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Abstract
Hepatocellular adenoma and focal nodular hyperplasia (FNH) are benign liver tumours. The
differential diagnosis of these lesions and of well- to moderately differentiated hepatocellular
carcinomas is often difficult but is very important in view of their different treatment.
Although neither type of lesion is connected to the biliary tree, FNHs are cholestatic,
whereas this is rarely the case for hepatocellular adenomas. This suggests that hepatocellular
uptake and secretion of bile constituents is different in FNHs compared to adenomas. We
therefore evaluated the expression and localization of hepatic transporters in hepatocellular
adenomas, different types of FNH and well- to moderately differentiated hepatocellular
carcinomas in non-cirrhotic liver and compared them with normal liver, using real-time
RT-PCR and (semi-)quantitative immunohistochemistry. The parenchymal expression of the
uptake transporter OATP2/8 (OATP1B1/3) was minimal or absent in adenoma, while there
was strong and diffuse expression in FNH. We observed diffuse parenchymal expression
of the basolateral export pump MRP3 in adenomas, while only reactive bile ductules
and adjacent cholestatic hepatocytes were MRP3-positive in FNH. The MRP3/OATP2/8
expression pattern of atypical FNHs resembled that of adenomas, suggesting that both types
of lesion are related. Most hepatocellular carcinomas showed decreased expression of one or
more of the canalicular transporters (MDR1, MDR3, BSEP). The differences in transporter
expression profile between FNHs and adenomas are most likely pathogenetically important
and may explain why only FNHs are cholestatic. The finding that each type of focal lesion
in non-cirrhotic liver has a specific transporter expression pattern may be useful in the
establishment of a correct diagnosis by imaging or on needle biopsy.
Copyright  2005 Pathological Society of Great Britain and Ireland. Published by John
Wiley & Sons, Ltd.
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Introduction

Hepatocellular adenoma, focal nodular hyperplasia
(FNH) and hepatocellular carcinoma (HCC) are the
most frequent and important types of focal primary
lesion that occur in an otherwise normal-appearing,
non-cirrhotic liver [1]. The differential diagnosis
between these three types of lesion is frequently
difficult [1–3]. Although nuclear and architectural
atypia on a needle biopsy is typical and diagnos-
tic for HCC, these features are less pronounced in
well-differentiated cases [4]. It is well known that
it is sometimes very difficult or even impossible to
distinguish hepatocellular adenoma from FNH cor-
rectly based on imaging and histopathological needle

biopsy features [2,3]. This issue has become even more
complicated due to the existence of lesions that contain
features of both typical FNH and hepatocellular adeno-
mas, i.e. the so-called ‘telangiectatic’ and ‘mixed-type’
of FNH [5]. Establishing a correct diagnosis before
therapeutic interventions are undertaken is very impor-
tant, since each type of lesion has its own pathobio-
logical characteristics. Due to its malignant nature, a
HCC has to be treated by resection. Hepatocellular
adenoma is a monoclonal lesion with a considerable
risk of malignant transformation or bleeding, so surgi-
cal intervention is again the best option [6,7]. Typical
FNH is a polyclonal, hyperplastic lesion that arises as a
response to vascular alterations, so surgical resection is
not mandatory [8–10]. The telangiectatic/mixed FNH
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is an exception to this rule, since recent data indicate
that these atypical types of FNH are in fact a variant of
hepatocellular adenoma with similar risk of bleeding
[11,12], so surgical resection of this lesion seems the
best treatment option. Overall, it is clear that ancillary
techniques that help in reaching a correct diagnosis of
these types of lesion would be helpful.

We have previously described that typical FNHs
display cholestatic features, while this is rarely the
case for hepatocellular adenomas [13–16]. It has been
suggested that the absence of a connection with the
biliary tree in FNHs [15,17,18] leads to the accumula-
tion of bile components, causing chronic cholestasis,
ductular reaction and a biliary type of fibrosis [13,16].
Remarkably, ductular reaction or other features of
cholestasis are not present in hepatocellular adeno-
mas, although this type of lesion also lacks bile ducts
and is not connected to the biliary tree [14,15,18].
These findings suggest that there might be important
differences between the two types of lesion regard-
ing the expression and function of transporter proteins
that regulate hepatocellular uptake and secretion of
bile components. Expression of these transporters has
been studied in HCC but never specifically for well- to
moderately differentiated cases in non-cirrhotic liver,
and the results reported in the literature are conflicting
[19–21].

