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Introduction

Organic anion-transporting polypeptides (OAT- 
Ps in humans, Oatps in rodents) are multispe-
cific transporters expressed in numerous epi-
thelial cells throughout the body, transporting 
predominantly large and hydrophobic organic 
anions [1, 2]. OATP1B1 (also termed OATP-C, 
OATP2, SLC21A6 or LST-1, gene SLCO1B1) and 
OATP1B3 (OATP8, SLC21A8 or LST3, gene SL- 
CO1B3) are highly homologous proteins with 
similar genomic organization into 15 exons. 
Both proteins are glycosylated and have similar 
secondary structures with 12 predicted trans-

membrane helices with both termini located 
intracellularly [3, 4]. OATP1Bs mediate the Na+-
independent uptake of conjugated and uncon-
jugated bilirubin, unconjugated bile salts and 
many other organic anions in human hepato-
cytes [2]. Expression of SLCO1B1 and SLCO1B3 
is restricted to human hepatocytes and the cor-
responding protein products are localized to the 
basolateral (sinusoidal) membrane [3-6]. While 
OATP1B1 is expressed throughout the lobule, 
OATP1B3 is predominantly localized to the cen-
trilobular zone [3, 7]. Expression of OATP1B pro-
teins is regulated at the transcriptional [2, 8, 9] 
and/or protein level [2]. 
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Several polymorphisms in OATP1B1 and 
OATP1B3 are known to affect kinetics and dis-
position to transport various OATP1B sub-
strates of either endogenous or exogenous ori-
gin [10-13]. The OATP1B1 rs2306283 
polymorphism p.N130D is associated with 
development of severe hyperbilirubinemia in 
neonates [14], the OATP1B1 rs4149056 poly-
morphism p.V174A with higher serum bilirubin 
levels in healthy adults [15, 16] and two non-
coding variants in SLCO1B3 may contribute to 
idiopathic mild unconjugated hyperbilirubine-
mia [17].

Adaptive changes in expression of liver bilirubin 
transporters in both hereditary and acquired 
cholestatic liver diseases-down-regulation of 
the canalicular multidrug resistance-associat-
ed protein MRP2 expression and up-regulation 
of sinusoidal MRP3 expression-explain the 
impairment of liver bilirubin uptake and excre-
tion [18-22]. Since complete absence of both 
OATP1B1 and OATP1B3 results in Rotor-type 
hereditary jaundice [23, 24], down-regulation 
of OATP1Bs might also contribute to conjugated 
hyperbilirubinemia in common hepatobiliary 
diseases.

Our aims were to select antibodies suitable for 
specific detection of both or either of the 
OATP1B proteins on formalin-fixed paraffin-
embedded liver specimens by testing them in 
OATP1B1- and OATP1B3-transgenic mice and to 
correlate liver expression of OATP1Bs with both 
forms of plasma bilirubin, cholestatic markers 
and histological findings in various forms of bili-
ary and parenchymal liver diseases.

Materials and methods

Mouse strain

The human OATP1B1 and OATP1B3 transgenic 
mice crossed back into a Slco1a/1b-/- back-
ground to obtain the corresponding humanized 
rescue strains [23, 25, 26] were used. All ani-
mals were between 9 and 14 weeks of age. 
Mice were kept in a temperature-controlled 
environment with a 12-h light/12-h dark cycle 
and received a standard diet (AM-II; Hope 
Farms) and acidified water ad libitum. Housing 
and handling of the animals was in line with the 
institutional guidelines complying with Dutch le- 
gislation.

Patients, biochemistry tests and human liver 
specimens

Fifty-two patients with end-stage liver disease 
who underwent orthotopic liver transplantation 
at the Institute for Clinical and Experimental 
Medicine between 2008 and 2013 were classi-
fied according to their underlying diagnosis. 
Two groups were constituted. The group of 
parenchymal liver diseases consisted of 
patients with alcoholic liver cirrhosis (ALD, 
n=9), cirrhosis owing to chronic hepatitis C 
(HCV, n=8), and autoimmune cirrhosis (AIH, 
n=4). Patients with primary sclerosing cholangi-
tis (PSC, n=11), primary biliary cirrhosis (PBC, 
n=9), and biliary atresia (BA, n=11) were includ-
ed in the group of patients suffering from pri-
mary biliary diseases. Control liver specimens 
were obtained from 5 patients who underwent 
liver resection for metastatic cancer.

Serum samples obtained the day of liver trans-
plantation were analysed for total and conju-
gated bilirubin, aspartate transaminase (AST), 
alanine transaminase (ALT), γ-glutamyltrans- 
ferase (GGT) and alkaline phosphatase (ALP) 
activity by routine clinical biochemistry me- 
thods. 

Liver specimens were collected from the 
explanted livers. At least ten samples were 
obtained from the right and the left lobe and 
one from the lobus caudatus. Not less than two 
samples of normal liver tissue were taken from 
patients undergoing resection of liver metasta-
ses. All tissue blocks were formalin-fixed imme-
diately after removal and processed for routine 
histological assessment. 

