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Fig. 1. Basal expression of Ezh2 in wild-type and Ezh2-knockdown hepatic stem/progenitor cells. (A) Real-time RT-PCR analysis of DIk and Ezh2 expression in freshly
purified DIK™ cells. *Statistically significant (p <0.05). (B) Western blot analysis of Ezh2 expression in freshly purified DIk" cells compared to DIk~ cells. (C) The EGFP-
positivity of cells transduced with indicated viruses. (D) Real-time RT-PCR analysis of Ezh2 expression in DIk™ cells transduced with sh-Ezh2-1 or sh-Ezh2-2. A lentiviral
vector expressing shRNA against luciferase (sh-Luc) was used as a control. Expression relative to the control is depicted. (E) DIK™ cells transduced with sh-Ezh2-1 or sh-Ezh2-

2 were subjected to western blot analysis at day 5 of culture.

(Fig. 2C and D). Although Ezh2-knockdown enhanced apoptotic
cell death in cultures of DIK* cells, levels of apoptosis were not
prominent in control or Ezh2-knockdown cultures (1.1 £ 0.2 and
3.6 £ 0.5%, respectively, Fig. 2E).

Among the colonies derived from hepatic stem/progenitor
cells, those that keep growing beyond 28 days retain a significant
number of hepatic stem/progenitor cells and efficiently generate
secondary colonies in replating assays [6]. Because it is difficult

856

to culture Ezh2-knockdown DIk cells beyond 14 days, we recov-
ered cells from uninfected colonies that kept growing beyond
28 days and infected them with sh-Ezh2 viruses. At day 7 of cul-
ture, DIK'EGFP" cells expressing sh-Ezh2-1 were collected by cell
sorting and replated in order to allow the formation of colonies.
The frequencies of total secondary colonies and large secondary
colonies were markedly reduced by Ezh2-knockdown compared
to the control (Fig. 2F). Again, the inhibitory effect of Ezh2-knock-
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Fig. 2. Loss-of-function analyses of Bmi1 and Ezh2 on hepatic stem/progenitor cell proliferation. (A) The number of total colonies and large colonies consisting of more
than 100 cells generated from 1000 DIk" or DIk~ cells was counted at day 5 of culture. *Statistically significant (p <0.05) (B) DIk" cells expressing ShRNA against Bmil
together with EGFP or RFP as a marker gene were subjected to western blot analysis at day 5 of culture. (C) Numbers of colonies generated from 1000 DIK* cells transduced
with indicated viruses. Total numbers of colonies were counted at day 5 of culture. *Statistically significant (p <0.05) (D) The number of large colonies containing more than
100 cells at days 5 and 14. "Statistically significant (p <0.05). (E) TUNEL assays (upper panels) and fluorescence images (lower panels) of colonies at day 5 of culture. Nuclear
DAPI staining (blue) is shown in the insets (upper panels). *Statistically significant (p <0.05). Scale bar = 500 pm. (F) Effect of Ezh2-knockdown on replating capacity. Among
the colonies derived from uninfected DIK" cells, those which kept growing beyond 28 days were infected with viruses expressing shRNAs. Seven days after infection,
DIK"EGFP” cells were collected by cell sorting and replated to allow colonies to form. The total number of total colonies and large colonies consisting of more than 100 cells
were counted at day 7 of subculture. *Statistically significant (p <0.05).

down was greater than that of Bmil-knockdown, and double role in the maintenance of both the proliferative and self-renewal
knockdown minimally enhanced the inhibitory effect of Ezh2- capacity in hepatic stem/progenitor cells. Colony PCR demon-
knockdown. These results suggest that Ezh2 plays an essential strated that secondary large colonies expressed both hepatocyte
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markers and cholangiocyte markers (Supplementary Fig. 1), indi-
cating that the ability to differentiate into either hepatocytes or
cholangiocytes was maintained in replated DIk" cells. Of interest,
the Ezh2-knockdown colonies showed a higher expression level of
albumin (Alb) than the control colonies, whereas Bmil-knockdown
caused a mild increase in the expression of Sall4, which is a regu-
lator of cholangiocyte differentiation [11].

Role of Ezh2 in differentiation of hepatic stem/progenitor cells

Ezh2 has recently been implicated in the differentiation of neural
stem cells and epidermal stem cells [12,13]. However, its role in
hepatic stem/progenitor cells remains to be addressed. In the
control colonies, cytokeratin (CK) 7* cholangiocytes predomi-
nantly differentiated compared to Alb* hepatocytes. By contrast,
comparable numbers of Alb* hepatocytes were detected in the
colonies generated from Ezh2-knockdown DIk* cells (Fig. 3A
and B). Although Bmil-knockdown did not significantly compro-
mise the differentiation of DIk™ cells, double-knockdown colonies
contained an increased number of Alb* hepatocytes as in Ezh2-
knockdown (Fig. 3A and B). These results suggest that Ezh2-
knockdown promotes the differentiation of hepatic stem/progen-
itor cells towards the hepatocyte lineage. Consistent with this
finding, an enzyme-linked immunosorbent assay (ELISA)
detected a significant increase in Alb secretion from culture of
Ezh2-knockdown DIk cells compared to that of control DIK" cells
(Supplementary Fig. 2A). The expression of liver-enriched tran-
scription factors was up-regulated in both Ezh2- and Bmil-knock-
down DIk* cells at day 5 of culture (Fig. 3C). However, the
increase was mild in the Bmil-knockdown DIk" cells compared
to the Ezh2-knockdown or double-knockdown cells. A slight
increase in the expression of Sall4 was also observed in Bmil-
knockdown and double-knockdown cells. In clear contrast, nei-
ther Ezh2- nor Bmil-knockdown DIk cells showed remarkable
changes in the expression of Gatal (GATA binding protein 1), a
haematopoietic transcription factor gene (Fig. 3C).

Regulation of the Ink4a/Arf gene by Ezh2

Bmi1, a core component of PRC1, regulates the self-renewal of
various somatic stem cells, targeting p16”** and p19*”in partic-
ular [14,15]. Ezh2 likewise contributes to the repression of the
Ink4a/Arf locus in mouse embryonic fibroblasts [16].

To examine whether Ezh2-knockdown results in derepression
of the Ink4a and Arf genes, we performed real-time RT-PCR anal-
yses. Expression of both p16™*# and p19*” was up-regulated in
Ezh2-knockdown DIk" cells at day 5 of culture, although their
derepression levels were moderate compared with those in
Bmil-knockdown cells (Fig. 4A). To address whether Ezh2 is
involved in transcriptional repression through histone modifica-
tions at the Ink4a/Arf locus, we conducted ChIP analyses in
wild-type DIK" cells. ChIP assays demonstrated the binding of
Ezh2 across the Ink4a/Arflocus and an increase in H3K27me3 lev-
els (Fig. 4B).