Thus, the putative differences between transporter
expression in the different types of focal liver lesion
might be helpful in establishing a correct diagnosis and
might lead to insights into the role of transporters in
the pathogenesis of these focal liver lesions. Therefore,
the expression of all transporters that are relevant
in bile formation (Table 1) were studied in all the
types of focal liver lesion described above, using both
(semi-)quantitative immunohistochemistry and real-
time RT-PCR.

Materials and methods

Liver tissue specimens

Part of the biopsies used in this study were taken from
surgically resected hepatocellular adenomas (n = 8),
typical FNHs (n = 9), telangiectatic FNHs (n = 3),
mixed hyperplastic and adenomatous forms of FNH
(n = 5), further referred to as ‘mixed FNH’ and ‘well-
or moderately differentiated HCCs’ in non-cirrhotic
liver (n = 8). Two of the patients with HCC had taken
oral contraceptives for at least 13 years, suggesting
the possibility that they originated from hepatocellular
adenomas. Between two and nine large specimens
were taken from the lesions and embedded in paraffin
wax after fixation in 6% formalin. One specimen was
snap-frozen in liquid nitrogen-cooled isopentane and
stored at −80 ◦C. In two cases of telangiectatic FNH
and all cases of HCC, there was no frozen tissue
available.

Patients who were diagnosed as having hepato-
cellular adenoma (n = 7) and FNH (n = 7) on the

basis of imaging and needle biopsy findings were
included. The needle liver biopsies were fixed in
B5 solution and embedded in paraffin wax. The
diagnosis of adenoma and the different types of
FNH was based on the macroscopic and microscopic
criteria of Nguyen et al [5]. Immunohistochemical
staining for cytokeratin 7 (CK7) was performed to
help distinguish mixed FNHs from adenomas. The
clinical and pathological data of all patients with
resected adenoma or (a)typical FNH are summarized
in Table 2.

As normal controls, we used seven liver biopsies
that showed no morphological abnormalities. Four
biopsies were taken from normal-appearing liver at
a distance from FNH and fixed in formalin, and
three were morphologically normal B5-fixed needle
biopsies taken to exclude autoimmune hepatitis, stor-
age disease and congenital hepatic fibrosis. Part of
each biopsy was snap-frozen in liquid nitrogen-cooled
isopentane. The use of these tissues for the study of
hepatic transporter expression was approved by the
Local Commission for Medical Ethics and Clinical
Studies.

Histochemistry and immunohistochemistry

Immunohistochemistry was mainly performed on fro-
zen sections, unless stated otherwise. Cryostat sections
(4 µm thick) were cut, fixed in acetone for 10 min
and incubated with the primary antibodies for 30 min
at room temperature. The primary antibodies used
are listed in Table 1. For all the monoclonal anti-
bodies, including CK7 (clone OV-TL 12/30; Dako,
Denmark), the second and third step consisted of
peroxidase-labelled rabbit anti-mouse and peroxidase-
labelled swine anti-rabbit immunoglobulins (both from
Dako) for human liver. For the staining of BSEP,
the slides were incubated with a rabbit anti-goat
peroxidase-labelled secondary antibody, followed by
goat peroxidase anti-peroxidase complex (goat PAP
complex; Dako). For the polyclonal antibody against
NTCP, the secondary step consisted of peroxidase-
labelled swine anti-rabbit IgG followed by peroxidase-
labelled rabbit anti-swine IgG (Dako).

For staining of paraffin-embedded material, 5 µm
thick sections were dewaxed in xylene followed
by rehydration. Endogenous peroxidase activity was
blocked using 0.3% H2O2 in methanol for 20 min.
The paraffin sections were pretreated in citrate buffer
(pH 6.0) for 30 min in a hot waterbath at 98.5 ◦C.
The sections were incubated with the primary anti-
bodies for 30 min at room temperature (Table 1) and
subsequently incubated for 30 min at room temper-
ature with anti-mouse peroxidase-conjugated Envi-
sion antibody (Dako) and in the case of NTCP with
anti-rabbit peroxidase conjugated Envision antibody
(Dako). For the staining of BSEP, the same incuba-
tions as described for frozen sections were applied.
Negative controls consisted of omission of the primary
antibody.
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On frozen sections, sinusoidal background stain-
ing for OATP2, OATP2/8 and NTCP hampered the
(semi-)quantitative evaluation, as already reported
[23]. Immunohistochemical staining for OATP2 and
NTCP did not work on paraffin-embedded material
and could therefore only be reliably studied at mRNA
level.

