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expression of galactokinase was maintained by the mech-
anism of cells differentiating toward hepatocytes in HSM.
The reason that galactokinase and GK were expressed in
ES cells was not clear. One speculation is that these are
crucial enzymes deeply involved in energy metabolism and
important for the survival of ES cells.

Initially, HSM was expected to enrich hepatocytes
differentiating from ES cells. Our data indicated that HSM
promoted hepatocyte differentiation. Genes specific for

hepatocytes are controlled by hepatocyte-specific transcrip-
tion factors. To survive HSM, cells need to express

hepatocyte-specific enzymes. Hepatocyte-specific transcrip-
tion factors, therefore, are expressed, promoting hepatocyte
differentiatin. This hypothesis is supported by the Northern
blot analysis of C/EBPa and C/EBPB, liver-specific
transcription factors. These are more highly expressed in
HSM than in ESM.

In the future, we will attempt to develop a method for
harvesting large numbers of hepatocyte-like cells, focusing
on extracellular matrix and growth factors. In the mean-
while, we recommend the development and refinement of
the current method for human ES cells, with the eventual
target of transplantation therapy for liver insufficiency.
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ABSTRACT

Backgrounds/Aims: To elucidate the diagnostic
confidence of contrast-enhanced ultrasound (CEUS)
with Levovist for hepatic hemangioma.
Methodology: The subjects were 34 patients with
38 hemangiomas and 12 patients with 15 hypervas-
cular hepatocellular carcinomas. The early-phase
(15-60 second) and liver-specific phase (after 5 min)
were observed by the first injection. The 2nd injec-
tion was done for solo-phase method to observe
liver-specific phase images without taking early-
phase sonograme. The 3rd injection was done for
changing posture method to observe liver-specific
sonograms under left lateral ducubitus position.
Results: In the early-phase of hemangioma, nodu-
lar enhancement (NE) was found transiently in 13
lesions (34%) and continuously in 25 lesions (66%),

while hepatocellular carcinoma (HCC, n=15) did not
show this pattern. Intratumoral arterioportal shunt
was closely related to the short duration of NE. Two
enhancement patterns were observed in the liver-
specific phase of hemangioma, diffuse in 12 lesions
(31%) and partial in 26 lesions (69%), which were
dependent on the early-phase enhancement. Liver-
specific findings were also affected by taking early-
phase sonograms or changing the posture of the
patient. This method provided sensitivity of 79%
and specificity of 100% for the diagnosis of heman-
gloma.

Conclusions: CEUS with Levovist may be promis-
ing method for the diagnosis of hepatic heman-
gioma.

INTRODUCTION

Recent advances in digital technologies have
resulted in remarkable developments in the field of
imaging diagnosis for focal liver lesions (1-4).
Although percutanecus needle biopsy has been an
essential procedure for the diagnostic standard of
liver tumors, there are expectations for their charac-
terization by imaging modalities as a non-invasive
method (5-7).

Cavernous hemangioma is the most common
tumor among benign focal lesions in the liver (8).
Magnetic resonance imaging (MRI) or contrast-
enhanced computed tomography (CECT) usually
makes the diagnosis, because they have high diag-
nostic ability based on the characteristic pattern of
the tumor (9,10). However, high reliability by ultra-
sound (US) examination for the diagnosis of heman-
gioma would be preferable, in terms of the advan-
tages of real-time observation, simple technique and
non-invasiveness in clinical practice.

With the development of microbubble contrast
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agents, contrast-enhanced US (CEUS) has frequent-
ly been used for the characterization of liver tumors
(1,2,11-15). As for the diagnosis of hemangioma,
nodular enhancement (NE) is known as a character-
istic enhancement pattern (16-18), and positive
enhancement in liver-specific phase is considered to
be a characteristic finding of benign liver lesions
(14,15). However, some different enhancement pat-
terns have also been reported in CEUS findings of
hemangioma (16-18). The variety of the enhance-
ment patterns might be caused by changes of NE
during the course of the early-phase enhancement. In
addition, static but unstable status of microbubble
were supposed to be the eauses of different liver-spe-
cific patterns, because hemangioma has quite slow
blood flow and lacks Kupffer cells which may cause
concern about microbubble accumulation in the liver
(16-19),

According to this background, CEUS were exam-
ined with Levovist both in hepatic hemangioma and
HCC, and the time-related changes of contrast-
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enhanced appearances in these 2 tumors were care-
fully analyzed to present the features of enhance-
ment patterns of hemangioma. Moreaver, whether
the early-phase observation prior to liver-specific
phase or posture of the patient may affect the liver-
specific images of hemangioma and HCC was exam-
ined to prove the various pattern of liver-specific
images of hemangioma. The aim of this study was to
glucidate the diagnostic confidence of CEUS with
Levovist for hemangioma.

METHODOLOGY
Patients

From July 2006 to January 2007, 34 patients
with 88 cavernous hemangiomas in the liver were
anrolled in this retrospective study. They consisted of
12 men and 22 women aged from 29-88 years (5812,
mean + SD). The diagnosis of hemangioma was
obtained by CECT in 14 lesions and MRI in 24
lesions, and the size of the lesions ranged from 9.5-
187mm (27+22). The number of lesions was one in 31
patients, 2 in 2 patients and 3 in 1 patient and their
US pattern were hyperechoic in 22 lesions and hypoe-
choic in 16 lesions. Thirty patients had normal liver,
3 patients had fatty liver, and 1 patient had liver cir-
rhosis related to hepatitis C virus.

During the same period, 56 patients with 59
hypervascular HCC lesions underwent CEUS exam-
ination before treatment. Among them, additional
CEUS examinations to compare their contrast-
enhanced findings with hemangioma were done in 12
patients who had enough time for the observation of
contrast enhancement under the extra injection of
contrast agent. They consisted of 9 men and 3‘women
aged from 67-83 years (27+10), and all had liver cir-
rhosis with 15 HCC lesions. Ten patients had hepati-
tis C virus, but the other 2 patients had neither
hepatitis B nor hepatitis C virus. The size of the
lesions ranged from 15-52mm (27+10). The diagnosis
of HCC was obtained by CECT in 10 lesions and per-
cutaneous needle biopsy in 5 lesions. The depth of the
lesions measured between skin surface and its near-
est edge of the lesion was 20-100mm (47+22) for
hemangioma and 40-100mm (65+25) for HCC.

Therefore, the subjects of this retrospective study
were 34 patients with 38 hemangioma and 12
patients with 156 HCCs. Informed consent was
obtained by all patients and institutional ethics com-
mittee approval was not deemed to be necessary by
the chair person for the present study.

Imaging Methods for the Diagnosis of
Hemangioma

CECT was performed using Light speed uitra 16
(GE Yokogawa Medical Systams, Hino, Japan). After
the injection of 100mL of contrast medium (lopam-
iron 300; Nihon Schering, Osaka, Japan) into the
antecubital vein at a rate of 3.0mL/s, three-phase
images were taken with 5mm collimation (30-s.delay
for arterial phase, 80-s-delay for portal phase, and
180-s-delay for equilibrium phase). Imaging criteria

for CT images for the diagnosis of hemangioma was a
globular peripheral enhancement followed by cen-
tripetal fill-in in the arterial phase or a homogenous
enhancement in the arterial phase and persistent
enhancement during portal phase and were isoatten-
uating with enhanced intrahepatic vessels (9,20).

MRI was performed using a superconducting sys-
tem (Signa Horizen; GE Yokogawa Medical Systems,
Hino, Japan) operating at 1.5 T. Axial spin-echo (SE)
pulse sequences were employed with a repetition
time (Tg) of 500ms and an echo time (Tg) of 11ms for
Tyw and Ty of 2000ms and Tg of 80ms for Tow. T1FS
were obtained at Ty of 500ms and Tg of 11ms using
the chemical shift selective technique to suppress the
fat signal. Imaging criteria by MRI for the diagnosis
of hemangioma were both low signal intensity on T;-
weighted images and high signal intensity on Ty-
weighted images, and high signal intensity on pro-
ton-weighted images (10). All the images of CT and
MRI were reviewed by M.E., a hepatologist special-
ized in the reading of CT and MRI images.

