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In this study, we used PDGF-C transgenic (Pdgf-c Tg) mice to
show that PDGF-C signaling is a possible target of peretinoin in
the prevention of hepatic fibrosis, angiogenesis, and the devel-
opment of HCC.

Materials and Methods

Chemicals

The acyclic retinoid peretinoin (generic name; code, NIK-
333) [(2E.4E,6E,10E)-3,7,11,15-tetramethyl-2,4,6,10,14-hexade-
capentaenoic acid, C20H3002, molecular weight 302.46 g/mol]
was supplied by Kowa Company.

Animal studies

The generation and characterization of Pdgf-c Tg have been
described previously (7). Wild-type and Pdgf-c Tg mice on a
C57BL/6] background were maintained in a pathogen-free
animal facility under a standard 12-hour/12-hour light/dark
cycle. After weaning at week 4, male mice were randomly
divided into the following 3 groups: (1) Pdgf-c Tg or wild-type
(WT) mice given a basal diet (CRF-1, Charles River Laborato-
ries Japan), (2) Pdgf-c Tg or WT mice given a 0.03% peretinoin-
containing diet, (3) Pdgfc Tg or WT mice given a 0.06%
peretinoin-containing diet. Control mice were normal male
homozygotes. At week 20, mice were sacrificed to analyze the
progression of hepatic fibrosis (n = 15 for each of the 3 groups).
At week 48, mice were sacrificed to analyze the development of
hepatic tumors (n = 31 for the basal diet group, n = 37 for the
0.03% peretinoin group, and n = 17 for the 0.06% peretinoin
group). The incidence of hepatic tumors, maximum tumor size,
and liver weight were evaluated. None of the treated WT mice
given a diet of 0.03% peretinoin died, but death occurred in 5%
of WT mice around after 36 weeks of age receiving a 0.06%
peretinoin diet, probably because of its toxicity. In Pdgf-c Tg
mice, death was observed at similar frequency as WT mice that
received 0.06% peretinoin diet.

All animal experiments were carried out in accordance with
Guidelines for the Care and Use of Laboratory Animals at the
Takara-Machi Campus of Kanazawa University, Japan.

Cell culture

Human HCC cell lines Huh-7, HepG2, and HLE, the mouse
fibroblast cell line NTH3T3, human umbilical vein endothelial
cells (HUVEC), and human stellate cells Lx-2 (kindly provided
by Dr. Scott Friedman, Mount Sinai School of Medicine, New
York, NY) were maintained in Dulbecco's Modified Eagle
Medium (DMEM:; Gibco) supplemented with 10% FBS (Gibco),
1% t-glutamine (Gibco), and 1% penicillin/streptomycin
(Gibco) in a humidified atmosphere of 5% CO, at 37°C. 1 to
5 x 10" cells were seeded in each well of a 12-well plate the day
before serum starvation in serum-free DMEM for 8 hours. The
culture medium was then replaced with serum-free medium
containing peretinoin. After 24-hour incubation, cells were
harvested for analysis.

Isolation and culture of mouse hepatic stellate cells
Hepatic stellate cells (HSC) were isolated from C57BL/6]
mice and the effect of recombinant human PDGF-C and

peretinoin on HSCs was evaluated in vifro. Pronase-collagenase
liver digestion was used to isolate HSC from wild-type mice. All
experiments were replicated at least twice. Freshly isolated
HSCs suspended in culture medium were seeded in uncoated
24-well plates and incubated at 37°C in a humidified atmo-
sphere of 5% CO, for 72 hours. Nonadherent cells were
removed with a pipette and the culture medium was replaced
with medium containing 80 ng/mL recombinant human
PDGF-C (Abnova) with or without peretinoin or 9-cis-retinoic
acid (9cRA; 5 or 10 pmol/L). Cells were harvested for analysis
after 24-hour incubation.

Isolation of peripheral blood mononuclear cells

Peripheral blood mononuclear cells were harvested and
labeled with FITC-conjugate CD34 (Cell Lab) and R-Phycoer-
ythrin (PE)-conjugated CD31 antibodies (Cell Lab) for 30
minutes at 4°C. After washing with 1 mL PBS, CD31 and CD34
surface expression was measured with a FACSCalibur flow
cytometer (BD Biosciences). All flow cytometric data were
analyzed using FlowJo software (Tree Star).

Gene expression profiling

Gene expression profiling in mouse liver was evaluated
using the GeneChip Mouse Genome 430 2.0 Array (Affyme-
trix). Liver tissue from WT, Pdgf-c Tg, and Pdgf-c Tg with
0.06% peretinoin mice all at weeks 20 and 48 was obtained
and a total of 34 chip assays were conducted as described
previously (17). Expression data have been deposited in
the Gene Expression Omnibus (GEO; NCBI Accession;
GSE31431).

Pathway analysis was conducted using MetaCore (GeneGo).
Functional ontology enrichment analysis was conducted to
compare the Gene Ontology (GO) process distribution of
differentially expressed genes (P < 0.01; refs. 10 and 17). Direct
interactions among differentially expressed genes between
Pdgf-c Tg mice with or without peretinoin administration were
examined as reported previously (10). Each connection repre-
sents a direct, experimentally confirmed, physical interaction
(MetaCore).

Histopathology and immunohistochemical staining

Mouse liver tissues were fixed in 10% formalin and stained
with hematoxylin and eosin. The liver neoplasms (HCC and
liver cell adenoma) were diagnosed according to previously
described criteria (18, 19). Hepatic fibrosis was evaluated by
Azan staining. Percentages of fibrous areas were calculated
microscopically using an image analysis system (BIOREVO BZ-
9000: KEYENCE Japan). Immunohistochemical (IHC) staining
was conducted by an immunoperoxidase technique with an
Envision kit (DAKO). Primary antibodies used were: rabbit
polyclonal PDGFR-c. (1:100 dilution), PDGFR-B (1:100 dilu-
tion), VEGFR1 (1:100 dilution), desmin (1:100 dilution), B-cate-
nin (1:200 dilution), and mouse monoclonal cyclin D1 (1:400
dilution; all from Cell Signaling Technology); collagen 1 (1:100
dilution), collagen 4 (1:100 dilution), CD31 (1:100 dilution), and
CD34 (1:100 dilution; all from Abcam, Cambridge, MA); and
Tie-2 (1:80 dilution) and Mye (1:100 dilution; both from Santa
Cruz Biotechnology).
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Quantitative real-time detection PCR

Total RNA was isolated from frozen liver tissue samples
using a GenFlute Mammalian Total RNA Miniprep Kit
(Sigma-Aldrich) according to the manufacturer's protocol.
c¢DNA was synthesized from 100 ng total RNA using a high-
capacity ¢cDNA reverse transcription kit (Applied Bio-
systems) then mixed with the TagMan Universal Master
Mix (Applied Biosystems) and each TagMan probe. Tag-
Man probes used were PDGFR-0/f, VEGFR1/2, a-SMA,
collagen 1/4, B-catenin, CyclinD1, and Myc (Applied Bio-
systems). Relative expression levels were calculated after
normalization to glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH).

