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 Purpose: To investigate the mechanism of enhancement of hepa-
tocellular carcinoma (HCC) on gadoxetic acid–enhanced 
hepatobiliary phase magnetic resonance (MR) images and 
to characterize HCC thus enhanced.

 Materials and 
Methods: 

This retrospective study was approved by the institutional 
review board, and patient informed consent for research use 
of the resected specimen was obtained. MR images in 25 
patients (20 men, fi ve women; mean age, 68 years; range, 
49–82 years) with 27 resected hypervascular HCCs (one well, 
13 moderately, 13 poorly differentiated) that demonstrated 
hepatocyte-selective enhancement on gadoxetic acid–enhanced 
MR images, were quantitatively studied, and fi ndings were 
correlated with results of immunohistochemical staining for a 
sinusoidal transporter, organic anion transporting polypep-
tide (OATP) 1B1 (OATP1B1) and/or OATP1B3 (OATP1B1 
and/or -1B3  ), and a canalicular transporter, multidrug resis-
tance–associated protein 2 (MRP2), and also with bile accu-
mulation in tumors. Statistical analysis was performed with 
the Student  t  test and Scheffé post hoc test.

 Results: Combined   with positive OATP1B1 and/or -1B3 expression 
(O+), two patterns of MRP2 expression contributed to 
high enhancement: decreased expression (M 2 ,  n  = 3) and 
increased expression at the luminal membrane of pseu-
doglands (M+[P],  n  = 3). Nodules without OATP1B1 and/or 
-1B3 expression (O 2 ,  n  = 13) and nodules with O+ associa-
ted with increased MRP2 expression only at the canaliculi 
(M+[C],  n  = 8) induced signifi cantly lower enhancement than 
those with the two expression patterns described before 
(O+/M 2  group vs O 2  group,  P  = .002; O+/M 2  group vs 
O+/M+[C] group,  P  = .047; O+/M+[P] group vs O 2  group, 
 P   ,  .001; O+/M+[P] group vs O+/M+[C] group,  P   ,  .001). 
Nodules with bile pigment ( n  = 12) showed signifi cantly 
higher enhancement ( P  = .004); all fi ve nodules (one well 
differentiated HCC, four moderately differentiated HCCs), 
which were enhanced more than adjacent liver parenchyma, 
contained bile pigment.

 Conclusion: High hepatocyte-selective enhancement is induced by expression 
patterns of transporters, which may result in accumulation 
of gadoxetic acid in cytoplasm of tumor cells or in lumina of 
pseudoglands. An HCC with gadoxetic acid enhancement is 
characterized by bile accumulation in tumors.
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 Materials and Methods 

 Patients 
 Institutional review board approval for 
this retrospective study was obtained 
from Osaka University Hospital (Osaka, 
Japan), and written informed consent 
for research use of the resected speci-
men was obtained from all patients. 
The surgery, pathology, and radiol-
ogy records of patients with HCC who 
underwent surgery at our institution 
between April 1, 2008, and June 30, 
2009, were reviewed. Inclusion crite-
ria were preoperative gadoxetic acid–
enhanced MR examination and presence 
of histopathologically proved nodular 
HCC at surgery. Forty-eight patients 
with 50 HCCs that were histopatho-
logically proved by surgical resection 
were identifi ed; 42 of these patients 
had undergone preoperative gadoxetic 
acid–enhanced MR examination within 
2 months of the surgical procedure. Ex-
clusion criteria included preoperative 
treatment, such as transcatheter arte-
rial chemoembolization, and the pres-
ence of abnormal signal intensity (SI) in 
liver parenchyma adjacent to the tumor 
on MR images, because the correlation 

sions of hepatocellular origin, such as 
focal nodular hyperplasia ( 8,9 ). Some 
investigators have reported that posi-
tive hepatocyte-selective enhancement 
may also be observed in some patients 
with hepatocellular carcinoma (HCC) 
( 7,8,10–12 ). This seemingly paradoxical 
enhancement of HCC was limited to well-
differentiated HCC in some studies 
( 8,11 ), whereas it was also observed in 
moderately or poorly differentiated HCC 
in other studies ( 7,10,12 ). However, 
little is known about the mechanism of 
this enhancement of HCC or about the 
characteristics of HCC thus enhanced. 

