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Abstract
Hepatic disposition plays a significant role in the pharmacokinetics and pharmacodynamics of a
variety drugs. Sinusoidal membrane transporters have been shown to participate in the hepatic
disposition of many pharmaceuticals. Two sinusoidal membrane transporters with an established
role in hepatic disposition are OATP1B1 and OATP1B3. OATP1B1 and OATP1B3 have been
implicated in the hepatic uptake of statin drugs and polymorphisms linked to OATP1B1 have been
associated with deleterious patient endpoints. As a result, OATP1B1 and OATP1B3 represent
sites for potential drug-drug interactions. Numerous methods exist for identifying potential drug-
drug interactions with transporters. However, relatively few offer the convenience and speed of
fluorescence-based assays. Here, a fluorescence-based assay was developed for measuring the
OATP1B1 and OATP1B3 mediated transport of 8-fluorescein-cAMP (8-FcA). The OATP1B1 and
OATP1B3 mediated transport of 8-FcA was time dependent and saturable (Km = 2.9 μM, Vmax =
0.20 pmol/min/cm2 and 1.8 μM and 0.33 pmol/min/cm2, respectively). Molecules known to
interact with OATPs, including cyclosporin A, rifampicin, and glibenclamide, each demonstrated
concentration dependent inhibition of 8-FcA transport by OATP1B1 and OATP1B3. The in vitro
fluorescence-based assays described here using 8-FcA as the substrate are convenient, rapid, and
have utility in screening drug candidates for potential drug-drug interactions with OATP1B1 and
OATP1B3.
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Introduction
There is an ever-increasing appreciation for the role of transporters in the absorption,
disposition, and excretion of pharmaceutical compounds. Organic anion transporting
polypeptides 1B1 and 1B3, OATP1B1 and OATP1B3, are transporters predominately, and
perhaps exclusively, localized to the liver and play an important role in the hepatic
disposition of drugs [1]. Their localization and their role in hepatic disposition make
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OATP1B1 and OATP1B3 obvious choices for the early screening of drug candidates to
eliminate molecules that may foster potential drug-drug interactions. In vitro studies of drug
metabolizing enzymes have contributed to the significant reduction in the failure rate of
drugs for pharmacokinetic/bioavailability reasons [2]. It is likely that similar in vitro studies
of drug transporters could further reduce the failure rate of drugs [3]. A number of in vitro
studies involving drug metabolizing enzymes have employed fluorescence-based
methodologies, because of their speed and convenience, to identify and screen out
problematic compounds early in development [4]. Fluorescence-based methods offer some
advantages over traditional methods used to investigate transport; they avoid the use of
radioisotopes and offer accelerated analytical measurement. Fluorescent methods have been
developed for screening molecules against transporters using the fluorescent molecules, 4-
(4-(dimethylamino)styryl)-N-methylpyridinium and [2-(4-nitro-2,1,3-benzoxadiazol-7-
yl)aminoethyl]trimethylammonium, for organic cation transporters [5-7]; 6-
carboxyfluorescein, for organic anion transporters [8]; Fluo-3 and fluoroscein-methotrexate,
for OATP1B3 [9,10]; and most recently 4’,6-diamidino-2-phenylindole for multidrug and
toxin extrusion proteins [11]. However, a suitable fluorescent substrate has not been suitably
characterized to screen candidate molecules against one of the primary xenobiotic
transporters important to the hepatic disposition of many drugs, OATP1B1.

Two fluorescent substrates for OATP1B1 have been characterized, chenodeoxychilyl-(Nε-
nitrobenz-2-oxa-1,3-diazole)-lysine, CDCA-NBD, and very recently, fluorescein-
methotrexate, FMTX [12,10]. However, the molecule characterized by Yamaguchi, et. al.,
CDCA-NBD, is not commercially available. Additionally, nitrobenz-2-oxa-1,3-diazole
derivatives characteristically have low extinction coefficients and quantum yields making
detection in some systems a concern. FMTX appeared to be a reasonable candidate substrate
for OATP1B1, but the author's indicated in their discussion that the OATP1B1 assay using
FMTX may need further optimization or may require a different substrate. The authors
further noted that they were testing additional fluorescent substrates for OATP1B1 in order
to increase the signal and to establish a reliable assay for OATP1B1. It was therefore of
value to continue to search for, and identify, a suitable substrate for OATP1B1 to use in
inhibition assays.

