
DMD-AR-2022-000882 
 

1 
 

Isotretinoin and its metabolites alter mRNA of multiple enzyme and transporter genes in vitro but 

downregulation of OATP1B1 does not translate to the clinic 

 

Aprajita S. Yadav, Faith Stevison, Mika Kosaka, Susan Wong, Jane R. Kenny, John K. Amory, 

Nina Isoherranen 

Department of Pharmaceutics, School of Pharmacy, University of Washington, Seattle, 

Washington (A.S.Y, F.S., N.I.); Department of Drug Metabolism and Pharmacokinetics, 

Genentech, Inc., South San Francisco, California (M.K., S.W., J.R.K); Department of Medicine, 

University of Washington, Seattle, Washington, USA (J.K.A.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on May 11, 2022 as DOI: 10.1124/dmd.122.000882

 at A
SPE

T
 Journals on M

ay 22, 2023
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


DMD-AR-2022-000882 
 

2 
 

Running Title Page 

 

Running title: In vitro downregulation of OATP1B1 by retinoids 

Address correspondence to: Nina Isoherranen, Department of Pharmaceutics, School of 

Pharmacy, University of Washington, Health Science Bldg., Box 357610, Seattle, Washington, 

USA 98195; phone: (206) 543-2517; email: ni2@uw.edu 

 

Number of text pages: 10 

Number of figures: 7 

Number of tables: 2 

Number of supplemental figures: 4 

Number of supplemental tables: 2 

Number of references: 46 

Number of words in abstract: 245/250 

Number of words in introduction: 745/750 

Number of words in discussion: 1499/1500 

 

Key words: DDI, OATP1B1, retinoids, retinoic acid, 13-cis-retinoic acid (isotretinoin), 

downregulation, coproporphyrin-I, hepatocytes 

 

Abbreviations: 

Bid: bis in die, twice daily 

Cavg: average concentration 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on May 11, 2022 as DOI: 10.1124/dmd.122.000882

 at A
SPE

T
 Journals on M

ay 22, 2023
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


DMD-AR-2022-000882 
 

3 
 

Cmax: maximum concentration 

Css: steady state concentrations 

CP-I: coproporphyrin-I 

CV: coefficient of variance 

CYP: cytochrome P450 

EC50: concentration at 50% maximum effect 

Emax: maximum effect 

LC: liquid chromatography  

LLOQ: lower limit of quantification 

LOD: limit of detection 

MS: mass spectrometry 

mRNA: messenger RNA 

OATP: organic anion transporting polypeptide  

FXR: farnesoid X receptor 

LXR: liver X receptor 

HNF: hepatocyte nuclear factor 

PXR: pregnane X receptor  

RAR: retinoic acid receptors 

SHP: small heterodimer partner 

DDI: drug-drug interaction  
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Abstract  

Isotretinoin (13-cis-retinoic acid, 13cisRA) is widely used for the treatment of neuroblastoma 

and acne. It acts via regulating gene transcription through binding to retinoic acid receptors 

(RARs). Yet, the potential for isotretinoin to cause transcriptionally mediated drug-drug 

interactions (DDIs) has not been fully explored. We hypothesized that isotretinoin and its active 

metabolites all-trans-retinoic acid (atRA) and 4-oxo-13cisRA would alter the transcription of 

enzymes and transporters in the human liver via binding to nuclear receptors. The goal of this 

study was to define the DDI potential of isotretinoin and its metabolites resulting from 

transcriptional regulation of cytochrome P450 (CYP) and transporter mRNAs. In human 

hepatocytes (n=3), 13cisRA, atRA and 4-oxo-13cisRA decreased OATP1B1, CYP1A2, 

CYP2C9, and CYP2D6 mRNA and increased CYP2B6 and CYP3A4 mRNA in a concentration-

dependent manner. The EC50-values for OATP1B1 mRNA downregulation ranged from 2 – 110 

nM with Emax ranging from 0.17 – 0.54-fold. Based on the EC50 and Emax-values and the known 

circulating concentrations of 13cisRA and its metabolites after isotretinoin dosing, a 55% 

decrease in OATP1B1 activity was predicted in vivo. In vivo DDI potential was evaluated 

clinically in subjects dosed with isotretinoin for up to 20 weeks using coproporphyrin-I (CP-I) as 

an OATP1B1 biomarker. CP-I steady state serum concentrations were unaltered following two, 

eight or 16 weeks of isotretinoin treatment. These data show that isotretinoin and its metabolites 

alter transcription of multiple enzymes and transporters in vitro but translation of these changes 

to in vivo drug-drug interactions requires clinical evaluation for each enzyme. 

 

Significance Statement: Isotretinoin and its metabolites alter the mRNA expression of multiple 

CYPs and transporters in human hepatocytes suggesting that isotretinoin may cause clinically 
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significant DDIs. Despite the observed changes in OATP1B1 mRNA in human hepatocytes no 

clinical DDI was observed when measuring a biomarker, CP-I. Further work is needed to 

determine whether these findings can be extrapolated to a lack of a DDI with CYP1A2, CYP2B6 

and CYP2C9 substrates.  
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INTRODUCTION 

 

Isotretinoin (13-cis-retinoic acid, 13cisRA) is approved for the treatment of neuroblastoma 

(Matthay et al., 2009) and severe acne (Brazzell and Colburn, 1982), and has been studied for the 

treatment of male infertility (Amory et al., 2017), head and neck cancer (Connolly et al., 2013), 

thyroid cancer (Boerner et al., 2002), lung cancer (Lippman et al., 2001) and prevention of non-

melanoma skin cancer (Kraemer et al., 1988). For the treatment of acne, isotretinoin is 

prescribed for 15-20 weeks while for neuroblastoma a six-month treatment with two weeks bid 

dosing and two weeks off is recommended. Despite its wide use, limited data is available about 

the drug-drug interaction (DDI) potential of isotretinoin, including its ability to alter 

transcriptional regulation.  