Loss-of-function assays of Ezh2 in Ink4a/Arf~/~ DIk* cells

To evaluate directly the involvement of the Ink4a/Arf locus in
Ezh2 function in hepatic stem/progenitor cells, we isolated DIK"
cells from Ink4a-Arf~/~ embryos. Deletion of the Ink4a/Arf locus
significantly enhanced the propagation of colonies compared to

the wild-type DIK" cells, and most of the colonies at day 5 of cul-
ture kept expanding up to day 14 (Fig. 5A and B). Flow-cytometric
analysis at day 14 of culture revealed that the percentage of DIk*
cells in Ink4a/Arf-/~ colonies was approximately 9-fold higher
than in wild-type colonies (data not shown), indicating that dele-
tion of the Ink4a/Arf locus enhanced the self-renewal capability of
DIK" cells. Notably, however, not only the total number of colo-
nies but also the number of large colonies (consisting of more
than 100 cells at day 5 of culture) was significantly reduced by
Ezh2-knockdown (Fig. 5A and B). Consistent with this, the diam-
eter of large Ezh2-knockdown colonies at day 14 of culture was
significantly smaller than in the control (Fig. 5C). Of interest,
the effect of Bmil-knockdown was largely cancelled by the dele-
tion of Ink4a/Arf, while that of Ezh2-knockdown was only par-
tially abrogated (Fig. 5A-C). Immunostaining revealed that large
colonies derived from Ezh2-knockdown Inkda-Arf-/~DIk" cells
still harboured a similar number of Alb* hepatocytes as those
derived from Ezh2-knockdown wild-type DIK" cells (Fig. 5D and
E).

We next performed replating assays. At day 14 of culture,
Ink4a-Arf--DIK*EGFP* cells transduced with knockdown vectors
were collected by cell sorting and replated to allow colonies to
form. The frequency of total secondary colonies and of large sec-
ondary colonies was markedly reduced by Ezh2-knockdown com-
pared to the control (Supplementary Fig. 3A). Deletion of the
Ink4a/Arf locus cancelled out the effect of Ezh2-knockdown to a
lesser extent than that of Bmil-knockdown. Secondary colonies
were generated in a similar fashion to the original colonies and
exhibited enhanced differentiation towards the hepatocyte line-
age (Supplementary Fig. 3B).

Role of Ezh2 in terminal differentiation and maturation in wild-type
and Ink4a/Arf~~ DIk" cells

We cultured DIK" cells in EHS gel supplemented with OSM to
selectively induce hepatocyte terminal maturation. By day 5 of
culture, multiple cell clusters with tight cell-cell contact were
formed. The Ezh2-knockdown clusters consisted of mature hepa-
tocytes with a highly condensed, granulated cytosol and clear
round nuclei compared with the control clusters (Fig. 6A). In
addition, real-time RT-PCR revealed that tyrosine aminotransfer-
ase (TAT) and glucose-6-phosphatase (G6P), the metabolic
enzyme genes highly expressed in terminally differentiated hepa-
tocytes, were significantly up-regulated in Ezh2-knockdown cells
(Fig. 6B). In addition, periodic acid-Schiff (PAS) staining success-
fully detected intracellular glycogen accumulation in Ezh2-knock-
down cells, which indicated the functional maturation of the
hepatocytes (Supplementary Fig. 2B). Although the deletion of
Ink4a/Arf in DIK" cells slightly promoted hepatocyte maturation
in EHS gel cultures compared to wild-type DIk* cells, Ezh2-knock-
down further promoted hepatocyte maturation (Fig. 6A and B).
Together, these findings indicate that post-commitment hepato-
cyte maturation is facilitated by Ezh2-knockdown.

Next, DIk cells were cultured on collagen type I gel in the
presence of TNF-o to selectively induce differentiation into cho-
langiocytes. Both the control and Ezh2-knockdown cells similarly
formed tube-like structures (Fig. 6C). Expression of CK7, CK19 and
integrin p4 (Itgh4), useful marker genes of cholangiocyte matura-
tion, was mildly up-regulated in Ezh2-knockdown cells, but
another marker gene, Sall4, did not show any changes in expres-
sion (Fig. 6D). The deletion of the Ink4a/Arf genes caused no
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Fig. 3. Effects of Ezh2- and Bmi1-knockdown on the differentiation of hepatic stem/progenitor cells. (A) Bright-field images and fluorescence micrographs of large colonies
(containing more than 100 cells) transduced with indicated viruses at day 5 of culture, Dual immunostaining was performed to detect the expression of Alb (red) and CK7 (green)
in clonal colonies. EGFP expression in single-knockdown colonies, EGFP and RFP expression in a double-knockdown colony (upper panels) and nuclear DAPI staining (middle
panels) are shown in the insets. Scale bar = 200 um. (B) The percentages of AIb*CK7 -, Alb-CK7*, Alb*CK7*, and Alb-CK7~ cells in large colonies containing more than 100 cells
were calculated at day 5 of culture. The average for 10 colonies is presented as the mean + SD. “Statistically significant (p < 0.05). (C) Real-time RT-PCR analysis of the expression
of liver-enriched transcription factors and Gatal in colonies derived from DIk” cells transduced with indicated viruses at day 5 of culture. *Statistically significant (p <0.05).
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Fig. 4. Regulation of the Ink4a/Arf genes by Ezh2 in hepatic stem/progenitor
cells. (A) Real-time RT-PCR analyses of p16”*“ and p19"” expression in colonies
derived from DIK" cells transduced with indicated viruses at day 5 of culture.
*Statistically significant (p <0.05). (B) ChIP analyses of freshly purified DIk" cells
were conducted on the Ink4a/Arf locus (primer set 1-4) and the B-actin (Actb)
control promoter region using indicated antibodies.

remarkable changes in collagen type I gel cultures in terms of
cholangiocyte maturation (Fig. 6C and D).

Taken together, these findings indicate that post-commitment
hepatocyte maturation rather than cholangiocyte maturation is
accelerated by Ezh2-knockdown. Moreover, these results suggest
that the Ink4a/Arf locus is also a major target of Ezh2, but there
exist additional targets of Ezh2 in the regulation of hepatic
stem/progenitor cell growth and self-renewal.

Discussion

Ezh2 plays an important role in gene silencing through the trime-
thylation of H3K27. In embryonic stem (ES) cells, most develop-
mental genes are reversibly silenced through the bivalent
domain in their transcriptional regulatory region, which consists
of large regions of trimethylated H3K27 harbouring smaller
regions of trimethylated H3K4 [17,18]. Therefore, PRC2 is critical
in maintaining the pluripotency of embryonic stem (ES) cells.
However, little is known about the role of PRC2 in somatic stem
cells, especially in primary hepatic stem/progenitor cells. Our
loss-of-function analysis of Ezh2 clearly showed that Ezh2 regu-
lates the proliferation of hepatic stem/progenitor cells in Ink4a/
Arf-dependent and -independent manners. Given that Ezh2-
knockdown profoundly affected the replating efficiency of hepa-
tic stem/progenitor cells, Ezh2 might also be needed to maintain
the self-renewal capacity of these cells. These functional charac-

teristics of Ezh2 are very similar to those of Bmil, but Ezh2
behaved quite differently from Bmi1 in the regulation of hepatic
stem/progenitor cell differentiation. Ezh2-knockdown promoted
the differentiation of hepatic stem/progenitor cells into hepato-
cytes and further enhanced the maturation of hepatocytes. How-
ever, Bmil-knockdown did not compromise their differentiation.
These findings unveil distinct functions of PRC1 and PRC2 in the
regulation of hepatic stem/progenitor cell differentiation. A sim-
ilar finding has been reported in breast cancer, in which EZH2 and
BMI1 inversely correlate with prognosis and TP53 mutation [19].

