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Figure 2. Liver specimen cut in the plane of the inserted electrodes after ablation using RITA, RFA (left side) created an elliptical whitish yellow area of
apparent cell death. The ablation zone was increased in size by EI-RFA {right side}, and the shape of the ablated area became rounder with EI-RFA.

after setting 130 W power during RFA using Radionics. The
current density (ampere/cm?) at the grand pat was measured
as dividing a sum of peak current by 189 cm? that is an area
covering external grand pat. As imaginary part of impedance
of the liver tissue is <3% of total impedance at ablation
frequency of 450 kIlz, real part of impedance is used as
approximately measurable impedance.

For RITA, RFA was started at 20 W and accelerated by
10 W per min until the temperature reached 80°C. There was
no system for recording total energy administered while
adjusting the temperature when it reached over 80°C.
Therefore, the total energy administered (joule) could not be
accurately estimated in RITA.

Pathological examination. All liver specimens, including the
margin of the ablated zone, were examined for pathological
changes immediate after RFA and EI-RFA. Hematoxylin and
eosin stain, silver staining, and Azan-Mallory staining were
performed. The pathological features of the specimen treated
with RFA (n=20) were compared with those of specimens
treated with EI-RFA {n=20).

Statistical analysis. Data are expressed as the mean * SD.
Inter-group differences were assessed with an unpaired t-test
(either Student's t-test or Welch's t-test) or the %? test. The
Kruskal-Wallis test was used to present significant differences
between the 3 study groups. A p<0.05 was considered to be
statistically significant.

Results

Ablation zone. Macroscopically, RFA created a well-circum-
scribed elliptical whitish yellow area of apparent cell death
(Fig. 2). Diameters and volumes of thermal ablation zone as
determincd by gross pathology induced by RFA and EI-RFA
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Table I. The area of thermal ablation zone as determined by
gross pathology.

RFA alone  EI-RFA  p-value

Radionics (n=6)

Longest diameter (cm) 3.2x04 42405  0.0020¢

Shortest diameter (cm) 3.0+04 37104 0.0123

Height {cm} 4.140.5 43102 02464

Volume (cm?) 232477 353474 00199
RITA (n=7) L

Longest diameter (cm) 3.6104 41205  0.0543

Shortest diameter {crm) 31203 - 38404 0.0028

Height (cm) 3.210.6 34405  0.1553

Volume (cm?) 197447 307103 0.0334°
RTC (n="7)

Longest diameter (crm) 4.040.5 3.8404  0.3705

Shortest diameter (cm) 3.120.7 29109 06372

Height {cm) 3.1304 2.4H0.5  0.0195

Volume {cm?) 19.945.8  15.647.7  0.2455

The size of the ablation zone achieved with EI-RFA was greater
than that achieved with RFA using Radionics and RITA equipment,
"Statistically significant (p<0.05).

are shown in Table L. The shortest diameter of the ablated
zone of EI-RFA was greater than that of RFA alone when
using either Radionics or RITA equipment (Radionics,
37104 cm vs 3.0404 cm: p<0.05), (RITA, 3.840.4 cm vs
3.1£0.3 cm; p<0.01). The longest diameter of the ablated
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Figure 3. Volume of thermal ablation zone of RFA and of EI-RFA. The
ablaled volume obtained with EI-RFA was greater than that obtained with
RFA using Radionics equipment (p=0.0199) and RITA (p=0.0334).

zone of EL-RFA was greater than that of RFA alone when
using Radionics (3.240.4 cm vs 4.220.5 cm; p<0.01). No
inter-group differences of the area of the ablation zone were
observed depending on the equipment used to perform RFA
alone, but the size of ablation zone caused by EI-RFA was
greater with Radionics than with RTC (p<0.0}). Also, the
size of the zone caused by EI-RFA was greater with RITA
than with RTC (p<0.01). The size of the ablation zone
achjeved with EI-RFA was greater than that achieved with
REA alone when using either Radionics (p<0.05) or RITA
{p<0.05) equipment (Fig. 3).

Shape of the ablated zone. Comparison of the shape of the
cut surface of the ablated zone, as indicated by the ratio of
ransverse diameter/longitudinal diameter of the -ellipsoid,
revealed that this ratio tended to be larger with EI-RFA than
with RFA using all three types of equipment (Table II).
Using Radionics, the ratio was significantly larger with EI-RFA
than with RFA using Radionics (p<0.01) (Fig. 4). Thus the
ablated zone obtained with RFA became rounder with
pretreatment by ethanol injection using Radionics.

The tip temperature after ablation was measured only
with Radionics and was not different between RFA and
EI-RFA (85.619.1 and 85.644.1°C, respectively). The
ablation times for RFA and EI-RFA using RTC were similar;
293.6+82.8 and 262.7+£109.2 sec, respectively.

There was no significant difference in total energy
applied between RFA and EI-RFA with Radionics (n=6,
19913.5+10101.1 T and n=6, 35658.5+6620.8 J, respectively).
Also, there was no significant difference in total energy
between RFA and EI-RFA with RTC (n=7, 13025.7£61904 ]
and n=7, 10041.414824.8 J, respectively). More total energy
was applied for each ablation session with Radionics compared
with RTC for both RFA (p<0.01) and EI-RFA (p<0.01).

There was a significant difference in ablated volume
per energy between RFA and EI-RFA using Radionics (n=6,
0.589£0.173 mm¥J} and n=6, 1.03220.345 mm¥J,
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Table 1L Shape of the ablated area was expressed as the ratio
of transverse diameter/longitudinal diameter of the ellipsoid.

Shape (transverse/ RFA EI-RFA p-value
longitudinal)

Radionics (n=6) 0,74940.089 0.95510.125  0.008*

RITA (n=T7) 1.089£0.204 1.191£0.171  0.2762
RTC (n=7) 1.346+0.352 149440393 0.4495

The length of transverse diameter was greater than longitudinal
length of EI-RFA compared with that of RFA in all three equipment.
aSatistically significant (p<0.05}.
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Figure 4. The shape of the ablated area was expressed as the ratio of
transverse diameter/longitudinal diameter of the ellipsoid. Using Radionics,
a larger ratio was obtained with EI-RFA than with RFA (p=0.0082).

respectively; p<0.03) (Fig. 5), but no significant difference
was observed between RFA and EI-RFA using RTC {n=7,
1.72940.722 mm¥] and n=7, 1.848+1.025 mm™/J, respectively).
RTC produced a larger ablation volume per joule with RFA
compared with Radionics (p<0.05), but not with EI-RFA.

.The number of RFA pulse after setting 130 W power was
counted, and no difference was observed between RFA and
EI-RFA using Radionics {(n=6, 22.8+1.2 and n=6, 23.220.8,
respectively).

There was a significant difference in ablated volume
per current density (ampere/cm?) between RFA and EFRFA
using Radionics (n=6, 3.593+1.294 cm? and n=6, 5.462+
1.346 cm?, respectively; p<0.05) (Fig. 0).

The ablation times of RFA and EI-RFA were the same,
12 min with Radionics, and 20 min with RITA. The ablation
times of RFA and EI-RFA with RTC were 293.6£82.8 sec
and 262.7+109.2 sec, respectively. The ablation time was
shorter than 5 min for both RFA and EI-RFA using RTC.

Histopathology. The hepatocytes at the center of the ablated
zone was deformed with pyknotic nuclei and condensed
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Figure 5. Ablated volume per encrgy administered with RFA and E[-RFA

using Radionics. The ablated volume per energy adiministered was greater
with EI-RFA than with RFA (p=0.0186).
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Figure 6. Ablated volume per current density administered with RFA and
EI-RFA using Radionics. The ablated volume per current density
administered was grealer with EI-RFA than with RFA (p=0.0342}.

eosinophilic filamentous cytoplasm. At the edge of the
ablated zone, there were hyperemic sinusoids and the nuclei
and nucleoli of the hepatocytes in the ablated zone showed
no apparent differences from those in the viable part of the
liver except homogeneous cytoplasm. The loss of stain ability
of fragmented red blood cells and the loss of the characteristic
shape of the red blood cells due to intravascular hemolysis
clearly distinguished the necrotic part from the viable part.
Findings of creviced parenchyma formed by splitting of
hepatocytes, various-sized round spaces surrounded by
compressed hepatocytes, lace-like dilatation of sinusoids,
and dilatation of blood vessels were observed similarly in
specimens treated by RFA and EI-RFA.