Western blotting

Western blotting was conducted as described previous-
ly (20). Whole-cell Iysates from mouse liver were prepared
and lysed by CelLytic MT cell lysis reagent (Sigma-Aldrich)
containing Complete Mini EDTA-free Protease Inhibitor cock-
tail tablets (Roche). Cytoplasmic and nuclear protein extracts
were prepared using the NE-PER nuclear extraction reagent kit
(Pierce Biotechnology). Primary antibodies used were PDGFR-
o (1:1,000 dilution), PDGFR-f (1:1,000 dilution), VEGFR2
(1:1,000 dilution), p44/42 MAPK (1:1,000 dilution), total AKT
(1:1,000 dilution), p-p44/42 MAPK (1:1,000 dilution), p-AKT
(Ser473; 1:1,000 dilution), p-AKT (Thr308; 1:1,000 dilution),
B-catenin (1:2,000 dilution), cyclin D1 (1:400 dilution), and
lamin A/C (1:1,000 dilution; all Cell Signaling Technology);
o-SMA (1:200 dilution; DAKO); 4-HNE (1:200 dilution; NOF);
and GAPDH (1:1,000 dilution) and Mye (1:1,000 dilution; both
Santa Cruz).

Statistical analysis

Results are expressed as mean £ SD. Significance was
tested by l-way analysis of variance with Bonferroni's
method, and differences were considered statistically signi-
ficant at P < 0.05.

Results

Peretinoin prevented the development of hepatic
fibrosis in Pdgf-c Tg

To evaluate the HCC chemopreventive effects of pereti-
noin, we used a mouse model of Pdgf-c Tg in which PDGF-C
is expressed under the control of the albumin promoter (7).
Experimental mice were male mice expressing the PDGF-C
transgene (Pdgf-c Tg); whereas male mice not expressing
the transgene were considered WT. After weaning at week 4,
Pdgf-c Tg or nontransgenic WT mice were fed a basal diet
or a diet containing 0.03% or 0.06% peretinoin. At week 20,
mice were sacrificed to analyze the progression of hepatic
fibrosis. At week 48, mice were sacrificed to analyze the
development of hepatic tumors (Fig. 1A). At week 20, Azan
staining showed that predominant pericellular fibrosis had
developed in Pdgf-c Tg mice (Fig. 1B). Densitometric analysis
showed a significant dose-dependent reduction in the size
of the fibrotic area in mice that received a diet containing
peretinoin at both weeks 20 and 48 (Fig. 1C). Peretinoin

therefore efficiently repressed the development of hepatic
fibrosis in Pdgf-c Tg mice.

The expression of fibrosis-related genes in Pdgf-c Tg
mice was evaluated by THC staining, quantitative real-time
detection PCR (RTD-PCR), and Western blotting. The ex-
pression of PDGFR-a. and PDGFR-, essential receptors for
intracellular PDGF-C signaling, was upregulated mainly in
the intracellular or portal area in Pdgfc Tg mice livers
(Fig. 2), but was significantly repressed by peretinoin after
weaning at week 4. Similarly, the expression of collagen 1,
collagen 4, and desmin was significantly upregulated in Pdgf-
¢ Tg mice, but repressed by peretinoin (Fig. 2 and Supple-
mentary Fig. S1A).

RTD-PCR results confirmed that these genes were sub-
stantially upregulated in Pdgf-c Tg mice and significantly
repressed by both 0.03% and 0.06% peretinoin (Fig. 3A).
Western blotting showed that the expression of phosphor-
ylated extracellular signal-regulated kinase (p-ERK) 1/2 and
cyclin D1, representative markers of the cell proliferation
signaling pathway, was upregulated in Pdgf-c Tg mice, and
repressed by peretinoin (Fig. 3B). Thus, peretinoin could
partially but significantly prevent the development of hepat-
ic fibrosis in Pdgf-c Tg mice during the study observation
period of 48 weeks.

Peretinoin prevented the development of HCC
in Pdgf-c Tg mice

At week 48, Pdgf-c Tg mice developed hepatic tumors with an
incidence of 90% (Fig. 4A). Histologic assessment of these
tumors verified that 54% (15/28) were adenomas and 46%
(13/28) were HCC (Fig. 4A and C and Supplementary Fig. S2;
ref. 21). Peretinoin (0.03%) dose-dependently repressed the
incidence of hepatic tumors to 53% (19/36) and to 29% (5/17) at
0.06%. Correlating with tumor incidence, maximum tumor size
and liver weight were also significantly repressed by peretinoin
(Fig. 4B). Thus, peretinoin repressed the development of
hepatic tumors in Pdgf-c Tg mice.

Serial gene expression profiling in the liver of Pdgf-c Tg
mice that developed hepatic fibrosis and tumors

To examine which signaling pathways were altered during
the progression of hepatic fibrosis and tumor development, we
analyzed gene expression profiling in the liver of Pdgf-c Tg mice
using Affymetrix gene chips. By filtering criteria for P < 0.001
and more than 2-fold differences, 538 genes were selected as
differentially expressed. One-way hierarchical clustering anal-
ysis of differentially expressed genes is shown in Supplemen-
tary Fig. S3.

Of the 3 main clusters, 2 were upregulated (clusters A and B)
and 1 was downregulated (cluster C). Cluster A consisted of
immune-related [chemokine (C-C motif) receptor (CCR)4,
CCR2, toll-like receptor (TLR)3 and TLR4], apoptosis-related
[caspase (CASP)1 and CASP9], angiogenesis- and/or growth
factor~-related (PDGF-C, VEGF-C, osteopontin, HGF), onco-
gene-related [v-ets erythroblastosis virus E26 oncogene homo-
logue (Ets)l, Ets2, CD44, N-myc downstream-regulated
(NDRG)1], and fibrosis-related (tubulin) genes. The expression
of cluster A genes was further upregulated in tumors at week
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Figure 1. A,feeding schedule of Pdgf-c Tg and WT mice. After weaning, male mice were randomly divided into 3 groups: (i) Pdgf-c Tg or WT mice receiving basal
diet, (i) Pdgf-c Tg or WT mice receiving 0.03% peretinoin-containing diet, and (iii) Pdgf-c Tg or WT mice receiving 0.06% peretinoin-containing diet. B, Azan
staining of WT or Pdgf-c Tg mouse livers fed with different diets at 20 weeks and 48 weeks. C, densitometric analysis of Pdgf-c Tg mouse liver fibrotic areas at

20 weeks (n = 15) and 48 weeks (n = 15).

48. Cluster B consisted mainly of connective tissue- and/or
fibrosis-related [vascular cell adhesion molecule (VCAM)I,
collagen L, 111, IV, V, VI, integrin, decorin, TGF-BRII, PDGFR-
o, and PDGFR-B] genes, the expression of which declined
slightly at week 48. In contrast, cluster C, containing differen-
tiation and liver function related genes [cytochrome P450,
family 2, subfamily ¢ (CYP2C)], were downregulated during
the course of hepatic fibrosis and tumor development (Sup-

plementary Fig. S4). Cluster C included xenobiotic- and met-
abolic process-related genes, which are potential targets of
peretinoin. Peretinoin treatment prevented hepatic fibrosis
and it preserved liver function. In addition, peretinoin might
induce its target genes. Thus, peretinoin reduced the expres-
sion of upregulated genes (clusters A and B) and restored the
expression of downregulated genes (cluster C) at both weeks 20
and 48 (Supplementary Figs. S3 and $4).
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To examine the molecular network consisting of differen-
tially expressed genes in Pdgf-c Tg mice with or without
peretinoin administration, the direct interactions of 513 genes
were analyzed by MetaCore (i.e., 413 genes were downregu-
lated and 100 genes were upregulated in Pdgf-c Tg mice treated
with peretinoin compared with untreated mice; P < 0.002). A
core gene network consisting of 41 genes was obtained (Sup-
plementary Fig. S5) including interactions between represen-
tative growth factors, receptors (PDGFR and TGFBR), and
transcriptional factors. Of these genes, the transcriptional
factors Sp1 and Apl seem to be key regulators in the network
(Supplementary Fig. S5).