Ink4a and Arf are major target genes of PcG proteins such as
Bmil and Ezh2 [16]. Ezh2 contributes to the proliferation of pan-
creatic p-cells during regeneration by suppressing the Ink4a/Arf
locus [20]. Overexpression of Ezh2 reportedly decreases expres-
sion of p16™4? through hypermethylation of the p16"™** pro-
moter in cholangiocarcinogenesis in hepatolithiasis [21]. The
present ChIP analyses showed that Ezh2 binds to the Ink4a/Arf
locus, accompanied by increased levels of trimethylated H3K27
in hepatic stem/progenitor cells. However, deletion of the
Ink4a/Arf locus only partially abrogated the inhibitory effect of
Ezh2-knockdown on the expansion of hepatic stem/progenitor
cells. On the other hand, the inhibitory effect of Bmil-knockdown
was largely cancelled by deletion of Ink4a/Arf. These results indi-
cate that Ezh2 regulates hepatic stem/progenitor cells in both
Ink4a/Arf-dependent and -independent manners. Actually, double
knockdown of Ezh2 and Bmil had a limited advantage over single
knockdown of Ezh2 in inhibiting hepatic stem/progenitor cell
proliferation, further indicating additional functions of Ezh2
independent of Ink4a/Arf.

A number of liver-enriched transcription factors, including
hepatocyte nuclear factors (Hnfs) and CCAAT/enhancer binding
proteins (Cebps), play a central role in normal hepatogenesis
[22]. It has been reported that Hnf3B, a marker of definitive endo-
derm, is indispensable for early liver development [23]. Consis-
tent with this, enforced expression of Hnf3p in ES cells and
mesenchymal stem cells promotes differentiation towards the
hepatocyte lineage [24,25]. Recent studies have shown that
Cebpa, a nuclear transcription factor of the bZIP protein family,
is essential for hepatocyte differentiation [26]. In addition, sup-
pression of Cebpa expression stimulates biliary cell differentia-
tion, with reduced expression of Hnf6 and Hnf1p [27].

In the present study, Ezh2-knockdown in hepatic stem/pro-
genitor cells resulted in enhanced expression of Hnfs. Likewise,
increased expression of Hnf6 and Hnflb was simultaneously
observed. Of interest, chromatin immunoprecipitation combined
with DNA microarray (ChIP-on-chip) analyses reveal that both
PRC1 and PRC2 can bind to the promoter regions of Hnf3b, Cebpa,
and Hnf6 in ES cells [28]. As Hnf3b and Cebpa have bivalent
domains in their promoter regions [17,18], we hypothesised that
Ezh2 mediates the silencing of these genes to maintain hepatic
stem/progenitor cells in an immature state. Unexpectedly, the
present ChIP analyses using purified DIK" cells failed to demon-
strate the binding of Ezh2 at these loci (data not shown). It is pos-
sible that the DIK* fraction was inappropriate for detecting the
recruitment of Ezh2 for repression of target genes because it con-
tained not only stem/progenitor cells but also cells in different
stages of differentiation. Intriguingly, a recent study showed that
Ezh2-dependent trimethylated H3K27 prevents the recruitment
of AP1 and other transcription factors required for terminal dif-
ferentiation [13]. It is also possible that Ezh2-dependent
H3K27me3 on hepatocyte differentiation-related genes likewise
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Fig. 5. Loss-of-function analyses of Bmi1 and Ezh2 on the proliferation of Ink4a-Arf |~ hepatic stem/progenitor cells. (A) Numbers of colonies generated from 1000
Ink4a-Arf/~DIK" cells transduced with indicated viruses. Total numbers of colonies were counted at day 5 of culture. *Statistically significant (p <0.05) (B) The number of
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significant (p <0.05). (D) Bright-field images and fluorescence micrographs of large colonies (containing more than 100 cells) transduced with indicated viruses at day 5 of
culture. Dual immunostaining was performed to detect the expression of Alb (red) and CK7 (green) in clonal colonies. EGFP expression (upper panels) and nuclear DAPI
staining (middle panels) are shown in the insets. Scale bar = 200 um. (E) The percentages of Alb*CK7~, Alb~CK7*, Ab"CK7*, and Alb~CK7 "~ cells in large colonies containing
more than 100 cells were calculated at day 5 of culture. The average for 10 colonies is presented as the mean + SD. *Statistically significant (p <0.05).
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prevents the recruitment of liver-enriched transcription factors in
hepatic stem/progenitor cells.

Although PcG proteins have been characterised as self-
renewal factors of embryonic as well as somatic stem cells,
Ezh2 has recently been implicated in the differentiation of neural
stem cells and epidermal stem cells [12,13]. Our findings further
support an essential role for PcG proteins in the precise regula-
tion of stem cell differentiation. The composition of PcG com-
plexes is highly dynamic and differs among different cell types
and even at different gene loci. Given that the complexes exhibit
differences in specificity for histone substrates, the target genes
regulated by PcG proteins are quite diverse among different cell
types [29]. Efforts to unravel the molecular machinery of PcG pro-
teins, including Ezh2, would facilitate our overall understanding
of the hepatic stem cell system and contribute to the establish-
ment of liver regeneration therapy.
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Abstract

Objective. To determine the risk factors for the occurrence of hepatocellular carcinoma (FHCC) in patients with
hepatitis B virus (HIBV) infection. Material and methods. A total of 620 patients who tested positive for hepatitis B surface
antigen and were referred to Chiba University Hospital between February 1985 and March 2008 were included in the study
and the following characteristics were analyzed: age, gender, status of hepatitis B e antigen, alanine aminotransferase level,
HBV DNA level, and number of platelets (PLTs). Results. HCC was detected in 30 cases during the follow-up period
(5.4 £ 5.1 years). Multivariate analysis revealed that age >40 years [compared with patients aged <40 years; odds ratio
(OR) = 4.28; 95% confidence interval (CI) = 1.68-10.9] and PLT level <206,000/l (compared with patients with a higher
PLT level; OR =8.50; 95% CI = 1.98-36.2) were predictive factors for HCC occurrence. In patients aged > 40 years, the HBV
DNA level (compared with < 5.0 log copies/ml; OR = 4.22, 95% CI = 1.13-15.8) and PLT level (compared with patients with
>196,000/u1 PLTs; OR = 15.6, 95% CI = 2.06-118.3) were predictive factors for HCC occurrence. Conclusions. Advanced
age and low PLT level were risk factors for HCC occurrence in patients with HBV infection. In patients aged >40 years,
viral load was also a risk factor for HCC.