 It has been suggested that organic 
anion transporting polypeptides (OATPs), 
expressed at the basolateral membrane 
of hepatocytes, mediate the uptake of 
gadoxetic acid ( 13 ) and that multidrug 
resistance-associated protein 2 (MRP2), 
expressed in the canalicular membrane, 
mediates the secretion from hepatocytes 
( 14 ). Of the OATP family, rat Oatp1a1 was 
demonstrated to be a carrier of gadoxetic 
acid, whereas human OATP1A2 was not 
involved in its uptake ( 15 ). This fi nding 
was followed by cloning of the most dom-
inant OATPs in human liver, OATP1B1 
and OATP1B3 ( 16,17 ), which are now 
considered promising candidates as po-
tential transporters of gadoxetic acid in 
human liver. 

 Some investigators ( 10,18–22 ) have 
reported that HCC tumor cells expressed 
the hepatocellular transporters, including 
OATP1B1 and/or OATP1B3 (hereafter, 
OATP1B1 and/or -1B3) and MRP2. We 
therefore hypothesized that the degree 
of expression of these transporters in 
tumor cells may affect the kinetics of 
gadoxetic acid in tumors. 

 The purpose of this study was to 
investigate the mechanism of enhance-
ment of HCC on gadoxetic acid–enhanced 
hepatobiliary phase MR images and to 
characterize HCC thus enhanced. 

             Gadoxetic acid is a newly devel-
oped liver-specifi c contrast agent 
for magnetic resonance (MR) 

imaging ( 1 ). This agent is characterized 
by combined good extracellular and 
hepatocyte-selective properties ( 2 ). Ap-
proximately 50% of the administered 
dose is taken up by hepatocytes and ex-
creted into bile, and this rate is much 
higher than the hepatic uptake of another 
liver-specifi c contrast agent, gadobenate 
dimeglumine ( 3 ). As a result of the 
hepatic uptake, maximal enhancement of 
normal liver parenchyma is obtained in 
the hepatobiliary phase, about 20 minutes 
after injection of gadoxetic acid ( 4 ), 
which thus allows for improved detection 
of focal liver lesions that lack function-
ing hepatocytes ( 2,5–7 ). 

 Positive enhancement at gadoxetic 
acid–enhanced hepatobiliary phase im-
aging occurs not only in normal liver 
parenchyma but also in focal liver le-

 Implication for Patient Care 

 HCC with bile accumulation  n

should be included in the differ-
ential diagnosis for tumors with 
positive enhancement on gadox-
etic acid–enhanced hepatobiliary 
phase MR images. 

 Advances in Knowledge 

 Expression of a sinusoidal trans- n

porter, organic anion transport-
ing polypeptide 1B1 (OATP1B1) 
and/or OATP1B3 (OATP1B1 
and/or -1B3), is essential but not 
suffi cient for high hepatocyte-
selective enhancement of hepato-
cellular carcinoma (HCC) on 
gadoxetic acid–enhanced MR 
images, because all nodules with 
high enhancement showed posi-
tive expression of OATP1B1 and/
or -1B3, whereas 64% of nodules 
with positive OATP1B1 and/or 
-1B3 expression demonstrated 
low enhancement. 

 Combined with OATP1B1 and/or  n

-1B3 expression, two expression 
patterns of a canalicular trans-
porter, multidrug resistance–
associated protein 2, contributed 
to high enhancement, a 
decreased expression and an 
increased expression at the lumi-
nal membrane of pseudoglands. 

 HCC with high hepatocyte- n

selective enhancement is charac-
terized by bile accumulation in 
tumors. 

  Published online  
 10.1148/radiol.10091557 
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 Abbreviations: 
 HBV = hepatitis B virus 
 HCC = hepatocellular carcinoma 
 HCV = hepatitis C virus 
 MRP = multidrug resistance–associated protein 
 OATP = organic anion transporting polypeptide 
 ROI = region of interest 
 SI = signal intensity 
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patients were men (mean age, 68 years; 
range, 49–82 years), and fi ve were 
women (mean age, 70 years; range, 
63–78 years). Thirteen patients had 
underlying liver cirrhosis and nine had 
chronic hepatitis, caused by hepatitis B 
virus (HBV) in eight patients and hepa-
titis C virus (HCV) in 14 patients. One 
patient had alcoholic chronic hepatitis, 
and two had a normal liver. In these pa-
tients, liver function was based on the 

with portal vein tumor thrombus) with 
abnormal SI in the adjacent liver pa-
renchyma. Two HCCs included in this 
study consisted of two distinct nodules 
with different SI on contrast material–
enhanced MR images ( Table 1  , patients 
3 and 19), and each nodule was assessed 
separately. Finally, 25 patients with 27 
HCC nodules were included in this study. 