Peretinoin inhibits PDGFR in vitro

Gene expression profiling landscaped the dynamic changes
of signaling pathways in Pdgf-c Tg mice. To determine the
effects of peretinoin in vitro, primary HSCs from normal
C57BL/6J mice were stimulated by PDGF-C (Fig. 5) to induce
the expression of PDGFR-0, PDGFR-B, alpha smooth muscle
actin (0-SMA), and collagen 1a2; activated HSCs thus trans-
formed into myofibroblasts (Fig. 5A and B). Peretinoin signif-
icantly reduced the expression of these genes and inhibited
HSC activation.

We next evaluated the effects of peretinoin on human
hepatoma cell lines (Huh-7, HepG2, and HLE), mouse embry-
onic fibroblast cells (NIH3T3), HUVECs, and Lx-2 (ref. 22;
Supplementary Fig. S6A). Experimental conditions were
optimized so that more than 90% of cells were variable at
20 pmol/L peretinoin, as determined by an MTS cell prolifer-

ation assay (data not shown). Peretinoin dose-dependently
inhibited the expression of PDGFR-0. and PDGFR-J in Huh-7,
HepG2, HLE, NIH3T3, HUVEC, and Lx-2 cells, whereas no
obvious expression of PDGFR-0, was observed in HepG2 cells
and HUVECs (Supplementary Fig. S6A). Peretinoin also inhib-
ited VEGFR2 expression in HUVEC. These results were con-
firmed by RTD-PCR (data not shown). Correlating with these
results, the expression of phosphorylated serine/threonine
kinase AKT (p-AKT) and p-ERK1/2, downstream signaling
molecules of PDGFR-0, PDGFR-B, and VEGFR2, was also
dose-dependently repressed. The expression of collagen 1la2
was significantly repressed by peretinoin in Lx-2, HLE, and
Huh-7 cells (Supplementary Fig. S6B). These results suggest
that peretinoin may inhibit hepatic fibrosis, angiogenesis, and
tumor growth through reduction of the PDGF and VEGF
signaling pathway.

We examined the expression of 2 key regulators in
peretinoin signaling, Spl and Apl, in Huh-7 cells. Inter-
estingly, the expression of Spl was decreased, which
correlates with that of PDGFR-o, whereas expression of
phosphorylated c-Jun (p-c-Jun) was increased in Huh-7
cells (Supplementary Fig. S6C). Therefore, peretinoin seems
to repress the expression of PDGFR, partially through the
inhibition of Spl.

Peretinoin inhibits hepatic angiogenesis in
Pdgf-c Tg mice

The effect of peretinoin on liver angiogenesis in Pdgf-c Tg
mice was further analyzed. IHC staining of Pdgf-c Tg mouse
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Figure 3. A, RTD-PCR analysis of PDGFR-0, PDGFR-B, collagen (COL) 1a2, collagen 4 a2, and TIMP2 expression in Pdgf-c Tg (n = 5) or WT mouse livers
(n = 15). B, Western blotting of PDGFR-o, PDGFR-B, 0.-SMA, p-ERK, ERK, cyclin D1, and GAPDH expression in PDGF-C Tg or WT mouse livers fed a basal diet

or 0.06% peretinoin at 20 or 48 weeks (n = 3).

livers at weeks 20 and 48 revealed overexpression of the
endothelial markers CD31 and CD34 and the endothelial
growth factors VEGFR1 and endothelium-specific receptor
tyrosine kinase 2 (Tie2) in the mesenchymal region (Fig. 6
and Supplementary Fig. S1A). This expression was significantly
repressed by peretinoin as determined by the densitometric
area (Supplemental Fig. S1B). RTD-PCR results revealed sig-
nificant upregulation of VEGFR1 (Flt-1) in Pdgf-c Tg mice
compared with WT mice at both weeks 20 and 48, whereas
the expression of VEGFR2 (Flk-1) and Tie2 was only upregu-
lated at week 48. The expression of these genes was signifi-

cantly repressed by peretinoin (Fig. 6A). Western blotting
confirmed the upregulation of CD31 and VEGFRI1 (Flk-1) at
week 48 (Fig. 6B). In addition, p-AKT (Thr 308 and Ser 473) and
4-hydroxy-2-nonenal (4-HNE), an oxidative stress marker,
were upregulated in Pdgf-c Tg mice and repressed by peretinoin
(Fig. 6B).

We also assessed circulating endothelial cells (CEC), a
useful biomarker for angiogenesis in the blood, and found
that the CD31*/CD34% CEC population was significantly
upregulated in Pdgf-c Tg mice at week 48 but significantly
repressed by peretinoin (Fig. 6C and D). Thus, peretinoin
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and WT mice fed with basal diet (n = 31 for Pdgf-c Tg,
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No obvious change was observed in the liver of WT
mice fed with 0.06% peretinoin for 48 weeks (top left).
Fibrosis and steatosis were observed in the liver of C
Pdgf-c Tg mice fed a basal diet for 20 weeks (top right).
Multiple tumors developed (white arrows) in the liver of
Pdgf-c Tg mice fed a basal diet for 48 weeks (bottom
left). Suppression of tumor development in the liver of
Pdgf-c Tg mice fed a 0.06% peretinoin diet for

48 weeks (bottom right).

+0.06% peretinoin

* P <0.05; *, P<0.01,and **, P < 0.001
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Pdaf-¢c Tg 48 wk

seems to inhibit angiogenesis in the liver of Pdgfc Tg
mice, which might prevent the development of hepatic
tumors.

Peretinoin inhibits canonical Wnt/f-catenin signaling
in Pdgf-c Tg mice

The activation of the Wnt/B-catenin signaling pathway is
seen in 17% to 40% of patients with primary HCC (23, 24).
Moreover, recent reports suggested an interaction between
PDGF signaling and Wnt/B-catenin signaling (25-27).
We evaluated Wnt/B-catenin signaling in Pdgf-c Tg mice

and showed by IHC staining that B-catenin was overex-
pressed in the submembrane at week 48 (Fig. 7A). Peretinoin
significantly reduced this expression (Fig. 7A and B), and
Western blotting revealed that accumulation of B-catenin
in the nuclear fraction of liver tumor tissues was more
preferentially repressed by peretinoin than in the cyto-
plasmic fraction, although expression was repressed in both
fractions (Fig. 7C). Wnt ligand (Wnt5a) and frizzled receptor
(Fzd1) expression was significantly upregulated in hepatic
tumors compared with normal liver (Fig. 7D). These
results together suggest that canonical Wnt/B-catenin
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signaling is activated in hepatic tumors and repressed by
peretinoin.