Key Words: Hepatitis B virus, hepatocellular carcinoma

Introduction developing hepatocellular carcinoma (HCC), which is

one of the most common human cancers and causes

The clinical course of patients with hepatitis B virus
(HBV) infection varies considerably [1]. Therefore,
long-term follow-up studies of patients with HBV
infection are quite complex and difficult. In most of
the patients, the disease is either non-progressive or
shows a slow progression and is usually accompanied
by the loss of serum HBV DNA after seroconversion
of hepatitis B e antigen (FHBeAg) [2]. Some patients
show continuous elevation of the alanine aminotrans-
ferase (ALT) level, which leads to cirrhosis [3]. HBV
infection is also associated with an increased risk of

of death. Although previous studies have attempted to
determine factors influencing the prognosis of
patients with HBV infection, the key factors remain
to be identified. Recent studies have indicated that the
serum level of HBV DNA correlates with the pro-
gression of liver diseases [1,4-6]. However, viral load
alone cannot predict the occurrence of HCC in the
future [7). In this study, multivariate analyses of the
risk factors for HCC occurrence were performed for
data obtained from 620 parients with HBV infection
who were referred to a single institute in Japan.
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Material and methods
Patients

This was a retrospective analysis. The study was
approved by the ethical committee of Chiba Univer-
sity and written informed consent was obtained from
all the patients. Of the hepatitis B surface antigen
(HBsAg)-positive carriers (n = 676) who were referred
to Chiba University Hospital between February 1985
and March 2008, those who tested positive for
hepatitis C virus (HCV) antibody (anti-HCV) or
had autoimmune liver disease and those who had
another potential cause of chronic liver disease
were excluded. The characteristics of the excluded
HBsAg-positive carriers were as follows: anti-HCV
positivity in 12, autoimmune liver disease in four and
primary biliary cirrhosis in one. Five patients who had
previously received lamivudine treatment were also
excluded. Thirty-nine patients consulted a physician
only once and were excluded from further analysis.
Thus, a total of 620 patients were further analyzed.
Serum samples were collected during diagnosis and
stored at —20°C until analysis.

Serologic markers, HBV DNA quantitative assay, and
genotyping

HBsAg, HBeAg, and anti-HBe levels were deter-
mined by enzyme-linked immunosorbent assay
(ELISA; Abbott Laboratories, Chicago, IL) and
anti-HCV was also measured by ELISA (Ortho
Diagnostics, Tokyo, Japan). Serum HBV DNA
levels were quantified by polymerase chain reaction
(PCR) assay (Amplicor HBV Monitor; Roche Diag-
nostics, Basle, Switzerland); the linear range of this
assay was 2.6-7.6 log copies (LC)/ml. The six major
genotypes of HBV (A-F) were determined by EIA
(HBV Genotype EIA; Institute of Immunology Co.,
Ltd., Tokyo, Japan). Aspartate aminotransferase
(AST), ALT, and the number of platelets were
determined and the aminotransferase to platelet ratio
index (APRI) was calculated [8].

Statistical analysis

The baseline data are presented as mean + SD. The
difference in the values of clinical parameters between
the two groups was analyzed by unpaired r-test,
Welch’s r-test, and chi-square test. The Cox propor-
tional hazards model was used to identify factors
predictive of HCC occurrence using the SPSS version
16.1 software package (SPSS Inc., Chicago, IL).

Results
Demographic characteristics of HCC and control patients

None of the study participants had HCC at entry. In
total, 30 incident HCC cases (HCC group) occurred
during the follow-up period. During the follow-up
period, most of the patients were re-evaluated at least
once a year for liver function and detection of HCC.
Screening for detection of HCC was performed on the
basis of typical findings of abdominal ultrasonogra-
phy, dynamic CT, angiography, and/or MRI. For all
patients suspected of having HCC by imaging anal-
ysis, the diagnosis of HCC was confirmed by patho-
logical analysis. If the patient had HCC or was being
treated with an antiviral drug (lamivudine or enteca-
vir), we terminated the follow-up. At baseline, signif-
icant differences were observed in age, gender, status
of HBeAg, ALT and HBV DNA levels, number of
platelets (PLTs), and APRI between the HCC
(rn = 30) and control (r = 590) groups (Table D).
The 590 patients in whom HCC was not detected
during the follow-up period constituted the control
group. The average follow-up period was 5.1 = 4.1
and 5.4 + 5.2 years in the HCC and control groups,
respectively, and this difference was not significant.

Patients with HBV

The differences in age, sex, PLT and ALT levels,
status of HBeAg, and HBV DNA level between the
HCC and control groups were investigated. We
defined threshold levels as age 40 years, HBV DNA
5.3 LC/mi, ALT 72.9 TU/, and PLTs 206,000/l
according to the average data of all patients. Univar-
iate analysis revealed that age, number of PLTs, and
HBV DNA level at baseline were predictive factors for
HCC occurrence. Multivariate analysis revealed that
age >40 years [compared with patients aged
<40 years; odds ratio (OR) = 4.28; 95% confidence
interval (CI) = 1.68-10.9] and PLT level <206,000/ul
(compared with patients with a higher PLT level;
OR = 8.50, 95% CI = 1.98-36.2) were predictive
factors for HCC occurrence (Table II). Thus, these
analyses revealed that age and PLT level were the
most important factors influencing future occurrence
of HCC. Kaplan—-Meier curves were constructed for
age (P <0.0001; log-rank test; Figure 1a), PLT level
(P<0.0001; log-rank test; Figure 1b), and HBV DNA
(P = NS; log-rank test; Figure 1c). Next, we catego-
rized the HBV patients into two subgroups according
to the thresholds of age and PLT level based on the
average data, and performed further analysis. Because
there was only one HCC patient aged <40 years and
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Table 1. Characteristics of study subjects and their association with HCC.

Group
Parameter Total HCC Controls P
No. of patients 620 30 590
Gender; n (%) <0.001*
Male 364 (59) 20 (67) 344 (58)
Female 256 (41) 10 (33) 246 (42)
Age (years); mean + SD 40.0 + 14.2 50.0 = 11.6 40.0 + 14.2 <0.001°
HBeAg status; n (%) <0.001*
Positive 269 (43) 17 (57) 252 (43)
Negative 351 (57) 13 (43) 338 (57)
HBV DNA (LC/mL); mean + SD 5320 6.4+ 13 53+20 0.002°
ALT (TU/M); mean = SD 72.9 £ 89.3 105.0 +£ 129.3 71.0 £ 86.6 0.041°
PLTs (/ul); mean = SD 206,000 = 66,000 130,000 = 51,160 210,000 £ 64,410 <0.001¢
APRI >0.5; n (%) 294 (47.4) 27 (90) 267 (45.3) <0.001"
Interval between two consecutive visits (years); mean + SD 5.4 £ 5.1 5.1+4.1 54+5.2 NS*
Genotype A/B/C/D/not determined; » 7/38/333/0/242 1/0/24/0/5 6/38/309/0/237 NS§*

2Chi-square test.
PWelch’s r-test.
“Unpaired r-test.

only two cases had a PLT level >206,000/pl, we did
not analyze these groups.

period was 5.1 = 4.1 and 5.0 + 4.7 years in the
HCC and control groups, respectively, and this dif-
ference was not significant. We defined thresholds as
age 49 years, HBV DNA 5.0 LC/ml, ALT 66.0 IU/,
and PLTs 196,000/, according to the average data
for the patients aged >40 years. The risk factors for
HCC occurrence in patients aged >40 years were
analyzed by Cox regression analysis. Univariate anal-
ysis revealed that ALT, PLT, and HBV DNA levels at
baseline were predictive factors for HCC occurrence.
Multivariate analysis revealed that the HBV DNA

Analysis of the subgroup of HBV patients aged > 40 years

HCC was detected in 29 patients in the group aged
>40 years (n = 372). Significant differences were
observed in the status of HBeAg, HBV DNA, and
PLT levels at baseline between the HCC (n =29) and
control groups (n = 343). The average follow-up

Table II. Multivariate analysis of risk factors associated with HCC in patients with HBV infection.

