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Abstract

Background & Aims: We investigated the virulence and sequences of duodenal ulcer-promoting gene A (dupA) of Helicobacter pylori
(H. pylori} isolated from 2 areas in Japan with different gastric cancer risks.

Methods: The dupA status of 248 Japanese H. pylori strains (111 from Fukui and 137 from Okinawa) isolated from patients with
duodenal ulcers, gastric ulcers, chronic gastritis, or gastric cancer was evaluated by dot-blot hybridization followed by polymerase
chain reaction. Sequence analyses of dupA and its upstream region were performed in 15 strains.

Results: In both areas, no significant association was observed between dupA and the evaluated clinical outcomes. In a multivariable
logistic regression, dupA positivity was independently associated with strains isolated from Okinawa, showing the lowest incidence
of gastric cancer in Japan, and with East Asian-type cagA positivity (odds ratio [OR]=2.128, 95% confidence interval [CI] =1.146-3.949
and OR=12.924, 95% Cl=1.689-98.901, respectively). Sequence alignment showed dupA was divided into 2 genotypes: a Shi470-type
(2499 bp) and a J99-type (1839 bp). Among 60 dupA* Japanese strains, 58 (96.7%) were of the Shi470-type and 2 of the J99-type. The
nucleotide sequences of 13 Shi470-type Japanese isolates from both areas were highly homologous (98.9%) to each other and a
remote Amazonian strain, Shi470. Of these, 12 (92.3%) carried intact full-length dupA.

Conclusion: In Japan, dupA appeared to be associated with East Asian-type cagA and with host residence in Okinawa. The intact

genotype of the Shi470-type dupA was the major form in Japan.

Immunogastroenterology 2012; 1:127-135

Key words

Helicobacter pylori; dupA; cagA; virulence factors; type IV secretion system; Okinawa

Introduction

Chronic Helicobacter pylori (H. pylori) infection is a definitive
risk factor for various gastroduodenal diseases such as pepric
ulcers, gastric adenocarcinoma, and gastric mucosa-associated
lymphoid tissue lymphoma.'* Although the mechanism of this
infection in humans has been extensively studied, no definitive
explanation has been obtained. Although infection with strains
producing cytotoxin-associated gene A antigen (CagA) and
vacuolating cytotoxin (VacA) are reported to increase the risk of
severe gastroduodenal diseases in the West, this association has
not been demonstrated in East Asia.*'® In addition, none of the
reported virulence factors including czgA and vacd expression has
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been confirmed to be a definitive marker for any single specific
clinical outcome."*

H. pylori exhibits a higher degree of genomic and allelic
diversity than most other bacterial species, and significant
geographic differences exist among strains!**® Geographic
diversity in the H. pylori virulence genes has been associated with
different regional prevalences in gastroduodenal diseases; the
prevalence of gastric cancer (GC) is higher in Japan than in other
countries.”'® However, Okinawa has the lowest prevalence of GC
in Japan and approximately half of that in other prefectures.”
On the other hand, the prevalence of H. pylori in Okinawa does
not differ significantly from those in other parts of Japan.® To
investigate the differences in the prevalence of GC between
Okinawa and other prefectures in Japan, we previously analyzed
the sequences of H. pylori virulence genes isolated from patients
in 2 distinct Japanese areas (Okinawa and Fukui) and found that
the genotypes of cagA were the most important factor causing the
discrepancy.!”*%

Recently, Lu et al. described a novel H. pylori virulence factor,
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designated duodenal ulcer-promoting gene A (dipA).** dupA
comprises 2 genes—jhp0917 and jhp0918—present in the H.
pylori plasticity zone. A single base-pair insertion (C or T) in the
3’ region of jhp0917 confers a continuous 1839 bp open reading
frame (ORF). As dupA shows homology to virB4, a virB/D
homolog gene encoding the type IV secretion system (T4SS) of
Agrobacterium tumefaciens, this gene is considered a component
of a novel TESS of H. pylori. 133

Infection with dupA* strains is associated with increased
interleukin-8 (IL-8) production from the gastric antral mucosa
and the development of duodenal ulcers (DUs), in 3 different
countries (Japan, Korea, and Colombia). Infection with the
dupA* strain is also a potential protective factor against atrophic
gastritis and GC.*® However, subsequent studies in various
geographic areas were unable to confirm the close association
between dupA and clinical outcomes.?'**
of previous Japanese studies have been inconsistent.

Moreover, the findings
28,39.40

The association between the presence of dupA and other
virulent factors of H. pylori remains largely unexamined.
Although some previous studies have discussed the association
between the statuses of dupA and cagd,’' ¥4 the genetic
diversity of cagA (i.e., the East Asian-type or the Western-type)
was not considered. Similarly, the genetic structure of dupA is
not well known. Most previous studies analyzed the limited
nucleotide sequences corresponding to jAp0917 and jhp 0918,
33,3436.38.9414344 by only a few have investigated the surrounding
dupA regions, especially the upstream ones, which may regulate
dupA expression.®* % In this study, we aimed to examine
whether (i) dupA could be a disease-specific risk determinant in
Japan; (i) dupA could explain the lower risk of GC in Okinawa;
and (iii) dupA and cagA statuses were associated, even when the
genotypes of cagA (i.e., the East Asian or Western genotype) were
considered. We also discuss whether the genetic diversity of the
dupA upstream region exists among the groups of clinical isolates
in Japan.

Materials and Methods

H. pylori strains, culture, and DNA extraction

A total of 248 clinical H. pylori isolates were obtained from
Japanese patients (111 patients in Fukui and 137 in Okinawa)
during upper gastrointestinal endoscopy performed at the
University of Fukui Hospital, Fukui, and Okinawa Chubu
Hospital, Okinawa. The patient group in Fukui comprised 20
patients with DU, 20 with gastric ulcer (GU), 39 with chronic
gastritis, and 32 with GC. The patient group in Okinawa
comprised 26 patients with DU, 18 with GU, 60 with chronic
gastritis, and 33 with GC. This study was performed according
to the principles of the Declaration of Helsinki. Informed
consent was obtained from each patient and the institutional
ethics committee approved the study protocol. The presence of
H. pylori in a patient was confirmed through positive results of
the rapid urease test (RUT), the C13 urea breath test (UBT),
or a histological analysis. The clinical diagnosis was established
by endoscopic findings. In addition, the diagnosis of GC was
histologically confirmed in all cases. H. pylori culture and DNA
extractions were conducted as described previously.”* Patients

128

Immuno-Gastroenterology

from whom H. pylori could not be cultured were excluded from
the study.

H. pylori sequence analysis

The primers used in this study are shown in table 1 and figure 1.
The presence of dupA was defined by both dot-blot hybridization
and polymerase chain reaction (PCR) as described below.

Dot-blot hybridization was performed using Hybond-N*
nylon membranes (GE Healthcare Lifesciences, Uppsala, Sweden)
containing 10-20 ng aliquots of genomic DNA per spot from
cach strain of interest and hybridization probes labeled using the
enhanced chemiluminescence kit (Amersham™ ECL™ Direct
Nucleic Acid Labeling and Detection System; GE Healthcare
Lifesciences), according to the manufacturer’s instructions.
Probes for the 2 dupA segments (jhp0917 and jhp0918) were
generated by PCR from J99 genomic DNA with primers
JHP0917(+) and JHP0917(-)(307 bp product) and JHP0918-1F
and JHP0918-1R (377 bp product). The PCR-amplified DNAs
were purified using the MinElute Gel Extraction Kit (Qiagen,
Hilden, Germany) prior to ECL labeling for use in hybridization
according to the manufacturer’s instructions. A probe for urel (a
housekeeping gene of H. pylori) was used as a positive control for
hybridization.

Following the dot-blot hybridization, PCR was performed
using the DupAF113/R1083 and DupAFb/Rb primer pairs.
Specific PCR and DNA sequencing was conducted as described
previously.”#” The PCR products were purified on Centricon-100
Concentrator columns (Amicon, Beverly, MA, USA) and
then sequenced directly using the BigDye Terminator Cycle
Sequencing Ready Reaction Mix (Applied Biosystems, Foster
City, CA, USA) in an ABI PRISM 310 Genetic Analyzer (Applied
Biosystems). Cycle sequencing reactions were performed for both
strands. DNA sequencing editing and analysis were performed
with GENETYX-MAC software version 14.0.1 (GENETYX
Corporation, Tokyo, Japan).

For the dotblot hybridization, the tested strains were
considered dupA* or dupA~if the jhp0917 and jhp09I8 genes were
both present or absent, respectively. When a strain was positive
for only one of these genes, the dupA status was defined in
accordance with the PCR results. For the PCR assay, only strains
showing both DupAF113/R1083 and DupAFb/Rb positivity
were considered dupA*, while all the remaining strains were
defined as dupA~. Both assays were performed for all strains. If
a strain showed discrepant results between the 2 tests, the PCR
result was adopted to define its dupA status.

The cagA detection and genotyping of all 248 isolates were
performed by PCR tests and subsequent direct sequencing as
described previously.?*’

Nucleotide sequence accession numbers

The DNA sequences of the dupA region of the 14 representative
Japanese strains used in this study were deposited in the DDBJ
database under accession numbers AB617832-AB617845; their
characteristics are listed in table 2. In this study, we refer to
the released sequences of 12 H. pylori strains whose complete
genomes were deposited in GenBank under the following

accession numbers: AE001439 for J99, CP001072 for Shi470,
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1024 bp J99-type dupA
Fa
199 0914 0915 jhp0917 jhp0918 0919 0921
1443 bp
G27 HPG27_963 (2500 bp)

962

962F P R 3
1155 bp

HPSH_04615 (2499 bp)

HPF57_0283 (2499 bp)

Shi470-type dupA

Figure 1. Comparison of the genomic regions surrounding duodenal ulcer-promoting gene A (dupA) in 4 published Helicobacter pylori (H. pylori) genomes and
strain C142.The positions of the primers used in this study are also shown.