US Examination

US examinations were performed with SSA-770A
(APLIO, Toshiba, Tokyo, Japan) with a 3,76MHz con-
vex probe, Non-contrast US was performed by tissue
harmonic imaging (THI 2.5/5.0), and CEUS was done
by wide-band Doppler mode (Advanced Dynamic
Flow mode) with intermittent scanning (approxi-
mately 1-s intervals). Monitor imaging mode under
extra-low mechanical index (MI<0.2) was used to
keep the scan plane to support the interval observa-
tion. The MI values were between 1.0 and 1.4, and
the focal position was set at the bottom of the lesion.
The US contrast agent was Levovist (Schering AG,
Berlin, Germany), consisting of galactose microparti-
cles (99.9%) and palmitic acid (0.1%). It was adminis-
tered at a dose of 5,0mL at 300mg/mL (standard dose
in Japan) from the antecubital vein as a bolus at a
rate of 2.0mL/s followed by a 5mL normal saline
flush. After observation with non-contrast US, color
Doppler imaging for the lesion was performed to
investigate the intratumoral blood flow. When two-
parallel vessels showing increased arterial blood flow
with reversed blood flow were observed in the lesion
on the sonogram, the lesion was diagnosed as heman-
gioma with intratumoral arterioportal shunt (AP
shunt) (21,22). Contrast-enhanced images were
taken almost at the median section under breath-
holding.

All patient, 34 patients with 38 hemangioma and
12 patients with 15 HCC, received injections of Levo-
vist 3 times, and each injection was done after the
disappearance of the prior enhancement. In the pre-
sent study, the early-phase was defined as the phase
15-60 seconds after the injection and liver-specific
phase was defined as the phase contrast enhance-
ment in the portal vein disappeared by the observa-
tion of MD-T (23).

US examination was performed by SK. in 38
patients and by H.Y., in 8 patients, and all sonograms
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FIGURE 1 Time-related changes of conirast enhancement of hemangioma at the early-phasa
(a) Continuous type. i) Gray-scale. Hyperechoic lesion was seen al segment Ill in the iver
(38mm, amowheads). ii) Contrast-enhancad sonogram of sarly-phase (40 s after injection).
NE was observed in the lesion. i) Contrast-enhanced sonogram of eary-phase (50 s after
njaction). NE was observed in the leslon, (b) Transiant type A, [) Grayscale, Hypoechoic lesion
was seen al the segment V in the liver (19mm, arrowhieads). if) Contrast-enhanced sonogram of
garty-phase (31 s after injection). NE was observed in the leslon. ii) Contrast-enhanced
sonogram of earty-phase (37 s after injection) The lesion showed whole enhancement following
NE, earfier than enhancement of surrounding liver parenchyma. (c) Transient type B. 1)
Hypoechoic lesion was seen at the segment Il in the liver (40mm, amowheads).
iiy Contrast-enhanced sonogram of early-phase (30 s after injection). NE was observed in the
lesion. iif) Contrast-enhanced sonogram of early-phase (48 s after injection). The lesion showed
whole enhancement following NE, similar 1o the progression of enhancement in surrounding
iver parenchyma

digitally stored were reviewed by the consensus of
HM. and H.O. The observers and reviewers were
hepatologists specialized in US examination.

Standard Method by First Injection

Observation of the early-phase, and subsequent
liver-specific phase following the stopping of US
transmission to avoid the microbubble breakdown
was done under the supine position.

Solo-phase Method by Second Injection

Liver-specific phase images were taken at the
time of MD-T without scanning the prior early-phase
under the supine position. Contrast-enhanced areas
in lesions on liver-specific sonograms were compared
quantitatively between the images after taking prior
early-phase sonograms and those without taking
them, by measurement of the pixel count using Scion
Image (Scion Corp., Frederick, MD, USA).
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Changing Posture Method by Third Injection 4
After the observation of the early-phase with th,g?-.
supine position, scanning was stopped and the pogs
ture of the patient was changed to the left laterg)s
decubitus position. The same posture was kept untij4
MD-T, and liver-specific sonograms were taken .
Liver-specific images by the first injection were cnm.-i
pared quantitatively with the images obtamned by the-{
changing posture method. The lesion on the song. |
gram was divided into tetrameric portions by hon.:
zontal line and vertical line, and the change of the
portions with maximum enhancement between the 3:
liver-specific images by 2 methods was considered tg
be a positive result for the changing posture method. =

Statistical Analysis

The Tukey-Kramer test was used to compare the &
times to continue NE among 3 groups. The chi--
square test was used to analyze the relationship |
between hemangioma and HCC in the solo-phase
method and the changing posture method. Stat View ;
version 5 (Abacus Concepts Inc., Berkeley, CA) was
employed for the above statistical analysis. The dif-
ference with a probability of <5% was considered to °
be statistically significant (p<0.05).

RESULTS
Contrast Enhancement at the Early Phase of
Hemangioma

Early-phase sonograms are shown in Figure 1.
NE was found in all lesions, with 13 lesions showing
transiently in the earliest part of the early-phase
(transient type, 34%) and 25 lesions showing contin-

(a)

(b)

i}_

ii)
FIGURE 2 Contrast enhancement of hemangioma at liver-specific phase
(a) Type 1 (diffuse enhancement). 1) Grayscale. Hyperechoic lesion was
sean at segment VIl in the liver (18mm, amowheads)
i) Contrast-enhanced sonogram of liver-specific phase. The lesion had
diffuse enhancement appearance. (b) Type 2 (partial enhancement),
i) Grayscaie, Hyperechoic lesion was seen at segment VIl in tha fiver
(36mm, arrowheads). i) Contrast-enhanced sonogram of liver-specific
phase. The lesion had partial enhancement appearance
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— : Tned —| gioma and 7.1% in HCC; none of the lesions showed
a decreased enhanced area by this method. When
: 60% increase was defined as positive result, the
Tramsient pe A (50%) change was significantly frequent (p=0.0002) in

5
Transient type B (71%)
18
Cantuwous type (T2%)

RAGUAE 3 Relationship of contrast-enhanced pattems of hemangioma
petween early-phase and liver-specific phase. Cantrast-enhanced findings
of liver-specific phase depended on the extent and rapidity of early-phase
enhancement in the lesion, Transient type A, B, Cortinuous type: Early
phase. Transient type A: NE was observed fransiently in earflest part of
garty-phase, followed by the whole enhancement of the lesion earfler than
surmounding liver parenchyma. Transient type B: NE was observed
wansiently in earfiest part of earty-phase, followed by whole enhancement
of the lesion similar to the progression of enhancement in sumounding
fver parenchyma. Continuous type: NE was observed continuously during
earty-phase. Type 1, 2: Liver-specific phase. Type 1: Diffuse
enhancement. Type 2: Partial enhancement.

-

uously during the course of the early-phase (continu-
ous type, 66%). Following the transient NE, 6 lesions
showed rapid whole enhancement compared to sur-
rounding liver parenchyma (transient type A, 6/13,
46%), and lesions showed gradual whole enhance-
ment almost the same as surrounding liver
parenchyma (transient type B, 7/13, 54%). The grade
of enhancement in the lesions with continuous type
remained a partial enhancement throughout this
phase. Color Doppler revealed AP shunt in 4 of the 6
lesions (66%) with transient type A, but in none of the
lesions with transient type B and continuous type.
The duration time of NE was 4.0:4.2 5 (1-11 g) in
transient type A, 8.6+4.2 s (4-13 s) in transient type
B, and 2048.7 s (7-37 s) in continuous type, and the
duration of continuous type was significantly longer
than those of transient types A and B (p<0.05). None
of the HCC lesions showed NE pattern.

Contrast Enhancement at Liver-specific Phase
of Hemangioma

Relationship of contrast enhancement between
early-phase and liver-specific phase: Twelve lesions
showed diffuse enhancement (Type 1, 31%) and 26
lesions showed partial enhancement (Type 2, 69%) at
the liver-specific phase (Figure 2), The extent and
rapidity of early-phase enhancement in the lesions
correlated well with the contrast-enhanced pattern of
the liver-specific phase (Figure 3).

Contrast enhancement findings by solo-phase
method and changing posture method between
hemangioma and HCC: Changes of enhanced area by
the solo-phase method are shown in Figure 4. The
average ratio of the enhanced areas in the liver-spe-
cific images after taking early-phase sonograms to
those by the solo-phase method was 56% in heman-

hepatic hemangioma (22/38, 56%) compared to HCC
(1/15, 7%), (Figure ba).

