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DDI-2018:  21st Conference on DDIs 

FDA guidance documents:  A 21 year history 
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ñEach year, large 
numbers of new drug-
drug interactions are 
discovered, precluding 
the possibility that any 
prescriber could 
memorize them all.ò  

 

U.S. Department of Health and Human 

Services 

Food and Drug Administration 

Center for Drug Evaluation and 

Research (CDER) 

Center for Biologics Evaluation and 

Research (CBER) 

 

September 2006 

Clinical Pharmacology 

1997 

 

2006 2012 

ñTransporter-based interactions 

have been increasingly 

documented. Examples of 

these include the inhibition or 

induction of transport proteins, 

such as P-glycoprotein (P-gp), 

organic anion transporter 

(OAT), organic anion 

transporting polypeptide 

(OATP), organic cation 

transporter (OCT), multidrug 

resistance-associated proteins 

(MRP), and breast cancer 

resistant protein (BCRP).ò 

 

ñThe role of 

transporters in drug 

interactions should 

be evaluated.ò  

 

2017 

ñMembrane transporters can 

have clinically relevant 

effects on the 

pharmacokinetics and 

pharmacodynamics of a drug 

in various organs and 

tissues by controlling its 

absorption, distribution, and 

eliminationò 
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Regulatory Guidance on Transporter DDIs   

3 

ñUnderstanding the effect of a NME (drug) on induction and inhibition of both enzymes and transporters is 

crucial in determining appropriate labelling language, and in the safe and effective use of the NME (drug).ò  

J. Woodcock, Director of CDER/FDA & S.M.Huang, Deputy Director of OCP, CDER/FDA 

Transporter DDI studies are now expected by global regulatory agencies 

FDA draft (2017) EMA (2012) PMDA draft (2013) 
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Drug-Drug Interactions (DDIs) 

Å Among Americans 60 or over, 76% used two or more prescription 

drugs, 64% used 3 or more,  and 37% used 5 or more. 

4 

CDC, NCHS Data brief #42, Sept. 2010  
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Which Transporters Are the Regulatory 

Agencies Most Focused On? 
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Transporter Gene Expression 

P-gp (MDR1) ABCB1 liver, kidney, intestine 

BCRP ABCG2 liver, kidney, intestine 

OATP1B1 SLCO1B1 liver 

OATP1B3 SLCO1B3 liver 

BSEP * ABCB11 liver 

OCT1 * SLC22A1 liver, intestine 

OAT1 SLC22A6 kidney 

OAT3 SLC22A8 kidney 

OCT2 SLC22A2 kidney 

MATE1 SLC47A1 kidney 

MATE2-K SLC47A2 
kidney 

* BSEP and OCT1 studies are recommended by the EMA, but not by the FDA 
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Optivia Biotechnology:  Transporter Assays 
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Liver transporters 
 

Transporter Gene Probe substrate Reference inhibitor 

OATP1B1 SLCO1B1 E17bGlu rifampicin 

OATP1B3 SLCO1B3 CCK8 rifampicin 

P-gp ABCB1 quinidine elacridar 

BCRP ABCG2 prazosin Ko143 

BSEP ABCB11 taurocholate rifampicin 

OCT1 SLC22A1 MPP+ quinidine 

MATE1 SLC47A1 metformin cimetidine 

Kidney transporters 
 

Transporter Gene Probe substrate Reference inhibitor 

OAT1 SLC22A6 PAH probenecid 

OAT3 SLC22A8 E3S probenecid 

OCT2 SLC22A2 metformin quinidine 

MATE1 SLC47A1 metformin cimetidine 

MATE2-K SLC47A2 metformin cimetidine 

P-gp ABCB1 quinidine elacridar 

BCRP ABCG2 prazosin Ko143 
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Optivia Biotechnology:  Transporter Assays 
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Liver transporters 
 

