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Introduction: MicroRNA (miRNA) is a small non-coding RNA, which negatively
regulates the expression of many target genes, thereby contributing to the
modulation of diverse cell fates. Recent advances in molecular biology have
revealed the potential role of miRNAs in tumor initiation, progression and
metastasis. Aberrant regulation of miRNAs has been.frequently reported in
a variety of cancers, including gastrointestinal tumors, suggesting that
cancer-related miRNAs are promising as novel hiomarkers for tumor
diagnosis and are potential target genes for cancer gene therapy against
gastrointestinal tumors.

Areas covered: The review focuses on the role of specific miRNAs (miR-192/
194/215 and miR-7) in the differentiation.of gastrointestinal epithelium and
on the role of tumor-suppressive (miR-34, miR-143, miR-145) and oncogenic
miRNAs (miR-21, miR-17-92 cluster) in gastrointestinal tumaers. Furthermore,
the potential role of miRNAs as novel biomarkers and target genes for cancer
gene therapy against<gastrointestinal tumors:are discussed. We will also
outline the potential clinical. application.of miRNAs for tumor diagnosis and
cancer gene therapy against gastrointestinal tumors.

Expert opinion: Exploration -of.tumor-related miRNAs would provide
important < opportunities <for .the: development of novel cancer gene
therapies aimed:at normalizing.the critical miRNAs that are deregulated in
gastrointestinal tumors.

Keywords: cancer; gastrointestinal tumor, gene therapy, microRNA
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1. Introduction

MicroRNA (miRNA) are small non-coding RNAs consisting of 22 nucleotides,
which post-transcriptionally suppresses the expression of many target genes by pair-
ing with complementary nucleotide sequences in the 3’-untranslated regions of the
target mRNA [1]. Aberrant regulation of miRNAs has been frequently reported in a
variety of cancers, including gastrointestinal tumors [2-7). Recent advances in molec-
ular biology have revealed the potential role of miRNAs in tumor initiation, pro-
gression and metastasis (8). In particular, a number of reports have indicated that
miRNA can regulate diverse cell fates including cell proliferation (9], the epithelial-
mesenchymal transition [10], apoptosis [11] and senescence [12] in human cancer cells.
Analysis of global miRNA expression profiles has revealed that gastrointestinal
tumors are strictly distinguished from non-gastrointestinal tumors [2]. Since gastro-
intestinal epithelium is commonly differentiated from the endoderm during devel-
opment of the digestive tract [13], many miRNAs may be commonly regulated in the

informa

healthcare

gastrointestinal tract and deregulated in gastrointestinal tumors. In this review, we
focus on the functional role of miRNAs in gastrointestinal epithelium and tumors,
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Article highlights.

 Gastrointestinal tumors are strictly distinguished from
non-gastrointestinal tumors by analysis of global miRNA
expression profiles.

e miR-192/194/215 and miR-7 have functional roels in the
differentiation of intestinal epithelial cells.

» Tumor-suppressive miRNAs (miR-34 and miR-143/145)
and oncogenic miRNAs (miR-21 and miR-17-92 cluster)
are commonly deregulated in gastrointestinal tumors.

e Detection of aberrant miRNA expression in the blood
and stool may be a promising screening system for early
detection of gastrointestinal tumors.

 Upregulation of miR-34 and/or downregulation of
miR-21 may be a promising miRNA-based cancer gene
therapy for the treatment of patients with
gastrointestinal tumors.

This box summarizes key points contained in the article.

such as human gastric and colon cancers, and discuss a
miRNA-based strategy for tumor diagnosis and cancer gene
therapy against gastrointestinal tumors.

2. Role of miRNAs in the gastrointestinal
tract

Recent evidence has shown that miRNAs play critical roles in
the differentiation of normal cells into various organs [14].
Recently, miR-192/194/215 and miR-7 have been shown to
have functional roles in the differentiation of intestinal
epithelial cells (Figure 1).

2.1 miR-192/194/215

Two miRNA clusters, miR-192/194-2 and miR-194-1/215,
are located on the human chromosomes 11q13 and 1q41,
respectively. The expression of miR-194/215 was upregulated
during the differentiation of human intestinal epithelial
cells [15]. It has been recently shown that miR-192 is the
most highly expressed miRNA in intestinal epithelial cells
of mice. In addition, Dicer-deficient mice, which lack the
machinery to generate miRNAs, exhibited an impaired
intestinal barrier function [16], suggesting crucial roles for
miRNAs in the differentiation and function of the intestinal
epithelium. Furthermore, miRNA expression profiles also
support the idea that miR-192/194/215 are gastrointestinal-
tract-related miRNAs that are more highly expressed in
gastrointestinal tumors compared with non-gastrointestinal
tumors [2].

The expression of miR-192/194/215 is modulated by
tumor suppressor p53 [17-19]. Hepatocyte nuclear factor-
1ot can also play a role in the regulation of miR-194
expression [15]. The miRNAs miR-192/194/215 induce cell
cycle arrest and cell detachment through suppression of
many target genes including cel division cycle 7 (CDC7),
excission repair cross-complementing 3 (ERCC3) and

dihydrofolate reductase (DHFR) [17-19]. A previous report
has suggested that p53 and p53-downstream rtargetr p21
genes are upregulated during the differentiation of human
intestinal epithelial cells [20. These reports suggest that
p53-mediated modulation of miR-192/194/215 expression
is involved in the differentiation of human intestinal
epithelial cells.