 The patients ranged from 49 to 82 
years of age (mean, 68 years). Twenty 

between the histopathologic and imag-
ing fi ndings and the comparison be-
tween the SI of the tumors and the SI 
of adjacent liver parenchyma were dif-
fi cult. A total of 17 of 42 patients were 
excluded; 14 patients with 16 HCCs 
who underwent preoperative transcath-
eter arterial chemoem bolization and 
three patients with three HCCs (two 
patients with recurrent tumor near the 
site of previous surgery and one patient 

 Table 1 

 Summary of Relative Enhancement Ratios, Expression of Transporters, and Bile Pigment Findings 

Patient 
No. * 

Child-
Pugh 
Class Cause Background Liver

Tumor 
Grade  †  

Tumor 
Size 
(mm)

Relative 
Enhancement 
Ratio

OATP1B1 and/or -
1B3 Expression 
Score  ‡  

MRP2 Expression Score   ‡  
Bile Pigment Score 
and Location  #  Canaliculus  §  Pseudogland  ||  

Nodules with High Enhancement  ** 
1 A HCV Chronic hepatitis M 25 1.48 1+ 2+ 2+ 2+, pseudogland
2 A HCV Cirrhosis W 14 1.39 2+ 2+ 2+ 1+, pseudogland
3 B HCV Cirrhosis M 28 1.13 2+ 1+ NCS 2+, cytoplasm
4 A Alcohol Chronic hepatitis M 27 1.13 2+ 1+ 1+ 1+, cytoplasm
5 A HCV Chronic hepatitis M 15 1.05 1+ 2+ 2+ 1+, pseudogland

Nodules with Low Enhancement  ††  
6 B Unknown Normal M 29 0.86 0 NCS 2+ 0
7 A HCV Cirrhosis P 31 0.84 2+ 2+ 1+ 1+, ND
8 A HBV Cirrhosis P 30 0.84 1+ 2+ 1+ 0
9 B HCV Cirrhosis P 16 0.80 1+ 2+ NCS 0
3 B HCV Cirrhosis M 30 0.80 1+ 2+ NCS 1+, cytoplasm
10 A HCV Cirrhosis M 23 0.79 1+ 1+ NCS 0
11 A HBV Chronic hepatitis P 35 0.78 1+ 2+ 0 1+, pseudogland
12 A HCV Chronic hepatitis M 15 0.78 1+ 2+ NCS 0
13 B HCV Cirrhosis P 13 0.78 0 2+ NCS 1+, ND
14 A HCV Cirrhosis P 33 0.77 0 1+ 1+ 0
15 B HBV Cirrhosis M 24 0.76 0 2+ 1+ 1+, cytoplasm
16 A HBV Cirrhosis P 17 0.71 0 2+ NCS 0
17 A HBV Chronic hepatitis P 30 0.70 2+ 2+ 0 0
18 A HCV Chronic hepatitis M 10 0.69 0 2+ 2+ 1+, ND
19 A HCV Cirrhosis P 17 0.69 0 2+ 1+ 0
20 A HBV Chronic hepatitis M 37 0.66 0 2+ 2+ 0
21 A Unknown Normal P 58 0.66 0 1+ 0 0
22 A HBV Chronic hepatitis M 18 0.65 1+ 2+ NCS 0
23 A HCV Cirrhosis P 10 0.64 0 1+ NCS 0
24 B HCV Cirrhosis P 25 0.63 0 2+ 0 1+, ND
19 A HCV Cirrhosis P 21 0.52 0 1+ NCS 0
25 A HBV Chronic hepatitis M 32 0.52 0 2+ 0 0

* Patients are listed in descending order of values of relative enhancement ratios. Two nodules were assessed separately in patients 3 and 19.

 †  M = moderately differentiated HCC, W = well-differentiated HCC, P = poorly differentiated HCC.

 ‡  0 = negative or minimal, 1+ = positive to the same or lesser extent than the liver parenchyma, 2+ = positive to a greater extent compared with liver parenchyma, NCS = no corresponding structure.

 §  Expression at canalicular membrane of trabecular structure.

 ||  Expression at luminal membrane of pseudoglandular structure.

 #  The location of bile pigment was determined at microscopic examination. 0 = negative, 1+ = focal, 2+ = diffuse, ND = not detected.