Discussion
RFA has been used to treat liver tumors, and as more cases

have been treated, there have been attempts to enlarge the
ablation zone by the pretreatment of the ablation area with
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TAE (9), balloon occlusion of the feeding artery (10,11),
and combining RFA with cryosurgical ablation (12). The
volume of necrosis was increased by saline-enhanced
ablation (13). Also, percutaneous saline-enhanced and
impedance-controlled RFA can be effective in the treatment
of unresectable hepatic tumors (14). Injection of NaCl
before RFA can increase energy deposition, resulting in
enlargement of the coagulation size in an animal model with
cooled-tip electrodes. Two mechanisms have been proposed
to account for the improved tissue heating and increased
radiofrequency-induced coagulation with pretreatment by
NaCl: a) that NaCl] alters tissue properties such as electrical
conductivity to permit greater radiofrequency energy
deposition, or b) that the infusion of fluid during radio-
frequency application improves the thermal conduction within
the tissues by causing more rapid and effective convection of
heat over a larger tissue velume (15). In addition to these
effects, 99.5% ethanol has a strong tissue-dehydration effect,
resulting in coagulation necrosis. A radiofrequency lesion
is produced by tissue electrocoagulation around the electrode
{16}. Previous reports indicated that the necrotic zone of liver
tumors enlarged by hot ethanol injection compared with cold
ethanol injection (17). Regarding the finding that the ablated
volume per current density administered was increased by
adding ethanol injection using Radionics, the reason for the
enlargement of the ablation zone with EI-RFA might be a
synergic effect of RFA and heated ethanol,

The standardized RFA settings of each type of equipment
almost optimized for treating a liver tumor with a diameter of
3 em were used for this series of experiments. A preliminary
clinical report showed that the EI-RFA technique applied to
HCC successfully enlarged the ablation zone (18,19). To
apply an enhancing effect of ethanol on RFA is beneficial
because an increased number of radiofrequency sessions
were related to a higher rate of major complications, such
as peritoneal hemorrhage, neoplastic seeding, intrahepatic
abscesses, and intestinal perforation (20). The present study
showed that EI-RFA augmented the ablation zone 1.52 times
with Radionics and 1.56 times with RITA. The sphericity of
the ablated zone is ideal for covering spherical lesion. The
transverse/longitudinal ratio of the ablated zone significantly
increased and sphericity of the zone became increased with
ethanol injection using Radionics.

It is not clearly understood why the ethanol injection does
not enlarge the ablated zone with RTC. A supplemental
effect by ethanol injection to RFA has caused the carly roll-
off. It might be the characteristics of making current density
of the RTC system. Lower boiling point of the injected ethanol
(78°C) may cause early impedance rises (roll-off). Complete
ablation of the liver tissue is achieved when the tissue
desiccation results in an order-of-magnitude increase in the
tissue impedance in RTC (21). This prohibits the passage of
additional radiofrequency current from the generator. As
indicated in the instructions for use of RTC, if roll-off
occurs oo quickly (<5 min), it indicates that the heating rate
may have been too rapid and an undersized thermal lesion
may result. In the present experiments, the ablation time was
<5 min for both RFA and EI-RFA with RTC.

An in vive experimental study using rabbits showed
that the average maximum RFA lesion size increased with
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reduced organ perfusion, and that this effect could be accurately
monitored using magnetic resonance imaging (22). Also,
these authors showed that the major factor influencing the
size of the coagulation area is the portal venous flow, and
that ligation of the hepatic artery alone does not significantly
increase lesion size.

The present study demonstrated that the size of the
ablation zone induced was increased by EI-RFA as compared
to RFA alone, but no specific pathologic findings associated
with EI-RFA were observed. The pathologic changes at the
center of the ablated zone clearly included pyknosis of the
nuclei and deformity of the cytoplasm of hepatocytes, but the
hepatocytes and stromal cells at the edge of the ablated zone
apparently remained the same as those in the viable part.
In such areas, the presence of fragmented ghost red blood
cells in blood vessels and sinusoids due to heat ablation
clearly distinguished necrotic parts from viable parts.
Ablated specimens do not show necrosis of the hepatocytes,
and the structures of sinusoids and liver cell cords remain
apparently intact as seen with hematoxylin-cosin staining
immediately after RFA, but electron microscopic examination
shows irreversible destruction of hepatocyte organelles (23).
Scudamore et al (24) visualized the necrotic area by staining
the tissue for tissue oxidative enzymes using nicotinamide
adenine dinucleotide {Sigma Diagnostics) stain to determine if
there was evidence of viable tumor within the zone of ablation.
This staining method showed loss of enzyme activity that
corresponded exactly to the grossly observed ablation zone.

In summary, EI-RFA increased the size of the tissue
ablation zone about 1.5 times compared with RFA application
alone in fresh bovine liver with Radionics and RITA
equipment. The ablated volume per administered energy and
the volume per current density were increased by adding
ethanol injection to RFA using Radionics. For a given amount
of total energy administered, better size and shape of the
ablated zone are achieved with EI-RFA than with RFA
alone using Radionics and RITA equipment. Based on these
findings, the application of concurrent ethanol injection
together with RFA is expected to provide a therapeutic
choice for localized hepatic tumors.
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Abstract. The adaptor molecule She is a proto-oncogene
product, and it is known to be associated with cell
proliferation. However, the role of She in the proliferation
and regeneration of hepatocytes remains unknown. In the
present study, we report that p46 Shc is specifically
expressed in the nuclei of proliferative (or regenerative)
hepatocytes, suggesting that p46 Shc protein plays a role in
hepatocelluiar proliferation. The expression of She was
analyzed in liver tissue after partial hepatectomy (PH) or
sham operation in Wistar rats by using immunohisto-
chemistry and/or Western blot analysis. In addition, the
expression of various cell cycle-related proteins, such as
Cdk4, cyclin DI, PCNA, and Cdkl was analyzed in the
tissucs of regenerating rat liver. Furthermore, the tyrosine
phosphorylation of She was studied in liver tissue after PH or
sham operation by immunoprecipitation using a monoclonal
phosphotyrosine antibody. Although the protein levels of p52
Shc were unchanged in liver tissues after PH or sham
operation, tyrosine phosphorylation was detected only in the
regenerating rat liver after PH. The levels of p46 She protein
were markedly increased in liver tissues during the liver
regenerative process. In contrast, p66 She was not detected
in the liver tissues after PH or sham operation. Western
blotting and immunohistochemistry showed that the main
location of p46 Shc was in the nuclei of proliferating
hepatocytes after PH. These data suggest that p46 She
expressed in hepatocellular nuclei may be closely related to
the proliferation of hepatocytes. Therefore, it is suggested
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that p46 Shc expressed in hepatocellular nuclei may be a
useful marker for detecting hepatocytes with high proliferative
activity,

Introduction

The most established experimental model for studying
liver growth control ir vive is 70% partial hepatectomy (PH)
in rodents, in which most of the remaining hepatocytes
synchronously enter the cell cycle and liver mass is restored
within 1 to 2 weeks (I). The process of liver regeneration is
at least in part controlled by various growth factors and their
receptor tyrosine kinases (2-4). For instance, extracellular
signal molecules, growth factors that are known to be
involved in liver regeneration, include fibroblast growth
factor (FGF), (5) platelet-derived growth factor (PDGF) (6),
epidermal growth factor (EGF) (7,8), hepatocyte growth
factor (HGF) (7,9), and insulin growth factor (IGF) (10). The
extracellular signals that trigger regeneration after PH have
recently been extensively studied (2-4), but little is known
about the intracellular processes of these extracellular signal
molecules that regulate the cell eycle contro! of hepatocytes
(11-17).