In hemangioma, a positive result by the changing
posture method was found in 7 lesions with Type 2
enhancement at the liver-specific phase of the 38
lesions, (Figure 5b). None of HCC lesions showed
positive results by this method. However, the fre-
quency of the changes of contrast-enhanced appear-
ances by this method was not statistically significant
between hemangioma and HCC (p=0.0744).

t2g & B

b
=

The changes of enhanced area (%)
=]

(a)

(b)

iy |
— — )
FIGURE 5 Poshtive resuts by solo-phase method and changing posture method in hemangioma
(a) Solo-phase method. [) Liver-specific Image after taking early-phase sonograms

ii) Liver-specific image without taking early-phase sonograms. Enhanced area increased by

100% with solo-phase method. (b) Changing posturs method. [) Liver-specific imags taken In
supine paosition. i) Liver-specific image taken by changing posture method. The position with
maxdmum enhancemant changed from “b" 10 “¢” in this case.
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Diagnostic Ability of Hemangioma by CEUS
with Levovist

Based on the NE pattern, sensitivity, specificity
and accuracy for the diagnosis of hemangioma by
CEUS were 100, 100 and 100%, respectively, regard-
less of the duration of enhancement. However, based
on continuous NE, sensitivity, specificity and aecura-
cy were 66, 100, and 66%, respectively. Sensitivity
improved by adding the solo-phase method and the
changing posture method, from 66 to 79%.

DISCUSSION

Since cavernous hemangioma is the most com-
mon disease among benign liver lesions, improve-
ment of the diagnostic ability is important for man-
agement of the disease (8). Because of the non-inva-
siveness and the convenience of the procedure, US
examination as a diagnostic tool of focal liver lesions
is viewed with high expectations in clinical practice.

All lesions in the present study showed the NE
pattern which is well known as a characteristic pat-
tern of hemangioma in the course of contrast
enhancement with Levovist (16-18), However, 34% of
the lesions showed this pattern transiently and
briefly, and only in the earliest part of the early-
phase. As the beginning time of contrast enhance-
ment after the injection of contrast agent depends on
each patient, observation of this pattern may not
always be certain to allow a diagnosis. These results
suggest that the definite diagnosis for hemangioma
should not depend solely on NE.

The results of this study suggested that several
enhancement patterns of the hemangioma at the
early-phase may be related to the in-flow rate of the
microbubbles into the lesion, and the existence of AP
shunt may be one of the important factors. As the
influence of hemangioma with AP shunt is not rare
(24,25), the characteristic findings should be noted at
CEUS examinations for focal liver lesions. There
were 4 hemangiomas accompanied by AP shunt in
the present study, and 2 of the 4 hemangiomas
showed weak or negative enhancement appearance
on liver-specific sonograms. As these lesions showed
rapid enhancement in the early-phase with very
short duration of NE, such lesions may be confusing
in their differentiation from hypervascular HCC by
CEUS findings. Additionally, a wedge-shaped
enhancement of liver parenchyma adjacent to the
lesion was not observed in the early-phase sonograms
of the 4 hemangiomas with AP shunt. This finding
was somewhat different from the early-phase find-
ings of CECT (24,25). Although the reason is not
clear, peripheral liver parenchyma might not be
enhanced due to the breakdown of microbubbles via
AP shunt by US transmission under high acoustic
pressure. The contrast-enhanced appearance of
hemangioma with AP shunt should be examined
under low acoustic power transmission which pro-
vides less microbubble breakdown in further studies.
In any event, the extent and rapidity of contrast
enhancement of hemangioma by CEUS could be

S Kobayashi, H Maruyama, H Okugawa, et

related to the hemodynamic features that may
depend on the collective size of the constituent vas,
cular spaces of the lesion (26).

Recently, some next-generation US contrag
agents have become available in clinical practice (27),
Because of different organ-specific properties,
although Levovist and Sonazoid (GE healthcare
Amersham, Oslo, Norway) accumulate in the livey,
both Sonovue (Bracco, Milan, Italy) and Definity
(Bristol-Myers Squibb, North Billerica, MA) pass
through the hepatie sinusoid without accumulation
in the liver (28-31). Furthermore, contrary to the
usage of Levovist, a low acoustic power level (low M),
which has less microbubbles breakdown, has beey
frequently applied for these new agents (32,33). This
has the advantage of real-time observation compared
to intermittent scanning like the present study (32
diagnostic results for hemangioma may be different
from those using Levovist. The strategy and diagnos-
tic ability for hemangiomas should be investigated
for each agent in further studies.

Although positive enhancement in the liver-spe.
aific phase is considered as a characteristic finding
for benign lesions in the liver (13-15), liver-specific
images of hemangiomas was not always homoge
neous in the present study, and the findings depend.
ed on the early-phase appearance in comparison to
HCC. The results of this study suggest that the in-
flow of microbubbles in the early-phase may provide
the hiver-specific findings of hemangioma, and this
accounts for the varety of contrast-enhanced find-
ings of hemangioma.

In the present study, 2 novel approaches for the
observation of liver-specific phase were applied
According to the result by the solo-phase method, the
breakdown of microbubbles caused by the prior

observation for the early-phase affected the liver-spe- |

cific findings of hemangioma. In comparison to the
result in HCC, this may be caused by a difference in
the in-flow rate of microbubbles into the lesions in
the early-phase. The result by the changing posture
method suggests that microbubbles of the liver-spe-

cific phase in some hemangiomas stay in a mobile
state. Accumulation of microbubbles by Kupffer cells
is considered one of the causes for the phenomenon
(36), however, Tung et al. reported that hemangioma
lacked Kupffer cell distribution in their pathological
examination (19). In addition, the pathological
results in a previous study revealed that heman-
gioma has large sinusoidal vascular spaces that show
pooling of contrast material in angiography and
CECT (87). Therefore, these stagnant hemodynamics
may be related to the liver-specific sonograms of
hemangioma, and findings by the changing posture
method may reflect this hypothesis. Collectively, it
seems that these 2 novel approaches utilizing unique
characteristics of Levovist could become optional
methods for improvement of the diagnostic ability of
hemangioma.



gamag-whamed US for Hemangioma

Hepato-Gastroenterology 56 (2008)

There were some limitations to the present study.
First, the improvement of the sensitivity from 66 to
79% for the diagnosis of hemangioma, was assessed

u;emtem based on the continuous type of NE
a]gne Calculated on the basis of any duration of NE

ttern. all hemangiomas were able to be diagnosed
by the pattern. The development of digital analysis
for the quantitative judgment of the existence of NE
pmgrnmayhelpthsdlmmanfhemmmaln
;pmofthenhmdurnuouofthmpanem.h!ext,
ing the solo-phase method and changing pos-

ture method, the results of hemangioma were com-
pmdmt.hthneeafHCCalone Although these 2
tumors are typical in terms of focal liver lesions, the
results should be compared with other kinds of liver
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Down-Regulation of Hedgehog-Interacting Protein through Genetic
and Epigenetic Alterations in Human Hepatocellular Carcinoma

Motohisa Tada,"* Fumihiko Kanai,"2 Yasuo Tanaka,? Keisuke Tateishi,' Miki Ohta,’ Yoshinari Asaoka,’
Motoko Seto,' Ryosuke Muroyama, Kenichi Fukai,® Fumio Imazeki,® Takao Kawabe,!

Osamu Yokosuka,® and Masao Omata'

Abstract Purpose: Hedgehog (Hh) signaling is activated in several cancers. However, the mechanisms

of Hh signaling activation in hepatocellular carcinoma (HCC) have not been fully elucidated.
We analyzed the involvement of Hh-interacting protein (HHIP) gene, a negative regulator of Hh
signaling, in HCC.,

Experimental Design: Glioma-associated oncogene homologue (Gli) reporter assay, 3-(4,5-
dimethylthiazol-2-yl) -5- (3-carboxymethoxyphenyl) -2- (4-sulfophenyl) -2H-tetrazolium assay,
and quantitative real-time reverse transcription — PCR for the target genes of the Hh signals were
performed in HHIP stably expressing hepatoma cells. Quantitative real-time PCR for HHIP was
performed in hepatoma cells and 36 HCC tissues. The methylation status of hepatoma cells and
HCC tissues was also analyzed by sodium bisulfite sequencing, demethylation assay, and quanti-
tative real-time methylation-specific PCR. Loss of heterozygosity (LOH) analysis was also per-
formed in HCC tissues.