The molecule 8-FcA, 8-(2-[Fluoresceinyl] aminoethylthio) adenosine-3', 5'-cyclic
monophosphate, represents a potential candidate for use as an OATP1B1 substrate in vitro.
There are a number of characteristics that make 8-FcA a suitable candidate for investigating
OATP1B1 mediated transport and inhibition thereof. It is commercially available and it is a
derivative of fluorescein, a molecule known to have a high extinction coefficient and
quantum yield and one that is widely used in fluorescence assays. Moreover it is a large
multivalent anion similar to other substrates transported by OATP1B1 and OATP1B3.
Additionally, being a multivalent anion, its physicochemical properties are well suited for
transport assays. 8-FcA has a very high aqueous solubility and a calculated topological polar
surface area of 267 [13]. These physicochemical properties suggest that 8-FcA is not
lipophilic and is therefore unlikely to passively diffuse through the cell membrane resulting
in a high background signal relative to transport. Previous characterization of 8-FcA
transport in teleost proximal tubules and in membrane vesicles of Spodoptera frugiperda 9
(Sf9) cells transfected with human multidrug resistance associated protein 4 (MRP4)
supports a relatively good signal-to-background fluorescence [14]. Thus, 8-FcA has promise
as a fluorescent substrate for use in transport/inhibition assays. This report examines the
utility of 8-FcA as a substrate in fluorescence-based OATP1B1 and OATP1B3 assays,
analyzing its transport properties, and inhibition thereof, in CHO cells expressing OATP1B1
(CHOOATP1B1), OATP1B3 (CHOOATP1B3), and the vector control (CHOvector).

BEDNARCZYK Page 2

Anal Biochem. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Materials and Methods
Materials

8-FcA was purchased from Biolog Life Science Institute (Bremen, Germany) via its
American distributor Axxora, LLC (San Diego, CA). Technical information for 8-FcA is
available from the manufacturer, Biolog Life Science Institute. All other chemicals were
purchased from Sigma-Aldrich (St. Louis, MO). Hank's Balanced Salt Solution (HBSS) and
cell culture reagents were purchased from Mediatech (Herndon, VA). Radiolabeled
compounds, [3H] p-aminohippurate and [3H] taurocholate were purchased from American
Radiolabeled Chemicals (St. Louis, MO); [14C] metformin, [3H] bromosulfophthalein, and
[14C] adefovir dipivoxil were purchased from Moravek Biochemicals (Brea, CA); [3H]
estrone-3-sulfate was purchased from Perkin-Elmer (Waltham, MA). Transporter cDNAs
were purchased from OriGene (Rockville, MD).

Cell Culture and Transfection
CHO cells were maintained in Dulbecco's Modified Eagle Medium supplemented with 10%
fetal bovine serum, 1% non-essential amino acids, and 2 mM alanyl-glutamine at 37°C in an
atmosphere of 95% air and 5% CO2. For transient transfections, CHO cells were seeded at
50,000 cells/cm2 and transfected, according to manufacturer's instructions, with
Lipofectamine 2000 approximately 24 hours following seeding.

CHO-OATP1B1-ERAV-neo cells (CHOOATP1B1), CHO-OATP1B3-ERAV-neo cells
(CHOOATP1B3), CHO-OATP2B1-ERAV-neo cells (CHOOATP2B1), and CHO-ERAV-neo
cells (CHOvector) were created by introducing, by transfection, a bicistronic vector derived
from the pCI plasmid (Promega, Madison, WI). The vector was designed to encode the
transporter and the neomycin resistance gene; where both constructs were cooperatively
linked by a foot-and-mouth disease 2A-like sequence from equine rhinitis A virus, ERAV,
to yield two independent protein products from a single promoter [15]. The transfectants
were subjected to selection and maintained in media supplemented with 1.5 mg/mL of G418
(Promega, Madison, WI). The stable clones expressing the vector, OATP1B1, OATP1B3, or
OATP2B1 used here were identified and characterized. For transport experiments cells were
seeded at a density of 50,000 cells/cm2, in media free of G418, approximately 48 hours prior
to experimentation.

