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Background: To evaluate the predictive value of the OATP1B3 expression in hepatocellular 
carcinoma (HCC) for the gadolinium ethoxybenzyl-diethylenetriaminepentaacetic acid (Gd- 
EOB-DTPA) uptake and the signal intensity (SI) in the hepatobiliary (HB) phase.
Methods: In this retrospective study, we analyzed 69 liver nodules of 64 patients who 
underwent Gd-EOB-DTPA enhancement magnetic resonance imaging (MRI) before opera-
tion. Based on the SI in the HB phase, the patients were categorized into the hypointense 
HCC and iso- or hyperintense HCC groups. The OATP1B3 expression was detected by 
polymerase chain reaction (PCR) and immunohistochemistry. The differences between the 
expression of OATP1B3 and Gd-EOB-DTPA enhanced magnetic resonance imaging between 
the two groups of hepatocellular carcinoma were compared. The relationship between the 
OATP1B3 expression and the SI and relative enhancement (RE) was analyzed.
Results: The examined HCC nodules were 59 hypointense HCC and 10 iso- or hyperintense. 
The relative expressions of OATP1B3, HB-phase signal, and the RE of the HB phase in iso- 
or hyperintense were significantly higher than those of the hypointense HCC, while the RE 
of the HB phase increased with an increase in the OATP1B3 expression (P < 0.05).
Conclusion: The OATP1B3 expression in HCC can predict the uptake of Gd-EOB-DTPA and 
the SI of the HB phase. We believe that the evaluation of OATP1B3 expression will facilitate 
the comprehension of imaging performance of HCC in Gd-EOB-DTPA-enhanced MRI.
Keywords: carcinoma, hepatocellular, gadolinium ethoxybenzyl DTPA, magnetic resonance 
imaging, OATP1B3

Introduction
Hepatocellular carcinoma (HCC) is one of the most common tumors in the world 
and the second-leading cause of cancer-related mortality.1 Past studies have shown 
that the occurrence of liver cancer is closely related to chronic liver diseases, such 
as chronic hepatitis B, chronic hepatitis C, and alcoholic cirrhosis.2,3 The formation 
of HCC is a multistep process that first evolves from the regenerative nodules (RN) 
to atypical proliferative nodules (DN), and, eventually, into small HCCs (SHCC).4,5 

The expression and transport functions of organic anion transporters are modified in 
liver diseases, because of which they have different manifestations in the imaging.

Gd-EOB-DTPA is a hepatobiliary (HB)-specific contrast agent that not only 
possess the characteristics of non-cellular, specific external contrast agents but also 
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those of hepatocyte-specific contrast agents.6,7 After 
administering an intravenous injection, approximately 
50% of the Gd-EOB-DTPA was taken up by organic 
anion transport protein (OATP) on the liver cell membrane 
and then passed through multidrug resistance proteins 
(MRPs) and excreted into the biliary system.8 Because of 
these features, Gd-EOB-DTPA adds substantial informa-
tion during the hepatobiliary (HB) phase, which improves 
the detection of focal liver lesions and diffuse liver 
disease.8,9 Past studies have demonstrated that Gd-EOB- 
DTPA-enhanced MRI has higher sensitivity in the detec-
tion of HCC than dynamic computed tomography (CT) 
and gadopentetate dimeglumine-enhanced MRI.10,11 

Enhanced CT, MRI and enhanced contrast-enhanced ultra-
sound (CEUS) can be applied as the primary inspection 
method for evaluating the intrahepatic focal lesions, but 
Gd-EOB-DTPA enhanced MRI HB stage remains the only 
imaging method that can accurately detect early 
SHCC.12–15 Gd-EOB-DTPA-enhanced MRI provides 
more accurate information for characterizing and staging 
HCC that can facilitate the selection of accurate treatment 
strategy.16,17

OATP1B3 is an uptake transporter located on the sinu-
soidal surface of the liver cell membrane and the main 
uptake transporter of SI in the HB phase.18–20 According 
to past reports, the OATP1B3 expression in HCC is signifi-
cantly related to the RE of the HB phase.21 Most 
HCCs demonstrate low SI in the HB phase, while a few 
well-differentiated HCCs demonstrate equal or slightly 
higher SI.22,23,24 In the process of carcinogenesis from RN 
to HCC, the expression of OATP1B3 decreases with the 
progress of liver cancer and the signal of hepatobiliary 
phase also decreases; OATP1B3 is the main transporter 
that determines the level of HB-phase signals We therefore 
speculated whether detecting the level of OATP1B3 expres-
sion can help predict the uptake of Gd-EOB-DTPA by 
hepatocytes and its relationship with the level of the HB- 
phase signals.

