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Abstract

The organic anion-transporting polypeptide 1b family (Oatp1b2 in rodents and OATP1B1/1B3 in
humans) is liver-specific and transports various chemicals into the liver. However, the role of the
Oatplb family in the hepatic uptake of bile acids (BAs) into the liver is unknown. Therefore, in
Oatplb2-null mice, the concentrations of BAs in plasma, liver, and bile were compared with wild-
type (WT) mice. It was first determined that livers of the Oatp1b2-null mice were not
compensated by altered expression of other hepatic transporters. However, the messenger RNA of
Cyp7al was 70% lower in the Oatp1b2-null mice. Increased expression of fibroblast growth factor
15 in intestines of Oatp1b2-null mice might be responsible for decreased hepatic expression of
Cyp7al in Oatp1lb2-null mice. The hepatic concentration and biliary excretion of conjugated and
unconjugated BAs were essentially the same in Oatp1b2-null and WT mice. The serum
concentration of taurine-conjugated BAs was essentially the same in the two genotypes. In
contrast, the serum concentrations of unconjugated BAs were 3-45 times higher in Oatp1b2-null
than WT mice. After intravenous administration of cholate to Oatp1b2-null mice, its clearance was
50% lower than in WT mice, but the clearance of taurocholate was similar in the two genotypes.

Conclusion—This study indicates that Oatp1b2 has a major role in the hepatic uptake of
unconjugated BAs.

The liver orchestrates several different vital functions, including carbohydrate, amino acid,
and lipid metabolism; plasma protein and coagulation factor synthesis; and endobiotic and
xenobiotic biotransformation. The liver participates in the elimination of endobiotics and
xenobiotics not only through biotransformation but also through biliary excretion. Biliary
excretion is a vital process in that it allows elimination of endobiotics and xenobiotics >325
+ 50 Da.l For effective biliary excretion, the liver has to maintain bile flow, which is driven
primarily by canalicular bile acid (BA) secretion.2 The BAs are amphiphilic biological
detergents and are synthesized by several enzymes from cholesterol. In humans,
approximately 800 mg of cholesterol is synthesized daily, half of which is biotransformed to
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BAs, the major pathway for cholesterol elimination.? In the intestine, BAs are required for
efficient absorption of dietary fat and fat-soluble vitamins by increasing the surface area of
lipid droplets in the small intestine, providing optimal conditions for pancreatic lipase.*

More than 90% of secreted BAs are reabsorbed from the intestine. After their reabsorption,
bile acids are taken up by hepatocytes from the portal blood by way of sodium taurocholate
cotransporting polypeptide (Ntcp) and sodium-independent organic anion—transporting
polypeptides (Oatps). The basolateral membrane of hepatocytes has several Oatp
transporters, which have overlapping substrates. In mouse liver, Oatplal, Oatpla4,
Oatplb2, and Oatp2b1l transporters are highly expressed. Oatp1b2 (human orthologs are
OATP1B1 and OATP1B3) is expressed almost exclusively in the liver and is considered the
major liver-specific uptake transporter for drugs and other xenobiotics.® To determine the
roles of Oatplb2, our laboratory engineered an Oatplb2-null mouse and showed that
Oatp1b? is crucial in transporting phalloidin and microcystin-LR into the liver.® It is known
from in vitro studies that Oatp1b2 can transport several endogenous compounds, including
BAs,’ but very little is known about the function of Oatp1b2 in vivo. Therefore, the purpose
of this study was to determine the in vivo role of Oatp1b2 in bile acid homeostasis.

Materials and Methods

Chemicals

Animals

BA standards were purchased either from Steraloids, Inc. (Newport, RI) or from Sigma-
Aldrich (St. Louis, MO). All other chemicals were purchased from Sigma-Aldrich unless
noted otherwise.