Transport and Inhibition
Approximately 24 hours following transient transfection or 48 hours following seeding for
stable cell lines, cells were aspirated of media and washed twice with HBSS. The cells were
maintained in the second HBSS wash solution for 15 minutes to equilibrate with the buffer;
inhibitor was not present during this period. Following the 15 minute equilibration period,
the wash solution was aspirated, and the experiment was initiated by the administration of
solutions of either substrate and vehicle (0.5% dimethyl sulfoxide) or substrate and inhibitor.
For kinetic studies, the concentration of 8-FcA ranged from 0.25-25 μM. For inhibition
studies, the concentration of 8-FcA used was 2.5 μM and 1.25 μM for the OATP1B1 and
OATP1B3 assays, respectively. The cells were incubated in the substrate solution for ten
minutes for kinetic analysis, IC50 determination, and Z’-factor analysis, or at various time
points for the time course assessment. For the determination of inhibition, the inhibitors
were prepared to a final vehicle concentration of 0.5% dimethyl sulfoxide. A vehicle control
plus seven incremental concentrations of inhibitor separated by approximately 0.5
logarithmic units (e.g. 0.6, 2, 6, 20 μM; 100 μM maximum) distributed around an estimated
IC50 value determined the concentration range used for each inhibitor in the IC50
experiments. Cellular uptake of 8-FcA was terminated by aspirating the substrate solution
and washing with ice cold phosphate buffered saline three times. The cells were extracted
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using a 50:50 solution of methanol:Tris-EDTA (10 mM, 1 mM), pH 8.0 (an extraction
solution of acetonitrile:water, 50:50, v:v was used for the radioactive substrates) for
approximately 10 minutes. The buffered extraction solution was used to minimize any
changes in 8-FcA fluorescence that may be sensitive to pH. An aliquot of the extract was
transferred to a black OptiPlate-96 (Perkin-Elmer, Waltham, MA) for fluorescence
measurements or a flexible scintillation plate (Perkin-Elmer, Waltham, MA) for
radioactivity measurements. Concentrations of the extracts were determined by
spectrofluorometry (λex = 485 nm/λem = 535 nm) using a Tecan Spectrafluor fluorescence
plate reader (Tecan, Männerdorf, Switzerland) or scintillation counting using a Microbeta
1450 (Perkin-Elmer, Waltham, MA). Standard curves ranging from 1-100 nM 8-FcA were
prepared on the day the experiment(s) to determine the Km and Vmax and were linear (r2 ≥
0.995).

Cellular accumulation assays to assess MRP4 activity were performed in a manner similar to
those described elsewhere [16,17,18]. Briefly, cells were seeded as described above and
approximately 48 hours later the cells were washed and equilibrated as noted above. The
cells were then incubated with 100 nM [14C] [2-(6-aminopurin-9-yl)ethoxymethyl-(2,2-
dimethylpropanoyloxymethoxy) phosphoryl] oxymethyl 2,2-dimethylpropanoate, bis-POM-
PMEA (adefovir dipivoxil), or 1.25 μM 8-FcA in the presence or absence of 100 μM
indomethacin. After two hours of incubation the cells were washed, extracted, and the
accumulated radioactivity or fluorescence was determined as noted above.

Microscopy
Cells were seeded, washed, exposed to 10 μM 8-FcA for 20 minutes, and washed with ice
cold solution three times as indicated above. Rather than being extracted, the cells were
briefly maintained in the final ice cold wash solution. Images were obtained using an
Olympus IX70 fluorescent microscope (Tokyo, Japan) equipped with a Jenoptik camera
(Jena, Germany) and ProgRes CapturePro Software (Jenoptic; Jena, Germany).
Fluorescence images were obtained following a 2000 ms exposure.

Data Analysis
Where data is normalized to control, the cellular accumulation of substrate in cells
expressing the transporter is divided by that of vector controls and the vector controls are
self-divided (vector = 1). For fluorescence data showing vector controls and transporter
expressing cells, the extracts of cells not exposed to 8-FcA is subtracted from both
conditions.

Michaelis-Menten kinetic parameters, Km and Vmax, were determined by nonlinear
regression (GraphPad Prism, GraphPad Software Inc., San Diego, CA), fit to the following
equation: V = [(Vmax*[S])/(Km+[S])], where V is the measured rate of cellular accumulation,
[S] is the substrate concentration, and Vmax and Km represent the maximal rate of transport
and the substrate concentration at the half-maximal rate, respectively. The mean cellular
accumulation of CHOvector cells was subtracted from that of the CHOOATP1B1 or
CHOOATP1B3 cells prior to kinetic analysis.

Inhibition was determined from the net cellular accumulation of 8-FcA, where the cellular
accumulation measured in CHOvector extracts were subtracted from CHOOATP1B1 and
CHOOATP1B3 extracts, and were expressed as a percent of the vehicle control. The IC50
value was determined by nonlinear regression (GraphPad Prism, GraphPad Software Inc.,
San Diego, CA), fit to the following three parameter equation: V=[(V0)/((1+([I]/IC50)n))],
where V is the measured transport, V0 is the transport in the absence of inhibitor, [I] is the

BEDNARCZYK Page 4

Anal Biochem. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



inhibitor concentration, IC50 represents the inhibitor concentration where transport is
reduced by 50%, and n is a Hill coefficient.