Growth factors such as PDGF or HGF potentially activate
Wnt/B-catenin signaling (26, 28), which promotes cancer
progression and metastasis. We evaluated whether such
growth factor signaling could be repressed by peretinoin in
hepatic tumors. The expression of c-myc, B-catenin, Tie2,
Fit-1, and Flk-1 were significantly upregulated from 1.5- to
4-fold in hepatic tumors compared with normal liver, and
this expression was significantly repressed by peretinoin.
Similarly, the expression of PDGFR-0, PDGFR-B, collagen
1a2, collagen 4a2, tissue inhibitor of metalloproteinase 2
(TIMP2), and cyclin D1 was substantially upregulated from
5- to 15-fold in hepatic tumors, and significantly repressed
by peretinoin (Fig. 7D). Thus, growth factor signaling as well
as canonical Wnt/B-catenin signaling in hepatic tumors
seems to be repressed by peretinoin. These results explain

the inhibitory effect of peretinoin in the development of HCC
in Pdgf-c Tg mice.

Discussion

HCC often develops in association with liver cirrhosis and its
high recurrence rate leads to poor patient prognosis. Indeed,
the 10-year recurrence-free survival rate after liver resection for
HCC with curative intent was shown to be only 20% (29).
Therefore, there is a pressing need to develop effective pre-
ventive therapy for HCC recurrence to improve its prognosis.

Peretinoin, a member of the acyclic retinoid family, is
expected to be an effective chemopreventive drug for HCC
(11, 12, 30) as shown by a previous phase II/III trial in which
600 mg peretinoin per day in the Child-Pugh A subgroup
reduced the risk of HCC recurrence or death by 40% [HR =
0.60 (95% CI, 0.40-0.89); ref. 31]. However, further clinical
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Figure 6. A, RTD-PCR analysis of Tie2, Flk-1, and Fit-1 expression in the liver of Pdgf-c Tg and WT mice fed with different diets {n = 15). B, Western blotting
of Flk-1, CD31, p-AKT (Thr 308, Ser473), AKT, 4-HNE, and GAPDH expression in the liver of Pdgf-c Tg or WT mice fed a basal diet or 0.06% peretinoin
at 48 weeks (n = 3). C, fluorescence-activated cell-sorting analysis of CD31- and CD34-positive CEC in blood of Pdgf-c Tg or WT mice fed a basal

diet or 0.06% peretinoin at 48 weeks. D, frequency of CD31- and CD34-positive CEC in blood of Pdgf-c Tg or WT mice fed a basal diet or 0.06% peretinoin

at 48 weeks (n = 10).

studies are needed to confirm the clinical efficacy of per-
etinoin, and a large scale study involving several countries is
currently being planned.

During the course of chronic hepatitis, nonparenchymal
cells including Kupffer, endothelial and activated stellate cells
release a variety of cytokines and growth factors that might
accelerate hepatocarcinogenesis. Although peretinoin has

been shown to suppress the growth of HCC-derived cells by
inducing apoptosis and differentiation (32-35), increasing p21
and reducing cyclin D1 (13), limited data have been published
about its effects on hepatic mesenchymal cells such as stellate
cells and endothelial cells (14).

In parallel with a phase II/III trial, we conducted a
pharmacokinetics study of peretinoin focusing on 12
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-catenin expression in the liver of
Pdgf-c Tg mice fed with different
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for 0.03% peretinoin, n = 5 for
0.06% peretinoin). C, Western
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patients with CH-C and HCC to monitor the biological
behavior of peretinoin in the liver. Gene expression profiling
during peretinoin administration revealed that HCC recur-
rence within 2 years could be predicted and that PDGF-C
expression was one of the strongest predictors. In addition,
other genes related to angiogenesis, cancer stem cell and
tumor progression were downregulated, whereas expression
of genes related to hepatocyte differentiation and tumor
suppression was upregulated by peretinoin (data not
shown). Moreover, a recent report revealed the emerging
significance of PDGF-C-mediated angiogenic and tumori-
genic properties (7, 8, 36). In this study, we therefore used
the mouse model of Pdgf-c Tg, which displays the pheno-
types of hepatic fibrosis, steatosis, and HCC development

that resemble human HCC arising from chronic hepatitis
usually associated with advanced hepatic fibrosis.

We showed that peretinoin effectively inhibits the progres-
sion of hepatic fibrosis and tumors in Pdgf-c Tg mice (Figs. 1
and 4). Affymetrix gene chips analysis revealed dynamic
changes in hepatic gene expression (Supplementary Fig. S3),
which were confirmed by IHC staining, RTD-PCR and Western
blotting. Pathway analysis of differentially expressed genes
suggested that the transcriptional regulators Spl and Apl are
key regulators in the peretinoin inhibition of hepatic fibrosis
and tumor development in Pdgf-c Tg mice (Supplementary
Fig. S5).

We clearly showed that peretinoin inhibited PDGF sig-
naling through the inhibition of PDGFRs (Figs. 2 and 3). In
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addition, we showed that PDGFR repression by peretinoin
inhibited primary stellate cell activation (Fig. 5). Interestingly,
this inhibitory effect was more pronounced than the effects
of 9cRA (Fig. 5B). Normal mouse and human hepatocytes
neither express PDGF receptors (J.S. Campbell and N. Fausto,
unpublished data), nor proliferate in response to treatment
with PDGF ligands (7). However, peretinoin inhibited the
expression of PDGFRs, collagens, and their downstream
signaling molecules in cell lines of hepatoma (Huh-7, HepG2,
and HLE), fibroblast (NIH3T3), endothelial cells (HUVEC),
and stellate cells (Lx-2; Supplementary Fig. $6). Furthermore,
Spl but not Apl, might be involved in the repression of
PDGFR-o in Huh-7 cells (Supplementary Fig. 6C). The over-
expression of Spl-activated PDGFR-0. promoter activity,
whereas siRNA knockdown of Spl repressed PDGFR-. pro-
moter activity in Huh-7 cells (data not shown). Therefore,
this seems to confirm that Sp1 is involved in the regulation of
PDGFR, as reported previously (37, 38), although these find-
ings should be further investigated in different cell lines. A
recent report showed the involvement of transglutaminase
2, caspase3, and Spl in peretinoin signaling (35).

Peretinoin was shown to inhibit angiogenesis in the liver of
Pdgf-c Tg mice in this study, as shown by the decreased
expression of VEGFR1/2 and Tie 2 (Figs. 2 and 6 and Supple-
mentary Fig, S1). Moreover, peretinoin inhibited the number of
CD31%" and CD34" endothelial cells (CEC) in the blood and
liver (Fig. 6C and D), while also inhibiting the expression of
EGFR, c-kit, PDGFRs, and VEGFR1/2 in Pdgf-c Tg mice (data
not shown). We also showed that peretinoin inhibited the
expression of multiple growth factors such as HGF, IGF,
VEGF, PDGF, and HDGF, which were upregulated from 3- to
10-fold in Pdgf-c Tg mice (Supplementary Fig. S3). These
activities collectively might contribute to the antitumor
effect of peretinoin in Pdgf-c Tg mice. The inhibition of both
PDGFRs and VEGFR signaling by peretinoin was previously
shown to have a significant effect on tumor growth (36), and
we confirmed herein that peretinoin inhibited the expres-
sion of VEGFR2 in HUVECs (Supplementary Fig. S6; ref. 39).
Finally, we showed that peretinoin inhibited canonical Wnt/
B-catenin signaling by showing the decreased nuclear accu-
mulation of P-catenin (Fig. 7). These data confirm the
previous hypothesis of transrepression of the B-catenin
promoter by 9cRA in vitro (40).

