, lower than the samples with the genotype 143G/G (P = 0.018, 0.004, and 0.001, 
respectively). In summary, our results suggest that CES1 genetic variants may play an important role 
in the observed interindividual variability in response to dabigatran therapy. Activation of DABE can 
be significantly impaired in patients carrying the G143E and other functional CES1 variants. CES1 
pharmacogenetics-based individualized treatment has the potential to improve therapeutic outcomes 
of DABE and many other drugs metabolized by CES1.  
 
Reference 
1. Pare, G., et al., Genetic determinants of dabigatran plasma levels and their relation to bleeding. 
Circulation, 2013. 127(13): p. 1404-12. 
2. Wang, X., et al., CES1 genetic variation affects the activation of angiotensin-converting enzyme 
inhibitors. Pharmacogenomics J, 2015. 
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17. Insights into steroidogenesis: Characterization of two novel CYP17A1 genetic variants 
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Cytochrome P450 17A1 (CYP17A1) is a dual-function steroidogenic enzyme that catalyzes the two 
reactions necessary for cortisol and androgen biosynthesis. CYP17A1 is a clinically validated drug 
target in prostate cancer as CYP17A1 inhibition results in a significant reduction in circulating 
androgens and thereby blocks the growth of androgen-dependent cancers. Germline CYP17A1 
genetic variants that manifest as various endocrinopathies due to altered CYP17A1 activity are 
extremely rare; however, characterization of these variants provides critical insights into CYP17A1 
protein structure and function.  By querying the dbSNP online database and publically available data 
from the 1000 genomes project (http://browser.1000genomes.org), we identified two CYP17A1 
nonsynonymous genetic variants with unclear consequences on enzymatic activity and stability.  The 
associated PolyPhen (Polymorphism Phenotyping) scores of these variants suggested a high 
likelihood of these variants adversely affecting CYP17A1. We hypothesized that the resultant amino 
acid changes would impact steroid hormone synthesis by altering CYP17A1 hydroxylase and lyase 
activity.  To test this hypothesis, we utilized a HEK-293T cell-based expression system to 
characterize the enzymatic properties of these two CYP17A1 variants, D216H (rs200063521) and 
G162R (rs141821705). Cells transiently expressing the D216H variant demonstrate a selective 
impairment of 16-hydroxyprogesterone synthesis by 2.2 fold compared to wild-type, while no effect 
on 17-hydroxyprogesterone synthesis was observed. These data suggest that substrate orientations 
in the active site may be altered with this amino acid substitution.  In contrast, the G162R substitution 
exhibits decreased CYP17A1 protein stability compared to wild-type with a greater than 50% 
reduction in expression levels as determined by western blot analysis.  A 12 hour treatment with the 
proteasome inhibitor MG132 recovered G162R protein expression to wild-type levels, and we 
observe that this variant is preferentially ubiquitinated and degraded prematurely, with an enzyme 
half-life calculated to be ~2.1 hours. Together, these data provide new insights into how CYP17A1 
structure relates to enzyme function and stability.     
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18. Software Package for Drug Metabolite Identification and Structural Characterization by 
Tandem Mass Spectrometry 
 
Siwei Li, Jing Lu and Duxin Sun 

 
University of Michigan 

 
Drug metabolism can produce metabolic products with pharmacologically active or toxic in nature, 
and consequently has very important implications for both drug safety and efficacy. To reduce the risk 
of costly clinical-stage attrition due to the metabolic characteristics of drug candidates, the efficient 
and reliable ways to rapidly identify drug metabolites structures is required. The bottleneck of 
metabolite identification (Met ID) using tandem mass spectrometry (MS/MS) is mass spectral data 
interpretation. Traditionally, mass spectral data interpretation and annotation of metabolite are 
performed using manually comparative analysis of mass spectra of parent drug and the metabolite 
based on the expert knowledge base, which is time-consuming and labor intensive.  

 
Here, we developed a new software package for automated structure assignment of drug metabolite 
and metabolite fragments in MS/MS data without an expert knowledge base. Based on known parent 
drug structures and MS/MS data of drug metabolite, this software uses a novel model and new 
algorithm to efficiently compute the best metabolite whose fragment ion can best interpret the peaks 
in MS/MS. The output of software gives the ranked drug metabolite 2D structure with confidence 
scores for the entire positional isomeric metabolites, MS/MS data interpretation. We used metabolic 
reaction oxidation (hydroxylation, N/S-Oxidation) as an example to demonstrate and validate the 
software performance. The mass spectral data of 8 metabolites from 3 drugs in literature data and 3 
metabolites from 2 drugs in-house were tested using this software. 3 metabolites from 2 drugs 
identified using high-resolution mass spectrometry in the previous publication were ranked as top 1.  

 
As a result, this software was able to rank the correct metabolites within the top 3 candidates. This 
software package has strongly facilitated drug metabolite structure assignment work without an 
expert knowledge base. The software will be available through its web interface and/or local PC 
package installation soon.  
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19. Hsp90 inhibition results in GR, AR and JAK protein degradation, decreased proliferation and 
increased paclitaxel sensitivity in triple-negative breast cancer  
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Glucocorticoid receptor (GR) activity in triple-negative breast cancer (TNBC) is associated with cell 
survival and chemotherapy resistance. Targetable molecular drivers for TNBC have been difficult to 
identify and therefore standard treatment remains limited to chemotherapy. Recently the new-
generation small molecule Hsp90 inhibitor ganetespib has proven to be a potent inhibitor of Hsp90 
client proteins and far less toxic than previous Hsp90 inhibitors. Moreover, favorable clinical 
responses have been observed in some TNBC patients enrolled in a phase II clinical trial of 
ganetespib monotherapy. A ganetespib and paclitaxel clinical trial is ongoing in breast cancer; 
however, it is not known which Hsp90 client proteins contribute to increased tumor chemotherapy 
sensitivity. Recent studies in our lab found that inhibition of GR activity plays an important role in 
Hsp90 inhibitor-mediated sensitization of TNBC cells to paclitaxel-induced cytotoxicity. However, we 
also observed that following significant shRNA-mediated GR depletion, ganetespib still provided 
some sensitization of TNBC cells to paclitaxel. This suggests that inactivation of additional anti-
apoptotic Hsp90 client proteins play a role in ganetespib-mediated effects. Proteins closely 
associated with GR function that are also key Hsp90 inhibitor client proteins include the androgen 
receptor (AR, implicated in TNBC proliferation and apoptosis) and Janus Kinase (JAK, a component 
of the JAK/STAT signaling pathway implicated in TNBC tumorigenesis and chemoresistance). We 
hypothesize that GR, AR and JAK/STAT signaling have overlapping but distinct roles in Hsp90-
mediated chemotherapy sensitization of TNBCs. Western blot analysis of TNBC xenografts treated 
with ganetespib +/- paclitaxel showed depletion of AR as well as JAK1 and 2 and analysis of cell lines 
showed decreased levels of activated phosphorylated STAT3 transcriptional factor, a downstream 
mediator of JAK, following ganetespib treatment of TNBC cell lines. Additionally, ganetespib 
treatment also led to decreased levels of androgen-induced AREG and IL-6-induced SOCS3 
expression. These results suggest the involvement of AR and JAK in mediating ganetespib 
mechanism of action in TNBC. Understanding the relative roles of Hsp90 client proteins in TNBC is 
predicted to lead to better selection of patients likely to benefit from Hsp90-inhibitor treatment. 
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20. Different Susceptibility of Cytochrome P450 2C Enzymes to Downregulation by Nitric Oxide 
 
Ji Won Park, Choon-Myung Lee, Edward T Morgan  

 
Cytochromes P450 (P450) are key enzymes in metabolizing both endogenous and xenobiotic 
compounds and can be induced or inhibited by numerous drugs, environmental chemicals, diet and 
diseases. Such changes in P450 expression and activity can cause drug toxicity and drugdrug 
interactions. High levels of nitric oxide (NO) are produced during activation of the immune system and 
previously our lab showed that nitric oxide (NO) mediates the down-regulation of several P450 
enzymes including CYP2C22 and CYP2B proteins by inflammatory cytokines. The purpose of this 
study was to determine if human CYP2C proteins are down-regulated by NO. HeLa and Huh7 cells 
were transduced with lentiviral vectors containing either human CYP2C enzymes or rat CYP2C11 
tagged with v5, and the transduced cells were incubated with the nitric oxide donor, DPTA-NONOate 
(DPTA). Preliminary studies indicated that CYP2C8 was the most sensitive of the CYP2C enzymes. 
With 4 hr of DPTA treatment, CYP2C8 enzymes were significantly down-regulated to 50-55% of 
control. However, the level of CYP2C11 was not affected by NO. For longer exposure of cells to NO, 
NO synthase was induced in the cells using a doxycycline inducible pLIX304-hNOS2 vector. At 24hr 
after doxycycline treatment, media were collected to determine NO production and cells were 
harvested. The treatment resulted in a ~50% downregulation of CYP2C8 protein. This downregulation 
was attenuated by the NOS inhibitor, L-NG-nitroarginine methyl ester (L-NAME). At both 4 hr and 24 
hr, no changes of CYP2C8 mRNA levels were observed. Remarkably, the down-regulation of 
CYP2C8 by either DPTA or doxycycline was insensitive to the proteasome inhibitors bortezomib or 
MG132. Pretreatment with calpain inhibitors ALLN and Calpain inhibitor III did not block CYP2C8 
downregulation by DPTA, but partially inhibited CYP2C8 degradation after 24hr of doxycycline 
treatment. Taken together, these data show different effects of NO on the downregulation of CYP2C 
enzymes and non-lysosomal protease are partially involved in CYP2C8 downregulation by NO.  
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21. Novel genomic predictor of bleeding risk in African Americans treated with warfarin. 
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Background: Hemorrhage is the major concern for patients treated with warfarin. The relative risk of 
major bleeding from warfarin therapy is substantially higher (44%) in patients of African descent than 
in those of European or Asian origin. The commonly studied genetic variants explain substantially 
less variability in blacks than in whites. The study aimed to identify the genetic predictors of bleeding 
in warfarin treated African Americans (AAs).  