Sequences of dupA (corresponding to jhp0917 and jhp0918) and the surrounding region in the published full-genome sequences of 4 dupA* H. pylori strains—)99
from the United States, G27 from Italy, Shi470 from a remote Amazonian village in Peru, and F57 from Japan—and strain C142 from Colombia are shown. Initially,
dupA was reported in |99 as a 1839 bp gene consisting of jhp091/7 and jhp0918 genes and was found to contain a | bp insertion at the 3’ end of jhp0917, which
J99 lacked (indicated by a black dot). Lu et al. found dupA of C142 to be a representative gene.” In strains Shi470 and F57, the sequences corresponding to
dupA (jhp0917 and jhp0918) were parts of continuous 2499 bp genes, which were highly homologous to each other (HP_04615 and HPF57_0283, respectively).
HPG27_963,a 2500 bp sequence in strain G27, was homologous to both HP_04615 and HPF57_0283 but contained a stop codon created by a |-bp insertion of
a“T” after position | 176, leadings to truncation of the gene product (indicated by a black star). In this study, jAp0917 and jhp0918 with the described |bp insertion
was defined as the |99-type dupA (indicated by red and blue boxes) and HPSH_04615 as the Shi470-type dupA (indicated by a green box). In ]99, the upstream
region of dupA was completely different from those of the 3 other strains with a full published genome.The nucleotide sequences surrounding Shi470-type dupA
of Shi470, F57, and G27 were homologous. In the present study, 5 primer pairs were designed to confirm the positivity of dupA and consequently classify the

genotype of dupA as either the |99 or Shi470 type.

CP001173 for G27, CP002076 for Cuz20, CP002184 for HP
908, CP002332 for Gambia 94/24, CP002336 for SouthAfrica7,
AP011945 for F57, CP002571 for HP 2017, CP002572 for HP
2018, CP002982 for Punol35, and CP002983 for SNT49.
We also refer to the dupA sequence of strains C142 (GenBank
accession number AB196363; Fig. 1), and AB21 (GenBank
accession number GU932735).

Statistical analysis

The associations of dupA prevalence with clinical diagnosis,
geographiclocations, and cagA genotypes were examined using
the Fisher’s exact probability test for univariate analysis, and
multivariable logistic regression for multivariable analysis.
In the multivariable logistic regression, dupA positivity was
used as a dependent variable and the other 3 as independent
variables. All tests were 2-sided, and a probability level (P) of
<0.05 was considered significant. All statistical analyses were
performed using IBM SPSS Statistics 20 (SPSS Inc., Chicago,
IL, USA).

www.stmconnect.com/ig
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Results

Association between dupA and clinical outcomes or cagA status
Among the 111 tested strains from Fukui, 24 (21.6%)
were positive for both jhp0917 and jhp0918 on the dot
blot hybridization, while 22 (19.8%) were positive for both
DupAF113/R1083 and DupAFb/Rb according to the PCR test.
Accordingly, these strains were defined as dupA* on each test.
For the dot-blot hybridization, 2 strains were positive for both
Jhp0917 and jhp0918, but were finally revealed to be dupA-by the
PCR. One strain was considered dupA- because it was jhp0917
but jhp0918- on the dot-blot hybridization and was confirmed as
dupA~ based on the PCR results. In Okinawa, no strains showed
opposite results between the dotblot hybridization and the
PCR tests. The findings were consistent between these 2 tests,
with 38 (27.7%) of the 137 tested Okinawan strains defined as
dupA*. The overall agreement between the dot-blot hybridization
and the PCR results was 98.2% (109/111) in Fukui and 100%
(137/137) in Okinawa, respectively. Combining the results of the
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Table 1 Oligonucleotide primers used in this study

Primer Primer sequence (5 3 Reference
DupAFI113 GACGATTGAGCGATGGGAATAT Argent et al. (2007)
DupAR 1083 CTGAGAAGCCTTATTATCTTGTTGG Argent et al. (2007)
DupAFa TCCCAAAATGCTTTGCCTGCG Present study
DupARa GCGCTCTGTCAGTAGAAACC Present study
DupAFb TGAGCGTGGTAGCTCTTGAC Present study-
DupARb TCGCTTACAATCCTACCTAGCC Present study
DupA960F CCTGAGCCTGTGAATAAACCTG " Present study
DupA96y3R ATATGGCGTGGTGCTATTGGTG Present study
DupA962F GTGTAGCCACCTCTTCTTTATC - Present study
JHPO9I7 (+) “TGGTTTCTACTGACAGAGCGC Lu et al, (2005)
JHPO%17 (-) AACACGCTGACAGGACAATCTCCC Lu et al. (2005)
JHPO918-1F CTCAAGCTAGAAAGATCAACGG Present study
JHP0918-1R ACTCTTCCTTATAAGTTTCTTGG Present study
Table 2 Characteristics of the sequenced strains

H. pylori strain Origin Disease cagA genotype dupA genotype dupA size (bp) dupA null mutation
F51 Fukui DU East Asian Shi470 2499 -
F57 Fulkui GC East Asian Shi470 2499 -
F58 Fukui Gastritis East Asian Shi470 2499 -
F64 Fukui [n]8] East Asian Shi470 2499 -
F77 Fului GU East Asian Shi470 2499 -
F80 Fukui Gastritis Hybrid 199 1840 +
F228 Fului GC East Asian Shi470 2499 -
OK99 Okinawa DU East Asian Shi470 2499 -
OK108 Okinawa GU East Asian Shi470 2499 +
OK165 Okinawa Gastritis East Asian Shi470 2499 -
OKl169 Okinawa DU East Asian Shi470 2499 -
OK203 Okinawa Gastritis Western Shi470 2499 -
OK303 Okinawa GC East Asian Shid70 2499 -
OK309 Okinawa GC East Asian Shi470 2499 -
OK317 Okinawa Gastritis East Asian 199 1840 +

H. pylori, Helicobacter pylori; cagA, cytotoxin-associated gene A; dupA, duodenal ulcer-promoting gene A; DU, duodenal ulcer; GC, gastric cancer; GU, gastric

ulcer.

dot-blot hybridization and the PCR, the dupA status of Fukui
and Okinawa were determined.

Twenty-two (19.8%) dupA* strains were found in Fukui. The
frequency was higher in strains from patients with DU (7/20,
35.0%) than in those from patients with GU (3/20, 15.0%),
chronic gastritis (6/39, 15.4%), or GC (6/32, 18.8%). The dupA
gene was positive in 38 strains (27.7%) isolated in Okinawa,
and the prevalence was greater among strains from patients wich
GC (14/33, 42.4%) than in those with DU (5/26, 19.2%), GU
(5/18, 27.8%), or chronic gastritis (14/60, 23.3%). However,
no statistical significance between the dupA status and clinical
outcomes was observed in both areas (Table 3). Further, no
association was observed between the dupA status and GC
histology, with the intestinal and diffuse types observed in both
areas (data not shown).

We also determined the czgd genotypes. Two strains of
F80 (dupA*) and OK204 (dupA~) carried the East Asian-type
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CagA motif (AB’'DD and ABD, respectively) but were assigned
as Western in origin on the basis of our previous phylogenetic
analysis of cagA and were considered a hybrid type. Both F80 and
OK 204 were isolated from DU patients. Another strain (OK181)
isolated from an Okinawan host with chronic gastritis could not
be classified owing to the lack of a CagA C/D motif, but was
assigned as a Western type by phylogenetic analysis. Consistent
with our previous reports,™ a variety of genotypes was observed
for cagA among the 137 H. pylori strains in Okinawa, including
110 (80.3%) strains with East Asian-type cagd, 20 (14.6%)
with Western-type cagd, 6 (4.4%) cagA™ strains, and 1 (0.7%)
with hybrid-type cagA. In contrast, almost all strains in Fukui
(109/111, 98.2%) possessed East Asian-type cagd, only 1 (0.9%)
carried Western-type cagAd, and none were cagd™. One (0.9%)
strain with hybrid-type cugd was also detected in Fukui. This
observed high cagA prevalence in Japan was also consistent with

previous reports.
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Next, we focused on the relationship between dupA and
cagA statuses for H. pylori. We measured the dupA prevalence
of H. pylori strains with East Asian-cagA, the most dominant
cagA genotype in Japan, against those with non-East Asian czgA
status (i.e., the combination of Western-type cagA* and cagd~
strains). The 2 strains with hybrid-type cagd were excluded from
this analysis due to the association between dupA and cagd. In
Okinawa, only 1 cagA- strain (3.8%) of the 26 Western-type cagA
or cagA™ strains was dupA*. In contrast, 37 (33.6%) of the 110
Okinawan strains with the East Asian-type czgA carried dupA
(p=0.0013)(Table 4). The relationship of ZupA and cagA statuses
could not be assessed in Fukui because of the extremely small
number of H. pylori strains with non-East Asian cagA status.