2.2 miR-7

miR-7 has been shown to be involved in the differentiation of
intestinal epithelial cells [21). m#R-7 induces cell detachment
through suppression of the expression of the transmembrane
glycoprotein CD98, which regulates intestinal epithelial adhe-
sion through interaction with integrin B1 (22). In contrast, the
expression levels of miR-7 in inflamed colon tissues were sig-
nificantly decreased in the colon tissues of patients with
Crohn’s disease, which is strongly associated with colon carci-
nogenesis, compared with those in normal colon tissues [21].
The inflammatory cytokine, IL-1B, can suppress miR-7
expression but conversely induces CD98 expression [21].
These findings suggest that miR-7 is involved in the
differentiation of intestinal epithelial cells and that miR-7
downregulation by inflammatory cytokines contributes to
colon carcinogenesis.

3. Deregulation of miRNAs in gastrointestinal
tumors

Deregulation of miRNA in human cancers is associated with
transcriptional deregulation, epigenetic alterations, muta-
tions, DNA copy number abnormalities and defects in the
miRNA  biogenesis machinery (23. Tumor-suppressive
miRNAs (miR-34 and miR-143/145) and oncogenic miRNAs
(miR-21 and miR-17-92 cluster) are commonly deregulated
in gastrointestinal tumors (Table 1).

3.1 Tumor-suppressive miRNAs

3.1.1 miR-34

The miR-34 family (miR-34a, -34b and -34¢) is a family of
tumor suppressive miRNAs that are induced by the tumor
suppressor p53 gene [12,24-27). We previously reported that
miR-34a expression was downregulated in 9 (36%) out of
25 human colon cancer tissues compared with the corre-
sponding normal tissues [12]. There are three possible molec-
ular mechanisms of miR-34 downregulation in human
cancer cells as follows; i) p53 dysfunction, ii) promoter
methylation, iii) chromosomal deletion (Figure 2). In more
than 50% of human gastrointestinal tumors, the function
of the tumor suppressor p53 is frequently lost due to
mutations [28-30] or deletions of chromosome 17p13 [31-33],
on which the p53 gene is located. Recently, frequent pro-
moter hypermethylation of miR-34a was observed in a vari-
ety of human cancer cells including gastric cancers (34]. The
expression of miR-34b6 and miR-34c is also downregulated
through promoter hypermethylation in human colon cancer
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Figure 1. Functional roles of miR-192/194/215 and miR-7 in the differentiation of human intestinal epithelial cells. Induction
of miR-192/194/215 expression by p53 or HNF-1a. downregulates common target genes (CDC7, ERCC3 and DHFR) and induces
cell cycle arrest and cell detachment, leading to cell differentiation. Cell detachment and differentiation are also induced
through suppression of CD98 by miR-7, which can be inhibited by the inflammatory cytokine IL-1B.

tissues and cell lines, although normal colon tissues show no
methylation 135]. Furthermore, the location of miRNA on
human chromosomes has been reported to be associated
with the fragile chromosomal sites that have been detected
in a variety of human cancers [36]. miR-34a is located on
human chromosome 1p36, which is frequently deleted in
gastrointestinal tumors [37). In contrast, miR-34b/34c is
located on human chromosome 11q23, which is a fragile
site that is associated with breast and lung cancers (36) and
that has recently been identified as a colorectal cancer sus-
ceptibility locus in a genome-wide association study [38].
These reports suggest that the expression of the miR-34
family is frequently downregulated through transcrip-
tional deregulation and chromosomal instability in
gastrointestinal tumors.

Overexpression of miR-34a induces cell cycle arrest,
senescence and apoptosis in  human cancer cells
(Figure 3) [12.24-27). Regarding the molecular mechanism
that underlies miR-34a-mediated induction of senescence-
like growth arrest, we previously showed that miR-34a
causes the downregulation of E2F-related genes and the
upregulation of p53-related genes in human colon cancer
cells 112). miR-34a directly suppresses the expression of
E2F3 139), leading to downregulation of E2F1 and
E2F2 [12). In contrast, direct suppression of sirtuin 1
(SIRT1) expression by miR-34a induces p53 activation
that functions as a positive-feedback loop (401 and

subsequently upregulates p53-downstream target genes
including p2I [12.40]. Furthermore, the genes encoding
the antiapoptotic factor B-cell leukaemia/lymphoma
protein2 (BCL2) and the cell cycle-dependent kinase
CDKG6 are also targeted by miR-344 resulting in the induc-
tion of apoptosis and cell cycle arrest, respectively [26,41].
Overexpression of miR-34b and miR-34¢ in human cancer
cells also induces cell cycle arrest, senescence and apoptosis
through downregulation of the same target genes as
miR-34a (42]. These results suggest that miR-34 plays tumor
suppressive roles including the induction of senescence,
apoptosis and cell cycle arrest, in human cancer cells.
Thus, miR-34 alteration may induce aberrant cell
proliferation, thereby contributing to tumor development
in gastrointestinal tracts.

3.1.2 miR-143/145

The miR-143/145 cluster is located on human chromosome
5933 [43]. Gastrointestinal tumors show reduced expression
of miR-143/145 [44-47). Although the molecular mechanism
of miR-143/145 downregulation remains unclear, recent
reports have shown that the tumor suppressor p53 induces
expression of miR-143/145 |[48.49), suggesting that
miR-1431145, similar to miR-34, is downregulated follow-
ing loss of p53 function. miR-143 suppresses the expression
of KRAS 1500 and DNA methyltransferase 3A [51], whereas
miR-145 downregulates the expressions of oncogenic
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Table 1. miRNAs commonly deregulated in human gastrointestinal cancers.

