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Figure 3 | Increased expression of AFP in HCC cells silenced for

miR122 function. (a) The AFP concentration in the culture medium was
determined by ELISA. Data represent the mean#s.d. of three independent
experiments using Huh7 cells. *P<0.01 (t-test). Similar results were
obtained for PLC/PRF/5 cells. (b) Immunofluorescent staining for AFP in
the cytoplasm of control and miR122-silenced Huh7cells. Representative
images of stained cells from three independent experiments are shown.
Scale bar, 50 um. (€) Amounts of AFP mRNA in Huh7 control and miR122-
silenced cells were determined by quantitative RT-PCR. Data represent the
meanzs.d. of three independent experiments. *P<0.05 (t-test). Similar
results were obtained using PLC/PRF/5 cells. (d) AFP mRNA stability

in Huh7 control (solid line) and miR122-silenced (dashed line) cells was
determined by quantitative RT-PCR at 6, 12, and 24 h after treating cells
with 10 wlml~" actinomycin D. Data represent the mean+s.d. of three
independent experiments. Similar results were observed using PLC/PRF/5
cells. (e) AFP promoter activity was measured in reporter assays using
Huh7 cells and AFP promoter-luciferase construct. Data represent the
meanz=s.d. of three independent experiments. *P<0.05 (t-test). Similar
results were obtained using PLC/PRF/5 cells. (f, g) Luciferase assays were
performed using reporter plasmids to measure p53 (f) and B-catenin (g)
activities. Data represent the mean*s.d. of three independent experiments.
Similar results were obtained using PLC/PRF/5 cells. (h) ZBTB20 protein
levels in miR122-silenced cells. A representative result from three
independent experiments using Huh7 cells is shown. Similar results were
obtained using PLC/PRF/5 cells.

in miR122-silenced cells as a result of increased AFP promoter activ-
ity. Indeed, AFP promoter activity was almost four times higher in
miR122-silenced cells than in control cells, as assessed by a reporter
assay (Fig. 3e).

Because AFP promoter activity is in part regulated by p53
(ref. 7), we assessed p53 activity using reporter constructs. How-
ever, no changes in p53 activity were detected in miR122-silenced
cells (Fig. 3f). As mutation of B-catenin has also been reported to
be involved in upregulation of AFP expression®, we next analysed
B-catenin activity in miR122-silenced cells. Similar to p53, no
change in B-catenin activity was evident in miR122-silenced cells
compared with control cells (Fig. 3g).

Recently, it was reported that ZBTB20 acts as a repressor of
AFP transcription’. This result led us to assess the expression of
the ZBTB20 protein in miR122-silenced cells. Indeed, western
blot analysis revealed that ZBTB20 expression was decreased in

miR122-silenced cells (Fig. 3h). However, as ZBT20 lacks the pres-
ence of predicted miR122 target sequences based on computational
searches of the 3’-UTR, it was also unlikely that miR122 directly
regulates ZBTB20 expression. These observations suggest that other
indirect mechanisms may lead to decreased ZBTB20 expression in
miR122-silenced cells.

CUX1 is the regulator of phenotypes in miR122-silenced cells. To
explore the mechanisms by which miR122 regulates cell motility, inva-
sion and AFP expression, we used computational searches to identify
potential miR122 target genes with known functions related to these
processes. This analysis led to the identification of Cut homeobox 1
(CUX1, also known as CCAAT-displacement protein/cut homeobox,
CDP/Cux/Cut) through the presence of a high probability miR122
target site located in the 3’-UTR and a perfect match in the seed
sequences. CUX1 is a transcription factor that regulates multiple
processes including cell cycle progression, chromosomal segregation
and cell migration™*. Consistent with the effects of miR122 silencing
described above, CUX1 was reported to modulate cell motility and
invasion through the control of RhoA activity”-’. We observed that
whereas CUX1 mRNA levels remained unchanged (Fig. 4a), there
was a significant increase in the steady-state level of the CUXI p200
and p110 isoforms in miR122-silenced cells (Fig. 4b).

To investigate the contribution of CUX1 upregulation to the
increase in AFP expression and invasive properties observed in
miR122-silenced cells, we knocked down CUXI protein expression
using lentiviruses expressing CUX1 short hairpin RNAs (shRNAs)
(Fig. 4c). In the resulting double-knockdown cells, AFP protein expres-
sion in cell-culture supernatant and cell invasion were both reduced to
levels similar to that of the parental Huh7 cells (Fig. 4d-f).

CUX1 represses ZBTB20 expression via miR214. We next assessed
whether miR122 directly targets CUX1 by constructing a luciferase
reporter construct that possessed a portion of the CUX1 3’-UTR
containing the putative miR122 target site (Fig. 5a). Co-transfection
experiments revealed that luciferase activity was suppressed by over-
expression of a miR122 precursor-expressing plasmid (Fig. 5b). This
suppressive effect was prevented by introducing two point muta-
tions into the seed sequences of the miR122 target site (Fig. 5a,b),
demonstrating that miR122 directly targets these sequences.

To confirm these effects, we generated 293T cell lines that
stably expressed the miR122-precursor construct by transducing
cells with miR122 precursor-expressing lentiviruses tagged with
green fluorescent protein (Supplementary Fig. S2a). As expected,
the anti-miR122 construct did not affect control 293T cells, owing to
the lack of miR122 expression. However, the anti-miR122 construct
greatly enhanced luciferase activity in 293T cells stably expressing
the miR122-precursor, confirming that miR122 was transduced
into the 293 T cells (Supplementary Fig. $2b). Consistent with the
results described above, these cells exhibited decreased expression
of CUXI1, particularly the p200 isoform, and also showed a modest,
but reproducible, increase in ZBTB20 expression (Fig. 5c). These
results suggest that miR122 directly regulates CUX1 protein expres-
sion, which in turn may regulate ZBTB20 expression.

Because CUXI1 can function as a transcriptional modulator?, we
initially hypothesized that CUX1 is a direct regulator of ZBTB20
transcription. However, quantitative RT-PCR analysis revealed that
levels of the ZBTB20 mRNA were unchanged in miR122-silenced
cells compared with controls (Fig. 5d). To explain the discrepancy
between unchanged levels of ZBTB20 mRNA and decreases in
protein expression levels in miR122-silenced cells, we searched for
miRNAs that could potentially target the ZBTB20 3’-UTR. Based
on computational searches, miR214 and miR375 were identified as
candidate ZBTB20-regulatory miRNAs. Although levels of miR375
were unchanged in miR122-silenced cells (Fig. 5e), expression of
miR214 was significantly increased (Fig. Se).
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Figure 4 | CUX1-mediated regulation of AFP expression and phenotypic changes in miR122 functionally silenced cells. (a) CUX1 mRNA levels in control
and miR122-silenced cells were analysed by quantitative RT-PCR. Data represent the mean+s.d. of three independent experiments using Huh7 cells.

(b) p200 and p110 CUX1 protein levels were increased in miR122-silenced cells compared with control cells. A representative result from three
independent experiments using Huh7 cells is shown. Similar results were obtained for PLC/PRF/5 cells. (¢) CUX1and ZBTB20 protein expression in double
CUX1/miR122 knockdown Huh7 cells. Similar results were obtained using PLC/PRF/5 cells. (d) AFP concentrations in the culture mediurmn supernatants
were determined by ELISA. Data represent the mean+s.d. of three independent experiments. *P<0.01 (t-test). Similar results were observed using
PLC/PRF/5 cells. (e, f) The change of cell invasion ratio by CUX1 knockdown in miR122-silenced Huh7 cells. Representative images of stained invading
cells are shown (e). The relative cell invasion ratio after normalization to control invasion levels is shown (). Data represent the means.d. of three
independent experiments. Scale bar, 100 um. *P<0.07 (t-test). Similar results were obtained using PLC/PRF/5 cells.

To assess whether miR214 directly targeted the ZBTB20 3’-UTR,
we constructed a luciferase reporter with the region of the ZBTB20
3-UTR that contains the putative miR214 target site. Reporter
assays revealed that luciferase activity was indeed suppressed by
overexpression of the miR214 precursor, suggesting that miR214
directly targets the ZBTB20 3’-UTR and suppresses its expression
(Fig. 5f). Consistent with these findings, cells that stably overex-
pressed the miR214 precursor exhibited decreased levels of ZBTB20
protein expression (Fig. 5g).

The putative promoter regions of miR214 contain multiple
CUXI1 binding sites as revealed by MATCH, a transcription factor
binding site search engine (http://www.gene-regulation.com). A
scanning chromatin immunoprecipitation (ChIP) experiment, fol-
lowed by real-time PCR, using a series of primer pairs, confirmed
that CUX1 binds to multiple genomic sites in the miR214 promoter
region (Fig. 6a). We therefore hypothesized that CUX1 may regu-
late miR214 transcription. Consistent with this notion, we found
that miR214 expression was decreased in CUX1 knockdown Huh7
cells (Fig. 6b). The role of CUXI as an activator of miR214 tran-
scription was further verified by knocking down or overexpressing
CUX1 in another cell line. Levels of miR214 decreased following the
constitutive knockdown of CUX1 with shRNA (Fig. 6¢). In contrast,
retroviral infection with a vector expressing p110 CUXI led to an
increase in miR214 (Fig. 6d). These findings were confirmed using

doxycycline-inducible CUX1 shRNA. As previously observed for
other transcriptional targets of CUX1 (refs 30,34), levels of miR214
were reduced in the presence of doxycycline, and then returned
to levels higher than in untreated cells upon removal of the doxy-
cycline inducer miR214 (Fig. 6e).

Next, to assess the contribution of miR214 to the control of
ZBTB20 expression in miR122-silenced cells, we measured ZBTB20
expression after parallel silencing of miR214 in miR122-silenced
cells. Although ZBTB20 protein expression was reduced by almost
50% by miR122 silencing, it was restored to >90% of control levels
by miR214 silencing (Supplementary Fig. S3). Thus, CUX1-induced
miR214 regulates, at least in part, ZBTB20 expression in miR122-
silenced cells, leading to the upregulation of AFP expression.

