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METHODS: ASSESSING TRANSPORTER INHIBITION IN

ABSTRACT

Despite the significant progress made in the drug transporter field, predicting clinical HBSS AND HUMAN SERUM 1. Metformin-Dolutegravir DDI as result of renal OCT/MATE inhibition

Drug-Drug Interactions (DDIs) based on in vitro transporter studies still remains a 1. MDCK cells were seeded at 60K cells/well and cultured on PCF porous membrane PO.Dose °* Metformin 100% renally cleared, fitted to PK data from literature*

major challenge. Specifically, the extent of DDIs in terms of changes in Cmax and AUC inserts (0.4 um pore size, Millipore) using standard culture conditions. Kk g ° CL,s (net secretion clearance for control), is modified in presence

of victim drugs is often significantly underestimated using in vitro transporter 2. Cells were transiently transfected by proprietary Opti-Expression™ using cDNAs l . of an inhibitor with [I] and Ki: CL,,s(+1) = CL’[’,S]

inhibition constants (Ki/IC50), as exemplified by the well-studied OATP mediated DDIs encoding OATP1B1 or OCT2 alone, or five transporters shown below. o , LS ,

between statins and rifampicin, and the recently reported dolutegravir-metformin 3. Radioisotope-labeled transporter substrates were applied to the basal side of the cell | central * Inhibitor-independent In vitro to in \.nvo.mhll?rc.lon scaling factor
was extrapolated from the metformin-cimetidine DDI data (Left)?

RESULT 3: TRANSPORTER DDl MODELING

interaction. Using OATP1B1 and OCT2 as examples, this talk will discuss the effect of membrane for uptake assays in presence of various inhibitor concentrations. Actual l . Impact of DTG IC50 measured in HS or HBSS was shown (Right)
protein binding on "in vivo" transporter inhibition and present a "binding equilibrium inhibitor concentrations were measured with LC/MS.

n . . . . i i 0 CLr = GFR + CL,_(+)
shift" hypothesis to explain our experimental findings. Dose-dependent OCT2 and 4. Transport assays were conducted in HBSS only or in 100% human serum (HS). . . . . . . . . .
Met-Cimetidine ‘ ——— MET+400mg qd CIM (simulated) MEt'DOIUtegraVi ro|l— MET+50mg DTG (HS IC50)

OATP1B1 inhibitions by various drugs with both high and low plasma protein binding, RESULT 1: PROTEIN BINDING EFFECT ON IC50 | 2 rssom e | 1 oy |
were assessed in protein-free HBSS and protein-rich solutions including HBSS with 4% o AUCRL63x “maeron e AUCR 1.71x :

| © METonly (clinical) ©  MET only (clinial)
albumin, 100% human serum and 100% bovine serum. Strikingly, for highly protein