Ref.

Target
genes

Chromosomal Chromosomal
region alteration

Promoter

Transcriptional

Expression level
in GI tumors

miRNA

Function of
miRNA

methylation

regulators

[12,26,34,37,39-41]

[35,38,42]
[43-55]

Loss E2F3, BCL2, CDKS6, SIRT1
E2F3, CDK6

Ch1p36
Ch11g23

Ch5q33

p53

Downregulation

Tumor-suppressive  miR-34a

miRNA

Unknown

p53
p53

Downregulation

miR-34b/34c

KRAS, DNMT3A, IRS1,
MUC1, STAT1

Unknown

Unknown

Downregulation

miR-143/145

[56-66]
[67-74]

PDCD4, CDC25A

Unknown

Ch17q23
Ch13g31

IL-6, STAT3

Upregulation

Oncogenic miRNA  miR-21

CDKN1A(p21), PTEN, BIM

Amplification

c-Myc, E2F3, p53

Upregulation

miR-17-92 cluster

c-Myc 149), insulin receptor substrate (/RS)-1 [52,53], mucin
1 (MUCI) 54 and signal transducer and activator of
transcriptionl  (STATI) (551 genes in human colon
cancer cells (Figure 3). Subsequently, overexpression of
miR-143/145 induces the suppression of cell proliferation,
cell invasion and tumor growth [50-55].

3.2 Oncogenic miRNAs

3.2.1 miR-21

miR-2] is located on human chromosome 17q23.
Upregulation of miR-21 is frequently observed in a variety
of human cancers [3]. miR-21 is overexpressed in human
gastric cancers [56-60) and this expression was significantly
associated with overall survival and with relapse-
free survival of gastric cancer patients [59]. Furthermore,
miR-21 expression was significantly higher in Helicobacter
pylori-infected gastric mucosa (58. Human colon cancers
also showed miR-21 overexpression, which was associated
with poor survival of colon cancer patients (61). High
miR-21 expression has been associated with the expression
of inflammatory cytokines (62). Regarding the transcrip-
tional regulation of miR-21 (Figure 4), miR-21 is upregu-
lated by IL-6-dependent induction of STAT3 in human
colon cancer cells (63]. In contrast, STAT3 activation is
suppressed by tumor suppressor p53 in human breast cancer
cells (64 These results indicate that inflaimmatory
stimuli and loss of p53 function induce miR-21 overexpres-
sion, thereby contributing to the progression of gastrointes-
tinal tumors. Regarding the molecular mechanism of
miR-21 oncogenic function (Figure 4), miR-21 overexpres-
sion promotes cell transformation through suppression of
the programmed cell death 4 (PDCD4) gene [65], whose
expression was inversely correlated with —miR-21
expression in human gastric cancers [60]. Furthermore,
miR-21 suppresses CDC25A expression and subsequently
induces cell cycle progression in human colon cancer
cells [66).

3.2.2 The miR-17-92 cluster

Overexpression of the miR-17-92 cluster has been reported in
colon cancers [67,6s]. Although the human chromosome
13q31, on which the miR-17-92 cluster is located, is amplified
in gastrointestinal tumors [69.70], the relationship between
miR-17-92 overexpression and chromosomal alterations in gas-
trointestinal tumors remains unclear. The miR-17-92 cluster is
overexpressed in human embryonic colon tissues as well as in
colon cancers [68], suggesting that the miR-17-92 cluster is
involved in cell proliferation of the normal colon and in tumor
development. The miR-17-92 cluster is upregulated by onco-
genic ¢-Myc [71] and by E2F3 (721. In contrast, the tumor
suppressor p53 represses expression of the miR-17-92
cluster (73]. Thus, the balance between the expression of onco-
genic and tumor-suppressive genes in human colon epithelium
may induce miR-17-92 cluster overexpression, thereby
contributing to colon carcinogenesis. Regarding the oncogenic
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Figure 2. Possible involvement of miR-34 regulation by p53 or of miR-34 dysfunction in aberrant cell proliferation of
human cancer cells. Left panel: DNA damage induces p53 activation, leading to miR-34 upregulation and suppression
of cell proliferation in human cancer cells with normal p53 and miR-34 function. Middle panel: p53 dysfunction caused
by mutation or by loss of chromosome 17p13 contributes to miR-34 downregulation and aberrant cell proliferation in
human cancer cells after DNA damage. Right panel: miR-34 dysfunction caused by promoter methylation or by loss of
chromosome 1p36 or 11g23 contributes to aberrant cell proliferation in human cancer cells, even if DNA damage induces
p53 activation.
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Figure 3. Tumor-suppressive roles of miR-34 and miR-143/145 in gastrointestinal cancer cells. p53-induced miR-34
overexpression downregulates target genes (E2F3, BCL2 and CDK®), leading to induction of cell cycle arrest, senescence
and apoptosis in human cancer cells. Furthermore, miR-34-mediated suppression of SIRT1 expression can induce
p53 activation, thereby contributing to a positive-feedback loop that results in strong induction of miR-34 expression. In
contrast, p53-induced miR-143/145 overexpression downregulates target genes (KRAS, ¢-Myc, IRS-1 and MUCT), leading to
suppression of cell proliferation and invasion in human cancer cells.
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Figure 4. Oncogenic roles of miR-21 and miR-17-92 cluster in gastrointestinal cancer cells. STAT3-induced miR-21
overexpression downregulates target genes (PDCD4 and CDC25A), leading to proliferation, cell cycle progression and
survival in human cancer cells. In contrast, c-Myc or E2F3 induction of the miR-17-92 cluster downregulates target genes (p271
and PTEN), leading to cell proliferation, cell cycle progression and survival in human cancer cells. p53 can suppress expression

of miR-21 and the miR-17-92 cluster.