** High enhancement = relative enhancement ratio greater than one.

 ††  Low enhancement = relative enhancement ratio less than one.
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 Immunohistochemical Staining 
 Immunohistochemical staining of tumors 
and the adjacent liver parenchyma was 
performed with a staining kit (Vecta-
stain ABC Peroxidase Kit; Vector Labora-
tories, Burlingame, Calif) for OATP1B1 
and/or -1B3 and MRP2 on 3.5-µm-
thick, formalin-fi xed, paraffi n-embedded 
sections. Autoclave antigen retrieval in 
10 mmol/L citrate buffer (pH 6.0) was 
performed, followed by endogenous 
peroxidase activity blocking with a 1% 
H 2 O 2  solution in methanol. Serum 
blocking was performed by using 10% 
normal horse serum. The sections were 
incubated at 4°C overnight with pri-
mary monoclonal antibodies against 
OATP1B1 and/or -1B3 (clone mMDQ, 
1:100) (Progen Biotechnik, Heidelberg, 
Germany) and MRP2 (clone M2III-6, 
1:50) (Monosan, Uden, the Nether-
lands). Secondary biotinylated anti-
mouse antibody (BA2000; Vector Labo-
ratories) was used at a dilution of 1:100 
at room temperature. The immunopo-
sitivity was visualized by means of 3,3 9 -
diaminobenzidine. Sections were coun-
terstained with hematoxylin. 

 Evaluation of MR Images 
 MR images were reviewed by two abdom-
inal radiologists (H.O. and T.K., with 12 
and 19 years of experience, respectively) 
who specialized in hepatic MR imaging. 
Quantitative analysis for tumor enhance-
ment at hepatobiliary phase imaging 
was performed by the following method 
( 26 ). First, the SI of tumors and the SI 
of the adjacent liver parenchyma were 
measured in regions of interest (ROIs) 
placed on precontrast and postcontrast 
hepatobiliary phase MR images. The two 
radiologists placed all ROIs at the sec-
tion level of the largest tumor diameter 
devoid of necrosis in consensus. Tumor 
ROIs were determined by tracing the 
margin of the tumor, even though the SI   
was heterogeneous in each of the ROIs 
devoid of necrosis (mean ROI, 336 mm 2 ; 
range, 72–807 mm 2 ). ROIs on the adja-
cent liver parenchyma were determined 
by tracing the surrounding nontumor-
ous region approximately within 20 mm 
from the tumor while avoiding vascular 
structures (mean ROI, 904 mm 2 ; range, 
268–2544 mm 2 ). 

acid (Primovist; Bayer-Schering Pharma 
AG, Berlin, Germany), and at hepatobil-
iary phase imaging. The parallel imaging 
technique (array spatial sensitivity encod-
ing technique, or ASSET) also was used. 
The method for the MR examination is 
summarized in  Table 2  . Hepatobiliary 
phase imaging was performed 20 minutes 
after injection of contrast agent. 

 Histopathologic Analysis 
 Four-micrometer-thick tissue sections 
prepared from formalin-fi xed paraffi n-
embedded blocks were stained with 
hematoxylin-eosin and were reviewed 
by two authors (K.W. and N.M., with 
28 and 18 years of experience, respec-
tively) who specialize in liver pathology. 
Histopathologic grading was determined 
according to criteria proposed previously 
( 23–25 ). One nodule was classifi ed as a 
well-differentiated HCC, 13 were classifi ed 
as moderately differentiated HCCs, and 
13 were classifi ed as poorly differentiated 
HCCs. Pseudoglandular structures of var-
ious numbers and sizes were found in 
17 nodules, and one of the tumors consisted 
of only pseudoglandular structures. 

Child-Pugh classifi cation: In 19 patients, 
nodules were categorized as class A, 
and in six patients, nodules were cat-
egorized as class B. Tumors ranged in 
size from 10 to 58 mm (mean, 25 mm). 
All nodules were hypervascular tumors, 
showing hyperenhancement relative to 
the surrounding liver parenchyma in 
the arterial phase of the dynamic MR 
examination. 

 MR Examination 
 The MR examinations were performed 
with a 1.5-T MR system (Signa Excite 
HD; GE Healthcare, Milwaukee, Wis) 
in nine patients and with a 3-T system 
(Signa HDx; GE Healthcare) in the 
other 16 patients. An eight-channel 
phased-array coil system for the ab-
dominopelvic region was used. 