The Z’-factor was calculated as previously described [19].

Where appropriate, the difference between a vector control and a transporter was tested for
significance using an unpaired, two-tailed t-test (GraphPad Software Inc., San Diego, CA).
A P value of <0.05 was considered statistically significant.

Results
Transporter Specificity of 8-FcA Accumulation

To assess the specificity of 8-FcA as a substrate for commonly investigated drug
transporters, CHO cells were transiently transfected with a vector control, NTCP, OAT1,
OAT3, OATP1B1, OATP1B3, OATP2B1, OCT1, or OCT2 and subsequently exposed to 10
μM 8-FcA for 20 minutes. A relatively high concentration of 8-FcA and long exposure time
was selected to provide sufficient opportunity for the dye to accumulate in cells, even if
poorly transported. CHO cells transiently transfected with OATP1B1 and OATP1B3 readily
accumulated 8-FcA (figure 1F, 1G). A modest accumulation of 8-FcA was seen CHO cells
transfected with OAT1 (figure 1D). The untransfected cells, the vector control, and the
remaining transporters were negative for the accumulation of 8-FcA (figure 1A-J). The
occasional cell in a number of the transfected conditions appeared to accumulate 8-FcA
(arrowheads figure 1). However, this was likely due to a few cells that may have been
compromised by the transfection, because it was not apparent in the untransfected controls.
Similar results were seen for DAPI accumulation in transiently transfected cells for a
recently characterized fluorescence-based assay for MATE transporters [11].

Parallel to the fluorescent experiments seen in figure 1, transport experiments, that were
meant to serve as a functional test of successful transfection, were conducted. Using
substrates common to the transporters transfected for the assessment of 8-FcA specificity,
the transport activity associated with each transfected transporter was evaluated and
compared to that of the vector contol. For each transporter/substrate there was a statistically
significant increase relative to the vector control using a common substrate (P < 0.05 for
each transporter, figure 2). Using 10 μM metformin as the substrate, OCT1 and OCT2
showed a mean increase over control of 2.4-fold and 24.5-fold respectively. OAT1
demonstrated a 36.8-fold increase versus control, with 2 μM p-aminohippurate as the
substrate, and NTCP exhibited a 168.9-fold increase when compared to control using 2 μM
taurocholate as the substrate. Two micromolar estrone-3-sulfate was used as the substrate for
the transporters OAT3, OATP1B1, and OAT2B1, which showed a 3.8-fold, 3.1-fold, and
12.5-fold increase in activity, respectively, when compared to the vector control. For
OATP1B3 there was only a modest increase of 1.26-fold activity versus control, but the
increase was statistically significant. Furthermore, the microscopy data seen in figure 1G
provided additional support that transfection of OATP1B3 was successful.

Expression and Relative Transport
To further characterize the transport of 8-FcA, two separate cell lines were generated stably
expressing each of the two transporters that showed robust cellular accumulation of 8-FcA,
OATP1B1 and OATP1B3 (CHOOATP1B1 and CHOOATP1B3). Additionally, cell lines were
generated stably expressing the control vector to serve as a negative control (CHOvector) and
OATP2B1 (CHOOATP2B1) to be used as a comparator to OATP1B1 and OATP1B3 in initial
experiments. The comparison was of value because of the substantial substrate overlap and
shared tissue distribution between the OATP family members OATP1B1, OATP1B3, and
OATP2B1 [20]. The comparison would reflect the uniqueness of the transporters as well as
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8-FcA as a substrate. The presence of each transporter transcript in its respective cell line
was confirmed by RT-PCR.