MRP3 staining did not work on B5 fixed material,
which is the fixative used for needle liver biopsies.

Semi-quantitative and quantitative
immunohistochemistry

First, all immunohistochemically stained slides were
evaluated for staining patterns and intensities by three
observers (SV, LL and TR) using a multi-headed
microscope. Quantitative evaluation was performed
when there were no clear-cut differences in staining
patterns or intensities between adenomas, FNHs and
normal liver. For quantitative evaluation, we used a
system that measures the mathematical energy (EM)
of the image data file [28]. After acquisition with
a 24-bit RGB digital camera of five random fields
of each slide at ×1000 magnification, the image file
was opened in Adobe Photoshop. The relevant regions
of interest, in this case the canalicular or basolateral
membranes, were identified in both the stained and
the negative control slides using the Magic Wand tool.
The region of interest was then used to calculate the
EM using the software program Tiffalyzer. The EM
specifically due to the immunohistochemical reaction
product was determined by calculating the absolute
value of the difference between the experimental and
negative control slide.

RNA isolation and real-time RT-PCR

After sections were cut for immunohistochemistry,
the frozen liver biopsies were used to determine the
mRNA levels of the transporters. Sufficient mate-
rial was available for seven adenomas, nine typical
FNHs and four normal control livers. Total RNA was
extracted from liver tissue using the TRIzol method
(Invitrogen Life Technologies, Breda, The Nether-
lands) according to the manufacturer’s instructions.

Reverse transcription was subsequently performed
on 2.5 µg total RNA, using random primers in a
final volume of 50 µl (Reverse Transcription System,
Promega, Madison, WI, USA). cDNA levels of the
various transporter genes were measured by real-time
PCR, using the ABI PRISM 7700 sequence detector
(Applied Biosystems, CA, USA). We used 4 µl 20-fold
diluted cDNA in each PCR reaction in a final volume
of 20 µl, containing 900 nM sense and anti-sense
primers, 200 nM fluorogenic probe, 5 mM MgCl2 and
0.2 mM deoxynucleoside triphosphate mix, Real-Time
buffer (10×) and 0.5 U Hot Goldstar DNA-polymerase
(Eurogentec, Seraing, Belgium). Sequences of the
primers and probes used are listed in Table 3. The
PCR programme was 95 ◦C for 10 min, followed by

J Pathol 2005; 207: 471–482
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Table 2. Clinical features of patients and pathological features of their resected hepatocellular adenoma, focal
nodular hyperplasia (FNH), mixed FNH or telangiectatic FNH

Lesion
Gender

(males/females)
Age∗

(years)
Diameter∗

(cm)
Central scar

(yes/no)
Haemorrhage

(yes/no)

Adenoma 1/7 33 ± 4 10.0 ± 1.7 0/8 4/4
FNH 2/7 36 ± 3 7.9 ± 1.3 7/2 0/9
Mixed FNH 0/5 28 ± 4 5.6 ± 0.8 1/4 2/3
Telangiectatic FNH 0/3 41 ± 7 4.3 ± 0.8 0/3 2/1

∗ Values are mean ± SEM.

Table 3. Sequences of PCR primers and probes used for real-time detection PCR analysis

cDNA Primers

MDR1 Sense 5′-GGC AAA GAA ATA AAG CGA CTG AA-3′
Antisense 5′-GGC TGT TGT CTC CAT AGG CAA T-3′
Probe 5′ FAM-CGT GTC CCA GGA GCC CAT CCT GT-TAMRA 3′

MDR3 Sense 5′-TCA ATG GCT TTT AAA GCA ATG CTA-3′
Antisense 5′-TGC AAT TAA AGC CAA CCT GGT T-3′
Probe 5′ FAM-CAC AGA TGC TGC CCA AGT CCA AGG A-TAMRA 3′

BSEP Sense 5′-ACA TGC TTG CGA GGA CCT TTA-3′
Antisense 5′-GGA GGT TCG TGC ACC AGG TA-3′
Probe 5′ FAM-CCA TCC GGC AAC GCT CCA AGT CT-TAMRA 3′

MRP1 Sense 5′-CTT CTG GAG GAA TTG GTT GTA TAG AAG-3′
Antisense 5′-GGT AGA CCC AGA CAA GGA TGT TAG A-3′
Probe 5′ FAM-TCT TTG AGA TGC TTC TGG CTC CCA TCA C-TAMRA-3′

