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FiGure 2 - DNA methylation profiles discriminating noncancerous liver tissue obtained from patients with HCCs from normal liver tissue.
(a) Scattergrams of the signal ratios in normal liver tissue samples (C1 to C10) and noncancerous liver tissue samples obtained from patients
with HCCs (N1 to N15) in the learning cohort on representative BAC clones, RP11-17M17, RP11-79906 and RP11-119J21. Using the cutoff
values (CV) described in each panel, noncancerous liver tissue samples obtained from patients with HCCs (N} in the learning cohort were discri-
minated from normal liver tissue samples (C) with sufficient sensitivity and specificity. (b) By 2-dimensional hierarchical clustering analysis
using the 25 BAC clones selected by the process described in the Results section, normal liver tissue samples (C1 to C10) and noncancerous
liver tissue samples obtained from patients with HCCs (N1 to N135) in the learning cohort were subclassified into the different subclasses without
any error. The cluster trees for tissue samples and BAC clones are shown at the top and left of the panel, respectively. (c¢) Histogram showing
the number of BAC clones satisfying the Table II criteria in samples Cl to C10 and N1 to N15. On the basis of this histogram, we established
the following criteria: when the noncancerous liver tissue satisfied the criteria in Table II for 14 (green bar) or more than 14 BAC clones, it was

judged to be at high risk of carcinogenesis.

signal ratio of HCCs did not differ from that of noncancerous liver
tissue obtained from patients with HCCs (131 BAC clones). From
the 512 BAC clones, 358 (Groups I, II, IIl and IV), in which the
DNA methylation status was inherited by HCCs from noncancer-
ous liver tissue, were selected. From the 358 BAC clones, the first
40 were identified by spot ranking analysis using the support vec-
tor machine algorithm for discrimination of noncancerous liver
tissue obtained from patients with HCCs from normal liver tissue.
Figure 2a shows scattergrams of the signal ratios in normal liver
tissue samples and noncancerous liver tissue samples obtained
from patients with HCCs on representative examples of the 40
BAC clones. Using the cutoff values described in each panel, non-
cancerous liver tissue obtained from patients with HCCs in the
learning cohort was discriminated from normal liver tissue with
sufficient sensitivity and specificity (Fig. 2a). From the 40 BAC
clones, 25, for which such discrimination was performed with a
sensitivity or specificity of 70% or more than 70%, were selected
(Supporting Information Table S1). The cutoff values of the signal
ratios for the 25 BAC clones, and their sensitivity and specificity,
are shown in Table II. Two-dimensional hierarchical clustering
analysis using the 25 BAC clones is shown in Figure 25: 10 normal
liver tissue samples (C1 to C10) and 15 noncancerous liver tissue
samples obtained from patients with HCCs (N1 to N15) in the learn-
ing cohort were subclassified into different subclasses without any

error. The number of BAC clones satisfying the criteria listed in Ta-
ble II in noncancerous liver tissue samples showing chronic hepatitis
(20.6 = 1.8) was not significantly different from that showing cir-
rhosis (21.3 * 2.4, p = 0.542) in the learning cohort.

A histogram showing the number of BAC clones satisfying the
criteria listed in Table II for samples C1 to C10 and N1 to N135 is
shown in Figure 2¢. On the basis of this figure, we finally estab-
lished the following criteria: when noncancerous liver tissue satis-
fied the criteria of Table II for 14 or more BAC clones (green bar
in Fig. 2¢), it was judged to be at high risk of carcinogenesis, and
when noncancerous liver tissue satisfied the criteria of Table II for
less than 14 BAC clones, it was judged not to be at high risk of
carcinogenesis. Based on these criteria, both the sensitivity and
specificity for diagnosis of noncancerous liver tissue samples
obtained from patients with HCCs in the learning cohort as being
at high risk of carcinogenesis were 100%.

To confirm these criteria, an additional 50 liver tissue samples
were analyzed by BAMCA as a validation study (Supporting In-
formation Figure S1). Twenty-three of 24 validation samples satis-
fying the criteria of Table II for 14 or more BAC clones were non-
cancerous liver tissue samples obtained from patients with HCCs
(N16 to N36 and N38), and 24 of 26 validation samples satisfying
the criteria of Table II for less than 14 BAC clones were normal
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TABLE I - 2§ BAC CLONES WHICH COULD DISCRIMINATE NONCANCEROUS LIVER TISSUES (N) FROM NORMAL
LIVER TISSUES (C)

clone ID Location tion nsitivi Specificity
BAC clone Cv:llgf DNA smmc‘:ﬁgla it Se P ty pe(c%) y
RP11-104113 1p35-1p36 1.01 C>N 933 70.0
RP11-5212 1p34-1p35 1.00 C<N 80.0 60.0
RP11-29M22 1pl1-1p12 111 C<N 86.7 990.0
RP11-21K1 2q37.2 1.00 C>N 86.7 70.0
RP11-109B15 5933 1.04 C<N 66.7 90.0
RP11-88B24 6q26 0.95 C>N 80.0 70.0
RP11-112B7 Tpi3-7pi4 1.00 C>N 80.0 70.0
RP11-48D21 8pl1.2 1.00 C>N 80.0 90.0
RP11-120E20 llpIS 4-11p15.5 0.90 C>N 733 100.0
RP11-334E6 11923 1.00 C>N 86.7 80.0
RP11-17M17 11925 0.90 C>N 933 90.0
RP11-319E16 12p13.32a 1.00 C>N 80.0 90.0
RP11-1100L3 12¢13.13¢-12g13.13d 1.04 C<N 86.7 80.0
RP11-79906 12q13.3a-12q13.3b 1.17 C<N 86.7 100.0
RP11-119)21 12q24.33 0.89 C>N 733 90.0
RP11-332N6 14q112b 0.95 C>N 86.7 100.0
RP11-529E4 14q12c 1.00 C>N 933 50.0
RP11-89M4 16p13.2-16p13.3 1.20 C<N 86.7 100.0
RP11-215M5 15¢15-15q21.1 1.00 C<N 86.7 70.0
RP11-348B12 19p13 1.00 C<N 80.0 80.0
RP11-134G22 20p11.2-20p12 1.01 C>N 80.0 90.0
RP11-328M17 22g13.2-22q13.33 0.93 C>N 86.7 100.0
RP11-354112 22g13.31-22q13.33 1.00 C>N 93.3 80.0
RPi1-55J11 22413.2-22q13.33 1.00 C>N 80.0 70.0
RP11-480M11 Xq27.1-Xq28 0.0 C>N 80.0 90.0

'C>N, when the 51gnal ratio was lower than the cutoff value, the tissue sample was considered to be at
high risk for carcinogenesis; C<N, when the signal ratio was higher than the cutoff value, the tissue sam-
ple was considered to be at high risk for carcinogenesis.,

liver tissue samples (C11 to C31, 33, 34 and 36). That is, our crite-
ria enabled diagnosis of noncancerous liver tissue samples
obtained from patients with HCCs in the validation set as being at
high risk of carcinogenesis with a sensitivity of 95.8% and a speci-
ficity of 96.2%. The number of BAC clones satisfying the criteria
listed in Table Il in noncancerous liver tissue samples showing
chronic hepatitis (17.6 = 2.5) was not significantly different from
that showing cirrhosis (19.4 = 1.8, p = 0.128) in the validation
cohort.

In addition, the average number of BAC clones satisfying the
criteria in Table II was significantly lower in 7 samples of liver tis-
sue obtained from patients who were infected with HBV or HCV,
but who had never developed HCCs (V1 to V7, 13,14 = 4.78),
than that in N1 to N39 (19.21 * 2.67, p = 0.00419).

Association of HCC DNA methylation. profiles with
patient outcome

To establish criteria for prognostication of patients with HCCs, in
the leaming cobort, 5 of 19 HCC samples obtained from patients
who had survived more than 4 years after hepatectomy and 6 of 19
HCC samples from patients who had suffered recurrence within 6
months and died within a year after hepatectomy were defined as a
favorable-outcome group and a poor-outcome group, respectively.
Wilcoxon test (p < 0.01) revealed that the signal ratios of 41 BAC
clones (Supporting Information Table S1) differed significantly
between the favorable-outcome group (n = §) and the poor-out-
come group (n = 6). Figure 3a shows scattergrams of the signal
ratios in samples from the favorable- and poor-outcome groups for
representative examples of the 41 BAC clones. Using the cutoff val-
ues described in Figure 3 and Table IH for the 41 BAC clones,
samples from the poor-outcome group were discriminated from
favorable-outcome group samples with sufficient sensitivity and
specificity (Fig. 3a and Table III). Two-dimensional hierarchical
clustering analysis using the 41 BAC clones is shown in Figure 3b:
5 HCCs in the favorable-outcome group and 6 HCCs in the poor-
outcome group were subclassified into different subclasses without
any error (Fig. 3b). A histogram showing the number of BAC
clones satisfying the criteria in Table HI is shown in Fig, 3¢. In all

19 HCCs in the leamning cohort, multivariate analysis revealed that
satisfying the criteria in Table II for 32 or more BAC clones was a
predictor of overall patient outcome and was mdependem of pa-
rameters that are already known to have progrostic impact,” such
as histological differentiation, portal vein tumor thrombi, intrahe-
patic metastasis and multicentricity (Table IV).

To confirm these criteria, an additional 25 HCC samples were
analyzed by BAMCA as a validation study, and then evaluated
based on the criteria in Table III. All 44 HCCs were divided into 2
groups according to the number of BAC clones satisfying the cri-
teria (32 or more BAC clones vs. less than 32 BAC clones). The
period covered ranged from 11 to 3,413 days (mean, 1,349 days).
The cancer-free and overall survival rates of patients with HCCs
satisfying the criteria in Table III for 32 or more BAC
clones was significantly lower than that of patients with HCCs
satisfying the criteria in Table I for less than 32 BAC clones
{Fig. 3d, p = 0.000000002 and p = 0.0013, respectively).