Results: HHIP overexpression induced significant reductions of Gli reporter activity, cell viability,
and transcription of the target genes of the Hh signals. HHIP was hypermethylated and transcrip-
tionally down-regulated in a subset of hepatoma cells. Treatment with a demethylating agent led
to the HHIP DNA demethylation and restoration of HHIP transcription. HHIP transcription was
also down-regulated in the majority of HCC tissues, and more than half of HCC tissues exhibited
HHIP hypermethylation. The HHIP transcription level in HHIP-methylated HCC tissues was signifi-
cantly lower than in HHIP-unmethylated HCC tissues, More than 30% of HCC tissues showed
LOH at the HHIP locus.

Conclusions: The down-regulation of HHIP transcription is due to DNA hypermethylation and/
or LOH, and Hh signal activation through the inactivation of AP may be implicated in the patho-

genesis of human HCC,

Hepatocellular carcinoma (HCC) is one of the most common
cancers in Asia and Africa, and its incidence is increasing
worldwide (1). Despite recent advances in early diagnosis and
treatment, the prognosis for HCC remains very poor. Most
HCC cases arise in the setting of chronic hepatitis virus
infection. Alcohol consumption, dietary aflatoxin, and expo-
sure to chemical carcinogens are also implicated in its
pathogenesis (1, 2). Although the etiologic factors involved in
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HCC are well known, the genetic events underlying its
carcinogenesis are still unclear.

The Hedgehog (Hh) pathway is indispensable for human
development and tissue polarity (3). The binding of secreted
Sonic Hh (SHH) and Indian Hh to their receptor, patched
(PTCH), which represses the activity of the transmembrane
protein smoothened (SMO) in the absence of ligand, leads to
alleviation of PTCH-mediated suppression of SMO (4). Dere-
pression of SMO results in the activation of downstream targets
through the activation of the transcription factor, glioma-
associated oncogene homologue (GLI; ref. 4). Two types of
aberrant activation of Hh signaling are involved in carcino-
genesis: ligand-independent and ligand-dependent activation.
The former is due to oncogenic mutation in signal components,
such as SMO and PTCH, and has been reported in sporadic
basal cell carcinoma, medulloblastoma, and Gorlin syndrome,
which is characterized by numerous basal cell carcinoma, rhab-
domyosarcoma, and medulloblastoma (5-9). Ligand-depen-
dent activation with Hh overexpression has been reported in
gastric, pancreatic, prostate, and small cell lung cancers (10-14).

Recently, the aberrant activation of Hh signaling in HCC has
also been reported (15-17). The authors showed that the
overexpression of SMO or induced expression of SHH was the
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major trigger for Hh signal activation (16, 17). However, the
implication of a negative regulator of Hh signaling was not fully
investigated. On the other hand, Hh signaling regulates
angiogenesis, and Hh-interacting protein (HHIP), which
functions as a negative regulator of the Hh pathway (18), is
down-regulated in endothelial cells during tube formation
(19), suggesting that disruption of the HHIP gene may induce
vascular-rich umors, such as HCC. This led us to focus on
HHIP. The HHIP gene is expressed in most human fetal and
adult tissues (20) and encodes a membrane glycoprotein that
binds all three mammalian Hh proteins, i.e., SHH, Indian Hh,
and Desert Hh, with affinity similar to that of PTCH (21). In
the current study, we investigated the involvement of HHIP in
hepatoma cell lines and the methylation status, loss of
heterozygosity (LOH), and mRNA expression of HHIP gene
in 36 HCC cases.

Materials and Methods

Cell ulture. The human hepatoma and hepatoblastoma cell lines
HLE, HuH7, HepG2, HuH6, and PLC/PRF/5 were obtained from the
Health Science Resources Bank, and Hep3B was obtined from the Cell
Resource Center for Biomedical Research. The cell lines were grown in
DMEM supplemented with 10% fetal bovine serum, 100 units/mL
pemdlun, and 100 uyml. wepmm;rdn

Liver btained from 36 HCC patients (31
men and 5 women; mean age, 62.3 % 11.0 y) who underwent surgical
resection at Chiba University Hospital. Among these patients, six were
positive for hepatitis B surface mtngm and 25 were positive for hepatitis

C virus antibody, wh the ing five patients lacked evidence of
either viral infection. Based on the histologic findings, the 36 HCC
umeors were classified as follows: 6 well-differentiated, 25 i b

Gli reporter assay, Heg and hepatobl cells lines, HHIP
stably transfected cells and the control MOCK cells, were seeded into
12-well plates and grown to ~ 50% to 70% confluence for 24 h before
being transiently ransfected with 0.5 pg of 8x 3'Gli-BS-851 Luc IL a gift
from Dr. Hiroshi Sasaki (Center for Developmental Biology, RIKEN;
ref. 22) and 50 ng of pRL-SV40 vector (Toyo Ink) using Fugene 6. This
Ghi-luciferase reporter construct contains eight coples of the consensus
Gli-binding site upstream of a B-crystallin basal promoter (22, 23).
Cells were harvested 48 h after transfection, and luciferase assays were
performed with the Picagene Dual Sea Pansy system (Toyo Ink). Firefly
and sea pansy luciferase activities were measured as relative light units
using a luminometer (Lumat LB 9507, EG&G Berthold). All assays were
performed at least in wiplicate.

Cyclopamine treatment. All six hepatoma and hepatoblastoma cell
lines were seeded into six-well plates and grown in medium containing
the pharmacologic Hh inhibitors, cyclopamine (Toronto Research
Chemicals) at concentrations of 0 to 10 umol/L for 96 h. We changed
the medium every 2 d.

3-(4,5-Dimethylthiazol-2-yl)-5- (3-carboxymethoxyphenyl )- 2- (4-sulfo-
phenyl)-2H-tetrazolium assay. The numbers of viable cells were
determined using a CellTiter 96 AQye0u One Solution Cell Proliferation
Assay (Promega) according to the manufacturer's instructions. In brief,
cells were plated on six-well tissue culture plates at a density of 3.0 x
10* per well. Ninety-six hours after seeding, the cells were incubated
with 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H lium (MTS) reagent solution for 2 h at 37°C.
The absorbance at 490 nm was recorded using an ELISA plate reader. All
assays were performed a1 least in wriplicate.

5-Aza-2-deoxycitidine treatment. For demethylation experiments,
all six ma and hepatoblastoma cells were plated at a density of
5.0 % 10 cells/100-mm dish and cultured for 24 h, followed by 96 h of
culturing with 1 pmolfL 5-aza-2".deoxycitidine (5-aza-CdR; Sigma-
Aldrich).

differentiated, and 5 poorly differentiated rumors. More than 50% of
the wumors developed in cirrthotic livers (Supplementary Table 51).
HCC samples and corresponding nontumor liver tissues obtained by
surgical resection were immediately frozen at -80°C. All patients gave
informed consent for their participation, and the ethics commitiee
approved these studies.

Establishment of cells with stable expression of HHIP. We purchased
the full-length human HHIP clone that encodes the open reading frame
of HHIP from GeneCopocia and inserted it lnlo the pCMV Tags
mammalian expression vector (Stratagene), th the
pCMV-Tag4-HHIP vector. After confirming the inuninn I:ly leq'umcing
we transfected the pCMV-Tag4-HHIP vector or the empty vector
(PCMV-Tag4) using Fugene 6 (Roche) into HuH7 and Hep3B cells,
which were confirmed as HHIP-null cells by quantitative real-time
reverse transcription - PCR (RT-PCR) and Western blotting (Fig. 1; data
not shown). To establish cell lines that stably express HHIP, we cultured
the transfected cells in the presence of 800 pg Geneticin (Wako).
Geneticin-resistant colonies appeared within 2 wk, after which the cells
were expanded for her 3 wk to produce the original stock cells.
Four HHIP stable transfectants (H7-HHIP1, H7-HHIP2 and 3B-HHIP1,
3B-HHIP2) and wo control transfectants (H7-MOCK and 3B-MOCK)
were selected for further study.

