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Table 2
Characteristic genes expressed in CH-C-related HCC.

Genes Symbol GenBank ID Cluster No.  Up- or down-regulated GO

Acetyl-coenzyme A acetyltransferase 1 ACAT1 NM_000019 7 Down Metabolic process

Chemokine (C-C motif) ligand 19 CCL19 NM_006274 12 Up Immune response

Natural killer cell transcript 4 (Interleukin 32) 1L32 NM_004221 12 Up Immune response

Major histocompatibility complex, class I, B HLA-B NM_005514 12 Up Immune response

Major histocompatibility complex, class II, DQ beta 1 HLA-DQB1 NM.002123 12 Up Immune response

Ubiquitin specific protease 8 usP8 NM_005154 12 Up Cell proliferation

Tubulin, alpha 1b TUBA1B NM_006082 14 Up Microtubule cytoskeleton organization
Actin, alpha 2 ACTA2 NM_001613 14 Up Vascular smooth muscle contraction
SHC transforming protein 1 SHC1 NM_183001 14 Up Activation of MAPK activity

Sterile alpha motif domain containing 9 SAMD9 NM_ 017654 14 Up Regulation of transcription, dna-dependent
S100 calcium binding protein A10 S100A10 NM_002964 14 Up Signal transduction

Annexin A2 ANXA2 NM_017654 14 Up Skeletal system development

Cyclin B1 CCNB1 M25753 14 Up Cell cycle

Platelet-activating factor acetylhydrolase 1b, 3 PAFAH1B3  DG63391 14 Up Spermatogenesis

Vimentin VIM NM_003380 14 Up Cell motion

Glypican 3 GPC3 NM_004484 15 Up Anatomical structure morphogenesis
Aldo-keto reductase family 1, member B10 AKR1B10 NM_020299 15 Up Cellular aldehyde metabolic process
ATP citrate lyase ACLY Al819617 15 Up Lipid biosynthetic process

Farnesyl diphosphate synthase FDPS NM_002004 15 Up Cholesterol biosynthetic process
Serine protease inhibitor, Kazal type 1 SPINK1 NM_003122 15 Up Protein binding

Bone morphogenetic protein 4 BMP4 D30751 18 Up Germ cell development
Cyclin-dependent kinase inhibitor 2A CDKN2A L27211 18 Up Cell cycle checkpoint

Fibroblast growth factor 9 FGF9 D14838 18 Up Signal transduction

Ornithine decarboxylase 1 0DC1 NM_002539 18 Up Positive regulation of cell proliferation

Analysis of the individual gene interactions (Fig. 4B) showed that
a key regulator gene of non-cancerous cluster No. 1, signal transducer
and activator of transcription 1 (STAT1), negatively regulated early
growth response protein 1 (EGR1) in HCC cluster No. 9 [24]. EGR1
was a key regulator of angiogenesis and fibrogenesis-inducing
genes, such as PAI-1 (No. 9), COL1A1, and FAK1 (No. 18) [25-27]. In
addition, EGR1 negatively regulated a key regulator of gluconeogene-
sis, PEPCK (No. 2) [28]. Thus, EGR1 regulated the tissue repair re-
sponse as well as the metabolic process. In addition to STATI1,
phosphatase and tensin homolog (PTEN), in non-cancerous cluster
No. 7, negatively regulated FAK1 in HCC cluster No. 18 [29]. FAK1 reg-
ulated oncogene SHC (No. 14) and might be involved in the cancer
signaling pathway [30,31]. Interestingly, PTEN was associated with
Oct-3/4, a regulator of liver differentiation through its target gene C/
EBP alpha (No. 3); C/EBP alpha regulated CYP27A1 and CYP3A5 (No.
5). Thus, in CH-C, two antitumor genes, STAT1 and PTEN, were asso-
ciated with the expression of EGR1 and FAK1, which promote angio-
genesis, fibrogenesis, and tumorigenesis in cancerous lesions.
Interestingly, the expression of PTEN was related to the metabolic
process of CH-C.

2.6. Serial gene expression in non-cancerous gene clusters and the occurrence
of HCC

Analysis of the framework of gene clusters in relation to
hepatocarcinogenesis by GGM and individual gene interactions revealed
several key genes that were associated with hepatocarcinogenesis in
non-cancerous clusters. We focused on STAT1 and PTEN in non-
cancerous clusters in CH-C and evaluated serial changes of their expres-
sion at 2 time points (tumor free and tumor present) in additional 11
patients. The clinical characteristics of these patients at both time points
are shown in Supplemental Table J. The expression of STAT1 and its re-
lated genes significantly decreased at the time of HCC development
compared with the tumor-free time. Similarly, the expression of PTEN
significantly decreased when HCC developed compared with the
tumor-free time (Supplemental Fig. C2, 3).