Molecular analysis

Written informed consent was obtained from 
the patients before their genetic examination. 
Genomic DNA was extracted from peripheral 
leukocytes and UGT1A1 TATA-box promoter 
polymorphism rs8175347 and the SLCO1B1 
c.521T>C (p.V174A) coding polymorphism 
rs4149056 were genotyped by direct sequenc-
ing on the Applied Biosystems ABI 3130 genet-
ic analyzer (Life Technologies, Prague, Czech 
Republic).

Primary antibodies

Five antibodies directed against the amino or 
carboxyl terminus of OATP1B1, Oatp1b2 and 
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OATP1B3 were tested for immunohistochemi-
cal detection of human OATP1Bs (Table 1) in 
frozen and paraffin sections. The MDQ mouse 
monoclonal anti-OATP2 antibody (ab15442, 
Abcam, Cambridge, UK) was reported as cross-
reacting with both OATP1B1 and OATP1B3 on 
Western blot, immunoprecipitation and immu-
nocytochemistry [27]. The ESL mouse mono-
clonal anti-OATP2 antibody (ab15441, Abcam) 
was declared as specific for OATP1B1 on frozen 
sections. The third mouse monoclonal antibody 
Oatp2 A-2 (sc-376424, Santa Cruz Biotech 
nology, Dallas, TX) should cross-react with hu- 
man OATP and OATK family members. The rab-
bit anti-human polyclonal anti-SLCO1B1/OATP2 
antibodies LS-C8521 (imunoaffinity purified) 
and LS-C8522 (unpurified serum), both pur-
chased from LifeSpan Biosciences (Seattle, 
WA), were raised against a 17 amino acid pep-
tide with identical yet proprietary sequence 
located near the C-terminus of human OATP- 
1B1. Both LS-C8521 and LS-C8522 should 
specifically recognize human OATP1B1 in ELISA 
or on Western blot. The OATP8 H-52 rabbit poly-
clonal anti-human antibody (sc-98981, Santa 
Cruz Biotechnology, Dallas, TX) was recom-
mended for detection of OATP1B3 and, to a 
lesser extent, OATP1B1.

Immunohistochemical staining

Mouse and human liver tissues were fixed in 
10% neutral buffered formalin and embedded 
in paraffin blocks. Four µm thick paraffin sec-
tions were cut and deparaffinized. Cryostat sec-
tions (8 µm) of frozen liver tissues were fixed in 
cold acetone for 10 minutes, dried and rinsed 
in 0.2% Triton X-100 for 5 minutes and in phos-
phate-buffered saline (PBS). Sections of an 
adult liver without cholestasis were used as a 
positive control in human studies and liver sec-
tions processed without incubation with prima-
ry antibodies served as negative controls in 
both animal and human studies.

All paraffin sections were pretreated by enzy-
matic digestion with proteinase K (Dako, Glos- 
trup, Denmark) or by a heat-induced epitope 
retrieval (HIER) technique of incubation for 30 
minutes at 96°C in citrate buffer-pH 6.0 (Dako), 
Tris/EDTA buffer pH 8.0 (Leica, Wetzlar, Ger- 
many), Tris/EDTA buffer pH 9.0 (Dako) and High 
pH buffer (Dako). Sections without pretreat-
ment were also used in parallel. Endogenous 
peroxidase activity was then blocked by 0.3% 

H202 in 70% methanol for 30 minutes. To pre-
vent non-specific binding, the sections were 
incubated with the serum from the host of the 
secondary antibody. Subsequent incubations 
with primary antibodies (dilution 1:50 and 
1:100) were done overnight at +4°C. 

For detection of primary antibodies a two-step 
(Dako, Histofine) or a three-step (Vector, Labo- 
ratories, Burlingame, CA) visualization system 
was used. The two-step detection of primary 
antibodies was performed using the EnVision + 
System-HRP Labelled Polymer anti-rabbit or 
anti-mouse (Dako) or the Simple Stain MAX PO 
(MULTI) Universal Immuno-peroxidase Polymer 
anti-mouse, anti-rabbit Histofine (Nichirei Bio- 
sciences, Tokyo, Japan) for 30 minutes. Finally, 
the specimens were stained with the Dako 
Liquid DAB Substrate-Chromogen System (Da- 
ko) for 2 minutes and counterstained with Har- 
ris’s haematoxylin before they were embedded 
in Pertex® Mounting Medium (Histolab, Gothen- 
burg, Sweden). The three-step detection of pri-
mary antibodies was started by 30 minutes 
incubation with biotinylated anti-mouse or rab-
bit IgG (H+L) (Vector) diluted 200× in 1% bovine 
serum albumin. The sections were incubated 
with R.T.U. Vectastain Elite ABC Reagent (Vec- 
tor) for another 30 minutes and then stain- 
ed with 3,3’-diaminobenzidine (Dako) for 2 min-
utes. Counterstaining with Harris’s haematoxy-
lin was performed at the end.

To minimize the reactivity of the secondary anti-
mouse antibody with endogenous immunoglob-
ulin in the mouse tissue, frozen and paraffin 
sections of mouse livers were stained with the 
Dako ARKTM (Animal Research Kit) Peroxidase 
(Dako).