 

Isotretinoin induces gene expression via binding to nuclear retinoic acid receptors (RARs) 

(Nelson et al., 2009; Rademaker, 2013) but the complement of genes induced in different organs 

has not been well defined. In liver models, isotretinoin induces mRNA expression of small 

heterodimer partner (SHP) (Stevison et al., 2019), a transcriptional repressor of many enzymes in 

the liver. For example, SHP induction results in downregulation of CYP2D6 following all-trans-

retinoic acid (atRA) treatment in human hepatocytes and in CYP2D6 humanized mice (Koh et 

al., 2014; Stevison et al., 2019) although isotretinoin did not affect CYP2D6 substrate, 

dextromethorphan, clearance in vivo (Stevison et al., 2019). Isotretinoin is also a ligand of 

pregnane X receptor (PXR) resulting in weak induction of CYP3A4 in vitro and in vivo 
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(Stevison et al., 2019). In a case study, treatment with isotretinoin decreased blood levels of 

itraconazole, a CYP3A4 substrate, but cessation of isotretinoin therapy did not result in recovery 

of itraconazole plasma concentrations (Von Bernuth and Wahn, 2014). Consistent with weak 

CYP3A4 induction, co-administration of isotretinoin with ethinyl estradiol and norethindrone 

resulted in a modest decrease of ethinyl estradiol and norethindrone concentrations (Hendrix et 

al., 2004). Isotretinoin also inhibits substrate uptake by organic anion transporting polypeptide 

(OATP) 1B1/1B3 at concentrations exceeding clinical plasma concentrations (de Bruyn et al., 

2013). Based on these data isotretinoin has potential to cause DDIs with CYP enzymes and/or 

transporters via multiple mechanisms.  

 

In addition to isotretinoin itself, its circulating metabolites, atRA and 4-oxo-13cisRA (Figure 1, 

(Vane and Bugge, 1981; Sonawane et al., 2014; Stevison et al., 2019) may also precipitate DDIs. 

Following isotretinoin dosing, circulating concentrations of atRA (0.01–0.07 μM) are much 

lower than isotretinoin (0.6–2.9 μM), however atRA is a more potent activator of RAR than 

isotretinoin (EC50 3–10 nM for atRA and 51–365nM for 13cisRA) (Idres et al., 2002; Topletz et 

al., 2015) and an in vivo CYP inducer (Jing et al., 2017) supporting its role in causing DDIs. In 

LS174T cells and in human hepatocytes, atRA induces CYP3A4 expression through interaction 

with PXR (Inami et al., 2015; Stevison et al., 2019) suggesting that atRA, as a metabolite of 

isotretinoin, may contribute to the observed CYP3A4 induction. In patients, induction of 

CYP2E1 and NAT activity, measured by probe substrates chlorzoxazone and dapsone metabolite 

to parent ratios, was also observed after dosing with atRA (Adedoyin et al., 1997). Finally, 

transporter (OAT4 and OATP1B1/1B3) inhibition by atRA has also been observed in vitro (de 
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Bruyn et al., 2013; Toh et al., 2016) suggesting atRA may also cause diverse DDIs with 

enzymes and transporters.  

 

As a metabolite of isotretinoin, 4-oxo-13cisRA circulates at concentrations (4.7–5.4 μM) that 

exceed those of isotretinoin by several fold, making it the major circulating metabolite of 

isotretinoin. However, whether 4-oxo-13cisRA causes DDIs as a metabolite of isotretinoin has 

not been well characterized (Brazzell and Colburn, 1982). In human hepatocytes, 4-oxo-13cisRA 

activates PXR and induces CYP3A4 mRNA along with inducing SHP mRNA (Stevison et al., 

2019). Similarly, in mice 4-oxo-13cisRA induces SHP along with Cyp2d10, Cyp2d22, Cyp2d40 

and Cyp26a1 (Stevison et al., 2019). As such, further characterization of the impacts of 4-oxo-

13cisRA together with isotretinoin and atRA on enzyme and transporter mRNAs is necessary. 

 

We hypothesized that isotretinoin, in conjunction with its circulating metabolites, will alter the 

mRNA transcription of drug metabolizing enzymes and transporters in human hepatocytes, and 

some of these effects will translate to in vivo DDIs in an enzyme and DDI mechanism specific 

manner. To test this hypothesis, the effect of atRA, 13cisRA and 4-oxo-13cisRA on mRNA of 

CYPs and transporters in human hepatocytes was assessed. The DDI potential following 

standard dosing of isotretinoin was predicted from in vitro data. The presence of in vivo DDI 

with OATP1B1 was assessed using an in vivo biomarker, coproporphyrin-I (CP-I), for 

OATP1B1 function. 
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MATERIALS AND METHODS 

Chemicals and Reagents 

CP-I, 4-oxo-13cisRA, and 4-oxo-13cisRA-d3 were purchased from Santa Cruz Biotechnology 

(Dallas, TX). 15N4-coproporphyin-I (15N4-CP-I), 13cisRA-d5, and atRA-d5 were purchased from 

Toronto Research Chemicals (Toronto, Ontario). Dimethyl sulfoxide (DMSO), 13cisRA, atRA, 

ethyl acetate and mass spectrometry grade formic acid were purchased from Sigma-Aldrich (St. 

Louis, MO). Blank human DC Mass Spect Gold (PN MSG4000) serum was purchased from 

Golden West Diagnostics (Temecula, CA). All solvents used for liquid chromatography tandem 

mass spectrometry (LC-MS/MS) were purchased from Fisher Scientific (Pittsburg, PA) and were 

Optima LC-MS grade.  

 

Hepatocyte Data  

Cryopreserved human hepatocytes from three donors were used to determine effects of atRA, 

13cisRA and 4-oxo-13cisRA treatment on mRNA levels of select drug metabolizing enzymes 

and drug transporters as previously described (Stevison et al., 2019). Cryopreserved human 

hepatocytes from Donors 1 and 2 (Hu1558, donor 1: 84-year-old Caucasian man and Hu1765, 

donor 2: 37-year-old Caucasian woman) were purchased from Thermo Fisher (Waltham, MA). 

Human hepatocytes from donor 3 (FOS, 34-year-old Arabic man) were purchased from BioIVT 

(Baltimore, MD). All experiments were performed in triplicate.  

 

The experiments were performed as reported previously (Stevison et al., 2019). In brief, 

hepatocytes were plated in 96-well collagen coated plates at 65,000 cells per well and cultured at 

37ºC. Hepatocytes were plated with Geltrex® (Thermo Fisher, Waltham, MA) overlay. Media 
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did not contain hydrocortisone but included TorpedoTM antibiotic mix (BioIVT, Baltimore, MD). 

After 24 hours, cells were treated with vehicle control (0.1% DMSO) or 13cisRA, atRA and 4-

oxo-13cisRA at the following concentrations: 0.005, 0.01, 0.04, 0.12, 0.37, 1.11, 3.33, 10 and 30 

μM. Fresh treatment media was added at 24 hours. At 48 hours, retinoid concentrations were 

measured, and treatment concentrations were corrected for retinoid depletion as previously 

described (Stevison et al., 2019).  