Patients with PLTs
All patients® Patients aged > 40 years” <206,000 /uI°
Risk factor HR (95% CI) P HR (95% CI) P HR (95% CI) P
Age 4.28 (1.68-10.9) 0.002 2.16 (0.88-5.29) NS 1.75 (0.71-4.34) NS
Male gender 1.48 (0.67-3.26) NS 2.25 (0.86-5.90) NS 1.43 (0.61-3.35) NS
HBeAg-positive 1.34 (0.59-3.06) NS 0.98 (0.41-2.33) NS 1.06 (0.45-2.51) NS
HBV-DNA 1.59 (0.62-4.13) NS 4.22 (1.13-15.8) 0.032 1.20 (0.49-2.94) NS
ALT 0.86 (0.40-1.87) NS 1.44 (0.61-3.44) NS 0.923 (0.40-2.11) NS
PLTs 8.50 (1.98-36.2) 0.004 15.6 (2.06-118.3) 0.008 4.49 (1.62-12.5) 0.004

*The thresholds of age, HBV-DNA, ALT, and PLTs were defined as 40 years, 5.3 LC/ml, 72.9 TU/, and 206,000 /ul, respectively.
bThe thresholds of age, HBV-DNA, ALT, and PLTs were defined as 49 years, 5.0 LC /ml, 66.0 IU/l, and 196,000 /ul, respectively.
°The thresholds of age, HBV-DNA, ALT, and PLTs were defined as 42 years, 5.8 LC /ml, 84 TU/, and 159,000 /ul, respectively.
HR = hazard ratio.
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Figure 1. Cumulative occurrence of HCC based on (a) number of PLTs, (b) age, and (c) HBV DNA level. Thresholds for age, number of
PLTs, and HBV DNA level were defined according to the average data for all patients. Dotted lines indicate the control group (high number of

PLTs, younger age, and low HBV DNA level).

level (compared with <5.0 LC/ml; OR = 4.22; 95%
CI = 1.13-15.8) and PLT level (compared with
>196,000/ul; OR = 15.6; 95% CI = 2.06-118.3)
were predictive factors for HCC occurrence
(Table II). Kaplan—Meier curves were constructed
for HBV DNA (P = 0.001; log-rank test; Figure 2).

Analysis of the subgroup of HBV patients with PLTs
< 206,000/l

HCC was detected in 28 patients in the group with
PLTs <206,000/ul (n = 329). The risk factors for
HCC occurrence in the group with <206,000/ul

PLTs were analyzed by Cox regression analysis. Uni-
variate analysis revealed that age and PLT level at
baseline were predictive factors for HCC occurrence.
Multivariate analysis revealed that PLT level (com-
pared with patients with > 159,000/ul; OR = 4.49;
95% CI = 1.62-12.5) was the only predictive factor for
HCC occurrence (Table II).

Discussion

In Japan, HBV infection is one of the most important
factors determining HCC occurrence [9]. Moreover,
HCC is one of the most important determinants for
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Figure 2. Cumulative occurrence of HCC based on the HBV DNA
level in patients aged >40 years. The threshold for the HBV DNA
level was defined according to the average data for the patents aged
>40 years. A significant difference was observed by log-rank test.
The dotted line indicates the control group (low HBV DNA level).

the prognosis of patients with HBV infection. In
previous studies, factors associated with an increased
risk of HCC among people with chronic HBV infec-
tion included demographic characteristics, lifestyle,
and environmental, viral and clinical factors. Among
these, male gender, older age, HBV genotype, cirrho-
sis, elevated ALT, and high viral load were found to
be factors associated with HCC [6,10-19]. We
focused on clinical factors which may be tested easily
and for which tests are available all over the world.
This report clarifies the relative risk for HCC in all
patients with HBV who were referred to a single
institute in Japan and provides important information
for physicians.

In this study, the relative risk of HCC was found to
be increased to 4.28 (95% CI 1.68-10.9) times higher
for patients aged > 40 years compared with those aged
<40 years. In addition, a low PLT level, which indi-
cates advanced fibrosis in the liver, including cirrho-
sis, was a risk factor for HCC: the relative risk was
found to be increased to 8.50 (95% CI 1.98-36.2)
times higher for patients with a PLT level < 206,000/l
compared with higher levels. The HBV DNA level
was not selected as a risk factor for HCC occurrence
in all patients with HBV infection by multivariate
analysis. Previous follow-up studies have shown
that viral load is an important and independent factor
for HCC occurrence [4,5,20]. However, in the pres-
ent study, although various thresholds of HBV DNA
level were used for analysis, none of the thresholds
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showed statistical significance in multivariate analysis
(data not shown). In contrast, the analysis intended
for patients aged >40 years revealed that high HBV
viral load was added as a risk factor for HCC. By
changing the threshold of HBV DNA from 4.5 to 5.3
LC/ml in 0.1-log increments, 5.0 or 5.1 LC/ml were
found to be the best (data not shown); therefore we
designated the threshold of HBV DNA level as >5.0
LC/ml. In our study, HBV carriers aged > 40 years
with HBV DNA levels > 5.0 LC/ml had a 4.22-times
higher risk of HCC compared to HBV carriers with
lower viral loads. In previous studies in Japan regard-
ing predictive factors for HCC, Ohata et al. {5]
reported that age, HBV DNA, and staging of fibrosis
were the important factors, while Murata et al. [21]
reported that the number of PLTs was the only factor
after HBeAg seroconversion. On the other hand, in an
analysis of patients with liver cirrhosis in Japan, levels
of HBV DNA and/or ALT were the predictive factors
for HCC [12,19]. Taken together with the present
study, these reports suggest that the HBV DNA level
may not be an absolute factor for predicting HCC in
the analysis, irrespective of the age of the patients and
the number of PLTs, but that in patients with
advanced age or low numbers of PLTs, indicating
advanced fibrosis of the liver, HBV DNA could be a
predictve factor for the occurrence of HCC. The
PLT level negatively reflects the extent of liver fibrosis
[22], therefore it is very difficult to achieve an
improvement in liver fibrosis and to recover the
PLT level concomitantly, but a high viral load can
be lowered by antiviral drug treatment. Therefore, in
patients aged > 40 years, lowering the viral load using
an antiviral drug might be an important way to avoid
the occurrence of HCC but, in younger patients,
lowering the HBV DNA level may not result in direct
inhibition of HCC occurrence, although the activity of
hepatitis could be suppressed.

The decrease in the number of PLTs in patients
with liver disease reflects advanced fibrosis of the liver,
which is strongly related to HCC occurrence. In fact,
the patients in the HCC group of our study were
suggested to show advanced fibrosis because they had
higher values of APRI than the controls, In addition to
being a marker of liver fibrosis, the influence of PLTs
on cytotoxic T lymphocytes (CTLs) has been studied
with keen interest. Chronic HBV infection is charac-
terized by an inefficient CTL response, which often
results in continuous destructon of hepatocytes.
A recent study indicated that PLTs are required for
virus-specific CTLs to accumulate within the liver
and perform pathogenetic and/or antiviral roles [23].
In our study, low PL'T number was a strong risk factor
for HCC in all the HBV carriers, irrespective of age or
PLT number at baseline. Especially in the HBV
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carriers aged >40 years, low PLT number has the
strongest association with HCC occurrence. There-
fore, older HBV carriers with low PLT levels should
be followed closely because of a high possibility of
HCC occurrence, as for HCV carriers with low PLT
levels [24].