Immunohistological expression of OATP1Bs 
was evaluated independently by two histopa-
thologists using the following scoring system: 
0-no positivity detected, 1-positivity in less 
than 33% hepatocytes, 2-positivity in 33-66% 
of hepatocytes, 3-positivity in more than 66% 
hepatocytes. Correctness of the immunohisto-
chemical reactions was verified by positive con-
trols on each slide. Histological evaluation was 
performed in 2-6 slices with sectional area 
measuring 120-150 mm2 obtained from differ-
ent sites of the liver specimen in each case. If 
no positivity was detected (e.g. score 0), addi-
tional 2-3 sections from different sites of the 
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Table 1. Primary antibodies

Primary antibody Immunogen amino 
acid positions Immunogen sequence Recommended applications Known cross-reactivity

OATP 2 MDQ OATP1B1, 1-24 MDQNQHLNKTAEAQPSENKKTRYC WB, IP, IHC-Fr, ICC/IF OATP1B3 on WB

OATP2 ESL OATP1B1 671-691 ESLNKNKHFVPSAGADSETHC WB, IP, IHC-Fr, ICC/IF no
Oatp2 A-2 Oatp1b2, 611-660 ASFLPALFILILMRKFQFPGDIDSSDTDPAEMKLTAKESKCTNVHRSPTM WB, IP, ICC/IF and ELISA OATPs and OATKs 
OATP2 LS-C8521 OATP1B1, C-term* 17 aa, sequence not provided WB and ELISA no
OATP2 LS-C8522 OATP1B1, C-term* 17 aa, sequence not provided WB and ELISA no
OATP8 H-52 OATP1B3, 651-702 FQGKDTKASDNERKKVMDEANLEFLNNGEHFVPSAGTDSKTCNLDM QDNAAAN WB, IP, IHC-Fr, IHC-P, ICC/IF and ELISA OATP1B1
Legend: †amino acid positions not provided; Abbreviations: WB-Western blot, IP-immunoprecipitation, IHC-immunohistochemistry, Fr-frozen, P-paraffin, ICC-immunocytochemistry, IF-immunofluorescence.
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explanted liver were stained. Since the archi-
tecture of the liver lobules was completely alter- 
ed in the advanced stages of the liver diseases, 
the staining patterns of OATP1B proteins in liver 
parenchyma were irregular and zonal expres-
sion of the transporter proteins with centrilobu-
lar (perivenular) accentuation previously des- 
cribed in some studies [3, 7, 27] could not be 
assessed.

Statistical analysis

Results are expressed as the mean ± SD for 
the two patient groups. To calculate the statisti-
cal significance of the differences between the 
groups, the Mann-Whitney test was used. The 
relations between the parameters were esti-
mated by the nonparametric Spearman’s cor-
relation coefficient. An exponential model was 
used for significant correlations. Two-sided 
P<0.05 was considered statistically sig- 
nificant.

Results

Specificity of anti-OATP1B antibodies in frozen 
and formalin-fixed liver tissue

The anti-OATP2 MDQ antibody detected both 
OATP1B1 and OATP1B3 polypeptides in frozen 
and, after HIER pretreatment, in formalin-fixed 
liver tissue of mice transgenic for either 
SLCO1B1 or SLCO1B3 (Figure 1). Immunoposi- 
tivity for both OATP1Bs was localized to the 
basolateral membrane of hepatocytes. Immu- 
nostaining in the SLCO1B1tg mouse strain was 
accentuated in periportal areas of the liver lob-
ules whereas the staining pattern in SLCO1B3tg 
mice was irregular with random distribution of 
positive hepatocytes. The staining in SLCO1B1 
transgenes was weak compared to the 
SLCO1B3 animals.

In healthy human liver tissue with preserved 
lobular architecture the distribution of the anti-

Figure 1. Immunohistological expression of OATP1B proteins in the formalin-fixed liver specimens of transgenic 
mice. MDQ and H-52 antibody positively stained the basolateral membrane of hepatocytes in both transgenic 
mouse strains. No specific positivity was observed with the ESL antibody in paraffin sections. Control: Slco1a/1b-/- 
[35]. Asterisks mark portal triads. Paraffin sections, HIER pretreatment at pH 6.0. Bar corresponds to 50 µm. 
Original magnification ×200. 
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OATP2 MDQ immunostaining showed accentu-
ation in centrilobular (perivenular) areas with 
only weak signal around the portal triads 
(Figure 2). The polarity of the cell plasma mem-
brane staining of normal hepatocytes localized 
to the basolateral (sinusoidal) membrane was 
easily discernible (Figure 2, inset).

The rabbit polyclonal antibody OATP8 H-52 
gave a strong positive signal in SLCO1B3tg mice 
(both frozen and paraffin sections) with a pat-
tern similar to that observed with the MDQ anti-
body. The cross-reactivity with OATP1B1 in 
SLCO1B1tg was also present but weak (Figure 
1).