This study aimed to elucidate the prediction of Gd- 
EOB-DTPA uptake in liver cancer with a chronic liver 
disease background and the relationship between 
OATP1B3 expression and the level of the HB-phase SI .

Materials and Methods
Patients
This retrospective analyses were conducted with the 
approval of the ethics committee (This study was conducted 

in accordance with the Declaration of Helsinki, First 
Affiliated Hospital of Guangxi Medical University Ethics 
Review Committee, Approval Number: 2020 (KY-E-123)), 
and the relevant MRI of all patients was obtained with prior- 
informed consent. Between April 2019 and February 2020, 
our hospital undertook 82 cases of HCC, excluding 9 patients 
who did not undergo Gd-EOB-DTPA-enhanced MRI exam-
ination, 9 with a history of liver cancer, and those with 
a history of treatment including radiofrequency ablation 
and transarterial embolization. Therefore, we focused on 69 
HCCs in 64 patients who were surgically resected at our 
institution from the study subjects. The average age of the 
entire study group ranged 16–76 years, male: 52 cases, 
female: 12 cases, male:female: 52:12. There were 56 cases 
of chronic hepatitis B, 3 of chronic hepatitis C, 2 of chronic 
hepatitis B combined with chronic hepatitis C, and 3 of 
alcoholic cirrhosis. 58  patients had a history of antiviral 
therapy, and 6  patients had not.All patients retained liver 
functions, and all patients with cirrhosis were classified as 
Grade A cirrhosis as per the Child classification (Table 1).

Gd-EOB-DTPA MRI
All patients underwent plain liver scan and Gd-EOB- 
DTPA (Bayer Healthcare Co., Ltd., Germany)-enhanced 
MRI examination with the Magnetom Verio 3.0 T MR 
scanner (German Siemens) equipped with an 8-channel 
body-phased array coil 1 month before their surgeries. Gd- 
EOB-DTPA was injected through the anterior cubital vein 
at a flow rate of 2 mL/s and at a dosage of 0.025 mmol/kg. 
Next, 20 mL of normal saline was injected at the same 
flow rate for flushing. The scanning sequence and the 
parameters included the following: coronal T2WI (TR 
1800.00 ms, TE 95.00 ms) and half Fourier single excita-
tion fast spin echo axial T2WI (TR 2930.00 ms, TE 89.00 
ms) with the blade technology for axial fat suppression 
Sequence T2WI (TR 2930.00 ms, TE 89.00 ms), and 
reversal angle 133; three-dimensional (3D) reversal recov-
ery fast gradient echo T1WI (TR 171.00 ms, TE 2.31 ms; 
FOV 350 mm × 350 mm, matrix 224 × 320, layer thick-
ness 6.0 mm, layer spacing 1.2 mm). Scans were per-
formed in the arterial, portal vein, equilibrium, and HB 
phases at 14 s, 40 s, 120 s, and 20 min after the injection 
of the contrast medium.