Regulation of of CUX1 and AFP expression by miR122 was also
confirmed in other HCC cell lines in which miR122 was overex-
pressed or silenced. Northern blotting showed that the expression
of miR122 was relatively low in Hep3B and HepG2 cells, but was
relatively high in Huhl, Huh7 and PLC/PRF/5 cells (Supplemen-
tary Fig. S4a). We therefore overexpressed the miR122 precursor
in Hep3B and HepG2 cells and silenced miR122 in Huhl, Huh7
and PLC/PRF/5 cells (Supplementary Fig. $4b). CUX1 expression
was respectively suppressed and enhanced by miR122 precursor
overexpression and miR122 silencing (Supplementary Fig. S4c). In
contrast, AFP expression was respectively enhanced and suppressed
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Figure 5 | MiR122 directly targets CUX1. (a) A luciferase reporter carrying
a region of the wild type CUX1 3'UTR containing the putative miR122
target site (Luc-CUX1-3"UTRwt) was used to assess the effects of miR122
on expression of CUX1. A second luciferase reporter with two nucleotide
mutations (indicated in bold) in the seed sequences (indicated by a
rectangle) of the putative miR122 target sites (Luc-CUX1-3’"UTRmut) was
also utilized to assess specificity. (b) Huh7 cells were co-transfected with
Luc-CUX1-3'UTRwt or Luc-CUX1-3"UTRmut and either an empty control
vector (white bar) or a miR122 precursor expression plasmid (black bar).
Data represent the mean#s.d. of three independent experiments. *P<0.05
(t-test). (¢) CUX1and ZBTB20 expression in 293 T cells-expressing the
miR122 precursor. Cell lysates transiently transfected with CUX1p200 or
p110 expression plasmids were used as positive controls. Representative
results from four independent experiments are shown. (d) ZBTB20 mRNA
levels in miR122-silenced Huh7 cells were determined by quantitative
RT-PCR. Data represent the mean+s.d. of three independent experiments.
Similar results were obtained using PLC/PRF/5 cells. (e) Levels of miR375
(left) and miR214 (right) in miR122-silenced Huh7 cells were analysed by
quantitative RT-PCR. Data represent the mean=s.d. of three independent
experiments. *P<0.05 (t-test). (f) Huh7 cells were co-transfected with
Luc-ZBTB20-3’UTR and either an empty control vector or an miR214
precursor expression plasmid. Data represent the mean+s.d. of three
independent experiments. *P<0.05 (t-test). (g) ZBTB20 expression was
decreased in Huh7 miR214-overexpressing cells. 293T cell lysate was
used as a positive control. Representative results from four independent
experiments are shown.
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Figure 6 | CUX1regulated miR-214 expression. (a), CUX1 enrichment at
the miR214 locus. ChiP assays were performed using Hs578T cells. Fold
enrichment and location of the center of each gPCR amplicon are shown.
*P<0.05 (t-test). (b) MiR214 expression levels after CUX1 knockdown

in miR122-silenced Huh7 cells were determined by quantitative RT-PCR.
Data represent the meants.d. of three independent experiments. *P<0.05
(t-test). Similar results were obtained using PLC/PRF/5 cells. (c) Levels of
miR214 and CUX1RNA in Hs578T cells infected with an empty vector or

a lentiviral vector constitutively expressing CUX1shRNA. Data represent
the meants.d. of three independent experiments. *P<0.05 (t-test).

(d) Hs578T cells were infected with a retrovirus expressing p110 CUX1.
Levels of miR214 and CUX1 mRNA were measured 1 day later. Data
represent the meants.d. of three independent experiments. *P<0.05
(t-test). (e) Levels of miR214 and CUX1 mRNA in Hs578T cells expressing
a doxycycline-inducible CUX1 shRNA. Levels are shown prior to treatment,
after 5 days of doxycycline treatment, and 2, 3 and 4 days after withdrawal
of doxycycline. Fold changes with the mean+s.d. of three independent
experiments and P-values are shown (t-test).

(Supplementary Fig. S4d), confirming that AFP expression is regu-
lated by an miR122-CUX1 pathway in multiple HCC cell lines.

These results indicate that functional silencing of miR122 leads
to an increase in CUX1 protein expression, resulting in repression
of ZBTB20 through an increase in miR214 expression. Repression
of ZBTB20, in turn, leads to an increase in AFP expression. Because
CUX1 is a modulator of cell motility and invasion®* ¥, upregulation
of this protein also enhances RhoA activity, increasing the malig-
nant properties of cancer cells.

Expression of CUX1-related molecules in miR122-silenced mice.
To explore the pathway delineated above in an in vivo model, we gen-
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erated transgenic mice expressing antisense miR122 under the con-
trol of an H1 promoter (Fig. 7a) to inhibit the function of endogenous
miR122 (ref. 38). In situ hybridization analysis in these mice revealed
weak miR122 staining in liver tissue in comparison with control
mice, likely due to binding of the anti-sense miR122 to endogenous
miR122, which produces a double-stranded DNA and likely inhibits
hybridization of the probe (Fig. 7b). Although structural develop-
ment of the liver appeared normal based on haematoxylin and eosin
staining (Supplementary Fig. S5), AFP mRNA expression (Fig. 7c)
and p200 and p110 CUX1 protein expression were upregulated in the
liver of anti-miR122 transgenic mice (Fig. 7d). Moreover, whereas lev-
els of ZBTB20 mRNA were unchanged, ZBTB20 protein expression
was decreased in the liver (Fig. 7d), in agreement with in vitro results
demonstrating the regulation of ZBTB20 at the translational level (Fig.
5¢,d). This was associated with a significant increase in the levels of
miR214 in anti-miR122 transgenic mice (Fig. 7e). Thus, results from
mouse liver tissue confirm that the miR122/CUX1/miR214/ZBTB20
regulatory pathway is also functional in an in vivo model.

Invasiveness of miR122-silenced cells in xenograft model. Next,
we transplanted control and miR122-silenced PLC/PRF/5 cells
under the liver capsule of nude mice (Fig. 7f) to determine whether
miR122 silencing in HCC actually produces a more malignant
phenotype in vivo. PLC/PRF/5 cells were chosen because of their
transplantability in nude mice®. Neither intrahepatic metastases nor
vascular invasion were detected in the livers of mice transplanted
with control cells at 4 weeks post-transplantation. In contrast, vas-
cular invasion was observed in the livers of mice transplanted with
miR122-silenced HCC cells (Fig. 7g). These results suggest that
miR122 silencing in HCC leads to a more aggressive phenotype.

HCC staging and the expression of miR122-related molecules. To
assess the relevance of these results to human disease, we examined
miR122 and AFP expression in several clinical-grade human HCC
samples. We analysed miR122 expression by in situ hybridization
(Fig. 8a) and AFP expression by immunohistochemistry (Fig. 8b).
Both AFP expression and malignancy grading were inversely corre-
lated with miR122 expression levels (Fig. 8c,d). In addition, CUX1,
miR214 and ZBTB20 expression was also correlated with miR122
expression, as determined using serial sections (Supplementary
Fig. S6a, b and c). These results, together with our studies in tissue
culture systems and a transgenic mouse model, suggest that a
reduction in the expression of miR122 increases AFP expression
via a miRNA122-CUX1-miRNA214-ZBTB20 pathway and that the
development of more biologically aggressive forms of HCC occurs
via a miRNA122-CUX1-RhoA pathway (Supplementary Fig. $7).
The miRNA-mediated mechanism described in this report may
explain the clinically known link between increased AFP levels and
more biologically aggressive cell characteristics in HCC.

Discussion

High AFP levels have been clinically shown to be an unfavour-
able prognostic factor in HCC patients®. In this study, we demon-
strate that reduced expression of miR122 in HCC cells contributes
to elevated AFP expression and, subsequently, a more aggressive
phenotype. These results provide a molecular framework that
explains the reported link between elevated AFP levels and a poor
clinical outcome in HCC patients.

Clinically, high AFP expression is correlated with more bio-
logically aggressive properties of HCC, as patients with high
AFP levels have a significantly higher frequency of portal vein
invasion and intrahepatic metastases. Additionally, these patients
display significantly lower rates of recurrence-free survival and
a trend towards lower overall survival. In the present study, we
have presented several lines of evidence indicating that decreased
expression of miR122 in HCC leads to the two phenomena that

Anti-
miR122 Tg

0.1 kbp

0.05 kbp

0.31 kbp -

1.085 kbp
c d e
kDa
. cuxt — 250
10 200
3 e 150
i 8 CuX1 s
E5 p110 > —100 E5
oG 6 @
w o 3
<o A 28
o =
23 58
5. &
WT Anti- WT Anti-
miR122 Tg B-Actin =] — 45 miR122 Tg
WT  Anti-
miR122 Tg
Control and Transplant under
miR122-silenced the capsule of the
HCC cells @ left-lobe liver
l m I 4 Weeks
@ Examination of the
M liver histology
2x 10" cells

per mouse

Figure 7 | AFP expression is increased in the liver of anti-miR122
transgenic mice. (a) DNA construct used to establishment transgenic mice
in which miR122 is functionally silenced (anti-miR122 transgenic mice).
This construct (like the construct used in the in vitro studies) generates a
functional single-stranded full-length antisense miRNA complementary to
miR122. (b) Confirmation of the expression of an antisense RNA directed
against miR122 in anti-miR122 transgenic (anti-miR122 Tg) mice. Amounts
of miR122 detected by in situ hybridization (blue/purple staining) in the
liver tissues of anti-miR122 transgenic mice and WT mice. Results shown
are representative of three independent experiments performed using
littermates from four different mouse lines. Scale bar, 100 pm. No specific
staining was observed when a negative control probe (LNA-scramble)
was used. (€) AFP mRNA expression in mouse liver tissues was analysed
by quantitative RT-PCR. Data represent the mean=s.d. of resuits for five
mice in each group. *P<0.05 (t-test). (d) CUX1and ZBTB20 expression
in mouse liver tissues was assessed by Western blotting. A representative
result from three independent experiments is shown. (e) Levels of miR214
in fiver tissues were determined by quantitative RT-PCR. Data represent
the meants.d. of three independent experiments. *P<0.05 (t-test).