In the 246 tested Japanese strains isolated from both Fukuiand
Okinawa (excluding F80 and OK204), the associations of dupA
prevalence with clinical diagnosis, geographic locations, and czgA
genotypes were analyzed (Table 5). In the univariate analysis,
only East Asian-cagA positivity was related to the presence of
dupA (26.5% vs. 3.7%, p=0.0073). In the multivariate analysis,
strains isolated from Okinawa and those with East Asian-type
cagA positivity were significantly associated with an increased
probability for dupA positive status (odds ratio [OR]=2.128,
95% confidence interval [CI]=1.146-3.949 and OR=12.924,
95% CI=1.689-98.901, respectively). No significant association
was found between any tested clinical diagnosis and dupA status
in both statistical analyses.

Comparison of dupA sequences and the upstream region between
genome-sequenced reference strains

We first compared dupA sequences (cortesponding to jhp0917 and
7hp0918) and the upstream region between the released genome
sequences from 3 dupA* H. pylori strains (Shi470, G27, and J99).
In strain Shi470, the sequence corresponding to dupA (jhp0917
and jhp0918) was part of a continuous 2499 bp gene, HP_04615.
HPG27_963 is a 2500 bp sequence from strain G27, which was
isolated from Italy and was homologous to HP_04615; however,
HPG27 _963 contained a stop codon, resulting in the truncation
of this gene product. In J99, the upstream region of dupA was
entirely different from those of the other 2 strains. In the genome
sequences of J99, the direction of jhp0917, jhp0918, and the
downstream genes was opposite to that of jhp0916, jhp0915, and
Jhp0914, while the series of genes centered by HP_04615 and
HPG27_963 were aligned in the same direction in the partial
genome sequences of Shi470 and G27, respectively (Fig. 1). Thus,
we hypothesized the “original” dupA reported by Lu et al. may
be the legacy of a truncated gene that resulted from the deletion
of the 5" region of the full-length dupA. Here, we sub-classified
dupA into 2 genotypes by defining jhp0917 and jhp0918 as ]99-
type dupA and HPSH_04615 as Shi470-type dupA. On the basis
of these results, a chromosomal alignment was performed from
12 released H. pylori genome sequences available in the public
database GenBank as of February 2012. Seven strains (Shi470,
G27, Cuz20, SouthAfrica7, F57, Punol35, and SNT49) were of
the Shi470 type, and 5 strains (J99, HP 908, Gambia 94/24,
HP 2017, and HP 2018), of the J99 type. Strains HP 2017 and
HP 2018 were the chronological subclones of HP 908.# With
the exception of G27, the Shi470-type strains carried intact full-

www.stmconnect.com/ig

Immuno-Gastroenterology

length dupA consisting of 2499 bp.

Sub-classification of dupA into 2 genotypes

On the basis of the published sequences, 3 primer pairs were
designed for PCR to distinguish the 2 dupA genotypes (the
Shi470 and J99 types) (Table 1 & Fig. 1). All 60 dupA* strains
in this study (22 from Fukui and 38 from Okinawa) were
examined: 58 (96.7%) were of the Shi470 type, 57 were positive
for both 960F/963R and 962F/Ra and were of the Shi470 type,
1 strain (OK329) was positive for 962F/Ra but was negative for
9G0F/963R and was assigned as the Shi470 type, and 2 strains
(F80 and OK317) were positive for only Fa/Ra and were classified
as the J99 type (Table 2 & Table 6).

Sequence analysis of full-length dupA from clinical isolates in
Japan

We next examined the sequence diversity of 15 full-length dupA
from Japanese clinical isolates. We compared 13 Shi470-type
Japanese strains (6 from Fukui and 7 from Okinawa), including
F57, whose complete genome sequence was recently released.
Twelve of these strains (92.3%) carried intact full-length dupA
(Table 2). Alignments of the nucleotide and amino acid sequences
showed these strains were highly homologous (98.9%, standard
deviation [SD] + 0.4) irrespective of the clinical outcome and the
area of isolation (Fukui or Okinawa). The remote Amazonian
strain Shid70 was also highly homologous to those 13 Japanese
strains (98.5%, SD+0.2)(Table 7). Sequences from the remaining
2 Japanese strains (F80 and OK317), which carried the J99-type
dupA, were also compared with the corresponding J99 sequences
(1838 bp). These strains were highly homologous to each other
(99.9%) but less homologous to J99 (95.7%). A G/T insertion
at position 1633, resulting in a null mutation, was found in both
strains (Table 2); this mutation was previously reported in a
strain from Argentina.** All 15 Japanese strains possessed the
1 bp insertion of a C or T in the 3" region of jap0917, which
was initally reported by Lu et al. Recently, Hussein et al. also
classified dupA into 2 main groups. These investigators reported
that dupAl was a 1884 bp ORF with a longer 3’ end than that
initially described by Lu et al. and that dupA2 was a truncated
gene.” To evaluate the correspondence of the Shid70-type dupA
o dupAl, we compared the 13 Shi470-type dupA sequences
of the Japanese isolates included in the present study, with the
dupAl sequence of strain AB21 released by Hussein et al. We
found all of these sequences included an intact dupA7 at the 3’
end of the gene. OK108, a strain with an incomplete Shi470-type
dupd, also possessed intact dupAl sequences, as the stop codon
causing a truncation of the 2499 bp ORF was located upstream
of the beginning of the dupAI lesion.

Discussion

In this study, we found no significant association between dupA
and certain diseases in the 2 distant areas in Japan (Fukui and
Okinawa) and could confirm no relationship between the ZupA
gene and the lower incidence of GC in Okinawa. However, our
results indicated patients infected with dupA* strains were prone
to DU in Fukui, as opposed to the high frequency of dupA* strains
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Table 3 Comparison of dupA prevalence among H. pylori groups with

Table 4 Relationship between dupA prevalence and the cagA genotype

various clinical outcomes in the 2 different areas in Japan cagA genotype dupA prevalence (%)

. dupA prevalence (%) Fukui Okinawa
Clinical outcome - "

Fukui (n=111) Okinawa (n=137) East Asian 217109 (19.3) 37/110 (33.6)

Duodenal ulcer 7/20 (35.0) 526 (19.2) Western and cagA~ 0/1 (0.0) 1726 (3.8)
Gastri? ulcer N 3120 (15.0) 5/18 27.8) In Okinawa, dupA positivity was ‘signiﬁcantly‘hiyg‘her in the East Asian-tj/pe
Chronic gastritis 6/39 (15.4) 14/60 (23.3) cagA* strains than in the Western-type cagA” and cagA™ strains (P=0.0013,
Gastric cancer 6/32(18.8) 14/33 (42.4) Fisher's exact probability test).Two stains isolated from duodenal ulcer hosts
Total 22/111 (19.8) 38/137 (27.7) with hybrid-type cagA, F80 (dupA*) and OK204 (dupA), were excluded.

H. pylori, Helicobacter pylori; dupA, duodenal ulcer-promoting gene A.

cagA, cytotoxin-associated gene A; dupA, duodenal ulcer-promoting gene A

Table 5 The associations of dupA prevalence with clinical diagnosis, geographic locations, and cagA genotypes

Multivariate®

dupA positivity (%) Univariate® p value OR (95% Cl) p value
Disease
Chronic gastriti 20/99 (20.2) Referent - 0.472
Gastric ulcer 8/38 (21.1) 1.0000 - 0.272
Duodenal ulcer 11/44 (25.0) 0.5177 - 0.295
Gastric cancer 20/65 (30.8) 0.1395 - 0.167
Geography
Okinawa 38/136 (27.9) 0.1330 2.128 (1.146-3.949) 0.017
Fukui 217110 (19.1)
cagA genotype
East Asian 58/219 (26.5) 0.0073 12.924 (1.689-98.901) 0.014

Non-East Asian 1127 (3.7)

Two stains isolated from duodenal ulcer hosts with hybrid-type cagA, F80 (dupA*) and OK204 (dupA-), were excluded. dupA, duodenal ulcer-promoting gene
A; OR, odds ratio; Cl, confidence interval; cagA, cytotoxin-associated gene A; a Fisher’s exact probability test; b multivariable logistic regression.

Table 6 Distribution of dupA genotypes in clinical strains

Prevalence (%)
Fukui (n=22) Okinawa (n=38) Total (n=60)
}99-type 1(4.5) 1 (2.6) 2(3.3)
Shi470-type 21 (95.5) 37 (97.4) 58 (96.7)

dupA, duodenal ulcer-promoting gene A.

among patients with GC in Okinawa. In a systematic review,
Hussein reported dupA promotes DU in some populations and
GU and GC in others.”” Meanwhile, based on a meta-analysis,
Shiota et al. reported the importance of dupA positivity in DU
pathogenesis, especially in Asian countries.” These conflicting
results probably result from differences in the circulating H.
pylori strains between East Asia and the West. Although the
mechanism by which H. pyloriis involved in 2 extremely different
gastroduodenal diseases (DU and GC) remains unclear, our
discrepant results in 2 different areas in Japan suggest ZupA may
be one of the virulence determinants that causes severe diseases,
while other virulence factors, host differences, and environmental
facrors might affect che clinical outcome of the infection. Fukui
is a typical rural prefecture located on the central Japanese
mainland (Honshu), while Okinawa consists of islands in the
southwestern part of Japan. Historically, Okinawa has had more
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active international communication than the rest of the country.
Because these geographical and historical factors may affect the
development of gastroduodenal diseases in Okinawan hosts, the
pathogenesis of H. pylori isolated from Okinawa needs to be
analyzed more comprehensively.