Seven-week-old male C57BL/6 wild-type (WT) mice were purchased from Charles River
Laboratories, Inc. (Wilmington, MA). Oatp1b2-null mice were engineered in our
laboratory. Oatp1b2-null mice were back-crossed into a C57BL/6 background, and >99%
congenicity was confirmed by the speed congenics group at Jackson Laboratories (Bar
Harbor, ME). WT mice were acclimated for at least 1 week in an American Animal
Associations Laboratory Animal Care accredited facility under a standard temperature-,
light-, and humidity-controlled environment. Mice had free access to Laboratory Rodent
Chow 8604 (Harlan, Madison, WI) and drinking water. Studies were approved by the
University of Kansas Medical Center Institutional Animal Care and Use Committee.

Tissue Collection

Blood was collected from the suborbital veins of 8-week-old WT and Oatp1b2-null mice
anesthetized with 50 mg/kg pentobarbitol (n = 6), and the livers and ilea were removed.
Serum samples were separated using Microtainer separating tubes (BD Biosciences, San
Jose, CA). Liver and ileum samples were frozen in liquid nitrogen and stored at —80°C until
further analysis.

Bile Collection

Separate groups of 8-week-old WT and Oatp1b2-null mice (n = 6) were anesthetized
intraperitoneally with a ketamine/midazolam mixture (100 and 5 mg/kg, respectively), and
the common bile duct of each mouse was cannulated through a high abdominal incision with
the shaft of a 30-gauge needle attached to PE-10 tubing. After collection of 10-minute pre-
bile, bile samples were collected for two 15-minute periods in preweighed 0.6-mL
microcentrifuge tubes on ice. The volumes of bile were determined gravimetrically, using
1.0 for specific gravity.
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Plasma Elimination Studies

The plasma elimination of BAs was performed on 28- to 38-g, 9- to 12-month-old, age-
matched Oatplb2-null and WT mice (n = 6). The mice were anesthetized intraperitoneally
with ketamine/midazolam (100 and 5 mg/kg, respectively), and the body temperature of
each mouse was maintained at 37°C with a heating pad. Subsequently, the right carotid
artery was cannulated with PE-10 tubing. To avoid possible renal elimination of BAs, the
renal pedicles were ligated through a median abdominal incision. To prevent the
enterohepatic recirculation of BAs, the common bile duct was cannulated as described
above. After stabilizing bile flow with 10-minute bile collection, each mouse was injected
intravenously with one of the BAs (50 umol/kg)—sodium cholate or sodium taurocholate in
saline (10 mL/kg)—through the left saphenous vein. Blood samples (*30-40 uL) were
collected at 2, 5, 11, 21, 31, and 41 minutes after BA administration into heparinized tubes.

RNA Extraction

Total tissue RNA was extracted using RNA-Bee reagent (Tel-Test, Inc., Friendswood, TX)
according to the manufacturer’s protocol. Each RNA pellet was redissolved in 0.2 mL of
diethyl pyrocarbonate-treated water. RNA concentrations were quantified by way of
ultraviolet absorbance at 260 nm. RNA integrity was confirmed by way of agarose gel
electrophoresis of 5 pg of total RNA and visualization of the intact 18S and 28S bands by
way of ethidium bromide staining.

Messenger RNA Quantification

The messenger RNA (mRNA) expression of genes in liver and ileum samples was
determined using Quantigene Plex 2.0 (Panomics/Affymetix, Inc., Fremont, CA). Individual
bead-based oligonucleotide probe sets, specific for each gene examined, were developed by
Panomics/Affymetix, Inc. Genes and accession numbers are freely available at
http://www.panomics.com (sets #21021 and #21151). Samples were analyzed using a Bio-
Plex 200 System Array reader with Luminex 100 xXMAP, and data were acquired using Bio-
Plex Data Manager version 5.0 (Bio-Rad, Hercules, CA). Assays were performed according
to each manufacturers’ protocol. All data were standardized to the internal control
glyceraldehyde 3-phosphate dehydrogenase. The mRNA of farnesoid X receptor (FXR) and
small heterodimer partner (SHP) was quantified with QuantiGene 1.0 (Panomics) as
described.8 The probe set for SHP has also been described.® Probe sets for FXR (Supporting
Information Table 1) were designed using ProbeDesigner 1.0 (Bayer Corp., Emeryville, CA)
and synthesized by Integrated DNA Technologies, Inc. (Coralville, 1A).