 

Quantitation of mRNA levels in hepatocytes was performed using a QuantiGene Plex 2.0 Assay 

Kit (Panel#13130) purchased from Thermo Fisher (Waltham, MA) using a previously published 

method (Halladay et al., 2012). The mRNAs levels of CYP3A4, CYP1A2, CYP2B6, CYP2D6, 

CYP2C9, CYP2E1, SHP, SULT2A1, GSTA2, UGT1A1, OATP2B1, OATP1B1, OATP1B3, P-

gp, BSEP, and BCRP were analyzed and expression normalized to GAPDH mRNA as a 

housekeeping gene. CYP3A4, CYP2D6 and SHP mRNA levels were previously published 

(Stevison et al., 2019). Fold changes in target mRNAs in response to retinoid treatment were 

calculated using the ΔΔCt method by comparing the treatments to the change to vehicle control 

(0.1% DMSO).  

 

The data on fraction of OATP1B1, OATP1B3, CYP1A2, CYP2B6 and CYP2C9 mRNA 

remaining in retinoid treated cells in comparison to vehicle treated controls were fit in GraphPad 

Prism 8.3.1 (GraphPad; San Diego, CA) using a three-parameter nonlinear regression (Equation 

1) as previously described (Stevison et al., 2019).  𝐸 = 𝐸 +  (1) 
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In equation 1, E0 is the mRNA expression in vehicle control, Emax is the maximum effect 

(minimum fraction of expression remaining relative to control for downregulation and maximum 

fold increase relative to control for induction), and EC50 is the concentration at which 50% of the 

maximal effect is observed. Retinoid concentrations were corrected for depletion as described 

above and the obtained EC50 values from the retinoid concentration versus response curves were 

multiplied by the unbound fraction of each retinoid in hepatocyte media  (Stevison et al., 2019) 

to determine the unbound EC50 (EC50,u). 

 

DDI Predictions 

To predict the magnitude of OATP1B1, CYP1A2 and CYP2C9 downregulation and CYP2B6 

induction in vivo following isotretinoin administration, previously determined (Stevison et al., 

2019) average unbound serum concentrations of the three analyzed retinoids following 

administration of 40 mg isotretinoin bid were used. The mean unbound serum concentrations 

(Cavg) used were 0.352 nM, 0.014 nM, and 50.4 nM for isotretinoin, atRA and 4-oxo-13cisRA, 

respectively (Stevison et al., 2019). Geometric mean EC50,u and Emax values from the three 

donors for each retinoid were used for predictions (Table 1). Predictions using the mean unbound 

serum concentrations following 20 mg isotretinoin bid (0.276 nM, 0.002 nM and 64.8 nM for 

isotretinoin, atRA and 4-oxo-13cisRA, respectively (Amory et al., 2017)) can be found in 

Supplemental Table 2. Circulating concentrations following 20 mg isotretinoin bid were similar 

to concentrations following 40 mg isotretinoin bid. 
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The fold change in the clearance (Cl'/Cl) mediated by CYP1A2, CYP2B6, CYP2C9 and 

OATP1B1 was predicted using equation 2, for k number of total retinoids (Sager et al., 2017; 

Stevison et al., 2019):   

= ∑  , ∗[ ],, ,  ∑  [ ], ,    (2) 

 

 
In equation 2, Emax,k is the Emax obtained from eq 1 for each precipitant (either lowest fraction of 

mRNA remaining for downregulation of maximum fold induction in comparison to control), Iu,k 

is the unbound concentration of each precipitant in plasma, EC50,u,k is the unbound concentration 

at 50% maximum effect for each precipitant.  

 

The change in CP-I steady state serum concentrations following dosing of isotretinoin was 

predicted using equation 3 (Sager et al., 2017; Stevison et al., 2019) where ft is the fraction of 

CP-I actively transported into the hepatocytes by OATP1B1. For the active transport of CP-I into 

the hepatocyte by OATP1B1, the ft was set as 0.76 (Barnett et al., 2018) assuming all CP-I 

uptake by OATP1Bs is by OATP1B1, an assumption supported by the impact of OATP1B1 

SNPs on CP-I plasma or serum concentrations. In addition, hepatic uptake of CP-I was assumed 

to be rate limiting in the predictions, as described previously (Shen et al., 2018; Rodrigues et al., 

2020). 

 = 1 ∗ 𝑓 + (1 − 𝑓 )  (3) 

 

Clinical Studies 
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To test whether isotretinoin or its metabolites alter OATP1B1 activity/expression in vivo in 

humans, samples from three previously conducted clinical studies (RA2, RA3 and RA4) (Amory 

et al., 2017, 2021; Stevison et al., 2019) were analyzed for CP-I serum concentrations. All three 

studies were approved by the Institutional Review Board of the University of Washington. RA2 

and RA4 were conducted under Investigational New Drug number 120703 from the US Food 

and Drug Administration. Blood samples in the three studies were collected into foil wrapped 

serum separator tubes, allowed to clot for 30 minutes at room temperature and then centrifuged 

at 1,000 – 2,000g for 10 to 15 minutes before serum was transferred into amber vials for storage 

in –80ºC. Serum sample handling was under yellow light. Participants in all three studies were 

given isotretinoin twice a day with meals and only male volunteers were recruited due to the 

scientific questions asked in the previous studies (treatment of male infertility) and the 

teratogenicity of retinoids posing a risk for healthy female volunteers. The participants were not 

genotyped for OATP1B1 due to the retrospective nature of the studies and lack of DNA for 

genotyping. While it is likely the participants represent a diversity of SLCO1B genotypes, since 

each participant acted as their own control variability in the genotypes is unlikely to affect study 

results. 

 

In RA2, the efficacy of isotretinoin for the treatment of men with oligoasthenoteratozoospermia 

(Amory et al., 2017) was assessed. Nineteen subjects between the ages of 21 – 60 years of age 

with sperm concentration less than 15 million/mL and mean (± SD) weight of 93 ± 13 kg were 

enrolled. All subjects had normal hepatic and renal function. Subjects were excluded if they 

consumed more than 4 alcoholic beverages per day, used illicit drugs, had severe mental health 

problems, were on therapy with retinoic acid in the last 12 months or on therapy with 
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tetracycline, phenytoin, rifampin, phenobarbital, highly-active anti-retroviral therapy or other 

inducers of CYP enzymes, or had an infection with HIV or a history of inflammatory bowel 

disease. Subjects were dosed with 20 mg isotretinoin bid with food for 20 weeks. Blood draws 

were taken at two screening visits at least one week apart before the start of the treatment period 

and weeks 2, 4, 6, 8, 12, 16 and 20 of isotretinoin treatment.  