3. Discussion

HCC frequently develops in the advanced stage of liver fibrosis.
Although gene expression profiling of HCC and the background liver has
been studied extensively [32-35], the relationship between the gene
expression profiles of different lesions has not been elucidated. In the
present study, we utilized GGM [15,16] to analyze the relationship be-
tween gene expression in HCC and non-cancerous liver. GGM is widely
utilized to study gene association networks [12-14].

We first performed gene expression profiling in CH-B- and CH-
C-related HCC. The up- and down-regulated genes were identified by a
comparison with a single reference sample of normal liver. There may
be some variations in gene expression among normal livers; however,
the identified genes were characteristic of HCC and were consistent
with previous reports [33,34]. Differences in the signaling pathways be-
tween CH-B- and CH-C-related HCC are clearly shown in Figs. 1 and 2
and Supplemental Fig. D. In CH-C-related HCC, immune response- and
cytoskeleton-related genes, such as actin, tubulin, and vimentin,
were up-regulated, while in CH-B-related HCC, cell matrix interac-
tion genes, such as collagen IV and matrix metalloproteinase, were
up-regulated. HBV-X protein reportedly promotes HCC metastasis by
the up-regulation of matrix metalloproteinases [36]. The differences in
the gene expression profiles between CH-C- and CH-B-related HCC
were concordant with those reported previously [34,37].

In the present study, GGM analysis also revealed the interactions of
each cluster within HCC as well as within non-cancerous lesions. GGM
analysis in CH-B-related HCC showed that 3 up-regulated clusters and
6 down-regulated clusters were associated with each other. In CH-
C-related HCC, 4 up-regulated gene clusters and 5 down-regulated
gene clusters were associated with each other (Fig. 3). Interestingly,
the up-regulated gene clusters were preferentially expressed in CPA in
the liver. This prompted us to consider the origin of the HCC cells.
Recent reports of immunohistochemical staining of liver tissue using
stem cell markers, such as EpCAM and CD133, have suggested the
presence of hepatic stem cells in the periportal area [38]. In contrast,
many of the down-regulated genes were liver function and metabolism-
related genes that were preferentially expressed in CLL in the liver.

Fig. 2. One way hierarchical clustering of 668 differentially expressed genes in CH-B-related HCCA total of 668 genes were differentially expressed in CH-C-related HCC. Up-regulated
genes are shown in red, down-regulated genes are shown in green, and unchanged genes are shown in white (Fig. 2).
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A CH-B(F3-F4) HBV related HCC

Green: down regulated genetic cluster, red: up-regulated genetic cluster

Blue area indicates the proportion of genes which were overexpressed in cells in the portal area
{LCM samples) compared with celis in liver lobules

Deep purple area indicates the proportion of genes which were over expressed in cells in liver lobules

——>  Black solid lines indicate a positive partial correaltion
———3 Blue solid lines indicate a negative partial correaltion

Fig. 3. GGM analysis of each cluster in HCC and non-cancerous lesions. Each cluster in the HCC and non-cancerous lesions was connected according to partial correlation coefficient
matrix (PCCM) by GGM algorithms (Supplemental Tables H and I). The blue lines indicate a negative partial correlation and the black lines indicate a positive partial correlation, The
size of each cluster reflects the number of clustered genes. The red circles are up-regulated gene clusters, while the green circles are down-regulated gene clusters. Within each
cluster, the blue area indicates the proportion of genes that are over-expressed in CPA, while the deep purple area indicates the proportion of genes that are over-expressed in
CLL. A; interactions of HBV related clusters. B; interactions of HCV related clusters.
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Fig. 4. Individual gene interactions between gene clusters in HCC and non-cancerous lesions. Direct interactions of individual genes among each cluster were confirmed by reference
to the MetaCore database. The blue arrows indicate negative regulation, while the black arrows indicate positive regulation. Unspecified interactions are shown with black lines. The
red squares are up-regulated gene clusters, while the green squares are down-regulated gene clusters, A; direct interactions of genes in HBV related clusters. B; direct interactions of

genes in HCV related clusters.

