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examine UGT1A1, 1A9, and 2B7 inhibitory potential of NCEs in preclinical discovery.  The 

IC50 values for literature UGT1A1 inhibitors are comparable when using either PF-06409577 or 

ES as probe substrates (unpublished observations).   

Finally, in the absence of human UGT crystal structures, information regarding molecular 

determinants that govern substrate specificity towards individual UGT isoforms remains elusive.  

The chemical space encompassing selective UGT1A1 substrate matter is structurally diverse 

with significant differences in physiochemical properties (e.g., PF-06409577 (molecular weight 

(MW) = 341, clogP = 4.42), SN-38 (MW = 392, clogP = 1.67), belinostat (MW = 318, clogP = 

1.17), etoposide (MW = 588, clogP = -0.1), and bilirubin (MW = 584, clogP = 3.21)).  

Pharmacophore modeling and quantitative structure-activity relationship studies suggest that 

specificity towards glucuronidation by UGT1A1 is governed by two hydrophobic domains ~4 Å 

and 7 Å, respectively, from the site of glucuronidation (Sorich et al., 2002).  Studies are currently 

underway to test and further refine this hypothesis using the literature UGT1A1-selective 

substrates discussed in this paper as well as chemical lead matter from the indole-3-carboxylic 

acid series of AMPK activators, with the hope of identifying back-up candidates with reduced 

UGT1A1 substrate specificity.   

 

 

 

 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on September 7, 2018 as DOI: 10.1124/dmd.118.083709

 at A
SPE

T
 Journals on N

ovem
ber 15, 2019

dm
d.aspetjournals.org

D
ow

nloaded from
 

http://dmd.aspetjournals.org/


DMD # 83709 

24 

 

Dedication 

This paper is dedicated to the memory of our colleague and respected drug metabolism scientist, 

Dr. Mike Fisher, who recently passed away. 
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Figure Legends 

Figure 1.  Conversion of PF-06409577 to M1 by UGT1A1. 

Figure 2.  Metabolic stability of PF-06409577 (5 M) in 13 hrUGT isoforms (0.5 mg/ml protein 

concentration) in the presence of UDPGA (5 mM).  

Figure 3.  Selectivity of PF-06409577 (2.4, 24, and 240 M) and ES (3.34, 33.4, and 334 M) as 

UGT1A1 substrates following incubation with 13 hrUGT isoforms. The formation of M1 and 

ES-3-G was monitored in these experiments. 

Figure 4.  Enzyme kinetics for the glucuronidation of PF-06409577 to M1 in UDPGA-

supplemented HLM (panel A), HIM (panel B), HKM (panel C) and hrUGT1A1 (panel D).  

Symbols depict means and error bars for standard deviations.   

Figure 5.  Comparison of UGT1A1 tissue abundance ratios for HLM/HKM (red bar) and 

HLM/HIM (blue bar) to RAF ratios generated using PF-06409577 or ES as the probe substrate. 

Figure 6.  Determination of the CLint for glucuronidation of PF-06409577 (1 M) in pooled 

UGT1A1*1/*1 wild-type, heterozygote *1/*28, and homozygote *28/*28 HLM.   

Figure 7.  Impact of selective UGT1A1 (atazanavir) and UGT1A9 (digoxin) inhibitors on the 

glucuronidation of PF-06409577 (1 M) to M1 in pooled UGT1A1*1/*1 wild-type, heterozygote 

*1/*28, and homozygote *28/*28 HLM.  Percent inhibition of M1 was normalized to the control 

activity for each genotype (*1/*1, *1/28, *28/*28).  
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TABLE 1 

UGT isoform-specific probe substrates utilized to assess inhibitory properties of PF-06409577 

 

Assay UGT1A1 UGT1A4 UGT1A6 UGT1A9 UGT2B7 

Substrate ES trifluoperazine 5HTOL propofol zidovudine 

Substrate 

concentration (μM) 

10 40 150 5 300 

Incubation time 

(minutes) 

60 30 20 30 60 

Analyte ES-3-G TFP-G 5HTOL-G PRO-G AZT-G 

IS 1-naphthyl-O-

glucuronide 

[D3]-TFP-G diclofenac diclofenac [
13

C6]-AZT-G 
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TABLE 2 

Enzyme kinetic parameters and RAF values of PF-06409577 glucuronidation based on M1 formation in the presence of 2% BSA 

 

Parameters HLM HIM HKM hrUGT1A1 

Vmax (pmol/min/mg) 2589 ± 93 718.9 ± 19 106.7 ± 1.8 3834 ± 77 

KM (µM) 184.4 ± 16 212.3 ± 13 116.4 ± 6.3 130.7 ± 7.5 

h 1.76 ± 0.15 1.62 ± 0.081 NA  2.63 ± 0.27 

CLint (µl/min/mg) 7.09 1.74 0.917 15.1 

CLint,u (µl/min/mg) 72.3 17.8 9.35 154 

RAF 0.47 0.12 0.061 NA 

fu,inc (PF-06409577) = 0.098.  h = Hill coefficient, NA = not applicable.  Vmax and KM in HLM, HIM, and hrUGT1A1 were calculated 

from equation 3.  Vmax and KM in HKM were calculated from equation 1. 
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TABLE 3 

Enzyme kinetic parameters and RAF values of ES glucuronidation based on ES-3-G formation in the presence of 2% BSA 

 

Parameters HLM HIM HKM hrUGT1A1 

Vmax (pmol/min/mg) 1522 ± 93 7095 ± 130 30.6 ± 2.6 2082 ± 45 

KM (µM) 147 ± 22 31.0 ± 1.4 18.7 ± 5.0 137 ± 8 

h 1.61 ± 0.26  NA NA  1.84 ± 0.13 

CLint (µl/min/mg) 5.3 229 1.6 7.7 

CLint,u (µl/min/mg) 134 5720 41 192 

RAF 0.7 30 0.22 NA  

fu,inc (ES) = 0.04.  h = Hill coefficient, NA = not applicable.  Vmax and KM in HLM, and hrUGT1A1 were calculated from equation 3.  

Vmax and KM in HIM and HKM were calculated from equation 2.  
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TABLE 4 

Inhibition of UGT by PF-06409577 and ES in the absence of 2% BSA 

 

UGT Isoform PF-06409577 

IC50 and 95% Confidence 

Interval (µM) 

ES 

IC50 and 95% Confidence 

Interval (µM) 

1A1 24 (20.6–27.2) 4.21–261* 

1A4 >100 ND 

1A6 >100 ND 

1A9 41.3 (30.5–55.9) 2.1* 

2B7 >100 4.37 (3.97–4.80) 

*IC50 values were obtained from the University of Washington Drug Interaction 

Database. ES UGT1A1 HLM IC50 values used the following probe substrates: 5-(4-

hydroxyphenyl)-5-phenylhydantoin, bergenin, etoposide, niflumic acid, puerarin, 

raltegravir, T5224, and troglitazone. ES  hrUGT1A9 IC50 values were generated using 4-

methylumbelliferone and scopoletin as the probe substrate  

(https://didb.druginteractioninfo.org/query/enzyme/precipitants-affecting-

enzyme/?QueryId=12&EnzymeOid=82&EffectId=0).   

ND = not determined. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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