Many growth factors, cytokines, and adhesion molecules
exert their effects by activating specific tyrosine kinesis.
The activated receptor allows the docking of additional src
homology 2 (SH2) and protein tyrosine binding (PTB)
domain-containing adaptor molecules which both coordinate
and integrate intracellular signaling events. Src homology
and collagen (She) is also an SH2-containing cytoplasmic
adaptor protein that undergoes phosphorylation by receptors
of the tyrosine kinase family, suggesting the possible role
of Shc in the proliferative process. The She locus is highly
conserved throughout evolution, and this locus codes for
three overlapping proteins of €6, 52, and 46 kDa {(p46 She,
p32 She, and p66 She, respectively) (18,19). The p46 Shc
and p52 She arise from the use of alternative translation
initiation sites within the same transcript. In contrast, p66 She
contains a unique N-terminal region and is generated as a
result of an alternative splicing (20). Each isoform can serve
as a substrate for activated cytoplasmic or receptor tyrosine
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kinases via either the PTB or SH2 domain, and these isoforms
can then associate with other SH2 domains containing signal
molecules, such as growth receptor-bound 2 {Grb2), an
adaptor protein for the Ras exchange factor, son of sevenless
(S0S) (21,22). These complexes (p46 Shc/p528he-Grb2-5303)
have been shown to activate the Ras-mitogen-activated protein
kinase (MAPK) pathway involved in cell proliferation (23-27).
Like p46 Shc and p52 She, p66 Shc becomes tyrosine-
phosphorylated upon the activation of growth factor receptors
and forms the p66 She/Grb2/SOS complex (24). However,
p66 She does not affect MAPK activity and inhibits c-fos
promoter activation, indicating that p66 Shc may not be
involved in Ras activation (19,22,23). Thus, the roles of She
isoforms in cell proliferation are not straightforward and thus
remain controversial (19,28,29,30). .

Protein phosphorylation catalyzed by the protein tyrosine
and serine/threonine kinases has been recognized as a key
regulatory event in a variety of cell functions, such as growth,
differentiation, and malignant transformation. We previously
demonstrated the importance of protein phosphorylation in
signal transduction in relation to the proliferation of normal
and transformed hepatocytes (16,31-37), Shc is also a
cytoplasmic adaptor protein that undergoes phosphorylation
by various receptors of the tyrosine kinase family, including
FGE (38), PDGF (39), EGF (18), HGF (7,9,40), and IGF (41)
receptors. Therefore, it remains important to study of the role
of Shc in the proliferation of hepatocytes; to date, there have
been no other studies on this topic. In the present study, we
analyzed the levels of p46 She, p52 She, and p66 She as well
as their localization in regenerating rat liver. In addition, we
examined the relationship between the expression of She
and cell cycle-related proteins such as cyclin D1, cyclin-
dependent kinase 4 (Cdkd), proliferating cellular nuclear
antigen (PCNA), and Cdkl, which are present only in the
nuclei of proliferating cells. Here, we report that p46 Shc was
specifically expressed in the nuclei of the hepatocytes with
high proliferative activity during liver regeneration after PH.
This report is the first study demonstrating that the main
localization of p46 She is in the nuclei of highly proliferative
hepatocytes.

Materials and methods

Animals. Inbred Wistar rats were bred under specific pathogen-
free conditions at the Institute for Animal Experimentation of
the Kagawa University School of Medicine. Fifty-five male
Wistar rats (8 weeks postnatal; body weight 250-280 g) were
used for the present study.

Experimental design. To study the involvement of Shc in
liver regeneration, we performed PH on male Wistar rats
according to the procedure of Higgins and Anderson (1).
Surgery was carried out under ether anesthesiz. To analyze
the amount of She in regenerating rat liver, nuclear and
cytosolic fractions as well as whole tissue lysates prepared
from liver tissues extracted in 12, 24, 48, 72, and 168 h
after PH or sham operation were subjected to Western blot
analysis. The [ocalization of Shc was studied by immuno-
histochemistry using paraffin sections obtained from liver
tissues extracted in 12, 24, 48, 72, and 168 h after PH or
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sham operation. Expression of She in the liver tissues of non-
treated control rats was also studied by immunohistochemical
analysis and Western blot analysis.

Chemicals and antibodies. The avidin-biotin-peroxidase
complex (ABC) kit was purchased from Funakoshi
Chemical Co., (Tokyo, Japan). All other Chemicals were
purchased from Sigma Chemical Co. (Tokyo, Japan) or
Wako Pure Chemical Co. (Tokyo, Japan). Two of the anti-
She antibodies used in this study were purchased from Santa
Cruz Biotechnology (Tokyo, Japan). One of these two
antibodies was a monoclonal antibody (PG-797) raised
against a glutathione S transferase (GST)-tagged fusion
protein sequence corresponding to the SH2 domain (amino
acids 366-473) of Shc of human and rat origins. The other
antibody was an affinity-purified rabbit polyclonal antibody
{C-20) raised against a peptide mapped at the carboxy
terminus of She of human and rat origins. These antibodies
were non-reactive with other SH2 domains. The She epitope
recognized by PG-797 differed from that recognized by C-20.
An anti-phosphotyrosine monoclonal antibody (PY20) was
also purchased from Santa Cruz Biotechnology (Tokyo,
Yapan). This antibody reacted to tyrosine-phosphorylated
proteins, but not to serine- or threonine-phosphorylated
proteins. Anti-cyclin D1 (HD 11) and anti-a tubulin (TU-02)
monoclonal antibodies were also purchased from Santa Cruz
Biotechnology. Anti-Cdk4 {clone 97), anti-PCNA (clone 24)
and anti-Cdkl (clone 1) monoclonal antibodies were purchased
from BD Transductional Laboratories {Tokyo, Japan). All
secondary antibodies were purchased from Amersham Life
Science (Tokyo, Japan).

Immunohistochemistry of She. We prepared 2-um-thick
sections from formalin-fixed, paraffin-embedded tissue blocks.
Sections of the liver specimens were immunohistologically
stained by the ABC method (Funakoshi Chemical, Tokyo,
Japan), as described in our previous study (16,31,33-37). For
the detection of She, sections were placed in 10 mM citrate
buffer (pH 6.0) and the secticns were processed at 95°C for
10 min in a microwave oven (RE-M20 Microwave Processor,
Sharp, Osaka, Japan). Sections were deparaffinized in xylene,
rehydrated in a graded series of alcohol solutions, and then
mixed with a solution containing 0.5% hydrogen peroxide in

“order to block endogenous peroxidase activity. After washing

the sections with phosphate-buffered saline (PBS}, they were
processed for immunostaining. Primary incubation was
performed overnight at 24°C with the monoclonal antibody
against She (1 pg/ml). As a negative control, non-immune
mouse 1gG was substituted for the primary antibody. For
the signal amplification, the Renaissance tyramide signal
amplification (TSA) kit (MEN™ Life Science Products,
Boston, USA) was used, as described in our previous report
(37). Immunoreactivity products were visualized using
diaminobenzidine, and the sections were counterstained
with Mayer's hematoxylin. The specificity of each immuno-
staining was further confirmed by an absorption test. Briefly,
the primary antibody was mixed with an excess amount of
peptides used for immunization, and this absorption test
resulted in negative staining in every sample. Thus, these
procedures confirmed the specificity of the immunostaining,
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The nuclear labeling index of Shc-positive cells (positive
nuclei/total cells counted) was determined by evaluating at
least 1000 hepatocytes in regenerated, sham-operated, and
non-treated rat liver specimens, as determined by two
observers (T. Masaki and J. Yuji).

Tissue lysate. Tissue samples were frozen in dry ice
immediately after each animal was sacrificed. The samples
were homogenized in a lysis buffer (S0 mM N-2 hydroxy-
ethylpiperazine-N'-2-ethanesulfonic acid (HEPES; pH 7.0),
250 mM NaCl, 0.1% Nonidet P-40, 100 mM NaF, 200 mM
sodium orthovanadate, 0.5 mM phenylmethylsulfony! fluoride,
and 10 pg/ml aprotinin and the lysates were centrifuged at
29,000 x g for 20 min at 4°C.

Preparation of nuclear fractions from liver tissue. The
extraction of nuclear proteins was performed according to
methods described in our previous report (37). All steps
were carried out at 4°C. Liver tissue samples obtained from
regenerated, sham-operated, and non-treated rat livers were
homogenized in five volumes of 50 mM Tris-HCI (pH 7.4)
containing 0.32 M sucrose, 1 mM ethylene glycol-bis (B-
aminoethyl ether)-N, N, N', N'-tetraacetic acid (EGTA), 3 mM
benzamidine, 0.1 pg/ml soybean trypsin inhibitor, 10 pg/ml
leupeptin, 25 mM KCl, and 5 mM MgCl,. The homogenate
was centrifuged at 600 x g for 10 min. The peilet was collected
and homogenized in two volumes of 2.2 M sucrose containing
3.3 mM CaCl;, 3 mM benzamidine, 0.1 pg/ml soybean
trypsin inhibitor, and 10 pg/ml leupeptin, After centrifugation
at 4,000 x g for 60 min, the pellet was collected in the same
buffer, and subjected to sodium dodecyl sulfate-polyacrylamide
gel (SDS-PAGE) and Western blot analyses.