mechanism of the miR-17-92 cluster (Figure 4), the miR-17-92
cluster suppresses many target genes including CDKNIA
(p21), phosphatase and tensin homologue (PTEN) and bcl-2
interacting mediator of cell death (BIM), thereby
enhancing cell proliferation, cell cycle progression and cell
survival [74).

4. miRNAs as novel biomarkers in
gastrointestinal tumors

It has recently been predicted that it may be possible to
detect aberrant miRNA expression in plasma, which could
function as a novel biomarker for the early detection of var-
ious human cancers [75]. Indeed, the expression levels of
oncogenic miR-21 and the miR-17-92 cluster in plasma
were significantly higher in patients with gastrointestinal
cancers compared with healthy controls [76-78]. Furthermore,
overexpression of miR-21 was detected in fecal miRNAs
from patients with colorectal tumors including adenoma
and adenocarcinoma (79]. These reports suggest that detec-
tion of oncogenic miRNAs that are highly expressed in the
blood and stools of patients with gastrointestinal tumors is
a promising screening system for early diagnosis of these
tumors. Furthermore, the expression levels of miR-17-3p
and miR-92 among the miR-17-92 cluster was significantly
reduced after surgery in plasma of patients with colorectal
cancers [78]. Thus, re-overexpression of oncogenic miRNAs
in blood and stool may be also useful biomarker for the early
detection of tumor recurrence after surgical resection in
gastrointestinal cancer patients.

5. Potential role of miRNAs in cancer gene
therapy for gastrointestinal tumors

5.1 Upregulation of tumor-suppressive miR-34
expression

5.1.1 Conventional therapy

Conventional anticancer therapy, such as chemotherapy and
radiation, induces miR-34 expression in human cancer cells
that have normal p53 and miR-34 function (Figure 5) [12,24-27).
However, since more than 50% of human gastrointestinal
tumors lack normal p53 function [28-33] and are therefore defi-
cient in p53-induced miR-34 expression, novel anticancer
therapy that can induce miR-34 expression in these tumors
needs to be developed.

5.1.2 p53-expressing adenovirus

One possible method that might be effective for induction of
miR-34 in human cancer cells that have no functional
p53 expression due to mutation or to chromosome
17p13 loss (Figure 2) is to infect the tumor cells with a
p53-expressing adenovirus vector (Ad-p53) (Figure 5). Previ-
ous studies have shown that adenovirus-mediated over-
expression of the p53 gene suppresses cell proliferation
and tumor growth through induction of apoptotic cell death
in human gastric cancer cells (s0,81. We previously reported
that adenovirus-mediated wild-type p53 transfer efficiently
suppressed cell proliferation, tumor growth and angio-
genesis in human colon cancer cells [8283]. Furthermore,
induction of p53 overexpression by the Ad-p53 vector, in
combination with aspirin treatment, enhances apoptotic cell
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Figure 5. Suppression of aberrant cell proliferation through miR-34 upregulation by conventional therapy, by a
p53-expressing adenovirus or by miR-34 mimics in human cancer cells. Left panel: conventional therapy, such as
chemotherapy and radiation, upregulates miR-34 expression through p53 activation in human cancer cells that have normal
p53 and miR-34 function. Middle panel: a p53-expressing adenovirus results in exogenous p53 expression, leading to miR-34
expression, in human cancer cells that lack normal p53 function. Right panel: miR-34 mimics result in miR-34 expression in

human cancer cells that lack normal miR-34 function.

death through inhibition of NF-kB expression in human
colon cancer cells [84). These findings suggest that
adenovirus-mediated p53 overexpression is a promising anti-
tumor therapy for gastrointestinal tumors. Adenovirus-
mediated p53 overexpression may induce miR-34 expression,
thereby contributing to the suppression of tumor growth in
gastrointestinal tumors.

Several Phase I clinical trials have shown that treatment
with recombinant, replication-deficient Ad-p53 was well tol-
erated in patients with NSCLC (s85-87. However, the low
transduction rate of p53 gene transfer by replication-
deficient Ad-p53 is major problem that needs to be over-
come in order to improve the clinical outcome in patients
with advanced cancers. We recently reported that
combination therapy of Ad-p53 with a replication-
competent oncolytic adenovirus enhances and sustains the
expression level of p53, leading to enhanced apoptotic cell
death of human cancer cells [88). Furthermore, a condition-
ally replication-competent p53-expressing adenovirus also
enhances and sustains p53 gene expression [89], which
probably leads to strong miR-34 expression in human
cancer cells.