 

In RA3, the effect of isotretinoin dosing on CYP2D6 activity was tested using dextromethorphan 

as a probe (Stevison et al., 2019). Eight healthy subjects were enrolled with mean (± SD) age of 

33 ± 10 years, height of 177 ± 7.53 cm, and weight of 79.1 ± 11.0 kg. All subjects had normal 

hepatic and renal function. Subjects were excluded if they had a pregnant partner, were tobacco 

users, or receiving therapy with CYP2D6 inhibitors, or other drugs on a daily basis. Subjects 

refrained from over the counter and prescription medications, and dietary supplements 

throughout the course of the study. Subjects were administered 30 mg of dextromethorphan on 

day 1 and day 15. Starting on day 2, subjects took 40 mg isotretinoin bid with food for 13 days 

(until study day 15). Blood draws were taken on day 1 and day 15. Predose samples from both 

days were run.   

 

In RA4, the efficacy of isotretinoin for the treatment of men with azoospermia (Amory et al., 

2021) was assessed. Signed informed consent was obtained for all subjects prior to the start of 

study participation. The mean (± SD) age of participants was 36 ± 5.3 years old, with height of 

179 ± 11.7 cm, and weight of 96.5 ± 24.3 kg. Participants were excluded if they had 

hypogonadotropic hypogonadism, used anabolic steroids, illicit drugs, consumed more than 4 

alcoholic beverages daily, had severe mental health problems or were currently on therapy with 
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retinoic acid. Ten men were enrolled in the study and were given 20 mg isotretinoin bid with 

meals for 32 weeks. Blood draws were performed at two screening visits at least seven days 

apart, up to 60 days before the start of the treatment period, every 8 weeks during the treatment 

period, and at two follow up visits 12 and 24 weeks after the end of the treatment period. 

Participants were given a Patient Health Questionnaire (PHQ9) at the first screening visit, during 

treatment and at the follow up visits to monitor for symptoms of depression.  

 

Sample Preparation and LC-MS/MS Analysis of CP-I 

CP-I is an endogenous biomarker of OATP1B1 activity which has been well characterized as a 

biomarker in cell systems, pre-clinical species, and clinical studies (Lai et al., 2016; Shen et al., 

2016; Barnett et al., 2018, 2019). CP-I serum concentrations are sensitive to strong, moderate 

and weak inhibitors of OATP1B1 (Kunze et al., 2018), adding to the utility of CP-I as a 

biomarker of OATP1B1 function. CP-I in plasma and serum was shown to have long term when 

stored in -80 C (Ramanathan et al., 2017). 

 

All serum samples were processed on ice and under yellow light due to the light sensitivity of 

CP-I (Ramanathan et al., 2017). A 250 µL aliquot of light protected serum was transferred to a 

glass test tube along with 10 µL of 100 nM 15N4-CP-I in methanol as internal standard, 2 mL of 

saline (0.9% NaCl), and 4 mL of ethyl acetate. All samples were vortexed, centrifuged for 15 

minutes to separate organic and aqueous layers, the organic layer was transferred to a new test 

tube and solvent dried down under nitrogen stream at 37º C. The samples were then reconstituted 

in 75 µL of methanol and analyzed by LC-MS/MS as described below. 
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CP-I concentrations were determined using an AB Sciex 6500 QTRAP mass spectrometer (AB 

Sciex; Foster City, CA) coupled with a Shimadzu UFLC XR DGU-20A5 (Kyoto, Japan) and a 

Phenomenex Kinetex Evo C18 column (2.1 x 100 mm, 2.6 µm) and guard column (2 x 2.1 mm, 

sub 2 µm) (Torrance, CA). The injection volume was 8 µL and the column oven was set to 55ºC. 

Mobile phase was water with 0.1% formic acid (A) and acetonitrile with 0.1% formic acid (B), 

with a gradient elution at 0.7 mL/min starting at 20% B for 0.5 min, increased linearly to 60% B 

over four min, then increased to 98% B over 0.1 min and held at 98% B for one min before 

returning to initial conditions. CP-I was detected on positive ion electrospray mode by multiple-

reaction monitoring (MRM) with m/z 655.3> 596.3 used for the analyte and m/z 659.3>600.3 for 

the internal standard 15N4-CP-I. The source temperature was set at 550ºC, curtain gas at 40, 

nebulizing gas (GS1) at 50, drying gas (GS2) at 50, collision activated dissociation gas at –2, and 

ion spray voltage at 5500. The collision energy used was 60 mV, declustering potential 150, 

collision cell exit potential 16, dwell time 100 milliseconds, and entrance potential 12 for CP-I 

and 8 for 15N4-CP-I.  

 

The data was quantified using Analyst 1.6.3 (AB Sciex; Foster City, CA). Standard curves were 

weighted 1/x2 and were linear over the range 0.078 nM to 8 nM, with a lower limit of 

quantification (LLOQ) of 0.10 nM and on column limit of detection (LOD) of 0.31 fmol. Quality 

controls (QCs) were 0.30, 0.50, and 4.0 nM. Samples obtained by spiking 1 nM of CP-I into 

blank MS Gold serum were analyzed on repeat days to test intra-day variability. Low and high 

QCs were stable on the bench for up to 24 h, in the autosampler up to 5 days and were stable 

after 5 freeze-thaw cycles. Stability was defined as accuracy within 15% of nominal 
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concentration. A minimum of six QCs were included in each analytical run. The accuracy and 

precision results for the method can be found in Supplemental Table 1.  

 

 

Determining Intra-individual variability of CP-I concentrations, power calculations and 

Sample Analysis Plan  

To establish intra-individual variability of CP-I concentrations, screening visit samples collected 

on separate occasions in RA2 and RA4 studies were analyzed. Intra-individual variability was 

determined by the range and mean %CV in baseline and screening samples taken at least one 

week and up to six weeks apart from the same individual in RA2 and RA4 studies. Inter-

individual variability in CP-I plasma concentrations was determined by the %CV for the baseline 

CP-I concentration from samples obtained from RA2, RA3 and RA4. Inter-study variability was 

determined by comparing the mean baseline concentrations from the three studies to calculate a 

%CV for the variance between baseline measurements from different studies.  

 

Power calculations to discern a downregulation of OATP1B1 following treatment with 13cisRA 

were performed in R Studio 1.2.5 R Version 3.6.1 (R Studio; Boston, MA) using a two-tailed 

paired t-test with α = 0.05 and plotted in GraphPad Prism 8.3.1 (GraphPad; San Diego, CA). The 

population mean was set as the average baseline concentration from serum samples obtained 

from subjects in RA2, RA3 and RA4. The average of CP-I concentration was used for samples 

from RA2 and RA4 where the baseline was determined in two screening visits. The intra-

individual standard deviation was used since the analysis uses a paired t-test. To determine the 

number of subjects needed for 80% power at each Css ratio (CssR), a delta was calculated 
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between the population mean CP-I concentration and the treated mean CP-I concentration. 