The presence of HBeAg is often associated with
active liver disease, whereas HBeAg seroconversion
often coincides with loss of HBV DNA in serum,
normalization of the ALT level, and clinical remission
[25]. Spontaneous HBeAg seroconversion confers a
good long-term outcome on most patients. In this
study, the status of HBeAg at baseline differed sig-
nificantly between the HCC and control groups;
however, the status of HBeAg was not identified by
univariate analysis as a predictive factor for HCC
occurrence. From these results, we speculated that
the HBe protein was not the direct precursor of HCC,
although the HBe antigen status often reflects the
replication of HBV DNA.

In this study, we evaluated parameters for predict-
ing HCC only at first admission. A previous study
reported that changes in ALT or HBV DNA levels
during the follow-up period were important for pre-
dicting advanced liver disease and HCC [26]. We
need to evaluate the importance of following changes
in these parameters.

There was only one HCC patient aged <40 years.
This patient was male and was followed up from the
age of 27 years; his ALT, HBV DNA, and PLT levels
and the status of HBeAg at baseline were 34 TU/, 7.7
LC/ml, 203,000/ul, and positive, respectively. It was
difficult to predict the occurrence of HCC in this case
only on the basis of the risk factors for HCC indicated
in this study. Hence, we need to find an adequate risk
factor to predict HCC in such a case.

In conclusion, advanced age and low PLT level
were the risk factors for HCC in patients with HBV
infection, irrespective of the PLT level at baseline. In
patients aged > 40 years, viral load was added as a risk
factor for HCC.

Declaration of interests: The authors indicated no
potential conflict of interest.
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Purpose: To elucidate the changes in tumor vascularity and microbubble accumulation on contrast-
enhanced sonograms, in relation to the dedifferentiation of hepatocellular carcinoma (HCC).

Materials and methods: This prospective study enrolled 10 patients with histologically proven HCC
(14.4-39.0mm, 26.1 +7.4) showing nodule-in-nodule appearance upon contrast-enhanced computed
tomography. Contrast-enhanced ultrasound was performed by harmonicimaging under alow mechanical
index (0.22-0.25) during the vascular phase (agent injection to 1 min) and late phase (15 min) following
the injection of Sonazoid™ (0.0075 ml/kg). Contrast enhancement in the inner and outer nodules was
assessed in comparison with that in adjacent liver parenchyma as hyper-, iso-, or hypo-enhanced.
Results: Vascular-phase enhancement of all 10 inner nodules was hyper-enhanced, and that of outer
nodules was hyper-enhanced in 3, iso-enhanced in 2, and hypo-enhanced in 5. Late-phase enhancement
of inner nodules was hypo-enhanced in 8 and iso-enhanced in 2. Furthermore, late-phase enhancement
of outer nodules was iso-enhanced in the 7 lesions that showed iso- or hypo-enhancement in the vascular
phase, and hypo-enhanced in the 3 with hyper-enhancement in the vascular phase. Late-phase hypo-
enhancement was significantly more frequent in the nodules showing early-phase hyper-enhancement
(11/13) than in the nodules showing early-phase iso- or hypo-enhancement (0/7) in both the inner and
outer nodules.

Conclusion: Dedifferentiation of HCC may be accompanied by changes in tumor vascularity prior to a
reduction in microbubble accumulation. Observation of the vascular phase may be more useful than
late-phase imaging for the early recognition of HCC dedifferentiation when using contrast-enhanced
ultrasound with Sonazoid.
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1. Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies, and its incidence is increasing worldwide, especially
in the eastern part of Asia [1,2]. The diagnosis of HCC is an issue of
critical importance, in part because the prognosis of patients with
cirrhosis depends to a large extent on the occurrence and progres-
sion of this neoplasm. Considering the limitations of tumor markers
such as alpha fetoprotein (AFP) for HCC surveillance, it is necessary
to have easy access to imaging examinations for cirrhotic patients
[34].

Intra-tumor vascularity changes during the multistep process
of carcinogenesis in HCC, including the presence of numerous
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tumor vessels, as well as a paucity of Kupffer cells comprise the
well-known pathological appearance that is characteristic of HCC
[5-7]. However, some well-differentiated HCCs have a hypo- or iso-
vascular appearance, along with Kupffer cells distributed within
the tumor nodule [6,7]. The relationship between the changes in
tumor vascularity and Kupffer cell distribution, in accordance with
the dedifferentiation process of HCC, has not been fully addressed
in previous studies.

Contrast-enhanced ultrasound (US) has become popular as a
non-invasive diagnostic tool for assessing focal hepatic lesions,
due to the recent advances in digital technology incorporated into
US equipment [8-10]. Microbubble contrast agents can be divided
into two classes based on whether they do or do not accumu-
late in the liver, and both Levovist® (Schering, Berlin, Germany)
and Sonazoid™ (GE Healthcare, Oslo, Norway) are classified as
the former. They provide images of static microbubbles, which
appear to demonstrate the function of the reticuloendothelial sys-
tem such as phagocytosis by Kupffer cells, as well as imaging
dynamic microbubbles that depict the hemodynamic circulation
[11-14]. Therefore, contrast-enhanced US with these microbubble
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contrast agents may reveal both tumor vascularity and Kupffer cell
distribution in HCC lesions.

The nodule-in-nodule appearance of HCCs is a pattern that
reflects cell dedifferentiation, because tumor elements with vary-
ing degrees of differentiation coexist in a single mass [15-20].
Assessment of contrast-enhanced US findings in HCCs with nodule-
in-nodule appearance may reveal the dedifferentiation-related
changes involved with tumor neovascularity and Kupffer cell dis-
tribution in these HCC lesions [21]. Against this background, we
examined differences in contrast enhancement between the inner
and outer nodules in HCC lesions having a nodule-in-nodule
appearance. The purpose of this study was to elucidate the changes
in tumor vascularity and microbubble accumulation exhibited on
contrast-enhanced sonograms, in relation to the dedifferentiation
of HCC.

2. Patients and methods
2.1. Patients

During the period from July 2007 to February 2009, a prospective
study approved by the Ethics Committee of Chiba University Hos-
pital, Chiba, Japan, was performed to examine Sonazoid-induced
enhancement on sonograms of patients with HCC, after obtaining
their informed written consent. A total of 513 patients with HCC
underwent both contrast-enhanced computed tomography (CT)
and contrast-enhanced US examination during this time period.
There were 10 consecutive patients with HCC showing a nodule-
in-nodule appearance upon contrast-enhanced CT, specifically, an
inner nodule with hypervascularity and an outer nodule with a
hypo-, iso-, or slightly hypervascular appearance on the images in
the hepatic artery-dominant phase. The study enrolled these 10
cirrhotic patients as subjects, with all their HCC lesions proven his-
tologically. The study patients consisted of 5 males and 5 females,
with amean age + standard deviation (SD)of 67.3 & 8.9 years (range
45-78 years). The diagnosis of liver cirrhosis was based on imaging
findings, along with clinical symptoms and biochemistry results in
all 10 patients; 9 of the patients were positive for hepatitis C virus
antibody, and one patient was positive for hepatitis B virus surface
antigen.

Each patient had one HCC tumor mass with a nodule-in-
nodule appearance and a maximum diameter ranging from 14.4
to 39.0mm (mean 26.1+7.4mm) on the sonogram. The serum
AFP level ranged from 3.4 to 1266.1 ng/ml, with normal values
(<20 ng/ml) found in 6 patients and abnormal values in 4 patients.
No patients had egg allergy, which is a contraindication to the use
of Sonazoid.