MRP2 Sense 5′-TGC AGC CTC CAT AAC CAT GAG-3′
Antisense 5′-CTT CGT CTT CCT TCA GGC TAT TCA-3′
Probe 5′ FAM-CAG CTT TCG TCG AAC ACT TAG CCG CA-TAMRA 3′

MRP3 Sense 5′-GCC ATC GAC CTG GAG ACT GA-3′
Antisense 5′-GAC CCT GGT GTA GTC CAT GAT AGT G-3′
Probe 5′ FAM-CAT CCG CAC CCA GTT TGA TAC CTG CAC-TAMRA 3′

OATP2 Sense 5′-AAG CCA CTT CTG CTT CTG TGT TT-3′
Antisense 5′-AAT TCT TAG TGA AAG GAC CAG GAA CT-3′
Probe 5′-FAM-CTC AAA AAT AAC ATC TTA CTG AAT CAA TGC AAT GCT GT-TAMRA 3′

OATP8 Sense 5′-TGA TAT CAC TGG TCC TGG TTC TCA-3′
Antisense 5′-GCA TGT ATT GTG GCC GTT TG-3′
Probe 5′-FAM TCC TTG CAC CAT AGG GAT CGT CCT CA-TAMRA 3′

NTCP Sense 5′-AAC ATG TAA TTT GGA CAT GCA AGA C-3′
Antisense 5′-TTG TCA GTG AAA GAC CAG GAA CA-3′
Probe 5′-FAM CTG CTG CCA ACT AAC ATT GCA TTG ATT CAT T-TAMRA 3′

18S Sense 5′-CGG CTA CCA CAT CCA AGG A-3′
Antisense 5′-CCA ATT ACA GGG CCT CGA AA-3′
Probe 5′ FAM-CGC GCA AAT TAC CCA CTC CCG A-TAMRA 3′

40 cycles of 15 s at 95 ◦C and 1 min at 60 ◦C. Each
sample was analysed in duplicate. 18S expression
levels were used as an endogenous control.

Statistics
Statistical analysis was performed using Statview
(Abacus Concepts, Berkeley, CA, USA). Data are
expressed as mean ± SEM. Comparison of the protein
or mRNA expression level between the different
groups was performed using analysis of variance
(ANOVA) followed by Fisher’s PLSD (protected least
significant difference) test. Comparison between the
expression patterns of relevant transporters and type
of lesion was performed using Fisher’s exact test. A p
value of <0.05 was considered statistically significant.

Results

The results are summarized in Tables 4 and 5.

Expression of transporter proteins in normal liver

We observed strong basolateral staining for OATP2/8
on hepatocytes in the centrolobular area, moderate
staining of mid-zonal hepatocytes and absence of
OATP2/8 expression in periportal hepatocytes. There
was cross-reactivity with the endothelium of the cap-
illaries and arteries, serving as an internal control
(Figure 1A). Both observations are in agreement with
Cui et al [23]. Hepatocytes were completely nega-
tive for MRP1 and MRP3, with the exception of
a few weakly MRP3-positive perivenular hepato-
cytes in 2/7 cases. The epithelium lining the bile
ducts and ductules showed clear basolateral MRP1
and MRP3 positivity (Figure 1B). These staining pat-
terns are in agreement with our previous findings
[29]. As shown previously, normal liver showed
strong canalicular expression of MDR1 (Figure 1C),
MDR3, MRP2 and BSEP without zonal variation.
MDR1 was also expressed by the apical membrane

J Pathol 2005; 207: 471–482
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Table 4. Summary of transporter protein expression profiles. Expression patterns that are helpful for discrimination between the
different types of focal lesions are indicated in bold

FNH

Transporter Normal liver (n = 7) Adenoma (n = 8) Typical (n = 9) Atypical (n = 8) HCC (n = 8)

OATP2/8 Hepatocyte expression in
centrolobular and
midzonal areas

No or only focal
hepatocyte
expression

Diffuse hepatocyte
expression, but
negative
periseptal
hepatocytes

No or only focal
hepatocyte
expression

No consistent
expression pattern

MRP3 Hepatocytes are negative;
cholangiocytes are
positive

Diffuse expression by
hepatocytes

Positive reactive
bile ductules and
periseptal
hepatocytes; no
expression in rest
of parenchyma