Preparation of cytosolic fractions in liver tissue. All steps
were carried out at 4°C. Tissue samples obtained from
regenerated, sham operated, and non-treated rat livers were
homogenized in two volumes of 50 mM Tris buffer (pH 7.4)
containing [ mM EGTA, 3 mM benzamidine, 0.1 pe/ml
soybean trypsin inhibitor, and 10 pug/ml leupeptin. The
homogenate was centrifuged at 8,000 x g for 15 min; the
supernatant was then collected and centrifuged at 100,000 x g
for 60 min. The supernatant was collected in the same buffer,
and subjected to SDS-PAGE and Western blot analyses.

Protein assay. The protein concentration was measured by
a dye binding protein assay performed according to the
Bradford method (42).

Gel electrophoresis and Western blot analyses. SDS-PAGE
was performed according to the method of Laemmli (43),
and Western blot analysis was performed as described by
Towbin et al (44), using the optimal dilution of primary
antibodies and horseradish peroxidase-linked secondary
antibodies. Optimal dilutions of the antibodies used for
Western blotting and/or immunohistochemical analyses
were as follows: monoclonal antibody PG 797 (anti-She),
1:400; monoclonal antibody HD11 (anti-cyclin DI), 1:300;
monoclonal artibody 97 (anti-Cdk4), 1:1000; monoclonal
antibody 24 (anti-PCNA), 1:1000; monoclonal antibody 1
(anti-Cdk1), 1:1000; monaclonal antibody TU-02 (anti-a
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tubulin), horseradish peroxidase anti-mouse immunoglobulin
G (IgG), 1:2000; and horseradish peroxidase anti-rabbit IgG,
1:2000. Immunoreactive proteins were visualized with an
enhanced chemiluminescence detection system (Amersham)
on radiograph film. The exposure time for the Western blot
analysis of all samples was 30 sec at room temperature.

Immunoprecipitation. Protein-A sepharose Cl-4B was used
to preclean 250-ug protein samples. The samples were
incubated with anti-phosphotyrosine monoclonal antibody
(PY-20) for 24 h at 4°C, and were then incubated with 50 pl
of protein-A sepharose C1-4B (50%, slurry). The samples
were washed four times with immunoprecipitation buffer
{50 mM HEPES (pH 8.0), 150 mM NaCl, 2.5 mM EGTA,
I mM dithiothreitol (DTT), and 0.1% Tween-20] containing
10% glycerol, 0.1 mM phenylmethylsulfonyl fluoride (PMSF),
20 U of aprotinin per ml, 10 mM 3-glycerophosphate, 1 mM
NaF, and sodium orthovanadate, and the samples were then
washed once with 50 mM HEPES (pH 8.0) containing | mM
DTT. Immunoprecipitates were resolved and subjected to -
12.5% SDS-PAGE. Tyrosine-phosphorylated She was detected
using the She polyclonal antibody (C-20).

Densitometry. The density of the immunoreactive band for
Shc on the Western blotting was analyzed by densitometric
scanning (Quantity One ver. 4.3, Bio-Rad Laboratories, Co.,
Ltd., Tokyo, Japan).

Statistical analysis. Data are expressed as the means + SEM,
The significance of differences between observations was
determined by Scheffe's multiple comparison method (21).
Statistical significance was set at p<0.05.

Results

Western blot analysis of She in tissue lysates during liver
regeneration after PH. Western blot analysis of She in liver
tissues dissected at 12, 24, 48 and 168 h after PH was
carried out using the Shc monoclonal antibody (PG-797). In
hepatectomized, sham-operated, and non-treated rat livers,
two immunoreactive bands were detected with molecular
sizes of 46 and 52 kDa, corresponding to p46 She and p52
She, respectively (Fig. 1A). The p46 Shc band was much
stronger at 24, 48, and 72 h after PH. The immunoreactive
band for p46 Shc was faint in the liver tissue at all time
points after the sham operation, and the intensity of the p46
She band was similar to that in non-treated rat liver tissues.
The immunoreactive band for p52 She did not change in
liver tissue at any time after PH and the sham operation, and
the p52 She protein levels in these tissues were also similar
to those in non-treated rat liver tissues. p66 She was not
detected in any of the liver tissues after PH and sham-operation.
The amount of a-tubulin (an internal control for protein
loading) was almost the same in each lane (Fig. 1B).

Densitometric analysis of Western blots of p46 She and
P52 She using liver tissue lysates. Densitometric analysis of
the immunoreactive band of p46 Shc on Western blot was
performed by means of densitometric scanning. The protein
level of p46 Shc was markedly increased at 24 h, and reached
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Figure 1, Expression of Shc protein in Liver tissues after PH and sham operation, PH and sham operation were performed on male Wistar rats. (A), A total
lysate of 50 pg extracted from the liver tissue was subjected to Western blot analysis using She monoclonal antibody (PG-797). p46 Shc expression reached
maximal levels at 24-72 h after PH. Note that the intensity of the immunoreactive band for pS2 She did not change in the liver tissucs at any time after
hepatectomy, sham-operation, and no treatment. (B), The a-tubulin band represents an internal control for the amount of protein leading. Note that the amount
of a-tubulin in each lane was tdentical. (C), Densitometric analysis of the Western blotting of p46 She in regenerating rat and sham-operated rat livers. The
protein levels in non-treated rat livers were used as a reference level (=1). Values shown represent the mean £ SEM of p46 She protein for each group.
*p<0.0001 compared with sham-operated rat liver at the comresponding time after eperation. *p<0.0001 compared with hepatectomized rat liver at 12, 24, 72,
and 168 h afier PH. (D), Densitometric analysis of the Western blotting of p52 She in the regenerating rat livers and sham-operated rat livers. Note that the
expression of p52 She did not change during the entire pericd studied after PH and sham operation.

the maximum level at approximately 48 h after PH (Fig. IC).
Thereafter, the level of pd6 She gradually decreased to the
preoperative level at 168 h after PH (Fig. 1C). The amount
of p52 Shc in the liver did not change during the period
following the PH and sham operations, in contrast to the
amount of p52 Shc in non-treated rat livers (Fig. 1),

Immunohistochemical analysis of Shc in regenerating rat
liver. Although the expression of Shc was almost undetectable
in the liver tissues of sham-operated and non-treated rats
(control), it was observed in the hepatocellular nuclei of
regenerating rat liver, especially 12-72 h after PH (Fig. 2A,
arrows). Low levels of She were observed in the hepatocellular
cytoplasm during the process of liver regeneration. As shown
in Fig. 2B, the labeling indexes of She-positive hepatocellular
nuclei were markedly increased in the liver at 12, 24, 48 and
72 h after PH (p<0.0001 as compared with the corresponding
sham-operated rat liver, and reached the maximum value at
48 h after PH (p<0.0001 as compared with rat liver at 12, 24
and 72 h after PH).

Western blot analysis of She expression in nuclear and
cytosolic fractions of regenerating liver tissue after PH. To
identify the Shc isoforms expressed in the nuclei of hepatocytes
during liver regeneration after PH, we performed a Western
blot analysis of the expression of Shc isoforms in the nuclear
and cytosolic fractions of regenerating rat liver tissue. The
expression of Shc was detected as a single band with a

molecular size of 46 kDa, which corresponded to p46 She
in the nuclear fractions of liver tissues dissected after PH
in particular 12 hr to 72 h after PH; Fig. 3A). In contrast,
p46 She expression was not detected in the nuclear fractions
of sham-operated and non-treated rat Jiver tissues. The
expression of p52 She was detected in the cytosolic fractions
of the Hver tissues of hepatectomized, sham-operated, and
non-treated rats. The amount of p52 She remained unchanged
in the cytosolic fractions in hepatectomized, sham-operated,
and non-treated rat livers. On the other hand, p46 She
expression was also detected in the cytosolic fractions of the
liver tissues removed at 24, 48, and 72 h after PH. p66 She
was not detected in either the nuclear or in the cytosolic
fractions of hepatectomized, sham-operated or non-treated rat
livers at the time of examination.