Transport experiments were used to confirm the functional expression of each gene product.
Figures 3A-C compare the relative cellular accumulation of 2 μM estrone-3-sulfate, 2 μM
bromosulfophthalein, and 2 μM dehydroepiandrosterone sulfate. When estrone-3-sulfate was
used as a substrate, the relative increase in its cellular accumulation ranged from 4.1-fold
over control for CHOOATP1B3 to 36.1-fold over control for CHOOATP1B1 (figure 3A). The
increase seen, relative to control, when bromosulfophthalein was used as a substrate was
more uniform for the three transporters, ranging form a 6.6-fold increase for CHOOATP2B1
to a 13.8-fold increase versus control for CHOOATP1B3 (figure 3B). For
dehydroepiandrosterone sulfate, the cellular accumulation relative to control was 13.2, 2.4,
and 1.3 for CHOOATP1B1 and CHOOATP1B3, and CHOOATP2B1, respectively (figure 3C).
The transport of estrone-3-sulfate, bromosulfophthalein, and dehydroepiandrosterone sulfate
illustrated the functionality of each cell line, and reflected the uniqueness of each
transporter. The cellular accumulation of 8-FcA was then investigated. Figure 3D compares
the cellular accumulation of 2 μM 8-FcA in each of the cell lines. Both CHOOATP1B1 and
CHOOATP1B3 show robust accumulation of 8-FcA, whereas the accumulation of 8-FcA by
CHOOATP2B1 was not statistically different from that of CHOvector (P = 0.51). The data in
figure 3 further confirms the image data from the transient transfections where, despite
significant substrate overlap with OATP1B1 and OATP1B3, OATP2B1 does not transport
8-FcA.

Assessment of MRP4 Activity
Because 8-FcA was previously characterized as an MRP4 substrate [14], it was of value to
assess the CHO cells for potential endogenous hamster Mrp4 activity. Mrp4 activity was
assessed by means of a drug accumulation assay using the pro-drug, bis-POM-PMEA. Bis-
POM-PMEA diffuses into cells and is converted to the MRP4 substrate PMEA by
endogenous esterases. The well characterized MRP4 substrate, PMEA, is then available to
be transported out of the cell by MRP4 [21]. While the pro-drug bis-POM-PMEA is
frequently used, a pro-drug is not necessary to investigate MRP4-mediated transport; the
polar drug AZT has frequently been used as well [17,21]. Inhibition of MRP4 activity
results in the cellular accumulation of substrate. To assess the endogenous Mrp4 activity in
the CHO cells, a two hour accumulation of compound was investigated in the presence or
absence of the potent MRP4 inhibitor, indomethacin [22]. A two hour time point was
selected to provide adequate time for 8-FcA to accumulate in the cells. Similar to AZT, the
passive permeability of 8-FcA is limited and longer incubation periods are desirable when
assessing its accumulation. When incubated with 100 nM bis-POM-PMEA the cellular
accumulation was increased approximately three-fold in the presence of 100 μM
indomethacin versus that of the respective uninhibited control, regardless of cell type (P <
0.05 for each). When 1.25 μM 8-FcA was used as the Mrp4 substrate the apparent increase
in cellular accumulation in the presence of indomethacin was approximately two-fold, but
was not statistically different from the uninhibited condition in each case (P=0.13 CHOWT,
P=0.29 CHOvector). The accumulation of 8-FcA was not assessed in the CHOOATP1B1 and
CHOOATP1B3 cells because it was thought that an increase in fluorescence accumulation due
inhibition of an endogenous Mrp4 would be challenging to determine against the
background of robust cellular accumulation of 8-FcA and potential inhibition of OATP-
mediated transport by indomethacin.

Time Dependent Transport of 8-FcA
To further characterize the transport of 8-FcA, time course experiments were performed.
Figures 5A and 5B demonstrate that the transport of 8-FcA by CHOOATP1B1 and
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CHOOATP1B3 is time dependent. Transport of 2.5 μM 8-FcA by CHOOATP1B1 was linear
throughout the time course of the two experiments and did not appear to reach steady state
by 30 minutes (figure 5A). The cellular accumulation of 1.25 μM 8-FcA by CHOOATP1B3
was relatively linear for the first 10 minutes and began to approach steady state by 30
minutes (figure 5B). In contrast to the CHOOATP1B1 and CHOOATP1B3 cells, the
accumulation of 8-FcA by the CHOvector cells was negligible (figures 5A and 5B). A thirty
minute time course experiment examining the cellular accumulation of 2.5 μM 8-FcA by
CHOOATP2B1 cells compared to that of the CHOvector cells did not show a discernable
difference between the two cell lines (data not shown).