(f) Protocols of the orthotopic xenograft models of HCC cells. Control and
miR122-silenced PLC/PRF/5 cells were prepared and injected under the
capsule of the left-lobe of the nude mouse liver. Six mice were included in
each group. At 4 weeks after transplantation, liver tissues were collected
and sliced in series. Histological examination by H&E staining was
performed to examine the tumour cell invasion status. (g) Representative
liver histology images at 4 weeks after transplantation of tumour cells are
shown. Whereas only the transplanted HCC cells beneath the capsule

of the liver edge could be detected (arrow, upper left panel), neither
intrahepatic metastasis nor vascular invasion was observed in the livers
of mice transplanted with control cells. In contrast, vascular invasion by
multiple tumour cells (arrow, upper right panel) was observed in mice
transplanted with miR122-silenced cells. Scale bar, 500 um. WT, wild type.
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Figure 8 | AFP expression and HCC grade are inversely correlated with
miR122 expression in human HCC samples. (a) Expression of miR122 in
human clinical samples was assessed by in situ hybridization. Expression of
miR122 (blue/purple staining) in grade 2 (more malignant) HCC samples
was less than that of normal human liver tissues or grade 1 (less malignant)
HCC samples. Representative images are shown. Nuclei were stained with
FastRed. Scale bar, 500 um. (b) AFP expression, shown in brown, was
analysed by immunchistochemistry. AFP expression was higher in grade

2 HCC samples than in normal human liver tissue or grade 1 HCC samples
in most cases. Representative images are shown. Scale bar, 500 um.

(€) Graph shows the correlation between miR122 and AFP expression.
Increased AFP expression was correlated with decreased miR122
expression. (d) Graph shows the correlation between miR122 expression
and malignancy grading of HCC. increases in malignancy grading were
correlated with decreases in miR122 expression.

are frequently observed simultaneously in the clinic: elevated
expression of AFP and a more malignant biological phenotype.
First, elevated AFP expression and greater cellular invasiveness were
observed in miR122-knockdown cells in vitro and in vivo. Second,
CUX1, which is linked with invasive characteristics in carcinoma
cells™**7, was shown to be involved in regulation of AFP expression
and was identified as a direct target of miR122. Third, in human tis-
sue samples from HCC patients, inverse correlations were observed
between miR122 expression and AFP expression, and between
miR122 expression and tumour grade. These data suggest that it is
unlikely that the clinical correlation between elevated AFP levels
and a more biologically aggressive phenotype in HCC is a coinci-
dental epiphenomenon, but, instead provide a possible molecular
explanation for the decrease in miR122 expression in HCC cells.

A recent study on liver development reported that liver-enriched
transcription factors activate the expression of miR122, which in
turn was found to promote terminal differentiation of hepatocytes
through the silencing of CUX1 (ref. 42). In the present study, we con-
firmed that CUX1 is a direct target of miR122 and, in contrast to the
situation in normal development, we showed that in grade 2 HCCs

the decrease in miR122 is associated with higher CUX1 expression.
High CUX1 expression was previously shown to inversely correlate
with relapse-free and overall survival in high-grade breast cancers®.
In transgenic mice, CUX1 was reported to cause various cancer-
associated disorders depending on the specific isoform and tissue
type expression****. In particular, expression of CUX1 caused
organomegaly in several organs including the liver®. Hepatomegaly
was associated with progression of lesions beginning with inflamma-
tion and leading to the development of mixed cell foci, hyperplasia
and even HCCs, although in this last case statistical significance was
not achieved because of the small size of the transgenic cohort”. The
underlying mechanisms for the role of CUXI in cancer is complex
and is likely to involve both cell-autonomous and non-cell autono-
mous effects. However, from cell-based assays it is clear that CUX1
has a role in at least three distinct processes: cell motility, cell cycle
progression and chromosome segregation®**4 The knockdown of
CUXI using siRNA was shown to delay entry into S phase and to
hinder cell motility and invasion***#, In contrast, overexpression of
p110 CUX1 was able to accelerate S phase entry and to stimulate pro-
liferation, migration and invasion®*. Moreover, CUX1 was shown
to promote genomic instability following cytokinesis failure™

Regulation of AFP gene expression is a complex process mediated
by a number of transcriptional activators and repressors that bind
the AFP gene™, ZBTB20 was recently identified as a potent repres-
sor of AFP transcription in knockout mouse studies®’. Our results
demonstrate that decreased miR122 expression leads to concomi-
tant decreases in ZBTB20 protein expression. This effect is medi-
ated through upregulation of CUX1, as CUX1 silencing in miR122-
silenced cells was shown to lead to both recovery of ZBTB20 levels and
reduced AFP expression. Furthermore, the increased expression level
of ZBTB20 in CUX1 knockdown cells suggests that ZBTB20 expres-
sion is regulated by CUX1. This miR122/CUX1/miR214/ZBTB20/
AFP pathway may explain the deregulated AFP expression observed
in HCC cells. Additionally, the ability of CUX1 to activate RhoA and
to regulate the expression of many proteins involved in cell motility
may explain the increased migration and invasiveness associated with
malignancy of HCC*'*. It should be noted that, although this analy-
sis revealed a trend toward inverse correlation between expression of
miR122 and expression of AFP, this correlation could not be applied
to all cases examined. Therefore, the possibility of additional pathways
that regulate AFP expression cannot be discounted. Nonetheless, our
results demonstrate that a decrease in miR122 function is a key factor
that contributes to the regulation of AFP expression in HCC.

MiR122 is the most abundant miRNA in the normal adult
liver, comprising approximately 80% of all miRNAs'", The numer-
ous reported roles of miR122 include regulation of cholesterol bio-
synthesis'*, hepatitis C virus replication® and maintenance of
the adult liver phenotype®. Specific miRNAs are often involved in
the differentiation of specific cells and tissues®. As miR122 is
liver-specific, we reasoned that this miRNA may have a role in the
differentiation of normal hepatocytes. In our study, transgenic mice
in which miR122 was functionally silenced were found to exhibit
elevated AFP levels, but did not display abnormal morphological
development in the liver (at least, not up to the age of 12 weeks),
suggesting that decreased miR122 expression itself does not cause
cells to become transformed. Ongoing characterization of these
mice will be required to fully determine the physiological roles of
miR122 in the noncancerous liver in vivo.

In summary, we have shown that decreased miR122 expres-
sion in HCC is linked both to more biologically aggressive tumour
behaviour and elevated AFP expression. Furthermore, both of
these effects were shown to be mediated by increased expression
of CUX1, a direct target of miR122. Similar strategies could also be
used to develop new therapeutics and diagnostics for other cancers
in which miRNAs that regulate both tumour characteristics and
serum markers have been identified.
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Methods

Cell culture. The human HCC cell lines, Huh7, PLC/PRE/S, HepG2, Hep3B and
Huh!1 were obtained from the Japanese Collection of Research Bioresources. The
human embryonic kidney cell line, 293T and the human breast cancer cell line
HS578T were obtained from the American Type Culture Collection . All cells were
maintained in Dulbeccos modified Eagle medium, supplemented with 10% fetal
bovine serum.

Mouse experiments. All experiments were carried out in compliance with the
regulations of the Animal Use Committee of The University of Tokyo and The
Institute for Adult Disease, Asahi Life Foundation.

Generation of transgenic mice in which miR122 was functionally silenced.
Mice in which miR122 function was knocked down were generated using previ-
ously described protocols®®. Briefly, a DNA fragment of 1,085 bp, containing the
H1 promoter region, the coding region for the antisense miR122 stem-loop-stem
RNA precursor, and a transcriptional terminator of five thymidines, was resected
from the miRZip-122 construct described above by digestion with Pvull. Proper
silencing function of the resulting DNA was confirmed via transient transfec-
tion-based reporter assays that showed efficient knockdown of miR122 function.
Stable C57BL/6 embryonic stem cell lines were generated by electroporation of
the linearized transgene, and the resulting cells were injected into blastocysts by
the UNITECH Company. Genotyping was performed by PCR using DNA isolated
from tail snips. Four different mouse lines were maintained and the male litterma-
tes were used in experiments.

Chromatin immunoprecipitation assay. ChIP for CUX1 was performed as
previously described™. For the scanning ChIP of the miR214 locus, realtime

PCR analysis was performed using primer pairs specific for different regions of

the promoters. Templates for the PCR reactions were 0.1% total input DNA (I),
nonspecific DNA from sepharose beads alone (S), or chipped chromatin. The
respective fold enrichment of the different DNA fragments are indicated relative to
the DNA obtained by purification on sepharose beads without IgG (S). Enrichment
was calculated using the HPRT locus as a reference.

Doxycyclin-induced shRNA against CUX1 system. For conditional knockdown
of CUX1 in Hs578t cells, we took advantage of the Addgene plasmid 11643.
HS578T cells were infected with pLVCT shCUX1(5,326-5,348)-tTRKRAB lenti-
virus as described™. At 48h after infection, cells were split and cultured with or
without doxycyclin at a final concentration of 2.5 g ml™'. Cells were used for
experiments after 5 days of treatment. Doxycyclin was then removed from the
culture media and cells were maintained for 4 days following release.

Cell proliferation assay. Relative cell proliferation was assessed using a Cell
Counting Kit-8 (Dojindo Laboratories), as described previously™.