 
Methods:  We conducted the first genome-wide association study in 31 AA cases requiring 
hospitalization due to warfarin induced bleeding at INR < 4, and 515 AA controls that never 
experienced bleeding from warfarin therapy. Association between each SNP and bleeding risk was 
tested by logistic regression. Validation of the associated SNPs was done in an independent AA 
cohort of 40 cases and 161 controls.  To determine if clinical factors can further help to predict risk of 
bleeding, the predictive performance of HAS-BLED (hypertension, abnormal renal/liver function, 
stroke, bleeding history or predisposition, labile international normalized ratio, elderly, drugs/alcohol 
concomitantly) bleeding risk scheme was evaluated by Cox proportional hazards analysis and 
receiver operating characteristics (ROC) area under the curve (AUC). Improvement in bleeding risk 
prediction on adding the associated SNPs to HAS-BLED was determined by net reclassification 
improvement (NRI).  

 
Results: Genome-wide significant signal was observed for a SNP, rs62420645 on chromosome 6 
(OR: 4.43 p = 2.20 x 10-08), and validation of the SNP in replication cohort confirmed the association 
(OR: 3.63, p = 0.002). Minor allele frequency (MAF) of 12% indicates it’s a common variant among 
AAs. The HAS-BLED score was predictive of major bleeding events, and a score of ≥ 3 was 
associated with 2-fold risk of major bleeding (HR: 2.4, 95%CI: 1.15-5.07, p value = 0.02). Inclusion of 
rs62420645 to HAS-BLED improved major bleeding risk prediction as reflected by the C-indices (0.70 
vs. 0.65 for HAS-BLED + rs.62420645 vs. HAS-BLED), however it did not reach statistical 
significance. NRI analysis showed that inclusion of the SNP to HAS-BLED scheme correctly 
reclassified 12.5% of major bleeding, but incorrectly reclassified 6.8% of non-bleeders as bleeders, 
leading to a NRI of 5.7%. The average INR at which bleeding occurred was 2.67±0.87 in the 
discovery cohort and 2.27±0.83 in the Replication Cohort. Genotyping our AA Replication Cohort for 
CYP2C9 star alleles showed no significant association with warfarin related bleeds for CYP2C9*2 (p 
= 0.4), CYP2C9*3 (p = 0.47), CYP2C9*5 (p = 0.47), CYP2C9*8 (p = 0.69), CYP2C9*11 (p = 0.12), or 
presence of any CYP2C9* variant (p = 0.5).. 

 
Conclusion: This is the first genome-wide study to identify the genetic predictor of warfarin induced 
bleeding in AAs occurring at INR < 4; a range when most physicians do not consider warfarin 
reversal. Incorporation of this variant into HAS-BLED scoring scheme can help to predict clinically 
avoidable bleeding events and improve the safety of anticoagulation therapy in AAs. Since most of 
these patients bleed at therapeutic INR, our findings may help to prioritize the use of NOACs in these 
patients. The benefit of placing true positive patients on NOACs and therefore preventing such 
hemorrhagic complications outweighs unnecessarily placing of the false positive patients on NOACs.  
Translation of our findings into clinical care can help to predict clinically avoidable bleeding events 
and improve the safety of anticoagulation therapy in AAs.  
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Cytochromes P450 (cytP450s) constitute an ubiquitous family of membrane proteins necessary for 
metabolism of various endogeneous and exogeneous substrates. As membrane-bound proteins, they 
are most frequently found in the endoplasmatic reticulum membrane in the liver. They are 
monooxygenases, and metabolize up to 70% of all drugs.1 Therefore, cytP450s constitute a major 
drug target and understanding their structure and function are crucial for structure based drug design. 
 
In order to carry out their monooxygenase function, cytP450s must receive two electrons from their 
redox partners. The membrane-bound cytP450 reductase (CPR) is its compulsory redox partner. 
CytP450 and CPR form complexes in the ER membrane. The FMN-binding domain of CPR, which 
also contains ist membrane anchor, is responsible for CytP450 binding and electron transfer.2 Details 
of the interactions and mechanisms of electron transfer remain unknown. 

 
Their membrane bound nature, as well as their sizes make the protein complexes difficult to access 
for structural investigations. Nanodiscs provide a suitable native membrane environment to stabilize 
insoluble membrane proteins to be studied by NMR.3 Nanodiscs are patches of phospholipid bilayers, 
wrapped by membrane scaffold proteins.4 In the current study we aim to reconstitute cytP450 with its 
compulsory redox partner CPR and full length b5 in various nanodiscs to gain insight into the binding 
interface and mechanism of interaction. All studies are carried out with full-length proteins including 
their insoluble, membrane anchors. 
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24. Differential Effects of Red Clover Isoflavones on Estrogen Metabolism: Phytoestrogens, 
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60612 
 
The Women’s Health Initiative determined that hormone therapy (HT) increases the risk of breast 
cancer, partly because estrogens are metabolized by P450 1B1 to genotoxic metabolites. As a result, 
women are increasingly using botanical dietary supplements for menopausal symptoms as an 
alternative to HT. However, the effect of these supplements on estrogen chemical carcinogenesis in 
women is largely unknown; thus, we tested the effect of red clover extract on estrogen metabolism by 
quantifying estrogen metabolites, 2-MeOE1 (benign biomarker) and 4-MeOE1 (genotoxic biomarker), 
via LC-MS/MS in MCF-7 breast cancer cells. Red clover moderately increased both 2-MeOE1 and 4-
MeOE1 metabolites, yet significantly increased 4-MeOE1 at higher concentrations. Bioactive 
compounds from red clover, biochanin A (BA) and formononetin (FN), which are metabolized to 
genistein (GN) and Daidzein (DZ), respectively, in a similar fashion increased 2-MeOE1 and 4-
MeOE1. However, DZ and GN did not have a notable effect on metabolism. To determine the 
mechanism by which the compounds act, we measured their effect on CYP1A1/1B1 gene expression. 
Interestingly, we observed that all compounds downregulated CYP1A1 gene expression at lower 
concentrations; however, at higher concentrations, AhR agonists (BA and FN) increased 
CYP1A1/1B1 gene expression while ERβ-selective agonists (GN and DZ) continued to downregulate 
expression. We hypothesize that downregulation occurs because, as it has been previously reported, 
ER epigenetically suppresses AhR gene expression. Thus, we confirmed that E2 similarly decreased 
both CYP1A1/1B1 gene expression in MCF-7 cells, and that the compounds in combination with an 
ER antagonist (ICI 182,780) increased both XRE-luciferase reporter activity and CYP1A1/1B1 gene 
expression. Considering that the activities of BA and FN significantly vary according to concentration, 
these results exemplify the importance of standardization of botanical supplements to bioactive 
compounds to achieve the desired effects in women. 
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25. WEE1 inhibition, a potent new therapeutic option in the management of triple negative breast 
cancer 

 
Gladys Morrison 1,2, Jacqueline Wang 2, Paul Geeleher 2 and R. Stephanie Huang 1,2 

 

1 Committee of Clinical Pharmacology and Pharmacogenomics, 2 Department of Medicine, The 
University of Chicago, Chicago, IL 60637 

 
Triple negative breast cancer (TNBC) account for about 20% of breast cancers and is associated with 
a high rate of recurrence, limited therapeutic options, and poor prognosis. There is an urgent need in 
identifying novel therapies in the management of TNBC. To this end, we have developed a 
transcriptome-based drug sensitivity prediction method (called “pRRophetic), that can utilize 
expression of every gene in the genome to determine drug sensitivity. We applied pRRophetic to all 
breast cancer primary tumor biopsies from the Cancer Genome Atlas (TCGA). For every TCGA 
breast cancer tumor sample, we generated predicted sensitivity scores for 139 drugs which have 
been screened in vitro and used for model construction. We then identified drugs that exhibited 
different sensitivity patterns in breast cancer subtypes. Among them, a Wee1 inhibitor was predicted 
to be more sensitive in TNBC than the other breast cancer subtypes. This observation was confirmed 
in an independent cohort of breast cancer cell lines available in the cancer cell line encyclopedia 
(CCLE). More importantly, the higher sensitivity to Wee1 inhibition in TNBC was also replicated in 
additional 2 independent Gene Expression Omnibus (GEO) datasets where TNBC tumor samples 
were derived from patients. Gene set enrichment analysis showed that cell cycle pathway was 
upregulated in tumors predicted to be sensitive to wee1 inhibition. Additional cell line screening 
confirmed that treatment with AZD1775, a Wee1 inhibitor, resulted in greater cellular growth inhibition 
when compared to paclitaxel in all TNBC cell line screened. Interestingly, more pronounced 
cytotoxicity after Wee1 inhibition was observed in BRCA mutated-TNBC cell lines. In conclusion, 
through a novel transcriptome-based drug sensitivity prediction method, we identified a drug that may 
be a potent new therapy in TNBC management. In vitro experiment confirmed the role of wee1 
inhibition in this disease setting. Further clinical investigation of this agent are warranted.   
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26. A versatile strategy for the synthesis of Abiraterone and Galeterone analogs to evaluate their 
biology activity as CYP17A1 inhibitors 

 
Sunil K. Upadhyay1 , Shikhar Shant1 , Nima Sharifi2 and Richard J. Auchus1  

 
1Department of Internal Medicine, MEND, University of Michigan Health Sciences, Ann Arbor, MI-
48109 2Department of Cancer Biology, Lerner Research Institute, Cleveland Clinic, Cleveland, OH 

 
rauchus@med.umich.edu; sunilku@med.umich.edu  

 
Prostate cancer is now the second most prevalent cause of death in men in the USA and Europe. 
Primary therapy for metastatic disease is surgical or medical castration. These strategies cause 
ablation of the production of testicular androgens such as testosterone (T) and its potent metabolite 
dihydrotestosterone (DHT). Although initially successful in most patients, the disease eventually 
progresses as castration-resistant prostate cancer (CRPC), which is often incurable. The key enzyme 
steroid 17-hydroxylase/17,20-lyase (CYP17A1), which catalyzes the biosynthesis of all androgens 
from pregnane precursors, is the target of the orally-active CYP17A1 inhibitor abiraterone acetate 
(AA). AA, the prodrug of abiraterone, is FDA-approved for the treatment of CRPC, and Galeterone 
(TOK001) is a benzimidazole congener of abiraterone is under study for CRPC. We have developed 
a versatile, economical, and efficient synthetic strategy for 10 abiraterone analogs and used these 
compounds and evaluated them as CYP17A1 inhibitors. All compounds required only 4-5 steps to 
complete the syntheses in very good yields. A central feature of this strategy is the Mitsunobu 
reaction to invert the stereochemistry at the C-3 position, in order to covert 3β-hydroxy to their 3α-
hydroxy epimers in 4 steps. Procedures were optimized to convert inexpensive 3β-hydroxysteroids to 
5β-reduced compounds, avoiding costly starting materials such as etiocholanolone. The critical steps 
in galeterone analog syntheses are a nucleophilic vinylic “addition−elimination” substitution reaction of 
3β-acetoxy-17-chloro-16-formylandrosta-5, 16-diene to facilitate the synthesis of unique steroidal 
Δ16-17 azoles. Followed by deformylation of 16-carbonyl with 10% palladium on activated charcoal in 
refluxing benzonitrile. We report improved strategic syntheses with very good yields, which enabled 
synthesis on multi-gram scale of various analogs of abiraterone and galeterone for animal and human 
studies.  