Hepatocytes are
negative; positive
reactive bile ductules

No consistent
expression pattern

MRP2 Expression in hepatocytes
throughout the lobule

Expression in hepatocytes Expression in
hepatocytes

Expression in
hepatocytes

No consistent
expression pattern

MDR1, MDR3, BSEP Expression in hepatocytes
throughout the lobule
and MDR1 also in
cholangiocytes

Preserved normal
expression

Preserved normal
expression

Preserved normal
expression

Minimal or no
expression in most
cases; preserved
expression in a
minority

Table 5. Correlation between expression patterns of relevant transporter proteins and type of lesion

Benign lesion Malignant lesion

Expression pattern
of transporters

Typical FNH
(n = 9)

Atypical FNH/
adenoma (n = 16)

HCC
(n = 8) p Value

OATP2/8 + 9/5∗ 2/0∗ n.a
<0.0001/0.0210∗

− Or focal + 0/2∗ 14/7∗
MRP3 Diffusely + 0 11 n.a =0.0010

Periseptal + 9 5
MDR1, MDR3 or BSEP Diffusely + 25 0

<0.0001− Or decreased 0 8

n.a, not applicable — no consistent expression pattern.
∗ Resected cases/needle biopsies. −, negative; +, positive.

of cholangiocytes that lines bile ducts and ductules
[29,30].

Expression of transporter proteins in adenomas

On the OATP2/8-staining, four adenomas were com-
pletely negative and four showed a few small groups of
positive hepatocytes (Figure 2A). The needle biopsies
of all seven adenomas showed an OATP2/8 stain-
ing pattern that was identical to that observed in
resection specimens. All hepatocytes in all adenomas
expressed MRP3 at their basolateral pole, irrespective
of their localization within the tumour (Figure 2B).
No MRP1 expression was observed, with the excep-
tion of one adenoma in which there was diffuse and
strong expression of MRP1 on basolateral membranes
of hepatocytes. MDR1, MDR3, MRP2 and BSEP were
strongly and diffusely expressed at the canalicular pole
in all adenomas (Figure 2C), which is identical to
the expression in normal liver. Quantitative evaluation
was performed to exclude small differences in staining
intensities that could be missed by semi-quantitative
evaluation. Quantitative evaluation confirmed that the

parenchymal expression of the canalicular transporters
was not different between normal livers and adenomas
(p ≥ 0.0630).

Expression of transporter proteins in typical FNHs

All FNHs showed strong OATP2/8 basolateral staining
of hepatocytes throughout the lesion, except for a few
layers of OATP2/8-negative periseptal hepatocytes in
continuity with reactive ductules (Figure 3A). These
hepatocytes were CK7-immunoreactive, which reflects
the accumulation of bile salts and is referred to as
‘cholate stasis’ (Figure 3B) [31]. The needle biopsies
from 5/7 FNHs showed an OATP2/8 staining pattern
that was identical to that observed in resection speci-
mens. The needle biopsies from two FNHs were neg-
ative for OATP2/8. Remarkably, haematoxylin/eosin-
stained sections showed sinusoidal dilatation and con-
gestion within the lesion and both women took oral
contraceptives. Together with the negative staining,
this suggests that these lesions may have been mixed
or telangiectatic FNHs that were not recognized as

J Pathol 2005; 207: 471–482



476 S Vander Borght et al

Figure 1. Immunohistochemical staining for OATP2/8 (A), MRP3 (B) and MDR1 (C) in normal liver. (A) There is strong basolateral
staining of hepatocytes surrounding the central vein (CV), moderate staining of mid-zonal hepatocytes and absence of OATP2/8
expression in peri-portal hepatocytes. The arterial endothelium in the portal tract (PT) is OATP2/8-positive (arrow). (B) Adenoma
(upper left) separated from normal, surrounding parenchyma (lower right) by a thin septum (S). In the surrounding parenchyma,
only the bile duct in a portal tract (arrow) is positive. In contrast, hepatocytes in the adenoma are diffusely and strongly positive.
(C) Normal liver shows canalicular MDR1 immunoreactivity of the hepatocytes and apical staining of the interlobular bile duct
(arrow) in the portal tract (PT). Original magnifications ×200

such on routine diagnostic work-up. Unfortunately, a
resection specimen was not available to confirm this.