Transport Kinetics of 8-FcA
The OATP1B1 and OATP1B3 mediated transport of increasing concentrations of 8-FcA is
shown in figures 6A and 6B. The mean cellular accumulation of 8-FcA by CHOvector was
subtracted from that of CHOOATP1B1 and CHOOATP1B3 to determine the OATP1B1 and
OATP1B3 mediated transport. Both transporters became saturated with increasing
concentrations of 8-FcA. Non-linear regression analysis of the data from three experiments
estimated the Km and Vmax values for OATP1B1 to be 2.9±0.40 μM and 0.20±0.01 pmol/
min/cm2, respectively (mean ± standard error). The transport efficiency, as described by
Vmax/Km, was 0.069 μL/min/cm2. Similarly, the Km, Vmax, and transport efficiency values
for OATP1B3 were determined to be 1.8±0.47 μM, 0.33±0.02 pmol/min/cm2, and 0.183 μL/
min/cm2. For subsequent inhibition assays a 10 minute time point with 8-FcA
concentrations of 2.5 μM for OATP1B1 and 1.25 μM for OATP1B3 was selected. The
identified time point and concentration for each assay achieved a balance between linearity,
concentration relative to Km, and signal-to-background. Though the 8-FcA concentration for
the OATP1B1 and OATP1B3 assays is nominally below the respective Km value for each
transporter, the use of substrate at or below its Km value in an inhibition assay is consistent
with published guidelines for determining inhibitory potency in vitro [23].

Inhibition of 8-FcA Transport
To assess the utility of 8-FcA as a substrate in a fluorescence-based inhibition assays for
OATP1B1 and OATP1B3, inhibition of 8-FcA transport was performed using a series of
compounds (table 1, figure 7). Each compound showed concentration dependent inhibition
of OATP1B1 and OATP1B3 mediated 8-FcA transport; again, the mean cellular
accumulation of 8-FcA by CHOvector was subtracted from that of CHOOATP1B1 and
CHOOATP1B3 to determine the transporter mediated cellular accumulation. The IC50 value
of each compound versus OATP1B1 and OATP1B3 mediated 8-FcA transport is presented
in table 1 and is compared to literature Km or Ki values, where available, for each
compound. Representative IC50 curves for two inhibitors that can potentially be used in
clinical studies for the assessment of drug interactions with OATP1B1 and OATP1B3,
rifampicin and cyclosporine A, are presented in figure 7 [3]. A substantial difference in the
IC50 value was seen between the two transporters when estrone-3-sulfate was used as the
inhibitor. The difference was verified by conducting one of the IC50 experiments for each
transporter on the same day, serially diluting stock solutions of estrone-3-sulfate
continuously throughout the entire concentration range for both transporters. The difference
seen in the IC50 values was of the same magnitude as the experiments conducted on
different days, illustrating that the difference in IC50 values for OATP1B1 and OATP1B3
seen for estrone-3-sulfate against 8-FcA was bona fide. A similar magnitude of difference in
the IC50 between OATP1B1 and OATP1B3 of estrone-sulfate (Estropipate) was seen by
Gui, et al. [10].
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Assay Suitability
As a measure of assay suitability, 20 replicate positive control and negative control samples
for the each of the OATP1B1 and OATP1B3 assays were used to determine a Z’-factor, a
simple statistical parameter used to evaluate and compare bioassays [19]. The calculated Z’-
factor for the OATP1B1 and OATP1B3 assays was 0.79 and 0.86, respectively (figure 8A
and 8B). Both Z’-factor values indicated that the separation between the positive control and
negative control values was large, suggesting that each assay is suitable for measuring
inhibition of OATP1B1 and OATP1B3 mediated transport of 8-FcA.

Discussion
Provided the importance of OATP1B1 and OATP1B3 in the hepatic disposition of drugs, it
is essential to have in vitro assays to assess potential drug-drug interactions early in drug
development. Fluorescence-based assays offer a straightforward, efficient, and rapid means
for evaluating inhibition of transport, and correspondingly, the potential for drug-drug
interactions.

The background cellular accumulation of 8-FcA in CHO and CHOvector cells is negligible,
consistent with its physicochemical properties (figures 1, 4, and 5). The transport of 8-FcA
appears to be relatively specific (figure 1). It accumulated in cells expressing OATP1B1 and
OATP1B3, and to a lesser extent OAT1. The data of figure 2 suggest that the negative
fluorescence seen for the other transporters in figure 1 was not due to a failure to express a
functional transporter, but rather, due to a lack of 8-FcA transport. For the transporters that
transported 8-FcA, the tissue expression of OAT1 and OATP1B1 and OATP1B3 is mutually
exclusive, kidney for the former and liver for the latter two transporters. Moreover, for assay
purposes, transporters are frequently individually expressed in cell lines, further minimizing
any specificity concerns. Thus, while 8-FcA may not be absolutely specific for OATP1B1
and OATP1B3, the tissue distribution of the transporters, and the means by which
transporter assays are typically conducted, the specificity of 8-FcA is suitable for
investigating OATP1B1 and OATP1B3 transport.