Image Analysis
All patient images were uploaded to the image software 
and submitted to the Siemens Syngo workstation in 
Germany, where the images were analyzed by 2 
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experienced radiologists. In the dynamic-enhancement and 
HB phases, the region of interest (ROI) was placed to 
measure the SI (SLtum) at the same level, same location, 
and the same size of the tumor, the surrounding back-
ground liver SI (SIliv), and the right erector spinae on 
the same level (SIm); all the variables were measured 
thrice and then averaged. The diameter of the ROI was 
10–20 mm, which should not exceed the scope of the 
lesion while avoiding the large blood vessels. The degree 
of SI enhancement was calculated at each stage of 
dynamic enhancement and the HB phase and the liver– 
muscle ratio (LMR) of the liver and erector spinae using 
the following formulae:

Scan before enhancement LMRpre ¼ SItum pre=SImpre 

Scan after enhancement LMRpost ¼ SItumpost=SImpost 

Relative liver enhance RLEð ÞRLEm
¼ LMRpost � LMRpre 

Relative liver enhancement rate enhancement ratio REð ÞRE
¼ LMRpost � LMRpre=LMRpre:

Classification of HCCs in the HB Phase of 
Gd-EOB-DTPA MR Imaging
According to the signal level of the HB phase, the lesions 
were categorized into 2 types: hypointense HCC and iso- or 
hyperintense HCC. The hypointense HCC HB phase 
showed low SI relative to the surrounding liver parenchyma 
(SItum/SIliv <1) (Figure 1), while the iso- or hyperintense 
HCC HB phase showed equal or high SI relative to the 
surrounding liver parenchyma (SItum/SIliv ≥1) (Figure 1). 
In this study, all HCCs demonstrated low SI before the 
enhancement, indicating that HCC that showed equal or 
high SI in the HB phase was enhanced in the HB phase.

Pathological Diagnosis
HE staining was performed on 69 HCC specimens collected 
during the surgeries. Two experienced pathologists con-
ducted the diagnosis with reference to the WHO classifica-
tion system and the international liver cancer consensus 
group, which were divided into three categories: well- 
differentiated, moderately differentiated, and poorly differ-
entiated (Figure 2). Next, liver cancer was categorized into 

Table 1 Clinicopathological Features of the Study Patients

Feature Hypo HCC Hyper HCC Total

Number of tumors 59 10 69

Resected tumor size (mm) Mean (range) 6.0±3.56 (1.5-13.6) 3.61±1.76 (1.5-5.9) 5.99±3.57 (1.5-13.6)

Age (years) Mean (range) 52.31±11.83 (16-76) 51.00±16.48 (25-75) 52.15±12.30 (16-75)

Sex Male/Female 50/9 7/3 57/12

Background liver tissue Chronic hepatitis Liver 
cirrhosis 

Others

27 
32 

0

5 
5 

0

32 
37 

0

Cause HBV 

HCV 

NASH 
Alcoholic 

Other

50 

3 

0 
3 

3

10 

0 

0 
0 

0

60 

3 

0 
3 

3

Grade of differentiation Well 

Moderately 

poorly

6 

46 

7

2 

8 

0

8 

54 

7

Proliferation style Trabecular 

Pseudoglandular 
Solid 

Scirrhous

43 

8 
4 

3

8 

1 
0 

0

52 

10 
4 

3

Abbreviations: HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus; NASH, nonalcoholic steatohepatitis; LC, liver cirrhosis; CH, chronic 
hepatitis.
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4 types of proliferation: trabecular, pseudoglandular, scir-
rhous, and solid (Table 1).

RT-PCR Analysis
Pairs of liver cancer tissue specimens and the corresponding 
normal tissue specimens adjacent to the cancer tissues were 
collected from 64 patients and subjected to RT-PCR in order to 
detect the OATP1B3 expression. The collected fresh speci-
mens were placed in RNA protection solution and frozen at 
−80°C or used directly for RNA extraction while strictly 
following the Trizol (Invitrogen) extraction method for total 
RNA. Next, spectrophotometer was used to estimate the con-
tent and purity of the extract and a RT kit was used to perform 
RT on the extracted RNA, followed by freezing the obtained 
cDNA sample at −20°C or using it for RT-PCR analyses. 
GAPDH was used as the housekeeping gene with the follow-
ing primer set of OATP1B3: forward ATGAAG 
TGGTCCACCAACAGC, reverse AAGCCCAAGTAGAC 

CCTTCC. The SYBR Primescript miRNA RT-PCR Kit was 
used for PCR amplification. The sample was then analyzed 
according to the real-time amplification curve and dissolution 
curve to obtain the Ct value. The expression of the gene 
OATP1B3 in the liver cancer tissues was found to be relative 
to that of the adjacent tissues, as calculated using the following 
formula:

2� ΔΔCt 

whereCtca = Ctca-CtGAPDH Ctcaliv = Ctcaliv- 
CtGAPDH.   