Discussion

Although many researchers in the field of cancer eplgeneucs
use promoter arrays to identify the genes that are methylated in
cancer cells, we used a BAC array'® in this study. The effi-
ciency of identification of specific genes that are silenced by DNA
methylations around the promoter regions and may become a tar-
get of therapy may be generally lower using the BAMCA
approach than with conventional promoter array-based analysis.
However, the promoter regions of specific genes are not the only
target of DNA methylation alterations in human cancers. DNA
methylation status in genomic regions not directly participating in
gene silencing, such as the edges of CpG islands, may be altered
at the precancerous stage before the alterations of the promoter
regions themselves occur.* Moreover, aberrant DNA methylation
of large regions of chromosomes, which are regulated in a coordi-
nated manner in human cancers due to a process of lon| ng-range epi-
genetic silencing, has recently attracted attention.”” BAMCA
methods may be suitable for overviewing the DNA methylation
status of individual large regions among all chromosomes and for
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Figure 3 — DNA methylation profiles in HCCs associated with patient outcome. (a) Scattergrams of the signal ratios in HCCs from patients
who survived more than 4 years after hepatectomy (favorable-outcome group, n = 5) and HCCs from patients who suffered recurrence within
6 months and died within a year after hepatectomy (poor-outcome group, n = 6) in the learning cohort for representative BAC clones, RP11-
201014, RP11-10IN17 and RP11-177L7. Using the described cutoff values (CV), the poor-outcome group was discriminated from the favor-
able-outcome group with 100% sensitivity and specificity. (b) By 2-dimensional hierarchical clustering analysis using the 41 BAC clones
selected by Wilcoxon test, HCCs in the favorable-outcome group and those in the poor-outcome group in the learning cohort were subclassified
in the different subclasses without any error. The cluster trees for tissue samples and BAC clones are shown at the top and left of the panel,
respectively. (¢) Histogram showing the number of BAC clones satisfying the Table III criteria in HCCs of the favorable- and poor-outcome
groups in the learning cohort. (d) Kaplan-Meier survival curves of all patients with HCCs (T1 to T44). The cancer-free (left panel, p =
0.000000002) and overall (right panel, p = 0.0013) survival rates of patients with HCCs satisfying the Table III criteria for 32 or more than 32
BAC clones (solid lines) were significantly lower than that of patients with HCCs satisfying the Table III criteria for less than 32 BAC clones

(broken lines).
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TABLE HI - 41 BAC CLONES WHICH COULD DISCRIMINATE HCCS IN POOR-OUTCOME GROUP (P) FROM THOSE
IN FAVORABLE-OUTCOME GROUP (F)

BAC clone ID Location Cutoff DNA melhxinﬁon Sensitivity Specificity
value status (%} (%)

RP11-89K16 1p35 1.50 F<P 83.3 100.0
RP11-201014 1p34.3-1p36.13 122 F>P 1000 100.0
RP11-156K6 1p31.1-1p31.3 1.15 F>P 1000 80.0
RP11-553K8 1931.2-1q31.3 1.16 F>pP 100.0 100.0
RP11-89E10 1931.3 0.91 F<P 1000 100.0
RP11-180L21 2p16-2p21 1.29 F>P 100.0 80.0
RP11-90B13 2p14-2pl5 1.13 F>P 833 100.0
RP11-449B19 2q11.2 0.75 F<P 100.0 80.0
RP11-30M1 2q32.3 1.1¢ F<P 100.0 100.0
RP11-89B13 2qg32.3-2g33.1 L.11 F>P 83.3 80.0
RP11-255019 3p24.3-3p25 1.08 F>P 100.0 1000
RP11-421F9 3p24.2a 0.97 F>P 83.3 100.0
RP11-122D19 3p21.2 0.99 E<P 100.0 80.0
RP11-36K8 4q22 0.91 F>P 833 100.0
RP11-10IN17 4q26 0.85 F<P 1000 100.0
RP11-177L7 4932 0.94 E>P 100.0 100.0
RP11-13014 4q34-4¢35 0.88 F<P 833 100.0
RP11-88H16 14 0.85 F<P 100.0 100.0
RP11-91G9 5q22-5q23 1.45 F<P 83.3 100.0
RP11-79K22 16 0.98 F<P 833 100.0
RP11-126B8 7921.3 1.06 F>p 100.0 100.0
RP11-89P11 7935 0.83 F>P 833 100.0
RP11-88N8 8g21.11d 1.02 F>P 100.0 100.0
RP11-85C21 9933.3-9934.2 0.95 F<P 833 100.0
RP11-714M16 10g26.11-10g26.3 1.00 F<P 100.0 100.0
RP11-48A2 10g26.2 0.69 F<P 100.0 80.0
RP11-20611 11pil.2 1.20 F<P 100.0 100.0
RP11-35F11 11qi12 1.30 F<P 100.0 80.0
RP11-15819 1ig23 1.04 F>pP 83.3 100.0
RP11-7418 12413 1.13 F<P 100.0 100.0
RP11-167B4 16p13.3 0.97 F>p 833 100.0
RP11-368N21 16pl1.2-16pi2 1.10 F>pP 833 100.0
RP11-303G21 16ql2.1b 0.80 F>P 83.3 100.0
RP11-151M19 16922 1.05 F>P 100.0 100.0
RP11-135NS 17p13.2 1.00 F>P 100.0 1060.0
RP11-398A1 17g11.2d 1.00 F>P 100.0 100.0
RP11-15A1 19q13 1.08 F>P 83.3 100.0
RP11-697B10 19q13.3 0.90 F>P 83.3 100.0
RP11-79A3 19q13.3 1.05 F<P 100.0 100.0
RP11-29H19 20q12 1.00 F>P 100.0 100.0
RP11-36NS 22q11.2 1.1§ F>P 83.3 100.0

'F>P, when the signal ratio was lower than the cutoff value, the tissue sample was considered to have
been obtained from a patient with poor prognosis; F<P, when the signal ratio was higher than the cutoff
value, the tissue sample was considered to have been obtained from a patient with poor prognosis.

identifying reproducible indicators for carcinogenetic risk
estimation and prognostication. In fact, we have successfully
obtained optimal indicators for carcinogenetic risk estimation and
prognostication of renat cell carcinomas® and urothelial carcino-
mas (data will be published elsewhere) by BAMCA using the
same array as that used in this study.

Qur previous studies indicated that alterations of DNA
methylation are one of the earliest events of multistage hepato-
carcintgg}enesis and participate in malignant progression of
HOCs > 7142729 However, since in previous studies we examined
DNA methylation status on only a restricted number of CpG
islands or chromosomal loci, it has not yet been clarified whether
DNA methylation status on only restricted regions is simply
altered at the precancerous stage, or whether genome-wide altera-
tions of DNA methylation status have certain clinicopathological
significance. As shown in Panel N of Figure 1, genome-wide
DNA methylation alterations (both hypo- and hypermethylation)
were confirmed even in noncancerous lver tissue samples
obtained from patients with HCCs. The number of BAC clones
showing DNA methylation aiterations and the degree of DNA
methylation alterations were found to increase stepwise from the
precancerous stage to the HCC stage (Fig. 15 and Table 1), This
study revealed that alterations of DNA methylation during

multistage hepatocarcinogenesis occur in a genome-wide manner.
Genome-wide DNA methylation alterations may participate in
multistage hepatocarcinogenesis potentially through the induction
of chromosomal instability and silencing of tumor-suppressor
genes. DNA methylation alierations in noncancerous liver tissue
were correlated with the future development of HCCs, suggesting
that DNA methyiation alterations at the precancerous stage may
not occur randomly but are prone to further accumulation of
genetic and epigenetic alterations.

Although mass vaccination against HBV has been initiated, this
will not have a major impact for many years, as the age at presen-
tation of HBV is older than 50 years mainly in Asia and Africa.®
The spread of HCV in Japan that occurred in the 1950s and 1960s
has resulted in a rapid increase in the incidence of HCC since
1980. In other countries including the United States, where HCV
infection spread more recently, an increase in the incidence of
HCC is imminent.’’ Although there were no significant differen-
ces in the number of BAC clones showing DNA hypo- or hyper-
methylation between HBV- and HCV-positive patients with
HCCs, Wilcoxon test identified BAC clones in which DNA meth-
ylation status differed significantly between HBV- and HCV-posi-
tive patients with HCCs in both noncancerous liver tissue and can-
cerous tissue, suggesting that the HBV-related carcinogenetic
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TABLE IV - MULTIVARIATE ANALYSIS OF CLINICOPATHOLOGICAL
PARAMETERS AND DNA METHYLATION PROFILES ASSOCIATED WITH
OVERALL OUTCOME IN PATIENTS WITH HCCS

Parameters Hazard ratio (95% Cly ¥ P
Histological
differentiation
Well differentiated 1 (Reference) 0.031 0.8594
Moderately or poorly  0.817 (0.088-7.616)
differentiated
Portal vein tumor
thrombi
Negative | {Reference) 2095 0.1478
Positive 4.474 (0.588-34.033)
Intrahepatic metastasis’
Negative 1 {Reference) 0090 0.7647
Positive 1.248 (0.292-5.336)
Multicentricity'
Negative 1 (Reference) 1499 0.2209
Positive 0.328 (0.055-1.955)
The criteria of Table 3
Satisfying for less than 1 {Reference) 4997 0.0254
32 BAC clones
Satisfying for 32 or 4.466 (1.202-16.585)

more BAC clones

Cl, confidence interval.