Tyrosine-phosphorylated Shc in regenerating liver tissues
after PH. Although the p52 Shc protein levels did not differ
between hepatectomized and sham-operated rat livers,
tyrosine phosphorylation was detected in the rat liver at
12-168 h after PH, but not in sham-operated and non-treated
rat livers (Fig. 4). Furthermore, the p46 She expressed in
rcgenerating rat liver was tyrosine-phosplorylated, but that
in the sham-operated rat livers was not (Fig. 4).

Western blot analysis of Cdk4, cyclin DI, PCNA, and Cdkl
in liver tissue lysates after PH and sham operation. The
expression of Cdk4 (Fig. 5A), cyclin DI (Fig. 5B), and
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Figure 2. (A), lmmunohistological localization of She in the liver tissues at 12, 24, 48, 72, and 168 h after PH, and in non-treated rat livers. The expression of
She was detected in the hepatocellular nuclei in liver tissues at 12, 24, 48, and 72 h after Pi{ (arrows). Bars, 50 pm. (B), Nuclear labeling index for She in the
liver tissues aftcr PH and sham operation. The labeling index of Shc-positive nuclei of hepatocytes in the liver tissues at 12, 24, 48, and 72 h after PH was
significantly higher than that in sham-operated rat liver tissues at the corresponding time after operation ('p<0.0001). The labeling index of She reached
significantly maximal levels in the liver tissues at 48 h after PI{. Values shown represent the mean + SEM for each group. 'p<0.0001 compared with sham-

operated rat liver, "p<0.0001 compared with 12, 24, 72, and 168 h after PH.
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Figure 3. Expression of Shc in the nuclear and cytosolic fractions of liver
tissues after PH and sham operation. (A), Western blotting of She in the
nuclear fractions of fiver tissues after PH and sham operation. p46 She was
detected in the liver tissues from 2 h to 72 h after PH, whereas it was not
detected in the liver tissues in the peried following the sham opetation, nor
was it detected in the non-treated rat livers. Other She isoforms, i.e., p52 She
and p66 She, were not detected in the nuclear fractions of liver tissues after
PH and sham operation. (B), Western blot analysis of Ske in the eytosolic
fractions of liver tissues after PH and sham operation. The major iscform of
She in the cytosolic fractions of hepatectomized, sham-operated and non-
treated rat livers was p52 Shc. The p46 She was also weakly expressed in
liver tissues from 12 to 72 h after PH. The p52 Shc expression in the cytosolic
fractions remained unchanged in the liver tissues during the petied following
PH and the sham operation. The p66 She was not detected in the eytosolic
fractions of hepatectomized, sham-operated, and non-treated rat hivers,
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Figure 4. Detection of tyrosine-phosphorylated She in the liver tissues after
PH and sham operation. Although the fevels of p32 She did not change in the
liver tissues after PH and sham operation (Figs. 1A and 3B}, tyrosine-phospha-
rylated p52 Shc was upregulated in the liver tissues from 12 o 72 h after
PH, as compared with that in sham-operated rat livers at the carresponding
time (arrow).

PCNA (Fig. 5C) peaked at 24, 48 and 72 h after PH,
respectively. The expression of Cdkl (Fig. SD) peaked at
48 and 72 h after PH. Very low levels of Cdk4, cyclin DI,
PCNA, and Cdkl were observed in the time course studied
following the sham operation (Fig. SA-D). The expression of
these molecules was also very low or undetectable in the
non-treated rat liver,

Immunohistochemical analyses of Cdk 4, cyclin DI, PCNA,
and Cdk{ in regenerating rat liver after PH. Although the
cxpression of Cdk4, cycelin DI, PCNA, and Cdkl was
almost undetectable in the liver tissues of sham-operated and
non-treated rats (data not shown) by immunohistochemistry,
the expression of these cell cycle-related molecules was
detected in the hepatocellular nuclei of regenerating rat liver
after PH (Fig. SE). The labeling indexes of Cdk4 (Fig. 5F),
cyclin D1 {Fig. 5G), PCNA (Fig. 5H), and Cdkl (Fig. 5I)
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Figure 5. Expression of Cdk4 (A), cyclin D1 (B), PCNA (C), and Cdk1 (D) in the lysate fractions of the liver tissues after PH and sham operation. Note that
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#0<0.0001 compared with rat livers at 12, 24, 72 and 168 h after PH; "0<0.001 compared with 12, 24, 48, and 168 h after PH.

are shown in the indicated Fig. 5. The results of the immuno-
histochemical analyses of Cdkd4 (Fig. SE, a-e), cyclin D1
(Fig. 5B, {-j), PCNA (Fig. 5E, k-0), and Cdk1 (Fig. 5E, p-t)
were consistent with the Western blot findings. Based on
Fig. 5, Fig. 1A and C, Fig. 2 and Fig. 3A, the pattern of p46
She expression during liver regeneration after PH resembled
that of various cell cycle-related proteins (i.e., Cdkd, cyclin
D1, PCNA, and Cdkl).

Discussion

One of the most thoroughly investigated proliferative signal
transduction pathways activated by growth factors is the

Ras-MAPK cascade {45). Recently, adaptor proteins such as

Shc and Grb2, which couple activated receptor protein
tyrosine kinases to downsiream effectors, have been identified
(18). In particular, Shc is believed to be invalved in cellular
signal transduction in inflammation (46), differentiation
(47,48), proliferation (26,27,49), and carcinogenesis (50},
However, there have been no reports focusing on the role
of She in the process of hepatocyte proliferation. This study

is the first report to demonstrate that p46 She is expressed
in the nuclei of hepatocytes, especially in proliferating
hepatocytes.

It is well known that Shc is a cytoplasmic signal transducer
involved in the transmission of mitogenic signals from
various receptor tyrosine kinases to Ras (29). Therefore, it
is believed that the expression of Shc is localized in the
cytoplasm of cells (51). In the present study, the major
location of p52 Shc was shown to be in the hepatocellular
cytoplasm, but not in hepatecellular nuclei. Furthermore, pd6
She expression was detected in the nuclei in the hepatocytes
of regenerating rat liver after PH. However, the level of p32
She remained unchanged in the liver regeneration process. In
the process of liver regeneration after PH, p46 Shc levels
increased and reached a peak from 24 to 48 h after PH. It is
known that DNA synthesis in the residual liver alter PH
reaches a peak within 24 to 48 h, when the maximum amount
of p46 Shc was also noted. Wolf and Michalopoulos (52)
also reported that the number of PCNA-positive hepatocytes
reached a peak at 24 h after PII, then gradually decreased,
and this number was reduced to only 3% of labeling index
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168 h later, when liver regeneration was almost complete. In
the present study, in post-PH regenerating liver, the peak
time of DNA synthesis and the time point corresponding to
the increase in p46 Shc expressed in the hepatocellular nuclei
were almost identical to the time points of peak expression of
cell cycle-related proteins such as eyclin D1, Cdk 4, PCNA,
and Cdkl. These data suggest that p46 She expressed in the
hepatocellular nuclei might play a role in liver regeneration.
Cattaneo et al (49) have shown that p46 She is associated
strictly with proliferative areas in the brain. They reported
that although the expression of p46 Shc was not detected in
normal astrocytes, it was observed in glial brain tumars
with high proliferative activity (49). Fiorucci er af (27) also
demonstrated that p46 Shc increased in the regenerative
process after distal pancreatectomy. Although the localization
of p46 She expressed in proliferating cells (including cancer
cells) remains unknown following these reports, these previous
studies support our findings that p46 Shc is overexpressed in
proliferative hepatocytes.

The expression of p46 Shc was detected in the pancreas,
spleen, and stomach in normal adult mice, as determined by
Western blot analysis, whereas it was not observed in the
brain, spinal cord, heart, intestine, kidney, lung, and liver
(53). We also showed here that the expression of p46 She
was not detected in the normal rat liver by means of Western
blot and/or immunohistochemical analyses, but it was
observed in regenerating rat liver. These observations
suggest that the induction of p46 She expresston is associated
with hepatocellular proliferation.