Specific detection of OATP1B1 was obtained 
with the ESL anti-OATP2 antibody in frozen sec-
tions of both SLCO1B1tg mouse and human liv-
ers with periportal accentuation of staining in 
mouse tissue and diffuse panlobular staining in 
human specimens (Figure 2). The antibody did 
not cross-react with OATP1B3 in SLCO1B3tg 
mice. Unfortunately, the ESL antibody did not 
recognize specifically OATP1B1 protein in for-
malin-fixed paraffin-embedded liver tissue.

None of the other tested anti-OATP1B1 anti-
bodies Oatp2 A-2, LS-C8521 and LS-C8522 
detected OATP1B1 and/or OATP1B3 either in 
frozen or in formalin-fixed paraffin-embedded 
sections of mouse and human liver tissue.

Clinical, laboratory and molecular characteris-
tics of the candidate patients

To rule out individuals genetically predisposed 
to hyperbilirubinemia, UGT1A1 promoter TATA-

box and SLCO1B1 rs4149056 genotyping was 
performed in all patients considered for inclu-
sion in the study. A homozygous genotype A 
(TA)7TAA typical for Gilbert syndrome was iden-
tified in one patient with PSC and in two patients 
with hepatitis C. Moreover, three homozygotes 
for the SLCO1B1 c.521C allele were identified 
in the group of primary biliary diseases (BA, 
PSC and PBC) and one patient with alcoholic 
cirrhosis. All these seven patients were exclud-
ed from further statistical evaluations.

Clinical and laboratory characteristics of the 
remaining 45 enrolled patients are presented 
in Table 2. As expected, total and conjugated 
serum bilirubin levels and GGT and ALP activi-
ties were higher in the patients suffering from 
primary biliary disorders compared to the indi-
viduals with primary hepatocellular diseases 
(Table 2) and the differences were statistically 
significant (Table 3). However, no difference be- 
tween the serum unconjugated bilirubin levels 
was detected (Table 3).

Expression of OATP1Bs in advanced liver 
diseases

Immunohistological expression of the OATP1B 
proteins detected by the MDQ antibody (ab- 
15442) in paraffin sections was irregular in 
advanced liver diseases with variable intensity 
of positive staining ranging from none or only 
small groups of positive cells to diffuse strong 
positivity. Moreover, polarity of the cell staining 
localized to the basolateral (sinusoidal) mem-
brane of hepatocytes in the normal liver tissue 
with preserved lobular architecture was 
retained only partially in the setting of cirrhosis. 

Figure 2. Immunohistological expression of OATP1B proteins in frozen human liver tissue. MDQ and H-52 immu-
nostaining showed accentuation in centrilobular area with only weak signal around the portal triads. ESL antibody 
gave strong panlobular signal. Positivity was localized to the basolateral membrane of hepatocytes (inset). Asterisks 
mark central vein, triangles mark portal triads. Bar corresponds to 50 µm, in inset 20 µm. Original magnification 
×200, inset ×600.
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The immunohistological OATP1B expression 
was decreased in advanced stages of both 
groups of patients with significantly lower val-
ues in the group of primary biliary disorders 
(1.9±1.1 vs. 2.7±0.6; P=0.009; Table 3). 

Inverse correlations between the immunohisto-
logical OATP1Bs expression score and serum 
total, conjugated and unconjugated bilirubin 
levels were observed in the advanced stages of 
primary biliary diseases. By contrast, no statis-
tically significant correlation was found between 
the same parameters in the group of primary 
hepatocellular (parenchymal) diseases (Figure 
3). Moreover, expression of OATP1Bs did not 
correlate with the activity of cholestatic 
enzymes in both groups of diseases (data not 
shown).

Discussion

Despite extensive efforts, we did not achieve 
specific immunostaining of either OATP1B1 or 

OATP1B3 in formalin-fixed paraffin-embedded 
liver specimens with any of the 5 tested anti-
bodies. The only two effective antibodies, MDQ 
and H-52, cross-reacted with both OATP1Bs 
whereas the anti-OATP1B1 antibodies ESL, 
Oatp2 A-2, LS-C8521 and LS-C8522 did not 
provide specific reactions with the membrane 
antigens on paraffin specimens. Cross-reacti- 
vity of the mouse monoclonal anti-OATP2 anti-
body [MDQ] (ab15442) with both human OATP- 
1B1 and OATP1B3 proteins in Western blot, 
immunoprecipitation and immunocytochemis-
try of transfected cells has already been des- 
cribed by Cui et al. [27]. In our study we proved 
that the same antibody also recognizes anti-
genic determinants of both OATP1B proteins 
after immunohistochemical processing of for-
malin-fixed paraffin-embedded tissue sections 
and can serve as a useful tool in the diagnosis 
of Rotor syndrome caused by simultaneous 
absence of both OATP1B transporters [23, 24]. 
Our results obtained with the MDQ antibody in 
transgenic mouse and normal human liver tis-
sue sections are consistent with previous re- 
ports [6, 25, 27]. It should be noted though, 
that polarity and zonal accentuation of the 
OATP1B transporters distribution is substan-
tially altered in the advanced stages of liver dis-
eases characterized by complete parenchymal 
architectural disturbance and vascular reorgani- 
zation. 