'In patients with multiple lesions, whether the lesions other than the
main tumor from which tissue samples were obtained for this study
were intrahepatic metastases of the main tumor or second primary
lesions was judged by microscopic observation of hepatectomy speci-
mens based on the previously described criteria.

pathway may result in distinct DNA methylation profiles. These
findings are in accordance with a previous report showing that
HBV-related proteins can induce DNA methylation alterations.™

The effectiveness of surgical resection for HCC is limited,
uniless the disease is diagnosed early at the asymptomatic stage.
Therefore, surveillance at the precancerous stage will become a
priority. To reveal the baseline liver histology, microscopic exam-
ination of liver biopsy specimens is performed in_patients with
HBV or HCV infection prior to interferon therapy.**~* Therefore,
carcinogenetic risk estimation using such liver biopsy specimens
will be advantageous for close follow-up of patients who are at
high risk of HCC development. Because even subtle alterations of
DNA methylation profiles at the precancerous stage are stably pre-
served on DNA double strands by covalent bonds, they may be
better indicators for risk estimation than mRNA and protein
expression profiles that can be easily affected by the microenvir-
onment of precursor cells.

The present genome-wide analysis revealed DNA methylation
profiles that were able to discriminate noncancerous liver tissue
obtained from patients with HCCs from normal liver tissue and
diagnose it at high risk of HCC development in the learning set.
The sensitivity and specificity in the validation set were 95.8 and
96.2%, respectively, and the criteria listed in Table II were
validated. For carcinogenetic risk estimation using liver biopsy
specimens obtained prior to interferon therapy, DNA methylation
profiles actually associated with carcinogenesis should be discri-
minated from those associated with inflammation and/or fibrosis.
Therefore, we first omitted potentially insignificant BAC clones

2861

associated only with inflammation and/or fibrosis and focused on
BAC clones for which DNA methylation status was inherited by
HCCs from the precancerous stage (Groups I, IL IIT and IV). In
fact, it was confirmed that there were no significant differences in
the number of BAC clones satisfying the criteria in Table II
between noncancerous liver tissue samples showing chronic hepa-
titis and noncancerous liver tissue samples showing cirthosis, not
only in the learning set (p = 0.542) but also in the validation set
(p = 0.128), indicating that our criteria were not associated with
the degree of inflammation or fibrosis. In addition, the average
numbers of BAC clones satisfying the criteria in Table II were sig-
nificantly lower in liver tissue of patients without HCCs (V1 to
V7) than in noncancerous liver tissue of patients with HCCs (N1
to N39), even though the patients from whom VI to V7 were
obtained were infected with HBV or HCV. Therefore, our criteria
not only discriminate noncancerous liver tissue obtained from
patients with HCCs from normal liver tissue but may also be ap-
plicable for classifying liver tissue obtained from patients who are
followed up because of HBV or HCV infection, chronic hepatitis
or cirthosis into that which may generate HCCs and that which
will not. Our criteria are applicable to both patients with chronic
hepatitis and liver cirrhosis, although liver cirrhosis is known to
show a more pronounced tendency to lead to HCC development
than chronic hepatitis.”” We intend to validate the reliability of
such risk estimation prospectively using liver biopsy specimens
obtained prior to interferon therapy from a large cohort of patients.
On the basis of the present data, we now consider it justifiable to
propose that clinicians can apply a portion of biopsy cores for this
type of prospective study,

Because a sufficient quantity of good-quality DNA can be
obtained from liver biopsy specimens, PCR-based analyses focus-
ing on individual CpG sites are not always required. Although cut-
off values should be modified for widely available standardized
reference DNA, array-based analysis that overviews aberrant
DNA methylation in each BAC region is immediately applicable
to routine laboratory examinations. Moreover, because DNA
rmethylation status of CpG sites is often regulated in a coordinated
manner in each individual large region on chromosomes,>'**" an
overview of the DNA methylation tendency (hypo- or hypermeth-
ylation) in the whole BAC region can be a more reproducible
diagnostic indicator than one focusing on individual CpG sites.

The present genome-wide analysis revealed DNA methylation
profiles that were able to discriminate a poor-outcome group from
a favorable-outcome group. Correlation between the DNA methyl-
ation profiles and both cancer-free and overall survival rates of
patients with HCCs (Fig. 3d) validated the criteria in Table IIL
Prognostication based on our criteria may be promising for sup-
portive use during follow-up after surgical resection, because mul-
tivariate analysis revealed that our criteria can predict overall
patient outcome independently of parameters observed in hepatec-
tomy sgecimens that are already known to have prognostic
impact.® Such prognostication using liver biopsy specimens
obtained before transarterial embolization, transarterial chemoem-
bolization and radiofrequency ablation may be advaniageous even
to patients who undergo such therapies, The reliability of such
prognostication needs to be validated again prospectively in surgi-
cally resected specimens or biopsy specimens.
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Favorable Long-Term Surgical Outcomes of Hepatocellular Carcinoma in
Patients With Hepatitis B Envelope Antibody

SHUN-ICHI ARNIIZUMI, mp,* YOSHIHITO KOTERA, mp,
SATOSHI KATAGIRI, mp, aND MASAKAZU YAMAMOTO, mo
Department of Surgery, Institute of Gastroenterology, Tokyo Women's Medical University, Shinjuku-ku, Tokyo, Japan

Background: Surgical outcome of patients with hepatocellular carcinoma (HCC) in relation to the serum hepatitis B envelope (HBe) has not been
clarified in detail.

Methods: We retrospectively studied 732 patients with HCC within the Milan criteria who underwent hepatectomy from 1991 through 2003.
Serum hepatitis B surface antigen (HBs-Ag) and hepatitis C virus (HCV) antibody were routinely performed preoperatively, and 92 patients were
only positive for HBs-Ag. Serum HBe antibody (HBe-Ab) was further examined, and surgical outcomes after hepatectomy were compared with
those of 70 patients who were positive for HBe-Ab and 15 patients who were negative for HBe-Ab.

Results: The 5- and 10-year survival rates were significantly greater in patients who were positive for HBe-Ab (90% and 80%, respectively) than
in patients who were negative for HBe-Ab (61% and 37%: P = (0.0004, respectively). The 5-year recurrence-free survival rate was significantly
greater in patients who were positive for HBe-Ab (53%) than in patients who were negative for HBe-Ab (21%: P =0.0054). Multivariate analysis
showed that positive HBe-Ab was an independent prognostic factor for survival (P = 0.0045) and recurrence-free survival (P = 0.004).
Conclusions: Favorable long-term surgical outcomes were achieved in patients with HCC within the Milan criteria who were positive for

HBe-Ab.
J. Surg. Oncol. 2010;101:471-475.  © 2010 Wiley-Liss, Inc.
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INTRODUCTION

Worldwide, most hepatocellular carcinomas (HCC) develop in
patients with chronic hepatitis or liver cirthosis caused by hepatitis B
virus (HBV) or hepatitis C virus (HCV) infection. Higher HBV viral
loads are strongly associated with the development of HCC and
recurrence of HCC after surgery, and serum hepatitis B envelope
antigen (HBe-Ag) is a simple surrogate marker of HBV-DNA [1-5].
Moreover, in patients with HBV-related small HCC, higher rates of
intrahepatic recurrence of HCC and poorer survival in patients who
were positive for HBe-Ag than in those who were negative for HBe-Ag
have also been reported [6,7]. However, there have been no previous
reports of surgical outcomes of HCC within Milan criteria in relation to
the HB envelope. Therefore, there might be a difference in outcome
after hepatectomy for HCC within the Milan criteria in relation to the
HB envelope.

MATERIALS AND METHODS

Between 1991 and 2005, 1,188 patients with HCC underwent initial
curative hepatectomy for HCC at our institute. Of these, 732 patients
were given diagnoses of HCC within the Milan criteria (550 patients
were solitary HCC of 5cm or less and 182 patients were 2 or 3 HCCs
of 3em or less) on histopathological examination. Laboratory
tests, serum hepatitis B surface antigen (HBs-Ag), and HCV-antibody
were routinely performed preoperatively in all patients, and 92 patients
(13%) were found to be positive for HBs-Ag, 522 (71%) positive for
HCV, 7 (1%) positive for both HBs-Ag and HCV, and 111 (15%)
negative for either HBs-Ag or HCV. Serum HBe-Ag and HBe-Ab were
further examined preoperatively in 85 of 92 patients with HBs-Ag,
showing 70 patients to be positive for HBe-Ab and 5 patients to be
negative for HBe-Ab. The remaining seven patients were excluded
from this study because HBe-Ag or HBe-Ab was not examined. We

© 2010 Wiley-Liss, Inc.

retrospectively compared the results with the surgical outcomes
of 70 patients who were positive for HBe-Ab and 15 patients who
were negative for HBe-Ab. Five hundred twenty-two patients
with HCV, 7 patients who were positive for both HBs-Ag and HCV,
and 111 patients who were negative for either HBs-Ag or HCV were
excluded from this study.

There were 67 men (79%) and 18 women (21%}), and the mean age
was 55 years (range, 2276 years). Serum aspartate aminotransferase
(AST), Child-Pugh class, indocyanine green retention rate at 15 min
(ICGR5), Platelet count, and serum level of alpha-fetoprotein (AFP)
were examined preoperatively. Serum hepatitis B viral load was
examined in our hospital from 1997. However, serum hepatitis B viral
load was not examined routinely, therefore hepatitis B viral load was
assessed in 31 of 85 patients with positive HBs-Ag. All patients
underwent hepatectomy. and all surgical procedures were systematized
hepatectomy with the Glissonean pedicle transection method [8,9].
The choice of resection was made on the basis of the tumor size,
tumor type, and liver function (ICGR,s). In most of the patients
with smalt and simple nodular HCC without daughter lesions,
segmentectomy or smaller resection was performed. However, in
patients with large and simple nodular HCC, sectionectomy or larger
resection was performed considering functional liver reserve. In
patients with HCC with daughter lesions within the section,

*Correspondence to: Shun-ichi Ariizomi, MD, Department of Surgery,
Institute of Gastroenterology, Tokyo Women's Medical University, Kawada
8-1, Shinjuku-ku, Tokyo 162-0054, Japan. Fax: (81) 3-5269-7507.
E-mail: an@gd6.so-net.ne.jp

Received 11 September 2009; Accepted 21 December 2009

DOT 10.1002450.21512

Published online in Wiley InterScience

(www.interscience.wiley.com).