Enzyme-linked immunosorbent assay. AFP levels in the cell-culture superna-
tant were examined using an AFP-specific ELISA kit supplied by an outsourcing
company, SRL.

Western blot analysis. Protein lysates were prepared from cells or mouse liver for
immunoblot analysis. Proteins were separated by SDS-polyacrylamide gel electro-
phoresis and transferred to polyvinylidene difluoride membranes. After blocking
with 5% dry milk to decrease nonspecific binding, membranes were probed with
the appropriate primary antibodies. Primary antibodies were obtained from Abcam
(ZBTB20, #ab48889, 1:500) and Santa Cruz Biotechnology (CDP, #5c-13024,
1:1,000). CUX1 antibodies (#861, 1:1,000) were generated as described previously™.
Horseradish peroxidase-conjugated secondary antibodies were used to detect
primary antibodies. Bound antibodies were detected using ECL Plus Western
blotting detection reagents (GE Healthcare Life Sciences).

Scratch assay. The effects of miR122 knockdown on cellular migratory function
were determined by evaluating cellular migration after scratching of a confluent
monolayer of cells. Monolayers were cultured on 10 pgmi~' fibronectin-coated
dishes and were scratched using a 200-l pipette. Migration was analysed at the
indicated time points after scratching.

In vitro invasion assay. The effect of miR122 knockdown on invasive function was
determined using BD BioCoat Matrigel Invasion Chambers (Becton Dickinson)
according to the manufacturer’s recommended protocol. Cell invasion was induced
by removing the serum in the upper chamber. The number of invading cells was
analysed after 22-h incubation. Cell numbers were counted in four randomly
chosen fields at each time point.

Quantitative pseudopodia assay. Pseudopodium quantitation was performed
using a Quantitative Pseudopodia Assay Kit (Chemicon) according to the manu-
facturer’s instructions. Briefly, the upper chamber was coated with fibronectin and
seeded with cells in serum-free medium. Serum was added to the lower chambers.
8h later, pseudopodia on the lower surface were stained and eluted, and the absorb-
ances of solubilized samples at 600 nm was measured using a microplate reader.

CUX1-knockdown lentiviral construct. Lentiviral particles expressing CUX1
shRNA were purchased from Santa Cruz Biotechnology (#sc-35051-V).

In situ hybridization to assess miR122 and miR214. The expression of miR122
and miR214 in mouse liver and human HCC tissues was examined by in situ
hybridization®*, Locked nucleic acid (LNA)-scramble (negative control) and
LNA-anti-miR122 and LNA-anti-miR214 probes were obtained from EXIQON.
After deparaffinization, tissue sections were treated with 10 ugml~* proteinase K
for 5min at 37 °C and refixed with 4% paraformaldehyde, followed by acetylation
with 0.25% anhydrous acetic acid in 0.1 M Tris~HCI buffer (pH 8.0). Following
pre-hybridization for 30 min at 48 °C, hybridization was performed overnight with
each 20nM LNA probe in hybridization buffer (5xSSC buffer, 50% formamide,
500pugml=! tRNA, 50 pgml-! Cot-1 DNA). After completion of hybridization,

the sections were washed with 0.1xSSC buffer for 10 min at 52°C three times and
blocked with DIG blocking buffer (Roche Diagnostics) for 30 min. Sections were
then probed with anti-DIG (1:500; Roche Diagnostics) for 1h at room temperature.
Detection was performed by incubation in NBT/BCIP buffer (Promega) overnight.
Nugclei were stained with Nuclear FastRed (Sigma-Aldrich).

Immunohistochemistry. Tissue arrays containing HCC tissues were purchased
from US Biomax. To determine the correlations between AFP, ZBTB20, CUX1,
miR122 and miR214 expression and HCC differentiation grade, slides carry-

ing consecutive sections were obtained. Slides were baked at 65°C for 1h and
deparaffinized. Endogenous peroxidase activity was blocked by incubation in 3%
hydrogen peroxide buffer for 30 min. Antigen retrieval was performed by
incubating the slides at 89°C in 10 mM sodium citrate buffer (pH 6.0) for 30 min.
To minimize nonspecific background staining, slides were blocked in 5% normal
goat serum (Dako) for 10min at room temperature. Tissues were labelled over-
night at 4°C with primary antibodies raised against AFP (Dako, #N1501, 1:100),
CUXI (#sc-13024, 1:100) and ZBTB20 (HPA016815, Sigma-Aldrich, 1:100). Slides
were then incubated with anti-rabbit horseradish peroxidase-conjugated secondary
antibodies (Nichirei Bioscience) for 1h. Primary antibody binding was visualized
by incubation in 3,3'-diaminobenzidine in buffered substrate (Nichirei Bioscience)
for 5min. The slides were counterstained with haematoxylin, dehydrated with
ethanol, and mounted with Clarion mounting medium (Biomeda).

GTP-binding RhoA and Racl immunoprecipitation assay. The amount of RhoA
activity was examined using an Active Rho Pull-down and Detection Kit (Thermo
Fisher Scientific) according to the manufacturer’s recommended protocol. The
amount of GTP-bound RhoA protein (the active form of RhoA) was detected by
Western blotting with the provided anti-RhoA antibody (1:100). Racl activity was
similarly determined by using PAK-GST Protein Beads (#PAK02, Cytoskeleton)
for pulldowns and anti-Racl antibodies (1:100) for subsequent Western blotting
(#89856D, Thermo Fisher Scientific).

Orthotopic xenograft tumour model of HCC. Male BALB/c (nu/nu) nude mice
were purchased from CREA Japan (Tokyo, Japan). The transplantation of tumour
cells into mouse livers was performed using previously reported methods™*.
Briefly, 2x10¢ control or miR122-silenced PLC/PRF5 cells were suspended in 30 ul
of PBS containing 1% Matrigel (Becton Dickinson). After anaesthesia, the liver was
exposed through a surgical incision. Cells were slowly injected under the capsule of
left lobe of the liver using a 28-gauge needle. When successful, a transparent bleb

of cells could be seen through the liver capsule. After injection, light pressure was
applied to the injection site with sterile gauze for 2min to prevent bleeding and
tumour cell leakage. The abdomen was then closed with sutures. Transplantation
was successful in a total of 12 mice (6/group). At 4 weeks post-transplantation, liver
tissues were collected, serially sectioned, and stained with haematoxylin and eosin.

Statistical analysis. Statistically significant differences between groups were
determined using Student’s -test when variances were equal. When variances were
unequal, Welch’s t-test was used instead. P-values less than 0.05 were considered
statistically significant.

Plasmid and stable cell line construction, reporter assays, RI-PCR, northern
blotting and immunocytochemistry are described in the Supplementary Methods.
All primer information is provided in Supplementary Table S1.
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Abstract

Objective: Hepatocellular carcinoma (HCC) is characterized
by a multistage process of tumor progression. This study ad-
dressed its molecular features to identify novel protein can-
didates involved in HCC progression. Methods: Using liquid
chromatography-tandem mass spectrometry, proteomes of
4 early HCCs and 4 non-HCC tissues derived from 2 cases of
liver transplant surgery were compared with respect to the
separation profiles of their tryptic peptides. Immunohisto-
chemistry was performed on 106 HCC nodules to confirm
the results of the proteomic analysis. Results: Statistical anal-
ysis of the profiles selected the peptide peaks differentiating
HCC from non-HCC. A database search of the tandem mass
spectrometry data from those peptide peaks identified 61
proteins, including a cytoskeletal protein, talin-1, as upregu-
lated in HCC. Talin-1 expression levels in HCC nodules were
significantly associated with the dedifferentiation of HCC
(p = 0.001). A follow-up survey of the examined clinical

cases revealed a correlation between talin-1 upregulation
and a shorter time to recurrence after resection (p = 0.039),
which may be related to the higher rate of portal vein inva-
sion in HCCs with talin-1 up-regulation (p = 0.029). Conclu-
sions: Proteomic analysis led to identification of talin-1 as
a promising HCC marker. Talin-1 upregulation is associated
with HCC progression and may serve as a prognostic marker.

Copyright © 2011 S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC), like other cancers, is
characterized by a multistage process of tumor progres-
sion [1]. In the initial stage, the damaged liver tissues
evolve into small nodular hypercellular lesions called dys-
plastic nodules (DNs). These precancerous lesions develop
into early HCC, defined as small, well-differentiated HCC
of vaguely nodular type, and then into progressed HCC,
characterized by a distinctly nodular appearance and
frequent microvascular invasion. After treatment, early
HCC has a longer time to recurrence and a higher 5-year
survival rate than progressed HCC [2]. The long-stand-
ing confusion in differentiating early HCC from high-
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grade DN has been minimized since stromal invasion was
recognized as a diagnostic indicator for early HCC [3],
but hepatocellular changes occurring during malignant
transformation are still not well characterized.

Transcriptomic and proteomic analyses are useful
techniques for investigating the carcinogenesis of several
malignant diseases. Comparison of the gene expression
profiles among early and progressed components of nod-
ule-in-nodule type HCCs and corresponding noncancer-
ous liver tissues resulted in identification of heat-shock
protein 70 (HSP70) [4] and cyclase-associated protein 2
[5] as molecular markers of HCC. In this study, we per-
formed proteome analysis for direct comparison of the
protein composition of early HCC and non-HCC tissues
obtained from whole native livers of patients who under-
went living donor liver transplantation (LDLT). During
the last decade, liquid chromatography (LC) directly cou-
pled with tandem mass spectrometry (MS/MS) has been
widely used for high-resolution proteome-wide analysis
from a complex protein mixture [6]. The use of an im-
proved LC-MS/MS technology with optimal tissue sam-
pling led us to the identification of a variety of proteins
up-regulated in HCC, including talin-1.