In the present study, the levels of p52 She protein remained
unchanged during liver regeneration. However, tyrosine
phosphorylation of p52 She was upregulated within 12-72 h
after PH (2-4). These data suggest that the tyrosine
phosphorylation of p52 Shc might play a role in the process
of liver regeneration. It is well known that a number of
growth factor receptors are activated during liver
regeneration (2-4). Therefore, the tyrosine phosphorylation
of p52 Shc might be caused by the upregulation of these
various growth receptor kinases during liver regeneration.
Such events (p52 She tyrosine phosphorylation) have been
shown to take place in pancreatic tissues in the regeneration
process after distal pancreatectomy (27). In another study,
p52 She tyrosine phosphorylation was also detected in the
proliferative vascular smooth muscle cells after angiotensin I1
treatment (26). Collectively, these observations suggest that
the tyrosine phosphorylation of p52 She might play a role in
the proliferation of a broad range of cell types, including
hepatocytes,

Until this report, the presence of p46 Shc in the nuclei
of cells had not been demonstrated. Although the presence
of p46 Shc has now been demonstrated in the nuclei of
proliferating hepatocytes, its function in these cells remains
unclear. In general, it is known that many nuclear proteins
have their own nuclear localization si gnals (NLSs); it appears
possible that a protein without its own NLS could enter the
nucleus via co-transport with a protein that does have an
NLS. Therefore, we tried to detect NLSs in p46 She using
PSORTS II (http://psort.nibb.ac.jp/), a computer program
created for the prediction of protein localization sites in
cells (54). We have found that there are two NLSs in the
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amino acid sequence of human p46 She. One NLS is RRRK,
corresponding to the 52-55 amino acid sequence of p46 She,
and the other is RRKP, corresponding to the 53-56 amino
acid sequence. These NLSs in p46 She might be among
several factors expressed in the nuclei of proliferating
hepatocytes. It is also known that these NLSs are located in
the common amino acid sequences of p46 She, p52 She, and
p66 She. The extra N-terminal amino acids of p52 She and
p66 She might interfere with the translocation of p52 She and
P66 She to the nuclei of proliferating hepatocytes.

In conclusion, the presence of p46 She in hepatocellular
nuclei might be closely related to the proliferation of hepato-
cytes after PH. In the future, p46 She expressed in hepato-
cellular nuclei might be a useful marker for detecting hepato-
cytes with high proliferative activity. Further studies are
required to explore this possibility.
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Abstract. Radiofrequency ablation (RFA) therapy is of great
significance in the treatment of hepatocellular carcinoma
(HCC) or metastatic liver tumors. RFA is able to achieve
widely coagulated necrosis in a few sessions without major
complications. However, HCC cases exist that are resistant to
RFA therapy for several reasons. In the present study, we
performed injection of the mixture of ethanol and lipiodol
(percutaneous ethanol-lipiodo! injection therapy: PELIT) for
HCCs that lacked clear visuality of the entire shape of the
tumor by ultrasonography (US) or computed tomography
(CT), or that were difficult to treat with RFA alone due to
their locations in the liver or due to severe liver dysfunction
of the patients. Local recurrence rates of HCC (reated with
PELIT were shown to be low in patients followed up for at
least 4 months. In all patients treated with PELIT, lipiodol
was accumulated in the entire region of the tumor after
several trials of PELIT and the accumulation was kept for
many months. The biopsy examination from the tumor treated
with PELIT showed that HCC cells were totally destroyed by
the PELIT. Although RFA therapy serves as a central role for
the treatment of HCCs, PELIT, coasidered lo be milder
therapy, is likely to be important as a supportive treatment
for HCCs and useful for the treatment of HCCs that are
difficult to treat with RFA.

Introduction

Hepatocellular carcinoma (HCC) is usually formed on the
cirrhotic condition of the liver caused by hepatitis B and C
virus infection. We have shown that the underlying liver
cirrhosis is not only a major obstacle for achieving successful
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treatment for HCC but also a factor promoting intrahepatic
invasion and metastasis of FICC (1-3). Despite the intensive
efforts for the development of novel treatment modalities for
HCC, the prognosis of HCC remains relatively poor (4,5).
The feasibility of gene therapy for HCC has therefore been
investigated intensively in animal models using viral and
non-viral systems (6-16), since these are important for
evaluating new treatment modalities for HCC. Several
options for the treatment of HCC are now ongoing, such as
percutaneous ethanol injection (PEI), radiofrequency ablation
(RFA) and transcatheter arterial injection or embolization
(TAI or TAE). Among these treatments, RFA appears to be
very effective for inducing coagulated necrosis of HCCs
{17-20) or metastatic liver tumnors (21,22) without major
complications. It is thought that this treatment will serve as a
central role for the treatment of HCC from the standpoint of
its effectiveness and easiness for handling. Moreover, we
have reported that the combined use of PEI and REA is more
effective to achieve the larger coagulated necrosis compared
with RFA alone (23,24) and that this combination therapy
can be adapted to the HCCs that are difficult to treat with
RFA alone (25). PEI-RFA is likely to be attraclive especially
for the patients with large-sized HCCs. However, in contrast
to its effectiveness for inducing widely coagulated necrosis, it is
pointed out that the rate of local recurrence of HCC after RFA is
likely to be relatively high in the cases under insufficient RFA
treatment (26). Moreover, we have to face the HCCs that are
difficult to treat with RFA alone because of the lack of clear
visuality of the tumor by ultrasonography (US) or computed
tomography (CT), the location of the tumor in the liver or
severe liver dysfunction of the patients. To overcome these
problems, we developed a new treatment modality, namely
percutaneous ethanal-lipiodol injection therapy (PELIT), a
modified PEI therapy. We performed PELIT against HCCs
that were resistant to RFA and evaluated its usefulness for
the treatment of HCC.

Subjects and methods

Patients. PELIT was petformed in 19 patients (14 males and
= females; mean age of 65 years) with biopsy-proven HCCs.
All the patients were followed up for at least 4 months after the
initial PELIT. These cases were considered to be more suitable
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Table I. Characteristics of patients with HCC treated with PELIT.

Patient Gender Tumor Tumor Observation Duration of no local Reasons for
no, site size (cm) period (months} recurrence (months} PELIT
I F S5 1.5 7 7 I
2 F §7 2.0 1 11 R,LH
2 F S1 3.0 4 4 R, D
3 M 57 1.0 15 15 L
4 M 57 1.5 14 14 I
5 M S8 1.0 12 12 I,H
6 M S8 2.5 I 11 |
7 F 57 1.5 12 12 L
8 F S6 1.5 8 8 I
9 M S7 2.0 7 7 R
10 M S3 2.0 8 8 ILH
11 M S5 2.5 8 8 ILH
12 M S4 2.0 7 6 1
13 M S3 2.0 4 4 I
14 M S8 1.5 7 7 D
15 M S8 2.0 7 5 D
16 M 57 1.5 4 4 R
17 F S4 LS 15 13 1
18 M sS6 1.5 4 4 I
19 F S5 1.5 11 11 DR

Characteristics of the patients (20 nodules in 19 patients) treated with PELIT are listed. Although the local recurrence was observed in
2 patients (no. 12 and 17), the recurrent lesions were controllable with additional PELIT. Bold numbers, the cases with local recurrence after
PELIT. The reason why PELIT was chosen as a treatment are classified as follows: H, hypovascular HCC; I, HCC invisible by US ot CT;
D, HCC difftcult to treat with RFA; R, HCC with severe hepatic reserve; L, HCC of local recurrence after REA,

to PELIT than RFA therapy. PELIT was chosen for the
treatment of HCCs because these patients had hypovascular
HCC (H), or HCC invisible by US or CT (D), or HCC difficult
to treat with RFA (D), or HCC with severe hepatic reserve (R},
or local recurrence after the initial RFA therapy (L). These
reasons are shown in Table I. The representative 5 cases are
summarized in the results.

Treatments. PELIT was performed under the real-time US
guidance with a 3.5-MHz sector probe (Power Visian 5000,
Toshiba Medical, Tokyo, Japan). A 21 gauge fine needle for
PEI was inserted into the tumor in the liver, and then the
mixture of ethanol (99.5%) and lipiodol (Japan Shering, Osaka,
Japan), a lipid-based contrast medium, at a ratio of 10:1, was
slowly injected into the tumor. The volume of injected ethanol-
lipiodol was always kept below the double volume of the
estimated tumor volume. The studies were conducted with
informed consent given by all patients at the time of
enrollment to this study.

