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Abstract 

Purpose: The cytochrome P450 (CYP) 3A family of enzymes metabolize the majority 

of clinically used drugs. CYP3A4 and CYP3A5 are the two major CYP3A isoforms, but 

exhinbit different substrate specificity. The aim of this study was to establish a simple 

screening method to determine the relative contributions of CYP3A4 and CYP3A5 to 

drug metabolism in vitro. 

Methods: A screening method was developed based on competitive inhibition using 

luciferin-PPXE (L-PPXE), a luminogenic CYP3A substrate. CYP3cide, tacrolimus, and 

midazolam were selected as standard compounds metabolized by CYP3A4 or CYP3A5. 

Nine clinically-used drugs were evaluated for their abilities to inhibit luminescence 

resulting from L-PPXE metabolism. Appropriate reaction conditions for the screening 

method were determined using recombinant CYP3A4 and CYP3A5. 

Results: A significant decrease in luminescence resulting from L-PPXE metabolism by 

CYP3A4 and CYP3A5 was observed only for drugs reported to be metabolized by 

CYP3As. The substrate specificities of CYP3A4 or CYP3A5 for the proposed CYP3A 

substrates using our screening method were consistent with those of previous reports or 

available drug information from pharmaceutical companies. The reaction volume for 

this method was 50 μL, and the time required for the entire procedure was 70 min. 
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Furthermore, this screening can be performed using a single tube with minimal training. 

Conclusions: Through the establishment of our screening method in the present study, 

we are sure it is useful to determine the relative contributions of CYP3A4 and CYP3A5 

to drug metabolism in vitro. 

 

Key Words: CYP3A, CYP3A5*3 allele, P450 Glo Assay system, Pharmacokinetics, 

Pharmacogenetics 
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1. Introduction 

 The cytochrome P450 (CYP) 3A family of enzymes is important for the 

metabolism of numerous clinically used drugs [1,2]. Four CYP3A isoforms have been 

reported in humans: CYP3A4, CYP3A5, CYP3A7, and CYP3A43 [1]. Because 

CYP3A7 is a predominant enzyme in fetal liver and CYP3A43 is expressed at low 

levels, CYP3A4 and CYP3A5 are considered to be the 2 major CYP3A enzymes 

responsible for drug metabolism in the adult human liver [1,3]. Recent studies have 

shown that CYP3A4 and CYP3A5 exhibit differences in substrate specificity despite 

substantial overlap [2,4]. 

The CYP3A5 gene is highly polymorphic, which contributes to substantial 

interindividual variation in the protein expression of CYP3A5 [5]. The most common 

allele attributable to variable CYP3A5 expression is the CYP3A5*3 mutant allele. 

Individuals homozygous for the CYP3A5*3 allele either do not express, or express very 

low levels, of CYP3A5 [5]. As such, CYP3A5 gene polymorphisms may hinder 

metabolism of drugs predominantly metabolized by CYP3A5 or by both CYP3A4 and 

CYP3A5. However, few studies have evaluated differences in substrate specificity 

between CYP3A4 and CYP3A5. Few clinically used drugs are known to be metabolized 

predominantly by CYP3A5. Thus, a simple method to estimate the relative 
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contributions of CYP3A4 or CYP3A5 to drug metabolism may be useful for predicting 

primarily metabolic fate of drugs and interpret interindividual differences in 

pharmacokinetics leading to prediction of drug-drug interactions in future. The aim of 

this study was to establish a simple method to estimate the relative contributions of 

CYP3A4 and CYP3A5 to drug metabolism in vitro.  
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2. Materials and methods 

 Luciferin-PPXE (L-PPXE), a commercially available luminogenic substrate for 

CYP3A4 used in the P450-Glo Assay system (Promega, Madison, WI), was used as a 

competitive inhibitor to screen for drug candidates metabolized predominantly by 

CYP3A4 or CYP3A5. Recombinant CYP3A4 and CYP3A5 co-expressed with 

NADPH-CYP reductase and cytochrome b5 in microsomes of insect cells in a 

baculoviral system (Supersome) were purchased from Corning Gentest (Woburn, MA). 