Bile Acid Analysis

Sample Preparation for Bile Acid Analysis—Internal standards, as well as bile,
plasma, and liver samples, were prepared for bile-acid speciation as described by Alnouti et
al.10 with modifications.!! Briefly, plasma samples were deproteinized with ice-cold
acetonitrile containing internal standards (d4-G-CDCA, d4-CDCA). The supernatants were
removed, dried under vacuum, and reconstituted in 50% methanol. For extraction of bile
acids from liver, 100-110 mg of livers were homogenized in 500 pL water, and an
additional 1 volume of 50% methanol. The liver homogenates (600 uL) were transferred to a
new tube and 10 pL of internal standard, and 3 mL of ice-cold acetonitrile was added. The
mixtures were shaken vigorously for 1 hour and centrifuged at 11,0009 for 10 minutes. The
supernatants were transferred to a glass tube. The pellets were re-extracted with another 1
mL of methanol. Resultant supernatants from two extractions were combined, evaporated
under vacuum for 3 hours at 50°C, and reconstituted in 100 pL of 50% methanol. The bile
samples were diluted 100-fold with deionized water, mixed with internal standards, and
loaded onto Oasis-HLB SPE cartridges preconditioned with methanol and water (Waters,
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Milford, MA). The loaded cartridges were washed with water and eluted with methanol. The
eluates were evaporated under vacuum and reconstituted in 50% methanol.

Quantification of Individual BAs by Way of Ultraperformance Liquid
Chromatography—Mass Spectrometry—BAs were speciated and quantified by
reverse-phase ultraperformance liquid chromatography—mass spectrometry. The equipment
used and the conditions of the ultraperformance liquid chromatography—mass spectrometry
have been described.1%:11 Quantification of the various bile acids was based on peak areas of
samples and authentic standards (unconjugated bile acids: . and § muricholic acids [MCAs],
cholic acid [CA], ursodeoxycholic acid [UDCA], chenodeoxycholic acid [CDCA],
deoxycholic acid [DCA], hyodeoxycholic acid [HDCA], murideoxycholic acid [MDCA],
lithocholic acid [LCA]; glycine [G] conjugates: G-CA, G-UDCA, G-CDCA, G-DCA, G-
LCA,; and taurine [T] conjugates: T-MCA, T-CA, T-UDCA, T-CDCA, T-DCA, and T-
LCA).

Pharmacokinetics

The plasma concentrations (Cp) of CA and T-CA after intravenous administration were
found to fit an open two-compartment pharmacokinetic model described by the following
biexponential equation:

Cp=Ae " +Be ™"

where A and o are, respectively, the y intercept and the elimination rate constant of the
distributive phase, and B and 8 hybrid constants, respectively, represent the y intercept and
elimination rate constant of the terminal phase. The data were fit to the exponential
components of the equation through a method of least squares with the coefficient of
correlation used as the indicator of data fit. This curve fitting was performed using
SigmaPlot 10.0 (Systat Software, Inc., San Jose, CA). The model describes the distribution
of CA and T-CA between a central compartment, Vdcent (plasma and plasma-like tissue),
and a peripheral compartment (Vdperiph — all other tissues that behave kinetically differently
from plasma). D is the administered dose. The distribution half-life time (T12 gist),
elimination half-life time (T2 ¢f), the apparent volume of distribution at steady state (Vapp)
for the central compartment (Vcent) and the peripheral compartment (Vperiph), and total body
clearance (CI) were calculated based on the following equations:

_ 0693 _0.693 __D
T as=="T12a== g Vacem= 335

/, .. -_Dy ___D__~_y 0.693
V d periph=Tg V du/)/)—A/{YJrB/B c=V d app Tipe

Statistical Analysis

Results

The individual values were log-transformed to obtain normal distribution before performing
the t test. The differences between Oatplb2-null and WT mice were determined by way of
Student t test, with significance set at P < 0.05.