Talin-1 is a cytoskeletal protein with a molecular mass
of 270 kDa, and has been shown to play a key role in a
wide variety of integrin-mediated cellular events [7]. To
our knowledge, there has been no report published on the
relationship between talin-1 and HCC. We have success-
fully applied a proteomic approach to native livers of
LDLT cases and showed up-regulation of talin-1 during
HCC progression.

Materials and Methods

Liver Samples

HCC and noncancerous liver tissues were obtained from HCC
patients at Keio University Hospital between 2003 and 2006. This
study was conducted with the approval of the Ethics Committee
of Keio University School of Medicine. For proteomic analysis, we
used fresh whole livers from 2 HCC patients who received LDLT.
Both patients had similar clinical backgrounds (males, 49 and 54
years old at the time of surgery, infected with hepatitis C virus)
and were referred to Keio University Hospital after transarterial
chemoembolization for multiple HCCs and hepatic deterioration
into Child-Pugh score C. Immediately after resection of the whole
liver, physiological saline including 2,000 units of heparin sodi-
um was infused into the catheterized portal trunk. After con-
firming visually that the fluid flowing out of the common hepat-
icartery and the hepatic veins did not contain residual blood, the
liver was sliced into 1.5-cm-thick sections with reference to the
magnetic resonance imaging. Two samples of early HCC and 2
samples of noncancerous liver tissue were macroscopically sepa-
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rated in 0.5-1.0-cm? portions from each of the livers by two expe-
rienced pathologists. The noncancerous samples were derived
from the areas which were not adjacent to cancerous lesions and
did not contain many fibrotic components. A total of 8 liver sam-
ples (4 HCCs and 4 noncancerous tissues) were obtained from the
2 cases and kept frozen at ~80°C until use. For immunohisto-
chemical analysis, liver samples were obtained by partial hepatec-
tomy or liver transplant surgery, consisting of 106 HCC nodules
(13 well-differentiated HCCs including 7 early, 73 moderately dif-
ferentiated, and 20 poorly differentiated HCCs) and 8 DNs from
the total of 91 HCC patients.

Two-Dimensional Liquid Chromatography (2DLC)-MS/MS

The resected tissues were homogenized, and the homogenates
were fractionated into phosphate-buffered saline (PBS) soluble
and insoluble fractions [8]. An aliquot (50 g protein) of the sol-
uble fraction was subjected to tryptic hydrolysis in a polyacryl-
amide gel matrix (8, 9]. The resulting peptide mixture was ex-
tracted from the gel matrix and dried under vacuum. Peptide sep-
aration and mass measurement were carried out using 2DLC-MS/
MS [10]. Briefly, in the first-dimensional strong cation exchange
(SCX) LG, the peptides retained in the SCX LC column were elut-
ed by successive injection of ammonium formate solutions (25, 50,
100, 150, 200 and 500 mM). These effluents were mixed serially
with an internal standard peptide mixture consisting of 3 syn-
thetic peptides. The second-dimensional reverse-phase (RP) LC
was performed in a total 60-min acetonitrile gradient for each of
the SCX LC peptide effluents. The RP LC effluent was interfaced
with an electrospray ionization source in positive ion mode on an
LTQ linear ion trap mass spectrometer (Thermo Fisher Scientific
Inc., Waltham, Mass., USA). Protonated peptides were analyzed
sequentially for MS/MS in Data-Dependent Scanning mode, con-
sisting of a full-range scan at an m/z range of 450-2,000 and sub-
sequent product ion scans for each of the three most intense ions
in the full scan mass spectrum.

Differential Analysis of Peptide Profiles

A peptide separation profile, consisting of the ion signals char-
acterized by RP LC elution time, full scan m/z value and full scan
signal intensity was extracted from each of the RP LC-MS/MS
data files. Profile compilation was carried out using an in-house
program as reported [11]. Here, the signal alignment process was
aided by three common signal sets derived from the three pep-
tides spiked into each SCX LC effluent. Following signal align-
ment, peak detection was performed by searching the compiled
signal profile. The intensity of each detected peak is the total of
the signal intensities provided from the respective peptide pro-
files. Student’s t test and heat map representation were performed
for the ion signals contained in the detected peaks using Spotfire®
software (TIBCO Software Inc., Palo Alto, Calif.,, USA).

For peptide identification, a database search was performed
using Mascot® software (Matrix Science Ltd., London, UK) [12].
MS/MS data were searched for corresponding amino acid se-
quences in a Swiss-Prot database (http://expasy.org/sprot). Each
peptide identification item was computationally associated with
a profile peak containing the original precursor ion signals. Pep-
tide identifications were considered significant for a Mascot
matching score greater than 30. Identified amino acid sequences
of peptides were searched for in the Swiss-Prot database to count
the identical sequences in the database.
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After selection of the peptide identifications under given con-
ditions, these were grouped into each Swiss-Prot protein sequence
entry. According to the fold value of signal intensity, these peptide
groups were evaluated for quantitative regulation of the corre-
sponding protein molecules. Functional classification of these
proteins was based on information described in the Gene Ontol-
ogy database (http://www.geneontology.org/).

Immunohistochemistry

Immunohistochemical staining was performed on formalin-
fixed, paraffin-embedded tissue sections as described previously
[13]. Each section was deparaffinized, rehydrated, incubated with
fresh 0.3% hydrogen peroxide in methanol for 30 min at room
temperature, and then washed in PBS. The sections were auto-
claved at 120°C in 10 mM sodium citrate, pH 6.0, for 10 min before
incubation with normal horse serum (Vector Laboratories Inc.,
Burlingame, Calif,, USA) for 30 min. The sections were then in-
cubated with a mouse monoclonal antibody against talin-1 (clone
TA205; Millipore Co., Billerica, Mass., USA) at a dilution of 1:200
overnight at 4°C, washed with PBS, and incubated with a second-
ary antibody for 60 min at room temperature. Staining was evalu-
ated by 3 pathologists. Statistical analyses were performed using
SAS® software (SAS Institute Inc., Cary, N.C., USA). Disease-free
survival curves were calculated from the day of resection using
the Kaplan-Meier method (JMP® software, SAS Institute), and
the significance of differences in survival rates between the pa-
tient groups was calculated by the log-rank test. The results of the
immunohistochemical examination were compared with the mi-
croarray data of our past study [14] which are accessible from the
Genome Medicine Database of Japan (GeMDBJ; https:/gemdbj.
nibio.go.jp/dgdb/index.do).

Results

Differential Proteome Analysis of the Compiled

Peptide Profiles

From each of the 8 liver samples, 2DLC-MS/MS gener-
ated 6 peptide profiles for each of 6 salt concentrations of
SCX LC (fig. 1a). The profile compilation was performed
separately for each set of 6 SCX LC fractions across the 8
tissue samples, followed by peak detection of the com-
piled signals. From the 6 SCX LC fractions above, we ob-
tained 2,434, 1,912, 1,819, 1,894, 1,725, and 1,533 peaks,
respectively, associated with any peptide identifications.
All 11,317 peaks were subjected to selection on the basis
of the following conditions: (1) A Student’s t test p value
less than 0.1 for difference of the signal intensities be-
tween HCC and non-HCC. (2) At least 1 peptide identi-
fication, with a Mascot matching score more than 30, as-
sociated with the relevant peak. (3) Peak intensity more
than 1% of the maximum peak in a compilation. After
selection, the number of candidate peaks was reduced to
283, comprising 390 peptide identifications, allowing
more than two significant peptide identifications in each
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of the selected peaks. The heat map of the 283 peaks
shows successful differentiation between HCC and non-
HCC (fig. 1b).

Evaluation and Classification of Tumor Marker

Candidates for HCC

Following peak selection, 390 peptide identifications
associated with the selected peaks were grouped accord-
ing to the protein names. Of these, 288 peptide identifi-
cations were assigned to 111 groups (proteins), whereas
the remaining 102 were individual peptides supported
by only single peptide identification from one sample.
The latter were excluded from the following analysis
because of their ambiguity both for identification and
quantitation of protein. According to the fold value, i.e.
the ratio of HCC to non-HCC on the average signal in-
tensities involved in a peak, these 111 peptide groups
were evaluated for the quantitative regulation status of
the corresponding protein molecules. When peptides
with a greater than 1-fold value accounted for more than
80% in a peptide group, the corresponding protein was
considered to be upregulated in HCC. A total of 61 pro-
teins fell into this category. Accounting for less than
20% of the total, 22 proteins were categorized as down-
regulated. The other 28 groups were not categorized
into either set. The 61 upregulated and 22 downregu-
lated proteins were classified further by their functional
and topological aspects, based on the Gene Ontology
annotations as follows (table 1): 8 cytoskeletal proteins,
7 heat shock proteins (including HSP70 as upregulated
in HCC), 5 major blood proteins, 53 enzymes, and 10
other proteins.

Among several categories of proteins, we primarily
chose the cytoskeletal proteins for further validation,
since it is generally accepted that disorders in cellular
morphogenesis underpinned by the cytoskeleton are as-
sociated with tumor progression [15], and many papers
addressing cytoskeletal proteins as tumor markers have
been published recently [5, 16, 17]. Table 2 focuses on the
six cytoskeletal proteins which we identified as upregu-
lated in HCC: actin «/B, filamin-A, talin-1, tubulin
a chain, tubulin B chain, and WD repeat-containing
protein 1. Actin was identified from 3 peptides signif-
icantly upregulated in HCC, and these peptides,
SYELPDGQ-VITIGNER, QEYDESGPSIVHR and IW-
HHTFYNELR, are affiliated with 10, 5 and 7 genes,
respectively, of the actin isoforms according to the
Swiss-Prot database. Accordingly, the peptide identifi-
cations were unable to distinguish among these iso-
forms. This also is the case for identification of the tu-
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Fig. 1. Proteomic differential analysis using 2DLC-MS/MS.
a 2DLC-MS/MS of an individual sample generated 6 peptide pro-
files from SCX LC peptide fractions. The profile data were com-
piled separately for each SCX LC fraction. This illustration shows
the numbers of peaks and peptide identifications in each step.
b Heat map representation of the 283 peptide peaks. Each color
patch represents the ion signal intensity scaled to the mean of sig-

nal intensities in the corresponding peptide peak, as a continuum
of relative intensity levels from green (less than 0.25-fold of the
mean) to bright red (more than 2.5-fold of the mean). These peak
data are shown in descending order of the fold value of early HCC
to non-HCC. Arrowheads indicate the peak containing a talin-1-
derived peptide.

