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ABSTRACT TRANSPORTER-INDUCED PROTEIN BINDING SHIFT SCENARIO 2. INHIBITOR PROTEIN BINDING SHIFT

Transporters are key modulators of drug disposition. Therefore, predicting transporter (Tl PBS) HYPOTHESIS Dynamic Model for Inhibitor kom/Kd_td PD K__uptake 0
, b ;
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mediated drug clearance and potential drug-drug interactions (DDI) is crucial. Currently, as '/, hypothesize that that is also a substrate: } Tfu +Dy 7 Kops el
a surrogate method for in vitro-in vivo correlation (IVIVC), cell-based assays adopt the + Higher binding affinity of a drug to plasma-facing uptake transporters may SPI, o, SP, + I,

‘equilibrium model’ where transporter kinetics are measured in protein-free buffers in displace drug binding to serum proteins, “pulling” more drug molecules to kop/Kd_ai

vitro (e.g. HBSS without albumin), then adjusted by drug unbound fraction at be transported or to inhibit the transpo;ter koffH Ko/ Ka_ti

equilibrium, f, (e.g. measured by rapid equilibrium dialysis), for in vivo prediction. + The extent of TIPBS would depend on drug binding affinities to both serum TPI, S

However, we observed that this approach tends to under-estimate the disposition of K i uptake

proteins and transporters, transporter abundance and transport rate. _ o _ o -
* Assumptions: inhibitor dissociation constant to SP (K, ;) was set to 10 uM (f,

approximating 0.015). Substrate has no protein binding. No passive diffusion
(P4+=0) for drug substrate and inhibitor.

certain highly-protein bound drugs, often requiring large scaling factors for IVIVC.
Hence, we hypothesized that transporters may shift drug-serum protein binding from
equilibrium by creating a sink condition for its high-affinity substrates. Using a

* TIPBS may not directly influence an efflux transporter whose binding site(s)
are inside cells; however, it may indirectly impact efflux activity through
affecting intracellular drug concentration via acting on a uptake transporter.

mathematical model, we aimed to quantitatively demonstrate the substrate’s higher * Simulation: the effects of [TP] and inhibitor binding affinity towards the
binding affinity towards a transporter can influence the binding equilibrium between the MODELING: EQUILIBRIUM VS. DYNAMIC transporter (K, ;), with or without 660 uM SP. IC50 curve at varying initial
drug and serum protein (SP). ‘Dynamic models’ with a series of differential equations inhibitor concentration was demonstrated as % activity, representing relative

In an equilibrium dialysis tube used for measuring f,, the medium is a closed
system where rapid equilibrium of drug-protein binding can be reached.
However, in cell-based assay or in clearance organs (liver or kidney), the

describing cellular uptake of a substrate and its competitive inhibition were constructed, in
order to simulate the contribution of SP on drug transport and its inhibition, as well as to

amount of substrate uptake at given inhibitor concentration, normalized to
control ([I]=0).

contrast the results to that of an equilibrium model calculated based on f -adjustment. C i
. =1 . f‘f ) medium is an open system, where drug binding and transport may stay Result 2-1. Effect of inhibitor uptake rate constant k..
Scenarios were, 1) uptake of a highly SP-bound substrate +/- SP, with varying transporter 9 - without Hine bindi b k_d_uptake = 0.001/s k_d_uptake = 0.001/s AL 00T
. . . . ... . “p ey . T kKiu - k i _uptake =0.001/s _I_uptake =U.Ul/s
abundance and binding affinity toward transporter; 2) competitive inhibition of a substrate yhamic without reaching binding equilibrium FILIPHEE S0 P e
g = i 1 . o 100d mas ) o _ 1004 @ mem i -
uptake without protein binding, by a highly protein bound inhibitor, +/- SP. Equilibrium Model: Dynamic Model: Cell s == “ e, ™ o ot G o abumin
P = c b y S —- HBSS/ fu
As a result, the dynamic model for a highly protein bound substrate (f,=0.015 or 98.5% Medium : Medium ) : & S eS8 -
bound) showed the transport rate in the presence of 660 uM of SP can be much higher [Dy] ! | & o e g 4
re . . . . Clpsed | koﬁsp lI kon,sp I N\ Pdlff o =) 9 5x % .
than the equilibrium model when the substrate had markedly higher affinity for the ’ ) sylstem ! b i D, ] S 2 9.5x K === <
. off,s on,s —> u,ce |
transporter than for SP (K, ,,/Ky ,4=0.1 or less). Also, the extent of such shift depends on p p ! [Dd] %:,tp | —.? LS at e mi i B A a9 SIS e St B Sy oot SRV S TR P I s
transporter abundance and substrate uptake rate constant k . Expectedly, when a D Open koff‘t\ Kuptake Effux = . (M _

