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Abstract: The family of organic anion transporting polypeptides (OATPs) plays an important
role in mediating the cellular uptake of numerous endogenous and exogenous compounds.
Members of this family include human OATP1B1 and OATP1B3, which have been widely studied
and shown to be involved in the hepatic uptake of hormones, bile acids, and many clinically
used drugs. However, little is known about the murine orthologue, Oatp1b2. We determined
expression of mouse oatp1b2 mRNA and protein using real-time PCR and Western blot analysis.
Interestingly, mRNA transcripts and protein were detectable in a number of tissues including
kidney and stomach, and, not surprisingly, the highest expression was noted in liver. Cloning
of the full coding region of oatp1b2 revealed the presence of two novel splice variants.
Interestingly, these splice variants were significantly expressed in organs such as the kidney,
but much less in liver. Heterologous expression of the full-length Oatp1b2 cDNA revealed
that taurocholic acid, estrone 3-sulfate, estradiol 174-glucuronide and pravastatin are
substrates of this transporter. The newly identified splice variants were unable to significantly
transport substrate compounds due to defects in cell surface trafficking. Our findings of
murine Oatp1b2 expression and function will likely aid in better defining species related
differences in OATP transporter function and the use of mouse models to predict hepatic
drug disposition in humans.
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Introduction

The liver plays an important role in the elimination of a
wide variety of endogenous and exogenous compounds. The
first step leading to the hepatic elimination process is the
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cellular uptake from the portal blood across the sinusoidal
membrane of hepatocytes. Members of the organic anion
transporting polypeptides family (OATPs) including OATP1B1
(OATP-C, LST-1, SLCOIBI) and OATPIB3 (OATP-8,
LST-2, SLCOIB3) are known to exhibit a liver-enriched
pattern of expression and mediate the sodium independent
uptake of several compounds including bile salts, organic
anions, steroid hormones and their conjugates, and a variety
of clinically used drugs including HMG-CoA inhibitors,"

(1) Tirona, R. G.; Leake, B. F.; Merino, G.; Kim, R. B. Polymor-
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angiotensin II receptor antagonists,”* and the antituberculosis
agents rifampin and rifamycin SV.*>

Oatp1b2 is the murine orthologue of the human OATP1B1
(OATP-C) and OATP1B3 (OATP-8) and shares 65% se-
quence identity with the human OATPIB transporters,
whereas the OATP1B1 and -1B3 share 80% sequence
homology.® The murine Oatplb2 shares 54% and 44%
sequence homology with mOatplal and mOatp2bl1, respec-
tively. Interestingly, while there is a significant amount of
published data regarding rat Oatps, not much is known about
murine Oatps, particularly in relation to substrate specificity.
Although there is the implicit assumption that Oatp1b2 has
tissue expression and substrate specificity similar to that of
OATPI1BI and -1B3, at the present time there is little known
regarding this transporter. What we do know is, that Oatp1b2
has been shown to be expressed exclusively in mouse liver
as detected by Northern blot analysis.” However additional
expression in the ciliary body epithelium of the eye has been
reported previously.® Recently, our group has reported that
Oatplb2 is a major determinant of hepatocellular uptake of
rifampin and pravastatin in vivo using a Slcolb2™~ mouse
model.'" Another study revealed that effects of the hepato-
toxins microcrystin-LR and phalloidin, known substrates of
members of the human OATP1B transporters, are markedly
attenuated in the absence of this transporter in mice.’

However, it is clear that additional in vitro data regarding
expression and function of murine Oatplb2 are needed if
extrapolation to the human OATPIB transporters is to be
made based on Oatplb2 mouse models. We now provide
new data that show that murine Oatp1b2 is able to transport
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a spectrum of OATP1B substrates and that a number of splice
variants exists. Importantly these splice variants appear to
be more readily expressed in nonhepatic tissues but unable
to appropriately traffic to the cell surface. Our findings may
be of particular relevance in the use of murine models to
predict human OATP drug transporter function.