Serum Concentrations of BAs in WT and Oatpl1b2-Null Mice

Concentrations of BAs in the serum of 8-week-old WT and Oatp1b2-null mice are depicted
in Fig. 1. In WT mice, the total amount of BAs is relatively low (1 nmol/mL). The total
serum BAs in WT mice comprised approximately equal concentrations of unconjugated- and
T-conjugated BAs, with very small amounts of G-conjugated BAs (<1%, data not shown).

Hepatology. Author manuscript; available in PMC 2011 October 4.
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The unconjugated BAs in the plasma of Oatp1b2-null mice were 3- to 45-fold higher than in
WT mice, except for MDCA and LCA (middle panel). BAs that were increased the most in
Oatplb2-null mice were BMCA (45-fold), CA (38-fold), and aMCA (25-fold). There was an
intermediate increase in the plasma concentrations of HDCA (15-fold) and UDCA (11-fold)
and less of an increase in DCA (2.3-fold) and CDCA (three-fold) in Oatp1b2-null mice.

Absence of the Oatp1b2 transporter did not influence the serum concentrations of either G-
conjugated (data not shown) or T-conjugated BAs, with the exception of T-DCA, which
almost doubled in Oatplb2-null mice. In conclusion, the concentration of unconjugated BAs
was approximately 20-fold higher in Oatp1b2-null mice, resulting in a 10-fold increase in
total serum BAs relative to WT mice.

Hepatic Concentrations of BAs in WT and Oatplb2-Null Mice

Fig. 2 demonstrates the concentrations of BAs in livers of WT and Oatp1b2-null mice. In
mouse liver, similar to plasma, the concentrations of G-conjugated BAs were low (<0.1%,
data not shown). There were no differences in the hepatic concentration of either
unconjugated or conjugated (T and G) BAs between Oatp1b2-null and WT mice.

Biliary Excretion of BAs in WT and Oatp1b2-Null Mice

In this experiment, bile samples were collected for two 15-minute periods, but because there
were no significant differences in the biliary excretion of BAs between the two 15-minute
collection periods, the average biliary excretion rates were used. Similar to plasma and liver,
the biliary excretion of G-conjugated BAs is negligible (data not shown). The total biliary
excretion of unconjugated BAs tended to be lower in the Oatp1b2-null mice, but it was not
statistically significant (Fig. 3). There were no differences in the total biliary excretion of
conjugated and total BA excretion between the two genotypes. There were no differences in
the biliary excretion of unconjugated BAs, except for aMCA and DCA, which were 71%
and 98% lower, respectively, in the Oatplb2-null mice (middle panel). Lack of the Oatp1b2
transporter did not influence the biliary excretion of T-conjugated (bottom panel) or G-
conjugated BAs (data not shown).

Plasma Elimination of CA and T-CA in WT and Oatp1b2-Null Mice

Fig. 4 illustrates the plasma elimination of an intravenous dose of CA (50 umol/kg) or T-CA
(50 umol/kg). This dose was chosen for both BAs, because in preliminary studies, this dose
did not cause hemolysis or signs of cardiac or respiratory toxicity. The plasma
disappearance curves indicate that both CA and T-CA can be described by a two-
compartment open model of elimination. The major pharmacokinetic parameters were
calculated as described in the Materials and Methods. After CA administration, the plasma
concentration of CA was 2.5-3.8 fold higher in Oatp1b2-null mice than WT mice (Fig. 4).
There were no significant differences in the T1/7 gistr (Fig. 5) and T1/; ¢ (12.84 + 2.81 versus
18.25 + 3.62 minutes), V{ periph (4.35 + 1.28 versus 2.98 + 0.90 L/kg) and V{ gpp (2.74 =
0.69 versus 1.62 + 0.45 L/kg) of CA in Oatplb2-null and WT mice; however, the central V4
and CI were approximately 50% lower in Oatplb2-null mice compared with WT mice (Fig.
5). In contrast, after administration of T-CA, there were no differences between its plasma
concentrations and pharmacokinetic parameters in Oatplb2-null and WT mice.