—460—



472 Ariizomi et al.

sectionectomy or larger resection was performed. However, in patients
with HCC with daughter lesions and poor functional liver reserve,
segmentectomy or smaller resection was performed. Pathologically,
macroscopic tumor type, portal or hepatic vein invasion, intrahepatic
metastasis, and multicentric occurrence were examined. The termino-
logy of liver resection was determined based on the Terminology
Committee of the International Hepato-Pancreato-Biliary Association
in 2000 [10]. Pathological findings were evaluated according to the
General Rules for the Clinical and Pathological Study of Primary Liver
Cancer of the Liver Cancer Study Group of Japan [11).

Follow-up

After surgery, patients were followed up every 412 weeks at the
outpatient department of our institution. Ultrasonography or computed
tormography was performed once every 3—-4 months. Intrahepatic
recurrence was defined clinically as the appearance of a new lesion
with radiological features typical of HCC, as contirmed by the above
two imaging methods or biopsy specimens. Survival duration was
defined as the time from hepatic resection to the date of death or last
contact.

Statistical Analysis

Because of sample size limitations, patients with small nodular type
with indistinct margins were combined with those with simple nodular
type. Patients with simple nodular with extranodular growth type,
confluent multinodular type, and massive type were combined into a
single group. Categorical variables were assessed using the chi-square
test and continuous variables were assessed using the unpaired r-test or
Fisher’s test. The overall survival and recurrence-free survival rates
among the patients were calculated by the Kaplan—Meier method and
compared with the log-rank test. Univariate prognostic factors were
entered into multivariate analysis {Cox’s proportional hazard model) to
identify independent predictors of survival or recurrence. P-
values «(0.05 were taken to indicate the statistical significance. We
used Stat View (version 4.5 Hulinks, Tokyo, Japan) for statistical
analysis.

RESULTS

Patient characteristics in relation to HB envelope are shown in
Tabie I. The mean AST, ICGR s, platelet count, and AFP did not ditfer
between patients who were positive for HBe-Ab and those who
were negative for HBe-Ab. Serum hepatitis B viral loads were assessed

TABLE 1. Patients Characteristics in Relation to the HB Envelope

in 31 of 85 patients with positive HBs-Ag, and there was no significant
difference between patients who were positive for HBe-Ab and those
who were negative for HBe-Ab. The number of cases of Child-Pugh
class did not differ between groups, nor did the number of cases
of cirrhosis, macroscopic tumor type, portal invasion, intrahepatic
metastasis, multicentric occurrence, or surgical procedure,

The median patient follow-up was 72 months (ranging from 0.6 t©o
209 months). No patient died after surgery in hospital. The overall
survival rate and recurrence-free survival rate for 85 patients with HCC
within the Milan criteria and HBs-Ag were 86% and 48%, at 5 years,
respectively. The overall survival curves and recurrence-free survival
curves in relation to the HBe-Ab are shown in Figures 1 and 2. The
5- and 10-year survival rates were significantly greater in patients
who were positive for HBe-Ab (90% and 80%, respectively) than in
patients who were negative for HBe-Ab (61% and 37%: £ =0.0004,
respectively). The S-year recurrence-free survival rate was signifi-
cantly greater in patients who were positive for HBe-Ab (53%) than in
patients who were negative for HBe-Ab (21%: P =0.0054).

Outcomes were compared considering subgroups of the Milan
criteria. In patients with a single HCC <5¢m or less, the S-vear
survival rate was significantly greater in patients who were positive for
HBe-Ab (90%) than in patients who were negative for HBe-Ab ¢64%:

be greater in patients who were positive for HBe-Ab (58%) than in
patients who were negative for HBe-Ab (31%: P=0.09). In patients
with 2 or 3 HCCs <3 cm or less, the 5-year survival rate was tended
to be greater in patients who were positive for HBe-Ab (92%)
than in patients who were negative for HBe-Ab (50%: P =0.37), and
the S-year recurrence-free survival rate was significantly greater in
patients who were positive for HBe-Ab (20%) than in patients with
negative for HBe-Ab (14%: P=0.0178).

Outcomes were compared among groups with Child—Pugh class A.
in patients with Child-Pugh class A, the S-year survival rate and
recurrence-free survival rate were significantly greater in patients who
were positive for HBe-Ab (93% and 55%, respectively) than in paticnts
with negative for HBe-Ab (57%: P < 0.0001 and 23%: P =0.0054,
respectively). However, in patients with Child—Pugh class B,
assessment was not possible because of the limited sample size of
patients who were positive for HBe-Ab (n == 3) and negative for HBe-

The univariate analysis of prognostic factors and multivariate
analysis by Cox’s proportional hazard model are summarized in
Tables 1T and 1. The univariate prognostic factors were entered into a
multivariate model to identify independent predictors of survival and
recurrence-free survival, Multivariate analysis showed that positive

Positive for HBe-Ab (n = 70) Negative for HBe-Ab (n = 15) P-value
Serum hepatitis B viral load Present 15 of 28 patients assessed 3 of 3 patients assessed 0.10
Sex Male 57 (81%) 10 (67%) 0.20
Age (year) Mean = 8D 5610 52+ 1 0.06
AST (Uh Mean + SD 39418 41416 0.82
ICGR 5 (%) Mean =+ SD 128 144 14 0.44
Platelet count (% F0%/h) Mean + SD 445 1347 0.41
fog AFP (ng/ml) Mean =+ SD (8412 22414 (.14
Child~Pugh A 67 {96%) 13 (87%) 0.21
Cirrhosis Present 37 (53%) 10 (67%) 0.33
Surgical procedure Sectionectomy 42 (604} 10 (67%) 0.63
Macroscopic type Simple nodular 49 (70%) 13 (87%) 0.19
Portal invasion Present 11 (16%) 4(27%) 0.31
Intrahepatic metastasis Present 4 {6%) 2013%) 0.29
Multicentric occurrence Present 12 (17%) 4 (27%) 0.47

HBe-Ab, hepatitis B envelope antibody; AST, aspartate aminotransferase; ICGRIS, indocyanine green retention rate at 15min: log AFP, logarithmic alpha-

fetoprotein; sectioncctomy, sectivnectomy or larger resection.
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Overall survival curves

S-year 10-year
-@- Positve or HBe-Ab (n=70} 90%  80%
}p=0.0004
~f- Negative for HBe-Ab (n=15} 61%  37%
1
81
61
4
2
0 4
0 60 120 180 months
Patients at risk
Positive for HBe-Ab 70 45 2 3
Negative for HBe-Ab 15 5 2
Fig. 1. The overall survival curves of patients with HCC within the

Milan criteria in relation to the HB envelope are shown.

HBe-Ab was an independent prognostic factor for survival and
recurrence-free survival in patients with HCC who met the Milan
criteria.

DISCUSSION

It is well known that positive HBe-Ab means seroconversion in
patients with HBY, and activity or progression of chronic hepatitis

Qverall recurrence-free survivai curves

S-year 10-year
Posilive for HBe-Ab {n=70} 53%  34%
@ {n=10) }9=0.0054
~#- Negative for HBe-Ab (n=15) 21% 0%
1 ot
8
61
41
21
0 1 8l v T
] 60 120 180 mofths
Patients at risk
Positive for HBe-Ab 76 29 10 2
Negative for HBe-Ab 15 2 0 0

Fig. 2. The overall recurrence-free survival curves of patients with
HCC within the Milan criteria in relation to the HB envelope are
shown.
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differs between patients who are positive for HBe-Ab (negative for
HBe-Ag) and negative for HBe-Ab (positive for HBe-Ag) even in
patients with HBs-Ag. Therefore, the higher carcinogenesis of HCC or
poorer prognosis in patients who are positive for HBe-Ag than in
paticnts who are negative for HBe-Ag has been reported {1l
Furthermore, poorer surgical outcomes after hepatectomy for small
HCC in patients who are positive for HBe-Ag than in patients who are
negative for HBe-Ag have been reported [6,7] However, there have
been no previous reports of surgical outcomes of HCC within Milan
criteria in relation to the HB envelope. In this study, lower risk of
recurrence and longer survival were seen in patients who were positive
for HBe-Ab than in patients who were negative for HBe-Ab. Moreover,
multivariate analysis showed positive HBe-Ab to be a significant
independent prognostic factor for survival and recurrence-free survival
in patients with HB V-related HCC within the Milan criteria.

Liver transplantation in patients with a solitary HCC of 5 cm or less
or 2 or 3 HCCs of 3 cm or less has obtained better results with regard to
both survival and tumor-free survival rates [12-16]. Greater survival
rate and recurrence-free survival rate after liver transplantation for
patients with HCC within the Milan criteria than after hepatectomy
have been reported {17-19]. However, Poon et al. also reported that,
although recurrence after hepatectomy was higher than after liver
transplantation, there was no significant difference in the long-term
survival after resection and {ransplantation for patients with HBV-
related HCC within the Milan criteria {15]. In the present study,
favorable surgical outcomes, not only 5-year survival (90%) but also
10-year survival (80%) were achieved in patients with HBV-related
HCC within the Milan criteria and positive HBe-Ab. Hepatectomy is
therefore recommended in patients with HCC within the Milan criteria
and positive HBe-Ab.

Recently, practice guidelines for the treatment of HCC have been
published by American Association for the Study of Liver Disease
(AASLD) [20.21] and in Japan [22]. According to the AASLD,
surgical resection is recommended for patients who have a single
HCC, Child-Pugh class A, and no cirrhotic or cirrhosis but still well-
preserved liver function (normal bilirubin and hepatic vein pressure
gradient <10mmHg). According to the Japanese guidelines, liver
resection is recommended for patients who have a single HCC or 2 or 3
HCCs with the liver damage categorized into class A or B. There is no
consideration of either HBV or HCV infection in both algorithms,
Routine tests for HB envelope are required to consider the treatment
strategy for HBV-related HCC within the Milan criteria, because
greater long-term survival after hepatectomy can be expected in
patients with HB V-related HCC within the Milan criteria and positive
HBe-Ab.