Table 1. Classification of the candidate
proteins for HCC tumor marker

Upregulation of Talin-1 in Hepatocellular
Carcinoma

Cytoskeletal protein 6 2 8
Heat shock protein - 6 1 7
Major blood protein 3 2 5
Enzyme 39 14 53
Others 7 3 10
Total 61 22 83

Proteins were identified from the peptides whose ion intensities varied significantly
between early HCCs and non-HCC tissues (p < 0.1). The fold values of early HCC to non-
HCC for the peptide ion intensities were used to evaluate the quantitative regulation
status of the individual proteins in early HCC.
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Table 2. Cytoskeletal proteins upregulated in early HCC

Actin (42) SYELPDGQVITIGNER 25 46 14 8.95 AS5A3EQ (A26C1B), P60709 (ACTB), 10
P62736 (ACTA2), P63261 (ACTG1),
P63267 (ACTG2), P68032 (ACTC1),
P68133 (ACTAL), Q562R1 (ACTBL2),
Q6S8]3 (A26C1A), QIBYX7 (FKSG30)
QEYDESGPSIVHR 100 35 1.6 2.16 AS5A3E0 (A26C1B), P60709 (ACTB), 5
P63261 (ACTG1), Q6S8]3 (A26C1A),
QIBYX7 (FKSG30)
IWHHTFYNELR 200 38 14 9.56 AS5A3E0 (A26C1B), P60709 (ACTB), 7
P63261 (ACTG1), P68032 (ACTC1),
P68133 (ACTAL), Q6S8]3 (A26CLA),
QI9BYX7 (FKSG30)
Filamin-A (280) IVGPSGAAVPCK 25 61 1.2 7.10 P21333 (FLNA) 1
Talin-1 (270) LNEAAAGLNQAATELVQASR 25 35 2.4 3.71 Q9Y490 (TLN1) 1
VQELGHGCAALVTK 50 35 1.2 434 Q9Y490 (TLN1) 1
LASEAKPAAVAAENEEIGSHIK 100 54 1.7 8.37 Q9Y490 (TLN1) 1
Tubulin o AVEVDLEPTVIDEVR 25 81 1.9 8.43 P68363 (TUBA1B), Q71U36 (TUBA1A), 3
chain (50) Q9BQE3 (TUBAIC)
AVFVDLEPTVIDEIR 100 70 2.0 2.64 P68366 (TUBA4A) 1
LISQIVSSITASLR 100 64 13 6.70 P68363 (TUBA1B), P68366 (TUBA4A), 5
QI9BQE3 (TUBAIC), Q9H853 (TUBA4B),
QI9NY65 (TUBAS)
THFPLATYAPVISAEK 150 42 1.2 9.75 P68363 (TUBAI1B), P68366 (TUBA4A), 6
Q13748 (TUBA3C), Q6PEY2 (TUBA3E),
Q71U36 (TUBAI1A), Q9BQE3 (TUBALC)
Tubulin B YLTVAAVFR 25 72 1.5 9.68 P04350 (TUBB4), P07437 (TUBB), P68371 3
chain (50) (TUBB2C)
SGPFGQIFRPDNFVFGQS 200 83 2.3 2.30 P04350 (TUBB4), P07437 (TUBB), P68371 5
GAGNNWAK (TUBB2C), Q13885 (TUBB2A), Q9BVAL
(TUBB2B)
WD repeat- IKDIAWTEDSKR 150 45 1.3 6.76 075083 (WDR1) 1
containing

protein 1 (66)

# The score (S) given as $ = -10 X log;o(P), where P is the absolute probability that the observed match between the MS/MS data and the amino acid
sequence is a random event (http://www.matrixscience.com). ° Signal intensity ratio of early HCC to non-HCC. © Significance of the difference between
the ion signal intensities of early HCC and non-HCC. ¢ The extract from each of the protein entries in Swiss-Prot database of Release 56.1 of September
2,2008. ¢ Protein entries containing the corresponding amino acid sequence.

bulin o and $ chains, where the identified peptide
sequences belong to 1 or more tubulin isoforms.
Identifications of filamin-A and WD repeat-containing
protein 1 were supported only by single amino acid se-
quences. Talin-1 was identified from 3 amino acid se-
quences, LNEAAAGLNQAATELVQASR, VQELGHG-
CAALVTK and LASEAKPAAVAAENEEIGSHIK, each
being unique in the database. The relevant fold values
were 2.4, 1.2 and 1.7, respectively. We focused on talin-1
because of the low ambiguity in both the identification
and up-regulation. The real-time quantitative reverse
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transcription-polymerase chain reaction (RT-PCR)
analysis of 3 LDLT cases, including the 2 cases used for
the proteomic analysis, also revealed upregulation of
talin-1 mRNA in HCC compared to noncancerous liv-
er (data not shown).

Talin-1 Expression in HCC Tissue Samples

The early HCC nodules used for proteomic analyses
were stained by the anti-talin-1 antibody with obvious
intensity (fig. 2a). Compared with Kupffer cells, vascular
smooth muscle cells, bile duct and sinusoidal endothelial
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Fig. 2. Immunohistochemical analysis of talin-1. a Talin-1 immu-
nostaining of tissue samples used for the proteomic analysis. Left:
noncancerous liver tissue. Right: early HCC. Arrowhead 1 indi-
cates a sinusoidal endothelial cell and arrowhead 2 a Kupffer cell.
b~d Various histological sections were stained with hematoxylin
and eosin (left plates) and anti-talin-1 antibody (right plates).

Upregulation of Talin-1 in Hepatocellular
Carcinoma

b An early HCC with slightly stronger staining of talin-1 than the
adjacent noncancerous hepatocytes. Arrowheads indicate the
borders between early HCC and noncancerous liver (N). ¢ A mod-
erately differentiated HCC. d A poorly differentiated HCC with
very strong staining of talin-1.
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Fig. 3. Microarray analysis. a The means of
talin-1 mRNA expression in well (W, n =
4), moderately (M, n = 23), and poorly dif-
ferentiated HCCs (P, n = 13) increased in a
stepwise fashion, with a significant differ-
ence between well- and poorly differenti-
ated HCCs. b The average talin-1 mRNA
expression was significantly up-regulated
in 28 HCCs with portal vein invasion
(Vp+) as compared to 12 HCCs without
portal vein invasion (‘Vp-’). Error bars in-
dicate standard deviations.

Mean signal

p=0.034 9,000

p =0.040

Mean signal

Vp+

Table 3. Immunohistochemical reactivity of talin-1 with various histological patterns

Dysplastic nodules 4 3 0 1 0 8
Well-differentiated HCCs (early HCCs) 3(1) 3(1) 2(2) 2(1) 3(2) 13(7) N
Moderately differentiated HCCs 12 12 11 14 24 73 } 0.001
Poorly differentiated HCCs 2 0 1 2 15 20

* Jonckheere-Terpstra test.

cells, which were stained by the anti-talin-1 antibody
with remarkable intensity, the immunoreactivity of non-
cancerous hepatocytes for talin-1 was clearly weak. More
intense cytoplasmic staining of the tumor cells by the an-
ti-talin-1 antibody, compared with the adjacent hepato-
cytes of noncancerous liver, was considered as up-regula-
tion of talin-1 in the tumor cells. The talin-1 immunore-
activities of 8 DNsand 106 HCC nodules are summarized
in table 3. Talin-1 was significantly upregulated in early
HCC cells compared with adjacent hepatocytes in non-
cancerous liver (Cochran-Mantel-Haenszel test, p =
0.003). The immunoreactivity of HCCs for talin-1 in-
creased gradually according to the degree of dedifferen-
tiation (fig. 2b-d), with statistical significance (Jonck-
heere-Terpstra test, p = 0.001). Poorly differentiated
HCCs were characterized not only by a high percentage
of cancer cells with talin-1 upregulation but also usually
by a high intensity of talin-1 staining. DNs were charac-
terized by a significantly lower percentage of talin-1 up-
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regulation compared with all HCCs together (Cochran-
Mantel-Haenszel test, p = 0.003).

We investigated the relationship between clinicopath-
ological factors and the expression of talin-1 (table 4). The
mean percentage of HCC cells with talin-1 upregulation
in the examined 106 HCC nodules was 53%. We divided
HCC samples into 2 groups with either more or less than
50% cancer cells showing talin-1 upregulation. As ex-
pected, the degree of cell dedifferentiation differed sig-
nificantly between the 2 groups (Cochran-Mantel-
Haenszel test, p = 0.004). Of great interest was the finding
that HCCs containing more than 50% cancer cells with
talin-1 upregulation had a significantly higher rate of
portal vein invasion (Vp) than those with fewer than 50%
cancer cells (Fisher’s exact test, p = 0.029). In agreement
with these results, the review of our past microarray data
[14] showed significant upregulation of talin-1 mRNA in
poorly differentiated HCCs compared with well-differ-
entiated HCCs (Student’s t test, p = 0.034), as well as in
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Fig. 4. Kaplan-Meier curves for disease-free survival after sur-
gery. 47 HCC patients with greater talin-1 upregulation (solid
line) had a significantly shorter disease-free survival than 25 of
those with less talin-1 upregulation (dashed line).

Vp-positive HCCs compared with Vp-negative HCCs
(p = 0.040) (fig. 3).