Following the power calculation, a sample analysis plan was established to assess whether 

varying lengths of isotretinoin treatment decrease OATP1B1 activity, and thereby increase CP-I 

serum concentrations (Figure 2). The first treatment time point tested was after two weeks of 

isotretinoin treatment which is after isotretinoin and its metabolites have reached steady state. 

 

RESULTS 

Effect of retinoid treatment on drug metabolizing enzyme and transporter mRNA in 

human hepatocytes  

Following treatment of human hepatocytes with 30 μM atRA, 13cisRA or 4-oxo-13cisRA, 

OATP1B1, CYP2D6, CYP1A2 and CYP2C9 mRNA were downregulated about 0.5-fold of 

vehicle control (Figure 3). In contrast, CYP2B6, GSTA2 and UGT1A1 mRNAs were induced 

about 2-fold of vehicle control and CYP3A4 mRNA was induced about 1.5-fold of vehicle 

control (Figure 3). CYP3A4 mRNA was induced 17 to 220-fold when treated with strong 

CYP3A4 inducer, rifampicin (Supplemental Figure 1). Downregulation of OATP1B1, CYP1A2, 

CYP2D6 and CYP2C9 mRNA was concentration dependent (Figure 4, Supplemental Figures 2 

and 4, (Stevison et al., 2019)) as was the induction in CYP2B6 mRNA (Supplemental Figure 3). 

Induction of GSTA2 and UGT1A1 mRNA was not concentration dependent within the 

concentration range of retinoids tested (data not shown). Although no change in OATP1B3 

mRNA was observed after treatment with 30 μM retinoids, the concentration response of 

OATP1B3 mRNA following treatment with retinoids was analyzed due to the substrate overlap 

between OATP1B1 and OATP1B3. OATP1B3 mRNA did not show concentration dependent 

changes in hepatocytes from two of the donors but OATP1B3 mRNA was induced less than 2-
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fold in a concentration dependent manner following treatment with the retinoids in hepatocytes 

from donor 3 (Figure 5). 

 

Treatment of hepatocytes with individual retinoids for 48 hours resulted in similar maximum 

reductions in OATP1B1, CYP1A2 and CYP2C9 mRNAs. For OATP1B1 mRNA, the mean 

maximum effect (Emax, smallest fraction of mRNA remaining) ranged from 0.31 to 0.36 (Figure 

4, Table 1) while the mean Emax for CYP1A2 mRNA ranged from 0.36 to 0.42 and for CYP2C9 

mRNA from 0.42 to 0.54 (Table 1). The EC50 values for OATP1B1 mRNA downregulation were 

also quite similar for the three retinoid treatments ranging from 23 to 37 nM in hepatocytes from 

donor 1, 2.4 to 63 nM in hepatocytes from donor 2, and 59 to 110 nM in hepatocytes from donor 

3 (Figure 4). The EC50 values for CYP2C9 mRNA downregulation were similar 28 – 40 nM in 

hepatocytes from donor 1, 3.9 – 27 nM in hepatocytes from donor 2, 37 – 124 nM in hepatocytes 

from donor 3 (Supplemental Figure 4). The EC50 values for CYP1A2 mRNA downregulation 

were slightly higher, 50 – 84 nM in hepatocytes from donor 1, 16 – 180 nM for hepatocytes from 

donor 2, and 90 – 315 nM for hepatocytes from donor 3, although still within the variability of 

the EC50 values for OATP1B1 and CYP2C9 (Supplemental Figure 2).  

 

The induction in CYP2B6 mRNA in human hepatocytes following treatment with each of the 

three retinoids was concentration-dependent with the mean maximum effect (Emax, maximum 

fold increase in mRNA) ranging from 2.9 to 3.3-fold increase (Table 1). The EC50 range for the 

retinoids across donors was 46 – 291 nM in hepatocytes from donor 1, 77 – 148 nM in 

hepatocytes from donor 2 and 15 – 101 nM in hepatocytes from donor 3 (Supplemental Figure 

3). A bell-shaped curve was observed in data from hepatocytes from donor 3. Fold change data at 
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higher concentrations where the fold change is below the 95% CI of Emax (assuming Emax has a 

30% CV)  were excluded according to recent recommendations (Wong et al., 2021). 

 

Prediction of DDI Risk 

The combination of isotretinoin and its metabolites, atRA and 4-oxo-13cisRA, following 40 mg 

isotretinoin dosing was predicted to result in 55% decrease in OATP1B1 activity, which 

translates to a predicted CP-I Css ratio of 1.7 when no effect on OATP1B3 is expected (Table 2). 

The predictions for magnitude of decrease in clearance mediated by CYP1A2 and CYP2C9 were 

similar to OATP1B1, with 39% and 41% decrease predicted, respectively, due to the 

combination of the three retinoids (Table 2). The combination of isotretinoin and metabolites 

was predicted to result in a 151% (2.5-fold) increase in CYP2B6 activity (Table 2). The majority 

of the predicted change in OATP1B1, CYP1A2, CYP2B6 and CYP2C9 expression in vivo was 

driven by 4-oxo-13cisRA, with some contribution from isotretinoin and no predicted effect by 

atRA alone (Table 2). Predictions using mean serum concentrations from 20 mg isotretinoin bid 

dosing resulted in a similar magnitude of change for OATP1B1 and the assessed CYPs 

(Supplemental Table 2) as predictions following 40mg bid dosing of isotretinoin. 

 

Impact of isotretinoin treatment on CP-I concentrations in vivo 

OATP1B1 downregulation was chosen for further investigation as the greatest magnitude of 

change was predicted for OATP1B1 and in vivo changes in OATP1B1 activity can be assessed 

by monitoring change in serum concentrations of CP-I, a biomarker of OATP activity. To assess 

downregulation of OATP1B1 in vivo, serum samples from three clinical studies were chosen and 

a sample analysis plan was developed (Figure 2). Samples from all three studies had similar 
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population means and standard deviations of pre-treatment baseline CP-I serum concentrations: 

1.61 ± 0.47 nM for RA2, 1.35 ± 0.30 nM for RA3, and 1.60 ± 0.36 nM for RA4, with an inter-

study variability of 25% CV (Figure 6).  

