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(Oct. 2017)

When determining 
the IC50 or Ki values 
for OATPs, 
“pre-incubation for a 
minimum of 30 min"

(2017)



Long-lasting inhibition

Potentiation of transporter 
inhibition by preincubation (PTIP)

Preincubation-dependent inhibition

Short-lasting inhibition

Time-dependent inhibition [I]
IC50 or Ki



Rationale 1

Vaidyanathan et al. J Clin Pharmacol. 2016; PMID: 27385179

in vitro Ki or IC50 (µM)

- Wide variability (substrate-dependency, inter-lab variability, 
experimental systems & conditions)

- Large discrepancy between the inhibitory potencies 
obtained in vitro & in vivo (from PBPK modeling)

in vivo Ki

in vivo Ki



Vaidyanathan et al. J Clin Pharmacol. 2016; PMID: 27385179

11 substrates, 61 inhibitors of OATP1B1
107 clinical (in vivo) DDI studies

Positive predictive value 
(=TP/[TP+FP])

65%
(40/62)

Negative predictive value 
(=TN/[TN+FN])

73%
(33/45)

What can we do to 

reduce false (+/-) 
predictions? 

R ≥ 1.1?

Yes No

Clinical 
DDI

Yes 40
(True positive)

12
(False negative)

No 22
(False positive)

33
(True negative)

R=1 + Iu,in,max/(Ki or IC50)

Rationale 2



Substrate
Inhibitor (Time)

Washout, 
lysis & drug 
measurement 

Co-incubation

ü Preincubadon-dependent inhibidon
ü Time-dependent inhibidon
ü Long-lasdng inhibidon
ü Short-lasdng inhibidon

Pre-incubation

(Time)

Washout

Substrate
Inhibitor

Waiting time

Washout, 
lysis & drug 
measurement 

(Time)

Substrate
Inhibitor Inhibitor

Pre- & co-incubation

How can we obtain
in vivo relevant

IC50 or Ki?



Shitara & Sugiyama Pharmacol Ther. 2017; PMID: 28249706

List (as of 2017) List expands… (as of Nov. 2019)
Transporters Inhibitors references

OAT1/3 anthraquinones Ma et al. 2015

OATP1B1/1B3 rifampicin, dasatinib Pahwa et al. 2017

OCT2 crizotinib
Arakawa et al. 
2017; Omote et al. 
2018

OATP1B3

pentacyclic 
triterpenoids (betulinic
acid, ursolic acid, 
oleanolic acid)

Oh et al. 2018

OATP1B1/1B3 everolimus, sirolimus Farasyn et al. 2019

OCT1 CsA Panfen et al. 2019

OATP1B1 pazopanib Taguchi et al. 2019

OATP1B1/3 venetoclax, saquinavir

Tátrai et al. 2019OCT1/2
ledipasvir, daclatasvir, 
vandetanib, cetirizine, 
isavuconazole

MATE2-K vandetanib



(Amundsen et al. 2010; 
PMID 20519340)

(Time)

Washout

E1S (OATP1B1) or 
CCK8 (OATP1B3)

CsA

Waiting time: 
0, 3, 6 or 18 h

OATP1B1 OATP1B3

(Shitara et al. 2012; PMID 20519340)

+ Pre-
incubation 
(1 h)

Early Examples (CsA)

Washout, 
lysis & drug 
measurement 



More Examples (Rif, TKIs)

(Time)

Washout

[14C]creatinine
Crizotinib

Waiting time: 
0 ~120 min

Washout, 
lysis & drug 
measurement 

MATE1

(Arakawa et al. 2017; Omote et al. 2018)

OCT2

Rifampicin (1 h pre-incubation, no waiting time @4◦C)

Dasatinib (1 h pre-incubation, no waiting time @4◦C)

(Pahwa et al. 2017)



More Examples (Pentacyclic Triterpenoids)

(Time)

Washout

Fluorescein
BA, UA or OA

Storage (@4◦C) 
Waiting time: 

0, 90 or 150 min

Washout, 
lysis & drug 
measurement 

BA OAUA

(Oh et al. J Pharm Sci 2018)

30 min

Media with
no FBS

Complete media 
containing 10% FBS

BA
(1 µM)

UA
(1 µM)

OA
(1 µM)

Rifampicin
(25 µM)

CsA
(1 µM)
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Experimental conditions matters in 
teasing out “pre-incubation” effects
(consideration of non-specific binding, 
protein binding, etc.)