GGM analysis between the HCC and non-cancerous liver revealed the
unique interactions of 2 lesions in this study. In CH-B, up-regulated clus-
ter Nos. 3 and 16, development and DNA damage response gene clusters,
regulated HCC cluster Nos. 8, 11, and 18, VEGF-family signaling, apopto-
sis and survival-related, and ESR1 regulation of G1/S transition-related
gene clusters. Down-regulated cluster No. 13, a metabolism-related
gene cluster, negatively regulated the up-regulated HCC cluster No. 8.
These results suggest that the metabolic status of non-cancerous liver in-
fluences the gene expression of HCC. Individual gene interactions with
reference to the MetaCore database showed that 8 genes in non-
cancerous cluster Nos. 3 and 16 were directly associated with AP1 in
HCC cluster No. 18, which regulated the expression of many HCC genes
(Fig. 4) [18-23]. Interestingly, the HBV transcript was clustered in HCC
cluster No. 18. It has been reported that the HBV transcript enhances
AP-1 activation [39,40]. The results suggest a role for the HBV transcript
in CH-B-related HCC. Recently, a next generation sequencing approach
revealed the frequent integration of HBV in HCC (86.4%), where the
putative cancer-related human telomerase reverse transcriptase
(hTERT), mixed-lineage leukemia 4, and cyclin E1 genes were located
[41]. Although, we could not find the up-regulation of these genes in
CH-B-related HCC, HBV genome integration should have important
roles for HBV-related hepatocarcinogenesis. A previous report demon-
strated that HBx retained the ability to overcome active oncogene
RAS-induced senescence by using hTERT, which was introduced into
human immortalized primary cells [42].

In CH-C, STAT1 and PTEN signaling in cluster Nos. 1 and 7, respec-
tively, were associated with HCC cluster Nos. 9, 18, and 2, EGR1 signal-
ing, ectodermal development and cell proliferation, lipid metabolism,
and iron transport gene clusters. Individual gene interactions with
reference to the MetaCore database showed that EGR1 regulates multiple
genes in HCC cluster No. 9 as well as genes in up-regulated HCC cluster
No. 18 and down-regulated HCC cluster No. 2 (Fig. 4). STAT1 and PTEN
in non-cancerous cluster Nos. 1 and 7 exhibited an anti-tumor effect.

STAT1 negatively regulated EGR1 [24] and, interestingly, the expres-
sion of PTEN was associated with metabolic-related genes in non-
cancerous cluster Nos. 3 and 5 (Fig. 4). PTEN reportedly promotes

oxidative phosphorylation, decreases glycolysis, and prevents the met-
abolic reprogramming of cancer cells [43].

The reduced expression of these antitumor genes in CH-C might in-
crease the expression of EGR1 and FAK1, which promote angiogenesis,
fibrogenesis, and tumorigenesis in HCC (Fig. 4). EGR-1 promotes hepato-
cellular mitotic progression [44], while p53 and PTEN are downstream
targets of EGR1. EGR1 might be involved in a negative feedback mecha-
nism of cell cycle progression by inducing p53 and PTEN [45]. Recent re-
ports described the tumorigenic role of EGR1 in the presence of p53 and
PTEN mutations [46,47]. Thus, interferon signaling evoked by an innate
immune response and the PTEN expression-associated metabolic pro-
cess (Nos. 3 and 5) will likely regulate the gene expression profile of
HCC through EGR1.

It is reported that HBV X protein represses the expression of PTEN by
inhibiting the function of p53 [48] and c-Jun promotes cellular survival by
suppression of PTEN [49]. In this study, the expression of PTEN was
repressed in CH-B (Supplemental Fig. B, CH-B, cluster 21). Possible
involvement of HBx, AP-1 and PTEN signaling in HBV-related hepa-
tocarcinogenesis should be explored furthermore.