Test compound solutions (12.5 μL) were mixed with recombinant CYP3A4 or CYP3A5 

(12.5 μL) and incubated at 37 ºC for 10 min, followed by addition of NADPH 

Regeneration Solution (25.0 μL). After 40 min, Luciferin Detection Reagent (50.0 μL) 

was added and the samples were incubated at room temperature for 20 min. The 

incubation time of 40 min and recombinant CYP3A content of 1.5 pmol resulted in 

appropriate linearity, as shown in Supplementary Figs 1A and 1B. Luminescence was 

measured using a Gene Light GL-200 (Microtec Co., Chiba, Japan).  

 Apixaban (Chemscene, Monmouth Junction, NJ), ethosuximide (Tokyo 

Chemical Industry, Tokyo, Japan), lapatinib (Chemscene), midazolam (Wako, Osaka, 

Japan), sodium valproate (Wako), sorafenib (Chemscene), sumatriptan succinate 

(Chemscene), tacrolimus (Tokyo Chemical Industry), telaprevir (Chemscene), 
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topiramate (Chemscene), vaniprevir (Chemscene), and CYP3cide (Abcam, Cambridge, 

MA) were evaluated for their abilities to inhibit luminescence resulting from L-PPXE 

metabolism. All compounds were dissolved in dimethyl sulfoxide (DMSO), ethanol, 

methanol, or water. Ethanol and methanol did not affect CYP3A reactions at 

concentrations up to 0.95% (w/v), whereas DMSO inhibited L-PPXE metabolism by 

CYP3A5 and CYP3A4 at concentrations over 0.3% (w/v) and 1.0% (w/v), respectively 

(Supplementary Figs 1C - 1E). Therefore, solvent concentrations lower than these cutoff 

values were used. 

Kinetic parameters were determined by nonlinear regression analysis using 

GraphPad Prism software, version 5.01 (GraphPad Software, La Jolla, CA). 

Comparisons between two groups were made using Student’s t-test. P < 0.05 indicated 

statistical significance. 

 This study was approved by the recombinant DNA experiments safety 

committees of both Okayama University (Approval No. 18089) and International 

University of Health and Welfare (Approval No. D18001). 
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3. Results 

Differences in L-PPXE metabolism between CYP3A4 and CYP3A5 are 

summarized in Supplementary Fig. 2A. The Km and Vmax values for L-PPXE as 

calculated by nonlinear regression analysis were 95.6 μM and 48,204 RLU for CYP3A4 

and 109.9 μM and 27,335 RLU for CYP3A5, respectively. Tacrolimus and midazolam 

are clinical drugs known to be metabolized by both CYP3A4 and CYP3A5, but 

predominantly by CYP3A5 [2,6,7]. Therefore, these were used as representative 

CYP3A5 substrates. CYP3cide selectively inhibits CYP3A4 [8], indicating that it has 

specific affinity for the substrate binding site of CYP3A4. Thus, these three compounds 

were used to develop the screening method with L-PPXE. Differences in inhibition of 

L-PPXE metabolism by CYP3A4 and CYP3A5 using these compounds were 

investigated (Fig. 1 and Supplementary Figs 2B - 2D). The log IC50 values for 

tacrolimus and midazolam against L-PPXE metabolism by CYP3A4 were similar to 

those for CYP3A5 (the log IC50 values of tacrolimus were -4.82 ± 0.13 for CYP3A4 and 

-4.80 ± 0.10 for CYP3A5, while those of midazolam were -4.63 ± 0.05 for CYP3A4 and 

-4.64 ± 0.07 for CYP3A5). In contrast, a significant difference (P < 0.001) was 

observed in the log IC50 of CYP3cide against L-PPXE metabolism by CYP3A4 (-6.39 ± 