1.2

1. Cimetidine inhibition on Metformin transport by OCT2

] ] i ] ] ] IC50 (uM) Measured | fu-adjusted g g
bound drugs, unbound fraction (fu) adjusted IC50 values determined in protein-rich L B e 1SS = - AUCR 1.06x
solutions were significantly lower than that obtained from assays using protein-free g™ = HumenSeum g 00 Humanserum | 715 | 572
. . . A . . . . 9 80+ Q 80+ g g
HBSS. For example, dolutegravir, a HIV integrase inhibitor with >99% protein binding 0 5 :: — f“’“;::'*"‘:"‘ —
0 . O . rate ormin
in the human, was significantly more potent in inhibiting OCT2 mediated metformin g g Inhibitor | Cimetidine | 20% PB
transport in serum than in HBSS, with fu adjusted IC50 values of 87nM and 536nM, 2 2. S 2. o : : : —— ; ; : ——
. L. . . . . Time (hour) Time (hour)
respectively. In addition, the fu adjusted permeability of dolutegravir tested in serum ) — g e — CIM 400mg VIVIE of DTG 50me qd
. . . 01 1 10 100 1000 . . .
was also >5x higher than that assessed in HBSS. On the contrary, the fu adjusted IC50 Total Cimetidine conc. (uM) °1fu_adju1sted e (uN:;’ » PrszizLeadngneET MET alone (fitted) e i d05€) P (S'"g'e de) g
: : o e . . . . . ~o . _ L . . in vitro assay in sin rom sin rom
for low prOte|n bound Cimetidine (|n VIVO prOteIn blnd|ng 20%) Was Independent on e |C50 of the low prote|n b|nd|ng Cimetidine was not affected by serum human serlzlm hurﬁan cerum gHBSS
assay matrix. These data suggest that for highly protein bound drugs, the "actual” protein after fu adjustment. Cmax Ratio e | 1 EE T O e, L EE
free drug concentrations in presence of transporters and other drug binding 2. Dolutegravir inhibition on Metformin transport by OCT2 AUC,,.,,) Ratio 1.0 1.63 vs. 1.471 1.71 vs. 1.79? 1.06 vs. 1.79?
membrane proteins could be substantially higher than the calculated free IC50 (uM) | Measured | fu-adjusted : N . . : el e
.p , y 5 , L 1205 o HBSS = HBSS 0536 | 0536 2. Pitavastatin-Rifampicin DDI as result of hepatic OATP1B1 inhibition
concentration based on fu measured in vitro, as high affinity binding to cell - . . . . .
. : I e e 1 ' & Human Serum b Human Serum | 17.5 0.0875 = Minimal PBPK for Rifampicin * Rifampicin PK model: minimal PBPK with gut
membrane proteins could effectively change the equilibrium of nonspecific binding 2 g : —— s . . .
, _ _ 2 80 s 80 easureme io000| absorption, renal and hepatic clearances fitted to two
between drug and serum proteins. Lastly, the talk will present a partial PBPK model - e Substrate | Metformin | ~0% PB g cets of PK data in literature’
. . . . . . 1 | = 1 Inhibitor | Dolutegravir | 99.5% PB
incorporating total plasma drug concentration and in vitro transporter IC50s obtained : S L. e % 5000 . Pitavastatin PK model: modified from extended
with human serum, demonstrating improved IVIVC of dolutegravir and rifampicin . - > Fitted parameters clearance concept model with 5 extrahepatic
associated DDIs. These studies, for the first time to our best knowledge, showed that 0 . 0 . Iﬁﬁi_'éf,:;it.}‘l;?;}‘m compartment (EHC) model* with hepatic elimination
l l I 0.01 0?1 - 1 - 10 | 100 0.0001- 0601 0-101 ?1 - -1 - :IHO nirinsic ver & =5 r o . . . .
for highly protem b?ur:jd drug(sj, con\{entl.onal ?Pprc?ach based on u.n:]).obtfer drug h | et T (] Fanusted ombound cone. (UM ) S|mu.Itaneous simulation with (.)n|y.o,.A‘TP.1|.31
concentratlor.m may lea tc? un. ergstlmatlon of in wvo.tra.nsporter inhibition. As s.uc , « After fu adjustment, the inhibition potency of the high protein binding 1 bBPK for Pitavastatin med|ateq upta.k.e clearance (P.Smf) is inhibited by.
we may consider conducting in vitro transporter studies in human serum and using Dolutegravir in human serum was 6.2x higher than that assessed in HBSS 5 plasma rifampicin concentration. Two IC50s obtained
total plasma drug concentration for modeling and prediction of transporter mediated 3 Rifampicin inhibition on E17BG transport by OATP1B1 B w/ 1C50 from Hs from HBSS or 100% human serum were compared.
) : %5 AUCR 7.7x P.O admin | Pitavastatin Pitavasatatin 2mg
DD|S IC50 (uM) Measured | fu-adjusted % . . o
10, 120- £ {g w/ 1C50 from HBSS (FaFg=1) 2mg only with 600 mg Rifampicin
—o~ HBSS HBSS 167 o1 8 _ AUCR 1.7x Simulated NG inhibit Ki=16 uM Ki=1.5uM
BACKG ROUND ON PROTEIN BINDING 5 100- 5 Human Serum . e Human Serum | 151 0.151 w/o Rif codose Ki © INRIDIEOL (from IC50 in HBSS) (from IC50 in human serum)
S g0 2 80 fu measurement ol | e Cmax Ratio 28.0 46.3 (1.7x) 124.2 (4.4x)
_ ] o _ S i Substrate E178G 98.2% PB 0 2 4 ¢ 8 0 12 _
e At binding equilibrium between Albumin (A) and Drug (D) K & - 2 60; \ inhibitor | Rifampicin | 90%PB Time (hour) AUCRatio 41.5 70.7 (1.7x) 319.7 (7.7%)
in vitro, the binding dissociation constant K, = koﬂ/kon. A+D s AD E " D E 404 CONCLUSION
. e . [D] k ) s
 Unbound fraction at equilibrium is given, f,, = _ off = 20
. . . : _ [aD]+[D] T Y I I Y S e - i, S e For highly protein bound inhibitors, Dolutegravir and Rifampicin, the apparent IC50s
. Howsver, in th? presence c(;f ad(;zlltlonal |d|[|)5p05|t|onoI Binding shift : 0.01 T:;;I Rifar;picm gznc (J::) 1000 0.01 ] adj::tEd unbo1und Concm(uw 100 measured in 100% human serum were significantly lower than what were
mechanism, is fu measured under equilibrium condition in presence o . | N ; . oL :
s o et ? ound d tra?msporter? e After fu adjustment, the inhibition potency of the high protein binding calculated based on fu and the intrinsic transporter IC50s assessed in HBSS. For low
appropriate 1or es,'mf N the elfective Unbouhd arug Rifampicin in human serum was 10x higher than that assessed in HBSS ~ protein binding Cimetidine, such difference was not observed.
concentration in vivo: e When IVIVE model was simulated with IC50 measured in human serum,
RESULT 2°: DOLUTEGRAVIR I1C50 MEASUREMENT FOR Dolutegravir appeared to be a clinically relevant inhibitor of renal secretion of