MRNA Expression of Major Hepatic Sinusoidal Uptake, Efflux, and Canalicular
Transporters in WT and Oatp1b2-Null Mice

The top panel of Fig. 6 demonstrates that the expression of other uptake transporters was not
altered markedly in livers of Oatplb2-null mice. Obviously, the mRNA expression of
Oatplb2 was nearly abolished in the Oatp1b2-null mice. Ntcp and Oatp2bl mRNA were

Hepatology. Author manuscript; available in PMC 2011 October 4.
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approximately 20% higher in the Oatp1b2-null mice than in WT mice. Oatpla4 also tended
to be higher in Oatp1b2-null mice, but it was not statistically significant.

The middle panel of Fig. 6 shows that there were no changes in the expression of basolateral
efflux transporters Abcal, multidrug resistance—associated protein (Mrp) 3, or Mrp6, but the
MRNA expression of Mrp4 and organic solute transporter (Ost) a. was about 40%-50%
lower in the Oatplb2-null mice. As the bottom panel of Fig. 6 indicates, there were no
differences in mMRNA expression of canalicular transporters in the two genotypes, except
Abcgs, which was 35% higher in Oatplb2-null mice.

MRNA Expression of Major BA Synthesizing Enzymes and the Major Regulating Factors of
Cyp7alin WT and Oatp1lb2-Null Mice

Because there were changes in the disposition of unconjugated BAs, we quantified the
mMRNA expression of major BA synthetic enzymes in both the classical and alternative
pathways. Surprisingly, the mRNA expression of Cyp7al, the rate-limiting enzyme in the
classical pathway, was 70% lower in Oatplb2-null mice. The alternative pathway of bile
acid synthesis was not altered in Oatp1b2-null mice (Fig. 7, top panel).

To better understand the decrease of Cyp7al expression in Oatplb2-null mice, the mRNA
expression of Cyp7al regulatory factors was quantified in the liver and ileum. As shown in
the middle and bottom panels of Fig. 7, the mRNAs of fibroblast growth factor receptor 4
(Fofrd, 20%) and SHP (86%) were higher in the livers of Oatp1b2-null mice than in WT
mice. The mMRNA expression of fibroblast growth factor 15 (Fgf15) in the ileum tended to
be higher in Oatplb2-null mice.

Discussion

The last decade has seen a resurgence of BA research. BAs not only participate in the
elimination of cholesterol, activation of pancreatic enzymes, and emulsification of lipid
droplets, they are also important signaling molecules that help to control cholesterol,
glucose, lipid, and energy homeostasis. BAs also regulate their own homeostasis.? With
regard to BA homeostasis, the body is economic, in that the enterocytes effectively take up
most of the luminal BAs and transport them back into the blood, and only 5% of biliary
excreted BAs vanish with the feces each day.13.14