Recently, Hoshida et al. reported that gene expression profiling of
the background liver of patients with HCC predicts their outcome
[35]. In their report, gene sets, which correlated with good survival,
included many metabolic process genes, such as those of fatty acid,
amino acid, and glucose metabolism. In accordance with their results,
our findings showed that the possible involvement of metabolic pro-
cess genes in the background liver might influence gene expression in
HCC. In addition, our study revealed the predisposing changes of gene
expression in non-cancerous liver that precede the changes of gene
expression in HCC. Interestingly, we found that the expression of
the anti-tumor genes STAT1 and PTEN was decreased significantly
at the onset of HCC compared with the tumor-free time. Therefore,
serial analysis of the expression of these genes might be useful for
predicting the development of HCC. Several reports have shown
that the decreased expression of some chemokines, such as CXCL10,
CCL2, and CCL5, is associated with the poor prognosis of resectable
HCC [50,51]. In this study, the expression of CXCL10, CXCL6, CXCL9,

- 183 -



246 T. Ueda et al. / Genomics 101 (2013) 238-248

and macrophage migration inhibitory factor was decreased at the
onset of HCC compared with the tumor-free time (Supplemental
Fig. C). It would be worthwhile to examine the expression of these
genes in serum samples to predict the development of HCC.

In summary, using a bioinformatics approach, we performed gene
expression profiling of HCC and non-cancerous liver, which revealed
the predisposing changes of gene expression in HCC. This approach
will be useful for the early diagnosis of HCC. Further studies with a
larger sample population are needed to confirm our data and to de-
termine possible means for preventing the development of HCC.

4. Materials and methods
4.1. Patients and tissue samples

HCC and non-cancerous liver specimens were obtained from 17 pa-
tients with HCV-related HCC and 17 with HBV-related HCC who under-
went surgical resection of the liver (Supplemental Tables A and B). For
the control normal liver, a surgically obtained tissue sample from a patient
who showed no clinical signs of hepatitis was used as described previous-
ly [9,10]. The liver tissue was histologically normal, and the patient tested
negative for all hepatitis virus markers and had normal levels of serum
aminotransferase. HCC and non-cancerous liver tissues were enucleated
from resected specimens and frozen immediately in liquid nitrogen for
RNA isolation [10]. In a previous study, expression profiling of the liver
of 19 patients with CH-B and 18 with CH-C was performed (Table 2)
[10]. The other experimental procedures are described in the Supplemen-
tal Materials and Methods.

4.2. Microarray analysis

cDNA microarray slides (Liver chip 10 k) were used as described
previously [10]. For the selection of genes, we utilized data from the
cDNA microarray and hepatic SAGE libraries derived from normal
liver, CH-C, CH-C-related HCC, CH-B, and CH-B-related HCC, including
52,149 unique tags. We selected 9614 non-redundant genes that are
expressed in diseased and normal liver. The detailed procedures for
the preparation of the cDNA microarray slides are described in the
Supplemental Material and Methods. RNA isolation, amplification of
antisense RNA, labeling, and hybridization were performed according
to the protocols described previously [10]. Quantitative assessment of
the signals on the slides was performed by scanning on a ScanArray
5000 (General Scanning, Watertown, MA) followed by image analysis
using GenePix Pro 4.1 (Axon Instruments, Union City, CA) as described
previously [10]. The microarray data have been submitted to the Gene
Expression Omnibus (GEQ) public database at NCBI (Accession No.
GSE41804). The details are also described in the Supplemental Material
and Methods.

4.3. Graphical Gaussian modeling data processing

GGM [15,16] enabled us to reveal the gene cluster framework in rela-
tion to hepatocellular carcinogenesis of CH-B and CH-C. The procedure
included: 1) gene clustering; 2) construction of the PCCM by GGM algo-
rithms; and 3) visualization of the cluster pathway (Supplemental Fig. A).

4.4, Gene selection

To utilize a variety of tissue samples, we first calculated the ratio of
gene expression in non-cancerous tissue (36 with CH-B and 35 with
CH-C) to that in normal tissue and the ratio of gene expression in HCC
tissue (17 with CH-B related HCC and 17 with CH-C related HCC) to
that in normal tissue. Then, the expression ratios of non-cancerous
and HCC tissues in individual samples were standardized in the two tis-
sues, respectively, by transformation to the Z score (each value was
subtracted by the average value and divided by the standard deviation

(SD)) such that the mean expression value was 0 and the SD was 1. A
gene was regarded as differentially expressed if the Z score was >1 or
<—1 (1 > |AV =+ SD|). Although the criterion for a differentially ex-
pressed gene is usually |AV 4 2SD|, the selection procedure described
above is simply designed to gather as many differentially expressed
genes as possible, and is suitable for determining the macroscopic rela-
tionships between gene systems estimated by cluster analysis. Gene
selection from non-HCC samples was performed similarly by avoiding
the selected genes in HCC (backward selection). Therefore, a correlation
between HCC and non-HCC genes could be obtained as there was no
overlap between the genes.