2.2. US examination

US examination was performed using the SSA-790A system
(Aplio XG; Toshiba Medical Systems, Tokyo, Japan) with a 3.75-
MHz convex probe. All patients underwent US examination after
a fast of more than 4h. At first, non-contrast grey-scale US (tis-
sue harmonic imaging, 2.5/5.0 MHz, 14-27 Hz) was performed to
observe the tumor appearance, to measure the diameters of the
inner and outer nodules, and to select the scan plane allowing the
most stable observation for contrast-enhanced US. Subsequently,
color Doppler US was used to check for the presence or absence of
vascular abnormality, such as arterio-portal communication, por-
tal vein thrombosis, and/or portal vein tumor thrombosis. Next, the
settings of the US system were changed for contrast-enhanced US,
that is, to use the pulse subtraction harmonic imaging mode with
a mechanical index level from 0.22 to 0.25, which is a low level in
accordance with our previous report [22]. Gain was adjusted to an
optimal level, and the dynamic range was set at 45-50dB.

The contrast agent Sonazoid (perflubutane microbubbles with a
median diameter of 2-3 wm) was used at a dose of 0.0075 ml/kg
administered by manual bolus injection, followed by 3.0ml of
normal saline (administered by H.L.). Contrast enhancement was
observed during two phases: the vascular phase (from contrast
agent injection to 1 min, which is the early phase) and late phase
(15 min after injection), under breath-holding as often as possi-
ble. For all patients, the operator performing the US examinations
was M.T. (who had 7 years of experience in US examination). All
US images recorded digitally were reviewed using frame-by-frame
playback at a later date by H.M. (who had 19 years of experience in
US examination), and contrast enhancement in the inner and outer
nodules of the HCC lesions was assessed in comparison with that
in adjacent liver parenchyma as hyper-, iso-, or hypo-enhanced in
appearance.

2.3. Contrast-enhanced CT

Contrast-enhanced CT with dynamic imaging was performed in
all patients using the Lightspeed Ultra16 (GE Yokogawa Medical
Systems, Hino, Japan) with injection of 100 ml of contrast medium
(Iopamiron 350; Nihon Schering, Osaka, Japan) at 3 ml/s into the
antecubital vein by means of a mechanical injection system (Mark
V ProVis, MEDRAD, Warrendale, PA, USA). Imaging was performed
with a 30-s delay between contrast medium administration and
start of imaging for the hepatic artery-dominant phase, 80-s delay
for the portal vein-dominant phase, and 180-s delay for the equi-
librium phase. The contrast-enhanced CT findings were evaluated
by M.Y., who had 28 years of experience in heaptology, and was
blinded to the patient information.

2.4. Pathological examination of HCC lesions

Pathological examination was performed on specimens
obtained from 9 HCC lesions by percutaneous US-guided needle
biopsy using a Sonopsy C1 needle (Hakko, Tokyo, Japan). Separate
sampling from the inner and outer nodules was performed for 2
HCC lesions, although only a single sample was taken from the
other 7 HCC lesions due to technical difficulties. All needle biopsies
were performed by S.0. after US examination, and the time lag
between contrast-enhanced US examination and needle biopsy
ranged from 1 to 14 days (mean 4.5 + 4.1 days). Pathological results
were obtained from the surgically resected specimen in the case
of one HCC lesion, with the time lag between contrast-enhanced
US examination and surgical treatment being 2 months.

2.5. Statistical analysis

All data were expressed as means +SD or percentages. Statis-
tical significance was analyzed by using the Chi-square test, and
p-values <0.05 were considered to be significant. Statistical analy-
sis was performed using the SPSS software package (Version 13.0];
SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Non-contrast US findings in HCC

Grey-scale US showed 5 lesions with a hyperechoic outer nodule
and hypoechoic inner nodule, 2 lesions with a hypoechoic outer
nodule and isoechoic inner nodule, one lesion with an isoechoic
outer nodule and hypoechoic inner nodule, and one lesion with a
hypoechoic outer nodule and hyperechoic inner nodule. In these 9
lesions, grey-scale US could clearly discriminate the outer nodule
from the inner nodule, and the diameter of the inner nodules ranged
from 6.6 to 16.0mm (mean 10.9 4 2.9 mm). The remaining lesion
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Table 1
Pathological results and contrast enhancement of hepatocellular carcinoma.

Case  Size (mm) Pathology 1/0  Inner nodule Outer nodule
\'% L \ L
1 24 M/w? Hyper Hypo Hypo Iso
2 144 w Hyper Hypo Hypo Iso
3 23 w Hyper Iso Hypo Iso
4 39 M/wb Hyper Hypo Hypo Iso
5 25.1 w Hyper Hypo Hypo Iso
6 171 w Hyper Hypo Hyper Hypo
7 343 M Hyper Hypo Iso Iso
8 24.8 W Hyper Hypo Hyper Hypo
9 285 w Hyper Iso Iso Iso
10 31.1 M/w? Hyper Hypo Hyper Hypo

1/0: Inner nodule/outer nodule, V: vascular phase, L: late phase, W: well differ-
entiated HCC, M: moderately differentiated HCC, Hyper: hyper-enhancement, Iso:
iso-enhancement, Hypo: hypo-enhancement.

¢ Separate sampling for inner and outer nodules by needle biopsy.

b Assessment of pathological result on surgically resected specimen.

showed a hypoechoic appearance without any difference between
the outer and inner nodules. Neither US nor contrast-enhanced CT
detected ascites, vascular abnormality, portal vein thrombosis, or
portal vein tumor thrombosis.

3.2. Contrast-enhanced US findings in HCC

Vascular-phase US images of the inner nodule were hyper-
enhanced in appearance in all 10 lesions, and images of the outer
nodule were hyper-enhanced in 3 lesions, iso-enhanced in 2, and
hypo-enhanced in 5 (Table 1). As the contrast enhancement of the
inner nodule was much stronger than that of the outer nodule
in all lesions, dedifferentiation of the tumor was clearly demon-
strated in this vascular phase. Late-phase images of the inner
nodule showed a hypo-enhanced appearance in 8 lesions and iso-
enhancement in 2. Meanwhile, late-phase images of the outer
nodule were iso-enhanced in the 7 lesions that showed an iso-
or hypo-enhanced appearance in the vascular phase, and hypo-
enhanced in the 3 showing a hyper-enhanced appearance in the
vascular phase (Tables 1 and 2 and Figs. 1 and 2). Neither the inner
nodules nor the outer nodules had a hyper-enhanced appearance
in the late phase. A late-phase hypo-enhanced appearance was
significantly more frequent in the nodules showing early-phase
hyper-enhancement (11/13) than in the nodules showing early-
phase iso- or hypo-enhancement (0/7) in both the inner and outer
nodules.

3.3. Pathological results and contrast enhancement in each
nodule

Pathological examination of the 7 HCC lesions without sep-
arate nodule sampling revealed well-differentiated HCC in 6
lesions and moderately differentiated HCC in one. The remaining
3 lesions showed well-differentiated HCC in the outer nodule and
moderately differentiated HCC in the inner nodule. Upon contrast-
enhanced US, all inner nodules in the latter 3 lesions showed
a hyper-enhanced appearance in the vascular phase and hypo-

Table 2
Contrast enhancement in the outer and inner nodule.
Vascular phase Late phase
(Hyper/Iso/Hypo) (Hyper/Iso/Hypo)
Outer nodule 3/2/5 0/7/3
Inner nodule 10/0/0 0/2/8
Hyper: Hyper-enhancement, Iso: iso-enhancement, Hypo: hypo-
enhancement.

enhancement in the late phase. On the other hand, the outer nodule
in 2 lesions showed a hypo-enhanced appearance in the vascular
phase and iso-enhancement in the late phase, and that in one lesion
showed a hyper-enhanced appearance in the vascular phase and
hypo-enhancement in the late phase.