 

Power calculations were done to determine the number of subjects needed to detect an effect of 

isotretinoin on CP-I concentrations if an effect exists. The inter-individual variability in CP-I 

serum concentrations (%CV=27) was higher than intra-individual variability (mean %CV=14, 

range: 0.6 – 34%) (Figure 6A-C). The two studies with multiple baseline samples, RA2 and 

RA4, had similar intra-individual variability (average of standard deviation between two visits 

0.24 nM and 0.21 nM, with 15% and 11% CV respectively). Due to the low intra-individual 

variability in CP-I concentrations, only 7 study subjects would be needed to detect a 20% 

increase CP-I Css with 80% power (Figure 6D) and therefore all three studies, RA2, RA3 and 

RA4, were considered adequately powered to detect the predicted 1.71-fold increase in CP-I Css.  

According to the sample analysis plan (Figure 2), samples from RA3 following one week of 

treatment with isotretinoin were first analyzed. Treatment with 40 mg isotretinoin bid had no 

effect on CP-I serum concentrations (p=0.90, Figure 7A). As this result may be due to 

insufficient duration of treatment and lack of 13-cis-4-oxo-RA reaching steady state 

concentrations, samples from week 16 of RA2 (20 mg isotretinoin bid) were next analyzed to test 

whether longer half-life of some transcriptional regulators or precipitants could explain the lack 

of effect. These CP-I concentrations were not different from pre-treatment baseline (p=0.91, 

Figure 7B). It was hypothesized that the long treatment time could have resulted in endogenous 

feedback mechanisms so a third set of samples from week 8 of RA4 (20 mg isotretinoin bid) 

were analyzed. No difference in CP-I concentrations (p= 0.62, Figure 7C) were observed. 
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Overall, no effect of isotretinoin on CP-I concentrations and OATP1B1 activity in vivo was 

observed in any of the studies or treatment durations. 

 

DISCUSSION 

Knowledge of the DDI potential of isotretinoin is limited, although it is commonly prescribed 

with 1.5 million prescriptions in 2018. In a previous clinical study isotretinoin dosing resulted in 

a weak induction of CYP3A4, but no effect on CYP2D6 activity despite a clear downregulation 

of CYP2D6 observed in hepatocytes following isotretinoin treatment (Stevison et al., 2019). 

Here, isotretinoin and its metabolites, atRA and 4-oxo-13cisRA, were shown to decrease 

OATP1B1, CYP1A2 and CYP2C9 mRNA and increase CYP2B6 mRNA in human hepatocytes 

in a concentration-dependent manner. Based on the in vitro data, isotretinoin dosing in vivo was 

predicted to result in a significant 39-55% decrease in OATP1B1, CYP1A2 and CYP2C9 

activity, together with a 2.5-fold increase in CYP2B6 expression. However, no change in the 

serum concentrations of the OATP1 biomarker, CP-I, was observed in samples from three 

clinical studies, consistent with previous findings of lack of a decrease in CYP2D6 activity 

following isotretinoin dosing.  

 

Induction and downregulation in human hepatocytes are common observations in drug 

development (Hariparsad et al., 2017), but whether in vitro experiments reliably identify in vivo 

DDI risk is still unclear. Downregulation was observed in vitro for three drugs, obeticholic acid, 

abemaciclib and rucaparib, and induction for 37 drugs out of 120 new drug applications (NDAs) 

included in the analysis between 2013 and 2018 (Steinbronn et al., 2021). Of the drugs that had 

an in vitro induction signal, nine were found to cause an in vivo DDI (Steinbronn et al., 2021). 
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However, translation of in vitro induction or downregulation appears to be dependent on the 

mechanism and enzyme affected. For example, induction of CYP3A4 mediated by elagolix 

translated to an in vivo effect but induction of CYP2B6 did not (Polepally et al., 2020). 

Downregulation of CYP1A2 by obeticholic acid and abemaciclib in vitro also translated to a 

decrease in caffeine clearance by CYP1A2 in vivo (Edwards et al., 2017; Turner et al., 2020), 

suggesting CYP downregulation in vitro does translate to in vivo. However, downregulation of 

CYP3A4, CYP2B6 and CYP2C8 by abemaciclib in human hepatocytes did not translate to an in 

vivo effect (Turner et al., 2020) pointing to enzyme and mechanism specific translation. 

Similarly, downregulation of CYP2D6 precipitated by isotretinoin was observed in vitro but did 

not translate to in vivo while induction of CYP3A4 and CYP26 by isotretinoin in vitro appears to 

predict in vivo induction as well (Stevison et al., 2019). These data suggest that better 

understanding of the mechanisms of induction and downregulation are needed to establish how 

in vitro findings in human hepatocytes can be used to predict DDIs in vivo.  

 

For the retinoids, induction of CYP3A4 via PXR and induction of CYP26A1 via RAR activation 

have been shown to translate to an in vivo effect (Topletz et al., 2015; Stevison et al., 2019) 

suggesting that induction of CYP2B6 in vitro is also likely to result in drug interactions in vivo 

and further studies are needed to test the clinical significance of this finding. Similarly, as 

CYP1A2 downregulation has been shown to translate from in vitro to in vivo, this analysis 

suggests that isotretinoin will downregulate CYP1A2 in vivo based on the in vitro data. 

Interestingly, while the retinoids induced CYP3A4 and CYP2B6 in vitro they decreased 

CYP2C9 mRNA in a concentration-dependent manner. PXR and constitutive androstane 

receptor (CAR) have both been shown to regulate CYP3A4, CYP2B6 and CYP2C9 expression, 
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(Urquhart et al., 2007) suggesting that the in vitro effects of the retinoids towards the three 

enzymes should be similar. However, treatment with retinoids in vitro led to a concentration-

dependent increase in CYP2B6 mRNA consistent with CAR activation, variable induction of 

CYP3A4 mRNA consistent with PXR activation and a concentration-dependent decrease in 

CYP2C9 mRNA inconsistent with the CAR and PXR mediated regulation of CYP2C9. These 

findings demonstrate that the mechanisms of the transcriptional regulation of the three CYPs are 

more complex than previously shown and more studies are needed to define the network of 

transcriptional regulation of common CYPs to enable robust in vitro to in vivo predictions. Such 

findings also suggest that the commonly used rank order approach for DDI assessment in vivo 

may not be appropriate for transcriptional regulation or when multiple mechanisms are involved 

as each may translate to in vivo in quantitatively different manner.  