Western blotting. ‘Western blotting was done using proteins of total
fractions and the primary antibodies for rabbit anti-SHH (1:250; Santa
Cruz Biotechnology), rabbit anti-GLIT (1:1,000; Cell Signaling Tech-
nology), rabbit anti-Hip (R&D Systems), mouse anti-p-actin (ACTB;
1:10,000; s:pm-ald:id:] md moux mu-FlAG M2 {1 IODO Sigma-
Aldrich). The appropriate gated anti-
bodies (1:1,000; Amersham) were used as m:ondary antibodies. An
enhanced chemiluminescence detection system (ECL-plus, Amersham)
was used for detection. Experimental procedures were performed as
previously described (10).

www.aacrjournals.org
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SE %

Relative level of HHIP mRNA 2>
<EREES8R

Fig. 1. A relative levels of HHIP mRNA expression in hapatoma and
hepatoblastoma call ines, Columns. maan from the results of thres independant
experiments; bars, SD. *, P < 0.0001, & HHIP protsin expression in HepG2
and HuHB cells with or without 5-aza-CdR : C, control {without
5-aza-CdR treatment); A, treated with 6-aza-CdR.
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Quantitative real-time RT-PCR. Three micrograms of total RNA
from each sample were subjected to RT reaction using random
oligonucleotide primers and Superscript 1l reverse transcriptase
(Invitrogen) according to the manufacturer’s instructions. Real-time
PCR for HHIP, PTCH, and GLI1 genes was performed using the cDNAs
of six hepatoma and hepatoblastoma cell lines untreated or treated
with 5-aza-CdR, HCC tissues, and corresponding tissues,
Quantitative real-time PCR was also performed for PTCH, GLI1, B-cell
lymphoma protein 2 (BCL2), and cyclin D2 (CCND2) genes, the
downstream target genes of Hh signaling (24 - 27), using the cDNAs of
the HHIP stably transfected cells and the conurol MOCK cells. All
assays were performed with the TagMan Gene Expression Assays
Inventoried (HHIP, Hs00368450_m1; PTCH, Hs00181117_m1; GLI1,
Hs00171790_m1; BCL2, Hs00153350_m1l; CCND2,
Hs00277041_m1; ACTB, Hs99999903_m1), TagMan Universal PCR
Master Mix, and ABI Prism 7000 Sequence Detection Systems (Applied
Biosystems). The standard curve method was used to calculate target
gene expression, which was normalized to that of the ACTB gene. Each
sample was analyzed in triplicate.

Sodium bisulfite DNA sequencing. Cenomic DNA extracted from
each of the hep and hepatobl. 1a cell lines without 5-aza-
CdR treatment was modified by sodium bisulfite using a CpGenome
DNA Modification kit (Chemicon International) according to the
manufacturer’s instructions. The bisulfite-modified DNA was amplified
by seminested PCR using the following specific primers: first
amplification, forward 5-AGTAGTYGGGTAGTTTYGGAATT-3" second
amplification, forward 5-GGTTTAGTATTTTYGAGGTTGGT-3" and first
and second amplifications, reverse 5-CAACCACAAATATTCACT-
TATCC-3". The PCR products were subcloned into the pCR2.1-TOPO
vector using a TA cloning kit (Invitrogen) according 1o the manu-
facturer's instructions. To determine the CpG methylation status of
the 5" CpG island of the HHIP gene. 10 clones from each cell line
were sequenced using the ABI PRISM Dye Deoxy Terminator Cycle
Sequencing kit and analyzed in an ABI 310 DNA Sequencer (Applied
Biosystems). To confirm DNA demethylation by 5-aza-CdR wreatment,
the genomic DNA from cells treated with 5-aza-CdR was also subjected
to bisulfite sequencing when they exhibited DNA hypermethylation of
the HHIP gene.

Quantitative methylation specific real-time PCR. Sodium bisulfite-
treated genomic DNA samples from the cell lines and liver tissues were
analyzed by means of Methylight, a fluorescence-based real-time PCR
assay, as described previously (28, 29). Briefly, two sets of primers and
probes, designed specifically for bisulfite-convernted DNA, were used, a
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methylated set for HHIP and a reference set for ACTB, to normalize for
input DNA. The specificities of the reactions for methylated DNA were
confirmed separately using CpGenome Universal Methylated DNA
(Chemicon). The percentage of fully methylated molecules at a specific
locus was calculated by dividing the HHIF/ACTB ratio of a sample by
the HHIP/ACTB ratio of Universal Methylated DNA and multiplying by
100. When the percentage of fully methylated reference defined by the
above formula above was 24%, the HHIP gene was deemed to be
hypermethylated in the sample (29). The primers and probes for HHIP
and ACTB were as follows: for HHIP, forward 5-GTTGTAGTCGICGG-
TAGAGGAGATT-3', reverse 5-ACAAATATTCACTTAT CCGTATAAC-
GAA-3, and probe 5-FAM-AGTTTAGCGTTGGTTTTG-MGB-3"; for
ACTB, forward 5-TGGTGATGGAGGAGGTITAGTAAGT-3, reverse 5-
AACCAATAAAACCTACTCCTCCCITAA-3', and probe 5-FAM-ACCAC-
CACCC AACACACAATAACA AACACA-TAMRA-3". Each sample was
analyzed in triplicate

LOH analysis, LOH was investigated using three polymorphic
markers of the 4q31.22 region located within 1.5 Mb of the HHIP locus
(centromeric, D451604; very close, D452998; telomeric. D451586).
DNA was amplified by fluorescence PCR (30). The primer sequences
used were as follows: for D451604, forward 5 TCGTGCCCAGCCAAGT-
' and reverse 5-TTGCTCACAGGATTGCTTCT-3; for D452998, forward
5" AACTTCTTCGCCCGCAG-3' and reverse 5-TTCTACACCCAGGG-
GAACC-3'; for D451586, forward 5-GCATGTACCATTGCCAGG-3" and
reverse 5-CCCAGAGTGCTGATGTGTG-3". The PCR products were
separated by capillary electrophoresis on an ABI 310 Genetic Analyzer
using Genescan and GeneMapper 3.7 software (Applied Biosystems).The
LOH index was calculated as follows: the peak height of two alleles in
each tumor was divided by the peak height in the corresponding
nonwmor tissues. LOH was defined by an LOH index of <0.67 or >1.5
(31). Allelic deletion of each gene was judged by positive LOH at any of
the three sites.

Mutati h Six hep and hepatoblastoma cell lines
were subjected to mutation analysis in the 13 exons of the HHIP gene.
DNA from these cells was amplified by PCR using the primers designed
for the region flanking the intron-exon junction (32). The DNA was
sequenced using an ABl PRISM Dye Deoxy Terminator Cycle
Sequencing kit and analyzed on an ABI 310 DNA Sequencer (Applied
Biosystems).

Statistical analysis. Differences between mean values were evaluat-
ed by the unpaired t test, and differences in frequencies were evaluated
by Fisher's exact test. Results were considered statistically significant at
P < 0.05.
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Results

Expression of Hh signaling components and Hh pathway
activity in hepatoma and hepatoblastoma cell lines. To analyze
whether Hh signaling is present in hepatoma and hepato-
blastoma cell lines, we examined the expression of SHH and
GLI1 by Western blotting and PTCH expression by quantitative
real-time RT-PCR. We also performed Gli reporter assay to
investigate Hh pathway activity in these cell lines. The
expression of these components and Hh pathway activity were
detected in all cell lines 10 various extents (Supplementary
Fig. S1A-C).

HHIP attenuates Hh signaling and induces growth inhibitory
effects in hepatoma cell lines. To investigate whether the
transfection of HHIP altered the activity of Hh signaling in
hepatoma cell lines, we transfected the Gli reporter plasmids
into HHIP stably transfected cells and the control MOCK cells
(Fig. 2A and B) and measured the Gli reporter activity, an
indicator of Hh signaling activity, in these cells. The Gli reporter
activities in the HHIP stably transfected cells were reduced by
~50% to ~ 60%, compared with that in the MOCK cells (P <
0.001; Fig. 2C and D). We also investigated the mRNA
expression levels of PTCH, GLI1, BCL2, and CCND2 genes in
HHIP stably transfected cells and the control MOCK cells.
Compared with the comesponding levels in MOCK cells, the
mRNA expression levels of these genes in HHIP stably
expressing cells were down-regulated by 30% to 40% (P <
0.01 or 0.05; Supplementary Fig. 52A and B).

Next, 1o investigate the effect of HHIP on the growth of
hepatoma cell lines, the MTS assay was performed on HHIP
stably transfected cells. After 96 hours of culture, the viabilities
of the HHIP siably wransfected cells were —40% lower than
those of the MOCK cells (P < 0.001; Fig. 3A and B).