Evaluation of therapeutic efficacy. Five to seven days after
PELIT, plain or contrast-enhanced CT was performed to
evaluate the response to PELIT. Tumor necrosis was considered
to be complete when no foci with early enhancement by the
dynamic CT study were seen around the original tumor lesion.

Results

Treatment of PELIT on HCCs. For PELIT, the mixture of
99.5% ethanol and lipiodol at a ratio of 10:1 was used. After
mixing the liptodol with ethanol, the color of the resulting
flutd was clear, not milky, indicating that lipid-based lipiodol
and ethanol could be mixed wel! at this ratio. It is noteworthy
that the mixture of ethanol and lipiodol became cloudy when
kept under the air condition for several hours. Among 19
patients who received PELIT, reversible liver dysfunction
with slight elevation of serum levels of transaminase was
observed in 2 patients. In these 2 patients, over-flow of the
mixture of lipiodol-cthano! outside the tumorous lesion was
observed in performing PELIT. In the remaining 17 patients,
no adverse reactions were detected after PELIT. Throughout
the whole study, the flow and the pooling of the mixture of
ethanol-lipiodol were more clearly visible by US during the
injection into the tumors, compared with the cases injected
with ethanol without lipiodol. The results of 19 patients
who were followed up for at least 4 months after the first
PELIT are summarized in Table 1. Most of the HCCs treated
were <3 ¢m in diameter except a tumor of patient no. 2. For
this patient with HCC that was 3 ¢cm in diameter, PELIT was
chosen, because the HCC was located in the S1 region in the
liver and the approach route of an RFA electrode was
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Figure I. Contrast-enhanced CT before (A, early phase; B, late phasc) and immediately after PELIT (C) for HCC (2 cm) located in the S5 region of the liver.
The HCC was lacated close 1o the main tract and the umbiiical portion of the portal vein, which made it difficult to insert an REA electrode into the tumor.
Furthermore, the hepatic reserve of the paticnt was not sufficicat for RFA therapy. After PELIT, lipiodo] was observed in the entire fesion of the tumor.

prevented by the gallbladder and the portal tract. Furthermore,
liver dysfunction was very severe in this patient. Only in 2 of
20 nodules in 19 patients, local recurrence was detected at the
period shown (Table I). In patients no. 4 and 7, locally
recurring HCCs after RFA were treated with PELIT and no
new recurrence has been detected for over a year, Fig. |
shows the contrast-enhanced CT before (A and B) and
immediately after PELIT (C) for }CC located in the S5
region of the liver in patient no. 19. In this case, the tumor
was a typical HCC, showing the enhancement in the early
phase and defect in the late phase of the dynamic CT. The
tumor was located close to the portal tract and seemed to be
difficult to treat with RFA. Moreover, the liver dysfunction of
this patient was too severe {o undergo RFA therapy. The
mixture of ethanol-lipiodol was injected into the tumor using
a PEIT needle. Immediately after the PELIT, the mixture of
ethanol-lipiodol was accumulated in the entire region of the
tumor. To confirm that all the cancer cells in the region of
lipiodol-deposit were destroyed, liver biopsy of lipiodol-
accumulated region was performed. The biopsy specimen
showed the nuclei of all HCC cells had disappeared and the
whole tumor was destroyed by PELIT, although the
accumulation of lipiodol was not microscopically observed in
the specimen (Fig, 2).

Effects of PELIT on HCC invisible by US or CT. Fig. 3
represents the US (A), and the CT before (B) and immediately
after (C) the PELIT for HCC located in the $8 region of the
liver in patient no. 6. The size of the HCC was 2.5 ¢m in
diameter. In this paticnt, the location of the tumor was not
visible by US as shown (Fig. 3A), although it was clearly
visible by CT (Fig. 3B). PELIT was performed under the US
guidance, based on the CT finding, and 12 ml of mixturs ~f
ethanol-lipiodol was injected into the tumor. The mixture of
ethanol-lipiodol was accumulated in the entire region of the
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Figure 2. Liver biopsy specimen obtained from the tumor treated with PELIT.
Liver biopsy specimen obtained from the HCC in the §5 region of the liver
shown in Fig. | after the PELIT revealed that the nuclei of all cells had
disappeared and the HCC cells were necrotic. Hematoxylin and eosin
staining. Magnification x100,

tumor after PELIT (Fig. 3C). The dynamic CT taken 10
months after PELIT also showed the good retention of
accumnulated lipicdel and no enhancement around the tumor in
the early phase (data not shown). PELIT was performed for
another patient (no. 5) with HCC not visible by US. In this
patient, the HCC located in the S8 region immediately under
the diaphragm (Fig. 4A) was not visible by US, and to make
matters worse, the degree of liver dysfunction was too severe
to undergo RFA therapy. The accumulation of lipiodol-ethanol
reached beyond the margin of the tumorous lesion in this
case (Fig. 4B).

Effects of PELIT on HCC difficult to treat with RFA and with
~evere hepatic reserve. Fig. 5 shows HCC located in the S§7
region in the liver before (A and B) and after (C) the first
PELIT. Liver dysfunction of this patient was also very severe,



384

KURQKOHCH! ef ai: PERCUTANEQUS ETHANOL-LIPIODOL INJECTION THERAPY FOR HCC

Figure 3. US and CT images of HCC (2.5 cm) located in the $8 region of the liver, Although the HCC was not detected by US before PELIT (A), it was .
clearly demanstrated by dynamic CT (B). PELIT was performed under the US guidance based on the judgment of the CT findings. Accumulation of lipiadol |

in the whote tumor was observed by plain CT {C).

Figure 4. Contrast-enhanced dynamic CT before (A) and plain CT immediately after (B) PELIT for HCC (2 cm) located in the 54 regicn immediately under
the diaphragm. In this case, the tumor was not visible by US. After PELIT, the area of lipiodol-deposit covered the entire tumor and reached beyond the twmor

margin.

with the platelet count of 40,000/mm?® and hepaplastin test of
<50%. Because these conditions were considered not to be
adaptable to RFA therapy, PELIT was performed in the
tumor. This HCC-showed no early enhancement (Fig. SA)},
but was: visible]as a defect in the late phase of the dynamic
CT (Fig. 5B), indicating that this tumor was hypovascular.
In contrast, this tumor was sufficiently visible by US. After
the initial treatment of PELIT. the mixture of lipiodol-
ethanol was clearly accumulated in the entire tumor lesion
(Fig. 5C). Seven months after the first PELIT, another HCC
(2.5 cm in diameter) emerged in the S1 lesion of the liver.
This tumor showed the enhancement in the early phase (Fig.
5D) and the defect in the late phase {(Fig. 5E) of dynamic
CT. Although the first tumor was hypovascular, the second

one was shown to be hypervascular. Therefore, in this
patient, 2 types of HCC with different vascularity emerged in
different locations of the liver. The good accumulation of
lipiodol was observed in the S7 region, even 7 months after
PELIT, indicating that the deposit of lipiodol was kept stable
in HCC for many months. The newly developed turmor in the
Si lesion was located close to the inferior vena cava and the
portal tract, which prevented the insertion of a [7-gauge RFA
electrode, Therefore, PELIT using a 21-gauge PEI needle
was performed and 29 ml of the mixture of ethanol-lipiodol
was injected into the tumor in 3 sessions of treatment. The
deposit of ethanol-lipiodol covered the entire tumor (Fig. 5F).
With PELIT for both tumors, no severe liver dysfunction was
observed.
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Figure 5. CT images of HCCs with hypo- and hyper-vascularity developed at different times in the same patient. The first HCC, 2.5 cm in diameter, was
developed in the 87 region of the liver. The lesion did not show the early enhancement (A) but showed the defect (B) in the late phase of CT, indicating the
hypovascularity of this tumor. After PELIT, plain CT revealed that the entire lesion was covered with lipiodol (C). Seven months after PELIT. the new lesion,
3 cm in diameter, was detected in the §1 region. The lesion showed early enhancement (D) and relatively low density (E) in the late phase of dynamic CT.
After PELIT, plain CT showed that the entire tumor in the 51 region was covered with lipiodol alorg with the lipindol-deposit in the 57 region (F).