 
Keywords: androgen, abiraterone, galeterone, CYP17A1, prostate cancer 
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27. Software-Assisted Screening for GSH Conjugated Metabolites Using High Resolution Orbitrap 
Mass Spectrometry  

 
Savannah M. Mason, Anthony Lee, Hong Liu, Jianwei Shen  

 
AbbVie 

 
Chemically reactive metabolites have been implicated in many off-target adverse drug reactions 
including idiosyncratic drug toxicities. Identification of reactive metabolite potentials and elimination of 
bioactivation liability at the early drug discovery phase could prevent compound failure at a later 
stage.  

 
Various LC-MS methods have been developed for high throughput GSH screening, including 
triplequadrupole or Q-Trap-based neutral loss (NL) MS analysis, precursor ion scan (PI), multiple 
reaction monitoring (MRM)-based method, and high resolution mass spectrometry-based data 
dependent scans with mass defect filtering.  

 
Much of the metabolite identification analysis in the past has been done with multiple LC-MS 
injections and manual data mining. With the introduction of Mass-MetaSite, targeted analysis can be 
used to reduce the number of LC-MS runs needed to acquire all data necessary. Additionally, 
following data acquisition, Mass-MetaSite provides data processing with metabolite identification, 
structural assignments, and an accompanying report.  

 
The purpose of this study is to develop a more efficient GSH conjugate screening method by using 
high resolution mass spectrometry with MetaSite & Mass-MetaSite for reactive metabolite detection 
and semi-automatic data analysis. High resolution mass spectrometry with polarity switching will also 
be evaluated to improve detection and characterization of GSH conjugated metabolites.  

 
By using Mass-MetaSite for targeted data acquisition and data processing, MS2 data quality is 
improved and assay cycle time is reduced significantly. The faster scan rate of the Q Exactive allows 
for polarity switching data acquisition; complementary fragmentation data from positive ion/negative 
ion MS2 spectra are valuable for structure elucidation. Data processing software for polarity switching 
MS data is highly desirable to enable such LC-MS techniques in high throughput analysis. 
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28. Examining the Effects of Membrane on Cytochrome c - Cytochrome b5 Interaction 
 

Katherine Gentry, Meng Zhang, Sang-Choul Im, Lucy Waskell, Ayyalusamy Ramamoorthy 
 

University of Michigan 
 

Cytochrome P450s (cytP450s) are a superfamily of enzymes responsible for catalyzing the 
metabolism of a broad range of endogenous and exogenous substrates including vitamins, fatty 
acids, and over 70% of marketed drugs. Cytochrome b5 (cytb5) is one of the redox partners of 
cytP450, capable of donating the second electron to cytP450 in its catalytic cycle. Cytb5 has been 
reported to be able to transfer electrons to cytochrome c (cyt c) which is a good model for studying 
protein-protein interactions between redox partners. Complex formation between cytb5 and cyt c has 
been studied in non-membrane environment by a variety of technologies including NMR. However, it 
has been shown that membranes are integral for proper functions of these enzymes, which makes 
the incorporation of a membrane mimetic into these studies of protein complexes integral. In this 
work, membrane mimetics, both lipid bicelles and nanodiscs, have been utilized in order to probe the 
cyt c - cytb5 interaction in a more physiological environment. TROSY HSQC NMR experiments were 
carried out on 15N labeled cytb5 in a membrane-free environment, isotropic bicelles, and nanodiscs 
respectively with titration of unlabeled cyt c. Differential line broadening and chemical shift 
perturbations reveal residues of cytb5 involved in complex formation with cyt c to be mainly located 
around the solvent exposed edge of the heme. Different binding specificity and interaction strength 
are observed in different membrane environments. Our study provides structural basis information on 
protein-protein complex formation at the atomic level resolution and sheds light on the effect of 
membrane on membrane bound redox partner interactions.  
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29. Use of the Sound Review Software to Rapidly Quantitate Standard Curve Concentration 
Experiments 

 
Lance Heinle, Patricia Stuart, Mary Larsen and Gary Jenkins, PhD  
 
Global Pharmaceutical Research and Development, AbbVie Inc., North Chicago, IL, USA 

 
Sound Review, a commercial software package from Apricot Designs and Sound Analytics, was used 
to process LC-MS/MS data where standard curves were employed to quantitate accurate 
concentrations (plasma protein binding).  The software package allows for the easy viewing of the 
standard curve fit, accuracy of standards, and calculated concentrations; while allowing a single 
button click to drop/add standards that do not pass the fit criteria (% accuracy, BLQ, etc…).   The use 
of this software has decreased the processing time for a typical binding experiment by 80%, from 90 
to 18 minutes when compared to using a traditional software package (Analyst). 

 
This presentation was sponsored by AbbVie. AbbVie contributed to the design, research, and 
interpretation of data, writing, reviewing, and approving the publication. All authors, including Lance 
Heinle, are employees of AbbVie. 
 
 
 
 
 
 
 
 
 

30. Lipid Bilayer Nanodiscs : A versatile tools for NMR Structural Characterization of Cytochrome 
P450 and its Redox Partners 

 
Thirupathi Ravula1, Elke Prade1, Meng Zhang1, Sang-Choul Im2, Lucy Waskell2, Ayyalusamy 
Ramamoorthy1 

 
1Biophysics and Department of Chemistry, 2Department of Anesthesiology University of Michigan, 
Ann Arbor, MI 48109-1055 (USA) 

 
Nanodiscs are small patches of lipid bilayers surrounded by belt protein/peptide or polymer. Control 
of lipid composition and its size makes them versatile tools for solubilizing membrane bound protein 
and make them accessible by NMR structural studies. Nanodisc provide near native membrane 
environment and keep the proteins in its fictionally active state. Cytochromes P450 (CytP450s) 
constitute an ubiquitous family of membrane proteins necessary for metabolism of various 
endogeneous and exogeneous substrates. Approximately 70% of all drugs are metabolized by 
cytP450s, hence major targets for developing drugs. Membrane bound nature of these proteins 
makes them inaccessible for structural studies. In the current study we study these cytochrome P450 
and its redox partners in nanodiscs using NMR along with other biophysical techniques. 
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31. Acrolein, a lipid-derived aldehyde, is a critical pathogenic mediator and potential therapeutic 
target for alcoholic liver disease 

 
Wei-Yang Chen2, Jingwen Zhang1, Shirish Barve1,2 ,  Craig McClain1,2,3, and Swati Joshi-Barve1,2.  

 
Departments of 1Medicine and 2Pharmacology & Toxicology, University of Louisville School of 
Medicine, and 3Robley Rex VAMC, Louisville, KY. 

 
Purpose: Alcoholic liver disease (ALD) remains a major cause of morbidity and mortality, with no FDA 
approved therapy. Chronic alcohol consumption causes a pro-oxidant environment in the liver and 
increases hepatic lipid peroxidation. Acrolein is the most reactive and toxic aldehyde generated by 
lipid peroxidation, and is known to form covalent protein adducts. We have shown that acrolein 
exposure in hepatocytes triggers endoplasmic reticulum (ER) stress, which is an important etiologic 
factor in ALD. This study (i) investigates the pathogenic role of acrolein in alcohol-induced hepatic ER 
stress, steatosis, and liver injury in experimental ALD, and (ii) tests acrolein elimination/scavenging 
(using hydralazine) as a potential therapeutic strategy against ALD. 

 
Methods: We used in vitro (rat hepatic H4IIEC cells) and in vivo (chronic+binge (NIAAA) alcohol 
feeding in C57Bl/6 mice) models to study the role of acrolein in ALD. Also, the potential protective 
effects of the acrolein scavenger, hydralazine, were examined in vitro and in vivo. Alcohol-induced 
acrolein accumulation was detected by immunostaining for acrolein-protein adducts. The effects of 
alcohol-induced acrolein were assessed on (i) hepatic steatosis (H&E and Oil Red O); (ii) ER stress 
(ATF3, ATF4, GRP78, GRP94 mRNA and protein); (iii) pro-apoptotic signaling (activation of JNK and 
caspase-12 and pro-apoptotic CHOP); (iv) cell death (MTT) and hepatocyte apoptosis (TUNEL); (v) 
liver injury (serum ALT and AST).  

 
Results:  We demonstrate that alcohol exposure resulted in substantial hepatic accumulation of 
acrolein-protein adducts, which was dependent on alcohol metabolism via cytochrome P4502E1 and 
alcohol dehydrogenase. Alcohol-induced acrolein accumulation led to hepatic ER stress and 
upregulation of ATF3 and ATF4, with minimal induction of the protective chaperones GRP78 and 
GRP94. A concomitant increase was seen in proapoptotic signaling with activation of JNK and 
caspase12, and CHOP, resulting in significant hepatic steatosis, hepatocyte cell death and liver 
injury. Acrolein was able to mimic the in vivo adverse effects of alcohol in cultured H4IIEC cells. 
Importantly, hydralazine, a known acrolein scavenger, protected against alcohol-induced ER stress, 
steatosis, apoptosis and liver injury, both in vitro and in vivo. 