During a median follow-up of 25 months (range 0-67),
the disease-free survival was analyzed in 72 HCC patients
who underwent partial hepatectomy (fig. 4). Setting 50%
cancer cells with intense immuno-staining for talin-1 as
the threshold, log-rank analysis showed that 47 HCCs
with greater talin-1 upregulation had a significantly
shorter disease-free survival than 25 of those with less
talin-1 upregulation (p = 0.039).

Discussion

We applied the latest proteomic technologies to early
HCCs and noncancerous tissues derived from native liv-
ers of LDLT cases, resulting in identification of talin-1 as
a promising candidate marker for HCC progression. In
accordance with the proteomic analyses, immunohisto-
chemical examination confirmed talin-1 upregulation in
the majority of HCC cells compared with noncancerous
hepatocytes. The stepwise increase of immunoreactivity
for talin-1 according to the degree of dedifferentiation of
HCC suggests the involvement of talin-1 in HCC progres-
sion. In general, poor prognosis of progressed HCC is as-
sociated with both high rates of intrahepatic metastasis
and vascular invasion. The finding that HCCs with up-
regulation of talin-1 had a significantly higher rate of
portal vein invasion might be associated with the shorter
time to recurrence after partial hepatectomies for HCCs

Upregulation of Talin-1 in Hepatocellular
Carcinoma

Table 4. Correlations between talin-1 expression and clinical fac-
tors

Sex 0.599
Male 30 42 72
Female 6 13 19

Age 0.510
<60 years 12 23 35
260 years 24 32 56

Nonviral or viral (HCV + HBV) 0.083
Nonviral 13 10 23
Viral (HCV + HBV) 23 45 68

HCV or HBV* 0.422
HCV 12 30 42
HBV 10 15 25

Background tissue® 1.000
Not liver cirrhosis 20 31 51
Liver cirrhosis 14 22 36

Histology 0.004
Early/well-differentiated

HCC 8 5 13
Moderately differentiated
HCC 35 38 73

Poorly differentiated HCC 3 17 20

Portal vein invasion (Vp)© 0.029
Vp- 26 21 47
Vp+ 19 39 58

Intrahepatic metastasis (im)* 0.070
im- 38 41 79
im+ 7 19 26

* One case was not counted because of infection with both
HCV and HBV. ® Four cases were not counted because of diffi-
culty in evaluating the histology of the background tissues. ¢ One
sample was not counted because of difficulty in judging the pres-
ence of portal vein invasion and/or intrahepatic metastasis. ¢ In
the categories ‘Sex’, ‘Age’, ‘Nonviral or viral’, ‘'HCV or HBV’, and
‘Background tissue’, n indicates the number of cases. When a case
had multiple nodules, the highest percentage among the most de-
differentiated nodules was counted. In the categories ‘Histology’,
‘Portal vein invasion’, and ‘Intrahepatic metastasis’ n indicates
the number of HCC nodules. ¢ All categories were analyzed sta-
tistically with Fisher’s exact test, except ‘Histology’ with Cochran-
Mantel-Haenszel test.

with talin-1 upregulation, so that the value of talin-1 as a
tumor marker may be seen in prediction of clinical out-
comes.

Talin-1is one of several proteins thatlink the cytoplas-
mic domains of integrin 8 subunits to actin filaments [7].

Oncology 2011;80:406-415 413

287



Binding of talin-1 to B-integrin cytoplasmic domains is
thought to trigger a conformational change in the af3-
integrin extracellular domains that increases their affin-
ity for extracellular matrix proteins [18] and promotes
assembly of focal adhesions. Talin-1 plays a pivotal role in
focal adhesion dynamics, as calpain-2-mediated proteo-
lytic cleavage of talin-1 is a rate-limiting step in focal ad-
hesion disassembly [19]. Interactions between vinculin,
talin, and actin filaments appear to constitute a slippage
interface between the cytoskeleton and integrins, gener-
ating a molecular clutch that is regulated during the mor-
phodynamic transitions of cell migration [20]. Recently,
overexpression of talin-1 was reported to promote pros-
tate cancer cell adhesion, migration and invasion [21].
Such knowledge about the cytomorphodynamic roles of
talin-1 may be brought in connection with the higher in-
cidence of portal vein invasion in HCCs with talin-1 up-
regulation. In addition, talin-1 also functions in signal
transduction in focal adhesions, as it recruits focal adhe-
sion kinase (FAK), which in turn recruits Src and Ras to
activate downstream signaling pathways [22]. It is note-
worthy that FAK itself is involved in the metastasis and
invasion of HCC [23]. Recently, several molecular-target-
ed therapies have been developed for the treatment of var-
ious malignant diseases, and the multikinase inhibitor
sorafenib has shown survival benefits in patients with ad-
vanced HCC [24]. Accumulation of knowledge about
molecules such as talin-1, which may be involved in car-
cinogenic signaling pathways, may make available new
possibilities for molecular-targeted therapy.

Besides talin-1, the 61 proteins which our proteomic
analyses identified as up-regulated in HCC included
HSP70, which is known as a molecular marker of HCC
[4]. Filamin-A, a cytoskeletal protein listed in table 2, was
recently reported to be involved in the metastasis of HCC
cells [17]. Our immunohistochemical study, however, did
not reveal a significant difference in filamin-A expres-
sion between HCC and noncancerous liver (data not
shown). The majority of the proteins identified as up-reg-
ulated in HCC by our proteomic study still await further
validation.

Proteomics has greatly contributed to the identifica-
tion of specific markers for several human cancers [25].
In this work, we used a high-resolution 2DLC-MS/MS
methodology for differential tissue proteome analysis. A
characteristic of this strategy lies in the automated align-
ment of peptide signal data obtained from individual
samples, which enables direct comparison of peptide sig-
nal intensities among multiple LC-MS/MS runs without
any need for isotope labeling [26] and contributes to the
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increased reliability of analytic results. In addition, pro-
teolytic hydrolysis of the target proteome increases the
range of separable protein molecular mass, when com-
pared to the conventional two-dimensional electropho-
resis system that is based on the separation of intact pro-
teins by their size/charge and is incapable of detecting
high-molecular-mass proteins such as talin-1. It should
be noted that perfusion of freshly obtained whole livers
with heparinized saline resulted in depletion of body-flu-
id-derived, high-abundance proteins from the starting
materials and, thus, enrichment of tissue proteins in the
analyte. With the use of appropriately prepared materi-
als, advanced differential tissue proteomics has the po-
tential to detect quantitative changes of low-abundance
tissue proteins which may be the key to carcinogenesis.

In conclusion, talin-1 is significantly upregulated in
HCC according to tumor progression and may serve as a
prognostic marker. Advanced proteomic techniques ap-
plied to freshly obtained whole native livers including
early HCC portions may be a powerful method to iden-
tify unknown molecules involved in hepatocarcinogen-
esis.
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Abstract

Objective: Keratin (K) 19 positivity has been reported to be
a useful predictive marker for recurrence in patients with he-
patocellular carcinoma (HCC) who have undergone hepatic
resection. We investigated the clinical usefulness of K19 pos-
itivity in patients who had received curative radiofrequency
ablation (RFA). Methods: We retrospectively evaluated the
clinicopathological features, including imaging and K19 ex-
pression, in 246 patients with HCC who were within the Milan
criteria and had received curative RFA. Using a two-step in-
sertion method, tumor biopsies were obtained just prior to
RFA and were evaluated histologically. Results: Tumor seed-
ing due to liver biopsy and RFA was not observed. Ten pa-
tients (4.1%) had K19-positive HCC. Imaging findings were
similar between K19-positive and -negative HCC (p = 0.187).
Nine out of 10 patients (90%) who had K19-positive HCC had

recurrence of HCC after RFA, and intrahepatic recurrences
were observed within 12 months in 6 out of 10 (60.0%). K19
positivity was a significant risk factor for recurrence (p <
0.0001) and early recurrence (<1 year after RFA; p = 0.012).
K19 expression (p = 0.016) was an independent risk factor for
tumor status exceeding the Milan criteria after RFA. Conclu-
sion: Expression of K19 is related to high recurrence of HCC
after curative RFA. Copyright © 2011 S. Karger AG, Basel

Introduction

Radiofrequency ablation (RFA) is regarded as an im-
portant treatment modality for hepatocellular carcinoma
(HCC) [1-4], and its efficacy, especially for tumors <2 cm
in diameter, is better than that of ethanol and nearly com-
parable to that of surgical resection [5]. In addition, RFA
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is considered to be a bridge to liver transplantation be-
cause the prolonged waiting time for cadaveric livers
leads to dropouts from the waiting list [6]. Tumor recur-
rence after curative RFA has been a problem, as it is after
hepatic resection. Tumor size (>3 cm in diameter) [7],
time after treatment (>1 year) [7], the number of HCC
nodules [8] and hepatitis C virus (HCV) infection [8]
have been reported to be risk factors for intrahepatic tu-
mor recurrence after curative RFA. Moreover, primary
technical failure is reported to be a risk factor for tumor
progression beyond the Milan criteria after RFA [9].

Keratin (K) 19, which is considered to be a biliary/he-
patic progenitor cell marker [10], has attracted attention
as a useful predictive marker for detecting the more ag-
gressive HCCs after curative resection, because tumors
with K19 expression have a poorer prognosis [11, 12] and
higher rates of recurrence [13, 14] and lymph node metas-
tasis [12] than K19-negative HCC. In these previous stud-
ies, surgical specimens were investigated and K19 posi-
tivity was defined as expression in >5% of tumor cells
[11-14].

As a result, one would expect that K19 expression
might be a useful predictive marker for detecting HCC
with a worse outcome after RFA, especially regarding tu-
mor recurrence. To the best of our knowledge, the corre-
lation between clinicopathological features and K19 ex-
pression has not been investigated in HCC patients treat-
ed by RFA. Therefore, we performed a clinicopathological
study on 246 HCC cases treated with RFA and investi-
gated the relationship between the K19 expression and
recurrence and prognosis after treatment.