Mechanism 1: Non-specific binding??

• The time required for maximum 
enhancement by pre-incubation:  
compound-dependent

• Compounds tend to be highly 
lipophilic and protein bound

cLogP fu (plasma)
CsA 14.0 0.015

simeprevir 4.8 0.001

asunaprevir 3.1 <0.01

venetoclax 10.0 0.000013

ledipasvir 6.7 <0.002

daclatasvir 4.7 <0.01

pazopanib 3.6 <0.01

daclatasvir 4.7 0.01

betulinic acid 6.6 0.0001

crizotinib 3.7 0.09



Drug Metab Dispos. 2019; PMID: 31068368

Plasdcware precoated against non-
specific binding (NSB) using 20% (v/v) 
FBS, 2% (w/v) BSA

PTIP: Potentiation of transporter 
inhibition by pre-incubation for 3 h



- Oral selective BCL-2 inhibitor
- Initial FDA approval (2016) for the treatment of acute 

myeloid leukemia (AML), chronic lymphocytic leukemia 
(CLL), or small lymphocytic lymphoma (SLL)

Venetoclax

IC50 values of venetoclax

Tested using 8-FcA as a 
probe substrate (10 min 
incubation) in HEK-
OATP1B1 &  HEK-OATP1B3

(Weiss et al 2016; PMID: 26927160) (Tátrai et al. 2019; PMID: 31068368)

OATP1B1

IC50
0.63 μM

IC50
11.7 μM



Venetoclax Clinical DDI??

Co-administration of a 
rifampicin single dose 

-> Cmax increased by 106%
-> AUC increased by 78%

(Agarwal et al. 2016; PMID 26953185) 

possible DDI mechanisms??

2016 

likely via Pgp
inhibijon

2019 

OATP1B 
inhibition??

Rifampin administered at the same time or 
within 5 minutes of the venetoclax dose. 

What if venetoclax was administered 
a few hrs before rifampin dosing?



Mechanism 2: trans-inhibition?

Shitara & Sugiyama Pharmacol Ther. 2017; PMID: 28249706

CsA
added to

basal side
apical sideapical side

basal side (OATP1B1 located)

CsA added

CsA
added

Washout with 
incubation buffer

Washout with 
incubation buffer

[3H]E1S added to 
basal side &
OATP1B1-mediated 
uptake measured

Long-lasjng inhibijon of OATP1B1 by CsA
could be driven by CsA inside the cells. 



Ki,out Ki,in

Mechanism 2: trans-inhibition?

CL&'()*+ (-./0) =
V4)5/(1 + f&,; <

[CsA]?@
𝐊𝐢,𝐢𝐧

)

K4 < 1 + f&,E <
CsA F&(
𝐊𝐢,𝐨𝐮𝐭

+ S

trans-inhibition (non-competitive)

cis-inhibition (competitive)

Shitara & Sugiyama Pharmacol Ther. 2017; PMID: 28249706



>>

(1)

(2)

(3)

(4)

dXM+NN
dt =

V4)5/(1 + f&,? <
IM+NN
𝐊𝐢,𝐢𝐧

)

K4 < 1 +
I4+P?&4
𝐊𝐢,𝐨𝐮𝐭

+ C4+P?&4
C4+P?&4

dXM+NN
dt =

V4)5/(1 + f&,? <
IM+NN
𝐊𝐢,𝐢𝐧

)

K4 < 1 +
I4+P?&4
𝐊𝐢,𝐨𝐮𝐭

C4+P?&4

Izumi et al. 2015 Drug Metab
Dispos; PMID: 25414411 

By fitng to the observed data, 

Ki,out

Ki,in 0.0113 μM

0.530 μM
Shitara & Sugiyama Pharmacol Ther. 2017; PMID: 28249706

Co-incubation
(IC50, 0.296 μM)

Pre- & co-
incubation
(IC50, 0.0261 μM)

Further evidence 
on 2 binding sites??