It is important to properly regulate the synthesis and enterohepatic recirculation of BAs
because of their detergent properties and signaling roles. BA homeostasis is regulated by the
orchestration of BA synthesis in the liver, and the uptake and efflux transporters in the liver
and terminal ileum. In the intestinal lumen, the conjugated BAs are deconjugated and a
portion is metabolized to secondary BAs (e.g., DCA, LCA) by intestinal bacteria. The
unconjugated and conjugated BAs are reabsorbed in the terminal ileum mainly by apical
sodium-dependent bile acid transporter (Asbt) and delivered to the liver through the portal
vein.1® The basolateral uptake transporters in the liver are responsible for lowering BA
concentrations in the systemic circulation. Ntcp has a high capacity for transporting T- and
G-conjugated bile acids,16:17 whereas hydrophobic bile acids are thought to pass the cell
membrane by passive diffusion.1819 Oatplal, Oatpla4, and Oatp1b2 are all able to
transport in vitro both conjugated and unconjugated BAs.16 In Oatp1b2-null mice, the
hepatic expression of Oatplal remains unchanged, whereas that of Ntcp, Oatpla4, and
Oatp2b1 tends to be higher (Fig. 5), similar to previous studies.®20 Thus, the marked
accumulation of unconjugated BAs in the plasma of Oatplb2-null mice is unlikely due to
secondary changes in other BA transporters.

Hepatology. Author manuscript; available in PMC 2011 October 4.
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Decrease of BA-conjugating enzymes could also contribute to the observed elevation of
serum-unconjugated BAs. However, the possibility of decreased activity of conjugating
enzymes is very low, because there are no significant differences in either mRNA
expression of bile acid—coenzyme A ligase and bile acid coenzyme A:amino acid:N-
acyltransferase (Supporting Information Fig. 1) or the concentrations of conjugated and
unconjugated BAs in livers of WT and Oatplb2-null mice. The concentration of total serum
BAs is approximately seven-fold higher in Oatp1lb2-null mice than in WT mice, which is
due to the marked accumulation (10- to 45-fold) of aMCA, BMCA, CA, HDCA, and UDCA
in plasma of Oatp1b2-null mice. However, absence of the Oatp1b2 transporter does not
increase the plasma concentration of conjugated bile acids, except for T-DCA. This
indicates that Oatp1b2 is essential for the hepatic uptake of unconjugated hydrophilic bile
acids.

Recently, Xiang et al.2! reported that humans carrying low-activity OATP1B1
polymorphisms have higher blood levels of BAs. Therefore, concentrations of BAs in 12-
month-old male Oatpl1b2-null, heterozygous, and WT mice were quantified. The 12-month-
old Oatplb2-heterozygous mice have blood levels of a-MCA, B-MCA, and CA that are
intermediate between WT and Oatp1b2-null mice (Supporting Information Fig. 2). The clear
gene-dosage effects of Oatplb2 on blood levels of BAs is consistent with the many changes
in the pharmacokinetics of drugs and blood levels of endogenous molecules found in
humans with low-activity OATP1B1 polymorphisms.22-24

Surprisingly, the increase in plasma concentrations of BAs in Oatp1b2-null mice is not
reflected by decreases in hepatic concentrations of BAs. Interestingly, in livers of Oatplb2-
null mice, the mRNA expression of the basolateral efflux transporters, Mrp4 and Ost-a, is
40% and 50% lower, respectively, which might help to retain the BAs in the liver.

The biliary excretion of BAs by Oatp1b2-null mice is about the same as in WT mice, except
for less aMCA and DCA in the null mice. In Oatp1b2-null mice, there are no changes in the
MRNA expression of canalicular efflux transporters, which are responsible for maintaining
bile flow and the biliary excretion of BAs. Because there are no decreases in the hepatic
concentrations of aMCA and DCA, the lower rate of excretion of tMCA and DCA might be
necessary for maintaining their hepatic concentrations. Therefore, the hepatic uptake of
aMCA and DCA might be an important determining factor in the excretion of these BAS,
especially for DCA, which originates from the bacterial activity in the intestine. Studies in
rats indicate that rodent liver has high capacity of conversion of CDCA to BMCA, but not to
aMCA.25:26 Thys, the selective decrease of biliary excretion of aMCA, but not BMCA, is
likely due to their differences in hepatic synthesis in Oatp1b2-null mice.