Methods

Patients

Between April 1999 and February 2010, 1,284 patients were
admitted to the Musashino Red Cross Hospital for the first treat-
ment of HCC. A total of 684 patients were treated with RFA as the
initial therapy for HCC. Ablation therapy was chosen either be-
cause the patients were considered not to be suitable for resection
(n = 323), when considering impairment ofliver function, number
and distribution of the tumors as well as cardiopulmonary dys-
function, or because they preferred ablation and provided in-
formed consent (n = 361), despite surgery also being feasible. From
the outset, 172 patients were excluded because RFA was per-
formed without tumor biopsy. Therefore, 512 consecutive pa-
tients, on whom tumor biopsies had been performed before RFA,
were included and we evaluated these specimens retrospectively.
The result of retrospective analysis was that there were 57 patients
with no residual samples, 119 patients with no tumorous lesion
and 9 patients with no definitive histological diagnosis because of
a small and/or fragmented specimen. The remaining specimens
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1,284 patients diagnosed as initial HCC
April 1999 to February 2010
at Musashino Red-Cross Hospital

600 patients received
other therapies
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196 patients: not diagnosed
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>
v
I 316 patients: diagnosed as HCC histologically {
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—

v
246 patients: diagnosed as HCC histologically
within the Milan criteria, analyzed in this study

Fig. 1. Flow chart summarizing the patient selection for the study.

were diagnosed as HCC in 316 patients, as dysplastic nodule in 6
patients, as adenocarcinoma in 4 patients and as neuroendocrine
tumor in 1 patient. Seventy patients were excluded, because their
states of HCC were beyond the Milan criteria (<3 cmand up to 3
nodules, or <5 cm and a single nodule). Therefore, 246 consecu-
tive patients, on whom tumor biopsies had been performed before
RFA and diagnosed as HCC retrospectively, were included in the
study (fig. 1). The inclusion criteria for receiving RFA were as fol-
lows: total bilirubin concentration <3.0 mg/dl, platelet count
>3 X 10°/mm?, prothrombin activity >50% (approximately equal
to an international normalized ratio of 1.5) and Child-Pugh score
<8 points. Ascites were controlled by administration of diaretics
before RFA. Patients with macroscopic vascular invasion or ex-
trahepatic metastases were excluded. The criteria of the Interna-
tional Union against Cancer were used for TNM classification
[15]. Written informed consent was obtained from all patients,
and the study was approved by the ethics committee at Musashi-
no Red Cross Hospital, in accordance with the Declaration of Hel-
sinki.

Diagnosis of HCC

All the patients were diagnosed as having HCC on the basis of
tumor markers and a combination of typical imaging findings on
ultrasonography (US) and dynamic computed tomography (CT),
according to the American Association for the Study of Liver Dis-
eases and the Japan Society of Hepatology guidelines [1, 16].
When patients had 2 or 3 HCC nodules, a needle biopsy was tak-
en from the main nodule. The histological diagnosis of HCC was
based on the World Health Organization criteria [17].

For the evaluation of vascularity and Kupffer cell activity of
the target nodule, CT during arteriography (CTHA) and CT dur-
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ing arterioportography (CTAP) were performed in 188 (76.4%)
patients, superparamagnetic iron oxide-enhanced magnetic reso-
nance imaging (SPIO-MRI) was performed in 194 (78.8%) pa-
tients and gadolinium-ethoxybenzyl-diethylenetriamine penta-
acetic acid magnetic resonance imaging (Gd-EOB-DTPA) was
performed in 47 patients (19.1%), from March 2008. For triple-
phase dynamic CT scans, arterial, portal and equivalent phases
were 35, 70 and 150 s, respectively, after injection of contrast
agent. Spiral CT scans were obtained from 3- to 5-mm-thick sec-
tions. Board-certified radiologists diagnosed HCC on the basis
of typical patterns, such as an early-phase hyperattenuation ar-
ea and late-phase hypoattenuation on dynamic CT. According to
previous studies, the sensitivity of the diagnosis of HCC in
CTHA/CTAP is higher than that of spiral CT. The diagnosis of
HCC in CTHA/CTAP is hyperattenuation area in CTHA and hy-
poattenuation area in CTAP. It has been reported that the pres-
ence of Kupffer cells could be evaluated, and this was defined by
a hyper-intensity area in the T2* image of SPIO-MRI as a typical
imaging finding of HCC. Gd-EOB-DTPA MRI is a liver-specific
contrast-enhanced agent, and hypointensity in the hepatobilliary
phase is a typical imaging finding. We started to perform Gd-
EOB-DTPA MRIinstead of SPIO-MRI from March 2008, because
it was reported that the sensitivity of Gd-EOB-DTPA MRI was
superior to SPIO-MRI for the diagnosis of HCC.

Tumor Biopsy and RFA

There are 24 operators who participated in this study. They are

- specialized liver physicians who have great experiences in per-
forming percutaneous ethanol injection for HCC, percutaneous
tumor biopsy for liver tumor, percutaneous liver biopsy for hepa-
titis, percutaneous hepatobiliary drainage for obstructive jaun-
dice, or percutaneous liver abscess drainage. A needle-guiding
technique was used, consisting of an initial guided needle and a
secondary outer needle (two-step insertion method). This meth-
od was reported by another center previously [18] and involves the
initial insertion of a 21-gauge needle (Silux, Saitama, Japan) just
adjacent to the tumor under real-time US guidance, and using this
to insert a 14-gauge Daimon outer needle (Silux), also just adja-
cent to the tumor. After removal of the inner needle, an 18-gauge
biopsy needle was inserted to obtain the tumor tissue sample. Af-
ter removal of the biopsy needle, a 17-gauge cooled-tip electrode
was inserted into the targeted tumor. The electrode, with a 2- or
3-cm exposed tip, was connected to a 480-kHz RF Generator (Ra-
dionics, Burlington, Mass., USA), which produces 200 W at 50 ()
of impedance [19, 20]. The equipment also allows the measure-
ment of power output, tissue impedance and electrode tip tem-
perature. A tip temperature of 10-20°C was maintained by infu-
sion of chilled water through a peristaltic pump. After insertion
of the electrode into the tumor, ablation was performed at 60 W
for the 3-cm exposed tip and 40 W for the 2-cm exposed tip. The
power was increased to 140 W at a rate of 10-20 W/min. When a
rapid increase in impedance was observed during thermal abla-
tion, the output was reduced. The duration of a single ablation was
12 min. After RF exposure, the pump was stopped and the tem-
perature of the needle tip was measured. When the temperature
of the electrode tip was >60°C, ablation was defined as being suf-
ficient. When the target nodule was >2 cm in diameter, multiple
needle insertions and ablations were performed in 1 nodule to
achieve complete necrosis. A session was defined as a single inter-
vention consisting of =1 ablations performed on =1 tumors at
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the same time. After completion of nodule ablation, the intrahe-
patic needle track was treated by thermocoagulation to avoid nee-
dle track seeding. Finally, a mixture of gelatin sponge particles
(Gelfoam®; Upjohn, Kalamazoo, Mich., USA) was injected into
the puncture route. All procedures were completed within 15-20
min. After each session of RFA, a dynamic CT scan (section thick-
ness 5 mm) was performed to evaluate the efficacy of ablation.
Complete ablation of HCC was defined as non-enhancement of
the lesion, including the whole surrounding liver parenchyma.
The ablative margin was shown as the boundary between the low
density area as ablated area and the isodensity area as surround-
ing normal liver parenchyma. The residual portion of the tumor
was treated by additional RFA within a few days of the post-treat-
ment CT scan. Follow-up consisted of monthly serial measure-
ments of tumor markers [a-fetoprotein (AFP) and des-y-carboxy
prothrombin (DCP)], US examination every 2 months and dy-
namic CT every 3 months. We checked various complications of
RFA with conventional contrast-enhanced CT and blood exami-
nation at day 1 after RFA.

Tumor Recurrence

Recurrence of HCC was defined as an early enhancement area
on dynamic CT, concomitant with late wash out. Two types of re-
currence, local tumor progression and distant intrahepatic recur-
rence, were identified. Local tumor progression was defined as an
enhancing arealocated adjacent to the ablated area [21], while dis-
tant intrahepatic recurrence referred to the appearance of a new
tumor in the liver, distant from the ablated area. Early recurrence
was defined as a recurrence within 12 months of the initial REA.

Immunohistochemistry

Immunohistochemistry using antibodies against K19 (1:100,
BA17, Dakocytomation, Glostrup, Denmark) was performed on
paraffin-embedded sections from 246 needle biopsy specimens.
The slides were reviewed by 2 independent pathologists (M. Ko-
muta and M. Sakamoto). Expression of K19 was considered posi-
tive if >5% of tumor cells were stained according to the expected
pattern of reactivity.

Statistical Analysis

Categorial variables were compared with the x? test and con-
tinuous variables with the Mann-Whitney test; a p value <0.05
was considered statically significant. Continuous variables were
expressed as the mean % standard deviation. The imaging find-
ings were compared with the x? test between K19-positive and
-negative patients. Overall survival was defined as the interval
between treatment and death or the date of the last follow-up or
the date of the most recent follow-up visit. Probability of recur-
rence-free survival was defined as the interval between treatment
and the date of HCC recurrence.

Univariate analysis was performed to identify clinical and bi-
ological parameters (sex, age, etiology, prothorombin activity, al-
bumin, bilirubin levels, Child-Pugh class, serum AFP level, se-
rum DCP level) and tumor factors (size, number, tumor stage,
tumor differentiation, K19 expression) predicting overall surviv-
al, recurrence-free survival and the interval beyond the Milan
criteria.

Survival curves were computed according to the Kaplan-Mei-
er method and compared by the log-rank test. All variables with
a p value <0.05 were subjected to multivariate analysis by Cox’s
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