Although we showed that the PDGF signaling pathway is a
target of peretinoin for preventing the development of hepatic
fibrosis and tumors in mice, retinoid-inducing genes such as
GO0S2 (41), TGM2 (35), CEBPA (42), ATF, TP53BP, metallothio-
nein 1H (MT1H), MT2A, and hemopexin (HPX) were upregu-
lated in peretinoin-treated mice (data not shown). These
canonical retinoid pathways are likely to participate in pre-
venting disease progression in conjunction with anti-PDGF
effects.
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epatocellular carcinoma (HCC) is

the most frequent primary malig-

nant hepatic tumor and the third

most common cause of cancer death

worldwide (1). The accurate detection

and characterization of HCC are critical

issues in clinical practice for improving
the prognosis of patients with HCC.

Gadoxetic acid-enhanced MR imag-

ing is a new imaging modality with high

accuracy for diagnosing HCCs (2-4).

On images obtained during the hepa-

tobiliary phase of gadoxetic acid-en-

hanced MR imaging, HCCs commonly

show hypointensity when compared

with the background liver. However,

Advances in Knowledge -

approximately 6%-15% of hypervas-
cular HCCs demonstrate iso- or hyper-
intensity, which is uncommon among
hepatic malignant tumors (5-8). This
hyperintensity was previously shown to
be due to overexpression of organic an-
ion transporting polypeptide 8 (OATPS,
synonymous with OATP1B3), which
might be the uptake transporter of ga-
doxetic acid in HCCs (5,6). In the nor-
mal liver, OATPS is expressed on the
sinusoidal side of the hepatocyte mem-
brane and takes up many intrinsic and
extrinsic organic anions from blood into
hepatocytes.

On the other hand, Jung et al (9)
showed that OATP8 was up-regulated by
hepatocyte nuclear factor 1a. These he-
patocyte nuclear factors are indispens-
able transcription factors that relate to
primitive embryonal differentiation of
hepatocytes and to hepatocarcinogen-
esis. We suspected that these atypical
hypervascular HCCs that show hyper-
intensity on hepatobiliary phase images
(hyperintense HCC) might reflect a
distinct subtype of HCC with a partic-
ular molecular background and biologic
features.

The main tumor marker of HCCs
is o-fetoprotein (AFP), especially
the Lens culinaris agglutinin reactive
fraction (L-3). Similarly, the protein
induced by vitamin K absence or an-
tagonist-ITI (PIVKA-II) is a clinically im-
portant serum tumor marker. PIVKA-
Il is an incomplete coagulation factor
prothrombin II whose production is
related to the absence of vitamin K
or the presence of the antagonist of
vitamin K, which is the cofactor of vy
carboxylase that converts precursor
into prothrombin (10). Serum levels of
both AFP and PIVKA-II correlate with
the histologic degree of malignancy and
the prognosis in HCC (11). In addition,
there are reports (12,13) showing that

Implication for Patient Care

AFP expression in HCCs is regulated
by several enhancers and suppressors,
including the hepatocyte nuclear fac-
tor family. Although the molecular ba-
sis of PIVKA-II production is not well
explained, we speculated that there
might be a correlation of the tumor
marker production and signal intensity
(SI) on hepatobiliary phase images,
which would reflect distinct genomic
and proteomic expression of HCC.

The purpose of this study was to
analyze the correlation among the
pathologic and biologic features, tumor
marker production, with SI on hepato-
biliary phase gadoxetic acid-enhanced
MR images of HCCs.

Materials and Methods =~~~

Patients

This retrospective study received the
approval of the institutional ethics com-
mittee, and informed consent for using
the MR images and resected specimens
was obtained from all patients. There
were 207 consecutive patients who had
233 HCCs that were surgically resected
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at our institution and six affiliated insti-
tutions from April 2008 to September
2011. Patients were excluded if they had
more than one HCC (12 patients with
31 nodules), if they had previous treat-
ment (three patients with 10 nodules),
if they did not have MR imaging (nine
patients with nine nodules) or if their
lesions were hypovascular in the arte-
rial phase (three patients with three
nodules) (Fig E1 [online]). Average age
was 65.0 years = 10.3 (range, 34-83)
(age of men 64.5 years * 10.5 [range,
34-83 years]; women, 67.4 years * 9.5
[43-83 years]). Ratio of men to women
was 138 (76.7%) to 42 (23.3%). The
background liver was normal in 28 pa-
tients, whereas 70 patients had chronic
hepatitis and 82 had cirrhosis. The
origin of liver disease was viral hep-
atitis type B in 41 patients, type C in
85, types B and C in two, alcoholism in
nine, and other origins in 43. Hepatic
function was classified as Child-Pugh
class A in 169 patients and class B in
11. Average tumor size was 33.8 mm =

23.4 (range, 7-160 mm).

Gadoxetic Acid-enhanced MR Imaging

Gadoxetic acid-enhanced MR imag-
ing was performed 52.8 days * 25.3
[range, 3-95 days] before surgical re-
section for the characterization and
pretreatment staging of HCC. MR
images were obtained on several MR
systems: Signa HDx 1.5 T and 3 T (GE
Medical Systems, Milwaukee, Wis),
Intera Achieva 1.5 T (Philips Medical
Systems, Best, Netherlands), Sym-
phony 1.5 T (Siemens, Erlangen, Ger-
many) and Magnetom Vision 1.5 T
(Siemens). MR imaging was performed
with fat-suppressed two-dimensional
or three-dimensional gradient-echo
T1-weighted sequences (repetition
time, 3.2-4.0 msec; echo time, 1.6-2.3
msec; flip angle, 10-15 degrees; field
of view, 33-42 cm; matrix, 128-192
interpolated to 256-312; section thick-
ness, 4.0-8.0 mm)}. For dynamic study,
a dose of 0.1 mL per kilogram of 0.25
mmol/mL of gadoxetic acid (Primovist,
Bayer Schering Pharma, Berlin) was
injected intravenously at a flow rate
of 1-2.0 mL per second, followed by
a 20-40 mL saline flush. To obtain the

optimal arterial dominant phase, the
following methods were used. In the bo-
lus tracking method, arterial phase tim-
ing was determined as the peak time of
the abdominal aorta plus 7-15 seconds.
In the test injection method (1.5 mL of
Primovist + 8 mL saline flush), arterial-
phase timing was determined as the
peak time of the abdominal aorta plus
10 seconds minus half of imaging time.
Portal phase and equilibrium phase im-
ages were obtained at 60-90 seconds
and 120-180 seconds after injection,
respectively. The hepatobiliary phase
images were obtained 15-20 minutes
after the injection.

Analysis of Sl on Gadoxetic Acid-
enhanced MR Images

Image analysis was performed by two
abdominal imaging radiologists (A.K.
and O.M., with 10 and 40 years of expe-
rience, respectively) without informa-
tion on clinical and pathologic results.
The SI of the tumor and surrounding
background liver was individually mea-
sured and then averaged by placing
regions of interest during the hepato-
biliary phase. The region of interest of
the tumor was determined as the max-
imum oval or round area at the level
of the largest diameter of the tumor,
avoiding degeneration area and artifact.
The average size of the region of inter-
est was 923.6 mm? * 1418.3 (range,
61-6167 mm?). The average intensity of
the entire region of interest was used
for analysis. A region of interest of the
same size as the tumors was placed on
the adjacent liver parenchyma, avoiding
the large vessels.