Seven studies have investigated the association of dupA with
cagA, one of the most widely studied virulence genes, but the
results have been inconsistent. A positive association between
the dupA and cagA statuses was reported in a study investigating
straing isolated from patients with chronic gastritis or DU in
North India,* whereas 3 other studies refuted the presence of
a relationship with any clinical outcomes in China,” Iraq, and
Iran. ¥ Douraghi et al. reported dupA was associated with
cagA only in patients with DU in Iran.** A Brazilian study also
reported the association of these 2 genes was limited to a group of
strains from adult hosts with DU.* Argent et al. investigated the
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Table 7 Analysis of divergence of the Shi470-type dupA

Nucleotide and amino acid identity® (%)

Strain Shi470 F51 F57 F58 F64 F77 F228
Shi470 98.2 98.8 99.0 99.0 98.3 98.9
F51 98.3 98.2 98.2 98.2 98.0 98.3
F57 98.6 98.4 99.0 99.0 98.8 99.4
F58 98.8 98.4 98.7 100 98.6 99.2
Fé4 98.8 98.4 98.7 100 98.6 99.2
F77 98.7 98.6 99.0 98.8 98.8 98.7
F228 98.8 98.4 99.4 98.8 98.8 98.9

OK99 98.5 98.2 98.8 98.9 98.9 99.1 98.8
oKlog® 98.5 98.2 99.2 99.1 99.1 98.9 99.2
OKl65 98.5 98.5 98.9 98.9 98.9 99.0 98.9
OK169 98.2 98.2 99.0 98.3 98.3 98.6 99.1
OK?203 98.3 98.3 99.1 98.5 98.5 98.8 99.2
OK303 98.7 98.4 99.4 98.8 98.8 98.9 98.8
OK309% 98.2 98.2 99.0 98.4 98.4 98.7 99.1

OK99 OKl108> OKIé5 OKlée9  OK203 OK303  OK309
98.3 - 98.1 98.1 98.4 98.8 98.2
97.7 - 97.7 97.6 97.8 98.2 97.6
98.8 - 98.8 98.8 99.2 99.3 98.9
98.8 - 98.6 98.3 98.7 99.0 98.4
98.8 - 98.6 98.3 98.7 99.0 98.4
99.0 - 98.3 98.1 98.4 98.6 98.2
98.7 - 98.7 98.7 99.0 99.6 98.8

- 98.6 98.1 98.4 98.4 98.2
98.4 - - - - -
99.3 98.6 99.3 99.4 98.6 99.4
98.6 98.7 99.2 99.6 98.6 99.9
98.7 98.9 99.2 99.8 98.9 99.8
98.8 99.2 989 99.1 99.2 98.7
98.6 98.8 99.2 100 99.8 99.1

dupA, duodenal ulcer-promoting gene A; a values below and above the diagonal represent nucleotide and amino acid sequence, respectively; b a stop codon

is present in the dupA nucleotide sequence.

dupA prevalence in H. pylori strains from Belgium, South Africa,
China, and the United States. These investigators reported
a significant association between AupA positivity with GC,
independent of cagA status.* We previously showed that more
than 20% of Okinawan strains were either Western-type cagA* or
cagA~, both of which were rare in East Asia.”> We also found these
Western-type strains were isolated among patients with DU more
frequently than the East Asian strains,**” whereas the East Asian-
type strains in Okinawa were associated with GC.” Therefore,
we examined the association between dupd and cagd status in
Okinawa. Intriguingly, we found a low prevalence of the dupA*
strain among strains with the non-East Asian cagA (the Western
or hybrid type) in Okinawa. Morcover, both univariate and
multivariate analyses showed that the presence of East Asian-type
cagA was significantly associated with dupA positivity. Although
the reason why dupA* strains are rare among non-East Asian
cagA* strains is unclear, the vatiety in cagAd toxicity may partially,
if not completely, explain this mystery. Hussein et al. reported
that strains with cagd genes encoding more than 3 tyrosine
phosphorylation motifs of the Src homology phosphatase 2 (SHP-
2) binding site were significantly associated with dupA positivity
when compared to strains with only 3 phosphorylation motifs in
Iran.” The virulence of cagA, which is determined by the degree
of CagA SHP-2 binding activity, depends on the genotypes of the
SHP-2 binding site (the East Asian-type is more toxic than the
Western-type) and the number of its phosphorylation motifs (the
greater the number of motifs, the stronger the binding).”>*>%72
Together, the results of Hussein et al. and those of our present
study suggest the possible association of dupA with “toxic” cagA.
We found that the dupA prevalence in Okinawa was
significantly higher than in Fukui by using mulcivariable logistic
regression. This result seems partially consistent with those of
recent meta-analyses showing that the prevalence of dupA is
higher in Western countries than in Asian countries,*®” as our
previous reports suggested H. pylori strains in Okinawa may have
had a greater opportunity for the transfer of DNA from Western
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countries than H. pylori strains in other Japanese areas.*** Since
this question has not been sufficiently studied, determining
the genetic origin of H. pylori strains circulating in Okinawa
is required in examining the roles of H. pylori virulent factors,
including dupA, in this area.

In this study, we analyzed the upstream nucleotide sequences
of dupA in Japanese clinical H. pylori isolates, which have not
been sufficiently examined in Japan thus far. A comparison
between the genome sequences of 12 representative dupA* strains
of H. pylori in GenBank, including our strain (F57), revealed the
existence of 2 major distinct chromosomal arrangements (Shi470
and J99 types). Regardless of the host’s clinical outcome, we
showed that most #upA sequences of the Japanese H. pylori strains
were of the intact Shi470-type gene, which encodes a protein
of 832 amino acids. Although this finding made it difficult to
determine if dupA was a specific virulence factor in Japan, we
demonstrated a strong association between intact dupA and H.
pylori strains circulating in this country. When discussing the
virulence of a particular H. pylori gene, it is important to consider
not only the presence of the gene but also whether the gene is
intact. We previously showed vacAd from half of the Japanese
non-cytotoxic strains contained null mutations resulting in a
lack of VacA activity.® In terms of dupA, Queiroz et al. reported
an inverse association between the presence of dupA without
particular null mutations (a deletion of adenine at position 1311
and insertion of adenine at position 1426) and the development
of GC in Brazil ¥

Notably, Hussein etal. had classified 4#pA into 2 main groups
(dupAl and dupA2) before us. This group reported dupAl is
the most common genotype, as well as the active form that
induces host secretion of IL-12 from cluster of differentiation
14 (CD14) positive mononuclear cells. Among the 25 dupAI*
isolates studied by Hussein et al., additional sequencing was
performed for 2 isolates. Surprisingly, these isolates possessed
the dupA gene with an extended 5' end, giving a total length of
2499 bp.” Because all 13 Shi470-type dupA strains sequenced
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in this study included the 1884bp dupA1l defined by Hussein et
al., dupAI may be longer than initially reported, corresponding
to the Shi470-type dupA in the present study. On the other
hand, we cannot deny the possibility the Shi470-type dupA is a
third novel genotype of dupA, different from both dupAl and
dupA2. Following Hussein et al., Queiroz et al. sequenced the
complete dupA gene from 6 H. pylori isolates in Brazil. Though
all these genes were reported to be identical to dupAl, the
report did not specify whether the 5’ end was extensive or not.*
For assessing the correspondence of the Shi470-type dupA to
dupAl, further investigations on the upstream region of dupA
are required. Investigating the dupA genotype might provide
insight into the potential relationship between intact dupA and
the strong virulence of H. pylori strains.

It should be noted that dupA gene expression has not been
sufficiently analyzed thus far. Only 2 of the previous studies
on dupA have investigated its expression in various isolates,
as determined by reverse transcription PCR (RT-PCR). In
Japan, Nguyen et al. confirmed dupA expression in all 10
randomly selected H. pylori strains among 72 dupA* isolates.”
Only recently, Alam et al. reported a significant association of
dupA with DU development in a South Indian population.®
They also reported the detection of dupA transcription in 28
of 35 dupA* H. pylori strains. The discovery of strains with
“expressive dupA” by RT-PCR and an assessment of their
relationship with clinical outcomes would reveal the true
role of the DupA protein in the disease development of the
host. Therefore, we should next assess the dupA expression of
the Japanese isolates used in the present study, especially the
Shi470-type dupA* isolates, by using the methods of Alam et
al. Furthermore, the detection of DupA protein still remains
an unsolved problem.*

Further exploration of the surrounding genes of dupA may
also be promising for understanding H. pylori virulence. Previous
studies have shown that 4upA is present in the plasticity zone. This
zone is characterized by a low G+C content and an abundance of
strain-specific ORFs, including TESSs."-*** Recently, Kersulyte
et al. described a putative T4SS-containing dupA as a type IV
secretion 3a (#/532) gene, and a putative T4SS-containing a virB4

Summary Box
What is already known:

sequence, but not dupA as #:36.% Jung et al. defined the presence
of dupA and all 6 adjacent virulence (vir) gene homologs (vir58,
B9, B10, B11, virD4, and D2) as a complete dupA cluster.® They
reported that the presence of a complete dupA cluster but not dupA
alone is associated with DU development in the United States
population. Because we could not find a particular association
between dupA and any clinical outcomes, the vir genes around
dupA in the Japanese H. pylori isolates studied in the present
study will need to be researched further.