 Images were obtained by using a 
breath-hold T1-weighted three-dimen-
sional gradient-echo sequence (liver ac-
quisition with volume acceleration, or 
LAVA) with fat suppression as follows: 
at imaging before administration of 
contrast agent, at dynamic triple-phase 
imaging after administration of gadoxetic 

 Table 2 

 Summary of the MR Examination   
 A: Liver Acquisition with Volume Acceleration Sequence 

Parameter Value * 
Repetition time (msec) 4.5/3.6
Echo time (msec) 2.2/1.7
Flip angle (degree) 12/12
Inversion time (msec) 7/5
Bandwidth (kHz) 62.5/83.8
Matrix 320  3  192/320  3  192
Field of view (mm) 340/340
Section thickness (mm) 4/4
Array spatial sensitivity-encoding technique factor 2/2
 B: Gadoxetic Acid-enhanced Imaging Method 
Feature Administration
Dose of gadoxetic acid 0.025 mmol per kilogram of body weight
Image delay
 For arterial phase 10 sec after triggering  †  
 For portal venous phase 70 sec after injection
 For equilibrium phase 180 sec after injection
 For hepatobiliary phase 20 min after injection

Note.—All images were obtained in transverse plane.

* Data are values for 1.5-T system/3-T system.

 †  Triggering = the arrival of contrast material at the abdominal aorta.
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data in previous studies ( 18,19 ). Positive 
expression of OATP1B1 and/or -1B3 in 
HCC was observed in 14 (52%) nod-
ules. The distribution of positive cells 
was broad and diffuse (Fig E1b [online]) 
in fi ve nodules and focal and sparse 
(Fig E1c [online]) in nine nodules. 

 Expression of MRP2 
 Canalicular expression of MRP2 with-
out zonal variation was observed in 
liver parenchyma (Fig E2a [online]). 
All HCC nodules were positive for 
MRP2, and the expression was local-
ized either in the luminal membrane 
of pseudoglands (Fig E2b [online]) or 
in the canalicular membrane of tumor 
cells arranged in trabecular structures 
(Fig E2c, E2d [online]). Overall MRP2 
expression was increased in 20 (74%) 
nodules and unchanged or decreased in 
seven (26%) nodules. Of the 20 nodules 
with increased expression, six nodules 
showed increased expression at the lu-
minal membrane of the pseudoglands 
(Fig E2b [online]), and the remaining 
14 nodules showed increased expres-
sion only at the canaliculi and decreased 
or negative expression in the luminal 
membrane of pseudoglands, if present 
(Fig E2c [online]). 

 Relative Enhancement Ratio of Tumors 
in Relation to Expression of Transporter 
Proteins and Bile Accumulation 
 The mean relative enhancement ratio 
for all nodules was 0.82. Nodules with 
positive expression of OATP1B1 and/or 
-1B3 showed a signifi cantly higher rela-
tive enhancement ratio than did nodules 
with negative or minimal expression 
(mean, 0.94 and 0.68, respectively; 
 P  = .002) ( Fig 1a  ). All fi ve nodules with 
high enhancement expressed OATP1B1 
and/or -1B3, whereas nine (64%) of 14 
nodules with positive OATP1B1 and/or 
-1B3 expression showed low enhance-
ment similar to that of the nodules with 
negative or minimal expression ( Table 1 ). 
There was no signifi cant difference in 
mean relative enhancement ratio be-
tween nodules with increased MRP2 
expression and those with unchanged 
or decreased MRP2 expression (mean, 
0.82 and 0.81, respectively;  P  = .9) 
( Fig 1b ). 

ish color. Two authors (H.A. and K.W., 
with 8 years of experience in hepatobil-
iary surgery and 28 years experience in 
liver pathology, respectively) rated the 
degree of bile accumulation in consen-
sus with the following three-point scale: 
score 0, negative; score 1+, focal; and 
score 2+, diffuse. 

 Statistical Analysis 
 In regard to statistical analysis of OAT-
P1B1 and/or -1B3 and bile pigment, cate-
gories 1+ and 2+ were combined, although 
the evaluation data were collected on a 
three-point scale. In regard to statistical 
analysis of MRP2, overall expression 
was determined by combining the results 
for expression on canaliculi and pseud-
oglands. When the degrees of expression 
on the two structures were the same, the 
same score was assigned for the overall 
expression, and when the degrees of 
expression on the two structures were 
different, the higher score was applied 
as the overall expression. The Student 
 t  test was then used to compare the 
relative enhancement ratio between the 
two groups, specifi cally for the following: 
nodules with positive (score 1+ or 2+) 
versus negative or minimal (score 0) ex-
pression of OATP1B1 and/or -1B3, nod-
ules with increased (score 2+) versus de-
creased (score 1+) overall expression of 
MRP2, and nodules with present (score 
1+ or 2+) versus absent (score 0) bile 
pigment. Tumor sizes were also com-
pared between nodules with high and 
low enhancement by using the Student 
 t  test. An analysis of variance was used 
for multigroup comparison, and when 
the results showed signifi cant differences 
among groups, comparisons between 
groups were performed with the Scheffé 
post hoc test. A  P  value of less than .05 
was consid ered to indicate a signifi cant 
difference. 

