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ABSTRACT OBJECTIVE RESULTS

Recent regulatory interest in the role of drug transporters in drug- TO_ tharaCterlze the expression and function of Transporter Reference Concgi?:ation Linearity Colzelfr;iiail;nt
drug interactions (DDI) has resulted in explicit requirements for new clinically-relevant SLC drug transporters Substrate (M) (min) (r?)
f:he_n_ﬂcal entitie_s (NCEs) to be evaluated as substrates and expressed in polarized MDCK cell models, and to hOAT1 p-aminohippurate 2 1-8 0.9632
nhibitors of major transporters. demonstrate the robustness of these models for hOAT3 | p-aminohippurate 10 1-10 | 09814
The FDA Draft Guidance on Drug Interaction Studies recommends use in DDI studies. hOATP1B1 esgﬁifrlg,ln?g:)_ 2 1-8 0.9458
seven major transporters to be routinely tested: Organic Anion hOATP1B3 CCKS 5 1-10 0 9665
Transporters OAT1 (SLC22A6) and OAT3 (SLC22A8), Organic

Catiorl? Transporter (()CTZ (SLC)322A2), Orgémic Anion )Tran%porting REPRESENTATIVE DATA Eggg mz/lt;?r:in 18 1:: 32;23

POIypeptideS OATP1B1 (SLCOlBl) and OATP1B3 (SLC0183)1 OCT2-mediated Metformin uptake OCT2-mediated Metformin transport
and efflux transporters Breast Cancer Resistance Protein BCRP
(ABCG2) and P-glycoprotein P-gp/MDR1 (ABCB1). The EMA
guidance recommends two additional transporters — Organic Cation