There have been reports regarding the effects of antiviral drugs on
the prevention of initial HCC and recurrence of HCC after treatment.
Kubo et al. reported that 24 patients with high-scrum HBV DNA
concentrations who underwent Jiver resection for HBV-related HCC
and postoperative lamivudine therapy had improved tumor-free
survival rates after liver resection {4]. In the present study, we did
not compare outcomes in relation to the antiviral drug because the
study period was long, from 1991 to 2005, and postoperative antiviral
therapy was recently performed in only six patients from 2000.
However, antiviral therapy after hepatectomy for patients with HCC
and negative HBe-Ab is required because shorter survival and higher
risk of recurrence after hepatectomy were seen in patients who were
negative for HBe-Ab than in patients who were positive for HBe-Ab.

There have been only a few reports on outcomes after hepatectomy
for small HCC in relation to the HB envelope [6,7]. In the present
study, favorable long-term surgical outcomes were achieved in
patients with HB V-related HCC within the Milan criteria and positive
HBe-Ab. Multivariate analysis showed that positive HBe-Ab was
an independent prognostic factor for survival and recurrence-free
survival. Routine tests for HB envelope are required for patients with
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TABLE IL. Factors Associated With Survival Rate and Recurrence-Free Survival Rate of Patients by Univariate

Analysis
5-year 5-year recurrence-free
Number survival (%) P-value survival (%) P-value

Sex
Male 67 87 0.34 53 0.0437
Female 18 85 26

Age (years)
<55 45 84 0.44 42 0.20
>55 40 89 55

Hepatitis B envelope antihody
Positive 70 90 0.0004 53 0.0054
Negative 15 61 21

Serum hepatitis B viral load®
Present 15 100 0.09 43 0.58
Absent 16 9 46

AST (U
<40 44 90 0.95 51 0.17
>40 41 83 45

ICGR 5 (%)
<12 52 87 0.99 51 019
>12 33 86 44

Platelet count (x10%/ul)
<i4 49 81 0.06 43 0.06
>i4 36 93 56

Child—-Pugh class
A 80 88 0.0306 51 <0.0001
B 5 50 0

Cirrthosis
Present 47 81 0.21 45 0.8
Absent 38 93 45

log AFP (ng/mi)
<19 50 82 0.08 45 0.24
>1.9 35 93 53

Surgical procedure
Sectionectomy 52 90 0.33 57 0.0235
Partial sectionectomy 33 80 33

Macroscopic type
Simple nodular 62 87 0.33 47 0.99
Others 23 84 53

Portal invasion
Present 15 77 041 49 0.90
Absent 70 88 48

Intrahepatic metastasis
Present 6 80 0.10 20 0.0089
Absent 5 87 50

Multicentric occurrence
Present 16 85 0.86 22 0.0019
Absent 69 86 54

C.I, Confidence interval; HBe Ab, hepatitis B envelope antibody.

AST, aspartate aminotransferase; ICGR15, indocyanine green retention rate at [5min; log AFP, logarithmic
alpha-fetoprotein; sectionectomy, sectionectomy or larger resection.

“Thirty-one patients were assessed.

TABLE III. Multivariate Analysis Using Cox’s Proportion Hazards Model

Risk factor Relative risk 95% CI P-value
Survival Hepatitis B envelope antibody Positive 0.250 0.096-0.651 0.0045
Recurrence Hepatitis B envelope antibody Positive 0.323 0.149-0.697 0.0040

Intrahepatic metastasis Present 5.546 1.821-16.862 0.0026

Ci, confidence interval,
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HBV-related HCC, and hepatectomy is recommended in patients with
HCC within the Milan criteria and positive HBe-Ab.
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ABSTRACT

Background/Aims: Scirrhous hepatocellular
carcinoma has been defined within general hepa-
tocellular carcinoma. To define scirrhous hepato-
cellular carcinoma, the present study identified
the specific characteristics as compared with gen-
eral hepatocellular carcinoma.

Methodology: The scirrhous hepatocellular car-
cinoma was defined when almost all areas of the
tumor were occupied with scirrhous structures. It
was identified 14 patients with scirrhous hepato-
cellular carcinoma and 300 patients with general
hepatocellular carcinoma (control), all underwent
hepatectomy from 1988 to 1994. It was compared
the clinical background of the patients, prognosis,
and pathological features, which included immuno-
histological staining using Hepatocyte Paraffin 1.

Results: All scirrhous hepatocellular carcinoma
showed whitish, hard forms resembling intrahe-

patic cholangiocarcinoma. The rates of average
ICGR15, positive hepatitis C virus antibody,
and microscopic invasion to the bile duct were
12%, 33%, and 20%, respectively, each signifi-
cantly different than general hepatocellular car-
cinoma. The cumulative 10-year survival rate of
scirrhous hepatocellular carcinoma and general
hepatocellular carcinoma were 70% and 31%,
respectively. With immunohistological stain-
ing, 43% of scirrhous hepatocellular carcinoma
showed negative staining for Hepatocyte Paraf-
fin1.

Conclusions: The scirrhous hepatocellular car-
cinoma has specific characteristics such as lower
rates of hepatitis C virus infection, better progno-
sis, and different histological findings; therefore,
scirrhous hepatocellular carcinoma should be
strictly classified under a new category.

INTRODUCTION

According to the Histological Typing of Tu-
mors of the Liver (WHO International Histological
Classification of Tumors) (1), scirrhous hepatocel-
lular carcinoma (HCC) is described as “areas with
abundant fibrosis stroma separating cords of tumor
cells”. “Scirrhous” is defined as a histological type of
HCC indicating a specific area of a tumor, not defin-
ing the whole area of HCC (1). The structure of a
scirrhous carcinoma could be detected partially in a
HCC, mixed with other structures. Scirrhous HCC
generally shows a macroscopic finding resembling
mass-forming type of intrahepatic cholangiocarci-
noma (ICC) (2-4). However, accumulated studies
of scirrhous HCC are not sufficient because of its
rare occurrence and vague definition. To strictly
define scirrhous HCC, the present study attempted
to identify specific characteristics of scirrhous HCC
and compared its clinicopathological features with
general HCC (2).

METHODOLOGY
In the present study, scirrhous HCC was defined
as a carcinoma with almost all areas of the tumor

Hepato-Gastroenterology 2009; 56:1086-1089
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occupied with scirrhous structures, characterized
by abundant fibrosis stroma separating cords of
tumor cells. The pathological diagnosis was con-
firmed by reviewing the available hematoxylin and
eosin (H&E) stained slides by a pathologist. As for
the general HCC which served as the control, the
nonscirrhous, simple nodular type HCC was mac-
roscopically selected. The simple nodular HCC was
defined as a macroscopic type of HCC in the Gen-
eral Rules for the Clinical and Pathological Study of
Primary Liver Cancer (Liver Cancer Study Group
of Japan) (2). The present study compared the clini-
cal background, the pathological findings, and the
prognosis between the scirrhous HCC and general
HCC. It was performed immunohistological stain-
ing in scirrhous HCC using hepatic differentiation
marker Hepatocyte Paraffin 1 (Hep), biliary dif-
ferentiation marker Cytokeratin 19 (CK 19), MUC
1 glycoprotein (MUC 1), and epithelial membrane
antigen (EMA).

Samples sections were fixed in formalin. Paraf-
fin embedded cell block tissues were deparaffinized
and hydrated in a series of xylene, graded alcohols,
and water. To improve the staining methods for an-
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tigen retrieval, we microwave heated the samples
in 10mM citrate buffer at pH 6.0. The endogenous
peroxidase was blocked by immersing the samples
in 3% hydrogen peroxide. The sections were then
washed in a phosphate-buffered saline (PBS) solu-
tion. The primary antibody was applied before an
overnight incubation at 4°C. The mouse monoclonal
antibody was applied before an overnight incuba-
tion at 4°C. The mouse monoclonal antibody Hep
(clone OCH1E5.2.10; DAKO, Carpenteria, CA) was
used at a dilution of 1:50. The mouse monoclonal
antibody CK 19 (clone RCK108; DAKO) was used
at a dilution of 1:200. The monoclonal antibody
Muc 1 (clone Ma695; DAKO) was used at a dilution
of 1:1000. The mouse monoclonal antibody EMA
(clone E29; DAKO) was used at a dilution of 1:300.
After another wash with PBS, biotinylated goat an-
timouse secondary antibody (DAKO) was applied
at room temperature for 40 minutes. The sections
were washed again and treated for 40 minutes with
streptavian conjugated to horseradish peroxidase
(DAKO). The colorizing agent diaminobenzidine
was used subsequently. The sections were counter-
stained with hematoxylin. PBS, instead of the pri-
mary antibody, was used as a negative control.

Normal hepatocytes around tumor cells were
strongly stained for Hep with cytoplasmic, diffuse,
and granular patterns. When more than 50% of the
total tumor showed positive staining for Hep, the
staining was graded as 2+. When 5 to 50% of the tu-
mor showed positive staining for Hep, the staining
was graded as 1+. When almost all (>95%) of the
tumor showed negative staining for Hep, the stain-
ing was graded as -. CK 19, MUC 1, EMA stain-
ing patterns were graded similarly. Because Hep is
a very useful marker for diagnosing HCC in that
HCC shows more than 90% positive staining for
Hep (5-9), the immunostaining for Hep in the 300
general HCC cases was not perform.

The present study was a retrospective study by
which we examined the data of the patients from
the database. Informed consents were not obtained
from the patients at the time of study; however, all
of our patients gave written consents at the time of
treatment, stating that anonymous clinical data of
the patients could be used for research purposes at
a later date.

Statistical Analysis

Chi-square test and Student’s t test were ap-
plied to compare for differences between groups.
The survival curves were analyzed by Kaplan-
Meier method and then were compared by log-rank
test. For all tests, a p-value of less than 0.05 was
considered significant.