The relationship between the OATP1B3 expression and 
Gd-EOB-DTPA-enhanced MRI HB SI was analyzed.

Immunohistochemical Analyses
All liver cancer tissues and background liver tissues 
excised via surgery were preserved in the form of paraffin- 

Figure 1 (A and B) show images from the pre-enhancement and the HB phases (20 min after injection of the contrast agent) for a 56-year-old male patient. The HB phase is 
hypointense. (C and D) The images of a 40-year-old male patient at the pre-enhancement and HB stages. The HB stage showing iso- or hyperintense images.
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embedded blocks, and the antigenicity was preserved for 
immunohistochemical staining. The primary antibody 
against human OATP1B3 (anti-SLCO1B3/OATP1B3 anti-
body) was employed to perform OATP1B3 immunohisto-
chemical staining on all nodule specimens. We employed 
a semi-quantitative method to evaluate the expression 
intensity of OATP1B3 on the membrane of HCC cells 
relative to that on normal hepatocytes in the surrounding 

tissues, using the following grade pattern: 0, no expres-
sion; 1, decreased expression; 2, equal expression; and 3, 
increased expression.

Statistical Analysis
The SPSS23.0 software was used to perform statistical data 
analyses, and the measured data were expressed as x ± 
s. Unpaired t-test was used for the analyses of clinical 
features and RT-PCR results, while Fisher’s exact test was 
used for clinical and histological feature analyses. The cor-
relation between the degree of expression of OATP1B3 and 
the enhancement rate by immunohistochemistry was ana-
lyzed by one-way analysis of variance (ANOVA) and post 
hoc tests. Pearson correlation test was performed to evaluate 
the correlation between RT-PCR and HB enhancement rate. 
P < 0.05 was considered to be statistically significant.

Results
Clinicopathological Characteristics of 
Liver Cancer in Different Signal Groups
Based on the signal level of the HB stage, we categorized the 
HCC cases into 2 groups: high-signal (n = 10) and low- 
signal (n = 59). None of these two groups showed any 
significant clinical differences (P < 0.05). In the HB stage 
of iso- or hyperintense HCC group, the differentiation status 
was high differentiation (n = 2), moderate differentiation 
(n = 8), and poor differentiation (n = 0). In the hypointense 
HCC group at the HB stage, the differentiation cases were 
well-differentiated (n = 6), moderately differentiated (n = 
46), and poorly differentiated (n = 7) (Figure 3).

HB Enhancement Rate in Different Signal 
Groups
The normal hepatic parenchyma demonstrated high signal 
at the HB stage. The RE of peripheral hepatic parenchyma 
in this study was 1.52 ± 0.67 in 69 HCC. The average 
enhancement rate of HCC in 10 cases of the iso- or 
hyperintense group was 1.70 ± 0.53 and in 59 cases of 
hypointense group was 0.31 ± 0.33 (P < 0.05). The 
enhancement rate of the high-signal group was signifi-
cantly higher than that of the low-signal group (P < 0.05).

Expression of OATP1B3 results of 
RT-PCR
OATP1B3 is continuously expressed in the liver back-
ground. We compared the expression of OATP1B3 in the 
hypointense HCC and iso- or hyperintense HCC. The 

Figure 2 (A) WD HCC, (B) MD HCC, and (C) PD HCC. 
Abbreviations: WD, well-differentiated; MD, moderately differentiated; PD, 
poorly differentiated.
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expression in the iso- or hyperintense group was 2.30 ± 1.17, 
and the expression in the hypointense group was 0.06 ± 0.09 
(P<0.01) (Figure 4) In the 10 cases of iso- or hyperintense 
group, the expression of OATP1B3 was equal to or greater 
than that of the background liver. In one case, the expression 
of OATP1B3 was the highest in the well-differentiated liver 
cancer tissues, while the degree of HB phase enhancement 
was also the highest. In the 59 cases of the hypointense 
group, the expression of OATP1B3 was lower than that of 
the background liver (P < 0.05).