For further characterization of the in vivo role of Oatp1b2 in BA transport, WT and
Oatplb2-null mice were injected with CA or T-CA (Fig. 4). The plasma concentration of
CA is approximately 3 fold higher in Oatp1b2-null mice after the intravenous administration
of CA (Fig. 4). In CA-injected mice, the V4 of the central compartment is approximately
50% smaller in Oatplb2-null than in WT mice. The smaller V4 central results in a 55% lower
hepatic clearance in Oatplb2-null mice (Fig. 5). In contrast to CA, T-CA concentrations are
similar in Oatplb2-null and WT mice after intravenous administration of T-CA. This finding
confirmed the key role of Oatp1b2 in the hepatic uptake of unconjugated BAs.

It can be assumed that the reabsorption of BAs by the ileum is not altered in the Oatpl1b2-
null mice, because there are no changes in either the BA levels in small intestine content
(Supporting Information Fig. 3) or in the mMRNA/protein expression of the BA transporters
in the ileum (Asbt and Osta/B, data not shown) in Oatplb2-null mice compared with WT
mice. Therefore, application of a pharmacokinetic equation after intravenous infusion
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(QF%) is consistent with the constant high concentrations of unconjugated BAs in
Oatplb2-null mice, where Css is the steady-state concentration, DR is the dose rate (in this
case the intestinal absorption of BAs), and Cl is clearance. In Oatp1b2-null mice, the Css is
higher than in WT mice, because of the decreased hepatic clearance of unconjugated BAs.

The homeostasis of hepatic BAs is regulated not only by transporters but also by the de novo
biosynthesis of BAs from cholesterol. Because the disposition of unconjugated BAs is
altered in Oatp1b2-null mice, the gene expression of BA synthetic enzymes was examined.
Surprisingly, the mRNA expression of Cyp7al, the rate-limiting enzyme of BA synthesis,?’
is 70% lower in Oatp1b2-null mice (Fig. 7). The absence of Oatplb2 does not influence
other key enzymes either in the classical or in the alternative BA synthetic pathway (Fig. 7).
The regulation of Cyp7al is complex. Cyp7al is a target gene of liver X receptor o (LXRa)
in rodents.28 A high cholesterol diet increases bile acid synthesis in WT but not in LXRa-
null mice, which results in high levels of cholesterol in livers of LXRa-null mice.2? Serum
total cholesterol is higher in Oatp1b2-null than in WT mice.b It is possible that cholesterol
uptake into the Oatp1b2-null liver is compromised. The current study confirms 30% higher
serum concentration of cholesterol, but did not detect any changes in hepatic cholesterol
content in Oatp1b2-null mice (Supporting Information Fig. 4). Based on these findings,
decreased LXR activation is probably not the reason for lower Cyp7al gene expression in
Oatplb2-null mice.

FXR is a major BA sensor that regulates BA homeostasis by way of Cyp7al. In the liver,
FXR inhibits Cyp7al through induction of SHP.27:30 |n intestine, FXR induces Fgf15 in
mice (FGF19 in humans) which activates the hepatic Fgfr4 to inhibit Cyp7al gene
expression.2” In Oatp1b2-null mice, the mRNA expression of Cyp7al might be down-
regulated because of the high expression of SHP (Fig. 7). However, it is not clear why there
is an increase in SHP, because there is not an increase in BAs in livers of Oatplb2-null mice
(Fig. 2). Increased expression of Fgfl5 in the intestines and Fgfr4 in the livers of Oatplb2-
null mice are likely responsible for the decreased expression of Cyp7al in the livers of
Oatplb2-null mice (Fig. 7). Fgf15 was 50% higher in 2-month-old Oatp1b2-null mice (but
was not statistically significant) and four-fold higher in 1-year-old Oatp1b2-null mice
(Supporting Information Fig. 5), which suggests that the Fgf15 pathway might be
responsible for the decreased expression of Cyp7al.

The reason why the Fgf15/Fgfr4 pathway is increased in Oatp1b2-null mice is not obvious,
because the biliary excretion of BAs in the two genotypes is similar, thus the concentrations
of BAs in the ileal contents are also similar (Supporting Information Fig. 3). The ileum
might be responding to higher concentrations of unconjugated BAs in the blood.