RESULTS

Clinical background

From 1988 to 1994, 589 HCC were curatively re-
sected in our hospital. Out of these HCC, 300 were
general HCC, 14 (2.4%) were scirrhous HCC. Among

Survival rate
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00

Years after operation

FIGURE 1
Typical
macroscopic
finding of
scirrhous HCC

FIGURE 2
Immunohisto—
logical finding of
scirrhous HCC
with Hep positive
staining (a, H&E
staining; b, Hep
staining) and Hep
negative staining
(c, H&E staining;
d, Hep staining)

FIGURE 3
Immunohisto—
logical finding of
scirthous HCC
with both Hep and
CK 19 positive
staining (a, H&E
staining; b, Hep
staining 2+; ¢, CK
19 staining 1+)

FIGURE 4

The survival curve
of scirrhous HCC
(xx; n=14) and
general HCC {++;
n=300). 10-year
survival of general
HCC=31%;
10-year survival
of scirrhous
HCC=70%
(p=0.0095)
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TABLE 1 Clinicopathglogical Characteristics of General HCC (n=300) and

Scirrhous HCC {n==14)

General Scirrhous !
HCC HCC - value

Male (n) 230 (77%) 11 (79%) N8
Age (yr; mean=SD) 61.3+7.8 60.2+9.0 N§
ICG 315 (%; mean+SD) 18.8+10.2 12.3+6.5 <0.001
HBsAg (+) (n) 60 (20%) 2 (14%) NS
HCV (+} (n) 216 (72%) 5 (83%) <0.01
LC (n) 171 (67%) 5 (33%) NS
Size (cm; mean+SD) 3.4+2.4 3.2+1.9 NS
Vp (n) 46 (15%) 3 (20%) NS
Vv (n) 7(2.3%) 0 (0%) NS
B(n) 7(2.3%) 3 (20%) <0.01
™ () 40 (13%) 4 (27%) NS
N () 4(1.3%) 0 (0%) NS
Log10{AFP) (mean+SD) 1.69+0.96 1.83+0.91 NS

ICG 315 indocyanine green retention at 15 minutes; LC: liver cirrhosis;
Vp: portal vein invasion; Vv: hepatic vein invasion;

B: bile duct invasion; IM: intrahepatic metastasis; N: lymph node
metastasis; AFP: alpha-fetoprotein

the scirrhous HCC, the mean rate of ICGR15 was
12%, 2 (14%) were hepatitis B surface antigen (HB-
sAg) positive, 5 (33%) were hepatitis C virus anti-
body (anti-HCV) positive, and 5 (33%) showed liver
cirrhosis. Of the total scirrhous HCC, 7 (50%) had
single HCC, and the other 7 (50%) had synchronous
muitiple HCC, of which one was scirrhous HCC and
the rest were nonscirrhous HCC. 2 samples (14%)
showed previous transcatheter arterial embolization
(TAE), but the other 12 samples (86%) were primary
HCC showing no previous treatment. No patients
showed hypercalcemia in the blood examination.

Macroscopic finding (Figure 1)

All scirrhous HCC showed a whitish, hard form
with slightly lobulated margin, which were obvi-
ously different than the general HCC. They rather
resembled the mass-forming type of ICC (2). 6 cases
(43%) also showed a macroscopic central scar, which
resembled the finding of focal nodular hyperplasia
{FNH) or fibrolamellar HCC.

Microscopic finding

For scirrhous HCC, the rate of bile duct inva-
sion was 21% (3/14). The formation of a capsule was
detected in 6 cases (43%), and all 6 cases showed
infiltration to the capsule. The differentiation was
determined as moderate in 13 cases (93%) and poor
in 1 case (7%); none of the samples showed well dif-
ferentiated cells.

Comparison between scirrhous HCC and
general HCC (Table 1)

In the present study was compared the clinical
and pathological findings of scirrhous HCC and gen-
eral HCC. We found the rate of mean ICGR15 and
the rate of anti-HCV positive significantly lower in
the scirrhous HCC, whereas the rate of microscopic
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invasion to the bile duct was significantly higher in
the seirrhous HCC (p < 0.01).

Immunohistological finding (Figure 2, 3)

In the immunohistological staining for Hep,
seirrhous HCC showed predominantly positive (2+)
in 57% (8/14), predominantly negative (1+) in 29%
(4/14), and completely negative (-} in 14% (2/14) of
the cases. 21% (3/14) of the cases also showed par-
tial positive staining for the biliary marker CK 19
(2 cases of Hep 2+/CK 19 1+, 1 case of Hep -/CK 19
2+), and 14% (2/14) cases showed partial positive
staining 1+ for MUC1 and EMA.

Postoperative prognosis (Figure 4)

For scirrhous HCC, the 5-year survival rate and
no recurrent survival rate were 71% (10/14) and 43%
{6/14), and the 10-year survival rate and no recur-
rent survival rate were 50% (7/14) and 21% (3/14),
respectively. The recurrent patterns were all intra-
hepatic recurrence with no distant metastasis. The
intrahepatic recurrent rate within 5 years of scir-
rhous HCC was 50% (7/14). For the general HCC,
the 5-year survival rate and no recurrent survival
rate were 20% (59/300) and 2% (6/300), and the 10-
year survival rate and no recurrent survival rate
were 0.7% (2/300) and 0% (0/300), respectively. The
intrahepatic recurrent rate within 5 years was 77%
(232 /300). The postoperative 5-year and 10-year
survival rates and the intrahepatic recurrent rate of
scirrhous HCC were all better than that of general
HCC. With the Kaplan-Mayer method, we found the
cumulative 5-year survival rate of scirrhous HCC
and general HCC 77% and 63%, respectively, and
the cumulative 10-year survival rate were 70% and
31%, respectively (Log Rank test, p < 0.01).

DISCUSSION

According to the Liver Cancer Study Group of
Japan, the frequency of seirrhous HCC is compara-
tively rare, namely 1.3% in all surgical resected
cases and 1.1% in autopsies (10). Other reports on
scirrhous HCC have shown a lower rate of liver
cirrhosis and comparatively good prognosis (3,11).
However, there has been no definite agreement in
other clinical characteristies of scirrhous HCC, such
as the rate of HBs antigen positive, AFP, and hyper-
calcemia (3,11). In the clinical data, scirrhous type
HCC showed significantly lower rate of HCV infec-
tion, liver cirrhosis, and lower data of ICGR15 com-
pared with general HCC (p<0.01). The relatively
good prognosis of scirrhous HCC is probably caused
by the less liver damage from lower HCV infection
rate and the lower intrahepatic multicentrie occur-
rence rate after a hepatectomy. Therefore, there
was a gradual widening gap in the 5 to 10 years sur-
vival curves between the two groups. Tha et al. (4)
reported a significant lower rate of recurrence in 12
resected cases of scirrhous HCC compared with 307
cases of non-scirrhous HCC. In the Histological Typ-
ing of Tumors of the Liver (WHO International His-
tological Classification of Tumors), scirrhous HCC
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is described as the most common tumor found after
radiation therapy, chemotherapy, or infarction (1),
but our result showed that schirrhous HCC could
occur predominantly without previous treatments
of TAE or radiation. Almost all (86%) patients in the
present study had no previous treatment.

The pathological results showed interesting
features of scirrhous HCC, which should be distin-
guished from general HCC. These features include
1) the macroscopic characteristics resembling ICC,
2) higher rate of microscopic invasion to the bile
duct, 3) higher rate in the loss of positive staining
for Hep, and 4) partial positive staining for CK 19,
MUC1, EMA. These features suggest some similari-
ties between scirrhous HCC and ICC. The similarity
in their macroscopic form was probably because of
the common abundant fibrous components. Also, in
terms of microscopic invasion to the bile duct, there
was a great difference between scirrhous HCC and
resected ICC (21% vs 52%) (10). The high frequency
of lymph node metastasis and the poor prognosis
of ICC also clearly segregate itself from scirrhous
HCC (10). Yamamoto et al. (12) reported HCC with
a central scar and a scalloped tumor margin re-
sembling focal nodular hyperplasia in macroscopic
appearance. These scalloped HCC showed a good
surgical outcome. A definite difference between the
scalloped HCC and our scirrhous HCC was that the
scalloped HCC was defined on a macroscopic find-
ing, and our scirrhous HCC was defined on a micro-
scopic finding. However, because both HCC showed
similar macroscopic finding, there might be some
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Early diagnosis of hepatocellular carcinoma (HCC) gready improves its prognosis. How-
ever, the distinction between benign and malignant tumors is often difficult, and novel
immunohistochemical markers are necessary. Using agarose two-dimensional fluorescence
difference gel electrophoresis, we analyzed HCC tissues from 10 patients. The fluorescence
volumes of 48 spots increased and 79 spots decreased in tumor tissues compared with
adjacent nontumor tissue, and 83 proteins were identified by mass spectrometry. Immuno-
blot confirmed that the expression of clathrin heavy chain (CHC) and Ku86 significandy
increased, whereas formiminotransferase cyclodeaminase (FTCD), rhodanese, and vinculin
decreased in tumor. The protein expression in tumor and nontumor tissues was further
evaluated by immunostaining. Interestingly, CHC and FTCD expression was strikingly
different between tumor and nontumor tissues. The sensitivity and specificity of individual
markers or a combination for the detection of HCC were 51.8% and 95.6% for CHC, 61.4%
and 98.5% for FTCD, and 80.7% and 94.1% for CHC+FTCD, respectively. Strikingly, the
sensitivity and specificity increased to 86.7% and 95.6% when glypican-3, another potential
biomarker for HCC, was used with FTCD. Moreover, CHC and FTCD were useful to
distinguish early HCC from benign tumors such as regenerative nodule or focal nodular
hyperplasia, because the sensitivity and specificity of the markers are 41.2% and 77.8% for
CHC, 44.4% and 80.0% for FICD, which is comparable with those of glypican-3 (33.3%
and 100%). The sensitivity significantly increased by combination of these markers, 72.2%
for CHC+FICD, and 61.1% for CHC+glypican-3 and FTCD+glypican-3, as 44.4% of
glypican-3 negative early HCC were able to be detected by either CHC or FTCD staining.
Conclusion: Immunostaining of CHC and FTCD could make substantial contributions to
the early diagnosis of HCC. (HeraToLOGY 2008;48:519-530.)

