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ABSTRACT RESULTS

OATP1B1 and BCRP are two major hepatic transporters that mediate vectorial

Www.optiviablo.com

transport/hepatic clearance and biliary secretion of various organic anion compounds. A Transcellular transport B . Intracellular accumulation
Expressed in hepatocytes on basolateral and apical membranes respectively, genetic 10- 5 -
variants of the two transporters have been linked to altered pharmacokinetic and
harmacodynamic properties of various drugs, including statins-3. -
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To evaluate the effects of OATP1B1 or BCRP polymorphisms on biliary secretion of drugs, Membrane 2 s
we have developed and characterized polarized cell monolayer models that express the wild (bile duct) £ &;
type or a SNP variant of one or both transporters, with their relative expression levels Polarized pt o
quantitatively controlled to a certain extent*. MDCK c i
o @

. o . . cell 3
Using these in vitro models, we confirmed that OATP1B1 and BCRP together mediate basal Basolateral
to apical (B - A) transport of their common substrates, including estradiol-173-D- Membrane
glucuronide (E17BG), estrone sulfate (E3S), atorvastatin, rosuvasatin and pravastatin. (blood)

Protein quantitation analysis confirmed that under the same conditions, transfecting BCRP |
421C>A SNP gene (encoding the BCRP 44, variant), conferred ~56% less protein

expression compared to the wild type gene in our OATP1B1/BCRP dual model (Courtesy of OATP 1 B 1
Millennium Pharmaceuticals). For the first time, we demonstrated that compared to -

OATP1B1/BCRP,,; expressing cells, OATP1B1/BCRPq,,:« cells had substantially lower B>A

transport of atorvastatin, pravastatin and estradiol-173-D-glucuronide. Strikingly, no Figure 1. MDCK model co-expressing OATP1B1 and BCRP.
statistically significant differences were observed between the two models in rosuvastatin OATP1B1 will transport substrates into the polarized MDCK

and E3S transport. monolayer cells, while BCRP will efflux those substrates
across the apical membrane.

Figure 2. Function validation of OATP1B1/BCRP double transfected cells using
estradiol-17B-D-glucuronide (E173G) as a probe substrate. E173G
concentration was 1 pM. Assay time was 90 min. Panel A: transcellular

A new method of calculating efflux transport kinetics using intracellular unbound transport; Panel B: intracellular retention.

concentration, Is presented in calculating V,,,, and K, of BCRP,; and BCRP 4. In order

to understand the differential effect of reduced BCRP activity on B>A transport of its **P<0.01, *P<0.05 vs. wt

substrates, in silico simulations were performed using OptiSim™, a multi-transporter 120- -- OATP1B1/BCRP,, S~ OATP1B1/BCRP,,
isti i i i i i . =+ OATP1B1/BCRP

mechanistic m_odellng tool employing novel mathe_maycal des_crlptors for active transport T T T T T BCRP wt 50 = OATP1B1/BCRP,,,., ] q141k

processes. Using parameters measured from the in vitro studies, we were able to model 100------------ N S R R f | >0
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why substrates like rosuvastatin and E3S were not sensitive to BCRP polymorphism in