In the second part of the study, based on the 
immunodetection of both OATP1Bs with the 
MDQ antibody, we observed lower immunohis-
tological expression of OATP1B in end-stage 
liver diseases. The decrease was more marked 
in the group of primary biliary disorders charac-
terized by predominantly obstructive type of 
cholestasis compared to the primary non-cho-
lestatic parenchymal diseases. Our observa-

Table 2. Clinical and laboratory characteristics of the patient groups

Diag. N Sex M/F Stage 
(fibrosis)

Child-Pugh 
score

Bili T 
(µmol/L)

Bili C 
(µmol/L)

ALP 
(µkat/L)

GGT 
(µkat/L)

OATP1B 
score

PSC 9 7/2 4 7.7±3.3 107±181 82±144 7.0±4.0 5.7±5.1 2.2±0.7
PBC 8 0/8 4 8.0±3.2 388±326 284±239 5.4±4.0 4.0±2.7 1.7±1.3
BA 10 6/4 4 9.3±1.6 282±277 183±193 5.9±5.0 1.9±1.2 1.7±1.3
ALD 8 6/2 4 8.3±1.4 48±25 21±10 3.4±2.0 1.7±1.0 2.8±0.5
HCV 6 5/1 4 8.0±1.7 46±39 27±24 2.4±1.1 2.0±1.3 2.7±0.8
AIH 4 2/2 4 7.5±2.4 66±56 26±14 2.5±1.0 2.0±1.6 2.5±0.6
Legend: Bili T-total bilirubin, Bili C-conjugated bilirubin, ALP-alkaline phosphatase, GGT-γ-glutamyltransferase, OATP1B 
score-immunohistological expression score of OATP1B proteins, PSC-primary sclerosing cholangitis, PBC-primary biliary 
cirrhosis, BA-biliary atresia, ALD-alcoholic liver disease, HCV-hepatitis C virus, AIH-autoimmune hepatitis.

Table 3. Comparison of biochemical values 
and immunohistological OATP1B expression in 
the group of primary biliary and parenchymal 
diseases

Biliary 
(n=27)

Parenchymal 
(n=18)

mean SD mean SD p
Bili T (µmol/L) 255 280 51 36 0.005
Bili C (µmol/L) 179 203 24 16 0.001
Bili U (µmol/L) 76 85 27 24 0.093
ALP (µkat/L) 6.1 4.3 2.9 1.6 0.005
GGT (µkat/L) 4 3.9 1.9 1.2 0.019
OATP1B score 1.9 1.1 2.7 0.6 0.009
Legend: Bili U-unconjugated bilirubin, Bili T-total bilirubin, 
Bili C-conjugated bilirubin, ALP-alkaline phosphatase, 
GGT-γ-glutamyltransferase, OATP1B score-immunohisto-
logical expression score of OATP1B proteins.
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tions are well in accordance with the previously 
published studies demonstrating down-regula-
tion of OATP1B mRNA levels and/or protein 
products in patients suffering from PSC, PBC, 
and biliary atresia [20, 21, 28-30]. Substantial 
differences between biliary and parenchymal 
diseases at the same stage (e.g. cirrhosis) 
strongly indicate presence of distinct mecha-
nisms resulting in decreased numbers of the 
OATP1B-expressing cells and/or reduced den-
sity of OATP1B transporters at the basolateral 
membrane of hepatocytes. 

Alteration of hepatobiliary transporters in he- 
reditary and acquired liver diseases explains 

impaired hepatic (re)uptake and excretion of 
both forms of bilirubin, bile salts, and other bili-
ary constituents resulting in cholestasis and 
jaundice [18, 19]. Cholestasis with blockade of 
MRP2-mediated transport is followed by up-
regulation of the basolateral homologue MRP3 
at the basolateral (sinusoidal) membrane of 
hepatocytes and conjugated bilirubin is secret-
ed into sinusoidal blood via MRP3 with conse-
quent urinary excretion [31, 32]. This MRP3 
induction in cholestatic conditions, mediated 
by transcriptional pathways associated with 
bile acids, is supposed to protect cholestatic 
hepatocytes from glucuronides [33-35]. A sub-
stantial fraction of bilirubin conjugated in the 
liver and splanchnic organs secreted into portal 
and sinusoidal blood via MRP3, is subsequent-
ly taken up by hepatocytes via OATP1B1 and 
OATP1B3 for final biliary excretion [23, 36]. 
Except for up-regulation of canalicular and ba- 
solateral efflux pumps, elevation of serum bili-
rubin levels in advanced stages of biliary dis-
eases may also be, at least in part, a conse-
quence of the decreased basolateral bilirubin 
uptake which is supposed to represent a part 
of an adaptive process protecting hepatocytes 
against accumulation of toxic biliary constitu-
ents during chronic cholestasis [20, 22, 36]. 