Experimental Section

Chemicals. The following radiolabeled compounds used
for transport experiments were obtained from GE Healthcare
(Baie d’Urfe, Quebec, Canada): [*H]-cortisol, [*H]-CCKS,
and [*H]-fexofenadine. [*H]-Folic acid was purchased from
Moravek Biochemicals (Brea, CA), and [*H]-atorvastatin,
[*H]-tetracycline, [*H]-ezetimibe and [*H]-verapamil were
purchased from American Radiolabeled Chemicals Inc. (St.
Louis, MO). [*H]-Digoxin, [*H]-estrone 3-sulfate, [*H]-
estradiol 1753-glucuronide, [*H]-taurocholate, [*H]-cholic acid
and '*C-erythromycin were obtained from PerkinElmer
(Waltham, MA). [*H]-Pravastatin was kindly provided by
Dr. Todd Kirchgessner (Bristol-Myers Squibb). Unlabeled
rifampin, folic acid, tetracyclin, verapamil, digoxin, estrone
3-sulfate, estradiol-17/ glucuronide, taurocholate, pravastatin
and erythromycin were obtained from Sigma Aldrich (St.
Louis, MO).

Tissue Samples. Mouse tissue samples were obtained from
two DBA1/lac] mice. After harvesting, the tissue samples
were snap frozen in liquid nitrogen and stored at —80 °C
until further use.

RNA Isolation from Mouse Tissue. RNA was extracted
using the Qiagen RNeasy Mini Kit (Qiagen, Valencia, CA).
After mechanical homogenization of the tissue in RLT-buffer
supplemented with -mercaptoethanol, the homogenate was
thawed and centrifuged through a QiaShredder column.
Subsequently the eluted solution was supplemented with an
equal volume of isopropanol and loaded on the purification
columns. The following RNA isolation was performed as
described by the manufacturer. The integrity and content of
the RNA was determined using the Agilent Bioanalyzer
(Agilent, Santa Clara, CA). RNA samples were stored at —80
°C.

Real-Time PCR. Total RNA was reverse transcribed in
a 50 uL reaction volume containing 1500 ng of total RNA
using the TagMan Reverse Transcription Kit (Applied
Biosystems, Foster City, CA) supplied with random hexam-
ers. Subsequently the expression of oatplb2 and 18S were
measured using quantitative real-time PCR Assays from
Applied Biosystems Mm00451513_m1 and Hs99999901_sl1.
Real-time PCR was performed using the ABI Prism 7700
sequence detection system (Applied Biosystems). The quan-
titative PCR was carried out in a 25 uL reaction volume
containing 1xPrimer and Probe Mix, 1 xPCR Master Mix

(9) Lu, H.; Choudhuri, S.; Ogura, K.; Csanaky, I. L.; Lei, X.; Cheng,
X.; Song, P. Z.; Klaassen, C. D. Characterization of organic anion
transporting polypeptide 1b2-null mice: essential role in hepatic
uptake/toxicity of phalloidin and microcystin-LR. Toxicol. Sci.
2008, 703, 35-45.
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and 40 ng of the reverse transcribed cDNA. The amount of
the transporter was normalized to 18S rRNA.

Enrichment of Membrane Proteins from Mouse Tis-
sue. Protein isolation was performed as described else-
where.'? Briefly, after homogenization of the tissue in 5 mM
Tris-HCI pH 7.4 containing protease-inhibitors (Sigma-
Aldrich) using a Potter Elvejhem, the homogenate was
incubated 1.5 h under constant stirring on ice and then was
centrifuged for 20 min at 4 °C and 9000g. Subsequently,
the supernatant was transferred to an ultracentrifugation tube
and centrifuged for 45 min at 4 °C and 100000g to enrich
the crude membrane fraction of each sample. After that the
supernatant which contains the majority of the intracellular
proteins was transferred to a new tube and stored at —80
°C. The remaining pellet containing the crude enriched
membrane fraction of the homogenized tissue was resus-
pended in 100 4L of 5 mM Tris-HCI supplemented with
protease-inhibitors and stored at —80 °C. Protein content was
determined using a BCA-Assay System (Pierce, Rockford,
IL).