 Results 

 Expression of OATP1B1 and/or -1B3 
 Basolateral expression in liver parenchyma 
was strong in the centrilobular area, 
moderate in the midzonal area, and 
absent in periportal hepatocytes (Fig E1a 
[online]), which is in agreement with the 

 Next, the relative intensity ratio was 
calculated on precontrast and postcon-
trast MR images, with the following 
formula: RIR = SI nod /SI par , where RIR is 
the relative intensity ratio, SI nod  is the SI 
of the nodule, and SI par  is the SI of the 
liver parenchyma. The enhancement of 
nodules compared with that of the liver 
parenchyma was defi ned as the relative 
enhancement ratio of nodules and was 
calculated with the following formula: 
RER = RIR post /RIR pre , where RER is the 
relative enhancement ratio, RIR post  is 
the postcontrast relative intensity ratio, 
and RIR pre  is the precontrast relative 
intensity ratio. Tumor enhancement 
was defi ned as high when the relative 
enhancement ratio was more than one, 
which meant that the tumor was en-
hanced more than the adjacent liver pa-
renchyma, and as low when the relative 
enhancement ratio was less than one. 

 Evaluation of Immunohistochemical 
Staining Results 
 Immunostaining of the tumors and that 
of the adjacent liver parenchyma was 
compared in terms of staining patterns 
and stain intensities by the two previ-
ously described liver pathologists, in-
dependently and without knowledge of 
the MR imaging data. Disagreement 
was resolved with consensus. The re-
sults of immunohistochemical staining 
for tumors were determined by using 
the following three-point scale: score 0, 
negative or minimal; score 1+, positive 
to the same or lesser extent compared 
with the adjacent liver parenchyma; and 
score 2+, positive to a higher degree than 
the adjacent liver parenchyma (Figs E1, 
E2 [online]). Immunopositivity was de-
termined by staining of the membrane 
of hepatocytes or tumor cells but not in 
terms of cytoplasmic reactivity, if pres-
ent. MRP2 expression in tumors was as-
sessed separately on canaliculi and the 
luminal membrane of pseudoglands. 

 Evaluation of Bile Pigment 
 The degree and the location of bile 
pigment of HCC were evaluated mac-
roscopically on color images of the cut 
surface of the resected specimens and 
microscopically on sections stained with 
hematoxylin-eosin by means of its green-
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 Figure 1 

  
  Figure 1:  Box plots of relative enhancement ratios of nodules, indicating the median (horizontal line), the 75th (top of box) and 25th (bottom of box) quartiles, and 
the smallest and largest values (whiskers).  (a)  OATP1B1 and/or -1B3 expression. Mean values were signifi cantly higher for nodules with positive expression than 
for nodules with negative or minimal expression.  ∗   5   P  = .002, Student  t  test.  (b)  MRP2 expression. Mean values were not signifi cantly different for nodules with 
increased expression and nodules with unchanged or decreased expression ( P  = .9, Student  t  test).  (c)  OATP1B1 and/or -1B3  (OATP1B1/3)  and MRP2 expression, 
with comparison of four groups of nodules classifi ed by expression patterns of both OATP1B1 and/or -1B3 and MRP2. Mean values were signifi cantly higher for the 
two groups: nodules with increased MRP2 expression at the luminal membrane of pseudoglands and nodules with decreased MRP2 expression, both combined with 
positive OATP1B1 and/or -1B3 expression (Scheffé post hoc test).  ∗   5   P  = .047,  ∗  ∗   5   P  = .002,  ∗  ∗  ∗   5   P   ,  .001.  O+  = OATP1B1 and/or -1B3 positive,  O −   = 
OATP1B1 and/or -1B3 negative,  M+(P)  = increased MRP2 expression at luminal membrane of pseudoglands,  M+(C)  = increased MRP2 expression only at canaliculi, 
 M −   = unchanged or decreased MRP2 expression.  (d)  Bile pigment. Mean values were signifi cantly higher for nodules with bile pigment than for nodules without bile 
pigment.  ∗   5   P  = .004, Student  t  test.   