HHIP transeription is down-regulated through hypermethyla-
tion of 5 CpG islands in hepatoma and hepatoblastoma cell
lines. Quantitative real-time RT-PCR analysis revealed that the
HHIP transcript was undetectable in HuH7, Hep3B, HepG2,
and HuHé cells without 5-aza-CdR treatment, whereas it was
abundant in HLE and PLC/PLF/5 cells (Fig. 1A). Treatment with
5-aza-CdR significantly restored HHIP mRNA expression in

HepG2 and HuHG6 cells (P < 0.0001; Fig. 1A). The restoration of
HHIP protein was also confirmed by Western blotting in
HepG2 and HuHé cells (Fig. 1B). HHIP transcription in HuH7
and Hep3B cells remained undetectable after 5-aza-CdR
treatment. The HLE and PLC/PRF/5 cells, with high inital
expression of HHIP, exhibited no additional induction of
HHIP transcription after 5-aza-CdR treatment (Fig. 1A).

The methylation status of the 46 CpG dinucleotides
encompassing the promoter region was examined (Fig. 4A).
The 5° CpG island of HHIP was densely methylated in each
HepG2 done and was partially methylated in HuH6 cells, both
of which showed up-regulation of HHIP transcription after
5-aza-CdR treatment, whereas in the HLE, HuH7, Hep3B, and
PLC/PRF/5, few of the CpG dinucleotides were methylated.
After treatment with 5-aza-CdR, the DNAs of the HepG2 and
HuHé cells were demethylated (Fig. 4B).

Hh signaling was down-regulated after 5-aza-CdR treatment in
HepG2 and HuHG6 cells. In HepG2 and HuHé6 cells, in which
HHIP expression increases after demethylation, the mRNA
expressions of GLI1 and PTCH were statistically significantly
reduced, by —~25% to 30%, after 5-aza-CdR treatment
compared with those of 5-aza-CdR-untreated cells (P < 0.01;
Supplementary Fig. S3A and B).

Cell lines without expression of HHIP tend to be more sensitive
to cyclopamine treatment. To explore the relationship of HHIP
expression and the sensitivities 10 cyclopamine in hepatoma
and hepatoblastoma cell lines, we investigated the viabilities of
cyclopamine-treated cells by MTS assay. MTS assay revealed that
the viabilities of HuH7, Hep3B, HepG2, and HuH6 cells. which
have no HHIP expression, were significantly reduced by
weatment with >1 pmol/L of cyclopamine (P < 0.0001),
whereas treatment with 10 pmol/L of cyclopamine only led to a
significant reduction in cell viabilities in HLE and PLC/PRF/5
cells, in which the HHIP gene was expressed (Supplementary
Fig. 54).

Lack of HHIP mutations in hepatoma and hepatoblastoma
cells. Six hepatoma and hepatoblastoma cell lines were
screened for evidence of mutations in the 13 exons of the
HHIP gene. Direct sequencing revealed a complete lack of
HHIP mutations in these cell lines.
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HHIP DNA is hypermethylated in HCC tissues. The occur-
rence of HHIP gene hypermethylation in 36 HCC cases was
analyzed using quantitative real-time methylation-specific PCR,
Methylight. In the present study, the HHIP gene was defined as
being hypermethylated in tissues when the percentage of fully
methylated reference value was 24. The 5'CpG island of the
HHIP gene was shown as being hypermethylated in 21 of 36
tumors (53.6%), whereas, in the corresponding nontumor liver
tissues, HHIP hypermethylation was not detected (Table 1). In
addition, the percentage of fully methylated reference values of
the HHIFP gene were significantly higher in the tumors than in
the corresponding nontumor liver tissues (5.62 + 6.39 versus
0.19 + 0.28, P < 0.0001; Fig. 5A). In the 36 HCC patients, no
significant correlation was found between HHIP hypermethy-
lation and clinicopathologic characteristics, including sex. age,
etiology, state of surrounding liver, differentiation, and size
(Supplementary Table 52),

Clin Cancer Res 2008;14(12) June 15, 2008

LOH at HHIP gene locus in HCC tissues. DNA samples from
36 HCC tissues were examined for LOH at the HHIP gene locus
using fluorescent PCR. At the D451604 locus, 26 of 36 cases
(72.2%) were heterozygous and 7 of 26 (26.9%) showed LOH.
At the D482998 locus, 32 of 36 cases (88.9%) were
heterozygous and 10 of 32 (31.3%) showed LOH. The
heterozygosity of the D451586 locus was 23 of 36 (63.9%),
and 5 of 23 (21.7%) exhibited LOH (Supplementary Table 83).
In total, heterozygosity was achieved in 32 of 36 cases (88.9%).
and LOH at the HHIP locus was detected in 10 of 32 cases
(31.3%). Of the 10 cases with LOH at the HHIP locus, seven
also showed HHIP DNA hypermethylation. No significant
correlation was found between HHIP LOH and clinicopatho-
logic characteristics of the 36 HCC patients (Supplementary
Table S4).

HHIP mRNA expression is doun-regulated in HCC rissues.
The relative level of HHIP mRNA was determined by

www.aacrjournals.org
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quantitative real-time RT-PCR as the ratio to the level of ACTB
mRNA. In 31 of 36 HCC tissues (86.1%), the level of HHIP
transcription was lower than in the corresponding nontumor
tissues (Table 1), and HHIP mRNA expression in the HCC
tissues was significantly lower than in the corresponding
nontumor tissues (3.47 + 5.84 versus 27.61 + 34.82, P <
0.0001; Fig. 5B). Of the 31 HCC tissues with down-regulated
HHIP transcription, 7 (22.6%) exhibited both HHIP DNA
hypermethylation and LOH at the HHIP locus and 24 (77.4%)
showed either HHIP DNA hypermethylation or LOH (Supple-
mentary Table §5). There was no case with HHIP DNA
hypermethylation or LOH at the HHIP locus that had a higher
level of HHIP transcription in the tumor than in the
corresponding nontumor tissues. The expression of HHIP
mRNA in the tumor was significantly lower in cases with HHIP
DNA hypermethylation or LOH at the HHIP locus than in
cases showing DNA unmethylation or retention of heterozy-
gosity (0.25 + 0.47 in hypermethylation cases and 7.97 + 6.91
in unmethylation cases, P < 0.0001; 0.73 + 1.19 in LOH cases
and 5.27 * 6.73 in retention of heterozygosity cases, P < 0.05;
Supplementary Fig. S5A and B). There was no statistically
significant correlation between HHIP transcription and the
clinicopathologic characteristics of the 36 HCC patients
(Supplementary Fig. 56).

GLI1 and PTCH mRNA expression in HCC cases. To assess
Hh signaling activation in HCC, we investigated GLIl and
PTCH mRNA expression by quantitative real-time RT-PCR in
36 HCC tissues and comesponding nontumor tissues. We
found that GLI1 mRNA transcription was significantly higher
in tumors than in corresponding nontumor tissues (1.78 +
3.77 versus 0.30 £ 0.65. P < 0.05; Supplementary Fig. S7A)
whereas PTCH mRNA expression tended to be higher in
tumors than in corresponding nontumor tissues, although the
difference was not statistically significant (31.11 + 51.27
versus 12.73 + 27.79, P = 0.063; Supplementary Fig. $7B). In
addition, mRNA expression of GLII and PTCH in tumors
tended to be higher in the cases with HHIP DNA hyper-
methylation than in those showing HHIP DNA unmethyla-
tion, although the difference was not siatistically significant
(2.69 + 4.74 versus 0.50 + 0.65, P = 0.086, for GLI1, and
43.81 £ 62.15 versus 13.32 + 21.72, P = 0.078, for PTCH;
Supplementary Fig. SBA and B). These results suggested that
Hh signaling was activated and that HHIP methylation might
be implicated in Hh signal activation in HCC.

Discussion

HCC is one of the most frequent human cancers worldwide
and has a very poor prognosis (1), despite advances in early
diagnosis and therapy. Several studies have indicated that the
accumulation of genetic changes occurs in a stepwise manner
during the development and progression of HCC, as well as
other human cancers. However, the molecular mechanisms
underlying the pathogenesis of HCC have not been fully
elucidated.