 
Conclusions:  Our study demonstrates that acrolein is a major mediator of alcohol-induced hepatic 
ER stress, cell death and liver injury. Notably, our study also shows that removal/clearance of 
acrolein by scavengers may have therapeutic potential in attenuating the adverse effects of alcohol 
consumption, and preventing ALD.  
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32. Assessment of the ADMET Predictor™ Program for Prediction of the Physical Chemistry 
Properties of Chemicals 

 
Fagen Zhang, Barun Bhhatarai, Tyler Auernhammer, Dan Wilson, Michael J. Bartels and Timothy C. 
Erskine 
 
The Dow Chemical Company 

 
New high-throughput hazard and risk evaluation programs rely on in silico tools and in vitro data for 
prediction of biological response and systemic exposure to a variety of chemical domains.  The 
accurate prediction of absorption and/or bioavailability arising from the oral, dermal and inhalation 
routes of exposure is one of the key elements in these chemical safety assessments. Traditionally, 
this information is obtained from in vivo studies in one or more mammalian species, or in vitro 
membrane permeability assays.  However, due to animal welfare, cost considerations and time 
requirements, alternatives to animal experiments such as predictive software tools are being 
developed, and regulatory frameworks are providing an increasing opportunity or obligation to use 
such methods. Among these predictive software tools, GastroPlus™ is one of the widely used 
software programs for predicting absorption and/or bioavailability in pharmaceutical industry. Like 
other similar tools, the absorption and/or bioavailability prediction accuracy by GastroPlus™ is 
dependent on the prediction accuracy of the physical properties of chemicals by ADMET Predictor™ 
module of of GastroPlus™. Therefore, assessment of the prediction accuracy of physical chemistry 
properties of chemicals by ADMET Predictor™ is essential to the final assessment of the prediction 
accuracy of absorption and/or bioavailability of chemicals conducted by the Predictive Safety 
Assessment Center of TERC.  In this study, ADMET Predictor™ (ADMET) predictions were assessed 
against a variety of chemical categories that have experimental data for physical chemistry 
properties.  We first acquired and classified the experimental data for all the chemicals or drugs from 
the published literature, based on structural features.  Next, the accuracies of prediction for key 
physical-chemical properties, critical to bioavailability predictions, were compared between ADMET, 
as well as another QSAR program (Pipeline Pilot™ (PP)). vs. experimental data.  The assessment 
results spanned a wide range of accuracies, indicating that proper understanding of the benefits and 
limitations of predictive modeling tools such as ADMET Predictor™ and Pipeline Pilot™ will allow for 
optimum implementation of animal alternatives in novel high throughput safety assessment programs.  
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33. Methods for In Vitro Assessment of Skin Metabolism 
 

Katie Plant, Rachel Upcott Gill, Victoria Hare, David Higton, Caroline Bauch, Phil Butler, Donald 
Keller, Renée Zaya, Clive Dilworth 

 
Cyprotex US, LLC 

 
The largest organ in the human body, skin has an important role in providing a barrier to drugs and 
chemicals. However, it also acts as a route of entry for delivering drugs and chemicals into systemic 
circulation through absorption either directly or following bioactivation. The relative expression of 
xenobiotic-metabolising enzymes in skin compared with liver is much lower, especially for cytochrome 
P450 (CYP450) enzymes. However, skin does express a range of other phase I enzymes (flavin-
containing monoxygenases, alcohol and aldehyde dehydrogenases, aldo-keto reductases) and phase 
II enzymes (glutathione transferases, N-acetyl transferases and UDP-glucuronosyltransferases). 
Given the potential for oxidative activation of drugs or chemicals and subsequent sensitizing potential, 
in the skin, first-pass metabolism in the skin should be evaluated for all drugs or chemicals with a 
topical route of administration. With the practical limitations of using freshly excised human skin and 
other reconstructed 3D systems being relatively expensive there is a requirement for a simple in vitro 
system to assess skin metabolism. Skin S9 presents a low-cost option for an initial assessment and 
despite low enzyme expression and activity levels could offer a more relevant option compared with 
liver S9. We have evaluated a panel of 10 different substrates, including substrates for Phase I and 
Phase II metabolism alongside known sensitizers requiring activation, in human skin S9 (derived from 
epidermis of abdominal skin, pooled from 3 donors), human liver S9 and monolayer-culture of human 
keratinocyte cell line, HaCaT cells. Compounds were incubated in both S9 sources (1 mg/mL), with a 
mixture of cofactors NADPH, UDPGA and PAPS, for up to 120 mins (0, 10, 20, 40, 60, 120), and 
HaCaT cells for 24 hr (0, 1, 2, 4, 8, 24 hrs). At each incubation time point, supernatant was removed 
into pre-chilled acetonitrile to precipitate the protein.  Substrate depletion was monitored by LC-
MS/MS and metabolite identification performed using a Waters Xevo G2-S Q-Tof UPLC-MS/MS 
platform. Despite observing a lack of parent compound depletion in skin S9 and the wide difference in 
levels of metabolism between skin S9 and liver S9, these systems still have potential for improving 
methods for identifying metabolic routes and predicting skin sensitization.  Addition of a relevant 
metabolic-activation system to increase the basal metabolic levels of HaCaT cells and thus 
keratinocyte activation may help to improve the prediction of skin sensitizing potential and distinguish 
between irritants and sensitizers.  
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34. CYP2D6 activity is increased with cholic acid feeding in CYP2D6-humanized mice 
 

Rebecca Kent, Xian Pan, Hyunyoung Jeong 
 

Department of Biopharmaceutical Sciences, College of Pharmacy, University of Illinois at Chicago 
 

Cytochrome P450 (CYP) 2D6 is a major drug-metabolizing enzyme in the liver, but factors involved in 
the regulation of CYP2D6 expression remain poorly defined. Recent studies have shown that 
CYP2D6 expression is repressed by small heterodimer partner (SHP), a transcriptional repressor that 
is upregulated in cholestasis (1,2). The objective of this study was to determine whether cholestasis 
modulates CYP2D6 expression by upregulating SHP. To this end, CYP2D6-humanized transgenic 
mice were fed normal chow (control) or chow supplemented with 1% (w/w) cholic acid (CA) for 2 
weeks (n=4/group), and hepatic SHP and CYP2D6 expression was measured. SHP mRNA 
expression did not differ between the groups while SHP protein expression decreased by 2-fold. 
CYP2D6 mRNA and protein expression levels were increased in the CA group by 1.5-fold. To 
determine the mechanism for the disconnect between the changes in SHP mRNA and protein levels 
in CA-fed mice, an in situ analysis of 3’-untranslated region of SHP was performed, and a putative 
binding site for a microRNA, miR142-3p, was identified. miR142-3p expression was found to be 
increased by 5-fold in the liver of CA-fed mice. Promoter reporter assays using a luciferase vector 
harboring the 3’-untranslated region of SHP revealed that miR142-3p represses SHP expression by 
2-fold in HEK293T cells. Overall, these results indicate that CA feeding in mice leads to decreased 
SHP protein levels and increased CYP2D6 expression. This study was supported by NIH (GM112746 
and HD065532). 

 
1. Koh, K. H., Pan, X., Shen, H.-W., Arnold, S. L. M., Yu, A.-M., Gonzalez, F. J., Isoherranen, N., 
and Jeong, H. (2014) Altered Expression of Small Heterodimer Partner Governs Cytochrome P450 
(CYP) 2D6 Induction during Pregnancy in CYP2D6-humanized Mice. Journal of Biological Chemistry 
289, 3105-3113 
 
2. Fang, S., Miao, J., Xiang, L., Ponugoti, B., Treuter, E., and Kemper, J. K. (2007) Coordinated 
Recruitment of Histone Methyltransferase G9a and Other Chromatin-Modifying Enzymes in SHP-
Mediated Regulation of Hepatic Bile Acid Metabolism. Molecular and Cellular Biology 27, 1407-1424 

 
 



2016 Great Lakes DMDG Meeting  May 5-6, Rosemont, Illinois 
 

Page 34 

35. P450s and Small Molecule Metabolism - Research Immersion as Part of an Undergraduate 
Laboratory Course 

 
Stephanie C. Heard, Sarah M. Glass, and Laura Lowe Furge 

 
Department of Chemistry, Kalamazoo College, Kalamazoo, MI 49006 USA 

 
Advanced Biochemistry is offered annually in the 10-week spring term at Kalamazoo College. The 
maximum student enrollment is 12 due to small group discussions and laboratory experiences based 
on individualized projects. The instructor in the course uses ongoing research from her lab as the 
basis of projects for the laboratory course, frequently pursuing new research ideas with the students 
enrolled in the lab. Students indicate their preference for project teams after an initial presentation on 
CYPs and different research areas in the instructor’s lab. Each group is expected to produce written 
and oral reports, protocols, research recommendations and notebooks that support group work. The 
divisions of the company include: Ongoing Research and Development, New Directions, and 
Outreach. In spring 2016, an additional aspect to the laboratory course was added – modeling the 
course after a small company (P450s Inc.) and assigning manager roles to one student on each 
research teach team since a visit with a local contract company (MPI) was planned to dovetail with 
the course. Descriptions of each groups’ projects and current progress are described. 
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36. Modulation of Androgen Synthesis by Cytochrome b5 
 
Ruchia Duggal, Yilin Liu, Ilia Denisov, Stephen G. Sligar. 
 