4.5. Clustering with automatic determination of cluster number

In gene profile clustering, the Euclidian distance between Pearson's
correlation coefficient of profiles and the unweighted pair group method
using the arithmetic average (UPGMA or group average method) were
adopted as the metric and the technique, respectively, with reference
to previous GGM analysis [15,16]. Note that the present metric and tech-
nique were selected to estimate robustly the clusters against the noise of
gene expression measurements [15]. In cluster number estimation, the
variance inflation factor was adopted as a stopping rule for the hierarchi-
cal clustering of expression profiles [15], and the popular cutoff value of
10.0 [52] was adopted as the threshold.

4.6. Graphical Gaussian modeling

The average expression profiles were calculated for the members of
each cluster, and the average correlation coefficient matrix between the
clusters was calculated. The average correlation coefficient matrix be-
tween the clusters was then subjected to GGM as described previously
[15,16]. The correlation coefficient can return a false value in the presence
of confounding factors. Partial correlation enables replacement of a false-
positive correlation with the actual correlation. The PCCM was calculated
using GGM (Supplemental Fig. A). All calculations for clustering analysis
and GGM were performed via the ASIAN web site (http://eureka.cbrc.
jp/asian/index_j.html) [53] and “Auto Net Finder,” a commercial desktop
version of ASIAN (Infocom Corporation, Shibuya, Tokyo, Japan, http://
www.infocom.co.jp/bio/downloady/).

4.7. Rearrangement of the inferred network

Since the magnitude of the partial correlation coefficient indicates the
strength of the association between clusters, the intact network can be
rearranged according to the partial correlation coefficient to interpret
the association between clusters. The strength of the association can be
assigned by a standard test for the partial correlation coefficient. In the
present study, the significance level in the t-test was 1% (Supplemental
Fig. A).

4.8. Gene ontology of cluster members

Functional ontology enrichment analysis was performed to examine
the gene ontology process distribution of each cluster gene using
MetaCore™ (Thomson Reuters, New York, NY). Gene ontology was also
confirmed by DAVID Bioinformatics Resources 6.7 (http://david.abcc.
ncifcrf.gov/) [17].

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ygeno0.2013.02.007.
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SEE DEOGE

Discrete Nature of EpCAM™ and CD90™ Cancer Stem
Cells in Human Hepatocellular Carcinoma

Taro Yamashita," Masao Honda," Yasunari Nakamoto," Masayo Baba,' Kouki Nio,' Yasumasa Hara,"
Sha Sha Zeng,' Takehiro Hayashi,' Mitsumasa Kondo,' Hajime Takatori," Tatsuya Yamashita,"
Eishiro Mizukoshi," Hiroko Ikeda,' Yoh Zen,' Hiroyuki Takamura,' Xin Wei Wang,” and Shuichi Kaneko'

Recent evidence suggests that hepatocellular carcinoma (HCC) is organized by a subset of
cells with stem cell features (cancer stem cells; CSCs). CSCs are considered a pivotal target
for the eradication of cancer, and liver CSCs have been identified by the use of various
stem cell markers. However, little information is known about the expression patterns and
characteristics of marker-positive CSCs, hampering the development of personalized CSC-
targeted therapy. Here, we show that CSC markers EpCAM and CD90 are independently
expressed in liver cancer. In primary HCC, EpCAM™ and CD90™" cells resided distinc-
tively, and gene-expression analysis of sorted cells suggested that EpCAM™ cells had fea-
tures of epithelial cells, whereas CD90" cells had those of vascular endothelial cells.
Clinicopathological analysis indicated that the presence of EpCAM™ cells was associated
with poorly differentiated morphology and high serum alpha-fetoprotein (AFP), whereas
the presence of CD90™ cells was associated with a high incidence of distant organ metasta-
sis. Serial xenotransplantation of EpCAM "/CD90™ cells from primary HCCs in immune-
deficient mice revealed rapid growth of EpCAM™ cells in the subcutaneous lesion and a
highly metastatic capacity of CD90" cells in the lung. In cell lines, CD907 cells showed
abundant expression of c-Kit and in vitro chemosensitivity to imatinib mesylate. Further-
more, CD90™ cells enhanced the motility of EpCAM™ cells when cocultured in vitro
through the activation of transforming growth factor beta (TGF-f) signaling, whereas
imatinib mesylate suppressed TGFBI expression in CD90" cells as well as CD90*
cell-induced motility of EpCAM™ cells. Conclusion: Our data suggest the discrete nature
and potential interaction of EpCAM™ and CD90" CSCs with specific gene-expression
patterns and chemosensitivity to molecular targeted therapy. The presence of distinct
CSCs may determine the clinical outcome of HCC. (HeratoLoGY 2013;57:1484-1497)