In conclusion, we were unable to confirm a close association
between dupA and clinical outcomes in 2 areas in Japan with
different GC risks. However, we found intact dupA consists of
a 2499 bp sequence and most Japanese dupA* strains possess
the intact genotype. We also discovered a significant relation
between the presence of dupA and the East Asian-type cagd in
Japan. In addition, dupA positivity was independently associated
with strains isolated from Okinawa.

Further global analyses of the genetic structure of 4upA and
the association between the H. pylori strain with a dupA-positive
state and clinical outcomes are required.
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«  Theassociation between duodenal ulcer-promoting gene A (dupA) of Helicobacter pylori (H. pylori) and various clinical outcomes

or other virulence factors remains controversial.

- InJapan, Okinawa has lowest incidence of gastric cancer (GC). The diversity of cytotoxin-associated gene A (cagA) detected in
Okinawa includes both East Asian and Western genotypes and is an important factor for the low prevalence of GC.

- dupAis reported to be polymorphic; dupA7 (1884 bp) is the active form, while dupA2 is the truncated version. Several H. pylori
strains are reported to possess long dupA7 sequences (2499 bp) because of an extended 5 end.

What the new findings are:

- We found dupA could be classified into 2 genotypes—a 2499 bp genotype and the initially reported 1839 bp genotype. These
genotypes were designated Shi470-type dupA and J99-type dupA, respectively, after the H. pylori strains whose complete

genomes have been released.

< InJapan, most dupA* H. pylori strains possess intact Shi470-type dupA.
« InJapan, dupA appeared to be independently associated with the East Asian-type cagA and with host residence in Okinawa.
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Membrane-bound form of monocyte chemoattractant protein-1
enhances antitumor effects of suicide gene therapy in a model

of hepatocellular carcinoma

Y Marukawa’, Y Nakamoto', K Kakinoki'

, T Tsuchiyama', N lida’, T Kagaya’, Y Sakai’,

M Naito? N Mukaida® and S Kaneko'

: evaluate the antlt'

Suicide gene therapy usmg the herpes snmplex virus thymldne k|nase/ganC|cIovrr (HSV tk/GCV) system combmed with -
monocyte chemoattractant protem -1 (MCP-1) provrdes 5|gn|ﬁcant antitumor efﬁcacy ‘The current study was desrgned o ,
! mmumty of a newly deyvelop‘ membrane~bound form of MCP-1 (mMCP—1) in an immunocompetent
: );,A recombrnant adenovirus vector (rAd) harbormg the human MCP-1-gene

Ic (@¢ Ll'gene was used. Large amounts of MCP 1 proteln were expressed and
accumulated on the tumor ceII surfa e. The growth of subcutaneous tumors was markedly suppressed when tumors were
treated wrth mMCP—1 as compared ‘with soluble MCP-1, in combmatlon with the HSV-tk/GCV system (P<0.01). The numbers of
Mac-1-, CD4— and CDSa—posmve cells were 5|gn|ﬁcantly hlgher in tumor tissues (P<0.05), and tumor necrosis factor (TNF) mRNA
expression levels with mMCP-1 were almost five-fold higher than those with soluble MCP-1. These results indicate that the
delivery of the mMCP-1 gene greatly enhanced antitumor effects following the apoptotic stimuli by promoting the recruitment

~~and actlvatlon of macrophages and.T Iymphocytes, suggestmg a novel strategy of rmmune—based gene therapy in the

treatment of patlents wnth HCC
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INTRODUCTION

In spite of the recent development of locoregional treatments for
hepatocellular carcinoma (HCQ), the frequency of tumor recur-
rence remains high, probably because of insufficient therapeutic
effects and the multicentric development of HCC in cirrhotic
liver."~3 Non-surgical treatments of HCC, such as radiofrequency
ablation, transcatheter arterial embolization and transcatheter
arterial chemotherapy induce apoptosis of HCC cells, but these
treatments do not enhance antitumoral immunity sufficiently.
Thus, gene therapy aimed at enhancing antitumor immune
responses may be a promising approach to prevent HCC recur-
rence, when it is combined with non-surgical maneuvers.

We previously reported that monocyte chemoattractant pro-
tein-1 (MCP-1) gene delivery using recombinant adenovirus vector
(rAd) in vivo can enhance the efficacy of suicide gene therapy
consisting of the delivery of rAd containing herpes simplex virus
thymidine kinase (HSV-tk) and ganciclovir (GCV) in models of
HCC** and colon cancer® We further demonstrated that the
antitumor effects depended on the activation of macrophages.*”
The adenovirus-specific spatial and temporal expression pattern
may result in the production of the transgene for a limited time.”
Mirroring these characteristics, the adenovirus vector-mediated
delivery of the MCP-1 gene alone was not sufficient to reduce
tumor growth.> To circumvent this bottleneck, sustained expression

of MCP-1 at the tumor site may be required to enhance the
efficacy of the gene therapy using the MCP-1 gene.

Systemic or local administration of cytokines has been used to
enhance the antitumor immune response induced by many
cancer vaccines. However, the systemic administration of cyto-
kines resulted in unwanted side effects. Recently, tumor therapy
that uses a membrane-bound form of cytokine was developed to
reduce the side effects of cytokine in the systemic circulation.
These experiments revealed that the membrane-bound form of
cytokine not only reduced the side -effects, but enhanced the
antitumor effects by prolonging the half-life of cytokines in the
tumor microenvironment.®

These observations prompted us to design the adenovirus
vector driving the expression of membrane-bound form of MCP-1
(mMCP-1) and to evaluate its antitumor effects in a model of HCC.
We demonstrated that the delivery of the mMCP-1 gene markedly
augmented HSV-tk/GCV suicide gene therapy, compared with that
of the soluble MCP-1 (sMCP-1).

MATERIALS AND METHODS
Recombinant adenovirus vectors

Ad-mMCP-1 (Figure 1a) harboring the human MCP-1 gene and the membrane-
spanning domain of the CX3CL1 gene driven by the human cytomegalovirus
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Figure 1. Construct of recombinant adenovirus vector (rAds). Under

the control of the cytomegalovirus immediate early promoter/
enhancer (CMV/IE) promoter and the CAG promoter, rAd Ad-mem-
brane-bound monocyte chemoattractant protein-1 (mMCP-1) (a)
expressing human MCP-1 and the membrane-spanning domain of
fractalkine/CX3CL1 in sequence, rAd Ad-soluble-MCP-1 (sMCP-1), (b)
expressing MCP-1, rAd Ad-lacZ, (c) expressing lacZ and rAd Ad-tk, (d)
expressing HSV-tk. Solid lines indicate the rAd genome. An open
triangle below the rAd genome represents a deletion of adenovirus
early regions. Arrows show the orientations of the transcription.
GpA, rabbit B-globin poly (A) site.

immediate early promoter/enhancer was prepared, purified and titrated
according to the protocols supplied by the manufacturer (Takara, Tokyo,
Japan). The human MCP-1/CX3CL1 (fractalkine) chimera was designed
as follows: DNA encoding a fragment of human CX3CL1 spanning the
intracellular, transmembrane and partial extracellular region was amplified
from the full-length CX3CL1 ¢cDNA by PCR with the following primers (5'-
GCGAGCTCGGGTACCTTCGAGAAGCAGATCG-3' and 5-GCGAATTCAGATT
GTCACACGGGCACAGG-3'). Sacl, Kpnl and EcoRI restriction enzyme sites
were added at the 5’ and 3’ ends of this fragment. MCP-1 was also
amplified by PCR with the following primers (5'-GCGAGCTCGCCAGCAT-
GAAAGTCTCTGCCG-3' and 5'-GCGGTACCAGTCTTCGGAGTTTGGGTTTGC-3).
Sacl and Kpnl restriction enzyme sites were added at the 5" and 3’ ends of
this fragment. The CX3CL1 and MCP-1 DNA fragments were digested with
restriction enzymes by coligation into the Sacl and EcoRl sites of pSTBlue-1
(Novagen, Darmstadt, Germany), generating pSTBlue-1-mMCP-1. Then,
pSTBlue-1-mMCP-1 was digested by Notl and BamHI restriction enzymes
and the fragment was inserted into the pShuttle Vector (Clontech
Laboratories, Mountain View, CA) under the control of cytomegalovirus
immediate early promoter/enhancer, generating pShuttle-mMCP-1. The
pShuttle-mMCP-1 was digested with Pl-Scel/l-Ceul (New England Biolabs,
Hitchin, UK) and the purified product was ligated with Adeno-X genome
DNA, containing nearly the full length of the adenovirus type 5 genome

© 2012 Macmillan Publishers Limited
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lacking the E1 and E3 regions, to generate pAd.mMCP-1. Subsequently, Ad-
mMCP-1 was generated by transfecting 293 cells with pAd.mMCP-1, which
was linearized with Pacl, as described in the manual. Ad-sMCP-1 (which
expresses SMCP-1), Ad-lacZ (which expresses beta-galactosidase (lacZ)) and
Ad-tk (which expresses HSV-tk) were constructed as previously described
and propagated in 293 cells (Figures 1b-d).? The rAds were purified on a
cesium gradient, and the titer of rAd was determined by the 50% tissue
culture infectious dose (TCIDsq) method.'®

Cell lines and culture

The mouse HCC cell lines (BNL 1NG A2, BNL TME A.7R. 1, MM45T.Li and
Hepa 1-6) and the colon cancer cell line Colon 26 were used in these
experiments. Cells were cultured in Dulbecco’s modified Eagle medium
(Gibco, Long Island, NY) supplemented with 10% heat-inactivated fetal
bovine serum {(Gibco).