The RE in the HB phase was significantly related to the 
expression of OATP1B3. As the expression of OATP1B3 
increased, the RE in the HB phase also increased 
(R = 0.74, P < 0.01) (Figure 5).

Immunohistochemistry Results of 
OATP1B3 Expression
Analyses of liver cancer and the corresponding surround-
ing liver tissues revealed that OATP1B3 was uniformly 
distributed in the background liver cell membrane and 
continuously expressed in the background liver tissue. In 
the iso- or hyperintense group, 8 cases had OATP1B3 
expression level 3 and 2 case was 2; in the hypointense 
group, 1 case OATP1B3 expression level was 3, 5 cases 
were 2, 21 cases were 1, and 32 cases were 0 (Figure 6). 
We observed that the OATP1B3 expression in the hypoin-
tense group was significantly lower than that in the corre-
sponding background liver, while the OATP1B3 
expression in the high-signal group was equal to or greater 
than that of the surrounding background liver, As the 
expression of OATP1B3 increased, the RE of the HB 
phase also increased (P < 0.05) (Figures 7 and 8).

Discussion
Gd-EOB-DTPA is a HB-specific contrast agent that is of 
particular importance in the detection of liver cancer.25 

Kitao et al.21 reported that, in HCC, Gd-EOB-DTPA is 
mainly ingested through OATP1B3 located on the liver 
cell membrane, which is then excreted through MRP3. 
However, the excretion rate may be slower than the uptake 

Figure 4 The expression of OATP1B3 at different signal intensities of the 2 groups. 
The expression in the iso- or hyperintense groups is significantly higher than that in 
the hypointense group (*P < 0.05).

Figure 5 The relationship between the expression of transporter OATP1B3 and 
the enhancement rate (RE) in the HB phase. We found that the OATP1B3 
expression was proportional to the RE in the HB phase. As the OATP1B3 
expression increased, the enhancement rate in the RE phase also increased 
(R = 0.747, P < 0.01).

Figure 3 Graph showing tumor differentiation. The hypointense HCCs (hypo) 
consisted of well- differentiated (n = 6), moderately differentiated (n = 46), and 
poorly differentiated HCCs (n = 7), while 80% (n = 8) of hyperintense HCCs (iso/ 
hyper) were moderately differentiated.
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rate at the HB stage; therefore, the main factor of the 
signal level at the HB stage may be the uptake 
protein.26,27 Therefore, the evaluation of the expression 
of OATP1B3 in HCC could help predict the relationship 
between its uptake of Gd-EOB-DTPA and its HB 
signaling.

Most HCCs showed low signal in the Gd-EOB-DTPA- 
enhanced MRI at the HB stage, and only a few cells 
showed iso-signal or high signal.16,28,29 In this study, we 
compared the levels of HB-phase signals and their RE in 
the two HCC groups based on the chronic liver back-
ground. The HB-phase RE of the iso- or hyperintense 
group was significantly higher than that of the hypointense 
signal group. Kitao et al.21,30,31 reported that, with the 
progress of HCC, its degree of differentiation gradually 
decreases along with a decrease in the expression of 
OATP1B3, as a result of which, the signal in the HB 
stage also decreases. In our current study, the iso- or 
hyperintense group basically represents moderately differ-
entiated liver cancer, while the hypointense group repre-
sents high, medium, and poorly differentiated groups. 
However, the relationship between OATP1B3 expression 
and the degree of differentiation of HCC needs further 
verification by employing more number of cases in the 
future.