Western Blot Analysis Using Crude Enriched Mem-
brane Fraction. The enriched membrane fraction of mouse
tissue was separated using a 4—10% NUPAGE SDS—PAGE
gradient gel (Invitrogen, Carlsbad, CA). After separation,
proteins were electrotransferred to a nitrocellulose membrane.
Equal loading and separation capacity was controlled using
Ponceau S solution (Sigma Aldrich). After blocking with 5%
FBS in TBST, the expression of oatp1b2 was detected using
a polyclonal anti-Oatp1b2 antibody (1:1000) raised against
the sequence specific for mouse Oatplb2 as described
elsewhere.'" The amount of immobilized antibody was
detected using a HRP-conjugated secondary antibody (1:200)
(BioRad, Hercules, CA), and visualized using the ECL Plus
Detection System (GE Healthcare) and the KODAK Image-
Station 4000MM (Mandel, Guelph, ON, Canada).

Immunofluorescence Microscopy. Protein localization of
Oatplb2 was investigated by immunofluorescence micros-
copy. Briefly, the tissue slides were boiled in citrate buffer
(10 mM, pH 6.0) for 20 min. After washing twice for 10
min in ice-cold PBS, endogenous peroxidase activity was
reduced in tissue slides for immunofluorescence by incuba-
tion in 0.03% H,O, diluted in methanol for 20 min and
washed again 2 x 5 min in PBS. Subsequently the slides
were blocked for 30 min at room temperature with 5% FBS
which has been diluted in PBS. Thereafter the slides were
incubated with diluted anti-Oatplb2-antibody (1:50) in a

(10) Meyer zu Schwabedissen, H. E.; Jedlitschky, G.; Gratz, M.;
Haenisch, S.; Linnemann, K.; Fusch, C.; Cascorbi, I.; Kroemer,
H. K. Variable expression of MRP2 (ABCC2) in human placenta:
influence of gestational age and cellular differentiation. Drug
Metab. Dispos. 2005, 33, 896-904.

(11) Zaher, H.; Meyer zu Schwabedissen, H. E.; Tirona, R. G.; Cox,
M. L.; Obert, L. A.; Agrawal, N.; Palandra, J.; Stock, J. L.; Kim,
R. B.; Ware, J. A. Targeted Disruption of Murine Organic Anion-
Transporting Polypeptide 1b2 (oatp1b2/Slcolb2) Significantly
Alters Disposition of Prototypical Drug Substrates Pravastatin and
Rifampin. Mol. Pharmacol. 2008, 74, 320-329.
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humidified atmosphere at 4 °C overnight. The unbound
antibodies were removed by several washing steps with PBS.
Then the sections were incubated with the fluorescent-labeled
secondary antibody (Alexa Fluor 488 antirabbit) (Invitrogen)
or peroxidase labeled secondary antibody (Vectorstain ABC-
Kit, Vector Laboratories, Burlingame, CA) for 1.5 h at room
temperature. After the slides were washed with PBS several
times, tissue slides for immunofluorescence were mounted in
antifading mounting medium containing DAPI (Vector Labo-
ratories). Images were obtained by fluorescence microscopy.

Cloning of the Oatp1b2 Coding Sequence. For heter-
ologous expression experiments using the T7-promoter
driven vaccinia expression system, the oatplb2 coding
sequence was amplified using the AmpliTaq Gold PCR
system (Applied Biosystems) and the following primers:
oatp1b2-for 5-TCAATCATGGACCAAACTCAGCATCCA-
3" and oatplb2-rev 5-TCTCTTCCCTTAAAGAGGT-
GTTTCACT-3". The PCR product was purified and ligated
into pCR2.1-TOPO (Invitrogen), and after that the oatp1b2
sequence was transferred into pcDNA3.1-Hygro(—) (Invit-
rogen) using HindIIl and Xbal. The sequence of the obtained
oatp1b2-coding sequence clones was verified by sequencing
using a T7 primer and the following sequencing primer:
oatplb2-seql 5-ATGTACTTAGGTACTCTGCAT-3" and
oatplb2-seq2 5-ATGGCCTATGTGTTCTAC-3". The cre-
ation of the cDNA constructs for rat Oatplb2 and human
OATPIB1 and OATPIB3 is described in detail in our
previous study.’