It is well known that aberrant activation of Hh signaling is
involved in carcinogenesis. Oncogenic mutation of the Hh
pathway has been detected in Gorlin syndrome, sporadic basal
cell carcinoma, and medulloblastoma (5-9). On the other
hand, overexpression of the ligand in the Hh pathway has been
shown to cause pathway activation in gastric, pancreatic,

www,aacrjournals.org

prostate, and small cell lung carcinoma (10-14). It has been
reported that the Hh pathway is also activated in HCC (15-
17). In our study, as well, Hh signaling components were
expressed in hepatoma and hepatoblastoma cell lines to various
degrees. Hh signaling plays a major role in multiple aspects of
embryonic development. including that of the liver (33),
although mature hepatocytes lack Hh signaling activity (11).
Therefore, it is possible that the remaining Hh signal-responsive
progenitor cells function as cancer stem cells in the liver,
leading to the genesis of HCC. The overexpression of SMO or
SHH, positive regulators of the Hh pathway, has been shown to
be the major trigger for Hh signal activation (16, 17). However,
proto-oncogenes are rarely altered in HCC, suggesting that
inactivation of tumor suppressor genes is critical for hepato-
carcinogenesis (34). Therefore, we focused on the HHIP gene, a

Table 1. DNA methylation, mRNA expression and
LOH status of HHIP gene in HCC cases
Case DNA methylation LOH mRNA expression
no. _— (T/NT)
T NT

1 +* - +7 0.006

2 + - + 0.001

3 + - - 0.055

4 - - - 1,125

5 + - + 0.127

6 - - - 0.303

7 + - . 0.028

8 - - - 0.295

9 + - - 0.051

10 + - NI 0.008

11 + - - 0.044

12 + - + 0.016

13 - - + 0.033

14 + - - 0.002

15 - - - 1.079

16 - - - 1.093

17 + - - 0.004

18 - - = 2.396

19 + = - 0.007
20 - - - 0.050
21 - - - 0.209
22 + - + 0.001
23 + - - 0.004
24 + - + 0.0024
25 + - NI 0.00%
26 - - - 0.707
27 + - - 0.012
28 + = + 0.012
29 + - = 0.007
30 + - - 0.002
31 . - - 3.889
32 + - - 0.009
33 - - + 0.104

34 - - NI 0.011

35 - - NI 0.095

36 - - + 0.084
Abbreviations: T, tumor; NT, nontumor; +, positive; -, negative;
NI, not informative.
"When the value of PMR was 24 in the sample, HH° DNA was
defined as hypermethylated, otherwise HHIP DNA was defined as
unmethylated,
TWhen LOH was detected at any of three markers used in this
analysis, LOH status of 442 gene was defined as positive,
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negative regulator of Hh signaling (18), and investigated the
involvement of HHIP in HCC.

In the current study, transfection of the full-length HHIP
expression vector into two HHIP-null cell lines (HuH7 and
Hep3B) led 1o significant reductions in cell viabilities, Gli-
reporter activities, and the PTCH and GLI1 transcripts, which
are indicators of Hh signal activation. Transfection of full-
length mouse HHIP into mouse testicular epithelial cells (TM3)
attenuated their responses to SHH, which shows that HHIP
antagonizes Hh signaling when expressed in responding cells
(19). Concordant with this, HHIP also attenuated Hh signal
activation in hepatoma cells, with consequent growth inhibi-
tion. Treatment with cyclopamine, a plant steroidal alkaloid
that inhibits the cellular response to the Hh signal (35), also led
1o reductions in cell viabilities and Hh signal activation in
hepatoma cell lines (15-17).Thus, the effect of the over-
expression of HHIP is similar to that of cyclopamine on
hepatoma cell lines.

In our study, cyclopamine was also observed to cause
reduction in cell viabilities. Moreover, interestingly, sensitivities
to cyclopamine were higher in HHIP-null cell lines than in
HHIP-expressing cell lines. Cyclopamine antagonizes SMO
(35), but not HHIP, so the cause of these differences in the
sensitivities to cyclopamine in hepatoma cell lines remains to
be elucidated. HHIP expression, however, might be useful for
the prediction of cyclopamine responsiveness.

To elucidate the involvement of the downstream genes of Hh
signaling in HHIP-overexpressed hepatoma cells, we investi-
gated the mRNA expression of BCL2 and CCND2 genes,
downstream target genes in the Hh pathway (26, 27). HHIP
overexpression resulted in the down-regulation of BCL2 and
CCND2 wanscription, suggesting that the HHIP-mediated
reduction of hepatoma cell viabilities may be due to an
increase in apoptosis or cell cycle arrest.

In our study, there was no correlation between intrinsic
HHIP expression and Hh signal activation, which was
surrogated by GLII protein expression, Gli reporter assay, and
PTCH mRNA expression. This may be due to other mechanisms
for the regulation of GLI1 and PTCH expression,

Clin Cancer Res 2008:14(12) June 15, 2008
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HHIP expression is decreased in several human tumors of the
lung, stomach, colorectal tract, and liver compared with the
corresponding normal tissues (15, 19), although HHIP is
expressed in most fetal and adult tissues (20). In the present
study, HHIP mRNA expression was down-regulated in a subset
of hepatoma and hepatoblastoma cell lines, and its expression
in the majority of HCC tissues was much lower than in the
corresponding nontumor liver tissues, in concordance with
previous reports (15, 19). To elucidate the mechanisms of the
down-regulation of HHIP expression, methylation and LOH
analyses were performed.

Promoter hypermethylation has recently been identified as
a hallmark of human cancer (36). Aberrant CpG island
hypermethylation is clearly associated with transcriptional
silencing of gene expression and plays an important rale
in the mechanism by which tumor suppressor genes are
inactivated in cancer (37, 38). The inactivation through DNA
hypermethylation of several tumor suppressor genes, such as
E-cadherin, p16™**, SOCS, 14-3-30, and GSTP1, has also
been reported in HCC (39-43).

In the present study, we showed that HHIP mRNA
transcription is down-regulated through HHIP DNA hyper-
methylation in a subset of hepatoma and hepatoblastoma cell
lines. Quantitative methylation-specific PCR, Methylight,
revealed that HHIP DNA was also hypermethylated in >50%
of the HCC tissues, although methylation was not detected in
the corresponding nontumor liver tissues, and the level of
HHIP transcription was significantly lower in hypermethylated
HCC tissues than that in unmethylated HCC tissues, suggesting
that down-regulation of HHIP transcription can be atributed
to aberrant hypermethylation of the HHIP gene in HCC.
Aberrant methylation of the HHIP gene has also been reported
in gastrointestinal and pancreatic cancers (32, 44).

Moreover, the GLI1 and PTCH transcription levels tended to
be higher in HHIP-methylated HCC than in HHIP-unmethy-
lated HCC, meaning that the down-regulation of HHIP
transeription through HHIP hypermethylation might lead to
Hh signal activation in HCC. The reason why the difference in
GLI1 and PTCH mRNA expression levels between methylated
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DNA Hypermethylatic

HCCs and unmethylated HCCs was not statistically significant
could be that there were other regulatory mechanisms for Hh
signaling in HCC (16, 17).

HHIP wanscription was also down-regulated in HuH7 and
Hep3B cells while the HHIP DNA was not methylated and
5-aza-CdR treatment did not lead to restoration of HHIP
transcription in these cells. However, genome-wide LOH
analysis of hepatoma cell lines using a high-density single-
nucleotide polymorphism array and a data analysis tool, Copy
Number Analyzer for Affymetrix GeneChip Mapping 100K
arrays (45), revealed LOH of the HHIP locus in HuH7 and
Hep3B cells* Moreover, because the HHIP gene is located at
4931.22 and chromosome 4q is frequently deleted in HCC
(46, 47), we investigated the LOH status of the HHIP locus.
LOH analysis revealed that 31.3% (10 of 32) of the HCC tissues
exhibited LOH at the HHIP gene locus, and the HHIP
transcription level was significantly lower in HCC tissues
showing LOH of HHIP than in HCC tissues showing retention
of heterozygosity of HHIP. These results suggest that LOH is
one of the mechanisms by which HHIP mRNA is down-
regulated in HCC.

For the 31 HCC tissues in which HHIP mRNA expression was
down-regulated compared with the corresponding nontumor
liver tissues, 7 tissues exhibited both HHIP DNA hyper-
methylation and LOH at the HHIP locus, 14 tissues showed
only HHIP hypermethylation, and 3 tissues showed only LOH.
To elucidate additional mechanisms for the down-regulation of
the HHIP gene, mutational analysis was performed. Although
this analysis was not performed with HCC tissues, we detected
no mutation in any of the 13 exons of the HHIP gene in all the
hepatoma and hepatoblastoma cell lines. Similarly, a recent
study found no mutation in the HHIP gene in pancreatic cancer
cell lines and primary pancreatic cancers (32).