0.08) and CYP3A5 (-5.02 ± 0.05).  
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Nine clinically used drugs were investigated to determine whether they could 

inhibit L-PPXE metabolism by CYP3A4 and CYP3A5. Apixaban, lapatinib, sorafenib, 

telaprevir, topiramate, and vaniprevir reduced metabolism of L-PPXE by CYP3A4 and 

CYP3A5 (Fig. 2). These results were consistent with drug information provided by 

pharmaceutical companies (Supplementary Table 1). Four of these 6 drugs (lapatinib, 

sorafenib, telaprevir, and vaniprevir) had lower log IC50 values against metabolism of 

L-PPXE by CYP3A4 than by CYP3A5. In contrast, the log IC50 of apixaban and 

topiramate against CYP3A4 metabolism of L-PPXE were higher than those against 

CYP3A5. L-PPXE metabolism was not inhibited by ethosuximide, sodium valproate, or 

sumatriptan succinate, which have not been reported as substrates of CYP3As. The 

relative contributions of CYP3A4 and CYP3A5 to metabolism of the drugs evaluated 

with our screening method were consistent with those in available drug information 

from pharmaceutical companies or previous reports. However, relative contributions of 

CYP3A4 and CYP3A5 was not available for several drugs evaluated in this study 

(Table 1). 
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4. Discussion 

In this study, we attempted to develop a simple screening method to estimate 

the relative contributions of CYP3A4 and CYP3A5 to drug metabolism using 

recombinant CYP3As. As shown in Fig. 1 and Supplementary Fig. 2, the log IC50 for 

CYP3cide against L-PPXE metabolism differed between CYP3A4 and CYP3A5. In 

contrast, differences in the log IC50 of tacrolimus and midazolam against L-PPXE 

metabolism by CYP3A4 or CYP3A5 were not significant. However, each of these drugs 

clearly inhibited luminescence resulting from L-PPXE metabolism by CYP3A4 and 

CYP3A5. This may have resulted from differences in L-PPXE metabolic activity 

between CYP3A4 and CYP3A5 (Supplementary Fig. 2A). The L-PPXE metabolic 

activity by CY3A4 was higher than that by CYP3A5, and this may have caused a 

similarity of the apparent specificity to tacrolimus and midazolam in CYP3A4 and 

CYP3A5 using our screening method. 

Our method was able to reasonably evaluate CYP3A4 and CYP3A5 substrate 

specificity for drugs evaluated in this study. Our results were consistent with drug 

information from pharmaceutical companies and previous reports, which provided 

additional confidence in the accuracy of our method. Moreover, we recently reported on 

the relative contributions of CYP3A4 and CYP3A5 to the metabolism of the 
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anti-hepatitis C drug paritaprevir [12]. In the paper, L-PPXE was simply used to predict 

whether paritaprevir was possibly metabolized by CYP3As, and we had not compared 

differences in inhibition of L-PPXE metabolism by paritaprevir between CYP3A4 and 

CYP3A5. However, inhibition of L-PPXE metabolism by paritaprevir in CYP3A4 was 

greater than that in CYP3A5, and this result agreed with that in the detailed 

pharmacokinetic parameters of a predominant CYP3A4 contribution to paritaprevir 

metabolism in the paper. Thus, our screening method can be used to estimate which 

CYP3A isoform contributes most to metabolism of some drugs. Drugs with the ability 

to inhibit L-PPXE metabolism by CYP3A5 to a similar or greater extent than by 

CYP3A4 may be specific substrates for CYP3A5. 