ELISA for MCP-1

Aliquots of 1 x 10° HCC lines (BNL 1NG A2, BNL 1ME A.7R. 1, MM45T.Li and
Hepa 1-6) and the colon cancer cell line, Colon 26 clone 20, were seeded in
1.0 mi of culture media in a six-well tissue culture plate. After 24 h, the cells
were infected with Ad-mMCP-1, Ad-sMCP-1 and Ad-lacZ at various
multiplicities of infection (MOI). After 48 h, the cells were harvested and
sonicated to obtain the membrane fractions, and the media was collected
from each well. Tumor tissues were resected on day 1 after subcutaneous
injection of 5 x 10% MM45T.Li cells infected with indicated rAds (MOI 50) as
described below. Tumor tissues were washed with phosphate-buffered
saline (PBS) and sonicated to obtain the membrane fractions. The concen-
tration of MCP-1 was determined by enzyme-linked immunosorbent assay
(ELISA) as described previously.” Briefly, each well of a 96-well microtiter
plate was coated with monoclonal anti-human MCP-1 antibody (ME61;
1mgmli~") overnight at 41 °C. After washing, the plates were blocked by
incubation with PBS containing 1% bovine serum albumin for 1h at 37 °C.
Diluted sample media was added, and the plate was then incubated for 2 h
at 37 °C. Following incubation, the plates were washed and incubated with
rabbit anti-MCP-1 antibody (1 mg mI™"), followed by alkaline phosphatase-
conjugated goat anti-rabbit antibody (1/12000, Tago, Burlingame, CA),
each for 2h at 37 °C. After the plate was washed, aliquots of 1 mgml™
p-nitrophenylphosphate (Sigma, St Louis, MO) in 1m diethanolamine
(Sigma; pH 9.8) supplemented with 0.5 mm MgCl, were added to the wells,
and the plate was incubated for 40 min at room temperature. After the
addition of 1 M NaOH, the optical density (405 nm wavelength-OD405) was
assessed by using an ELISA plate reader (MTP-120; Corona Electric, Ibaragi,
Japan).

In vitro chemotaxis assay

In vitro migration assays were performed with the QCM chemotaxis cell
migration assay (5 um, Chemicon International, Temecula, CA) according to
the manufacturer's instructions. Briefly, 7.5 x 10* splenocytes were resus-
pended in 100 pl of RPMI1640 containing 5% bovine serum albumin, and
loaded into the upper well of a transwell chamber. The lower wells were
filled with 150 ul of supernatant from MM45T.Li cells that were harvested
48h after infection with rAds. The cells were incubated for 4h at 37°Cin a
humidified, 5% CO, atmosphere. The migrated cells were lysed and
detected by the CyQuant GR dye (Molecular Probes, Eugene, OR), and
fluorescence was read at an excitation wavelength of 490nm and an
emission wavelength of 520 nm in a fluorescence microplate reader (Thermo
Scientific Fluoroskan Ascent FL, Thermo Fisher Scientific Oy, Vantaa, Finland).

In vitro proliferation assay

In vitro proliferation assays were performed with the CellTiter 96 Aqueous
Non-Radioactive Cell Proliferation Assay (Promega, Madison, WI) according
to the manufacturer’s instructions. Briefly, aliquots of 1 x 10* MM45T.Li
cells that were harvested 24 h after infection with rAds were seeded in
a 96-well tissue culture plate and incubated for 24h. MTS [3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium] solution was added and incubated for 2 h, and the absorbance
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at 490 nm was measured by using an ELISA plate reader (MTP-120; Corona
Electric).

Animal studies

The following investigations were performed in accordance with the
guidelines of our Institutional Animal Care and Use Committee. Six-week-
old immunocompetent female BALB/c-jcl mice (CLEA Japan, Tokyo, Japan)
were injected subcutaneously on both sides of the flank on day 0 with
3 x 10° MM45T.Li cells infected with each rAd at an in vitro MOI of 5. For
the next 5 days (days 1-5), mice received 75 mgkg™" of intraperitoneally
administered GCV (Tanabe Pharmaceutical Drug, Tokyo, Japan). In some
series of experiment, 1 g of the recombinant human MCP-1 in 200 pl of
PBS containing 1% bovine serum albumin were injected intraperitoneally,
as previously described,’? from days 0 to 2 (3 consecutive days) in the
group of the tumor cells transduced with Ad-lacZ on HSV-tk/GCV suicide
therapy. Tumor sizes were measured every 3 days, and tumor volumes
were calculated according to the formula (longest diameter)/(shortest
diameten?/2.

Immunohistochemical analysis

Tumor tissues and spleens were resected on day 10. The tissue samples
were embedded in OCT compound (Sakura Finetek, Toorrance, CA) and
snap-frozen in liquid nitrogen. Cryostat sections of the frozen tissues were
fixed with 4% paraformaldehyde in PBS, followed by washing once with
distilled water for 5min and three times with PBS for 5min. To avoid
nonspecific staining, avidin and biotin in the tissues were blocked by using
a blocking kit (Vector Laboratories, Burlingame, CA).

The tissue sections were subsequently stained with rat anti-mouse CD4
Ab, rat anti-mouse CD8a Ab, rat anti-mouse CD11b Ab (BD Biosciences, San
Diego, CA), or monoclonal mouse anti-human MCP-1 Ab (R&D systems,
Minneapolis, MN) overnight at 4 °C. Isotype controls were also used. Then,
the slides were incubated for 0.5 h at room temperature with biotinylated
polycional rabbit anti-rat IgG (Dako Cytomation, Tokyo, Japan), or the
antibodies in the M.O.M. immunodetection kit to detect mouse primary
antibodies on mouse tissues (Vector Laboratories). The reactions were
visualized by using a VectaStain ABC standard kit (Vector Laboratories),
followed by counterstaining with hematoxylin. The positive cells were
counted in 10 randomly chosen fields at 400-fold magnification by an
examiner without any prior knowledge of the experimental procedures.

Quantitative real-time reverse-transcriptase PCR

Total RNA was extracted from tumor tissues resected on day 10 using an
RNeasy Mini kit (Qiagen, Hilden, Germany) according to the manufacturer’s
instructions. After treating the RNA preparations with ribonuciease-free
DNase | (Qiagen) to remove residual DNA, cDNA was synthesized as
described previously."® Quantitative real-time PCR was performed on a
StepOne real-time PCR system (Applied Biosystems, Foster City, CA) by
using the comparative Cy quantification method. TagMan Gene Expression
Assays (Applied Biosystems) containing specific primers (assay ID: tumor
necrosis factor (TNF), MmO00443258_m1; glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), Mm99999915_g1), TagMan MGB probe (FAM dye-
labeled), and TagMan Fast Universal PCR Master Mix were used with 10 ng
cDNA to quantify the expression levels of TNF. Reactions were performed
for 20 s at 95 °C followed by 40 cycles of 1s at 95°C and 20s at 60 °C. The
GAPDH was amplified as an internal control, and the GAPDH C; values
were subtracted from C; values of the target genes (Cy). The ACy values of
tumors after immune gene therapy with both the suicide gene (HSV-tk
system) and rAds were compared respectively.

Flow cytometry

MM45T.Li. cells transfected with rAds were resuspended in PBS containing
1% bovine serum albumin and 0.1% sodium azide and incubated for
30min on ice with PE-conjugated rat anti-human MCP-1 (BD Pharmingen,
San Diego, CA). The cells were washed, resuspended in PBS and analyzed
in a FACScan with CellQuest software (FACSCalibur, BD Biosciences, San
Jose, CA).

Cancer Gene Therapy (2012), 312-319

Depletion of macrophages/monocytes. Clodronate liposome was pre-
pared and systemic depletion of monocytes/macrophages was performed
as previously described.''® Mice were intraperitoneally injected with
200 pi of clodronate liposome five times: days —2, 0, 3, 6 and 10 after tumor
injection. PBS-clodronate was given in the same manner as a negative
control. Depletion of CD11c-negative monocytes in blood was confirmed
by flow cytometry after injection of clodronate liposome.

Statistical analysis

Mean and s.d. or s.e. were calculated for the obtained data. The statistical
significance of differences between groups was evaluated by the Mann-
Whitney U-test. P<0.05 was considered statistically significant.

RESULTS

In vitro and in vivo MCP-1 production by cells infected with
recombinant adenoviruses

When various tumor cells were infected with either Ad-mMCP-1 or
Ad-sMCP-1 at an MOI of 10, the cells did not show any signs of cell
death (data not shown). Both types of adenoviruses induced the
secretion of human MCP-1 into the supernatants to similar levels
in all the cell lines that we examined (Figure 2a). On the contrary,
MCP-1 contents in the membrane fractions were higher in the
cells infected with Ad-mMCP-1 than in those with Ad-sMCP-1
(Figure 2a). The proportion of MCP-1-positive cells were progres-
sively augmented in MM45T.Li cells as the MOlIs of the used Ad-
mMCP-1 were increased (Figure 2b). In contract, MCP-1-positive
cells were not detected in tumor cells infected with Ad-sMCP-1
and Ad-lacZ, even when the cells were infected with either vector
at a MOI of 100 (Figure 2b). Thus, Ad-mMCP-1 infection can in vitro
drive human MCP-1 expression on the cell surface, as well as its
secretion into the culture medium. These results indicate that
large amounts of MCP-1 protein were expressed and accumulated
on the tumor cell surface when tumor cells were infected with Ad-
mMCP-1 as compared with Ad-sMCP-1 in vitro. To define the biological
functions of secreted human MCP-1 protein, we examined the
migratory capacity of splenocytes to the culture supernatants
obtained 24 h after the infection. The supernatants from either Ad-
mMCP-1- or Ad-sMCP-1-infected cells enhanced the transmigra-
tion of splenic lymphocytes to similar extents, compared with
those from Ad-lacZ-infected cells (Figure 2c). These results
indicated that biologically active human MCP-1 was secreted into
the culture supernatants.