Table 1. Linearity of assays used to investigate important SLC transporters
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T OCT1 (SLC22A1 d th il | éém %cg 6 Transporter Reference Km (UM) Vimax FOA % CV
ransporter (S ) and the Bile Salt Export Pump g E 3 p Substrate m (H (pmol/min/cm?) 6
(BSEP) — for evaluating transporter related DDI. 5o 0 - £ 4
s 2, Virex = 120 pmol/min/cm? 5 2 hOAT1 p-aminohippurate | 15.6 + 3.71 6.86 + 0.678 24.1 15.6
| | : = 2 R? = 0.9887
Among the six solute carrier (SLC) transporters, OAT1, OAT3 and g m = OLL M : -
. 0 - hOAT3 p-aminohippurate| 116 * 79.6 2.16 = 0.614 7.08 15.4
OCT2 are predominantly expressed on basolateral membranes of 0 200 400 600 800 1000 0 2 4 6 8 10 _
renal proximal tubule cells; OCT1, OATP1B1 and OATP1B3 are the vietiormin (M Time (min) hOATP1B1 esgli‘i'&'éln?gf' 17.4 +3.38 | 858 = 0.555 24.6 12.3
major basolateral transporters in hepatocytes. Despite these . . . .
J . _p . P Y . P Figure 1. OCT2-mediated transport Figure 2. OCT2-mediated transport hOATP1B3 CCK8 48.2 + 5.74 14.6 £+ 0.827 30.4 17.4
transporters operating in polarized cellular environments of the using 10 UM Metformin. For kinetic of 10 UM Metformin is shown to be
kidney and liver in vivo, most labs conduct transporter studies usin ot - - - hOCT1 MPP+ 378 £11.0 66.1 £ 8.48 32.2 15.8
y | ' P 9 determinations, the assay time was 5 linear to at least 8 minutes.
non-polarized cellular models such as frog oocytes, CHO and minutes. hOCT?2 metformin 611 + 236 120 + 23.9 16.6 16.0
HEK293 cells. . . .
. et © oneict - o & ratos Table 2. Assay properties: Substrate kinetics, fold of activity, and
SSay ropbusiness and consistency ransport or various KNown substrates In . . _
: i ! (n=9, average FOA: 16.6x, CV: 16.0%) polarized MDCK cells expressing OCT2 mterday/ mtraday (n—9) % CV.
Here, we present characterization data for expression of these = 0cy S ok contro
. . . L
important SLC transporters in polarized MDCK cell monolayers, y it v Test
which more closely mimic the physiology of real organ boundaries. : o T 20 Transporter F;ift)eéfrr;fee Concentration Inhibitor ICso (LM)
These data are published to facilitate comparison with expression g ® £ (M) —
dels that d t cl | tch | : hvsiol ) = 2 3 150 T I Mefanamic Acid 0.355 + 0.0724
moaeis that ao not Closely maltcn in vivo pnysiology. §E o 52 100 hOAT1 p-aminohippurate 2 Ibuprofen 3.43 =+ 0.854
£ é = Probenecid 3.73 + 0.459
g1 >0 Indomethacin 0.164 + 0.0543
= hOAT3 p-aminohippurate 10 Probenecid 2.28 £+ 0.378
0 Ibuprofen 14.4 + 3.63
v \% C ’ : ¥ . Cyclosporin A 1.77 = 0.222
3 N N S F & & _178-D- yclosp
APPROACH & & & & R hOATP1B1 esgﬁ‘ifr'olnffe[) 2 Rifampicin 1.88 + 0.328
N N N N Gemfibrozil 226 + 37.6
: : : : Bromosulfophthalein 1.51 + 0.416
![\ADr]C:cheIIs (\;vetr_e Etransfec_:ted uf\!nﬁ a”novel In s.l_tut tra:nsfglctlfcf)n X Figure 3. Robust and reproducible Figure 4. Uptake of a variety of HOATP1R3 CCKS , Cyclosporin A 2.04 + 0.276
- - : : : : A1 = 0.
echnology, Opti-Expression, which allows consistent and efrective assay for OCT2, with an average cationic substrates in polarized RR.famp.cm_ 267215 +0227783
transfection of polarized cell monolayers. Cells were either uptake 16.6 times higher in OCT2- MDCK cells expressing OCT?2 SsuvaSta'ﬁm 1.9 + 1.46
! i : ] erapami 9O X 1.
transfgcted Wlth plasmids encoding the SI__C transporters or a expressing cells compared to perfectly compared to control cells. hOCT1 VPP 10 Ouinidine 888 + 111
plasmid encoding green fluorescent protein (GFP) as a control. matched control cells. Cimetidine 569 = 210
Observations confirmed the SLC transporters are properly localized - 'V'P_z+ j 2.17 + 0.308
' : Isopyridamole 2.51 + 0.307
on the basolateral membranes of polarized MDCK cells. 100- e hOCT2 metformin 10 Ouinidine 699 + 218
| | 1007 Cey = 217 M+ 0,308 1M 0. S0 = ent HEE SR Irinotecan 16.5 = 3.66
Nearly perfect controls have been achieved using cells transfected 80- — S—
Table 3. Assessment of inhibition for known inhibitors of each transporter.
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at the same time with either the transporter of interest or GFP.

Using this approach, the effects of endogenous transporters and the
effects of passive uptake on the compound of interest can be easily
subtracted, allowing measurement of only the transporter specific
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DISCUSSION

o
L

« The characterization data demonstrate robust and consistent

. substrate and Inhibition studies can be achieved using transiently
For each of these transporters, evaluation of known substrates
100- transfected MDCK cells.

including time course and K., determination is presented, as well as 100-

IC., determination for multiple known inhibitors. 80- 80-

* Nearly perfect control cells are used to subtract the effects of
passive uptake and endogenous transporters, isolating the results
to only the transporter of interest.

60- 60-

% of control
% of control

40- 40-
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1. FDA Guidance for Industry (Draft) — Drug Interaction Studies, 0.1 110 100 1000 01 1 10 100 transporter activity in polarized cells, a more physiologically
February 2012 Quinidine [ finotecan [uM] relevant polarized cellular environment.
2. EMA Guideline on the Investigation ot Drug Interactions (Final) Figure 5. IC., determinations for a variety of OCT2 inhibitors. 10 pM Metformin

June 2012 was used as the substrate; assay incubation time was 5 minutes.