This novel screening method to estimate relative contributions of CYP3A4 and 

CYP3A5 has several advantages over other previously reported methods. The reaction 

volume for this method is only 50 μL, and the time required from mixing drugs with 

CYP3As to detection is only 70 min. The method can be used to easily characterize 

drug candidates and may be an appropriate initial screening method to determine 

whether candidate drugs are metabolized by CYP3A4 or CYP3A5. Furthermore, this 

screening is performed in a single tube and requires little training due to the basic nature 

of the procedure. However, this screening method is limited in the following ways: (i) it 
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cannot be used to study the mechanism of inhibition of L-PPXE metabolism, and (ii) it 

cannot be used to determine pharmacokinetic parameters, such as Vmax and Km. The 

screening method does not distinguish between inhibition mechanisms such as 

non-competitive and uncompetitive inhibition. CYP3A4 is likely to have several 

substrate-binding sites based on its crystal structure [13]. CYP3A5 may also have 

several substrate-binding sites based on significant amino acid similarity with CYP3A4, 

although the crystal structure of CYP3A5 has not been reported. The binding sites of 

CYP3A4 and CYP3A5 responsible for L-PPXE metabolism have not been identified, 

and it is unknown whether L-PPXE competes with drugs at the same substrate-binding 

site. Computational techniques such as docking modeling simulations may be able to 

supplement the information provided by our screening method [14]. After candidate 

drug screening is performed using our screening method, detailed pharmacokinetic 

parameters should be obtained.  
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5. Conclusions 

A novel, simple screening method was developed to estimate the relative 

contributions of CYP3A4 and CYP3A5 to metabolism of drugs in vitro. Findings from 

the present study may accelerate the study of differences in substrate specificity 

between CYP3A4 and CYP3A5 for clinically used drugs. 
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Figure legends 

Fig. 1.  Differences in inhibition of CYP3A4 (A) and CYP3A5 (B) metabolism of 

L-PPXE by tacrolimus, midazolam, and CYP3cide. Concentrations of 10 μM for 

tacrolimus, 10 μM for midazolam, and 1 μM for CYP3cide were selected as the median 

concentrations in these experiments. Open and closed bars represent data obtained using 

drug concentrations at 10 times lower concentrations than the median concentrations 

and 10 times higher than the median concentrations, respectively. Percent changes were 

calculated based on control values. All values are presented as the mean ± SD. Single, 

double, and triple asterisks indicate P < 0.05, P < 0.01, and P < 0.001, respectively.  

 

Fig. 2.  Screening of drugs metabolized by CYP3A4 (A) and CYP3A5 (B). 

Concentrations near Cmax (provided by the manufactures) were selected as the median 

concentrations for our experiments (1 μM for apixaban, 1 μM for ethosuximide, 10 μM 

for lapatinib, 10 μM for sodium valproate, 10 μM for sorafenib, 1 μM for sumatriptan, 1 

μM for telaprevir, 100 μM for topiramate, and 10 μM for vaniprevir). Percent changes 

were calculated using control values. Open and closed bars represent data obtained 

using drug concentrations at 10 times lower concentrations than the median 

concentrations and 10 times higher than the median concentrations, respectively. All 
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values are presented as the mean ± SD. Single and double asterisks indicate P < 0.05 

and P < 0.01, respectively.  
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Tables and table legends 

Table 1. Summary of the expected predominance of CYP3A4 or CYP3A5 in drug 

metabolism. 

Drug name 

This study 

(CYP3A4 or CYP3A5) 

DI or previous reports 

(CYP3A4 or CYP3A5) 

Consistency 

Apixaban [9] CYP3A5 CYP3A5 Yes 

Ethosuximide ― ― Yes 

Lapatinib [10] CYP3A4 CYP3A4 Yes 

Sodium valproate ― ― Yes 

Sorafenib [11] CYP3A4 CYP3A4 Yes 

Sumatriptan ― ― Yes 

Telaprevir CYP3A4 NA UD 

Topiramate CYP3A5 NA UD 

Vaniprevir CYP3A4 NA UD 

DI, Drug information from pharmaceutical companies; ―, Not metabolized by 

CYP3As; NA; There is no available information or reports on the predominance of 

CYP3A4 or CYP3A5 in drug metabolism; UD, Unable to determine. 

 