Department of Biochemistry, College of Liberal Arts and Sciences, University of Illinois at Urbana-
Champaign 

 
Cytochrome b5 is a known regulator of androgen synthesis by Cytochrome P450 17A1 (CYP17A1). 
CYP17A1 is a microsomal P450, located in zona fasciculata and zona reticularis of adrenal glands 
and in the gonads. It is known to be a key player in the biosynthesis of steroid hormones and 
glucocorticoids from cholesterol. It is a bifunctional enzyme, catalyzing two different and differentially 
regulated chemical reactions on a total of four substrates. It catalyzes 17α hydroxylation of 
pregnenolone and progesterone, followed by a Carbon-Carbon bond scission (lyase) reaction of the 
hydroxylated products to form the androgens, dehydroepiandrosterone (DHEA) from 17α-
pregnenolone and androstenedione from 17α-progesterone. The differential regulation of the 
hydroxylase (OHase) and the C-C scission (lyase) activities of CYP17A1 is brought about by 
Cytochrome b5 (b5), a highly conserved heme protein found in zona reticularis of adrenal glands as 
well as the gonads. The onset of adrenarche is marked by the substantial enhancement of the lyase 
reaction, which coincides with elevated b5 expression in these sites. The presence of b5 dramatically 
enhances the C-C cleavage rate in both the lyase substrates, but does not affect hydroxylase rates 
significantly. The mechanism of selective lyase enhancement is not understood, and there is a need 
to investigate whether b5 is an allosteric effector or has a redox role in the CYP17A1 catalysis. Here 
we describe a new method of tackling this problem, by using the Nanodisc system to reconstitute 
these proteins in controlled stoichiometries in a native membrane like environement. We show that 
Manganese porphyrin substituted b5, which is redox inactive, does not enhance the rate of CYP17A1 
mediated lyase reaction, suggesting that b5 acts as a redox partner for CYP17A1. In order to 
investigate effects of b5 on active site and substrate positioning near the heme, and/or any possible 
effects on heme planarity causing changes in redox potential, we have performed resonance Raman 
(rR) spectroscopy on CYP17A1 with and without b5, in the presence and absence of different 
substrates, to detect changes in heme vibrational modes. 
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37. Nitric Oxide Evoked Human CYP2B6 Down Regulation 
 

Choon-Myung Lee and Edward T Morgan 
 

Emory School of Medicine, Atlanta GA 30322 
 

We showed previously that rat CYP2B1 undergoes NO-dependent proteasomal degradation in 
response to inflammatory stimuli, and that the related human enzyme CYP2B6 is also down-
regulated by NO in primary human hepatocytes. To investigate the mechanism of CYP2B6 down-
regulation, we made several cell lines (HeLa, HuH7, and HepG2 cells) in which native CYP2B6 or 
CYP2B6 with a C-terminal V5 tag are expressed from a lentiviral vector with a CMV promoter. Native 
CYP2B6 protein was rapidly down regulated within 3 h following NO donor DETA NONOate 
treatment, while its mRNA level was not down regulated, suggesting post-translational down 
regulation.  A cycloheximide chase experiment showed that half-life of CYP2B6 protein was 1h 20 
min with DPTA NONOate treatment. DPTA NONOate treatment resulted in rapid down regulation of 
CYP2B6 activity measured as the formation of 7-hydroxy-4-trifluoromethylcoumarin as well as 2B6 
protein in the CYP2B6 HeLa cell line.  In addition, the concentration of DPTA NONOate required to 
down-regulate CYP2B6 was significantly lower than that for rat CYP2B1.  We generated a tet-on 
hNOS2 HeLa cell line to study the effect of endogenous NO on the down regulation.  The 
endogenous NO induced by doxycycline treatment also effectively down regulated CYP2B6 protein, 
which was blocked by the co-treatment of NOS2 competitive inhibitor L-NG-nitroarginine methyl ester 
(L-NAME). We investigated the proteolytic enzymes responsible for NO-dependent CYP2B6 
degradation.  Calpain inhibitors (MDL 28170, ALLN, Cal III, and E64d) and lysosomal protease 
inhibitors (NH4Cl, 3-methyladenine, and chloroquine) did not inhibit the NO dependent CYP2B6 
down-regulation.  Although the proteasome inhibitors MG132 and bortezomib tended to partially 
suppress the NO-induced down regulation in the HuH7 cell line, the suppression was not statistically 
significant, in contrast to previous observations with rat CYP2B1 protein. When cells were co-treated 
with NO donor and proteasome inhibitors, a smear of high molecular mass could be detected on 
CYP2B6 Western blots.  Further investigation demonstrated that CYP2B6 protein was 
polyubiquitinated and this was dramatically enhanced by co-treatment with DPTA NONOate and 
bortezomib. Taken together, our data suggest that CYP2B6 is down regulated in an NO-dependent 
manner via the proteasome.  This work was supported by grant R01GM069971 from the National 
Institutes of Health. 
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38. 17β-Estradiol up-regulates UGT1A9 expression via ERα 
 

Sung-joon Cho, Miaoran Ning, Yan-Yan Zhang, Leah Rubin, Hyunyoung Jeong 
 

Department of Pharmacy Practice (H. J. and Y.Z.), Department of Biopharmaceutical Sciences (H.J., 
S.C., M.N.), College of Pharmacy; Department of Psychiatry (L.R.), University of Illinois at Chicago, 
Chicago, IL, USA 

 
UGT1A9 is a major phase II enzyme responsible for elimination of drugs and endogenous molecules. 
Clinical data have shown increased elimination of UGT1A9 substrates in pregnant women or oral 
contraceptive users, but the role of estrogen in the regulation of UGT1A9 expression remains 
unknown. In this study, we investigated the effect of 17β-estradiol (E2) on UGT1A9 expression and 
the role of ERα in the transcriptional regulation of UGT1A9. E2 significantly increased UGT1A9 
promoter activity in HepG2 cells in the presence of ERα. UGT1A9 induction by E2 was abrogated by 
antiestrogen ICI182,780 in HepG2 cells that constitutively express ERα. Results from transient 
transfection of ERα mutants into HepG2 cells demonstrated that mutation at DNA-binding domain of 
ERα abrogates increased UGT1A9 promoter activity by E2. Deletion and mutation assays of UGT1A9 
promoter revealed a putative ERE located within -2262/-1987 region. Examination of healthy human 
liver tissues revealed significantly higher UGT1A9 expression in women as compared to men. 
Together, these findings provide a mechanistic basis for the previous clinical reports and may shed a 
light on identifying sources for inter-individual variability in UGT1A9-mediated drug metabolism. 

 
Abbreviations: 
AF, activation factor; DBD, DNA-binding domain; E2, 17β-estradiol; ER, estrogen receptor; ERE, 
estrogen response element; UGT, UDP glucuronosyltransferase  

 
Keywords  
UGT1A9, 17β-estradiol, estrogen receptor, drug metabolism, sex difference  
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39. Deubiquitinating Enzymes for P450 NO Synthase 
 

Amanda Bolles, Yoshihiro Morishima, Miranda Lau, Siennah Miller, and Yoichi Osawa 
University of Michigan, Ann Arbor, MI 

 
Nitric Oxide Synthase (NOS) is a P450-like enzyme that catalyzes the production of nitric oxide (NO) 
from L-arginine, O2, and NADPH. The three isoforms of NOS, endothelial (eNOS), neuronal (nNOS), 
and inducible (iNOS), are essential for the regulation of blood pressure, synaptic response, and 
immune defense, respectively. It is known that NOS undergoes C-terminus of Hsp70-interacting 
protein (CHIP)-dependent ubiquitination and proteasomal degradation. The steady state levels of 
ubiquitinated NOS are likely regulated by both ubiquitination and deubiquitination. We utilized a 
Ubiquigent screen of 50 common deubiquitinating enzymes (DUBs) to identify DUBs capable of 
cleaving CHIP-dependent nNOS- and eNOS-ubiquitin conjugates in a purified in vitro system. 
Numerous DUBs were identified that remove ubiquitin from both nNOS and eNOS, including USP2, 
USP6, USP7, and USP20. Other DUBs, including USP4 and UCHL3, displayed isoform selectivity 
towards eNOS-ubiquitin conjugates. Consistent with the results on nNOS, treatment of HEK293 cells 
with the deubiquitinating enzyme inhibitor WP1130 increased nNOS ubiquitination.  These results 
suggest that deubiquitinating enzymes play a role in the isoform selective regulation of steady state 
levels of ubiquitinated NOS. 
 
*This work was supported, in whole or in part, by National Institutes of Health Grant GMO77430 and 
The University of Michigan Medical School’s Protein Folding Diseases Initiative. AB is a trainee of the 
University of Michigan, Pharmacological Sciences Training Program T32-GM007767.  
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40. Custom Pooled Human Hepatocytes for Clearance Prediction of Aldehyde Oxidase Substrates 
 

J. Matthew Hutzler1, Mark VandenBranden1, Olukayode Oluyedun1, Scott Heyward2 and Tim Moeller2 
 

1Q2 Solutions, Bioanalytical and ADME Labs, Indianapolis, Indiana 
2BioreclamationIVT, Baltimore, MD 

 
Aldehyde oxidase (AO) is a cytosolic drug metabolizing enzyme that has emerged in recent years 
due to the reported negative impact on numerous clinical programs.  In addition, it has been noted in 
the literature that under-prediction of AO-mediated clearance is common when using conventional in 
vitro systems such as pooled cryopreserved human hepatocytes.  Previously published work from this 
lab has demonstrated substantial variability in AO activity (as measured by O6-benzylguanine intrinsic 
clearance) when compared using cryopreserved hepatocytes across 75 individual donors (5).  For the 
purposes of identifying a more optimal in vitro system to predict clearance for AO substrates, 5 
individual donors were selected from the low (<30 mL/min/kg), moderate (30-60 mL/min/kg), and high 
(>60 mL/min/kg) AO activity ranges and pooled to create custom lots of cryopreserved human 
hepatocytes.  Six AO substrates with a diversity of clearance rates (XK-469, zaleplon, O6-
benzylguanine, zoniporide, DACA, and BIBX1382) were then incubated in suspension for up to 4 
hours to compare activities across these custom pools, as well as a standard commercial 10-donor 
pool (Lot EAV).  Activities for all substrates tested trended in a similar fashion, with intrinsic clearance 
values rank-ordering as: high AO custom pool > moderate AO custom pool > commercial pool EAV > 
low AO custom pool.  The activity in the high AO custom pool was roughly 2 to 3-fold higher than the 
commercial pool EAV.  Using the high AO custom pool, intrinsic clearance values were scaled to 
intrinsic clearance and compared to back-calculated in vivo intrinsic clearance, as well as the well-
stirred model both with and without protein binding correction.  When comparing in vitro intrinsic 
clearance to in vivo intrinsic clearance, a 5.6 to 21-fold under-prediction was still noted, with 
zoniporide representing the extreme (171-fold).  Meanwhile, when intrinsic clearance was scaled 
using the well-stirred model to compare to in vivo total clearance, the predictions were within 2-fold 
for each of the tested AO substrates, with the exception of XK-469, which did not demonstrate 
measurable clearance in any of the tested lots of hepatocytes.  Custom pooling of human 
hepatocytes for maximal AO activity may help minimize under-prediction of total clearance, but 
factors involved in why in vivo intrinsic clearance is still drastically under-predicted still requires further 
research.  
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41. Development and validation of a high-throughput stereoselective LC/MS/MS assay for 
bupropion, hydroxybupropion, erythrohydrobupropion, and threohydrobupropion in human 
plasma 