Reactive bile ductules at the edge of the fibrous
septa were strongly immunoreactive for MRP3
(Figure 3C) and MRP1. Hepatocytes were consistently
negative for MRP1. The periseptal hepatocytes in con-
tinuity with the reactive bile ductules were slightly to
moderately positive for MRP3, but there was no MRP3
expression elsewhere in the parenchyma (Figure 3C).
The MRP3-positive hepatocytes adjacent to the duc-
tules were also positive for CK7 and correspond to
the negative hepatocytes on the OATP2/8 staining.
The expression of CK7 and MRP3 by periductu-
lar/periseptal hepatocytes is a pattern that is also seen
in advanced stages of primary biliary cirrhosis [29,32].

In view of its potential diagnostic value, staining
for MRP3 was also performed on paraffin-embedded
biopsies from resected adenomas and FNHs, with
identical results to those obtained with frozen tissue.

Strong canalicular expression without zonal vari-
ation was observed for MDR1, MDR3, MRP2 and
BSEP in all FNHs (Figure 3D) and quantitative

evaluation confirmed that the expression was not dif-
ferent from adenomas and normal liver (p ≥ 0.0630).

Expression of transporter proteins in mixed and
telangiectatic FNHs

As expected, all staining for MDR1, MDR3, MRP2,
BSEP and MRP1 showed an expression pattern iden-
tical to that of adenomas and FNHs.

While all the staining for OATP2/8 was performed
on paraffin-embedded biopsies, the staining for MRP3
was performed on frozen tissue when available and
on paraffin-embedded biopsies in the other cases.
Overall, one mixed FNH and one telangiectatic FNH
(25% of atypical FNHs) showed a MRP3/OATP2/8
profile that was identical to that of hepatocellular
adenomas (Figure 4). In two telangiectatic and three
mixed FNHs (63% of atypical FNHs), only one of the
two transporters was expressed in the same way as in
adenomas. In one mixed FNH (12% of atypical FNHs),
the expression profile of hepatocytes at a distance
from reactive bile ductules resembled that of typical
FNH. Remarkably, the MRP3/OATP2/8 profile of the
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Figure 2. Immunohistochemical staining for OATP2/8 (A), MRP3 (B) and MDR1 (C) in adenoma. (A) All hepatocytes in adenomas
are OATP2/8-negative, while arterial endothelium serves as an internal positive control (arrows). (B) Diffuse and strong basolateral
expression of MRP3 in adenoma. (C) Canalicular MDR1 staining of the hepatocytes in adenoma. Original magnifications ×200;
inset ×400

periseptal hepatocytes was always different from that
of their counterparts in typical FNH.

Expression of transporter proteins in well- or
moderately differentiated hepatocellular
carcinomas in non-cirrhotic liver

The expression patterns and intensities of all the
transporters were assessed in eight HCCs in com-
parison with (surrounding) normal liver by semi-
quantitative evaluation. The staining of all transporters
in the paraffin-embedded material of normal liver tis-
sue showed the same expression pattern as observed
on the corresponding frozen tissue (see above).

Four HCCs showed diffuse basolateral positivity for
OATP2/8, which represents an increase since normal
peri-portal liver parenchyma is negative. Four HCCs
showed no or minimal OATP2/8 expression.

Four HCCs showed basolateral expression of MRP3;
four HCCs were completely negative for MRP3,
reflecting the absence of parenchymal MRP3 expres-
sion in normal liver.

Canalicular MRP2 expression was maintained in
five HCCs, while the other three HCCs were negative.

Expression of the other canalicular transporters was
minimal or absent in most HCCs (Figure 5); clear
canalicular expression of MDR1, MDR3 and BSEP
was present in two, two and three HCCs, respectively.

Expression of transporter mRNA in adenomas,
typical FNHs and normal liver

mRNA expression of the different transporters, nor-
malized for 18S RNA, in the three conditions is sum-
marized in Figure 6, which shows box and whisker
plots.

There was a good correlation between protein and
mRNA expression of MDR3 and BSEP in control
livers, typical FNHs and adenomas. The significantly
higher expression of MDR1 mRNA in FNH compared
to adenomas and normal livers correlates nicely with
the strong protein expression of MDR1 by reactive
ductules that were only present in typical FNHs.