Abbreviations: 2-DFE, rwo di ional electrophoresis; 2D-DIGE, two dimensional ﬂuorm‘tmr dzﬁ‘mm' gel elecsrophoresis; CHC, clathrin heavy chain; eHCC, early
heparocellular carcinoma; FNH, ﬁvcal nodular byperplasia nodules; FICD, formimi inase; HCC, primary hepatocellular carcinema; Ku86,
82-kDa ATP-dependent DNA helicase I1; LRN, large rege ive nodule; mRNA, messenge RNA,
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health problem worldwide.!? It is known that
HCC develops from a chronic inflammatory liver
disease due to hepatitis B virus and hepatitis C virus in-
fection; therefore, HCC shows especially high prevalence
in Asia and Africa, where the rate of hepatitis C virus
infection is high.? In Japan, HCC has been ranked as the
third most common cancer causing deathd Screening
tests are serological and radiological. Alpha-fetoprotein,
lens culinaris agglutinin-reactive fraction of alpha-feto-
protein, and serum protein induced by vitamin K absence
or antagonist-II are the most commonly used diagnostic
markers for HCC, although their sensitivity and specific-
ity are not high enough and are inadequate for identifying
early stage HCC.5¢ The radiological test most widely
used for surveillance is ultrasonography. Although ultra-
sound is able to detect small nodules of smaller than 2 cm,
biopsy of these lesions is recommended for the diagnosis
of HCC if the vascular profile on dynamic imaging is not
characteristic of HCC.7 Such small masses range from
benign nodules to malignant HCCs, and it is difficult,
even for experienced pathologists, to distinguish dysplasia
and well-differentiated HCC, especially when the lesion
is small; therefore, development of new immunocyto-
chemical markers is needed to diagnose early HCC.
Recently, the human genome project has been com-
pleted, and the genome database published. Moreover,
high-throughput analysis of proteins has become possible
by the development of tandem mass spectrometry tech-
nology. The breakthrough of this proteome technology
enabled comparative studies of comprehensive protein ex-
pression and the identification of protein. As for HCC,
proteome analysis using two-dimensional electrophoresis
(2-DE), two-dimensional fluorescence difference gel elec-
trophoresis (2D-DIGE), and liquid chromatography
have recently been reported.®1® Although a number of
proteins have been identified as candidate markers for
HCC, 112 none have been applied in the clinical setting;
therefore, a more comprehensive and sophisticated ap-
proach is mandatory to find novel proteins associated
with HCC. Oh-ishi et al.}3 developed agarose 2-DE,
which uses agarose gel in the first dimension. This method
not only allows for large-scale quantitative comparisons of
protein expression but is also able to resolve high-molec-
ular-mass proteins larger than 150 kDa that are difhcult
to resolve with immobilized pH gradient (IPGs). We have
previously identified several novel proteins with altered
expression in primary colorectal cancer and esophageal
cancer using agarose 2-DE or agarose 2D-DIGE.1
These techniques appear to have advantages of adequate
sensitivity, high reproducibility, and a wide dynamic
rangc.

P rimary hepatocellular carcinoma (HCC) is a major

HEPATOLOGY, August 2008

In this study, we aimed to identify novel biomarkers
useful for the diagnosis of HCC. For that purpose, we
compared protein expressions between HCC and adja-
cent nontumor tissues using the agarose 2D-DIGE
method. Differentially expressed proteins were validated
by immunoblot or immunostaining and were further
evaluated for their potential as novel immunohistochem-
ical markers.

Materlals and Methods

The following derails can be found in the Supplemen-
tary Information 1: protein extraction, fluorescent dye
(CyDye) labeling, agarose 2D-DIGE, enzymatic in-gel
digestion of proteins, identification of proteins, and
quantification of messenger RNA (mRNA).

Human Tissue Samples. Ten HCC tissues were ob-
tained at resection in the Department of General Surgery,
Chiba University Hospital. The clinical features of these
10 cases are summarized in Table 1. Written informed
consent was obtained from each patient before surgery.
Excised samples were obtained within 1 hour after the
operation from the tumor and adjacent non-tumor tissue.
All excised tissues were immediately placed in liquid ni-
trogen and stored at —80°C until analysis.

Immunoblotting. Protein extracts were scparated by
electrophoresis on 10% to 20% polyacrylamide gradient
gel. Proteins were transferred to polyvinylidene fluoride
membranes (Millipore, Bedford, MA) in a tank transfer
apparatus (Bio-Rad, Hercules, CA), and the membranes
were blocked with 5% skim milk in phosphate-buffered
saline. Anti-clathrin heavy chain (CHC) mouse monoclo-
nal antibody (BD Biosciences Pharmingen) diluted
1:4000, ant-82 kDa adenosine triphosphate-dependent
DNA helicase 1T (Ku86) mouse monoclonal antibody
{COSMO BIO Co., Ltd, Tokyo, Japan) diluted 1:4000,
anti-vinculin mouse monoclonal antibody (Upstate
Biotechnologies, NY) diluted 1:8000, anti-formimino-
transferase cyclodeaminase (FTCD) rabbit polyclonal

Table 1. Clinical Features of Patlents with HCC

Size Adjacent AICC
No. Age Sox Virus (o) Tissue Stage
1 69 Male - WxX70 Nomat #
2 65 Male HCV 80 X 45 Lc il
3 76 Maie - 55 X 45 CH H]
4 80 Male HCV 30x 38 1C 1
5 58 Female - 45 % 40 LC i}
6 61 Male HCV 35x 32 CH f
7 65 Male HCV 25 % 16 e i
8 75 Male HCV 25 % 23 CH f
9 75 Mate HCV 25 X 20 Lc H
10 79 Male HCV 110 x 90 CH i

HCV, hepatitis C virus; LC, liver cirhosis; CH, chronic hepatitis.
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antibody (Abcam, Cambridge, UK) diluted 1:2000, and
anti-thiosulfate sulfurtransferase (thodanese) rabbit poly-
clonal antibody (Santa Cruz Biotechnology Inc., Santa
Cruz, CA) diluted 1:1000 in blocking buffer were used as
primary antibodies. Goat anti-mouse immunoglobulin G
(IgG) horseradish peroxidase (Bio-Rad Laboratories,
Hercules, CA) diluted 1:3000, and rabbit antigoat IgG
horseradish peroxidase (Cappel, West Chester, PA) di-
luted 1:500 in blocking buffer were used as secondary
antibodies. Antigens on the membrane were detected
with enhanced chemiluminescence detection reagents
{GE Healthcare).

Immunobistochemistry. From 20 HCC specimens
{five well-differentiated, 10 moderately differentiated,
and five poorly differentiated HCC), paraffin-embedded
blocks of tumor and adjacent nontumor tissue were col-
lected in the Department of General Surgery, Chiba Uni-
versity Hospital. Four-um sections from paraffin dssue
were fixed on slide glasses. In addition, tissue arrays (CA3,
CSN3, CS3; SuperBio-Chips, Seoul, Korea) were used
for immunohistochemistry, which contained 83 tumor
(14 well differentiated, 40 moderately differentiated, 11
poorly differentiated, and 18 unclassified HCC) and 68
nontumor liver tissues. Two adenoma specimens were
obtained from the Division of Clinical Investigation, Na-
tional Hospital Organization, Chiba Medical Center.
Three large regenerative nodules (LRN), five focal nodu-
lar hyperplasia nodules (FNH), and 18 earlly HCC
(eHCC) specimens were obtained from the Institute of
Gastroenterology, Tokyo Women’s Medical University
Hospital. Tissues were deparaffinized in xylene and rehy-
drated by reducing the concentration of ethanol (100%,
100%, and 70%, 5 minutes each). Antigents were un-
masked with microwave irradiation for 5 minutes in pH
6.0 citric buffer three times. Primary antibodies were di-
luted as follows, Anti-CHC antibody diluted 1:200, anti-
FTCD antibody diluted 1:200, anti-rhodanese antibody
diluted 1:100, and anti-Glypican-3 antibody (Biomosa-
ics, Burlington, VT) diluted 1:100 in blocking buffer.
EnVision + system (DAKO Japan, Kyoto, Japan) was used
to visualize tissue antigens. Tissue sections were counter-
stained with hematoxylin for 1 minute. Protein expression
was scored as negative (0), weak (1), moderate (2), and
strong (3). Two pathologists evaluated immunohistochemi-
cal staining of the samples. The results of the evaluation
agreed in 96.0% of cases. When the resules were discordant,
the judgment was made by the other investigator.

Results
Hdentification of Alteved Expressed Proteins in Hu-

man HCC Tissue. To search for novel biomarkers useful
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for the diagnosis of HCC, we used the agarose 2D-DIGE
method to explore proteins differently expressed between
HCC and adjacent nontumor tissues. Each nontumor
sample was labeled with Cy3, each cancer sample was
labeled with Cy5, and pooling aliquots were labeled with
Cy2, respectively. These labeled proteins were mixed and
separated in the same 2D gel (Fig. 1A). Protein spots that
were increased or decreased in tumor tissues were dis-
played as red or green, respectively. These spots were de-
tected and quantitated with DeCyder imaging analysis
software, and then statistical analysis was performed
across the 10 gels. The fluorescence volumes of 48 spots
increased and 79 spots decreased in cancer tissues com-
pared with adjacent nontumor tissue (Student # test, P <
0.05). To identify the proteins, 500 pug whole-cell lysates
of HCC or nontumor tissues (Table 1; cases 1 and 2) were
separated by conventional agarose 2-DE, and proteins
were visualized by Coomassie blue staining (Fig. 1B). We
carefully compared the DIGE image with Coomassie blue
staining gels and picked altered protein spots manually. A
total of 101 (83 proteins) of 127 spots were identified by
mass spectrometry (Tables 2 and 3). The expression of
these identified proteins was differentially expressed in
most of the 2D-DIGE gel (Tables 2 and 3). Although
many have previously been reported as differentially ex-
pressed proteins in HCC, which we were able to repro-
duce using a proteomic approach, a few were further
tested for their clinical use. Moreover, most down-
regulated proteins were related to detoxification and
metabolism, which probably reflect liver dysfunction ac-
companying the development of HCC. Thus, we made
an attempt to find proteins that could be potential diag-
nostic markers for HCC.