 
Aaron M. Teitelbaum,a Alicia M. Flaker,a and Evan D. Kharascha,b,c* 

 
Departments of Anesthesiologya and Biochemistry and Molecular Biologyb, Washington University in 
St. Louis, St. Louis, MO 63110, United States 
cThe Center for Clinical Pharmacology, St. Louis College of Pharmacy and Washington University 
School of Medicine St. Louis, MO 63110, United States 

 
A stereoselective analytical method was developed and validated for the quantification of bupropion, 
and principle metabolites hydroxybupropion, erythrohydrobupropion and threohydrobupropion in 
human plasma.  Separation of individual enantiomers (R)-bupropion, (S)-bupropion, (R,R)-
hydroxybupropion, (S,S-hydroxybupropion), (1S,2S)-threohydrobupropion, (1R,2R)-
threohydrobupropion, (1R,2S)-erythrohydrobupropion, and (1S,2R)-erythrohydrobupropion was 
achieved utilizing an α1-acid glycoprotein column within a 12-minute run time.  Chromatograph 
separation was significantly influenced by mobile phase pH and variability between columns.  
Analytes were quantified by positive ion electrospray tandem mass spectrometry following plasma 
protein precipitation with 20% trichloroacetic acid. Identification of erythrohydrobupropion enantiomer 
peaks and threohydrobupropion enantiomer peaks was achieved by sodium borohydride reduction of 
enantiopure (R)- and (S)-bupropion.  Initial assay validation and sensitivity determination was on AB 
Sciex 3200, 4000 QTRAP, and 6500 mass spectrometers.  Accuracy and precision were within 15% 
for each analyte.  The assay was fully validated over analyte-specific concentrations utilizing an AB 
Sciex 3200 mass spectrometer.  Intra-and inter-assay precision and accuracy were within 12% for 
each analyte. The limits of quantification for bupropion (R and S), hydroxybupropion (R,R and S,S), 
threohydrobupropion (1S,2S and 1R,2R), and erythrohydrobupropion (1R,2S and 1S,2R) were 0.5, 2, 
1, and 1ng/mL, respectively. All analytes were stable following freeze thaw cycles at -80 °C and while 
stored at 4°C in the instrument autosampler.  This method was applicable to clinical pharmacokinetic 
investigations of bupropion in patients. This is the first LC-MS/MS assay reported for the enantiomers 
of erythrohydrobupropion and threohydrobupropion, and the first stereoselective assay to analyze 
bupropion, and principle metabolites hydroxybupropion, erythrohydrobupropion, and 
threohydrobupropion in human plasma. 
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42. Allosteric Effects and Drug-Drug Interactions in Human Cytochrome P450 CYP3A4 
 
McInerney1, Y.V. Grinkova1, I.G. Denisov1, S.G. Sligar1,2 

 
Departments of Biochemistry1 and Chemistry2, University of Illinois, Urbana, IL, 61801 

 
CYP3A4 is an important drug-metabolizing enzyme in the human liver, as it metabolizes 35% of 
drugs on the market. It has a large active site that simultaneously binds multiple substrates and a 
peripheral binding site located at the protein-membrane interface, which contributes to the allosteric 
properties of the enzyme. Recently we demonstrated that the binding of progesterone (PGS) at this 
allosteric site activates carbamazepine (CBZ) epoxidation, and suggested that this was due to the 
Phe-213 residue moving out of the active site upon PGS binding to the allosteric site. In this work we 
probe the role of the Phe-213 side chain by generating three mutants: F213Y, F213S, and F213A. In 
order to mimic a native-like environment, CYP3A4 and its redox partner, cytochrome P450 reductase 
(CPR), were incorporated into Nanodiscs assembled with POPC and membrane scaffold protein. 
Product formation, NADPH oxidation, and spectral titration experiments were performed using PGS 
and CBZ as substrates. The considerable changes in activity of all three mutants indicate the 
essential role of F213 in overall functional properties of CYP3A4. Results showed that PGS 
hydroxylation was inhibited in all three mutants, while CBZ epoxidation was activated in all three. In 
addition, heterotropic cooperative interactions between these two substrates was also perturbed, 
such that F213S and F213A mutants expressed activation of CBZ epoxidation whether PGS was 
present or not, showing that conformational change involving Phe-213 plays an important role in this 
mechanism. Overall, these results provide detailed information on the allosteric mechanism of 
CYP3A4 and suggest the experimental approach to the testing of possible drug-drug interactions 
mediated by human cytochromes P450.   Supported by National Institutes of Health Grants. 
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43. Red clover and the arylhydrocarbon receptor (AhR) ligands biochanin A and formononetin 
modulate P450 1B1 and estrogen metabolism 

 
Caitlin E. Howell, Tareisha L. Dunlap, Shuai Wang, Shao-Nong Chen, Guido F. Pauli, Birgit M. Dietz, 
and Judy L. Bolton* 

 
Department of Medicinal Chemistry and Pharmacognosy, College of Pharmacy, University of Illinois 
at Chicago, 833 S. Wood St. Chicago, IL. 60612. 

 
Since the Women’s Health Initiative reported that hormone replacement therapy directly correlated 
with increased risk of breast cancer and heart disease, many American women have turned to 
botanical supplements, such as red clover, to seek relief from menopausal symptoms. Unfortunately, 
little is known about the biological effects of red clover including its potential ability to modulate the 
chemical carcinogenic effects of estrogens. The genotoxic pathway involves 4-hydroxylation of 
estrone/estradiol by P450 1B1 whereas detoxification of estrogen through 2-hydroxylation is 
catalyzed by P450 1A1. Estrogen metabolism was measured via a sensitive LC-MS/MS assay and 
P450 1B1/1A1 gene expression by qPCR. Red clover caused dose dependent enhancement in both 
P450 1B1 and P450 1A1 in MCF-7 cells; however, analysis of metabolites showed much higher 
induction of the 4-hydroxylation pathway with 43-fold increase in 4-MeOE1 levels at 5 µg/mL. The 
estrogenic bioactive isoflavones genistein and daidzein had no significant effect on estrogen 
metabolism whereas the AhR ligands biochanin A and formononetin induced the 4-MeOE1 levels 17-
fold at 5 µM. Similarly, qPCR showed a significant selective induction of CYP1B1 after treatment with 
these AhR isoflavones. These studies further emphasize the importance of standardization of 
botanical extracts not only to constituents that are responsible for desired bioactivity, but also to 
compounds that could potentially lead to adverse effects. Supported by NIH Grant P50AT000155 
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44. Population Pharmacokinetic/Pharmacodynamic Modeling of the Effects of Moxifloxacin on 
QTc Prolongation in Male Cynomolgus Monkeys with ECG Data Collected Using JET-BP  

 
Mingguang Li, Laura Kreckler, Daniel Lynch, Jennifer Grosh, Joshua Fohey 

 
Covance 
 
OBJECTIVES:  
The purposes of this study was to characterize the population pharmacokinetics and pharmacodynamics of 
moxifloxacin after oral administration to male cynomolgus monkeys with ECG data collected using JET-BP 
(jacketed external telemetry with blood pressure measurement).  
 
METHODS:  
Moxifloxacin was administered twice to nine male nonhuman primates/group at dose levels of 0 (control), 10, 50, 
and 175 mg/kg, once for serial blood collections and once for collection of electrocardiogram (ECG) data.  ECG 
data were collected using JET-BP continuously for at least 90 minutes prior to dosing through 20 hours 
postdose.  QT intervals were corrected by heart rate (QTc interval), control group animal, and time zero values 
from individual animals to obtain net QTc prolongation (ΔΔQTc). Blood samples were collected from all animals 
predose and approximately 0.5, 1, 2, 3, 4, 8, and 24 hours postdose, and were assayed for moxifloxacin.  
Non-compartmental pharmacokinetics analyses (NCA) was performed using Phoenix® WinNonlin® (Certara). 
Population Pharmacokinetics (PopPK) and Population Pharmacokinetic/Pharmacodynamic (PopPKPD) analyses 
were performed using Phoenix NLME® (Certara).  
 
RESULTS:  
NCA results of moxifloxacin concentration-time profiles showed the time of maximum observed concentration 
(Tmax) value of 3.08±1.38 hours (mean±SD), terminal half-life (t1/2) value of 4.79±1.89 hours (mean±SD), 
apparent total body clearance (CL/F) value of 1790±1460 mL/hr/kg (mean±SD), and apparent volume of 
distribution (Vz/F) value of 11500±10800mL/kg (mean±SD).  High variability in exposure and PK parameters was 
observed at the 10 mg/kg dose level.  Parameters including t1/2, CL/F, and Vz/F were not able to be estimated 
due to lack of distinct elimination phase for most animals at the 175 mg/kg dose level.  

 
PopPK analyses showed that the concentration-time profiles of moxifloxacin in male monkeys were well fitted 
using a one-compartment PK model assuming first order absorption and first order elimination.  The results 
showed that the moxifloxacin had a first order rate constant of absorption (Ka) of 0.496 1/hr (rse 13.8%), 
apparent volume of distribution (V/F) of 7940 mL/kg (rse 7.95%),  apparent total body clearance (CL/F) of 1300 
mL/kg/hr (rse 9.68%). Inter-individual variability was estimated assuming all PK parameters were log-normally 
distributed and the values were 57.8 (CV%), 49.3 (CV%), 25.7(CV%),for Ka, CL/F, and V/F, respectively. A 
multiplicative error model was used and the residual variability was 22.3 (CV%). Moxifloxacin pharmacokinetics 
were not affected by change in body weight.   