Heterologous Expression of Oatplb2 in HeLa Cells.
Transport studies using heterologous expression of oatp1b2
were performed as described elsewhere.'? Briefly, HeLa
cells grown in 12-well plates (~0.8 x 10° cells/well) were
infected with vTF7-3 (ATCC# VR-2153) virus. After 30
min incubation at 37 °C, the cells in each well were
transfected with 1 ug of vector control or variants of
oatplb2 packaged into pcDNA3.1-Hygro(—) (Invitrogen)
along with Lipofectin (Invitrogen) and incubated at 37 °C
for 16 h. The parental plasmid lacking any insert was used
as control. Afterwards the cells were briefly washed with
OptiMEM and then incubated with the radiolabeled com-
pounds. Uptake of [*H]-estradiol 175-glucuronide, [*H]-
estrone 3-sulfate, [*H]-pravastatin [*H]-digoxin, [*H]-fex-
ofenadine and [*H]-folate was assessed at 1 M concentration,
whereas [H]?-cortisol, [?H]-cholic acid, [*H]-atorvastatin,
[*H]-verapamil and [*H]-erythromycin were studied at 0.5
uM concentration. [*H]-Taurocholate was assessed at 0.4 uM,
while [*'H]-CCKS and [*H]-ezetimibe uptake was performed
at tracer only concentrations of approximately 0.001 uM and
0.005 uM, respectively. After 10 min incubation at 37 °C,
the cells were washed twice with ice cold PBS and lysed in
the presence of 1% SDS. The cellular uptake was determined
using Ultima Gold scintillation liquid and a liquid scintil-
lation counter (Liquid Scintillation Counter, Tri-Carb 2900TR,

(12) Ho, R. H.; Leake, B.; Roberts, L. R.; Lee, W.; Kim, R. B. Etnicity-
dependent Polymorphism in Na'-taurocholate Cotransporting
Plypeptide (SLC10A1) Reveals a Domain Critical for Bile Acid
Substrate Recognition. J. Biol. Chem. 2004, 279, 7213-7222.
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Perkin-Elmer Life Sciences). All experiments were carried
out in duplicate on at least 3 experimental days. The uptake
is expressed as % of pcDNA3.1-Hygro(—) vector control.

Expression Levels of Oatp1b2 Isoforms. Expressed level
of the oatplb2 isoforms was detected using the following
primers specific for the isoforms 2 and 3 as the primer
binding sites are located in the area of splicing as determined
by sequencing of the cloned PCR fragments: oatplb2-
isoform2-for 5’-TCCAAAGAGATCACAGAAGG-3" and
oatp1b2-isoform2-rev 5'-GACAATCCTCAAGTGGAACA-
GACCGTC-3’ resulting in a 311bp PCR fragment; and
oatp1b2-isoform3-for 5'-TCAGCTACATATGCAAGGCA-
3" and oatplb2-isoform3-rev 5’-CTAATATCTTGTTAGT-
TGCATACCTG-3’ resulting in a 282bp PCR fragment. For
detecting the overall oatp1b2 expression in tissue the following
primer pair was used: oatp1b2- (isoform3) for 5-TCAGCTA-
CATATGCAAGGCA-3" and oatplb2-consensus-rev 5’-
GAAGCAACAACAGTTCCAATCA-3' resulting in a 280bp
PCR fragment. The amplification was performed in a 25 uLL
reaction volume containing 20 ng of cDNA, 1xPCR Buffer
II, T mM MgCl,, 300 nM of each primer and 0.5 U
AmpliTaq Gold (Applied Biosystems). The PCR was carried
out with initial denaturation at 95 °C for 1 min followed by
25 cycles with 30 s at 95 °C denaturation, 30 s at 54 °C
annealing and a 30 s extension at 72 °C. The PCR product
was separated on a 1.2% agarose gel containing ethidium
bromide and imaged using a KODAK ImageStation 4000MM
(Mandel, Guelph, ON, Canada). The band intensity was
determined using the KODAK MI software.