Validation of Differentially Expressed Protein Be-
tween Tumor and Nontumor Tissues. Although 2-DE
is a powerful technique, multiple proteins may be in-
cluded in one spot, leading to misinterpretation of the
results. Therefore, to confirm the difference of protein
expression between tumor and nontumor tissues, valida-
tion using other methods is essential. Thus, immunoblot
analyses of several proteins with commercially available
antibodies were performed to confirm the differential
protein expression in tumor tissues. CHC and Ku86 were
up-regulated, whereas FTCD, rhodanese, and vinculin
were down-regulated in most tumor tissues (Fig. 2). It is
interesting to note that a ladder of smaller bands below
full-length vinculin was observed and one of the bands
around G0 kDa, which might be cleaved products of vin-
culin, was stronger in nontumor tissues than in tumor
tissuzes.

Quantification of mRNA Levels. Differentially ex-

pressed proteins are commonly regulated at the transcrip-
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tional level or through translational and posttranslational
modifications. To explore the mechanisms leading to
the changes of protein expression, we examined the
mRNA level of the proteins by quantitative reverse
transcription polymerase chain reaction. The mRNA
levels of FTCD, rhodanese, and vinculin were de-
creased in most tumor tissues, consistent with the
changes of protein expression. In contrast, CHC and
Ku86 mRNA levels did not correlate with their protein
expression levels (Fig. 3); therefore, overexpression of
CHC and Ku86 in tumor tissues does not occur at the
transcriptional level.

Immunobistochemical Analysis. Although there was
no bias in the cellularity of tumor and adjacent nontumor
tissues, whole tissue sections included nonhepatic paren-
chymal cells, and the altered protein expression in our
2-DE analysis may emanate from such nonhepatocyte
components. Thus, the differential protein expression in
HCC was also validated by immunohistochemistry to ex-
amine the localization of identified proteins. Paraffin-em-

Fig. 1. Proteome analysis of HCC tissues using agarose
2D-DIGE and agarose 2-DE. Whole-cell lysates were pre-
pared from matched samples of tumor tissue, adjacent
nontumor tissue, and pooling aliquots (intemal control),
(A) Increased protein spots in tumor tissues are displayed
in red (Cy5), and decreased protein spots in tumor tissues
are displayed in green (Cy3). (B) Conventional agarose
2-DE patterns were visualized by Coomassie Blue staining.
Protein spots cut from this gel were identified by mass
spectrometry and are shown in red circles {up-regulated in
HCC) or black circles (down-regulated in HCC). 2D-DIGE,
two-dimensional fluorescence difference gel electrophoresis.

bedded tumor tissue and adjacent nontumor tissues of all
20 cases were stained with antibodies that were used in
immunoblot analysis (Fig. 4). CHC has been reported to
localize in the plasma membrane and the cytoplasmic face
of intracellular organelles. Although no staining of CHC
was observed in nontumor tissues, tumor cells showed
scattered staining in the cytoplasm and plasma membrane
(Fig. 4A). Bile duct, endothelial cell, and Kupffer cells
were also positively stained. FTCD showed strong and
uniform staining in the cytoplasm of nontumor tissue
compared with faint staining in the cytoplasm of tumor
cells (Fig. 4B). Rhodanese showed a mixture of scattered
and strong staining in the cytoplasm of nontumor tissue,
whereas tumor tissue was scarcely stained (Fig. 4C). These
results confirmed the differential expression of proteins
between tumor and nontumor tissues.

Clinical Application. Discrimination of well-differ-
entiated HCC and nontumor tissues within a cirrhotic
liver is often difficult even for experienced pathologists,
and additonal immunohistochemical markers are
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Table 2. Protein Expression in HCC and Adjacent Nontumorous Tissue
Protein increased in Tumor Tissue
Database
Accesslon Average Homogeneity Coverage Fold
No No. Protein Name Mass Rate (%) T-test Score (%) Increase  References*
1 g-2506872  Fibronectin precursor 262,586 80 0.035 738 32 1.53 (Ot
T2  g-4758012  Clathrin heavy chain 1 191,595 89 <0.001 422 31 2.26
T3 g-19913410 Major vault protein 99,248 100 <0.001 824 86 1.73 (2)
T4  g-2804273  Alpha actinin 4 102,250 78 0.008 88.6 10.3 1.36
5 g-4507677  Tumor rejection antigen (gp96) 92,450 90 0.022 167.4 202 1.67 3t
6  g-6005942  Valosin-containing protein 89,247 90 0.028 128.2 184 1.49 (4)
T?  g-34304590 Heat shock 90kDa protein 1 beta 83,194 100 0.002 51.9 7.0 213 5yt
T8  g-10863945 82-kDa ATP-dependent DNA helicase Il (KuB6) 82,688 100 0.020 53.0 80 3.04
T8  g-4508077  Protein kinase C substrate 80K-H isoform 1 59,278 78 <0.001 52.5 10.7 1.69
TI0 g-862457 Enoyl-CoA hydratase 82,888 80 0.021 43.0 6.8 209 {6)%
Til ¢-4557385  Complement component 3 precursor 187,027 80 0.014 88.1 5.3 1.7 4]
T12  g-4389275  Albumin complex with myristic/tri- 66,017 100 0.001 127.0 171 143
liodobenzoicacid
T13  g-37267 Transketolase 67,732 88 0.036 70.0 9.7 2.67 @1t
T4  g-129379 60kDa Heat shock protein, mitochondrial 60,998 83 0.004 1394 21.2 1.88 (51
precursor
Ti5 g-576554 Antithrombin Hl variant 52,673 75 0.041 304 84 1.53 Nt
T16 g-4757900  Calreticulin precursor 48,123 100 0.017 83.3 154 1.52 (10t
T17  @-2508774  Keratin, type 1i cytoskeletal 8 (Cytokeratin 8) 53,623 88 0.008 150.2 325 2,29
T18 g-4504505  Hydroxysteroid (17-beta) dehydrogenase 4 79,668 100 0.015 57.2 83 2.09 (1t
T19  g-24497583  Aldo-ketoreductase family 1, member C3 36,835 90 0.038 1143 25.7 1.86 (12)
T20 g-4504447  Heterogeneous nuclear ribonucieoprotein 35,987 88 0.008 40.6 123 144
A2/B1 isoform A2
T21  g-21735621  Mitochondrial malate dehydrogenase 35,485 88 0.037 53.3 18.7 1.28 (13)
precursor
T22 g-5031765  11-Beta-hydroxysteroid dehydrogenase 1 32,382 88 0.037 213 42 1.28
T23  g-30584583 Homo sapiens tyrosine 3-monooxygenase 29,250 90 <0.001 93.5 37.2 2.16

*The references details can be found in Supplementary Information 2.
{Previously reported to be up-regulated in HCC.
$Previously reported to be down-regulated in HCC.

needed. Although the expression level of CHC and
FTCD was strikingly different between tumor and non-
tumor tissues, analysis of 10 cases is not enough to con-
sider CHC and FTCD as potential histological markers
for HCC. Also the histology of nontumor tissues of the 10
cases was variable. To validate the usefulness of CHC and
FTCD staining for the diagnosis of HCC, we obtained a
commercial tissue array of HCC in which the degree of
tumor differentiation and clinicopathological features
had been proven (Table 4). The expression level of CHC
and FTCD was scored as 0, 1, 2, or 3 by the staining
intensity of the proteins. Most HCC tissues showed
strong CHC expression (score 3) and negative to weak
(score 0, 1) FTCD expression (43 of 83 cases and 51 of 83
cases). In contrast, most non-HCC tissues showed nega-
tive to moderate CHC expression (score 0, 1, 2) and mod-
erate to strong FTCD (score 2, 3) expression (65 of 68
cases and 67 of 68 cases) (Table 5A). The sensitivity and
specificity for the diagnosis of HCC using CHC expres-
sion level above were 51.8% and 95.6%, whereas those
using FTCD expression level were 61.4% and 98.5%,
respectively. If the combination of CHC and FTCD ex-

pression levels were used, the sensitivity and specificity for
the diagnosis of HCC were 80.7% and 94.1%, respec-
tively (Table 5B). Interestingly, CHC and FTCD expres-
sion level in tumor tissues correlates with tumor
differentiation (well-differentiated HCC, 21.4%, 28.6%;
moderately differentiated HCC, 52.5%, 15.0%; poorly
differentiated HCC, 72.7%, 9.1%, respectively) (Table
5C). CHC and FTCD expression levels did not correlate
with other clinicopathological features (age, sex, stage,
and tumor size) (data not shown). These results indicated
that immunostaining of CHC and FTCD could contrib-
ute to the pathological diagnosis of HCC.

Glypican-3 has been reported as a promising marker in
the distinction between HCC and nonmalignant hepato-
cellular lesions.''7 Therefore, we compared the diagnos-
tic value of CHC and FTCD for HCC with that of
glypican-3 and also examined whether the combination
of the three potential markers can improve the diagnostic
accuracy of HCC. The sensitivity and specificity of glypi-
can-3 were 62.7% and 97.1%, respectively, which were
comparable with those of CHC or FTCD (Table 5B).
Strikingly, the sensitivity and specificity increased to
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