Hypointense HCC was defined as
showing lower SI than that of the sur-
rounding liver (tumor Sl/background SI
< 1.0) (Fig 1a), and hyperintense HCC
as showing equal or higher SI (tumor
SI/background SI = 1.0) (Fig 2a).

The Enhancement Ratio in the
Hepatobiliary Phase

To evaluate the uptake level of gadox-
etic acid, we calculated the enhance-
ment ratio of HCCs in the hepatobiliary
phase. We could not consistently assess
all patients because they were exam-
ined with various MR systems and by

using somewhat different parameters.
As a result, we focused on only 79
HCCs studied at our institution because
they were imaged by a variable flip
angle method for measuring T1 value.
MR images were obtained with either
a 1.5-T or 3-T MR system (Signa HDx;
GE Medical Systems, Milwaukee, Wis).
MR imaging was performed with fat-
suppressed three-dimentional spoiled
gradient-echo in the steady state T1-
weighted sequences (liver acquisition
with volume acceleration; general-
ized encoding matrix; repetition time,
3.2-4.0 msec; echo time, 1.6 msec; flip
angle, 6-15 degrees; field of view, 42
X 42 cm; matrix, 192 X 320, interpo-
lated to 512 X 512; section thickness,
4.2 mm; overlap, 2.1 mm). The unen-
hanced phase was imaged with two dif-
ferent flip angles to calculate the static
T1 value. The hepatobiliary phase im-
ages were obtained 20 minutes after
the injection. The static T1 value before
enhancement (T1 ) was calculated as
follows:

exp (-TR/T1,) = (SI, sin B -S; sin @)

/(SI, sin § cos a
- SI; sin @ cos B)

pre

where TR is repetition time and SI, and
SI, represent the signal intensity in flip
angle a and B, respectively. The en-
hanced images were obtained with the
same parameters by using flip angle a.
Then the T1 value after enhancement
(T1 ) was calculated as follows:

paost

exp (-TR/T1,,,)={S1, [1—exp (-TR/T1,, )cos &]

+SI,[exp (-TR/T1, ) -1}

J{SI_ [1-exp (-TR/TI1_,)cos a]

pre pre

+8I, . [exp (-TR/T1, ) ~1Jcos a}

pre

The enhancement ratio was shown as

(8)
(1/ T, - 1/T1,,)/(1/T1,,,)

Histologic Diagnosis
Hematoxylin and eosin staining was
carried out in tissue sections of all 180
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Figre 1

liver specimens. HCCs were diagnosed
by consensus of two liver pathologists
(S.K and Y.N. with 10 and 38 years of
experience, respectively), according to
the classification proposed by the In-
ternational Working Party (14) and the
World Health Organization classification
(15). We compared hypointense HCCs
and hyperintense HCCs with regard to
histologic features such as macroscopic
growth patterns (indistinct margin,
simple nodular, extranodular growth,
and multinodular patterns) (16), differ-
entiation grade (well, moderately, and
poorly differentiated), proliferation pat-
tern (trabecular, pseudoglandular, scir-
rhous, and compact pattern), fibrous
capsule invasion, portal vein invasion
and hepatic vein invasion.

Measuring Serum Levels of AFP and
PIVKA-ii

Preoperative patient serum levels were
obtained 10.2 days £ 7.3 (range, 0-35
days) before or after MR imaging. Se-
rum AFP levels were measured by us-
ing chemiluminescent enzyme immu-
noassay (Lumipulse presto; Fujirebio,

Tokyo, Japan). Serum AFP-L3 levels
were measured by means of liquid-

phase  binding assay-electrokinetic
analyte transport assay (LBA AFP-L3;
‘Wako Pure Chemical Industries, Osaka,
Japan), and were expressed as the ra-
tio of AFP-L3 to total AFP percentage.
Serum PIVKA-II levels were measured
by electrochemiluminescence immuno-
assay (Picolumi PIVKA-II; Eidia, Tokyo,
Japan) and were expressed in milli-ar-
bitrary units (mAUs).

Immunohistochemical Analysis of AFP,
PIVKA-II, and OATP3

Immunostaining was performed for all
HCC specimens by using the primary
antibodies human AFP (rabbit poly-
clonal; DAKO, Glostrup, Denmark),
human PIVKA-II (MU-3 mouse mono-
clonal; Eidia, Tokyo, Japan) and human
OATP8 (mouse monoclonal NB10O-
74482; Novus Biologicals, Littleton,
Colo).

Two abdominal imaging radiolo-
gists (N.Y. and A.K., with 9 and 10
years of experience, respectively, in
radiology and pathologic research)

Figure 1:  HCC in a 65-year-old man shows hy-
pointensity on hepatobiliary phase gadoxetic acid—
enhanced MR images (serum AFP level, 13700 ng/
mL [13700 pg/L]; AFP-L3, 48.7%; and PIVKA-II,
7924 mAU/mL). (a) On hepatobiliary phase images
(obtained 20 minutes after injection of gadoxetic
acid), 42-mm tumor (arrow) shows lower Sl than
that of background liver (tumor Sl/background Sl

= 0.51). (b) Photomicrograph of hematoxylin and
eosin stained slide shows moderately differentiated
HCC with trabecular proliferation pattern. (c) At
immunohistochemical evaluation (magnification,

% 200), tumor shows no expression of OATPS, but
(d) intense expression of both AFP (brown color)
and (e) PIVKA-II (brown color).

independently and blindly evaluated
the intensity of the AFP and PIVKA-
I expression on tumor cytoplasm as
follows: grade 0, no expression; grade
1, weak expression; grade 2, moder-
ate expression; and grade 3, strong
expression. Similarly, they semiquan-
titatively evaluated the intensity of
OATPS8 expression on tumor cellular
membranes compared with the back-
ground hepatocytes as follows: grade
0, no expression; grade 1, decreased
expression; grade 2, equivalent ex-
pression; and grade 3, increased ex-
pression. We analyzed the average
grades of the two investigators.

Then, we compared hypointense
and hyperintense HCCs for clinical and
histologic features and AFP/PIVKA-II
expression (serum level and immuno-
histochemical analysis). To examine
whether the AFP and PIVKA level sim-
ply correlates with the differentiation
grade of HCCs, we performed the same
analysis excluding 42 poorly differenti-
ated HCCs. We analyzed the correlation

Radiology: Volume 265: Number 3—December 2012 » radiology.rsna.org

- 110 -

783



GASTROINTESTINAL IMAGING: Hypervascular Hepatocellular Carcinoma and Gadoxetic Acid—enhanced MR Imaging

Kitao et al

 Figure 2

among the immunohistochemical AFP,
PIVKA-II, and OATP8 expression. We
also analyzed the correlation among en-
hancement ratio and serum levels and
immunohistochemical AFP and PIVKA-
I expression for 79 HCCs.

Recurrence and Survival Rates in Patients
with HCC

We compared the two groups for recur-
rence (including all local recurrence and
intrahepatic and extrahepatic metastasis)
and survival duration from the operation
day. The follow-up length was 727 days
+ 365 (range, 22-1293 days). When in-
trahepatic hypervascular HCCs or obvi-
ous extrahepatic metastasis appeared on
follow-up dynamic computed tomography
or gadoxetic acid-enhanced MR imaging,
we considered it to be recurrence.