 Figure 2 

  

  Figure 2:  Moderately differentiated HCC with high 
hepatocyte-selective enhancement in 65-year-old 
man (Table 1, patient 1).  (a)  Precontrast MR image 
shows tumor (arrow, also on  b ).  (b)  Gadoxetic acid–
enhanced hepatobiliary phase MR image shows that 
tumor had higher enhancement than did adjacent 
liver parenchyma.  (c)  Image shows that tumor had 
diffuse greenish color on cut surface.  (d)  Photomi-
crograph of section stained with hematoxylin-eosin 
shows bile pigment in lumina of pseudoglands. 
(Original magnifi cation,  3 20.) Immunohistochemi-
cal staining showed prominent expression of MRP2 
in luminal membrane of pseudoglands (Fig E2b 
[online]). OATP1B1 and/or -1B3 expression was 
positive (not shown).   
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 Figure 3 

  

  Figure 3:  Poorly differentiated HCC with low 
hepatocyte-selective enhancement in 60-year-old 
man (Table 1, patient 11).  (a)  Precontrast MR im-
age shows tumor (arrow, also on  b ).  (b)  Gadoxetic 
acid–enhanced hepatobiliary phase MR image 
shows that tumor was less enhanced than was 
adjacent liver parenchyma.  (c)  Image shows that 
tumor had focal greenish color on cut surface.  (d)  
Photomicrograph of section stained with hematox-
ylin-eosin shows that bile pigment was localized 
in lumina of pseudoglands and was phagocytosed 
by macrophages. (Original magnifi cation,  3 20.) 
Immunohistochemical analysis demonstrated that 
MRP2 expression was increased in canalicular 
membrane but was minimal in luminal membrane 
of pseudoglands (Fig E2c [online]). OATP1B1 and/or 
-1B3 expression was positive (not shown).   

 Figure 4 

  

  Figure 4:  Moderately differentiated HCC (Table 1, 
patient 3) consisting of two nodules with different 
degrees of hepatocyte-selective enhancement in 
67-year-old woman.  (a)  Precontrast MR image 
shows ventral nodule (arrowhead, also on  b  and 
 c ) and dorsal nodule (arrow, also on  b  and  c ).  (b)  
Gadoxetic acid–enhanced hepatobiliary phase 
MR image, the ventral nodule was less enhanced, 
whereas the dorsal nodule was more enhanced than 
was the liver parenchyma.  (c)  Image shows that 
had greenish color on cut surface and was focal in 
ventral nodule and diffuse in dorsal nodule, which 
correlated well with the degree of tumor enhance-
ment.  (d)  Photomicrograph of section stained with 
hematoxylin-eosin shows that bile pigment was 
found in cytoplasm of tumor cells of dorsal nodule. 
(Original magnifi cation,  3 40.) Dorsal nodule 
showed diffuse OATP1B1 and/or -1B3 expression 
(Fig E1b [online]) and decreased MRP2 expression 
(Fig E2d [online]); ventral nodule showed decreased 
OATP1B1 and/or -1B3 expression (Fig E1c [online]) 
and increased MRP2 expression at the canalicular 
membrane (not shown).   
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hancement on gadoxetic acid–enhanced 
hepatobiliary phase MR imaging ( 11,12 ). 
Although the mechanism of this seem-
ingly paradoxical tumor enhancement 
has not been fully elucidated, the fi nd-
ings of our study suggest that the de-
gree of expression and the localization 
of OATP1B1 and/or -1B3 and MRP2 in 
tumors affect the degree of hepatocyte-
selective enhancement of HCCs. 

 Positive OATP1B1 and/or -1B3 ex-
pression was associated with signifi -
cantly higher hepatocyte-selective en-
hancement of HCCs, whereas tumor 
enhancement was not signifi cantly dif-
ferent, whether the overall degree of 
MRP2 expression had increased or de-
creased. When considering the localiza-
tion in addition to the degree of expres-
sion, two patterns of MRP2 expression 
then contributed to high tumor en-
hancement when combined with posi-
tive OATP1B1 and/or -1B3 expression; 
one was a decreased expression and the 
other was an increased expression at 
the luminal membrane of pseudoglands. 
All fi ve nodules with high enhancement 
showed either of these two patterns 
of transporter expression. In contrast, 
increased MRP2 expression only at 
the canalicular membrane induced sig-
nifi cantly lower enhancement than did 
the two expression patterns described 

ment ratios than did nodules without 
bile pigment (mean, 0.96 and 0.71, 
respectively;  P  = .004) ( Fig 1d ). 