5.1.3 miR-34 mimics

In the case of human cancer cells that have no functional
miR-34 expression due to promoter methylation and/or loss
of chromosome 1p36 or 11q23 (Figure 2), direct miR-34
upregulation by 7iR-34 mimics should be attempted (Figure 5).
We previously reported that ectopic expression of miR-34a
suppressed  cell  viability and induced subsequent
senescence-like growth arrest in human colon cancer cells that

expressed either wild-type or mutated p53 genes [12. Further-
more, miR-34a overexpression was recently reported to sup-
press tumor sphere formation of p53-mutated human gastric
cancer cells [90]. Since tumor sphere formation is one of the
characteristics of cancer stem cells (911, restoration of miR-34a
expression may be a promising antitumor therapy against
cancer stem cells in gastrointestinal tumors. Indeed, an
antitumor effect of miR-34a overexpression has been recently
shown in human cancer stem cells in the pancreas [92] and the
brain [93). Exploration of the antitumor effect of miR-34a
mimics against cancer stem cells in gastrointestinal tumors
is warranted.

5.2 Downregulation of oncogenic miR-21 expression
Since a variety of human cancer cells including gastrointestinal
tumors have been shown to overexpress miR-21 [53-59], develop-
ment of a cancer gene therapy that would suppress oncogenic
miR-21 overexpression would be a promising antitumor ther-
apy against many human cancers. Several strategies, such as
anti-inflammatory drugs, antisense oligonucleotides and
miRNA sponges, have been suggested to efficiently suppress
oncogenic miRNA expression in human cancer cells.

5.2.1 Anti-inflammatory drugs

The anti-inflammatory drug, Curcumin, has been recently
shown to downregulate 7iR-21 expression in human pancre-
atic cancer cells [94]. Since Curcumin can inhibit IL-6-medi-
ated STAT3 activation [95], which induces miR-21
expression in human colon cancer cells (631, Curcumin treat-
ment may downregulate miR-21 expression in human
colon cancers.
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5.2.2 Antisense oligonucleotides

Antisense oligonucleotides have been frequently used in
in vitro experiments to directly suppress the expression of
oncogenic miRNAs. A miR-21 antisense oligonucleotide has
been shown to suppress miR-21 expression in human gastric
cancer cells, resulting in suppression of cell proliferation and
induction of apoptotic cell death [58]. In iz vive settings, a
miR-21 antisense oligonucleotide efficiently suppresses the
tumor growth of human breast cancer cells (9] and human gli-
oma cells 196]. These results suggest that the use of miR-21
antisense oligonucleotides is a promising antitumor therapy
against gastrointestinal tumors.

5.2.3 miRNA sponges

Overexpression of a miRNA sponge, which contains multiple
binding sites for a specific miRNA, has been shown to down-
regulate the inhibitory effect of endogenous miRNA against
many target genes [97). Recently, it has been shown that a
miRNA sponge for miR-10b, whose expression is significantly
associated with breast cancer metastasis, can suppress #:R-10b
expression as efficiently as an antisense oligonucleotide and
contributes to the suppression of lung metastasis in an
orthotopic breast tumor animal model (98]. Thus, miRNA
sponges may also be a promising antitumor therapy for the
suppression of oncogenic miR-21 overexpression in human
gastrointestinal tumors.

5.3 Delivery of miRNA-based cancer gene therapy in
gastrointestinal tumors

Establishment of delivery systems to induce efficient antitu-
mor effect without normal tissue damage is an important issue
for the miRNA-based cancer gene therapy. If gastrointestinal
cancers are observed under gastroendoscopy or colonoscopy,
the intratumoral injection of miRNA mimics, adenoviral vec-
tors, antisense oligonucleotide and miRNA sponges can be
performed. However, if the gastrointestinal tumors are with
distal organ metastasis, systemic delivery of miRNA-based
cancer gene therapy should be considered.

6. Conclusions

Diverse genetic alterations have been shown by many cancer
researchers to play a role in the pathogenesis of gastrointesti-
nal tumors and a ‘multi-step colon carcinogenesis theory’
has been established by Vogelstein’s group (991 since the
1990s. However, since non-coding miRNAs have been shown
to be deregulated in a variety of human cancers including
gastrointestinal tumors [2,3], in order to understand the path-
ogenesis of gastrointestinal tumors it will be necessary to
determine the molecular mechanism of the interaction

between protein-coding genes and non-coding miRNA
genes [100]. Thus, an understanding at the molecular level of
miRNA-related cancer progression would provide a novel
platform for the development of miRNA-based tumor diag-
nosis and cancer gene therapy for the treatment of patients
with gastrointestinal tumors.

7. Expert opinion

Recent advances in molecular biology have revealed the aber-
rant expression of many miRNAs in a variety of human can-
cers including gastrointestinal tumors, suggesting a potential
role of miRNAs in tumor initiation, progression and metasta-
sis. Indeed a number of reports have indicated that miRNAs
can regulate diverse cell fates in human normal and cancer
cells. The miRNAs miR-192/194/215 and miR-7 have
recently been shown to play functional roles during differen-
tiation of human intestinal epithelial cells. In contrast, human
gastrointestinal tumors show downregulation of tumor sup-
pressive miRNAs (miR-34 and miR-143/145) and upregula-
tion of oncogenic miRNAs (miR-2] and miR-17-92).
Interestingly, the tumor suppressor p53 can induce both
differentiation-related and tumor-suppressive miRNAs,
whereas it can further suppress oncogenic miRNAs in gastro-
intestinal epithelium and tumors. These data suggest that
restoration of p53 expression is a promising cancer gene ther-
apy against gastrointestinal tumors. However, the low
transduction rate of p53 gene transfer by a replication-
deficient Ad-p53 is a major problem that needs to be
overcome in order to improve the clinical outcome in patients
with advanced cancers. In human cancers with miR-34 dys-
function, restoration of miR-34 rather than of p53 may be
effective for induction of miR-34 expression. Furthermore,
suppression of oncogenic miRNA expression in combination
with miR-34 restoration may be a more effective therapy
than restoration of p53. Thus, understanding of the molecular
mechanism of miRNA-related cancer progression would pro-
vide a novel platform for the development of miRNA-
based cancer gene therapy for the treatment of patients with
gastrointestinal tumors. Furthermore, the development of an
carly detection system for oncogenic miRNAs that are highly
expressed in blood and stool would improve the clinical
outcome of patients with gastrointestinal tumors.
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Telomerase -specific oncolytlc
virotherapy for human
gastromtestlnal cancer