Statistical Analyses

Statistical significance was evaluated
with GraphPad Prism5 (GraphPad
Software, San Diego, Calif) and Excel
Statistics 2010 (Social Survey Research
Information, Tokyo, Japan). We used
the Fisher test for the analysis of the

clinical and histologic features; Mann-
Whitney test for the comparison of se-
rum and immunohistochemical tumor
marker levels; Pearson correlation test
for the correlations among AFP, PIV-
KA-II, OATPS expression and enhance-
ment ratio; and k test for the evalua-
tion of interobserver variation in the
analysis of immunochistochemistry. The
K test score (the level of agreement)
was defined as follows: 0.0-0.40, poor;
0.41-0.60, moderate; 0.61-0.80, good
to fair; and 0.81-1.0, excellent. Kaplan-
Meier analysis with Log-rank test, logis-
tic regression, and Cox regression were
performed for the evaluation of clinical
outcome and recurrence. A P value less
than 0.05 was considered to indicate a
statistically significant difference.

Clinical Features of the Two Types of HCC

One hundred and fifty-eight nodules
were classified as hypointense HCCs
(average tumor Sl/background SI,
0.46 = 0.11; range, 0.24-0.67) and

Figure 2:  HCC in a 65-year-old man shows
hyperintensity in hepatobiliary phase of gadoxetic
acid—enhanced MR images (serum AFP level, 23
ng/mL [23 pg/L]; AFP-L3, 5.8%; and PIVKA-Il 30,
mAU/mL) (a) On hepatobiliary phase image, almost
entire 30-mm tumor (arrow) showed higher Sl than
that of background liver {(tumor Sl/background Sl

= 1.09). (b) Photomicrograph of hematoxylin and
eosin stained slide shows moderately differentiated
HCC with fat deposition. (c) At immunohistochemi-
cal evaluation (magnification, X200), tumor shows
intense expression of OATP8 but (d) no definite
expression of either AFP or () PIVKA-II.

the remaining 22 nodules were clas-
sified as hyperintense HCC (average
tumor Sl/background SI, 1.19 * 0.22;
range, 1.06-1.86). No significant dif-
ferences were observed in clinical fea-
tures such as sex, background liver,
liver function, or tumor size between
the patients with hypointense HCC and
hyperintense HCC, but there was a sig-
nificant difference for age (Table 1).
The patients with hyperintense HCCs
were significantly older than those with
hypointense HCCs (P = .04).

Pathologic Features of the Two Types
of HCC

None of the differences noted in the
macroscopic growth patterns between
the hypointense and hyperintense HCCs
were significant (P = .77) (Fig E2a [on-
line]). The hyperintense HCCs showed
significantly higher differentiation grade
than the hypointense HCCs (P = .028)
(Fig E2b [online]). Pseudoglandular
pattern was more frequently seen in
hyperintense HCCs than in hypointense
HCCs (Fig E2c¢ [online]). There was a
significant difference in the proliferation
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‘Tablel
Clinical Features of Patients

~ Clinical Features

 HypontenseHOCs

 Plale

 Hyperintense HCCs

No.oftumors 158
Resected tumor size (mm)
Age (y)

Sex

M e

: Women 39
‘Background liver tissue o

Normal liver 23
Chronic hepatitis e
Liver cirrhosis 70
Origin of liver disease \
Hepatitis B 38
HepafitisC o
Hepatitis B and C 2
AMcoholism 6
Other 38
Child Pugh classification e
A 149
8 : s

33.2 + 22.9 (7-160)*
646+ 103(34-83*

37.7 + 18.9 (10-105)" 38
695+ 7.8(52-81) 04
30

Note.—Unless otherwise indicated, datakarke number of patients.

* Data are means = standard deviations, with ranges in parentheses.

pattern between the hypointense and
hyperintense HCCs (P < .001). The hy-
pointense HCCs showed higher positive
rates for fibrous capsule invasion and
hepatic vein invasion, although the dif-
ferences did not reach statistical signif-
icance (P = .81 and .21, respectively).
The hyperintense HCCs showed a sig-
nificantly lower rate of portal vein inva-
sion than that of hypointense HCCs (P
=.039) (Fig E2e [online]).

Serum Levels of AFP, AFP-L3 Fraction, and
PIVKA-1I

The serum levels of tumor markers
AFP, AFP-L3, and PIVKA-II were sig-
nificantly lower in the patients with
hyperintense HCCs than in those with
hypointense HCCs (P = .003, .004,
and .026) (Figs 3, E3 [online]). To ex-
amine whether the AFP and PIVKA
levels correlated with the differen-
tiation grade of the HCCs, we per-
formed the same analysis, excluding
42 poorly differentiated HCCs (Fig E4
[online]). Despite excluding poorly
differentiated HCCs, the serum levels
of these markers were also lower in

the patients with hyperintense HCCs
than in those with hypointense HCCs
(P =.005, .019, and .08).

Immunohistochemistry of AFP and PIVKA-
I in HCCs

In the semiquantitative analyses of im-
munohistochemical OATPS8, AFP, and
PIVKA-, interobserver agreement of
the two readers was good to excellent
(x =0.82, 0.78, and 0.81, respectively).
In  immunohistochemical  analysis,
OATP8 expression was significantly
decreased in hypointense HCCs com-
pared with that in hyperintense HCCs
(P < .001) (Fig 4a). The AFP expres-
sion was significantly higher in hypoin-
tense HCCs than that in hyperintense
HCGCs (P < .001) (Fig 4b). There was
a significant negative correlation be-
tween AFP expression and OATPS ex-
pression (P = .002, R = —0.22) (Fig
ESc [online]). The immunohistochem-
ical PIVKA-II expression was also sig-
nificantly higher in hypointense HCCs
than that in hyperintense HCCs (P <
.001) (Fig 4c). There was a significant
negative correlation between PIVKA-II

expression and OATP8 expression (P
< .001, R = —0.38) (Fig ESe [online]).
We also performed the same immuno-
histochemical analysis excluding poorly
differentiated HCCs (Fig E6 [online]).
The expression of OATP8 was signifi-
cantly lower, but expression of AFP and
PIVKA-II was significantly higher in hy-
pointense HCCs than those in hyperin-
tense HCCs (both P < .001). There was
still a significant negative correlation
between AFP and OATP8 expression
(P = .0017, R = —0.27) and between
PIVKA-II and OATPS8 expression (P <
.001, R = —0.46).

Relative Enhancement Ratio on
Hepatobiliary Phase and AFP or PIVKA-II
Production

We analyzed the correlation between
relative enhancement ratio and tumor
marker expression for 79 HCCs (69 hy-
pointense and 10 hyperintense HCCs).
Significant negative correlations were
noted among the enhancement ratio
and serum AFP (P = .023, R = —0.25),
serum AFP-L3 (P < .001, R = —0.49)
and serum PIVKA-I level (P = .018,
R = —0.26) (Fig E7a, E7b [online]). At
immunohistochemical analysis, we also
confirmed significant negative correla-
tions among the enhancement ratio and
AFP expression (P = .007, R = —0.30)
and PIVKA-II expression (P =.009, R =
—0.29) (Fig E7d, E7e [online]).