The data presented in figure 4 suggested the presence of an endogenous MRP4 transporter,
or similar mechanism, in the CHO cells. The cellular accumulation seen when the cells were
incubated with bis-POM-PMEA was significantly increased by the presence of the MRP4
inhibitor, indomethacin. However, the effect on 8-FcA was not significant, especially when
considering the negligible accumulation in the CHOvector cells relative to the robust cellular
accumulation seen in the CHOOATP1B1 and CHOOATP1B3 cells at much shorter time periods
(figures 3 and 8). The apparent increase of 8-FcA in the control cells did not represent a
deterrent to characterization of 8-FcA transport in the CHO cells, particularly when the time
point for OATP-mediated transport was assessed at a much shorter time point than that used
for the Mrp4 assessment and because the data was corrected by utilization of the vector
control cells, similar to that published for characterization of the MRP4 substrate PMEA by
OAT1 in CHO cells [24]. It is also unlikely that the Mrp4 activity impacted the microscopy
results of figure 1. If 8-FcA was transported by one of the introduced transporters, the
modest and variable effect of the endogenous Mrp4 is likely indistinguishable from the
background signal and therefore unlikely to reverse a potentially positive result in the
images of figure 1. The variability seen in the 8-FcA Mrp4 assessment is reflective of the
variability seen in the evaluation of its transport kinetics when characterizing it as a
substrate of MRP4 [14]. This is in contrast to the data of the well established MRP4
substrate, PMEA, which showed substantially less variability, so while 8-FcA may be a
substrate of MRP4, it is quite possibly poorly transported by hamster Mrp4 or perhaps
saturates the process at the 1.25 μM concentration examined.
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An OATP1B3 assay has been described in the literature using Fluo-3 as the substrate [9].
However, because OATP1B3 transfected cells showed accumulation of 8-FcA, it was of
value to characterize the transport of 8-FcA by OATP1B3 and compare it to that of
OATP1B1, perhaps providing a fluorescence-based assay to compliment the previously
described Fluo-3 assay. The transport of 8-FcA by OATP1B1 and OATP1B3 was time
dependent, saturable, and inhibitable (figures 5,6, and 7), each characteristic of a transporter
mediated process. The OATP1B3 assay described here has a time advantage over the
previously described Fluo-3 assay, 10 minutes for 8-FcA versus one hour for Fluo-3 [9].
Additionally, Fluo-3 appears to be a poor substrate for OATP1B1 [10]. Recently,
fluorescence-based assays for OATP1B1 and OATP1B3 were described using FMTX [10].
The authors were content with the utility of FMTX in the OATP1B3 assay, but appeared
dissatisfied with the corresponding OATP1B1 assay using FMTX noting that the assay
needed improvement and that additional fluorescent substrates were being tested for the
OATP1B1 assay. The fluorescent substrate tested here, 8-FcA, is sufficiently transported by
both transporters that further screening of fluorescent substrates for OATP1B1 may not be
necessary.

OATP1B1 and OATP1B3 each show robust transport of 8-FcA and have excellent dynamic
range relative to control (figure 8). The broad dynamic range, when combined with a narrow
variability, facilitates the determination of IC50 values. The determined IC50 values and the
corresponding inhibition curves (table 1, figure 7), illustrate that the measurement of 8-FcA
transport is qualitatively and quantitatively suitable for investigating inhibition of OATP1B1
and OATP1B3. However, because the substrate concentration is not substantially less than
the Km value for each transporter, the IC50 values cannot be equated to the Km or Ki values
presented in table 1. Nevertheless, the IC50 values presented in table 1 do compare favorably
with Km or Ki values identified in the literature for each respective compound and the
corresponding transporter, suggesting that the experimental conditions used are adequate for
IC50 determination. One notable standout in the determination of IC50 values was that of
estrone-sulfate against OATP1B1. The IC50 value was comparatively low, 0.053 μM,
relative to the other molecules tested and when compared to the estrone-sulfate value versus
OATP1B3. A similar IC50 value for estrone-sulfate was reported recently for OATP1B1,
0.06 μM [10]. Additionally, kinetic analysis of estrone-sulfate as a substrate of OATP1B1
previously showed a biphasic response with a high affinity and a low affinity component
[25,26]. The interaction between 8-FcA and estrone-sulfate may be uniquely associated with
the high affinity component, though this was not investigated beyond the IC50 determination
presented.