 
A sequential strategy was used for Population PK and PD analyses.  The effect of moxifloxacin exposure on 
ΔΔQTc was well described using a direct linear model (Effect=alpha+beta*Concentration). The model estimated 
population mean values for alpha and beta were 3.29 ms (rse 22.4%) and 0.00360 ms/ng/mL(rse 14.9%). 
Individual PD parameters were assumed to be normally distributed for alpha and log-normally distributed for 
beta.  Interindividual variability for PD parameters were estimated to be 4.74 (SD) and 56.9 (CV%) for alpha and 
beta, respectively. An additive error model was used and the residual variability is 6.95 (SD). The results 
indicated that with an increase in moxifloxacin concentration of 1 ng/mL, there would be a mean QTc interval 
prolongation of 0.0036 ms [3.6 ms/(µg/mL), or 1.44 ms/µM], which was similar to literature reported values. 
 
CONCLUSIONS:  
PopPK results showed the concentration-time profiles in male monkeys were well described using a one-
compartmental PK model. The PopPKPD modeling showed that the effect of moxifloxacin on QTc interval 
prolongation in monkeys was well described using a direct linear model. The relationship between moxifloxacin 
exposure and QTc interval prolongation was similar to literature values, indicating the JET-BP is suitable for 
evaluation of drug-treatment induced QTc interval prolongation.  
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45. 8-Prenylapigenin (8-PA) contributes to the estrogenic activity of Glycyrrhiza inflata 
 

Obinna Mbachu, Charlotte Simmler, Sarah Green, Dejan Nikolic, Shao-Nong Chen, Huali Dong, 
Guido F. Pauli, Richard B. van Breemen, Birgit M. Dietz, Judy L. Bolton.* 

 
Department of Medicinal Chemistry and Pharmacognosy, College of Pharmacy, University of Illinois 
at Chicago, 833 S. Wood St. Chicago, IL. 60612. 

 
Licorice extracts from Glycyrrhiza species are currently used by women to alleviate symptoms of 
menopause, notably hot flashes and night sweats. Previous data showed that G. inflata (GI) extract 
displayed more estrogenic potency in ER, and 10-fold higher potency and higher efficacy in ERβ 
cells over ERα cells, than the other licorice species. However, the known licorice bioactive 
compounds, liquiritigenin and isoliquiritigenin, were not responsible for the estrogenic activity of GI. 
Consequently, the objective was to isolate and study the estrogenic compounds present in GI. 
Bioassay guided fractionation was conducted using counter-current phytochemical fractionation, 
alkaline phosphatase induction assay in an ER positive endometrial carcinoma cell line, and ERE-
luciferase assay in the ER positive breast cancer cell line, MDA-MB 231 β41, as biological 
endpoints. The results revealed that specific GI fractions showed strong estrogenic activity in the ERα 
and ERβ assays. Subsequently, the following compounds were isolated from two of these bioactive 
fractions by semi-preparative UV-HPLC: licochalcone A (LicA), licochalcone C (LicC), 8-
prenylapigenin (8-PA), licoflavone B (Lb), abyssinone II (AbII), and a putatively identified glabrone 
(Gb). The biological evaluation of these compounds in ER and ER assays depicted that LicA 
(found exclusively in GI), LicC, Lb, AbII and Gb were not responsible for the observed estrogenic 
activity. Interestingly, 8-PA, present at lower concentrations compared to the rest of the GI 
compounds, demonstrated powerful estrogenic activity in the ERα and especially ERβ assay. The 
dose-response activity of 8-PA indicated comparable EC50 potency and comparable ERβ efficacy to 
genistein, a well-known potent ERβ agonist. However, 8PA showed less activity in ERα cells than the 
structurally similar potent ERα agonist, 8-prenylnaringenin. These studies suggested that 8-PA 
contributes to the overall higher estrogenic activity in GI and its stronger potency in ERβ cells 
compared to other licorice species. These investigations also highlight the need for species-specific 
standardization in dietary supplements.  Supported by NIH Grant P50AT000155 from the Office of 
Dietary Supplements (ODS) and the National Center for Complementary & Integrative Health 
(NCCIH), formerly NCCAM and T32AT007533, Office Of The Director, National Institutes Of Health 
(OD) and National Center For Complementary & Integrative Health (NCCIH) 
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Department of Pharmacology, University of Michigan Medical School, Ann Arbor, Michigan 48109–
0632 

 
The assembly of mutated and wild type monomers into a functional heterodimeric NO synthase 
(NOS) has provided important mechanistic insights.  The existing methods to make such 
heterodimeric NOSs are inefficient and labor intensive.  We carried out a series of studies to compare 
the assembly of heterodimers of neuronal NOS (nNOS) in purified protein systems, intact E. coli cells 
and in intact Sf9 cells.  To perform these studies, we took advantage of the known “trans” delivery of 
electrons and specific site-directed mutants of nNOS, an E592A oxygenase-dead mutant and an 
S1176A reductase-dead mutant, such that only the heterodimer, and not homodimers, would be 
active.  Thus, we could readily assess the efficiency of heterodimerization by measuring the nNOS 
activity.  We have found that co-expression of nNOS mutant monomers in insect cells and 
subsequent addition of exogenous heme yields mutant heterodimers with an efficiency that is 
approximately 10-fold better than expression in E. coli or with current in vitro heterodimerization 
procedures.  Since the insect cells first synthesize the heme-deficient apo-form of nNOS, the addition 
of exogenous heme takes advantage of the chaperone-assisted heme-triggered assembly of the 
existing monomeric apo-nNOS and gives rise to efficient heterodimerization.  This is in contrast to 
synthesis in E. coli, where heme incorporation may occur during the translation of the protein and little 
heterodimerization was observed.  This procedure will likely work for other dimeric hemeproteins and 
provide a valuable method for further mechanistic studies.  The insect cell procedure has a major 
advantage over the current in vitro method in that purification and monomerization of homodimers 
before heterodimerization is unnecessary. 
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47. Structural investigation of the proton delivery pathway(s) in cytochrome P450 2D6 
 

Yuting Yang, Koyu Fujita, Pan-Fen Wang, Sangchoul Im, Naw May Pearl, and Lucy Waskell 
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A conserved acidic Glu/Asp plays an essential role for proton delivery in the monoxygenase reaction 
of many cytochrome P450s. In the absence of Glu/Asp, cyt P450 displays a significantly impaired 
activity as observed in P450cam and microsomal P450 2B4. At low concentrations cyt b5 stimulates 
the catalytic activity of many microsomal P450s whereas it is inhibitory at higher concentrations. It 
has been suggested that cyt b5 acts in inducing a conformational change on the distal substrate 
binding pocket which facilitates rapid proton delivery and substrate turnover. Human P450 2D6 is 
responsible for the metabolism of ~20% of the clinical drugs. However, 2D6 has a Val at the site of 
the conserved acidic amino acid and is not stimulated by cyt b5. The mechanism by which protons 
are delivered to the active oxygen in 2D6 and 2D6 activity is not stimulated by cyt b5 remains elusive. 
In an attempt to answer these questions Val308 was mutated to Glu. The mutation inhibited the 
catalytic activity of 2D6 and substrate binding. Crystal structures of the V308E mutant suggest that 
Glu induces local geometric rearrangements in 2D6 and interferes with substrate binding. 
Comparison of the crystal structures of the V308E mutant and the wild type 2D6 suggests a novel 
proton delivery pathway in the enzyme and a mechanism for its lack of stimulation by cyt b5. 
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§Both authors contributed equally to this work  

 
Human cytochrome P450 17A1 (steroid 17-hydroxylase/17,20-lyase) is required for all androgen 
biosynthesis and is the target of abiraterone, a drug used widely to treat advanced prostate cancer. 
The presence of cytochrome b5 (b5) markedly stimulates the 17,20-lyase reaction with little effect on 
17-hydroxylation; however, the mechanism of this b5 effect is not known. We determined the 
influence of b5 on coupling efficiency—defined as the ratio of product formation to NADPH 
consumption—in a reconstituted system using 3 sets of substrates for the 17- hydroxylase and 17,20-
lyase reactions: progesterone, pregnenolone, allopregnanolone, and their 17-hydroxylated 
derivatives. Rates of NADPH consumption ranged from 4-13 nmol/min/nmol P450 for all substrates. 
For the 17-hydroxylase reaction, progesterone oxidation was the most tightly coupled (46%) and 
negligibly changed upon addition of b5. With pregnenolone and allopregnanolone, NADPH 
consumption and coupling were lower than with progesterone, but coupling rose to 46-61% with b5. 
Rates of NADPH consumption were similar for the 17- hydroxylase and corresponding 17,20-lyase 
reactions for each steroid series. The 17,20-lyase reaction was only 0.5% coupled for 17-
hydroxyprogesterone and 6% for 17- hydroxypregnenolone, and b5 increased coupling to 10% and 
44%, respectively. For P450 17A1 mutations E305G and R347H, which selectively impair 17,20-lyase 
activity, b5 failed to rescue this uncoupling with 17-hydroxypregnenolone (2-4%). Mutation T306A, 
which impairs proton delivery to the oxyferrous P450, is poorly coupled for all substrates, yet b5 
increases coupling to 27% for the 17,20-lyase reaction with 17-hydroxypregnenolone. We conclude 
that b5 stimulation of the 17,20-lyase reaction primarily derives from increased coupling efficiency. 
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49. Implications of In Vitro System Conditions for CYP2C9 and CYP3A4: Impact of pH on 
Clearance and Enzyme Inhibition 
 
Luc R.A. Rougée1; Michael A. Mohutsky1; David W. Bedwell1; Kenneth J Ruterbories1; Stephen D. 
Hall1 
 

1Investigative Drug Disposition, Eli Lilly and Co., Indianapolis, IN, USA 
 
Common practice in drug discovery is to use buffer systems with a pH of 7.4 for drug metabolism and 
drug-drug interaction studies despite evidence that the intracellular pH of hepatocytes is 
approximately 7.0. System pH will govern the ratio of ionized (charged) and non-ionized (non-
charged) species for ionizable drugs. As a result of the pH gradient between the extracellular plasma 
and the intracellular cytosol of the hepatocyte, an unbound drug gradient, dependent on the 
physiochemical properties of the drug exists. An ionization correction factor [Berezhkovskiy (2011)] 
was proposed to account for this phenomenon when scaling in vitro findings at pH 7.4 to in vivo 
predictions of hepatic clearance. However, this correction ignores the potential changes in enzyme 
function at the lower pH environment.  
 