Proliferation of tumor cells infected with rAds in vitro and in vivo

To quantify the proliferation of tumor cells infected with rAds, the
MTS assay was performed 24h after infection. The optical
absorbance at 490nm of tumor cells did not change in the
presence or absence of rAd infection (Figure 3a). Next, tumor cells
infected with rAds (MOI 10) ex vivo were transferred subcuta-
neously in syngeneic wild-type mice, and tumor development was
monitored (Figure 3b). Tumor cells infected with Ad-mMCP-1 and
Ad-sMCP-1 showed similar growth rates to tumor cells infected
with Ad-lacZ. These results indicate that infection with the rAds
used in this study did not affect the proliferation of tumor cells
in vitro and in vivo, and that the delivery of mMCP-1 did not
display antitumor activity when used alone. In addition, the levels
of MCP-1 expression were confirmed immunohistochemically in
the subcutaneous tumor tissues (Figure 3c). MCP-1-positive tumor
cells were detected in tumor tissues infected with Ad-mMCP-1;
however, the cells were negative for MCP-1 staining in tissues
infected with Ad-sMCP-1 and Ad-lacZ. Moreover, larger amounts
of MCP-1 were detected in the tumor tissues of the mice treated
with Ad-mMCP-1 than in those with Ad-sMCP-1 (Figure 3d). The
data indicated that large amounts of MCP-1 protein were
expressed and accumulated on the tumor cell surface when the
tumor cells were infected with Ad-mMCP-1 in vivo.

© 2012 Macmillan Publishers Limited
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Figure 2. Monocyte chemoattractant protein-1 (MCP-1) production in tumor cells infected with recombinant adenovirus vectors (rAds).
(a) Concentrations of MCP-1 in the membrane fractions and in the media of hepatoma cells (BNL 1NG A.2, BNL 1ME A.7R.1, MM45T.Li and
Hepa1-6) and colon cancer cells (colon 26 clone 20) infected with rAds at multiplicities of infection (MOI) of 10 were measured by
enzyme-linked immunosorbent assay (ELISA). Each value is the mean s.d. of triplicate experiments. * P<0.05 when compared with Ad-
soluble MCP-1 (SMCP-1) by the Mann-Whitney’s U-test. (b) Surface expression of MCP-1 on MM45T.Li cells infected with rAds (Ad-mMCP-1,
Ad-sMCP-1 and Ad-lacZ) at the indicated MOIs was assessed by flow cytometry by using PE-conjugated anti-human MCP-1 antibody.
Histograms represent MCP-1 staining of tumor cells. Numbers indicate percentages of MCP-1-positive cells. Surface MCP-1-positive cells
were detected in 0.08, 1.2, 8.1 and 48.0% of MM45T.Li cells infected by Ad-mMCP-1 at MOlIs of 0.1, 1, 10 and 100, respectively. The results
are representative of three independent experiments. (¢) The migratory activity of MCP-1 secreted from rAd-infected tumor cells. Mouse
splenic lymphocytes were loaded into the upper wells of transwell chambers, and supernatants of tumor cells infected with rAds at an
MOI of 10 were added to the lower wells, Cells that migrated through the 8-um pores to the feeder tray after 4 h incubation were lysed
and detected by CyQuant GR dye that exhibits enhanced fluorescence upon binding cellular nucleic acids. Each value is the mean s.e. of
data from three separate migration chambers.

Potentiation of HSV-tk/GCV suicide therapy by co-infection with
Ad-mMCP-1 ;

We previously demonstrated that the gene delivery of Ad-sMCP-1
enhanced the antitumor effects of the HSV-tk/GCV system.*%1%17
Hence, we compared the effects of Ad-mMCP-1 and Ad-sMCP-1
infection on HSV-tk/GCV suicide therapy. When MM45T.Li cells
were co-infected with Ad-tk and Ad-lacZ, and received GCV, tumor
growth was delayed marginally but not significantly (Figure 4a).

© 2012 Macmillan Publishers Limited

Co-infection with Ad-tk and Ad-sMCP-1 retarded tumor growth
significantly after GCV treatment. Moreover, tumor growth was
almost abrogated by the combination of co-infection with Ad-tk
and Ad-mMCP-1, and GCV treatment. To address whether the
antitumor effects could be induced not only by the gene delivery
using Ad vector, but also by the administration of recombinant
protein, we gave intraperitoneally recombinant MCP-1 to
the animals, which were injected with tumor cells, treated with
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Figure 3. Proliferation of tumor cells infected with recombinant adenovirus vectors (rAds) in vitro and in vivo. (@) Tumor cell growth after
the infection of indicated rAds in vitro. A total of 5 x 10° of MM45T.Li cells were infected with the rAds at multiplicities of infection (MOI)
of 10 and incubated for 24 h. The cell numbers were quantitated by MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium) assay. The absorbance was determined at 490 nm with a microplate reader. Each value is the mean s.d. of
data from triplicate experiments. (b) Tumor cell growth after infection of indicated rAds in mice. BALB/c mice were subcutaneously
injected with 3 x 10° MM45T.Li cells infected with the rAds at an MOI of 10 on day 0. Tumor diameters were monitored. Each value is the
mean s.e. (¢) Immunohistochemical analysis of subcutaneous tumor tissues 7 days after the injection in panel b. Tissues were stained and
visualized by using anti-human monocyte chemoattractant protein-1 (MCP-1) Ab and ABC methods. MCP-1 expression was seen as
brown in the cytoplasm of tumor cells. The bar represents 30 um. Original magnification, x 400. (d) Concentrations of MCP-1 were
measured in the s.c. tumor tissues resected on day 1 after injection of 5 x 10° MM45T.Li cells infected with the indicated rAds at an MOI
of 50 by enzyme-linked immunosorbent assay (ELISA). Each value is the mean s.d. of duplicate experiments. *P<0.05 when compared
with Ad-sMCP-1 by the Mann-Whitney’s U-test.

Ad-lacZ and Ad-tk. The systemic administration of recombinant macrophages, CD4-positive lymphocytes and CD8-positve lym-
MCP-1 rather enhanced tumor growth (Figure 4b). As we phocytes, compared with GCV treatment following Ad-lacZ
previously demonstrated that MCP-1 can promote tumor growth infection (Figures 5A and B). GCV administration following co-
in a context-dependent manner by recruiting macrophages, which infection with Ad-sMCP-1 and Ad-tk increased the intratumoral
can secrete an angiogenic factor, the vascular endothelial growth Mac-1-positive macrophage, CD4-positive lymphocyte and CD8-
factor,'®'® systemic MCP-1 injection may promote tumor growth  positve lymphocyte numbers (Figure 5A and B). The increases
by its pro-angiogenic activities. were further enhanced by GCV treatment following co-infection

with Ad-mMCP-1 and Ad-tk (Figures 5A and B). Moreover, intra-

tumoral mRNA expression of TNF, a known macrophage and
Recruitment and activation of macrophages and T lymphocytesin - T Jymphocyte secretagogue, was markedly enhanced in tumors
tumor tissues co-infected with Ad-mMCP-1, compared with those with
The GCV treatment following co-infection with Ad-lacZ and Ad-tk Ad-sMCP-1 plus Ad-tk. To evaluate the functional contribution
failed to increase the intratumoral numbers of Mac-1-positive of intratumoral immune cells, we depleted CD11c-negative
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Figure 4. Antitumor effects of recombinant adenovirus vector (rAds) in vivo. (a) BALB/c mice were subcutaneously injected with 3 x 10°
MM45T.Li cells infected with rAds Ad-membrane-bound monocyte chemoattractant protein-1 (mMCP-1) + Ad-tk, Ad soluble MCP-1 (sMCP-

1) + Ad-tk, Ad-lacZ + Ad-tk, and Ad-lacZ at multiplicities of infection (MOI) of 10 on day 0. Subsequently, 75 mgkg™"

of ganciclovir (GCV) was

administered for 5 consecutive days (days 2-6). Each value is the mean s.e. of triplicate experiments. *P<0.05 when compared with Ad-sMCP-
1+ Ad-tk, and **P<0.01 when compared with Ad-lacZ + Ad-tk by the Mann-Whitney’s U-test. (b) BALB/c mice were injected with MM45T.Li
cells and treated as described in the legend to (a). In Ad-lacZ + Ad-tk + recombinant human MCP-1 (rMCP-1) group, the mice were injected
with 1 pg of rMCP-1 intraperitoneally from days 0 to 2 (3 consecutive days). The mice were injected with phosphate-buffered saline (PBS) as
controls. Tumor sizes were measured every 3 days. Each value is the mean s.e. **P<0.01 when compared with Ad-lacZ + Ad-tk + rMCP-1 by

the Mann-Whitney’s U-test.

monocytes/macrophages by intraperitoneal administration of
clodronate liposome in the current mouse model. The monocyte/
macrophage-depleted mice developed larger tumor than those
treated with PBS liposome (Figure 5D), indicating that monocytes/
macrophages were critically involved in the suppression of tumor
growth by Ad-mMCP-1. Collectively, these data demonstrate that
the delivery of mMMCP-1 promoted the recruitment and activation
of macrophages and T lymphocytes in tumor tissues, presumably
leading to the beneficial antitumor responses in this model.