4. Discussion

The nodule-in-nodule appearance of HCC lesions, supported by
radiological and pathological evidence, represents a characteristic
feature of developing HCC [15-21]. Typical findings on contrast-
enhanced CT/magnetic resonance imaging include a hypervascular
spot within the iso- or hypo-vascular lesion. The outer nodule is
generally considered to be at an earlier stage of carcinogenesis
relative to the inner nodule in HCC, hence the nodule-in-nodule
appearance.

A cardinal non-contrast US finding in HCC lesions with a nodule-
in-nodule appearance is a hypoechoic nodule within a hyperechoic
nodule, which was also the most common pattern in our study.
However, as previously reported, focal hepatic lesions with nodule-
in-nodule appearance show various patterns on the grey-scale
sonogram, and one lesion in the current study appeared hypoechoic
without showing any difference between the inner and outer nod-
ules [23]. Therefore, hemodynamic-based imaging may be required
to diagnose nodule-in-nodule-appearing tumors, and vascular-
phase sonograms can be obtained easily with Sonazoid and have
clearly demonstrated the difference in vascularity between the
inner and outer nodules in HCC lesions, as in contrast-enhanced
CT images. Similar to the results from previous studies using other
kinds of microbubble contrast agents, the current study suggested
that contrast-enhanced US with Sonazoid can offer at least the same
rate of detecting characteristic HCC tumor vascularity as contrast-
enhanced CT [24-26].

Late-phase appearance varied in the inner nodule, with 80% of
nodules showing a hypo-enhanced appearance and 20% of nod-
ules showing iso-enhancement. These results may be absolutely
reasonable because late-phase wash-out following vascular-phase
hyper-enhancement is considered to be typical findings in cases
of HCC [11,12]. Meanwhile, outer nodules that were hypo- or
iso-enhanced in the vascular phase showed an iso-enhanced
appearance in the late phase, and those hyper-enhanced in the
vascular phase showed hypo-enhancement in the late phase. As
the inner nodule appears to be in the post-dedifferentiated state
and thus in a more advanced stage of carcinogenesis relative to the
outer nodule, it is logical to assume that, as HCC progresses, the
inner nodule may eventually exhibit the same enhancement pat-
tern seen later in the outer nodule. Thus, our results suggest that
tumor neovascularity precedes the deficit in microbubble contrast
accumulation during the dedifferentiation process of HCC. In fact, it
is strongly speculated that developing HCC progresses from lesions
with hypo- or iso-enhancement in the vascular phase and iso-
enhancement in the late phase, to lesions with hyper-enhancement
in the vascular phase and iso-enhancement in the late phase, and
subsequently to lesions with hyper-enhancement in the vascular
phase and hypo-enhancement in the late phase. Therefore, a late-
phase observation alone may not always be sufficient in screening
for HCC because it could fail to detect developing HCC with an
iso-enhanced appearance in the late phase.

Phagocytosis of microbubbles by Kupffer cells is one of the the-
oretical mechanisms for the late-phase enhancement findings in
contrast-enhanced US with Sonazoid [ 14]. Considering the relation-
ship between Kupffer cell distribution and cellular differentiation
in HCC, the microbubble-related enhancement patterns in the late
phase in our study might be explained by this theory [5,6]. The
Levovist contrast agent also accumulates in the liver, and it is
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Fig. 1. A 69-year-old female, hepatitis C virus-related cirrhosis, HCC with nodule-in-nodule appearance (54, 24 mm; case 1). (a) Contrast-enhanced CT, artery-dominant
phase. HCC with hypovascular outer nodule and hypervascular inner nodule (arrows). (b) Grey-scale US. HCC with hypoechoic appearance (arrows). (c) Contrast-enhanced
US, vascular phase. HCC with hypo-enhanced outer nodule and hyper-enhanced inner nodule (arrows). (d) Contrast-enhanced US, late phase. HCC with iso-enhanced outer
nodule and hypo-enhanced inner nodule (arrows).

Fig. 2. A 74-year-old female, hepatitis C virus-related cirrhosis, HCC with nodule-in-nodule appearance (S3, 28.5mm; case 9). (a) Contrast-enhanced CT, artery-dominant
phase. HCC with isovascular outer nodule and hypervascular inner nodule (arrows). (b) Grey-scale US. HCC with hyperechoic outer nodule and hypoechoic inner nodule
(arrows). (c) Contrast-enhanced US, vascular phase. HCC with iso-enhanced outer nodule and hyper-enhanced inner nodule (arrows). (d) Contrast-enhanced US, late phase.
HCC with iso-enhanced outer and inner nodules (arrows).
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reported that late-phase enhancement with this agent in well-
differentiated HCC and benign regenerative nodules was similar
to that in adjacent non-tumor liver parenchyma, whereas moder-
ately differentiated HCC tended to have a washed-out appearance
in this phase [11,12,27]. Meanwhile, in studies using the contrast
agents SonoVue® (Bracco, Milan, Italy) and Definity® (Lantheus,
North Billerica, MA, USA), which do not accumulate in the liver,
hypo-enhancement or a washed-out appearance after the vascular-
phase peak enhancement and an earlier wash-out were frequent
and consistent with the degree of tumor differentiation in HCC
[28,29]. These results with different contrast agents suggest that
hypo-enhancement or wash-out findings may be common in spite
of the type of US contrast agent used, and mechanisms other than
Kupffer cell distribution might account for the late-phase enhance-
ment pattern in HCC. However, as these possible explanations are
still at a speculative level, further investigations are required to
account for these findings.

Our study had several limitations. The first is that the histo-
logical results of all but one HCC were obtained from specimens
obtained by percutaneous US-guided needle biopsy, and sepa-
rate sampling from inner and outer nodules was performed in
only 2 of the 9 HCC lesions biopsied. According to previous
studies, the histological structure of the outer nodule in nodule-
in-nodule-appearing lesions varies and can be diagnosed as:
adenomatous hyperplasia, siderotic regenerative nodule, macrore-
generative nodule, or well-differentiated HCC [15-19]. Assessment
of the pathology of the surgically resected specimen might allow
confirmation of agreement between the histological findings and
the results of US with contrast enhancement. The second limita-
tion is that our study consisted of a small number of subjects and
lacked follow-up of the natural progression of HCC with nodule-in-
nodule appearance. Further studies with large numbers of patients
and with US follow-up of contrast-enhanced changes in each nod-
ule during the period between diagnosis and treatment may be
necessary to allow us to draw more definitive conclusions.

5. Conclusions

Dedifferentiation of HCC may be accompanied by changes
in neovascularity prior to the reduction in microbubble con-
trast accumulation, with the latter possibly related to Kupffer
cell distribution. Although late-phase ultrasonography with static
microbubbles may have the advantage of easy and stable obser-
vation, vascular-phase contrast enhancement using Sonazoid
dynamic microbubbles could allow early recognition of the ded-
ifferentiation of HCC.
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