Since the human material has been collected 
retrospectively in this study, only formalin-fixed 
and paraffin-embedded tissue was available in 
most of the patients. Considering the fact that 
immunohistochemistry combined with calcula-
tion of the OATP1B-expressing cell rate is a 
semiquantitative method, quantification of OA- 
TP1B protein expression should be performed 
in prospectively collected fresh liver tissue.

We conclude that the MDQ antibody can serve 
as a tool in histopathological differential diag-
nosis of hyperbilirubinemia syndromes and 
may be helpful in identification of Rotor sub-
jects. Down-regulation of both OATP1B proteins 
altering bilirubin re-uptake at the basolateral 
membrane of cholestatic hepatocytes may, 
apart from impaired MRP2 and MRP3 expres-
sion, contribute to molecular pathogenesis of 
predominantly conjugated hyperbilirubinemia 
accompanying advanced liver diseases with 
predominantly obstructive type of cholestasis.
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expressed as Pearson correlation coefficient r. 



OATP1Bs are down-regulated in advanced cholestasis

5260	 Int J Clin Exp Pathol 2015;8(5):5252-5262

Supported by the Ministry of Health, Czech 
Republic-conceptual development of research 
organization (“Institute for Clinical and Experi- 
mental Medicine-IKEM, IN 00023001”) and the 
European Commission within the Operational 
Program Prague-Competitiveness; project “CEV- 
KOON” (#CZ.2.16/3.1.00/22126).

Disclosure of conflict of interest

None. 

Abbreviations

AIH, autoimmune hepatitis; ALD, alcoholic liver 
disease; ALT, alanine transaminase; ALP, alka-
line phosphatise; AST, aspartate transaminase; 
BA, biliary atresia; GGT, γ-glutamyltransferase; 
HCV, hepatitis C virus; HIER, heat-induced epit-
ope retrieval; HNF1α, hepatocyte nuclear factor 
1α; HNF3β, hepatocyte nuclear factor 3β; 
MRP2/ABCC2, multidrug resistance-associat-
ed protein 2/ATP-Binding Cassette Sub-Family 
C Member 2; MRP3/ABCC3, multidrug resis-
tance-associated protein 3/ATP-Binding Cas- 
sette Sub-Family C Member 3; OATP, organic 
anion-transporting polypeptide; OATP1B1, or- 
ganic anion-transporting polypeptide 1B1; OA- 
TP1B3, organic anion-transporting polypeptide 
1B3; PBC, primary biliary cirrhosis; PSC, prima-
ry sclerosing cholangitis; SLCO1B1, solute car-
rier organic anion transporter family member 
1B1; SLCO1B3, solute carrier organic anion 
transporter family member 1B3; UGT1A1, uri-
dine diphosphate glucuronosyltransferase 1A.

Address correspondence to: Dr. Sticova Eva, Clinical 
and Transplant Pathology Department, Institute for 
Clinical and Experimental Medicine, Videnska 
1958/9, Prague 4-Krc, 14021, Czech Republic. Tel: 
+420 236 055 229; Fax: +420 241 721 666; E-mail: 
eva.sticova@medicon.cz

References

[1]	 Hagenbuch B and Meier PJ. Organic anion 
transporting polypeptides of the OATP/SLC21 
family: phylogenetic classification as OATP/ 
SLCO superfamily, new nomenclature and mo-
lecular/functional properties. Pflugers Arch 
2004; 447: 653-65. 

[2]	 Roth M, Obaidat A, Hagenbuch B. OATPs, OATs 
and OCTs: the organic anion and cation trans-
porters of the SLCO and SLC22A gene super-
families. Br J Pharmacol 2012; 165: 1260-87. 

[3]	 König J, Cui Y, Nies AT, Keppler D. Localization 
and genomic organization of a new hepatocel-
lular organic anion transporting polypeptide. J 
Biol Chem 2000; 275: 23161-8  

[4]	 König J, Cui Y, Nies AT, Keppler D. A novel hu-
man organic anion transporting polypeptide 
localized to the basolateral hepatocyte mem-
brane. Am J Physiol Gastrointest Liver Physiol 
2000; 278: G156-64. 

[5]	 Abe T, Kakyo M, Tokui T, Nakagomi R, Nishio T, 
Nakai D, Nomura H, Unno M, Suzuki M, Naitoh 
T, Matsuno S, Yawo H. Identification of a novel 
gene family encoding human liver-specific or-
ganic anion transporter LST-1. J Biol Chem 
1999; 274: 17159-17163.

[6]	 Abe T, Unno M, Onogawa T, Tokui T, Kondo TN, 
Nakagomi R, Adachi H, Fujiwara K, Okabe M, 
Suzuki T, Nunoki K, Sato E, Kakyo M, Nishio T, 
Sugita J, Asano N, Tanemoto M, Seki M, Date F, 
Ono K, Kondo Y, Shiiba K, Suzuki M, Ohtani H, 
Shimosegawa T, Iinuma K, Nagura H, Ito S, 
Matsuno S. LST-2, a human liver-specific or-
ganic anion transporter, determines metho-
trexate sensitivity in gastrointestinal cancers. 
Gastroenterology 2001; 120: 1689-1699. 