Expert Rev. Anticancer Ther.,] 1 (4),525—532 (2011)

Replication-selective tumor-specific viruses present a novel approach for treatment of neoplastic
disease. These vectors are designed to induce virus-mediated lysis of tumor cells after selective
viral propagation within the tumor. Human telomerase is highly active in more than 85% of
primary cancers, regardless of their tissue origins, and its activity correlates closely with human
telomerase reverse transcriptase (hTERT) expression. We constructed an attenuated adenovirus 5
vector (OBP-301), in which the hTERT promoter element drives the expression of £7 genes. Since
only tumor cells that express telomerase activity are able to activate this promoter, the hTERT
proximal promoter allows for preferential expression of viral genes in tumor cells, leading to
selective viral replication and oncolytic cell death. Lymphatic invasion is a major route for cancer
cell dissemination, and adequate treatment of locoregional lymph nodes is required for curative
treatment in patients with gastrointestinal tumors. In this article we show that intratumoral
injection of OBP-301 mediates effective in vivo purging of metastatic tumor cells from regional

lymph nodes, which may help optimize treatment of human gastrointestinal malignancies.

Keyworbs: adenovirus ® colorectal cancer e lymph node » metastasis » telomerase

Viruses are the simplest form of life, carry genetic
material and are capable of entering host cells
efficiently. Because of these properties, many
viruses have been adapted as gene-transfer vec-
tors [1-3]. Adenoviruses have been studied exten-
sively and are well-characterized. Adenoviruses
are large dsDNA viruses with tropism for many
human tissues such as bronchial epithelia,
hepatocytes and neurons. Furthermore, they are
capable of transducing nonreplicating cells and
can be grown to high titers ix vitro, which allows
for their potential clinical use. High titers of rep-
lication-defective adenoviruses can be produced
and have been successfully used in eukaryotic
gene expression [1.4.5]. Numerous studies using
in vitro and animal models have tested a wide
variety of adenoviral gene-therapy agents and
have reported potential beneficial effects for dif-
ferent target diseases, including tolerability and
safety [6-9].

Oncolytic viruses that can selectively repli-
cate in tumor cells and lyse infected cells have
been extensively investigated as novel antican-
cer agents [3,10,11]. These vectors are designed to
induce virus-mediated lysis of tumor cells after
selective viral propagation within the tumor
cell while remaining innocuous to normal

tissues [12]. Clinical trials of intratumoral injec-
tion of Onyx-015, which is an adenovirus with
the EIB 55-kDa gene deleted and engineered
to selectively replicate in and lyse p53-deficient
cancer cells [13], alone or in combination with
cisplatin/5-fluorouracil, have been conducted
in patients with recurrent head and neck can-
cer [14,15]. However, subsequent studies have clar-
ified that the capacity of Onyx-015 to replicate
independently of the cell cycle does not correlate
with the status of p53 [16], but is determined by
late viral RNA export [17].

The optimal treatment of human cancer
requires improvement of the therapeutic ratio to
increase the cytotoxic efficacy on tumor cells and
decrease that on normal cells. This may not be
an easy task because the majority of normal cells
surrounding tumors are sensitive to cytotoxic
agents. Thus, to establish reliable therapeutic
strategies for human cancer, it is important to
seek genetic or epigenetic targets present only
in cancer cells. One of the targeting strategies
has involved the use of tissue-specific promot-
ers to restrict gene expression or viral replication
in specific tissues. A large number of different
tissue-specific promoters have been used for viro-
therapy applications for targeting tumors derived
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from various tissues; however, tumor-specific, rather than tissue-
specific, promoters would be more advantageous. For example, the
promoter of human telomerase reverse transcriptase (WTERT) is
highly active in most tumor cells but inactive in normal somatic
cell types.

This article highlights some very promising advances in can-
cer therapeutic technologies using the hTERT promoter against
human gastrointestinal cancer, especially for regional lymph
node metastasis.

Lymph node metastasis in human

gastrointestinal cancer

Lymph node status provides important information for both
the diagnosis and treatment of human gastrointestinal cancer.
Lympbhatic invasion is a major route for cancer cell dissemina-
tion, and lymph node metastases represent an aggressive tumor
behavior and are associated with a high rate of regional recur-
rence, which portends a poor outcome and may produce marked
morbidity [18-20]. Therefore, adequate resection of the locore-
gional lymph nodes is required for curative treatment in patients
with gastrointestinal malignancies such as esophageal, gastric
and colorectal cancers [21,22]. Extended lymphadenectomy, how-
ever, may greatly impair quality of life, especially for patients
with early-stage epithelial neoplasms of the GI tract [23]. These
primary tumors can be removed by new endoluminal therapeutic
techniques such as endoscopic submucosal dissection; however,
patients with submucosal invasion, lymphovascular infiltration of
cancer cells, or undifferentiated histology often become candi-
dates for surgical organ resection with lymphadenectomy because
there is a risk of regional lymph node metastasis, although the
frequency is relatively low [24]. For example, resection of upper
gastrointestinal organs such as gastrectomy and esophagectomy
may result in weight loss and microgastria. Thus, a less invasive
procedure to selectively treat lymph node metastasis would benefit
these patients by allowing them to avoid prophylactic surgery.