In summary, fluorescence-based assays for OATP1B1 and OATP1B3 were developed
utilizing 8-FcA as the substrate. The transport of 8-FcA by OATP1B1 and OATP1B3 was
time dependent, saturable, and inhibitable. Moreover, the accumulation of 8-FcA in the cells
not expressing OATP1B1 or OATP1B3 was both qualitatively and quantitatively small,
providing very good signal-to-background for assay purposes. It is therefore concluded that
8-FcA has utility as a probe for in vitro fluorescence-based assays. The assays described
here using 8-FcA are convenient, rapid, and have utility for screening drug candidates for
potential drug-drug interactions with OATP1B1 and OATP1B3.
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Figure 1.
The cellular accumulation of 8-FcA in transiently transfected CHO cells following a 20
minute exposure to 10 μM 8-FcA. The expressed transporter for each image is as follows:
untransfected CHO cells (A), control vector (B), NTCP (C), OAT1 (D), OAT3 (E),
OATP1B1 (F), OATP1B3 (G), OATP2B1 (H), OCT1 (I), and OCT2 (J). All images had the
same exposure time. Rare cells that accumulated 8-FcA were identified in each transfected
condition (arrowheads).
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Figure 2.
The functional transport by cells transfected with a control vector, OCT1, OCT2, OAT1,
NTCP, OATP1B3, OAT3, OATP1B1, or OATP2B1. Data is expressed relative to the
control condition (vector). The substrate used for OCT1, OCT2, and the corresponding
control was 10 μM metformin. The substrate used for OAT1 and the corresponding control
was 2 μM p-aminohippurate (PAH). The substrate used for NTCP and the corresponding
control was 2 μM taurocholate (TC). The substrate used for OATP1B3 and the
corresponding control was 2 μM bromosulfophthalein (BSP). The substrate used for OAT3,
OATP1B1, OATP2B1, and the corresponding control was 2 μM estrone-3-sulfate.
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Figure 3.
The five minute cellular accumulation of 2 μM estrone-3-sulfate (A), bromosulfophthalein
(BSP) (B), dehydroepiandrosterone sulfate (DHEAS) (C), and 8-FcA (D) by CHOvector,
CHOOATP1B1, CHOOATP1B3, and CHOOATP2B1 cells. Data is expressed relative to the
control condition, CHOvector = 1.
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Figure 4.
The two-hour cellular accumulation when exposed to 0.1 μM bis-POM-PMEA (solid white
and solid black bars) or 1.25 μM 8-FcA (diagonal black stripe on white background and
diagonal white stripe on black background) in CHOWT, CHOvector, CHOOATP1B1,
CHOOATP1B3 cells in the absence (white background) or presence (black background) of
100 μM indomethacin. Data is expressed relative to the control condition, CHOWT
uninhibited = 100%. ND = Not Determined.
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Figure 5.
Time course of 8-FcA accumulation in CHO cells stably expressing the vector, OATP1B1,
or OATP1B3. The 8-FcA concentration for CHOvector and CHOOATP1B1 (A) was 2.5 μM
and 1.25 μM for CHOvector and CHOOATP1B3 (B). Data represent the mean and standard
error of two experiments where each time point was performed in triplicate.
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Figure 6.
The concentration dependent transport of 8-FcA by OATP1B1 (A) and OATP1B3 (B). The
8-FcA concentration ranged from 0.25 μM to 25 μM and the period of uptake for each
transporter was 10 minutes. The Km and Vmax for each transporter is indicated in the figure.
The fit of the kinetic data is shown as a solid line. Data represent the mean and standard
error of three experiments where each concentration was performed in triplicate.
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Figure 7.
The IC50 determination for cyclosporin A (open symbols) and rifampicin (filled symbols)
versus 8-FcA for OATP1B1 (A) and OATP1B3 (B). The IC50 values for cyclosporine A and
rifampicin against OATP1B1 mediated transport were 0.25 μM, and 0.99 μM, respectively.
The IC50 values for the same inhibitors against OATP1B3 mediated transport were 0.20 μM,
and 0.65 μM. Data represent the mean and standard error of two experiments where each
concentration was performed in triplicate.
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Figure 8.
Assay data from 20 replicates of CHOvector and CHOOATP1B1 (A), and CHOvector and
CHOOATP1B3 (B). The mean of each data set is indicated by the solid horizontal line. The
broken lines represent three standard deviations from the mean. The calculated Z’-factor was
0.79 for the OATP1B1 assay and 0.86 for the OATP1B3 assay.
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