DISCUSSION

We have proposed a strategy for improving the efficacy of suicide
gene-based gene therapy by the combined heterochronic
administration of HSV-tk and MCP-1 genes. *~%1%~"8 |n the current
study, we generated recombinant adenovirus Ad-mMCP-1 expres-
sing a fusion protein containing the human MCP-1 cDNA fused
with the membrane-spanning domain of fractalkine/CX3CL1, to
drive more efficient and sessile expression of MCP-1. Ad-mMCP-1
infection did not affect the proliferation of MM45T.Li tumor cells in
vitro or in vivo, by itself. Of interest is that Ad-mMCP-1 infection
pontentiated HSV-tk/GCV suicide therapy more efficiently than
Ad-sMCP-1. Moreover, Ad-mMCP-1-mediated antitumor effects
were associated with the recruitment and activation of macro-
phages and T lymphocytes in tumor tissues. Collectively, the
delivery of membrane-bound MCP-1 gene can augment antitumor
effects caused by the HSV-tk/GCV system in an immunecompetent
mouse model of liver tumor and therefore, can be a novel strategy
of immune-based gene therapy to prevent tumor proliferation
and recurrence in patients with HCC.

Chimeric membrane-bound cytokine gene expression vectors
were generated to drive the efficient expression on tumor cell
surface and to reduce the severe side effects caused by systemic
administration of high doses of cytokines. With this maneuver,
cytokines can be anchored on the cell plasma membrane. As a
consequence, a locally high concentration of cytokines can be
achieved with ease and their in vivo half-life can be prolonged in
the tumor site. The availability of cytokines on tumor cell surface
can eventually bring immune cells to the tumor site for better
antigen uptake and stimulation, thereby inducing antitumor
effects at a higher efficiency. On the basis of these assumptions,
this type of modified cytokine gene therapy has been reg:orted
on interleukin-2,"*'%% interleukin-12,2' fractalkine (CX3CL1)** and

© 2012 Macmillan Publishers Limited

TNF.2 Indeed, accumulating evidence revealed that the mem-
brane-bound form of cytokine genes can exhibit more antitumor
effects than the corresponding soluble ones. Likewise, the current
study confirms that the membrane-bound form of MCP-1 can
attract more immune cells, including monocytes/macrophages
and T lymphocytes, to the tumor sites and can induce the
expression of TNF. In addition, TNF can activate endothelial cells to
express several adhesion molecules, such as the intercellular
adhesion molecules and vascular cell adhesion molecules.?*"?’
Circulating immune cells can utilize these adhesion molecules to
effectively transmigrate into the tissues in addition to the direct
chemotactic activities exerted by MCP-1.

The effects of MCP-1 on tumor growth was controversial, either
destructive®® 3 or protective®'*? in a context-dependent manner.
Likewise, murine colon carcinoma cell expressing MCP-1 failed to
metastasize when injected into mice,*® whereas other carcinoma
cells showed enhanced metastasis.>' These discrepancies may be
explained by the observations reported by Nesbit et al.>* They
demonstrated that low-level MCP-1 secretion with modest
monocyte infiltration resulted in tumor formation, whereas high
secretion was associated with massive monocyte/macrophage
infiltration into the tumor mass, leading to its destruction within a
few days. Thus, systemic MCP-1 administration may not be able to
induce massive monocyte/macrophage infiltration into tumor
mass and may promote tumor mass as we observed in the present
study. Moreover, we previously revealed that suicide therapy can
induce tumor cell apoptosis and that apoptotic tumor cells can
secrete MCP-1 more efficiently, thereby recruiting a massive
number of macrophages and retarding tumor growth.* Consis-
tently, we further demonstrated that the delivery of an optimal
amount of rAd expressing MCP-1 enhanced the antitumor effects
of the HSV-tk/GCV system in a model of HCC.'®'8 Infection with
Ad-mMCP-1 can sustain MCP-1 expression in tumor tissues more
efficiently than that with Ad-sMCP-1 as evidenced by an immu-
nohistochemical analysis on the infected tumor tissues. The sustained
MCP-1 expression can potentiate suicide gene therapy more
efficiently.

The present data suggest that the use of Ad-mMCP-1 can be
promising, but several problems remain to be solved before the
clinical application. First, subcutaneous tumor models of an HCC
cell line may not be relevant to HCCs in patients. However, in
cases of nonsurgical procedures for HCC treatment in patients,
such as percutaneous radiofrequency ablation therapy** and
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Figure 5. Immunohistochemical analysis for Mac-1-, CD4- and CD8a-positive cells and expression of tumor necrosis factor (TNF) mRNA in
tumor tissues. In the experiment described in the legend to Figure 4, tumors were resected on day 10 and used for the analyses. (A) Tumor
tissues treated with Ad-membrane-bound monocyte chemoattractant protein-1 (mMCP-1) + Ad-tk (a, e and i), Ad-soluble MCP-1 (sMCP-1)
+ Ad-tk (b, f and j), Ad-lacZ + Ad-tk (¢, g and k) and Ad-lacZ (d, h and I) were stained with anti-Mac-1 antibody (a-d), anti-CD4 antibody
(e-h) or anti-CD8a antibody (i-I). Positive cells are seen as brown. Original magnification, x 400. (B) Quantitative morphometric analysis
showing the proportions of positive cells in areas of 100 tumor cells. Ten high-power ( x 400) fields of tumor tissue were examined. Results are
expressed as means per 1000 hepatoma cells. Values are the means s.d. of triplicate experiments. *P<0.05 when compared with Ad-sMCP-1
by the Mann-Whitney’s U-test. (C) Real-time PCR analysis for TNF mRNA expression in tumor tissues, presented relative to glyceraldehyde
3-phosphate dehydrogenase (GAPDH) mRNA. Each value is the mean s.d. of duplicate experiments. *P<0.05 when compared with
Ad-sMCP-1 + Ad-tk by the Mann-Whitney U-test. (D) BALB/c mice were subcutaneously injected with MM45T.Li cells infected with indicated
rAds and treated as described in the legend to Figure 4a. In the Ad-mMCP-1 + Ad-tk + clodronate liposome (CL) group, mice were injected
with 200 pul of CL to deplete monocytes/macrophages as described in Materials and methods. The mice were injected with phosphate-
buffered saline (PBS) liposome as controls. Tumor sizes were measured every 3 days. Each value is the mean s.e. *P<0.05 when compared with
Ad-mMCP-1 + Ad-tk+ PBS by the Mann-Whitney’s U-test.

transcatheter arterial chemotherapy,® administration of the administered in HCC patients, particularly by the use of
current rAd vectors could be easily applied, immediately once intraarterial procedures. Actually, the infection of high doses of
the standard nonsurgical procedures to ensure tumor cell killing. rAds causes severe unexpected side effects>® However, the
Moreover, rAd can elicit its immunogenicity or cytotoxicity when delivery of membrane-bound form of the MCP-1 gene can cause
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a high and effective concentration at the tumor sites even when it

is administered at a relatively lower titer, and therefore, can evade
severe adverse effects caused frequently by the administration of 17
a high titer of adenovirus vectors.
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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 Tkeda,' Yoh Zen,' Hiroyuki Takamura,' Xin Wei Wa,ng,2 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, CD90™ 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-p) 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 2012;00:000-000)

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; AFE alpha-feroprorein; CK-19, cytokeratin-19; CSC, cancer stem cell; DN5, dysplastic nodiles; EMT,
epithelial mesenchymal transition; EpCAM; epithelial cell adhesion molecule; FACS, fluorescent-activated cell sortings HBY, hepatitis B virus HCC, hepatocellular
carcinoma; HCV, hepatitis C virus; HSCs, hepatic stem cells; IE immunoffuorescence; IHC, immunohistochemistry; IR, immunoreactivity; MDS, multidimensional
scalingg NBNC, non-B, non-C hepatitis NODISCID, nonobese diabetic, severe combined immunodeficient; NT, nontumor; OV-1, ovalbumin I; qPCR,
quantitative real-time polymerase chain reaction; SC, subcutancous; Smad3, Mothers against decapentaplegic homolog 3; TECs, numor epithelial cellss TGF-f,
transforming growth factor beta; TIN, tumor/nontumor; VECs, vascular endothelial cells; VM, vasculogenic mimicry; VEGER, 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 CDI133" 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 obtained
with informed consent from patients 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 hepatic stromal tumors (three
cavernous hemangioma, two hemangioendothelioma,
and two angiomyolipoma) were formalin fixed and
paraffin embedded and used for IHC analyses.

HEPATOLOGY, Month 2012

Table 1. Clinicopathological Characteristics of HCC Cases
Used for Xenotransplantation

Age/ Tumor Histological AFP pcp
ID Sex Etiology Size (cm) Grade {ng/mL) (lu/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 25,977
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  Alcohol 2.1 Well <10 11
P12 60/M HBV 10.8 Poor 323 2,359
P13  66/M HCV 2.8 Moderate 11 29
P14 71/M HCV 7.2 Moderate 235,700 375,080
P15 75/M HBV 5.5 Paor <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+, CD90%, 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 CD133™
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
EpCAM™ cells (46.7%), whereas only 3 HCCs
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