Statistical Analysis. GraphPad Prism software was used
for statistical analysis. The differences in tissue expression
and cellular accumulation were evaluated using the unpaired
t test, p-values <0.05 were considered statistically significant.

Results

Oatp1b2 Tissue Distribution. Oatp1b2 mRNA and 18Sr-
RNA (housekeeping gene) were quantified using real-time
PCR. Oatplb2 was detectable in liver, stomach and kidney.
The highest expression of Oatplb2 was noted for liver, but
measurable levels of mRNA transcripts were also seen in
kidney and stomach (Figure 1A). Similar results were
obtained for protein expression when assessed using Western
blot analysis of crude enriched membrane fraction of liver,
stomach, and kidney (Figure 1B) using a specific antibody.
It is noteworthy that only 5 ug of protein was loaded of liver,
whereas 50 ug protein of the other tissues was loaded when
performing the Western blot analysis (Figure 1B).

Heterologous Expression of Qatp1b2. Transport activity
of Oatp1b2 was determined using a heterologous transporter
expression system. As shown in Figure 2 significant uptake
after 10 min incubation was detected for bile acid and
hormone conjugates such as *H-taurocholate (mean uptake
% of vector control &= SD; 217.8 £ 23.7; p < 0.05), *H-
estrone-3-sulfate (E;S) (199.5 £ 8.2; p < 0.05) and H-
estradiol-17/-glucuronide (E;G) (185.2 £+ 19.8; p < 0.05).
Significant uptake was also noted for drugs such as pravas-
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Figure 1. Tissue distribution of Oatp1b2. Expression of
oatp1b2 was assessed using real-time PCR (A) and
Western blot analysis (B). Expression of oatp1b2 was
detected in the stomach and kidney with highest
abundance in liver. Note that 5 ug of protein was
loaded for liver, whereas 50 ug protein of the other
tissues was loaded for the Western blot analysis (panel
B) due to markedly greater band intensity of the liver
sample. An arrow indicates the expected protein size.
Data are expressed as mean + SD.

tatin (mean uptake % of vector control £ SD 140.3 4+ 16.3,
p <0.05) and atorvastatin (125.6 & 15.2; p = 0.053) (Figure
2A). Uptake of cortisol, CCKS, cholic acid, ezetimibe,
digoxin, fexofenadine, folate, and erythromycin did not
significantly differ from cells transfected with only the
parental plasmid lacking Oatp1b2 (Figure 2A). Time depen-
dency of the uptake of TCA uptake is shown in Figure 2B.

Transport Activity Comparing Rodent and Human
Orthologues. Uptake of endogenous compounds including
SH-TCA, *H-E,S and *H-E,G was compared in cells trans-
fected with mouse (moatplb2), rat (roatp1b2), and human
(OATPIB1 and OATP1B3) OATPIB orthologues. The
uptake was determined after 10 min incubation with the
radiolabel. As shown in Figure 3A differences in uptake of
taurocholate is evident (mean uptake % of vector control +
SD; OATPIBI, 211.8 &+ 107.6; OATP1B3, 140.3 £ 15.1;
rat oatplb2, 395.7 &+ 23.6; moatplb2, 195.9 £ 17.8) with
highest uptake in cells transfected with rat Oatp1b2. Uptake
of estrone-3-sulfate was comparable in each transfected cell
line (mean uptake % of vector control & SD; OATP1B1,
294.4 + 34.1; OATP1B3, 219.9 + 4.0; roatplb2, 246.5 +
10.7; moatp1b2, 219.0 £ 55.6) (Figure 3B). Similar to
taurocholate, uptake of 3H-estradiol 17S-glucuronide was
seen for all the tested transporters, but far greater for rat
Oatp1b2 (mean uptake % of vector control & SD; OATPI1BI1,
868.9 + 73.5; OATPI1B3, 286.7 £ 66.9; roatp1b2, 2290.1
+ 43.1; moatplb2: 233.6 £ 102.1) (Figure 3C). Note that
the uptake data as presented should not be taken to mean
differences in relative substrate affinity between the ortho-
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Figure 2. Oatp1b2 transport activity. Oatp1b2 was
expressed using a recombinant vaccinia-based heter-
ologous expression system. The uptake of a number of
endogenous and exogenous compounds was assessed
in HeLa cells (A). Cells transfected with the plasmid
vector lacking any transporter cDNA were used as
control. Uptake over time for taurocholic acid is shown
in panel B.

logues. Also note that transcriptional activation is driven by
an identical T7 promoter for all of the transporters, so in
principle, transcription efficiency should be the same for all
of the transfected cDNAs. However, it is not possible to cross
compare different target protein levels for the various
transporters.