Telomerase activity for transcriptional cancer targeting
One of the hallmarks of cancer is unregulated proliferation of a
certain cell population, which eventually affects normal cellular
function in the human body, and this almost universally correlates
with the reactivation of telomerase. Tumor cells can maintain telo-
mere length predominantly due to telomerase, and its activiry is
detected in approximately 85% of malignant tumors [25], whereas
telomerase is absent in most normal somatic tissues [26], with a few
exceptions, including peripheral blood leukocytes and certain stem
cell populations [27.28). The strong association between telomerase
activity and malignant tissue suggests that telomerase can be a
plausible target for the diagnosis and treatment of cancer [29].
The enzyme telomerase is a ribonucleoprotein complex respon-
sible for the addition of TTAGGG repeats to the telomeric ends
of chromosomes and contains three components: a RNA subunit
(known as hTR, hTER or hTERC) [30], telomerase-associated
protein (hTEP)1 (31}, and a catalytic subunit (hTERT) [32,33].
Both hTR and hTERT are required for the reconstitution of tel-

omerase activity 7z vitro [34] and, therefore, represent the minimal

catalytic core of telomerase in humans [35]. Both hTR and hTERT
transcripts are easily detectable in cancer cells but are either
absent or exist in low levels in normal cells [36]. However, the
hTR promoter is always stronger than hTERT, with presumably
more background (37). Thus, the h\TERT promoter region can be
substantially used as a fine-tuning molecular switch that works
exclusively in tumor cells.

hTERT promoter-driven telomerase-specific

oncolytic adenovirus

The use of modified adenoviruses that replicate and complete
their lytic cycle preferentially in cancer cells is a promising strat-
egy for the treatment of cancer. One approach to achieve tumor
specificity of viral replication is based on the transcriptional con-
trol of genes that are critical for virus replication, such as EF14
or F4. As described earlier, telomerase, especially its catalytic
subunit hTERT, is expressed in the majority of human cancers
and the hTERT promoter is preferentially activated in human
cancer cells {25]. Thus, the broadly applicable hTERT promoter
might be a suitable regulator of adenoviral replication. Indeed, it
has been reported previously that transcriptional control of £14
expression via the hTERT promoter could restrict adenoviral
replication to telomerase-positive tumor cells and efficiently lyse
tumor cells [38-43]. Furthermore, Kuppuswamy ez 2/. have recently
developed a novel oncolytic adenovirus (VRX-011), in which the
replication of the vector targets cancer cells by replacing the adeno-
virus E4 promoter with the FTERT promoter [44]. VRX-011 is also
able to overexpress the adenovirus death protein (also known as
E3-11.6K), which is required for efficient cell lysis and the release
of virions from cells at late stages of infection.

The adenovirus E1B gene is expressed eatly in viral infection and
its gene product inhibits E1A-induced p53-dependent apoptosis,
which in turn promotes the cytoplasmic accumulation of late viral
mRNA, leading to a shutdown of host cell protein synthesis. In
most vectors that replicate under the transcriptional control of the
E14 gene including hTERT-specific oncolytic adenoviruses, the
EI1B gene, is driven by the endogenous adenovirus E1B promoter.
However, Li et 2/. have demonstrated that transcriptional control
of both EIA and EIB genes by the a-fetoprotein promoter with
the use of the internal ribosome entry site significantly improved
the specificity and therapeutic index in hepatocellular carcinoma
cells [45]. Based on the aforementioned information, we developed
telomelysin (OBP-301), in which the tumor-specific hTERT pro-
moter regulates both the £14 and E1B genes (Fiure 1). Telomelysin
is expected to control viral replication more stringently, thereby
providing better therapeutic effects in tumor cells, as well as
attenuated toxicity in normal tissues [46].

In vitro & in vivo anti-tumor efficacy of telomelysin in
human gastrointestinal cancer

The majority of human cancer cells acquire immortality and
unregulated proliferation by the expression of hTERT {251, and
therefore it has been hypothesized that h\TERT-specific telome-
lysin possesses a broad-spectrum antineoplastic activity against
a variety of human tumors [46,47). Telomelysin induced selective
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(B) Telomelysin (OBP-301)

hTERT-p

E1A IRES

ITIR
AE1
(©) TelomeScan (OBP-401)
hTERTp E1A  IRES E1B CMV-p GFP
|TIR ITR
AE1 AE3

Figure 1. Structures of telomerase-specific oncolytic adenoviruses. (A) Schematic representation depicting the major structural
components of the adenovirus (hexon, penton base and fiber). (B) Telomelysin (OBP-301), in which the promoter element drives
the expression of E1A and E7B genes linked with an internal ribosome entry site. (C) TelomeScan (OBP-401) is a telomerase-
specific replication-competent adenovirus variant, in which the GFP gene is inserted under a CMV-p into the E3 region for

monitoring viral replication.