 

At present very little information exists on transcriptional regulation or induction/downregulation 

of OATP1B1 by xenobiotics. The decrease in OATP1B1 mRNA following retinoid treatment 

observed in vitro in this study aligned with published work, where treatment of HepaRG cells 

with atRA led to a decrease in  OATP1B1 mRNA and protein expression and OATP1B activity 

(le Vee et al., 2013). The impact of atRA on OATP1B1 mRNA is likely RAR mediated as 

siRNA targeting RARα or RXRα mitigated atRA mediated decrease in OATP1B1 mRNA (le 

Vee et al., 2013). However, the transcription of the SLCO1B1 gene has been shown to be 

regulated by farnesoid X receptor (FXR), liver X receptor (LXR), hepatocyte nuclear factor 

(HNF) 1α and HNF4α (Meyer zu Schwabedissen et al., 2010). The activity of FXR and HNF4α 

are repressed by SHP (Koh et al., 2014) which in turn is induced by retinoids via RAR (Koh et 

al., 2014; Stevison et al., 2019). As such the downregulation of OATP1B1 by retinoids in vitro 
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may also be  due to SHP induction and consequently decrease in FXR or HNF4α mediated 

transcription. Induction of SHP and downregulation of FXR target genes such as Cyp8b1 and 

Cyp7a1 were observed in mice following dosing with atRA and 13cisRA (Yang et al., 2014; 

Stevison et al., 2019) and hence, based on the in vitro data downregulation of OATP1B1 after 

isotretinoin dosing would be expected in humans. Yet, as isotretinoin may also inhibit OATP1B1 

reversibly, if decrease in in vivo clearance via OATP1B1 was observed this effect may not be 

attributable only to downregulation. While OATP1B1 protein induction has been shown to 

correspond to OATP1B1 mRNA decrease in human hepatocytes (le Vee et al., 2013; Liu et al., 

2020), such correlation may not exist in vivo due to post-translational modifications and 

OATP1B1 localization to the cell membrane. 

 

Treatment with isotretinoin was predicted to increase CP-I serum concentrations by 1.7-fold, and 

all the clinical studies presented were sufficiently powered to detect such increase (Fig 5D). Prior 

data have also shown that CP-I serum concentrations are sensitive to strong, moderate, and mild 

inhibitors of OATP1B1 (Kunze et al., 2018) confirming CP-I as a valid biomarker of OATP 

activity. Yet, no change in CP-I serum concentrations was observed in any of the time points 

tested in the three different studies. While the static model used circulating concentrations 

following administration of isotretinoin 40mg bid, concentrations of isotretinoin, atRA and 4-

oxo-13cisRA following administration of isotretinoin 20mg bid were similar and predicted a 

similar effect for OATP1B1, CYP1A2, CYP2B6, and CYP2C9. The lack of translation of in 

vitro downregulation to in vivo is similar to previous observations with CYP2D6. For CP-I, 

OATP1B3 may also contribute to CP-I hepatic uptake diminishing the observed in vivo effect. In 

one hepatocyte donor OATP1B3 was induced by retinoids suggesting that OATP1B1 and 
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OATP1B3 are differentially regulated by retinoids. Further studies are warranted to define the 

role of OATP1B3 in CP-I uptake. 

 

It is possible that this lack of translation is due to inherent limitations of the human hepatocyte 

system. For example, in vivo the human liver has substantial endogenous concentrations of 

retinoids, 42.6pmol/g, 8.3pmol/g and 18.3pmol/g for atRA, 13cisRA and 4-oxo-13cisRA 

respectively (Zhong et al., 2019). As such, baseline liver concentration of atRA is greater than 

the EC50 for RARs and CYP2C9 and near the OATP1B1 and CYP2B6 EC50 values. Liver 

concentration of 4-oxo-13cisRA is about the OATP1B1 EC50 as well. This suggests induction or 

downregulation of OATPs and CYPs by retinoids may be part of the constitutive regulation of 

OATPs and CYPs and the therapeutic dosing does not alter the already established regulatory 

network. Similarly, other endogenous regulators such as bile acids are also not present in vitro in 

hepatocytes. Activation of FXR by bile acids during cholestasis can activate the SHP promoter 

which can further alter the expression of a number of genes (Geier et al., 2007; Meyer zu 

Schwabedissen et al., 2010; Koh et al., 2014). Incorporation of these endogenous regulators in 

hepatocyte experiments at physiological levels may be necessary to refine the system and 

optimize contemporary culturing of hepatocytes. 

 

In summary, this work expands the in vitro exploration of isotretinoin and its metabolites 

uncovering complex regulation of drug metabolizing enzymes and transporter genes. 

Additionally, we further expand the clinical DDI evaluation for isotretinoin and show that 

despite in vitro downregulation data predicting a 50% decrease in OATP1B1 activity, no change 

in the serum concentrations of the OATP1B1 biomarker, CP-I, was observed in samples from 
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three clinical studies. This is consistent with our previous findings, where isotretinoin 

precipitated downregulation of CYP2D6 in vitro but did not translate to an in vivo effect. 

Collectively, the emerging data highlight caution is warranted when prospectively predicting 

downregulation from in vitro data as translation, or lack thereof, is potentially enzyme and 

mechanism specific. 
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LEGENDS FOR FIGURES  

Figure 1. Metabolic scheme of isotretinoin (13-cis-retinoic acid, 13cisRA).  

 

Figure 2. Clinical sample analysis workflow to test if CP-I serum Css, as a biomarker of 

OATP1B1 function, is affected by varying lengths of retinoid treatment in vivo. Matched retinoid 

treatment time points were selected to allow for verification of a potential DDI from two 

independent studies.  

 

Figure 3. Impact of retinoid treatment on enzyme and transporter mRNA in human hepatocytes. 

Fold change of mRNA for each enzyme and transporter is shown following 30 μM treatment 

with a) 13cisRA, b) atRA and c) 4-oxo-13cisRA. The bar graphs show average mRNA fold 

change compared to solvent control (DMSO). Data from each donor is shown as a separate data 

point (triangle, circle, or square). All experiments were performed as technical triplicates. 

 

Figure 4. Concentration dependent downregulation of OATP1B1 mRNA by 13cisRA, atRA and 

4-oxo-13cisRA in human hepatocytes from three donors. Results from treatment with 13cisRA 

are shown in panels a, b and c, treatment with atRA in panels d, e, and f, and treatment with 4-
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oxo-13cisRA in panels g, h, and i. For donor 3, two independent experiments on separate days 

were performed (A and B). Technical replicates (n=3) were performed for each datapoint. The 

data are presented as fraction of vehicle control (DMSO). EC50 (nM) and Emax (fold change) are 

calculated as described in eq. 1. Each panel shows the EC50 and Emax values and the 90% 

confidence interval. In panels c, f, and i the values are means from two independent experiments 

and no CI is shown.  