Splice Variants of Oatp1b2. Sequencing of several cloned
cDNAs of oatplb2 amplified from Marathon mouse liver
cDNA (Promega) revealed two new splice variants of the
murine transporter. Additional splice donor sites in the
Slcolb2 gene encoding oatplb2 on chromosome 6 resulted
in truncated proteins. The splice variant 2 of Oatplb2
(oatplb2_v2) is missing exon 11 and parts of exon 12 of
the coding sequence of oatplb2 and the splice variant 3
(oatplb2_v3) lacks exon 5 to 15 (Figure 4A,B). We
sequenced a number of clones, and it appeared that these
are common splice variants (10% and 20% of the clones
sequenced, respectively). We then assessed for expression
of these variants in different tissues as shown in Figure 4C.
First the overall expression of full-length Oatplb2 was
determined by semiquantitative PCR which showed highest
expression of the transporter in liver and much lower
expression in kidney, confirming the real-time PCR results.
Expression of oatplb2_v2 and oatplb2_v3 splice variants
was determined using splice variant specific PCR primer
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Figure 3. Comparison of transport activity for OATP1B
orthologues. Uptake of endogenous compounds including
taurocholic acid (TCA) (A), estrone 3-sulfate (E1S) (B) and
estradiol-17-glucuronide (E2S) (C) was measured using
a recombinant vaccinia-based heterologous expression
system. Hela cells were transfected with human
OATP1B1 human OATP1B3, rat Oatp1b2 and mouse
Oatp1b2 and the uptake of labeled compounds were
assessed after 10 min of incubation. Data are expressed
as mean =+ SD, *p < 0.05 Students’s t test.

pairs. As shown in Figure 4C and summarized in Table 1,
the splice variants oatplb2_v2 and oatplb2_v3 are highly
expressed in kidney, whereas very low expression of this
variant was seen in mouse liver. In addition, oatp1b2_v2 was
detectable in stomach.

Subcellular Expression and Transport Activity of
QOatplb2 Splice Variants. Transport of the prototypical
substrates [*H]-estrone 3-sulfate (Figure 5A), [*H]-estradiol
17p-glucuronide (Figure 5B) and [*H]-taurocholic acid
(Figure 5C) was assessed using HeLa cells transfected with
full-length and splice variants of Oatplb2. As shown in
Figure 5 Oatp1b2_v3 shows no significant transport activity
toward the tested substrates. However, statistically significant
but modest uptake of taurocholic acid was detected in cells
expressing the splice variant 2 (% uptake of vector control
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splice variant specific primers (C).

Table 1. Relative Band Intensity of Oatp1b2 Variants
Detected Using Semiquantitative PCR?

brain kidney intestine stomach liver spleen

Oatp1b2 nd 1.00 nd nd 1893 nd
Oatp1b2 variant2 nd 1.00 nd 091 nd nd
Oatp1b2 variant 3 nd  1.00 nd nd 0.58 nd

?The expression of Oatp1b2 variants was determined by
semiquantitative PCR followed by agarose gel electrophoresis.
Band intensity was determined using the KODAK image station.
nd (not detected).

£ SD, Oatplb2 215.53 + 24.75; Oatplb2_v2 127.77 +
10.74, p < 0.05). Expression of Oatplb2 and Oatpl1b2_v2
in HeLa cells was confirmed by immunofluorescence show-
ing lower sorting to the membrane in cells transfected with
the splice variant 2 (Figure 5D). However, Oatp1b2_v3 in
HeLa cells was not detectable when assessed using the same
conditions. It is possible that this is due to the absence of
the epitope in exon 13 that is recognized by the Oatplb2
antibody or that the protein is not synthesized.