these in vitro studies. Furthermore, we hypothesized that one reason that rosuvastatin §‘ 80+ . < ~ 407
hepatic clearance is sensitive to BCRP polymorphism in vivo, but not in our in vitro models, ‘§ 60- ok * o E 301 g £
IS likely because the protein level and relative activity of BCRP to OATP1B1 is much lower in 0 = s £ 309 -
hepatocytes compared to our models®. This hypothesis was further confirmed using & 40- * a % 20 > % .
mathematical simulation. 0 c o 2 s o 297
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These studies demonstrated that novel OATP1B1/BCRP co-expressing cellular models are 0-+— — — — — > - 10
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useful tools to study vectorial transport of drugs and the effects of transporter A A A \,/\Qg AN S\ 0¥
polymorphisms. Properly designed in vitro studies using cell based assays and data O\@ N 6\& N @3’0 N2 Q- 20 40 60 80 100 12 | ) 1'0 2'0 3'0
analysis can generate important parameters for mechanistic modeling of drug transport in v oS < -10 - -
. . : : : : Dosing Conc (uM) Intracellular unbound Conc (uM)
complex multi-transporter environments; while modeling and simulation can be extremely
useful not only for interpreting in vitro study results, but also for potentially predicting or Figure 3. Differential effect of BCRPQ141K variant on the
correlating in vivo outcomes. Figure 4. The importance of using matched OATP1B1 only cells and unbound intracellular
transport of common substrates of OATP1B1 and BCRP, Hed < _ _ UL
across OATP1B1/BCRP co-expressing MDCK monolayers. concentration in determining BCRP mediated atorvastatin ef_ﬂux klnetlcs. L_eft: apparent _B>A
BAC KG RO U N D transport kinetics (transport rate vs. basal dosing concentration) Right: apical efflux kinetics
. . Basal compartment Cell compartment Apical compartment (transport rate vs. intracellular unbound concentration)
Transporter gene polymorphisms can have profound effects on statin (Donor) (Receiver)
pharmacokinetics. In particular, a common genetic variant of organic anion- BCRP wild type BCRP Q141K variant Q141K /WT
transporting polypeptide 1B1 (OATP1B1) reduces the hepatic uptake of many Vinax Kin (UM) Vinax Ky (UM) By Vmax By Vmax/Km By protein
tati : : th sk of statin-ind d thvl Similarl d d V < \V (pmol/min/cm?2) (pmol/min/cm?2) expression
statins, increasing the risk of statin-induced myopathy®. Similarly, reduce met  / c2r, BCRP Apical efflux 93941 5 c 4411 69404 39407 0.96 0.44 e
efflux activity in BCRP 4, cOmpared tg7BCRPm results in a marked increase Cq X VA C. Apparent 89.5+51.2  365.4%260 07416  752+237 0.11 0.53 |
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In SySteml(-: eXpOS-Ufe (o VarlO.US statins®’. |m_p_0rtant_|y, the _eﬁ:eCtS of these ¢ Vd?ﬂ. OATP1B1 C ; Eflux inhibivariable Uptake inhib:0% Metabolism infib:0% Paracelluar transport change:0% Efflux inhib:variable Uptake inhib:0% Metabolism inhib:0% Paracellular transport change:0%
polymorphisms differ depending on the specific statin that is used. This du  —- == N f . T | P PO RO EOEs o
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provides a rational basis for the individualization of lipid-lowering therapy. / £ o - |
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Methods of quantitatively expressing transporters in MDCK monolayers and : N%%\ AN )
i i . g 2 BCRP wt \
B > Atransport measurements were previously described+8. Briefly, MDCK- A —_— T crstonyincaesy 3 0.15| (o inhibition) as B
Il cell monolayers were transfected using a novel in situ transfection 42, paracellular TNk T e ——
. . . . . ' b X lower activity
technology, Opti-Expression, which allows consistent and effective Fiqure 5. Schematic illustration of a three-compartment model for Tl B & 5x lower BCRPw activity _ relaiive SNP aciviy
transfection of polarized cell monolayers. Cells were either transfected with sir?mlatiri arsport in OATP1B1 and BORP ch):) oxDressing polarized | o 0.05 _ tested OATPIBL/BCRP model s qrwe)
plasmids encoding the transporters or a plasmid encoding green fluorescent MDCK ceglls (C'pconcentration V- transport or metgbolic rgtg ¢ unbound / \4
protein (GFP) as a mock control. Intracellular retention and B—->A flux of were T P P 1. Uhbou g e e

fraCti O n) Efflux transporter inhibition (%)

Efflux transporter inhibition (%)

measured in cells expressing either GFP as a control, OATP1B1 only, BCRP

only, OATP1B1/BCRPy,, or OATP1B1/BCRP 541k Figure 6. Simulation of effects of BCRP activity change on the efflux of atorvastatin (left)
Radiolabeled estrone-3-sulfate, estradiol-173-D-glucuronide, atorvastatin, D | SCUSS | ON and rosuvastatin (right). For rosuvastatin, the effect of BCRP 4, is predicted to become
more pronounced when BCRP expression/activity is reduced.

pravastatin and rosuvastatin were used for transport assessment.

Simulations were performed with OptiSim™, an internally developed modeler 1. OATP1B1 and BCRP jointly dictate the intracellular concentration. The . —
_ _ _ _ _ _ : . .. : : . _EffluxEfficiency Ef flux Vmax/Km
for simulating active transport in the context of multi-transporter environment. Intracellular concentration and BCRP activity determine apical efflux. Transport Asymmetry Ratio = - — =
_ ptake Ef ficiency Uptake Vmax/Km
2. In our system, the BCRP SNP effect is substrate dependent, caused by the _ _ _ _
complex interaction between OATP1B1 and BCRP (Figure 3). Equation 1. Transport Asymmetry Ratio, determines the nonlinear dependence of

SU M MARY 3. The uptake and efflux transporters have different transport efficiency vectorial transporter activities
(VmaX/Km)
1. Functional assessment of transporter SNP can be done in multi-transporter 4. The Transport Asymmetry Ratio (Efflux efficiency/Uptake efficiency) REFERENCES
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