[7]	 Ho RH, Tirona RG, Leake BF, Glaeser H, Lee W, 
Lemke CJ, Wang Y, Kim RB. Drug and bile acid 
transporters in rosuvastatin hepatic uptake: 
function, expression, and pharmacogenetics. 
Gastroenterology 2006; 130: 1793-806. 

[8]	 Jung D and Kullak-Ublick GA. Hepatocyte nu-
clear factor 1 alpha: a key mediator of the ef-
fect of bile acids on gene expression. Hepatol-
ogy 2003; 37: 622-631. 

[9]	 Vavricka SR, Jung D, Fried M, Grutzner U, Meier 
PJ, Kullak-Ublick GA. The human organic anion 
transporting polypeptide 8 (SLCO1B3) gene is 
transcriptionally repressed by hepatocyte nu-
clear factor 3beta in hepatocellular carcinoma. 
J Hepatol 2004; 40: 212-218. 

[10]	 Kalliokoski A and Niemi M. Impact of OATP 
transporters on pharmacokinetics. Br J Phar-
macol 2009; 158: 693-705.

[11]	 Kalliokoski A, Neuvonen M, Neuvonen PJ, Nie-
mi M. The effect of SLCO1B1 polymorphism on 
repaglinide pharmacokinetics persists over a 
wide dose range. Br J Clin Pharmacol 2008; 
66: 818-25.

[12]	 Niemi M, Pasanen MK, Neuvonen PJ. Organic 
anion transporting polypeptide 1B1: a geneti-
cally polymorphic transporter of major impor-
tance for hepatic drug uptake. Pharmacol Rev 
2011; 63: 157-81.

[13]	 Schwarz UI, Meyer zu Schwabedissen HE, Tiro-
na RG, Suzuki A, Leake BF, Mokrab Y, Mizugu-
chi K, Ho RH, Kim RB. Identification of novel 
functional organic anion-transporting polypep-



OATP1Bs are down-regulated in advanced cholestasis

5261	 Int J Clin Exp Pathol 2015;8(5):5252-5262

tide 1B3 polymorphisms and assessment of 
substrate specificity. Pharmacogenet Genom-
ics 2011; 21: 103-14. 

[14]	 Büyükkale G, Turker G, Kasap M, Akpınar G, 
Arısoy E, Günlemez A, Gökalp A. Neonatal hy-
perbilirubinemia and organic anion transport-
ing polypeptide-2 gene mutations. Am J Perina-
tol 2011; 28: 619-26. 

[15]	 Ieiri I, Suzuki H, Kimura M, Takane H, Nishizato 
Y, Irie S, Urae A, Kawabata K, Higuchi S, Ot-
subo K, Sugiyama Y. Influence of common vari-
ants in the pharmacokinetic genes (OATP-C, 
UGT1A1, and MRP2) on serum bilirubin levels 
in healthy subjects. Hepatol Res 2004; 30: 91-
95.

[16]	 Zhang W, He YJ, Gan Z, Fan L, Li Q, Wang A, Liu 
ZQ, Deng S, Huang YF, Xu LY, Zhou HH. OAT-
P1B1 polymorphism is a major determinant of 
serum bilirubin level but not associated with 
rifampicin-mediated bilirubin elevation. Clin 
Exp Pharmacol Physiol 2007; 34: 1240-4.

[17]	 Sanna S, Busonero F, Maschio A, McArdle PF, 
Usala G, Dei M, Lai S, Mulas A, Piras MG, Per-
seu L, Masala M, Marongiu M, Crisponi L, Nait-
za S, Galanello R, Abecasis GR, Shuldiner AR, 
Schlessinger D, Cao A, Uda M. Common vari-
ants in the SLCO1B3 locus are associated with 
bilirubin levels and unconjugated hyperbilirubi-
nemia. Hum Mol Genet 2009; 18: 2711-8.

[18]	 Trauner M, Fickert P, Stauber RE. New molecu-
lar aspects of cholestatic liver diseases. Z Gas-
troenterol 1999; 37: 639-47.

[19]	 Lee J and Boyer JL. Molecular alterations in he-
patocyte transport mechanisms in acquired 
cholestatic liver disorders. Semin Liver Dis 
2000; 20: 373-84.

[20]	 Zollner G, Fickert P, Silbert D, Fuchsbichler A, 
Marschall HU, Zatloukal K, Denk H, Trauner M. 
Adaptive changes in hepatobiliary transporter 
expression in primary biliary cirrhosis. J Hepa-
tol 2003; 38: 717-27.

[21]	 Zollner G, Fickert P, Zenz R, Fuchsbichler A, 
Stumptner C, Kenner L, Ferenci P, Stauber RE, 
Krejs GJ, Denk H, Zatloukal K, Trauner M. Hep-
atobiliary transporter expression in percutane-
ous liver biopsies of patients with cholestatic 
liver diseases. Hepatology 2001; 33: 633-46. 

[22]	 Geier A, Wagner M, Dietrich CG, Trauner M. 
Principles of hepatic organic anion transporter 
regulation during cholestasis, inflammation 
and liver regeneration. Biochim Biophys Acta 
2007; 1773: 283-308. 