In the current study we evaluated, in human liver microsomes, the impact of buffer pH on the 
unbound fraction, Km, Vmax and intrinsic clearance (CLint=Vmax/Km) of probe substrates for two CYP 
enzymes, CYP2C9 (diclofenac and S-warfarin) and CYP3A4 (midazolam, dextromethorphan, 
testosterone for CYP3A4) over a pH range of 6.0 to 9.0. Variable changes in the enzyme kinetic 
factors were observed over the pH range. These changes did not coincide with a particular species, 
ionized or non-ionized, for any of the substrates. When comparing the physiologically relevant pH 
values (7.0 and 7.4) for CYP2C9, a consistent trend was observed for both substrates, with lower Km, 
higher Vmax and higher CLint observed at 7.0 compared to 7.4. For the CYP3A4 enzyme, the inverse 
trend for observed, with higher Km, lower Vmax (Vmax was unchanged for midazolam) and lower CLint 
observed at 7.0 compared to 7.4 for the dextromethorphan and midazolam substrates only. When 
testosterone was used as the probe substrate, both Km and Vmax were lower at pH 7.0 compared to 
pH 7.4, resulting in only a slight decrease in CLint at pH 7.0.  
 
Changes in the inhibition parameter, Ki, for the CYP2C9 reversible inhibitors amiodarone, 
desethylamiodarone, clozapine and nicardipine were consistent between the two probe substrates, 
with pH 7.0 Ki values consistently higher (less potent) than pH 7.4. Fold changes between pH 7.0 and 
pH 7.4 varied between the inhibitors and ranged from 1.25 to 2.46 for the probe substrate diclofenac 
and 1.4 to 1.65 for S-warfarin. These results suggest that changes as a result of pH vary from 
enzyme and compound combination. In order to improve predictive performance of hepatic clearance, 
we recommend that in vitro parameters be determined at pH 7.0 to provide appropriate starting inputs 
for in vitro to in vivo extrapolations for ionizable drugs. 
 
Berezhkovskiy, L.M., 2011. The corrected traditional equations for calculation of hepatic clearance 
that account for the difference in drug ionization in extracellular and intracellular tissue water and the 
corresponding corrected PBPK equation. J. Pharm. Sci. 100, 1167-1183. 
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50. Population Pharmacokinetic Modeling of Efavirenz 
 

Jason D. Robarge1, Ingrid Ferreira1, Jessica Lu1, Nancy Thong1, Todd C. Skaar1, Zeruesenay Desta1, 
Robert R. Bies1,2.  

 
1Indiana University School of Medicine, Department of Medicine 
2SUNY at Buffalo, School of Pharmacy and Pharmaceutical Sciences, Indiana University School of 
Medicine (adjunct) 

 
Background. Efavirenz-based HIV-1 therapy, which offers effective and durable suppression of HIV-
1, has been widely used worldwide as the first-line drug in treatment naïve patients. Efavirenz 
exposure predicts HIV suppression and host adverse effects. However, maintaining effective and safe 
plasma concentrations is challenging because of its narrow therapeutic range and the large variability 
in pharmacokinetics seen among patients. The purpose of this study was to develop a population 
pharmacokinetic model of efavirenz to identify genetic and non-genetic determinants of efavirenz 
disposition. 

 
Methods: Data on efavirenz pharmacokinetics obtained from healthy volunteers (N=58) administered 
a single 600 mg oral dose of efavirenz were used in this population pharmacokinetic analysis. Plasma 
concentrations of efavirenz (0-168 hours) were quantified using a LC/MS/MS method. Taqman-based 
DNA genotyping for variants in candidate genes (e.g., CYP2B6, CYP2A6, CYP2C19, CYP2C8, 
CYP2C9, CYP3A4, and CYP3A5) was performed. Genotype-predicted phenotypes were determined 
for CYP variant alleles (e.g., normal vs. intermediate vs. slow metabolizer) and evaluated as 
covariates in the model along with body weight, height, BMI, age, race, and predicted measures of 
body composition (fat-free mass and fat mass). The population pharmacokinetic model was 
developed with the nonlinear mixed effects software NONMEM v7.3. Model development was 
performed in a stepwise fashion, beginning with development of a basic structural model of efavirenz 
absorption and disposition. The final model was developed by testing the effect of subject-specific 
covariates on pharmacokinetic parameter estimates using a step-wise addition and backward 
elimination approach. Covariates with a significant effect on pharmacokinetic parameters were 
retained in the final model (alpha level = 0.05). 

 
Results:  EFV disposition was characterized by a two-compartment model following mixed zero- and 
first-order absorption processes with lag times. Covariate analysis revealed significant effects of 
CYP2B6 genotype and fat-free mass on the apparent oral clearance of EFV. The estimated clearance 
in CYP2B6 *6/*6 genotype carriers was 3.7 L/hr, approximately one-half of the clearance estimate in 
subjects with CYP2B6 genotypes predicted to have intermediate or normal metabolizer status (6.6 
L/hr). Additionally, there was a positive correlation between apparent oral clearance and fat-free 
mass. We also uncovered a significant, exponential relationship between efavirenz apparent 
peripheral volume of distribution and BMI. Further evaluation of the effect of body composition on 
volume of distribution demonstrated that peripheral volume of distribution increased linearly with 
predicted fat-mass, suggesting body composition is an important determinant of the extent of 
efavirenz distribution. 

 
Conclusions: A population pharmacokinetic model that adequately describes efavirenz disposition 
was developed. This model revealed a significant effect of CYP2B6 genotype and body composition 
on efavirenz pharmacokinetics, suggesting that these factors may be used to individualize efavirenz 
dosing at steady-state. Model-based analysis is ongoing to test this possibility. 
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51. Absorption, Metabolism and Excretion of a Novel Bcl-2 Inhibitor Venetoclax in Humans  
 

Melissa J. Michmerhuizen1, Yanbin Lao1, Katty Wan2, James Sawicki1, Michael Serby1, Srirajan 
Vaidyanathan3, Ahmed H. Salem4, Suresh Agarwal4, Martin Dunbar4, Shekman Wong4, Jens Sydor2, 
Sonia M. De Morais1, Anthony J. Lee1 ,Hong Liu1 

 
AbbVie, Inc. North Waukegan Road, North Chicago, IL 60064 
 
Venetoclax is a B-cell lymphoma-2 (Bcl-2) family protein inhibitor in clinical development for the 
treatment of chronic lymphocytic leukemia (CLL) and other hematological malignancies. The objective 
of this study was to characterize the metabolism and disposition of venetoclax in humans.  Following 
a single oral dose of 200 mg (100 μCi) of [14C]venetoclax to four healthy volunteers,  recovery of total 
radioactive dose was 100% (± 5%), with feces being the major route of elimination of the 
administered dose, whereas urinary excretion was minimal (<0.1%).  The extent of absorption was 
estimated to be at least 65%. Venetoclax was primarily cleared by hepatic metabolism (66% of the 
administered dose). ~33% of the administered dose was recovered as parent drug and its nitro 
reduction metabolite M30 in feces, which is likely due to unabsorbed drug. Biotransformation of 
venetoclax in human primarily involves enzymatic oxidation on the dimethyl cyclohexenyl moiety, 
followed by sulfation and/or nitro reduction. Nitro reduction metabolites were likely formed by gut 
bacteria. The metabolite profile in 48-hour pooled plasma samples showed that unchanged 
venetoclax was the major drug-related material in circulation, representing 72.6% of total plasma 
radioactivity. M27 (oxidation at the 6 position of cyclohexenyl ring followed by cyclization at the α-
carbon of piperazine ring) was identified as a major metabolite representing 12% of total drug related 
material. M27 was primarily formed by CYP3A4. Steady-state plasma concentrations of M27 
measured by LC-MS analysis in human and preclinical species used for safety testing suggested that 
M27 is a disproportionate human metabolite. M27 is not expected to have clinically relevant on- or off-
target pharmacological activities.  
In summary, the study characterized venetoclax metabolites in circulation and feces and the primary 
elimination pathway of venetoclax in human. 

 
Disclosure Statement:  All authors are employees of AbbVie and may hold AbbVie stock or stock 
options.  AbbVie and Genentech/Roche provided financial support for the studies and participated in 
the design, study conduct, analysis and interpretation of data as well as the writing, review and 
approval of the publication. Venetoclax is being developed in collaboration between AbbVie and 
Genentech/Roche.   
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52. Significant Differences in Fraction Unbound Measurement of Highly Bound Compounds 
Observed Between Rapid Equilibrium Dialysis (RED) and HT-Dialysis  

 
Zhang, Xiaomei, Jenkins, Gary, Kalvass, Cory and Desino, Kelly 
 
AbbVie, Inc. North Waukegan Road, North Chicago, IL 60064 

 
The Rapid Equilibrium Dialysis (RED) device is an equilibrium dialysis system widely used to 
determine the free fraction of test compounds in plasma. The apparatus has a high membrane 
surface area-to-volume ratio, which offers the potential for shorter equilibration time.  Literature data 
generated from both the RED device and HT-dialysis device (another commonly used equilibrium 
dialysis apparatus) highlighted that there was good agreement between the two systems1.  However, 
results were presented as the percent bound endpoint, not the more sensitive fraction unbound (fu) 
measurement.  Comparing the data using fu values uncovered a strong bias for the RED device to 
produce lower values for highly bound compounds (fu <0.02) as compared to the HT-dialysis system, 
with 86% of the fu values in this range being greater than 2-fold different. Our lab measured fu values 
for seven additional highly bound compounds to further investigate this apparent disconnect.  
Analyzing these new values together with the literature results using MSR Test-Retest showed that 
there was significant difference between the two systems (MSR =14 > 3).  Therefore, special care 
must be taken when comparing differences in protein binding values as using the % bound value may 
mask differences in unbound fraction.  In addition, when dealing with highly bound compounds, 
traditional approaches may not be sufficient to ensure accurate measurements of fu values; additional 
investigation is necessary to confirm the results. 
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