Although there was no difference in mRNA expres-
sion of MRP1, there was a clear-cut difference
in the immunohistochemical staining with strong
expression by the reactive bile ductules in typical
FNH, while only bile ducts were positive in normal
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Figure 3. Immunohistochemical staining for OATP2/8 (A), CK7 (B), MRP3 (C) and MDR1 (D) in FNH. (A) Periportal hepatocytes
(PH) and reactive bile ductules (arrow) in FNH are negative for OATP2/8 and (B) positive for CK7. In contrast, the remainder
of the parenchyma is diffusely and strongly positive for (A) OATP2/8 and negative for (B) CK7. (C) Reactive ductules (arrows)
and periseptal hepatocytes (PH) in FNH are strongly and moderately MRP3-positive, respectively, while the remainder of the
parenchyma is negative. This expression pattern is very similar to that of CK7 (see Figure 3B). (D) Strong apical MDR1 reactivity
of the periseptal (S) reactive bile ductules (arrows) and canalicular staining of the hepatocytes in FNH. Original magnifications
×200; insert ×400

liver and all adenomas except one were completely
negative. This suggests that post-transcriptional/post-
translational modifications of MRP1 occurring in typ-
ical FNH are different from those in adenomas and
normal liver.

MRP2 protein expression was identical in all three
conditions, while adenomas exhibited lower expres-
sion of MRP2 than typical FNHs at the mRNA level.

While the expression of MRP3 protein was much
lower in normal liver than in adenomas and typical
FNHs, this was not reflected at the mRNA level.
Immunohistochemistry revealed that the difference in
MRP3 protein expression between typical FNHs and
adenomas was mainly caused by the fact that different
compartments express MRP3, i.e. reactive ductules
and periseptal hepatocytes in typical FNHs vs the
whole parenchyma in adenomas. Such a difference
cannot be detected with blotting or PCR using RNA
extracted from whole tissue.

The significant and nearly significant differences
of OATP2 and OATP8 at the mRNA level are in
agreement with the findings at the protein level.

Discussion

This is the first study of hepatic transport proteins
in focal lesions in non-cirrhotic liver and shows that
several transporters are differentially expressed in
these lesions. These differences are of potential help
in the clinical diagnosis of these lesions and provide
insight into the possible role of transporters in the
pathogenesis of these lesions.

The finding that the differences in MRP3 and
OATP2/8 expression between adenoma (high MRP3,
low OATP2/8) and FNH (low MRP3, high OATP2/8)
are present diffusely in resection specimens and are
reproducible for OATP2/8 in needle biopsies is impor-
tant: staining of difficult needle biopsies with these
antibodies may help in the establishment of a more
confident discrimination between hepatocellular ade-
noma and typical FNH and thus correct treatment.

The expression pattern of most transporters in well-
and moderately differentiated HCC in non-cirrhotic
liver was variable, although canalicular transporters
MDR1, MDR3 and BSEP were mostly absent, which
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Figure 4. Immunohistochemical staining for OATP2/8 (A) and MRP3 (B) on paraffin sections of a telangiectatic FNH, which is
characterized by sinusoidal dilatation (S). (A) OATP2/8 is focally and weakly expressed in the parenchyma and MRP3 (B) is diffusely
expressed in the parenchyma and in the reactive bile ductules (arrow). This parenchymal expression pattern is similar to that
observed in adenomas (see Figure 2A, B). Original magnifications ×200

Figure 5. Immunohistochemical staining for MDR1 on a paraffin
section of a hepatocellular carcinoma (left) and the surrounding
non-cirrhotic liver tissue (right). The surrounding parenchyma
shows strong canalicular expression of MDR1 (arrows), while
MDR1 expression is absent in the hepatocellular carcinoma.
Original magnification ×200

discriminates these HCCs from adenomas and FNHs.
Loss of canalicular transporters probably reflects the
decrease in differentiation and could be used in
diagnostic biopsies as an argument in favour of
malignancy.

We found that the MRP3 and OATP2/8 expression
pattern in atypical FNHs showed much more resem-
blance to that of adenomas than to that of typical
FNHs. Importantly, the MRP3/OATP2/8 expression
profile of periseptal hepatocytes that is characteris-
tic for typical FNHs was never present in atypical
FNHs. Our findings confirm recent data that indicate
that atypical FNHs are in fact not FNHs but a vari-
ant of hepatocellular adenoma that has a similar risk
of bleeding and, given its monoclonality, an increased
risk of malignant transformation [11,12]. Therefore,
it is clinically very important to discriminate atypical

FNHs from typical ones and the transporter expression
pattern appears to be a helpful tool.