In the two groups analyzed in this study, the results of 
RT-PCR and immunohistochemistry demonstrated that the 
expression of OATP1B3 in the iso- or hyperintense groups 
was higher than or equal to the expression in the surround-
ing liver tissues, while the expression of OATP1B3 in the 
hypointense group was lower than that in the surrounding 
background liver tissues. The OATP1B3 expression in the 
iso- or hyperintense group was significantly higher than 
that in the hypointense group, and the HB stage RE of the 
corresponding high-signal group was also significantly 
higher than that of the low-signal group. These results 

Figure 7 (A and B) An HCC patient with iso- or hyperintense images at the HB 
stage. The expression of OATP1B3 is significantly higher than that of the back-
ground liver. (C and D) An HCC patient with hypointense images at the HB stage. 
The expression of OATP1B3 in HCC is basically not expressed and is significantly 
lower than that of the background liver.

Figure 6 A bar graph showing the results of semiquantitative analysis of the 
immunohistochemistry of OATP1B3 (*P < 0.05).

Figure 8 The relationship between the expression of transporter OATP1B3 and 
the RE of the HB phase. The expression of OATP1B3 relative to that in background 
liver was significantly related to the SI of the HB phase. As the expression of 
OATP1B3 increased, the RE of the HB phase also increased (P < 0.05).
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were in conformance to those of Miura et al.,16,32 as they 
also reported that the HB-phase signal in HCC increased 
with an increase in the OATP1B3 expression. According 
to the authors, the signal of HB stage in HCC patients with 
high OATP1B3 expression on the hepatocyte membrane 
was also higher than that in the liver tissue background. 
OATP1B3 is the main transport intake protein of Gd-EOB- 
DTPA; therefore, we speculated that the OATP1B3 expres-
sion can predict the intake of Gd-EOB-DTPA and that it is 
significantly related to the SI of the HB stage. Larger 
sample size should be analyzed in the future for a more 
thorough analysis of the predictive value of OATP1B3 
expression for HB SI and for the prediction of benign 
and malignant liver cancers.

Fukusato et al.19,22,33,34 reported that the decreased expres-
sion of OATP1B3 in HCC was related to the increased expres-
sion of hepatocyte nuclear factor (HNF)-3β, while the high 
expression of OATP1B3 was related to the co-activation of 
nuclear β-catenin and mature hepatocyte-related pathway 
HNF-4α. The modification of these factors could have altera-
tions in the expression of OATP1B3, as a result of which the SI 
and RE exhibited in the HB phase also changed accordingly. 
Gd-EOB-DTPA-enhanced MRI is gaining popularity as an 
important tool for the in detection and characterization of 
HCC and benign hepatocellular nodules, including focal nod-
ular hyperplasia (FNH), nodular regenerative hyperplasia 
(NRH), hepatocellular adenoma (HCA), and DN. In these 
benign hepatocellular nodules, there exists a positive correla-
tion between the OATP1B3 expression and SI of the HB 
phase.20,35 For instance, Amedeo et al. reported that the tissue 
expression of OATP1B3 in FNH and HCA subtypes correlated 
with the signal intensity observed on HBP of Gd-EOB-DTPA- 
enhanced MRI.

We identified some limitations in our research. First, past 
studies have shown that, in addition to OATP1B3, Gd-EOB- 
DTPA, OATP1B1, and NTCP also act as transporters. We 
should have also used the same method to evaluate the 
expression of OATP1B1 and NTCP. Second, we only studied 
the uptake transporter OATP1B3 and did not evaluate the 
excretion transporter. The excretion protein can also affect 
the enhancement rate of HB signal to a certain extent, indi-
cating that we should also evaluate the excretion protein. 
Finally, the amount of sample processed was small, with 
insufficient cases of HB-stage high-signal liver cancers, 
because the HB-stage high-signal tumors are relatively rare. 
Moreover, we believe that the data obtained from the study 
are sufficient to support the concept we have proposed.

In conclusion, the expression of OATP1B3 in HCC 
could predict the uptake of Gd-EOB-DTPA, and it was 
significantly related to the signal intensity and the 
enhancement rate of the HB phase. As the expression of 
OATP1B3 increased, the uptake of Gd-EOB-DTPA also 
increased in parallel with an increase in the SI and 
enhancement rate in the HB phase. The evaluation of 
OATP1B3 expression is expected to facilitate the compre-
hension of imaging performance of HCC in Gd-EOB- 
DTPA-enhanced MRI.
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