he cancer stem cell (CSC) hypothesis, which
suggests that a subset of cells bearing stem-
cell-like features is indispensable for tumor
development, has recently been put forward
subsequent to advances in molecular and stem cell
biology. Liver cancer, including hepatocellular carci-

noma (HCC), is a leading cause of cancer death
worldwide.! Recent studies have shown the existence
of CSCs in liver cancer cell lines and primary HCC
specimens using various stem cell markers.”” Inde-
pendently, we have identified novel HCC subtypes
defined by the hepatic stem/progenitor cell markers,

Abbreviations: 5-FU, fluorouracil; Abs, antibodies; AFR alpha-fetoprotein; CK-19, cytokeratin-19; CSC, cancer stem cell; DNs, dysplastic nodules; EMT,
epithelial mesenchymal transition; EpCAM; epithelial cell adbesion molecule; FACS, fluorescent-activated cell sorting; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HCV, hepatitis C virus; HSCs, hepatic stem cells; IE immunofluorescence; IHC, immunobistochemistry: IR, immunoreactivity; MDS, multidimensional
scalings NBNC, non-B, non-C hepatitiss NOD/SCID, nonobese diabetic, severe combined immunodeficient: NT, nontumor; OV-1, ovalbumin I; qPCR,
quantitative real-time polymerase chain reaction; SC, subcutaneous; Smad3, Mothers against decapentaplegic homolog 3; TEGs, tumor epithelial cells; TGF-fi,
transforming growth factor beta; TIN, tumorinontumor; VECs, vascular endothelial cells; VM, vasculogenic mimicry; VEGFR, vascular endothelial growth factor
receptor.
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epithelial cell adhesion molecule (EpCAM) and alpha-
fetoprotein (AFP), which correlate with distinct gene-
expression signatures and prognosis.*? EpCAM™
HCC cells isolated from primary HCC and cell lines
show CSC features, including tumorigenicity, invasive-
ness, and resistance to fluorouracil (5-FU).'° Similarly,
other groups have shown that CD133", CD90™, and
CD13™ HCC cells are also CSCs, and that EpCAM,
CD90, and CD133 are the only markers confirmed to
enrich CSCs from primary HCCs thus far.>>'°
Although EpCAM™, CD90%, and CD133" cells
show CSC features, such as high tumorigenicity, an
invasive nature, and resistance to chemo- and radiation
therapy, it remains unclear whether these cells repre-
sent an identical HCC population and whether they
share similar or distinct characteristics. In this study,
we used fluorescent-activated cell sorting (FACS),
microarray, and immunohistochemistry (IHC) techni-
ques to investigate the expression patterns of the repre-
sentative liver CSC markers CD133, CD90, and
EpCAM in a total of 340 HCC cases and 7 cases of
mesenchymal liver tumors. We further explored gene-
and protein-expression patterns as well as tumorigenic
capacity of sorted cells isolated from 15 primary
HCCs and 7 liver cancer cell lines in an attempt to
identify the molecular portraits of each cell type.

Materials and Methods

Clinical Specimens. HCC samples were obrained
with informed consent from padents who had under-
gone radical resection at the Liver Center in Kanazawa
University Hospital (Kanazawa, Japan), and tissue
acquisition procedures were approved by the ethics
committee of Kanazawa University. A total of 102
formalin-fixed and paraffin-embedded HCC samples,
obtained from 2001 to 2007, were used for IHC analy-
ses. Fifteen fresh HCC samples were obtained between
2008 and 2012 from surgically resected specimens and
an autopsy specimen and were used immediately to
prepare single-cell suspensions and xenotransplantation
(Table 1). Seven hepatc stromal tumors (three
cavernous hemangioma, two hemangioendothelioma,
and two angiomyolipoma) were formalin fixed and
paraffin embedded and used for IHC analyses.