: : oy pELE . [D.] Syptem P Untak Transporter HBSS | albumin | HBSS /U HBSS | albumin | HBSS / fu HBSS | albumin | HBSS /fu
highly protein bound inhibitor was also a transporter substrate, such a shift became ! | Transporter 50| 03401 2388 _ 2267 [C50 | 0.3462 2425 | 23.08 IC50  [0.4339 | 3.064 | 26.93
apparent, impaCting the apparent inhibition pOtenCV (eg ICSO)‘ The dynamic model with Kon oo (TP) Result 2-2. Effect Of |nh|b|tor b|nd|ng aff|n|ty to the transporter
highly bound inhibitor (f,=0.015) in presence of SP showed that the conventional _ Kotts Kont Kd_ti=1 Kd_ti=0.1 Kd_t=0.01

g. y (fu ) p . fu D, +SP, <= SPD, SPD, .._—ﬁf' SP.+D, +TP _"-q'—p TPD, _ 100- s HBSS _ 100{ m—p=g- -~ HBSS _ 100{ m=m 5= -o- HBSS
adjustment method could underestimate up to 42 fold (as if it was less potent). Kot sp Konsp =~ U U Kofrto S = abumin 2 = abumn O = albumin

. . . . . 1 . P\ ‘A = —— HBSS/fu § -~ HBSS/fu § —- HBSS/fu

Substantiated by our previously reported in vitro observations®, the current theoretical it A D g ek S = o
simulation showed that disposition kinetics may appear differently for highly protein : Lss g " 19 £ 9.6x
bound transporter substrates and inhibitors assessed with or without serum protein in SCENARIO 1. SUBSTRATE PROTEIN BINDING SHIFT s ' s s
medium (e.g. serum, HBSS with albumin). Such phenomena, namely, Transporter-Induced « Assumptions: For both transporter and serum protein (SP), dissociation 00T o T I0 T I00 1000 10000100000 0001 001 O 1 10 100 1000100000000 0001 001 01 1 10 100 1000 10000

o o o o 5 . . . . u u ] (uM

Protein Binding Shift (TIPBS), may cause underestimation of kinetic parameters acquired constants k, are fixed at 0.01/s. SP binding affinity (K, ,4) is 10 uM (f, HBSQ] (al“:))umm ___ HBS[;,] ( :t))umm ___ HBS[S“ a;umm __
by application of f -adjustment and could contribute to the discrepancies in predicting approximating 0.015). No passive diffusion (P ..=0). IC50 | 3586 | 1564 | 230.1 IC50 | 0.6004 | 21.36 | 40.03 IC50__ | 0.3498 | 2426 | 23.32
transporter-mediated drug clearance and DDIs in vivo. * Simulation: the effects of [TP] and drug affinity towards the transporter Result 2-3. Effect of transporter abundance

(Kd_td), in presence or absence of 660 uM SP. The latter represents the [TI/[A] = 0.0001 [TI/[A] = 0.001 [TJ[A] = 0.01
BACKGROUND buffer only (HBSS) condition. Intracellular concentration over time ool ee - HBSS P . HBSS - m
-#- albumin

%k -#- albumin
e Transporter kinetic parameters (Vmax, Km, and K. /IC,) are typically measured in vitro in represents rate of uptake transport, [TPDy[*Kyprate: + HESS /fu + HBSS /fu
e Results are demonstrated as Fold Underestimation, an indicator to