Transporter Gene Probe substrate Reference inhibitor 

OATP1B1 SLCO1B1 E17bGlu rifampicin 

OATP1B3 SLCO1B3 CCK8 rifampicin 

P-gp ABCB1 quinidine elacridar 

BCRP ABCG2 prazosin Ko143 

BSEP ABCB11 taurocholate rifampicin 

OCT1 SLC22A1 MPP+ quinidine 

MATE1 SLC47A1 metformin cimetidine 

MRP2 ABCC2 E17bGlu benzbromarone 

NTCP SLC10A1 taurocholate chenodeoxycholate 

OATP2B1 SLCO2B1 E3S BSP 

MRP3 ABCC3 E17bGlu benzbromarone 

MRP4 ABCC4 E17bGlu benzbromarone 

OCT3 SLC22A3 metformin quinidine 

OAT2 SLC22A7 cGMP indomethacin 

ENT1 SLC29A1 adenosine NBMPR 

ENT2 SLC29A2 hypoxanthine adenosine 

CNT2 SLC28A2 uridine adenosine 

Kidney transporters 
 

Transporter Gene Probe substrate Reference inhibitor 

OAT1 SLC22A6 PAH probenecid 

OAT3 SLC22A8 E3S probenecid 

OCT2 SLC22A2 metformin quinidine 

MATE1 SLC47A1 metformin cimetidine 

MATE2-K SLC47A2 metformin cimetidine 

P-gp ABCB1 quinidine elacridar 

BCRP ABCG2 prazosin Ko143 

MRP2 ABCC2 E17bGlu benzbromarone 

OCT3 SLC22A3 metformin quinidine 

MRP3 ABCC3 E17bGlu benzbromarone 

MRP4 ABCC4 E17bGlu benzbromarone 

MRP1 ABCC1 E17bGlu benzbromarone 

OAT2 SLC22A7 cGMP indomethacin 

OAT4 SLC22A11 E3S indomethacin 

OCTN1 SLC22A4 ergothioneine verapamil 

OCTN2 SLC22A5 carnitine verapamil 

OATP1A2 SLCO1A2 E3S BSP 

SGLT2 SLC5A2 Me-D-glucopyranoside phloridzin 

ASBT SLC10A2 taurocholate chenodeoxycholate 

URAT1 SLC22A12 uric acid benzbromarone 

PEPT1 SLC15A1 GlySar Losartan 

PEPT2 SLC15A2 GlySar Losartan 

ENT1 SLC29A1 adenosine NBMPR 

ENT2 SLC29A2 hypoxanthine adenosine 

CNT1 SLC28A1 uridine adenosine 

CNT2 SLC28A2 uridine adenosine 

CNT3 SLC28A3 uridine adenosine 
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Optivia Biotechnology:  Now With 100+ 

Transporter Assays 
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Assay robustness and consistency 
(average FOA: 32.2x, CV: 15.8%) 
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Fig 1. Inter- and intra-day variability for OCT1 assay Fig 2. Transport of multiple substrates by OCT1 
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Fig 3. Kinetics of OCT1 mediated MPP
+ 

uptake 

 

Fig 4. Time course of OCT1 mediated MPP
+ 

uptake 
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Rigorous Assay Characterization and Validation 
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MATE assays 

ÅEfflux transporters, even though they are SLC 

transporters. 

ÅCan be difficult to measure as efflux transporters, as the 

substrates are generally low permeability polar 

compounds. 

10 
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MATE assays 

Å MATEs are organic cation/H+ antiporters.  By artificially creating 

an outward flow of protons (acidifying the cells), MATEs can be 

studied as uptake transporters as opposed to efflux transporters. 

Å Pre-treat cells with 20mM NH4Cl prior to assay 

11 

H+ 

H+ 

H+ 
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MATE assays 

12 

Or 

H+ 
H+ 

H+ 

H+ 

H+ 

H+ ? 

Å To simplify assays, the pH gradient is ñflippedò either by acidifying the 
inside of the cells (NH4Cl pretreatment) or by using a high pH buffer 
outside of the cells.  By doing this, the MATEs function as uptake 
transporters. 

ÅButé is this the best way to assay? 
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Directional Asymmetry of MATE1 Mediated 

Transport 

13 

ÅMATE1 is much more efficient as an efflux transporter than 

as an uptake transporter  

Zhang et al., ISSX poster  P437 (2014) 
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Multi-Transporter Assays 

 

ÅUnique multiple-transporter models 

ÅAllows studies of MATE transporters in their ñefflux 
modeò 

 

 

14 

Creatinine renal 

secretion model  
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Established Leader in Transporter Studies 

ÇThe worldôs largest portfolio of transporter assays 

Á100 transporter assays and models 

ÁUnique multi-transporter expressing models 

ÁAbility of integrating transporter and CYP enzyme 

ÁTransporter panels for specific tissues and diseases 

ÇFDA/EMA/PMDA-compliant  transporter mediated DDI studies 

ÁFDA approved study protocol 

ÁFDA&EMA approved submissions 

ÁCertified PMDA data integrity compliance  

ÇExtensive experience and in-depth expertise 

ÁThe first provider of FDA transporter DDI panel 

Á400+ customers worldwide 

Á1000+ client sponsored transporter studies (ranging from discovery phase to PMS) 

ÁFree technical consultation on regulatory DDI and complex drug disposition studies 

ÇSolid reputation and customer satisfaction 

A proud winner of                                           , for customer rated excellence in Productivity, 

Reliability, Regulatory and Accessibility 

15 
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Service and Product Offerings 

Ç Transporter assay services 
Á Regulatory: FDA/EMA/PMDA-compliant DDI studies 

Á Mechanistic: complex ADME/Tox MOA studies  

Á Discovery: early-stage transporter inhibitor/substrate screening 

Á Customized assay/model development 

 

Ç Transporter assay products 
Á TransFlexTM assay-ready transporter plates 

Á Certified GenoMembraneTM efflux transporter vesicles 

 

Ç Others capabilities 
Á CYP DDI studies (through partnership) 

ÁCYP Induction 

ÁCYP inhibition 

ÁRxn Phenotyping 

Á Protein binding, transporter expression analysis, cytotoxicity assay, etc. 
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Transporter Research Solutions by Application 

Opti-DDIÊ Definitive assessment of DDI liability for regulatory submission 

Opti-DiscoveryÊ Screen against transporters as therapeutic targets  

Opti-Safety Ê 
Identify safety liabilities of compounds by screening against 

toxicity related transporters 

Opti-ADMEÊ 

Augment the rational design of compounds or pro-drugs that 

target specific transporters for improved bioavailability, PK 

profile and tissue targeting 

17 