Discussion

The strategy for the treatment of HCC has rapidly been shifting
from surgical to non-surgical modalities by the introduction of
REA therapy in clinical settings. One reason for this shift is
that RFA is able to achieve certain therapeutic effects on HCC
in a few scssions of treatment without setious side effects.
Although PEI therapy has been shown to be useful for the
treatment of HCC, its efficacy is limited to relatively small-
sized encapsulated lesions. In contrast, RFA therapy is
applicable to patients with relatively large-sized HICCs, because
RFA therapy is able to obtain an adequate safety margin around
the tumor (27). We have recently reported the usefulness of
the combination therapy of PEI and RFA (PE{-RFA). This
strategy can enhance the effectiveness of the treatment for
HCCs, especially for large-sized HCCs and those located in
the regions that are difficult to treat with RFA (23-25).
However, we have to face also cases that are difficult to treat
with PEI-RFA or RFA alone for several reasons. For
instance, if HCCs are located near the inferior vena cava, the
portal tract, the gallbladder or the bile tract, these structures
may prevent the insertion of a relatively thick RFA electrode.
If HCCs develop in patients with severely impaired hepatic
reserve, RFA therapy may cause unacceptable hepatic damage,
such as hepatic failure. Furthermore, it s difficult to treat with
RFA such HCCs that are not clearly visible by US or CT.
In the present study, we have shown the effectiveness of
PELIT, a combination therapy of ethanol injection and
lipiodol injection, on such HCCs. We have also shown
representative cases that were difficult to treat with RFA and
successlully treat with PELIT. For the treatment of HCCs,
several options of combination therapies have been reported
such as transcatheter arterial embolization plus RFA and
saline injection plus RFA (28-35). To our knowledge, this is the
first report describing the effectiveness of the combination
therapy of ethanol and lipiodol injection (PELIT) for the

treatment of HCC, although a few reports suggested the
usefulness of lipiodol-ethanol injection therapy (36).

In all cases examined in the present study, the injected
ethanol-lipiodol was homogeneously accumulated in the
tumor. It was shown that PELIT alone could successfully
treat HCCs, because the foci with the early enhancement
indicated by CT before the treatment completely disappeared.
No side effects other than mild reversible liver dysfunctton
were observed. Importantly, local recurrence rates after
PELIT were shown to be quite low in a short-term follow-up
ranging from 4 to 15 months, indicating that the visble cells
in the tumor were completely destroyed by the injection of
ethanol-lipiodol. Because lipiodol was mixed with ethanol at
a ratio of 1:10, it should be confirmed whether the cells in the
region corresponding to the lipiodol deposit wege completely
destroyed by the PELIT. Thus, a liver biopsy was, performed
from the lipiodol-deposit region and whole HCC cells were
canfirmed to be necrotic by PELIT. Taken collectively, these
results suggest that PELIT is effective for destroying the
entire tumorous legion corresponding to the lipiodol deposit
without major complications.

As shown in the present study, PELIT is likely to be
especially useful for the treatment of tumors that are not
clearly visible by US or CT, because the treated region with
accumulated lipiodol can thereafter be easily confirmed not
by contrast-enhanced CT but by plain CT. As shown in Figs.
4 and 5, the deposit of injected lipiodo! was observed in
hypovascular tumors as well as hypervascular ones. So far,
lipiodol has been used with an anti-cancer drug in transcatheter
arterial chemolipiolization. In this kind of use, the mixture of
anti-cancer drug and tipiadol is not deposited in hypovascular
tumors, implying that lipiodol does not work effectively on
hypovascular tumors in the transcatheter arterial approach.
In this regard, PELIT, a percutaneous administration of
lipiodol, is thought to be useful for the treatment of tumors
irrespective of the vascularity.
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In the present study, we could confirm that lipiedol
pereutaneously injected into the HCCs had strong affinity
with viable cells. Therefore, PELIT may be useful for the
detection and treatment of the residual foci after RFA therapy.
In fact, 2 cases (patients no. 4 and 7) of local recurrence after
RFA therapy were successfully treated with PELIT and the
effects have been sustained for over a year. The tight affinity
of lipiodel with cancer cells may be helpful for other
metastatic liver cancers as well.

RFA therapy is a very attractive and effective therapy for
large-sized HCCs. In a sense, RFA therapy appears to be a
radical treatment able to destroy the large area of the tumor
in the liver. In contrast, PELIT appears to be a much milder
therapy compared with RFA. Thus, the effects induced by
PELIT are less invasive to the non-tumorous region in the
liver, implying that this therapy is safer and milder than RFA
therapy. The question may be raised why the usefulness of
PELIT should be noted, when we have obtained the RFA
technology. However, we belicve that PELIT can play a
certain role in the treatment of HCC because of its lesser
invasiveness, and its convenience and dexterity. Therefore,
the combined use of RFA therapy and PELIT according to
the clinical status of patients or tumors may be useful for the
treatment of HCCs, and this combination therapy may be
able to diminish the difficulties and open up a new avenue in
the treatment of HCCs.
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Abstract. It has been shown that a variety of cell cycle-related
proteins play important roles in the process of carcinogenesis
including hepatocarcinogenesis. In the present study, we
evaluated mRNA and protein expression of G1 phase-related
cell cycle molecules in the process of hepatocarcinogenesis,
using Long-Evans Cinnamon (LEC) rats, an animal model of
hepatocellular carcinoma (HCC). The expression of cyclin DI,
cyclin-dependent kinase 4 (Cdkd) and Cdk6 was measured
quantitatively by real-time polymerase chain reaction.
Cyclin D1 mRNA expression was increased significantly in
chronic hepatitis liver compared with normal liver, and
then decreased in HCC and the surrounding precancerous
liver of LEC rats. Levels of Cdk4 mRNA were increased
significantly in HCC compared to precancerous and chronic
hepatitis livers. In contrast, mRNA levels of Cdké did not
change significantly during hepatocarcinogenesis. We also
evaluated the protein levels of these Gl phase-related cell
cycle molecules by Western blot analyses and confirmed
similar results. Total amounts of retinoblastoma protein
{pRb) in the liver did not change significantly in the process
of hepatocarcinogenesis in LEC rats. However, levels of
phosphorylated pRb were increased markedly in the process
of hepatocarcinogenesis, and the highest in HCC compared
to precancerous, chronic hepatitis and normal livers. These
results indicate that cyclin D1 may be involved in the
regeneration of hepatocytes rather than hepatocarcinogenesis,
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while Cdk4 but not Cdk6 may play an important role in the
development of HCC.

Introduction

The inbred strain of Long-Evans Cinnamon (LEC) rats was
established as a mutant strain that spontaneously suffers from
chronic liver injury and subsequently develops hepatocellular
carcinoma (HCC) (1,2). Severe acute hepatitis with jaundice
spontaneously develops in LEC rats 4-5 months after birth.
Approximately 30-40% of LEC rats die of fulminant hepatitis,
and the remaining ones suffer from chronic hepatitis for
life. Almost all LEC rats develop HCC when they are 18-
months-old (3,4). It has been confirmed that abnormal copper
accumulation occurs in the liver of LEC rats and that the
occurrence of liver injury is linked genetically (5,6). Because
the natural history of liver disease in LEC rats closely
resembles that of human hepatic diseases in which HCC
follows persistent hepatitis, LEC rats are regarded as a useful
animal model for the research of the mechanisms of human
hepatocarcinogenesis.

Cyclins and their catalytic subunits, cyclin-dependent
kinases (Cdks), play pivotal roles in the regulation of cell cycle
events (7). Cdks control the passage through the restriction
point and entry into S phase. Cdks are sequentially regulated
by cyclins A, D and E. Among the cyclins, D-type cyclin is
the primary regulator and is absolutely required for cellular
progression through G1 phase of the cell cycle (8-10). Specific
cyclin/Cdk complexes are activated at different intervals
during the cell cycle. Cyclin D1/Cdk4 and cyclin D1/Cdk6

-are activated in mid-G1l phase. The activation of cyclin

D1/Cdk4 and cyclin D1/Cdk6 complexes is responsible for
the phosphorylation of retinoblastoma protein (pRb), the
ultimate substrate in the pathway leading to transition from
Gl to S phase. Thus, G1 phase-related cell cycle molecules
play essential roles in the entry into the cell cycle.

In the present study, to examine the involverment of Gl
phase-related cell cycle molecules in hepatocarcinogenesis,
we assessed mRNA expression of cyclin D1, Cdk4 and Cdké
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