Moreover, our findings may also be of relevance
for the emerging field of molecular imaging of focal
liver lesions. Several contrast agents that are substrates
for specific transporters have been developed in recent
years and are being developed. The main problem
that hinders the advance and clinical application of
this field is the fact that the transporter expression
profiles of the different types of focal liver lesions
are insufficiently known. Our report of the different
expression of MRP3 and OATP2/8 between adenomas,
typical FNHs and atypical FNHs should stimulate
researchers in the field of molecular imaging to
(further) develop contrast agents that are substrates of
one of these transporters. Gadolinium B 20 790 might
be a good contrast agent for further studies, since it is
taken up in Xenopus laevis oocytes that express human
OATP [33].

Transporter expression profiling is not only helpful
in the differential diagnosis of adenoma and FNH,
but might also give insight into their pathogenesis.
The expression profile of FNHs is very similar to that
previously described in advanced PBC [29,32]. Both
diseases are characterized by up-regulation of MRP3
expression in the periseptal cholestatic hepatocytes and
the adjacent reactive bile ductules. This up-regulation
probably represents a pathway to eliminate biliary
constituents from these hepatocytes and bile ductular
cells towards the sinusoidal blood [29,32,34]. The
down-regulation of OATP2/8 in the same hepatocytes
can also be seen as an adaptive reaction leading
to decreased uptake from the blood. Overall, the
expression profile of FNHs is in agreement with the
hypothesis that this lesion represents a ‘focal biliary
fibrosis’ that develops secondary to the absence of bile
ducts in the lesion [13,16].

A completely different picture was observed in ade-
nomas. These lesions showed diffuse up-regulation
of MRP3 and diffuse down-regulation of OATP2/8
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Figure 6. These box and whisker plots represent the median and interquartile ranges of the human hepatobiliary transporter
mRNA levels in hepatocellular adenomas (ad), focal nodular hyperplasia (fnh) and normal liver (nl). mRNA levels of the hepatobiliary
transporter genes were determined by real-time RT-PCR, as described in Materials and methods. The upper, middle and lower p
values refer to the comparison between adenoma and FNH, adenoma and normal liver and FNH and normal liver, respectively

in the parenchyma compared to normal liver. These
changes are more likely to be primary than a compen-
satory response to established bile constituent accumu-
lation, since adenomas are much less cholestatic than
FNHs [14,15]. According to this view, the changes
in transporter expression profiles in adenomas pre-
vent the development of cholestasis and associated
damage, and ductular reaction, in a lesion that is

devoid of bile ducts. It was recently shown that
the majority of hepatocellular adenomas have a bi-
allelic inactivation of the gene transcription factor 1
(TCF1 ), which encodes hepatocyte nuclear factor 1
alpha (HNF1α) [35]. Since this transcription factor
activates human OATP2 and OATP8 [36], its inac-
tivation may be (partly) responsible for the down-
regulation of OATP2/8 observed in the present study
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and therefore for the absence of cholestasis and related
changes.

Finally, by correlating the mRNA and protein
expression of the different transporters in adenomas,
typical FNHs and normal liver, we showed that post-
transcriptional/post-translational modifications play a
role in the expression of MRP1, MRP2 and MRP3
proteins. For example, MRP2 mRNA was lower in
adenoma than FNH, but MRP2 protein expression was
not different between the two conditions. This is dif-
ferent from the situation in patients with cholestatic
liver disease, where there is an increased MRP2 pro-
tein level that is not associated with an increased
mRNA expression [32]. In the ligated bile duct rat
model of cholestatic liver diseases, MRP2 mRNA
remains unchanged but the protein level decreases
[37]. These and our findings underscore the fact that
post-transcriptional/post-translational mechanisms are
variable and depend on the transporter, the type of
disease and the species that is studied. Therefore, the
results of studies that investigate transporter expres-
sion only at the mRNA level must be interpreted with
caution.

In conclusion, we observed diffuse over-expression
of MRP3 and down-regulation of OATP2/8 in hep-
atocellular adenomas, while FNHs had a completely
different expression profile that resembled that of
chronic biliary diseases. These findings may explain
why only FNHs have cholestatic features. In HCCs,
canalicular transporters were largely absent, probably
as a consequence of dedifferentiation. As such, loss
of canalicular transporter expression can be used as
an argument in favour of malignancy. The different
transporter expression profiles of focal lesions in non-
cirrhotic liver may be helpful in establishing a correct
diagnosis on a needle biopsy. These profiles also give
new insights into the pathogenesis of these lesions and
may stimulate the development of molecular imaging
contrast agents.
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