[23]	 Van de Steeg E, Stranecky V, Hartmannova H, 
Nosková L, Hřebíček M, Wagenaar E, van Esch 
A, de Waart DR, Oude Elferink RP, Kenworthy 
KE, Sticova E, al-Edreesi M,Knisely AS, Kmoch 
S, Jirsa M, Schinkel AH. Complete OATP1B1 
and OATP1B3 deficiency causes human Rotor 
syndrome by interrupting conjugated bilirubin 

reuptake into the liver. J Clin Invest 2012; 122: 
519-28. 

[24]	 Jirsa M, Knisely AS, Schinkel A, Kmoch S. Rotor 
Syndrome. 2012 Dec 13. In: Pagon RA, Adam 
MP, Ardinger HH, Bird TD, Dolan CR, Fong CT, 
Smith RJH, Stephens K, editors. GeneRe-
views® [Internet]. Seattle (WA): University of 
Washington, Seattle; 1993-2014. [last visited 
2014-26-08]. Available from http://www.ncbi.
nlm.nih.gov/books/NBK114805/PubMed 
PMID: 23236639.

[25]	 Van de Steeg E, van der Kruijssen CM, Wage-
naar E, Burggraaff JE, Mesman E, Kenworthy 
KE, Schinkel AH. Methotrexate pharmacokinet-
ics in transgenic mice with liver-specific ex-
pression of human organic anion-transporting 
polypeptide 1B1 (SLCO1B1). Drug Metab Dis-
pos 2009; 37: 277-81.

[26]	 Van de Steeg E, van Esch A, Wagenaar E, Ken-
worthy KE, Schinkel AH. Influence of human 
OATP1B1, OATP1B3, and OATP1A2 on the 
pharmacokinetics of methotrexate and pacli-
taxel in humanized transgenic mice. Clin Can-
cer Res 2013; 19: 821-32. 

[27]	 Cui Y, König J, Nies AT, Pfannschmidt M, Hergt 
M, Franke WW, Alt W, Moll R, Keppler D. De-
tection of the human organic anion transpor-
ters SLC21A6 (OATP2) and SLC21A8 (OATP8) 
in liver and hepatocellular carcinoma. Lab In-
vest 2003; 83: 527-38. 

[28]	 Oswald M, Kullak-Ublick GA, Paumgartner G, 
Beuers U. Expression of hepatic transporters 
OATP-C and MRP2 in primary sclerosing chol-
angitis. Liver 2001; 21: 247-53. 

[29]	 Kojima H, Nies AT, König J, Hagmann W, Spring 
H, Uemura M, Fukui H, Keppler D. Changes in 
the expression and localization of hepatocel-
lular transporters and radixin in primary biliary 
cirrhosis. J Hepatol 2003; 39: 693-702. 

[30]	 Chen HL, Liu YJ, Chen HL, Wu SH, Ni YH, Ho 
MC, Lai HS, Hsu WM, Hsu HY, Tseng HC, Jeng 
YM, Chang MH. Expression of hepatocyte 
transporters and nuclear receptors in children 
with early and late-stage biliary atresia. Pediatr 
Res 2008; 63: 667-73.

[31]	 Nies AT and Keppler D. The apical conjugate 
efflux pump ABCC2 (MRP2). Pflugers Arch 
2007; 453: 643-59.  

[32]	 Gartung C and Matern S. Molecular regulation 
of sinusoidal liver bile acid transporters during 
cholestasis. Yale J Biol Med 1997; 70: 355-63. 

[33]	 Belinsky MG, Dawson PA, Shchaveleva I, Bain 
LJ, Wang R, Ling V, Chen ZS, Grinberg A, West-
phal H, Klein-Szanto A, Lerro A, Kruh GD. Anal-
ysis of the in vivo functions of Mrp3. Mol Phar-
macol 2005; 68: 160-8. 

[34]	 Zelcer N, van de Wetering K, de Waart R, 
Scheffer GL, Marschall HU, Wielinga PR, Kuil A, 



OATP1Bs are down-regulated in advanced cholestasis

5262	 Int J Clin Exp Pathol 2015;8(5):5252-5262

Kunne C, Smith A, van der Valk M, Wijnholds J, 
Elferink RO, Borst P. Mice lacking Mrp3 (Abcc3) 
have normal bile salt transport, but altered he-
patic transport of endogenous glucuronides. J 
Hepatol 2006; 44: 768-75. 

[35]	 Keppler D. The roles of MRP2, MRP3, OAT-
P1B1, and OATP1B3 in conjugated hyperbiliru-
binemia. Drug Metab Dispos 2014; 42: 561-5.

[36]	 Van de Steeg E, Wagenaar E, van der Kruijssen 
CM, Burggraaff JE, de Waart DR, Elferink RP, 
Kenworthy KE, Schinkel AH. Organic anion 
transporting polypeptide 1a/1b-knockout 
mice provide insights into hepatic handling of 
bilirubin, bile acids, and drugs. J Clin Invest 
2010; 120: 2942-52. 