 Characteristics of Nodules with High 
Enhancement 
 Five nodules showed high enhancement 
( Table 1 ), all of which contained bile 
pigment. Tumors ranged in size from 14 to 
28 mm, and there was no signifi cant dif-
ference in size between nodules with high 
and low enhancement (mean, 22 and 
25 mm, respectively;  P  = .52). Four of 
them were moderately differentiated 
HCCs and one was a well-differentiated 
HCC. Three of the fi ve nodules expressed 
OATP1B1 and/or -1B3 moderately or 
strongly and MRP2 strongly in the lumi-
nal membrane of pseudoglands where the 
bile pigments had accumulated ( Fig 2 ). 
The remaining two nodules expressed 
OATP1B1 and/or -1B3 strongly and 
MRP2 weakly both at the canaliculi and 
at the luminal membrane of pseudoglands 
in one nodule and only at the canaliculi in 
the other nodule, and bile pigment was 
observed in their cytoplasm ( Fig 4 ). 

 Discussion 

 It has been reported that some HCCs, 
in spite of lacking normal hepatocytes, 
show positive hepatocyte-selective en-

  Figure 1c  shows relative enhance-
ment ratios of the four groups classifi ed 
by expression patterns of both OATP1B1 
and/or -1B3 and MRP2: nodules with 
positive OATP1B1 and/or -1B3 expres-
sion associated with increased MRP2 
expression at the luminal membrane of 
pseudoglands, O+/M+(P) group ( Fig 2  ); 
nodules with positive OATP1B1 and/
or -1B3 expression associated with in-
creased MRP2 expression only at the 
canaliculi, O+/M+(C) group ( Figs 3, 4  ); 
nodules with positive OATP1B1 and/
or -1B3 expression associated with 
decreased MRP2 expression, O+/M 2  
group ( Fig 4 ); and nodules with nega-
tive or minimal OATP1B1 and/or -1B3 
expression, O 2  group. The respective 
mean relative enhancement ratios were 
1.31, 0.77, 1.02, and 0.68. The differ-
ences were signifi cant among the four 
groups for the two groups with mean 
relative enhancement ratios higher 
than one and the other two groups 
with mean relative enhancement ra-
tios lower than one (O+/M+[P] group 
vs O+/M+[C] group,  P   ,  .001; O+/
M+[P] group vs O 2  group,  P   ,  .001; 
O+/M 2  group vs O+/M+[C] group, 
 P  = .047; O+/M 2  group vs O 2  group, 
 P  = .002). 

 Nodules with bile pigment showed 
signifi cantly higher relative enhance-

 Figure 5 

  
  Figure 5:  Hypothetical mechanism of gadoxetic acid accumulation in HCC.  (a)  Diagram shows that OATP1B1 and/or -1B3  (OATP1B1/3)  mediates uptake of gadox-
etic acid from sinusoid to tumor cell, whereas MRP2 mediates secretion of gadoxetic acid from tumor cell to lumen ( ∗ ) of canaliculus or  (/)  pseudogland.  (b)  Flowchart 
illustrates relationship between transporter expression pattern and accumulation pattern of gadoxetic acid. Tumors without OATP1B1 and/or -1B3 expression do not 
accumulate gadoxetic acid, whereas tumors with OATP1B1 and/or -1B3 expression accumulate gadoxetic acid in cytoplasm, canaliculi, or pseudoglandular lumina, 
depending on MRP2 expression patterns.   
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tumors. Last, we did not exclude cer-
tain additional factors that might affect 
kinetics of gadoxetic acid in tumors. 
There are many other transporters 
expressed at the basolateral or canali-
cular membrane of hepatocytes ( 33 ), 
and their involvement in gadoxetic acid 
transport remains to be evaluated. 

 In conclusion, our results suggest 
that expression of OATP1B1 and/or -1B3 
in tumor cells is essential but not suffi -
cient for hepatocyte-selective enhance-
ment of HCC and that high enhancement 
is induced either by decreased expression 
of MRP2 in tumor cells or by increased 
expression of MRP2 at the luminal 
membrane of pseudoglands, which we 
speculated may have resulted in accu-
mulation of gadoxetic acid in the cyto-
plasm of tumor cells or in the lumina of 
pseudoglands. HCC with high hepatocyte-
selective enhancement is characterized 
by bile accumulation in tumors. 
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