Analysis of Prognosis in Patients with
HCC

The patients with hyperintense HCCs
showed a significantly lower recur-
rence rate than those with hypoin-
tense HCCs (P = .039). The patients
with hyperintense HCCs tended to
show longer survival than those with
hypointense HCCs, although without
significant difference (P = .07) (Fig 3).
Clinical features such as age and
tumor size did not affect the recur-
rence and survival curves (Table El
[online]). The summary of results is
shown in Table 2.

 Discussion.

In our study, hyperintense HCCs in
the hepatobiliary phase showed sig

Radiology: Volume 265: Number 3—December 2012 = radiology.rsna.org

- 112 -

785



GASTROINTESTINAL IMAGING: Hypervascular Hepatoceliular Carcinoma and Gadoxetic Acid—enhanced MR Imaging Kitao et al

Figure3
B hypo B hypo B8 nypo
60 [ hyper 80 [ hyper 60 [1 hyper
@ ‘@ 60 o
& 40+ ® & 404
£ L 404 2
20+ 204 20
o 0 o o o W 3 O of N\ O
PO . P L. AP A S N S LI . ] LIS
B W WS o 0- 10- 15- 20- 30- 40- 80- 80 S SRR S o
AFP (ng/ml) AFP-L3 (%) PIVKA-I (mAU/mI)
a. b c

Figure 3:  Graphs show serum levels of AFP, AFP-L3, and PIVKA-II. (a) Serum level of AFP was in normal range (<<20 ng/mL [<20 pg/L]) in 18 of 22 patients (82%)
with hyperintense HCCs and in 75 of 158 (47%) of patients with hypointense HCCs. Average serum AFP value was 1202.7 ng/mL = 4369.9 [1202.7 ng/L = 4369.9]
in patients with hypointense HCCs and 17.9 ng/mL = 29.0 {17.9 pg/L = 29.0] in patients with hyperintense HCC, (P = .003). (b) Serum level of AFP-L3 was in normal
range (<10%) in 20 of 22 patients (31%) with hyperintense HCCs, and 94 of 158 (59%) patients with hypointense HCCs. Average serum AFP-L3 fraction value was
significantly lower in patients with hyperintense HCC (3.8% == 7.5) than in those with hypointense HCC (15.9% = 21.2) (P = .004). (c) Serum level of PIVKA-Il was
in normal range (<40 mAU/mL) in 13 of 22 (59%) patients with hyperintense HCCs, and 64 of 158 (40%) patients with hypointense HCCs. The serum level of PIVKA-II
was also lower in patients with hyperintense HCCs (190.6 mAU/mL = 468.6) than those with hypointense HCCs (1697.9 mAU/mL =+ 6232.0) (P = .026).
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100+ PIVKA-ll expression ~ Figure 4 Bar graphs show immunohistochemical expression
B grade0 of AFP and PIVKA-II. (&) Immunohistochemical expression of
80- %% grade 0.5  OATP8 was significantly higher in hyperintense HOCs (2.5 +
grade 1.0 0.57) than that of hypointense HCCs (0.61 = 0.60) (P < .001,
- 60 — ) k = 0.82). (b) Immunohistochemical expression of AFP was
X % grade 1.5 sianifi . ‘
< gnificantly lower in hyperintense HCCs (0.36 = 0.47) than
40- grade 2.0 gt in hypointense HCCs (1.34 = 1.11) (P < .001, k = 0.78).
&% grade25  (¢)Immunohistochemical expression of PIVKA-Il was signifi-
201 grade 3.0 cantly lower in hyperintense HCCs (0.59 = 0.61) than that in
. hypointense HCCs (1.93 + 1.10) (P < .001, k = 0.81).
hypo hyper
c.

nificantly higher differentiation grades and PIVKA-II than did hypointense difference in tumor marker produc-
with lower frequency of portal vein in- HCCs. AFP and PIVKA-II levels cor- tion between hypointense HCCs and
vasion than did the hypointense HCCs.  related with the histologic grade of hyperintense HCCs did not depend on
Moreover, hyperintense HCCs showed malignancy and poor prognosis (11); the differentiation grade when poorly
significantly lower expression of AFP however, we demonstrated that the differentiated HCCs were excluded
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Figure 5
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Figure 5:  Charts show prognosis of patients with HCC. (a) Patients with hyperintense HCCs showed significantly lower

recurrence rate (6 of 22, 27.2%) than did those with hypointense HCCs (83 of 158, 52.5%) (P = .039). (b) Patients with hy-
perintense HCCs tended to show longer survival (mortality, O of 22, 0%) than those with hypointense HCCs (22 of 158, 13.9%).

However, there was no significant difference between the two groups (P = .07).

_Table 2

Summary of Results

Hyperintense”

Hypointense ; . ,
HCCs(1=22)  PValue |

Result HCCs (7= 158)

Macro growth pattem e .
- Indistinct margin 6
Simple nodular o : L
Extranodular 30
~ Multinodular 20
Differentiation

Well differentiated 22 L 4

Moderately differentiated 94 18

Poorly differentiated 42 s 0 e
Proliferation pattern <.001

Trabecular 116 ' 12
Pseudoglandular 20 10
Schirrous gl L
Compact 13 0

63 (39.9%)
58 (36.7%)
21(133%)

8(36.4%)
3(13.6%)
0 (0%)

810
039
210

Fibrous capsule invasion
Portal vein invasion
Hepatic vein invasion
Serum levels
_ AFP (ng/mb)
AFP-L3 (%)
PIVKA-Il (mAU/mL) :
Immunohistochemical analysis

1202.7 = 4369.9 (497.4 = 1899.1%)  17.9+29.0
1159+ 21.2(145 + 21.09 3875
1697.9 = 6232.0 (1497.6 = 7067.9%) 190.6 = 468.6

.003 (.005%
004 (0199
026(08%

0ATP8 (0.61'%0.60 (0.67 = 0.63% 250057 <001 (<001

AFP 1.34 = 1.11 (1.34 = 1.10% 0.36 = 0.47  <.001(<.001%)

PIVKA-I 1.93 £1.10(1.87 +1.08%) - 059 =061 <.001(<.0019
Recurrence rate 83 (52.5%) 6 (27.2%) .039 ‘
Survival rate 22 (86.1%) 22 (100%) 070

e Excluding poorly differentiated HCCs (n = 42):

from the analysis. We suspect that
the molecular regulatory mechanism
of OATPS8 expression may have some
common channels with those of AFP
or PIVKA-II expression.

In addition, hyperintense HCCs on
hepatobiliary phase images showed a
significantly lower recurrence rate
than did hypointense HCCs. The pa-
tients with hyperintense HCCs showed
longer survival than those with hy-
pointense HCCs, but the difference
was not statistically significant. In our
study, the follow-up period averaged
727 days, which might not have been
sufficient to demonstrate a significant
difference.

Several prior reports have suggest-
ed that transcription factor hepatocyte
nuclear factors control both OATP8
and AFP expression (9,12,13,17).
Therefore, we speculated that some
correlation between OATP8 and AFP
expression through the hepatocyte
nuclear factor family might exist. The
regulatory mechanism of PIVKA-II and
the correlation with OATPS8 expression
i HCC have not yet been determined.
The transcription of the OATP8 gene
is also regulated by the nuclear factor
(steroid and xenobiotics receptor or
pregnane xenobiotics receptor) (18).
Vitamin K can be the ligand of these
receptors, and it regulates the tran-
scription of target genes (19). If vitamin
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