Discussion

We know members of the human OATP1B subfamily are
involved in mediating the uptake of many drugs used to treat
diabetes, lipid disorders, and cancer. Knockout-mouse models
are widely used to elucidate the function of specific drug
transporters in drug disposition and elimination and have
proven to be remarkably helpful to understanding drug
disposition. Recent findings from our group and others show
that deletion of Slcolb2 results in reduced hepatic uptake
and increased plasma levels of the known OATPIB sub-
strates pravastatin and rifampin,'' while protecting the mice
from the hepatotoxic effect of micocrystin-LR and phalloi-
din,"® also known substrates of the human OATPIB
subfamily.'*!3

(13) Lu, H.; Choudhuri, S.; Ogura, K.; Csanaky, I. L.; Lei, X.; Cheng,
X.; Song, P. Z.; Klaassen, C. D. Characterization of organic anion
transporting polypeptide 1b2-null mice: essential role in hepatic
uptake/toxicity of phalloidin and microcystin-LR. Toxicol. Sci.
2008, 703, 35-45.
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Figure 5. Functional activity of Oatp1b2 variants. The functional activity of Oatp1b2 splice variants 2 (Oatp1b2_v2) and 3
(Oatp1b2_v3) was assessed using the Oatp1b2 substrates estrone 3-sulfate (E1S) (A), estradiol 175-glucuronide (E2G)
(B), and taurocholate (TCA) (C). Oatp1b2 expression (green) was verified by immunfluorescent staining of transfected
cells, where distinct membrane staining in cells transfected with Oatp1b2 variant 1 and to a lower extent in cells transfected
with variant 2 were noted (D). DNA was counterstained with DAPI (blue). Data are expressed as mean + SD.

However to fully understand the impact of human OATP1B
transporters, additional insights relating to the expression and
function of murine Oatplb2 are needed. Expression of
Oatp1b2 had been shown to be exclusive to liver.'® However,
we now note expression of Oatplb2 mRNA and protein in
other nonhepatic tissues including stomach and kidney
(Figure 1A,B). Nevertheless Oatp1b2 is highly expressed in
liver. In addition, murine Oatplb2 is able to mediate the
cellular uptake of known OATPIB substrates such as
pravastatin, taurocholic acid, estrone 3-sulfate and estradiol
17B-glucuronide.'” It should be noted that although much

(14) Fischer, W. J.; Altheimer, S.; Cattori, V.; Meier, P. J.; Dietrich,
D. R.; Hagenbuch, B. Organic anion transporting polypeptides
expressed in liver and brain mediate uptake of microcystin.
Toxicol. Appl. Pharmacol. 2005, 203, 257-263.

(15) Fehrenbach, T.; Cui, Y.; Faulstich, H.; Keppler, D. Characteriza-
tion of the transport of the bicyclic peptide phalloidin by human
hepatic transport proteins. Naunyn Schmiedebergs Arch. Phar-
macol. 2003, 368, 415-420.

(16) Ogura, K.; Choudhuri, S.; Klaassen, C. D. Full-length ¢cDNA
cloning and genomic organization of the mouse liver-specific
organic anion transporter-1 (Ist-1). Biochem. Biophys. Res. Com-
mun. 2000, 272, 563-570.

(17) Konig, J.; Seithel, A.; Gradhand, U.; Fromm, M. F. Pharmaco-
genomics of human OATP transporters. Naunyn Schmiedebergs
Arch. Pharmacol. 2006, 372, 432-443.
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more data are available in relation to rat Oatps, not much is
known regarding mouse Oatps, particularly in terms of
substrate specificity or overlap.

We do note that much of the nonhepatic expression of
Oatplb2 appears to be due to novel splice variants of the
transporter that result in the expression of truncated proteins.
Oatplb2-variant 2 (Oatplb2_v2) and Oatplb2-variant 3
(Oatplb2_v3) are generated by the use of alternate splice
donor sites in exon 10 and exon 4, respectively. Therefore
simple mRNA measurements for Oatp1b2 in multiple tissues
may result in misleading information regarding the true
extent of expression of the fully functional and full-length
Oatplb2. Alternative splicing is a known source of
diversity in the proteome of the cell and is recognized as
a ubiquitous mechanism for controlling gene expression
in a tissue specific manner.'®'? Alternate splicing of pre-
mRNA has been shown for a number of human transport-
ers including the organic anion transporters OAT1 and

(18) Lynch, K. W. Regulation of alternative splicing by signal
transduction pathways. Adv. Exp. Med. Biol. 2007, 623, 161-174.