In conclusion, the current study indicates that Oatp1b2 has an important role in hepatic
uptake of unconjugated BAs. The hepatic clearance of CA is 55% lower in Oatp1b2-null
mice. Surprisingly, Oatp1b2 appears to play an indirect role in the hepatic expression of
Cyp7al.

Abbreviations

BA bile acid

CA cholic acid

CDCA chenodeoxycholic acid
DCA deoxycholic acid
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Fgfl15 fibroblast growth factor 15

Fofra fibroblast growth factor receptor 4
FXR farnesoid X receptor

G glycine

HDCA hyodeoxycholic acid

LCA lithocholic acid

LXRa liver X receptor a

MCA muricholic acid

MDCA murideoxycholic acid

MRNA messenger RNA

Mrp multidrug resistance—associated protein
Ntcp sodium taurocholate cotransporting polypeptide
Oatp organic anion-transporting polypeptide
SHP small heterodimer partner

T taurine

UDCA ursodeoxycholic acid

WT wild-type
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Fig. 1.

Serum concentration of total bile acids (top), individual unconjugated bile acids (middle),
and individual T-conjugated bile acids (bottom) in 2-month-old male WT and Oatp1b2-null
mice. Bars represent the mean + SE of 6 mice. *Statistically significant difference (P < 0.05)
from the respective value of WT mice. 2-BAs, total bile acids; T-BAs, T-conjugated bile
acids; U-BAs, unconjugated bile acids.
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Fig. 2.

Hepatic concentration of total bile acids (top), individual unconjugated bile acids (middle),
and individual T-conjugated bile acids (bottom) in 2-month-old male WT and Oatp1b2-null
mice. Bars represent the mean + SE of 6 mice. *Statistically significant difference (P < 0.05)
from the respective value of WT mice. £-BAs, total bile acids; T-BAs, T-conjugated bile
acids; U-BAs, unconjugated bile acids.
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Fig. 3.

Biliary excretion of total bile acids (top), individual unconjugated bile acids (middle), and
individual T-conjugated bile acids (bottom) in 2-month-old male WT and Oatp1b2-null
mice. Bars represent the mean + SE of 6 mice. *Statistically significant difference (P < 0.05)
from the respective value of the WT mice. X-BAs, total bile acids; T-BAs, T-conjugated bile
acids; U-BAs, unconjugated bile acids.
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Fig. 4.

Plasma disappearance of cholic acid (CA, 50 pumol/kg, intravenous) and taurocholic acid (T-
CA, 50 pmol/kg, intravenous) in WT and Oatp1b2-null mice. Symbols represent the mean
SE of 6 animals. *Statistically significant difference (P < 0.05) from the respective value of
WT mice.
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Vd cent: T1/2 distr» and CL of cholate and taurocholate administered intravenously to WT and
Oatplb2-null mice (50 umol/kg). Bars represent the mean + SE of 6 mice. *Statistically
significant difference (P < 0.05) from the respective values of WT mice. The calculation of
the pharmacokinetic parameters are described in the Materials and Methods.
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Fig. 6.

MRNA expression of basolateral uptake (top), efflux (middle), and canalicular (bottom)
transporters in 2-month-old WT and Oatp1b2-null mouse livers. Bars represent the relative
percentage mMRNA expression + SE of 6 mice compared with WT mice values. *Statistically
significant difference (P < 0.05) from the respective values of WT mice.
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Fig. 7.

MRNA expression of major bile acid synthetic enzymes (Cyp7al, 8bl, 27al, 7b1; top) in the
liver, and major Cyp7al-regulatory factors in livers (middle), and ilea (bottom) of 2-month-
old WT and Oatp1b2-null mice. Bars represent the relative percentage mRNA expression +
SE of 6 mice compared with WT mice values. *Statistically significant difference (P < 0.05)
from the respective values of WT mice.
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