% uptake to control
% uptake to control
% uptake to control

protein free buffers (e.g. HBSS). Current methods for calculating active transport and its . S . . . 50- 1.9x 50- 9.6x 50-

inhibition in serum or serum-like media requires the use of fraction unbound (f,) as the describe the extent of protein binding shift, defined by the told difterence

approach is based on the free-drug hypothesis and the assumption of rapid serum protein  ©f the intracellular concentration of D, at two conditions: uptake rate o . >

binding. In other words, drugs are in binding equilibrium with proteins in serum and only with SP vs. f -adjusted uptake rate without SP. R Maam . o T e Y e

. . . L. . . . . uptake,,SP SS lbumin SS/ fu HBSS | albumin | HBSS / fu HBSS | albumin | HBSS / fu
the free fraction (fu) IS transported or has inhibitor effect. This method is known for Uptake Fold Underestimation = = kW — IC50 ol.i086067 2.121 2545 IC50 0.3498 2.426 23.32 IC50 3.558 2.654 237.2
requiring drug-dependent scalar in predicting in vivo clearance?, it also underestimates in fuxuptakewo

vivo inhibition potency of some higthVprotein bound transporter inhibitors3. 126 - HAIZD.04 o Kd_uptake=0.001/s CONCLUSION
max O |

Juptake,serum = Ctotal X fu X K, ’ [Cs0, serum = ICso,in vitro/Ju ‘5 2] X e e é Y N wex = maoor e A novel hypothesis of transporter-induced protein binding shift (TIPBS) is
. . . . o] ey . . . = - ' = & [T]/[A]=0.001 . . 5 -

* By comparing in vitro transport and inhibition data measured in protein free buffer and in 3 s ** A K duptakez001 G g 167 . ETHALO_OOM proposed as a possible theoretical basis for previously observed drug transport
100% serum, we found the f, adjustment may not be compatible with some highly s 2, : oupiaret © 2 j and inhibition in the presence of serum protein binding, which can not be
protein bound compounds. o 27 ; o 2 explained by the conventional equilibrium model /fu adjustment method.
Example. Effects of serum protein binding on OATP1B1 mediated E17bG uptake B R . . . . : W? have constructed a dynamic model and simulation schemg Fh.at successfully
(left) and its inhibition by Rifampicin (Right). The conventional f, adjustment ST S S validates the TIPBS hypothesis. Moreover, our parameter sensitivity analyses
approach underestimated both E17bG uptake and rifampicin IC., in serum. Transporter binding affinity (Kg_ta) (uM) Transporter binding affinity (Ky_ ) (UM) suggest that drug binding affinity to transporter and transporter abundance may

OATPLEL mediated uptake of 2u E1760 . Result 1-1. Effect of rate constant k o be two dominant parameters that affect the extent of TIPBS.
i2n.5H-BSS réor Bore senm @pees g % :; :BSS — fu measurement re|ative|y S'ma” frar parameter Senusliittéitlelty Result 1-2. EffeCt of tr.anSpOrter e \Without factoring in such transporter- and drug_ dependent TIPBS effects) the
T . TN s wuman sen oy |oumte | EI7PE | 982%P8 . o abundance ([T]) is relatively large. conventional f, adjustment method may substantially under-estimate in vivo
o] T : inhibitor | Rifampicin | 90% PB analysis. However, the shift is most When [T]/[A] ratio = 0.01 was | DLII)I | f highl = d d
: o S clearance or otential for certain hi rotein bound drugs.
S 2 go- Assay buffer IC50 (uM) intfluenced by the aftinity towards.ti'.ne scanned for parameter sensitivity, a P STV P :
- - e T transporter (K 4) compared to affinity 15% shift was observed at K, ;=10 R
- £ N ° 40 Human serum (calculated) 16.1 towards the serum protein (Kd ad)' Therefore’ WML i st [T]/[A] rat_io _ EFERENCES
257 . Human serume (measured) 1.51 . . . r ‘ ’ ] ]
05 . o for future simulation, we f'XEd_the !<uptake to 0.0001, such shift was delayed until 1. M. Jahic, J. Baik, et. al., 13th EU ISSX 2015, P164, Glasgow
be@ 6\\@6 8,01- 0..1 . -1. : .....-1..0 . ..---1-30 - ----1-;-100 be 0001/5 and eXpe.Ct Only a minor influence Kd td=0-1 uM. 2 Jones et al.’ DMD (2012) 40: 1007
& Actual Total RIF Concentration (uM) from this parameter. -
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