Cmedium

Ccell

Wash & change to CsA-free medium

Simulation of CsA concentrations: in cells vs medium

Simulation of pre-incubation effects 
on the OATP1B1 inhibition by CsA

Shitara & Sugiyama Pharmacol Ther. 2017; PMID: 28249706

Prediction of pitavastatin AUC changes by CsA
coadministration at different time intervals
(via PBPK modeling considering trans-inhibition) 

Pitavastadn administered 
1 h aver CsA dosing



Tátrai et al. Drug Metab Dispos. 
2019; PMID: 31068368

Transport inhibition (%) Cellular drug conc (μM)

These profiles support that the potentiation of the transport inhibition 
by pre-incubation is likely driven by drug concentrations inside cells.



Mechanism 3: Internalization, 
post-translational regulation??

Powell et al. Drug Metab
Dispos. 2014; 
PMID: 25200870 

PMA: Protein kinase C (PKC) activator

BIM-I 
(a PKC inhibitor)

OATP1B3 OATP2B1

Kock et al. J Biol Chem. 
2010; PMID: 20159975 

PKC activation 
->  ⇧ phosphorylation of OATP2B1, 

⇩ OATP2B1 transport activity  (⇩ Vmax)

- + - +



Mechanism 3: Internalization, 
post-translational regulation??

OCT2

Tyrosine 
kinase 
inhibitors

OCT2 activity regulated by p-Tyr switch 
(mediated by the Src family kinase 
Yes1); TKIs can reduce oxaliplatin uptake 
& toxicity in vivo

Sprowl et al. Nat Commun. 
2016; PMID: 26979622  



Recovery 
time

Taguchi et al. DMPK 2019; 
https://doi.org/10.1016/j.dmpk.2019.08.001  

CsA (0.3 μM)

Pazopanib (10 μM)

Rifampicin (100 μM)

The reduced OATP1B1 acdvity by 
pazopanib was much more rapidly 
recovered than CsA.  (<0.5 h vs a few 
hours)

Differences in mechanisms??

“Short-lasting inhibition” 



Coming ahead~

• List will expand as
more compounds will be 
tested with pre-incubation 
(the results will likely vary in terms of 
the extent/recovery time of preincubation-dependent inhibition; 
key molecular features/descriptors may emerge)
• Better mechanistic understanding 

(further evidence on “trans-inhibition”; binding equilibrium)

Shitara & Sugiyama Pharmacol Ther. 2017; PMID: 28249706

List (as of 2017)
Transporters Inhibitors references

OAT1/3 anthraquinones Ma et al. 2015
OATP1B1/1B3 rifampicin, dasatinib Pahwa et al. 2017

OCT2 crizotinib
Arakawa et al. 
2017; Omote et al. 
2018

OATP1B3

pentacyclic 
triterpenoids (betulinic
acid, ursolic acid, 
oleanolic acid)

Oh et al. 2018

OATP1B1/1B3 everolimus, sirolimus Farasyn et al. 2019
OCT1 CsA Panfen et al. 2019

OATP1B1 pazopanib Taguchi et al. 2019
OATP1B1/3 venetoclax, saquinavir

Tátrai et al. 2019OCT1/2
ledipasvir, daclatasvir, 
vandetanib, cetirizine, 
isavuconazole

MATE2-K vandetanib



Coming ahead~

• Less variability in assessing the transport inhibition potency (Ki or 
IC50 values); refinement of experimental conditions for pre-
incubation studies (pre-incubation times; control of non-specific 
binding; assay duration)
• More mechanism-based PBPK modeling; estimation of intracellular 

unbound drug concentrations; validation & implementation of 
endogenous biomarkers ⇨more accurate DDI prediction (reducing 
false negative/positive predictions) 
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