(19) Hui, J.; Bindereif, A. Alternative pre-mRNA splicing in the human
system: unexpected role of repetitive sequences as regulatory
elements. Biol. Chem. 2005, 386, 1265-1271.

(20) Burckhardt, G.; Wolff, N. A.; Bahn, A. Molecular characterization
of the renal organic anion transporter 1. Cell Biochem. Biophys.
2002, 36, 169-174.
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OAT2,*?' and OATP3A1 (OATP-D, SLCO3AI). This
transporter has been implicated in prostaglandin (PG)
transport.>>>* The unique feature of this transporter is its
high degree of sequence similarity (97%) with the rodent
counterpart, suggesting that the SLCO3A1 gene product
likely serves an important physiological function in
mammals. Two splice variants of OATP3A1 were isolated
from human brain and distinct patterns of expression have
been shown for both variants. The OATP3A1 variant 2,
which is shorter than the consensus sequence, exhibits a
more restricted expression with predominant expression
in brain and testes, and the subcellular localization of the
transporter suggests an apical and/or subapical localization
in the epithelial cells of the choroid plexus, whereas the
OATP3A1 variant 1 is more broadly expressed and

(21) Cropp, C. D.; Komori, T.; Shima, J. E.; Urban, T. J.; Yee, S. W.;
More, S. S.; Giacomini, K. M. Organic anion transporter 2
(SLC22A7) is a facilitative transporter of cGMP. Mol. Pharmacol.
2008, 73, 1151-1158.

(22) Adachi, H.; Suzuki, T.; Abe, M.; Asano, N.; Mizutamari, H.;
Tanemoto, M.; Nishio, T.; Onogawa, T.; Toyohara, T.; Kasai,
S.; Satoh, F.; Suzuki, M.; Tokui, T.; Unno, M.; Shimosegawa,
T.; Matsuno, S.; Ito, S.; Abe, T. Molecular characterization of
human and rat organic anion transporter OATP-D. Am. J. Physiol.
2003, 285, F1188-F1197.

(23) Tamai, I.; Nezu, J.; Uchino, H.; Sai, Y.; Oku, A.; Shimane, M.;
Tsuji, A. Molecular identification and characterization of novel
members of the human organic anion transporter (OATP) family.
Biochem. Biophys. Res. Commun. 2000, 273, 251-260.

(24) Huber, R. D.; Gao, B.; Sidler Pfandler, M. A.; Zhang-Fu, W.;
Leuthold, S.; Hagenbuch, B.; Folkers, G.; Meier, P. J.; Stieger,
B. Characterization of two splice variants of human organic anion
transporting polypeptide 3A1 isolated from human brain. Am. J.
Physiol. 2007, 292, C795-C806.

exhibits a basolateral expression pattern in the endothelial
cells of the choroid plexus.?* In the case of the Oatp1b2,
organ-dependent differences in expression and possibly
processing of the splice variants appear to exist (Figures
1 and 4). However, it should be emphasized that
Oatplb2_v3 had no detectable transport activity, while
Oatplb2_v2 only had very modest activity toward
taurocholate.

In conclusion, we show that murine Oatp1b2 is highly
expressed in liver and that alternative splicing occurs.
Importantly, Oatp1b2 is able to mediate the cellular uptake
of a number of known human OATPI1B substrate com-
pounds. However, the splice variants appeared to lack
significant transport capability, although they are more
likely to be expressed in nonhepatic tissues. Importantly,
our findings suggest that caution is warranted when
interpreting mRNA tissue expression patterns for trans-
porters such as Oatplb2 since expressed forms may not
be the fully functional transporter and may result in
inaccurate assumptions regarding nonhepatic function of
this transporter.
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