YAMASHITA ET AL. 1485

Table 1. Clinicopathological Characteristics of HCC Cases
Used for Xenotransplantation

Age/ Tumor Histological AFP DcP
iD Sex Etiology Size (cm) Grade (ng/mL}) {lUu/mL)
P1 77/M Alcohol 12.0 Moderate 198 322
P2 61/F NBNC 11.0 Moderate 12 3.291
P3 66/M NBNC 2.2 Moderate 13 45
P4 65/M HCv 4.2 Poor 13,700 25977
P5 52/M HBV 6.0 Moderate 29,830 1,177
P6 60/M HCV 2.7 Poor 249 185
P7 79/F HBV 4.0 Poor 46,410 384
P8 T7/F NBNC 5.5 Moderate 17,590 562
P9 71/M  Alcohol 7.0 Poor 3,814 607
P10 51/M HBV 2.2 Well <10 21
P11 71/M  Alcohot 21 Well <10 11
P12 80/M HBYV 10.8 Poor 323 2,359
P13 66/M HCV 28 Moderate 11 29
P14 T1/M HCV 72 Moderate 235,700 375,080
P15 75/M HBV 55 Poor <10 97

Abbreviation: DCP, des-gamma-carboxy prothrombin.

Additional details of experimental procedures are
available in the Supporting Information.

Results

EpCAM, CDI133, and CD90 Expression in
HCC. We first evaluated the frequencies of three rep-
resentative CSC markers (EpCAM™, CD907, and
CD133™ cells) in 12 fresh primary HCC cases surgi-
cally resected by FACS (representative data shown in
Fig. 1A). Clinicopathological characteristics of primary
HCC cases are shown in Table 1. We noted that
frequency of EpCAM™, CD90™, and CD133™ cells
varied between individuals. Abundant CD90™ (7.0%),
but almost no EpCAM™, cells (0.06%, comparable to
the isotype control) were detected in P2, whereas few
CD90%  (0.6%), but abundant EpCAM+, cells
(17.5%) were detected in P4. Very small populations
of EpCAM™ (0.09%), CD90" (0.04%), and CD1337
cells (0.05%) were found in P12, but they were almost
nonexistent in P8, except for CD90™ cells (0.08%)
(Fig. 1A). We further evaluated the expression of
EpCAM, CD90, and CD133 in xenografts obtained
from surgically resected samples (P13 and P15) and an
autopsy sample (P14). As a whole, compared to the
isotype control, 7 of 15 HCCs contained definite
EPCAI\/IJr cells (46.7%), whereas only 3 HCCs

Addyess reprine requests to: Taro Yamashita, M.D., Ph.D., Department of General Medicine, Kanazawa University Hospiral, 13-1 Takara-Machi, Kanazawa,
Ishikawa 920-8641, Japan. E-mail: taroy@m-kanazawa jp; fax: +81-76-234-4250.
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Fig. 1. Gene-expression profiles of CSC marker-positive HCCs. (A) FACS analysis of primary HCCs stained with fluorescent-labeled Abs against
EpCAM, CD90, or CD133. (B) Multidimensional scaling analysis of 172 HCC cases characterized by the expression patterns of EpCAM, CD133,
and CD30. Red, EpCAM™ CD90™ CD133~ (n = 34); orange, EpCAM™ CD90~ CD133™ (n = 10); light blue, EpCAM~™ CD90™ CD133™ (n =
49); blue, EpCAM™ CD30™ CD133™ (n = 79). HCC specimens were clustered in specific groups with statistical significance (P < 0.001). (C)
Expression patterns of well-known hepatic stem/progenitor markers in each HCC subtype, as analyzed by microarray. Red bar, EpCAM™; orange
bar, CD133™; light blue bar, CD90™; blue bar, EpCAM™ CD90~ CD133~. (D) Hierarchical cluster analysis based on 1,561 EpCAM/CD90/
CD133-coregulated genes in 172 HCC cases. Each cell in the matrix represents the expression level of a gene in an individual sample. Red and
green cells depict high and low expression levels, respectively, as indicated by the scale bar. (E) Pathway analysis of EpCAM/CD90/CD133-
coregulated genes. Canonical signaling pathways activated in cluster A (red bar), cluster B (orange bar), or cluster C (light blue bar) with
statistical significance (P < 0.01) are shown. (F) Expression patterns of representative genes differentially expressed in EpCAM/CD90/CD133
HCC subtypes. Red bar, EpCAM™; orange bar, CD133™: light blue bar, CD90™; blue bar, EpCAM™ CD133~ CD90 ™.
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