e Traditional way of in vitro — in vivo extrapolation (IVIVE) and DDI prediction goes
1. Measure IC50 in protein free assay buffer (e.g. HBSS or Krebs-Henseleit buffer) IVIVE (QUINTUPLE IVIODEL)
2. Measure drug fu at equilibrium in vitro (e.g. rapid equilibrium dialysis)

metformin, which is mediated primarily by OCT2 and MATEs.
e Pitavastatin-Rifampicin associated DDI was predicted to be similar to the previously

 MDCK-Il monolayers expressing a combination of five transporters known as observed AUCR data (background) only when applied with IC50 measured in human
3. Use fu to adjust plasma concentration in vivo (Cy, X fu) to predict substrate “Quintuple model™ with basal OCT2, OAT2, OCT3 and apical MATE1 and MATE2K. serum.
clearance and DDI potentials for perpetrators (e.g. R = 1 + fu-[C,,,1/Ki) e Radiolabeled Metformin was measured after B>A transcellular transport. * For highly protein bound inhibitors, it may be useful to obtain their apparent IC50s
Dose dependent inhibition of B>A transport by running in vitro assays in 100% human serum to predict their DDI potentials, e.g.,
* Nevertheless, this process required drug-dependent scaling factors for uptake MATEA MATE2K e siven as ratio R in the presence of an inhibitor.
tran§porters to correlate the observed drug clearance (Jones, H. et ?l' 2012 DMD).  Apical Membrane * ¢ ) -8~ Human Serum . fu-Ima, E> P 1 fu-l .. _ I ..
!Darjcm.u.larly, Duan, P. et al. .reported that such ap.proac.h.unc!er-pred|Fted OATP1B1 o | we P | 100 ~6- HBSS | = Ay Ki ppss =T Fu - Ki_puman Serum. T Ki_t1vmam Serum
inhibition potency of certain perpetrators, e.g. rifampicin-pitavastatin DDI. "Tr:t’::l‘;?' : . 5 Hl:f:'a"n‘:::"m Me:‘::’e" f“:‘;’;‘:;ed Reference
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