 

Figure 5. Concentration dependent effect of 13cisRA, atRA and 4-oxo-13cisRA treatment on 

OATP1B3 mRNA in human hepatocytes from three donors. Results from treatment with 

13cisRA are shown in panels a, b and c, treatment with atRA in panels d, e, and f, and treatment 

with 4-oxo-13cisRA in panels g, h, and i. For donor 3, two independent experiments on separate 

days were performed (A and B). Technical replicates (n=3) were performed for each data point. 

The data are normalized to a housekeeping gene and presented as fraction of vehicle control 

(DMSO). In panels c, f, and i EC50 (nM) and Emax (fold change) are calculated as described in eq. 

1 and the values are means from two independent experiments.   

 

Figure 6. Inter- and intra-individual variability in CP-I serum concentrations and power 

calculations for the use of the biomarker, CP-I, to assess OATP1B1 activity. A) Baseline CP-I 

serum concentrations averaged from the screening and baseline samples for each individual in 

the three studies. The intra-individual variability in CP-I concentrations in samples from B) RA2 

and C) RA4 study subjects is shown from a baseline screen and at the start of treatment. The p-

value for paired t-test comparing baseline values is shown in each panel. Time points from a 

given individual were at least one week apart and up to seven weeks apart. The average standard 
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deviation between each subject’s screening and week 0 sample was 0.228 nM, which was used in 

the power calculation. Power curves presented in panel D) show the calculation of the number of 

subjects required to detect a CP-I Css ratio (CssR) of 1.1, 1.2, 1.3 and 1.5 with different levels of 

power with the dotted black line showing 80% power, based on a paired t-test with α= 0.05, 

using the intra-individual variability and population means of baseline samples from RA2 and 

RA4.  

 

Figure 7. Comparison of baseline CP-I serum concentrations to CP-I concentrations following 

A) two weeks of treatment with isotretinoin 40 mg bid (RA3, n=8), (baseline mean CP-I 

concentration is 1.35±0.30 nM, week 2 is 1.34±0.22 nM) B) 16 weeks of treatment with 

isotretinoin 20 mg bid (RA2, n=19, baseline CP-I concentration calculated from screening visit 

and week 0 is 1.62±0.48 nM, week 16 is 1.61±0.56 nM) and C) 8 weeks of treatment with 

isotretinoin 20 mg bid (RA4, n= 8, baseline CP-I concentration calculated from screening visit 

and week 0 is 1.75±0.30 nM, week 8 is 1.66±0.49 nM). The p-value for paired t-test comparing 

baseline and treatment day values is shown in each panel. 
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TABLES 

 

Table 1. Mean concentration-response parameters of the effect of atRA, 13cisRA and 4-oxo-

13cisRA on OATP1B1, CYP1A2, CYP2B6 and CYP2C9 mRNA in human hepatocytes from 

three donors. The Emax, EC50 and EC50,u are presented as the geometric means of three donors 

with %CV shown in brackets. 

 
 

 
OATP1B1 CYP1A2 CYP2B6 CYP2C9 

Pr
ec

ip
ita

nt
 

atRA 

EC50 (nM) 51 (29) 111 (46) 37 (68) 30 (18) 

EC50,u (nM)a 1.4 (29) 3.0 (46) 1.0 (68) 0.8 (18) 

Emax 0.31 (46) 0.36 (55) 3.1 (11) 0.42 (38) 

13cisRA 

EC50 (nM) 35 (103) 68 (81) 96 (43) 23 (101) 

EC50,u (nM)a 0.40 (103) 0.80 (81) 1.1 (43) 0.30 (101) 

Emax 0.32 (46) 0.41 (57) 3.3 (14) 0.54 (38) 

4-oxo-13cisRA 

EC50 (nM) 21 (106) 65 (126)  150 (86) 45 (87) 

EC50,u (nM)a 2.5 (106) 7.9 (126) 18 (86) 5.8 (87) 

Emax 0.36 (45) 0.42 (57) 2.9 (11) 0.49 (37) 

OATP1B1, organic anion transporting polypeptide 1B1; CYP, cytochrome P450; EC50,u, unbound half-

maximal effective concentration; Emax, maximum fold change in mRNA expression, the lowest fold change in 

mRNA for downregulation and maximum fold increase for induction;   

aValues for fraction unbound in media (fu,media) were determined previously as 0.027 for atRA, 0.011 for 

13cisRA and 0.121 for 4-oxo-13cisRA (Stevison et al., 2019)  and were used to calculate EC50,u 
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Table 2. In vitro to in vivo prediction of the effect of retinoids on OATP1B1, CYP1A2, CYP2B6 

and CYP2C9 mediated clearance based on changes in mRNA using average circulating plasma 

retinoid concentrations following 40 mg bid isotretinoin dosing. Data are shown as arithmetic 

means ± standard deviation of predicted percent remaining from individual donor values. 

 
Predicted % Activity Remaining After Treatment 

Precipitant OATP1B1 CYP1A2 CYP2B6 CYP2C9 

atRA 99.3 ± 0.2 99.7 ± 0.2 103 ± 2 99.1 ± 0.2 

13cisRA 71.2 ± 8.8 85.3 ± 3.4 157 ± 14 80.7 ± 3.3 

4-oxo-13cisRA 46.1 ± 10.0 62.3 ± 11.0 246 ± 40 58.4 ± 13 

Combined 

Effecta 
45.4 ± 10.0 61.2 ± 12.0 254 ± 31 58.6 ± 14 

OATP1B1, organic anion transporting polypeptide 1B1; CYP, cytochrome P450  

a Combined effect of multiple precipitants predicted from eq. 2.  

Note: Cavg previously determined following administration of 40 mg isotretinoin bid 0.069 μM atRA, 0.88 μM 

13cisRA, 4.2 μM 4-oxo-13cisRA  (Stevison et al., 2019), values for fraction unbound in plasma (fu,plasma) 

determined previously: 0.0002 atRA, 0.00035 13cisRA and 0.0504 4-oxo-13cisRA (Stevison et al., 2019) 
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If no difference observed If difference observed

Test week 16 samples 

from RA2. n = 20 dosed 

20 weeks at 20 mg bid

Test week 2 samples from 

RA2. n = 20 dosed 20 

weeks at 20 mg bid

Test week 8 samples from 

RA4. n = 10 dosed 20 

weeks at 20 mg bid

Test week 16 samples 

from RA4. n = 10 dosed 

20 weeks at 20 mg bid

Test week 2 samples from 

RA3. n = 8 dosed 2 weeks 

at 40 mg bid

If no difference observed If difference observed
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