Although somatic inactivation of tumor suppressor genes is
usually achieved by the loss of the chromosomal region that
spans the first allele and by promoter hypermethylation or

* M. Toda, F. Kanal Y. Tonaka, M. Senada, e1 al.. unpublished data.
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Current antiviral therapies for chronic hepatitis B

Mari Inada and Osamu Yokosuka
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Among current treatment options for chronic hepatitis B,
nucleoside/nucleotide analog therapy has better tolerability
and most patients respond to the therapy, while Interferon
(IFN) therapy has rather severe side-effects and a lower
response rate. However, nucleoside/nucleotide analog thera-
ples have problems of the emergence of drug resistance and
poor sustainability of response after discontinuation. After
the first nucleoside/nucleotide analog lamivudine, adefovir
and entecavir are now utilized in many countries. Adefovir
has efficacy for lamivudine resistant patients and current
data suggests that adding adefovir to ongoing lamivudine is

sion and the occurrence of resistance. Entecavir can be the
first choice for naive patients, although cross-resistance has
been known for lamivudine resistant patients and mutational
screening should take place before using entecavir with
such patients. Many other new nucleoside/nucleotide
analogs are being developed such as telbivudine, clevudine
and tenofovir; the detalls of each drug will be disclosed in
near future.

Key words: Lamivudine, adefovir, entecavir, telvibudine,

better than switching to adefovir in terms of viral suppres-

clevudine, tenefovir

INTRODUCTION

HE TREATMENT OF chronic hepatitis B remains a

worldwide agenda. Two billion people are esti-
mated to be infected with the virus and about 400
million of these have chronic hepatitis B.' Chronic
hepatitis B is a common cause of mortality, respon-
sible for 0.5-1.2 million deaths annually from liver
cirthosis and hepatocellular carcinoma (HCC). ™ As
hepatitis B virus (HBV) itself is not a cytotoxic virus,
chronic hepatitis B is thought 1o be caused by an
immunological response of the host against the viral
proteins.*” Therefore the suppression of HBV replica-
tion is important for the treatment of chronic hepatitis
B from the point of preventing the formation of viral
proteins, Circulating HBV particles enter into the hepa-
tocytes and after the formation of complete double-
stranded DNA, covalently closed drcular DNA
(cceDNA) is made from the relaxed circular DNA.* The
production of pregenome RNA from the cccDNA is
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important for active HBV replication.®® HBV has a
reverse-transcription process from the pregenome RNA
to HBV-DNA in its replication cycle,'' and this process
would be blocked by reverse transcriptase inhibitors.
Current major treatment options are immunomodula-
tory and viral suppressant drugs, interferon (IFN)/
pegylated (PEG) IFN or nucleoside/nucleotide analogs.
These two types of therapies have different effects, each
with their own merits and demerits. In this review,
treatment with nucleoside/nucleotide analogs, espe-
cially drugs recently approved in Japan - adefovir and
entecavir — are discussed.

AIM OF TREATMENT

HE MAJOR AIM of therapy for HBV is to prevent

the progression of the disease to cirrhosis, end stage
liver disease or HCC.'"*'* The ideal end point of the
treatment is HBsAg loss and the formation of anti-
HBsAb, however, this rarely happens.'® Practically it is
reasonable to infer improvement in disease outcome
by suppressing HBV replication, with an accompanying
improvement in serum alanine aminotransferase
(ALT) and hepatic necroinflammation’ and, in HBeAg
positive patients, followed by HBeAg loss or HBe
seroconversion.
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TREATMENT OPTIONS

WO MAJOR GROUPS of antiviral therapies are cur-

rently utilized for the treatment of HBV, IFN-a or
PEG IFN-a, and nucleoside/nudeotide analogs. Treat-
ment with IFN/PEG IFN-q is of finite duration and the
response is often durable after treatment, however this
treatment has side-effects and a relatively small number
of patients respond, although higher viral clearance can
be expected than with nucleoside/nucleotide analogs.'®
Recent studies have revealed that the response to IFN is
different among HBV genotypes. We can expect a better
sustained response to standard IFN-a in HBeAg positive
genotype B patients than genotype C patients, and in
genotype A patients than genotype D patients.'”! With
PEG IFN-g, the HBe Ag seroconversion rate was 47%,
44%, 28% and 25% in genotype A, genotype B, geno-
type C and genotype D patients, respectively.” The dis-
tribution of HBV genotypes differs in each area of the
world.®** In Japan, 85% of chronic hepatitis B patients
are genotype C, which is known to have higher risk of
HCC at an earlier age than genotype B, and the effect
of IFN is limited, so in such areas other therapies may be
required.**-**

In contrast, nucleoside/nucleotide analogs are well
tolerated and most patients respond to therapy, but
treatment is hampered by the selection of drug resistant
mutants, leading to a loss of efficacy and frequent
relapse after discontinuation, Usually, cccDNA is resis-
tant to the treatment and remains in the hepatocytes
even after long-term treatment, so by the discontinua-
tion of the drugs the HBV replication restarts from the
remaining HBV-RNA produced from the cccDNA and
relapse occurs promptly.® A high level of HBV-RNA
may predict the early emergence of a resistant strain.™
So far the efficacy of nucleoside/nucleotide analogs has
been reported to be almost the same among genotypes,
but each genotype showed a difference in the occurrence
rate of resistant mutants to lamivudine.” In addition,
the durability of the therapy may be less in genotype C
than in genotype B patients."

Among nucleoside/nucleotide analogs, lamivudine
was the first drug to be uiilized, and because of its
potency, safety profile and relatively low cost, it has
been and still is widely applied globally as the first
choice of therapy.”* However, the relatively high
occurrence of resistance is recognized; 70% within
4 years.**° It has been reported that there are differ-
ences in the occurrence of resistant strains among HBY
genotypes. Studies from Japan showed that genotype C,
genotype Bj and genotype Ba had resistance to lamivu-
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dine in 50%, 28% and 13% of patients, respectively,
within 2 years, and genotype A, which is now increasing
in number in Japan, has an even higher rate of resis-
tance.***? Genotypes will be one of the important factors
in choosing the therapy as we accumulate more data,

Another important problem for lamivudine is how
and when the treatment should be discontinued. Com-
binations with lamivudine, with interferon, or HBV
vaccination have been tried but their effects are still
unknown.**#* There are reports that reduction of the
levels of HBV core related antigen may suggest the
timing of the discontinuation.****

For patients who have already developed resistance to
it, substituting or adding other antiviral agents is neces-
sary. Now, many other new nucleoside/nudeotide
analogs have been developed, and several studies are
ongoing to decide which of the available nucleoside/
nucleotide analogs should be the first line therapy,
although it remains difficult 1o pinpoint, for there is
insufficent data to compare each of them; more data
is needed on drug efficacy and genotypes. The data
currently available will be shown below.

ADEFOVIR

DEFOVIR DIPIVOXIL IS an orally bioavailable

prodrug of adefovir, a phosphonate acyclic nucle-
otide analog of adenosine monophosphate.*” Adefovir
acts by selectively inhibiting the reverse transcriptase-
DNA polymerase of HBV by direct binding in competi-
tion with the endogenous substrate deoxyadenosine
triphosphate (dATP).** Adefovir lacks a-3'hydroxyl
group and, after incorporation into the nascent viral
DNA, results in the premature termination of viral DNA
synthesis. Unlike other nucleoside analogs such as lami-
vudine, adefovir is monophosphorylated and is not
dependent on initial phosphorylation by viral nucleo-
side kinases to exert its antiviral effect.

Adefovir monotherapy

With adefovir 1-year monotherapy, the decline of viral
load was 3.6-5.7 log, copies/mL in HBeAg positive
patients and 3.9 in HBeAg negative patients. HBV-DNA
negativity of less than the lower limit of detection
(LLD), which was 200 copies/mL by polymerase chain
reaction (PCR), after 1 year of therapy was 28-39%. ALT
normalization was achieved in 48-81% of HBeAg
positive patients and 72% of HBeAg negative patients.
HBeAg loss was reported in 13-24%, HBe seroconver-
sion in 8-18% and HBsAg loss in 0% of patients,*~*
There is no apparent difference in the efficacy of adefovir
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