CMV-p: Cytomegalovirus promoter; GFP: Green fluorescent protein; hTERT-p: Human telomerase reverse transcriptase promoter;

IRES: Internal ribosome entry site; ITR: Inverted terminal repeat.

E1A and E1B expression in cancer cells, which resulted in 5-6-
log viral replication 3 days after infection; on the other hand,
telomelysin replication was attenuated up to 2 logs in cultured
normal cells [46,47).

In vitro cytotoxicity assays demonstrated that telomelysin could
efficiently kill various types of human gastrointestinal cancer
cell lines including esophageal cancer, gastric cancer and color-
ectal cancer in a dose-dependent manner [(48]. These data clearly
demonstrate that telomelysin exhibits desirable features for use
as an oncolytic therapeutic agent, as the proportion of cancers
potentially treatable by telomelysin is extremely high.

The in vivo anti-tumor effect of telomelysin was also investi-
gated by using athymic mice carrying xenografts, because most
murine tumor cells are known to express low levels of coxsackie
and adenovirus receptor (CAR). Intratumoral injection of telome-
lysin into human colorectal tumor xenografts resulted in a sig-
nificant inhibition of tumor growth and enhancement of sur-
vival [46,47). Macroscopically, massive ulceration was noted on the
tumor surface after injection of high-dose telomelysin, indicating
that telomelysin induced intratumoral necrosis due to direct lysis
of tumor cells by viral replication in vive [49).

In vivo lymphatic spread of virus on regional

lymph nodes

The therapeutic potential of viral agents against primary tumors
as well as their systemic biodistribution targeting distant metasta-
ses has been intensively investigated (3,10,50]. However, few studies

have examined the ability of the virus to traffic to the regional
draining lymph nodes. Recently, Burton et al. showed that rep-
lication-deficient adenovirus could be successfully transported
to the regional lymph nodes and noninvasively detect metastasis
by expressing the prostate-specific reporter gene in an orthotopic
prostate xenograft [51].

To verify that oncolytic adenoviruses traffic through the lym-
phatics to the regional lymph nodes, we used an orthotopic mouse
model of human rectal cancer with spontaneous lymph node
metastasis. We have demonstrated that intratumoral injection
of the telomerase-specific, replication-selective, green fluorescent
protein (GFP)-expressing adenovirus TelomeScan (OBP-401)
(Ficure 1) could efficiently visualize mertastatic lymph nodes with
GFP fluorescence signals in human cancer xenograft models
(52.53). These studies suggest the possible application of the adeno-
virus vectors as a lymphotropic agent for the treatment of lymph
node metastasis.

In vitro purging of human colorectal cancer cells

by telomelysin

In vitro purging experiments demonstrated that telomelysin infec-
tion could selectively eliminate human tumor cells in the presence
of human or mouse lymphocytes [54]. We used TelomeScan to
visualize viable human tumor cells after purging with telomelysin,
as we have previously shown the high sensitivity and specificity
of this molecular-imaging method [52,53]. It has been reported
that the fiber-modified adenovirus serotype 5 (Ad5) and the
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adenovirus vector based on another serotype such as Ad35 is
able to efficiently transduce exogenous genes into hematopoietic
cells, including stem cells. The unmodified Ad5, however, can
rarely infect these cells because of the lack of CAR expression [s5].
Indeed, Ad5-based telomelysin had no apparent effects on the
viability of lymphocytes iz vitro. These results suggest that normal
lymphocytes in the regional lymph nodes could be strictly pro-
tected from telomelysin-induced oncolysis, because lymphocytes
are not permissive for telomelysin infection and viral replication is
also unlikely to occur in normal cells due to their low telomerase
activity [27].

In vivo anti-tumor effect of telomelysin on lymph

node metastasis

Mice bearing orthotopic human colorectal tumors received three
courses of telomelysin intratumoral injections every 2 days, start-
ing 2 weeks after tumor inoculation. Histopathological exami-
nation of the excised total lymph nodes showed that telome-
lysin treatment considerably reduced the metastatic rates. We
also used a simple real-time A/x PCR assay to quantify the few
metastatic human tumor cells in a background of large num-
bers of mouse host cells (s4]. This human-specific amplifica-
tion method enabled us to detect human tumor cells in a linear
range of 10°-10°® cells/sample and monitor the time-dependent
exponential growth of spontaneous lymph node metastasis from
orthotopic colorectal tumor xenografts. In accordance with the
histologically confirmed results, the A/« PCR assay indicated that
intratumoral injection of telomelysin into the primary tumors
significantly inhibited lymph node metastasis with high levels
of viral replication.

We also used TelomeScan and a 3D optical detection system
(IVIS®200). After 2 weeks of orthotopic implantation of human
colorectal tumor cells, telomelysin was administered intratumor-
ally for five cycles. We then used the IVIS 200 imaging system
to explore the abdominal cavity at laparotomy following a single
injection of TelomeScan into the tumors. The number of GFP-
positive lymph nodes and the GFP signal levels of individual
lymph nodes were much higher in mock-treated control mice
than in telomelysin-treated mice. Indeed, the sum of GFP fluo-
rescence intensity in the abdominal cavity was significantly lower
in mice treated with telomelysin, confirming the ## vivo biological
purging effect of telomelysin. The fact that two independent and
highly sensitive approaches showed comparable results suggests a
potent 7z vivo purging effect of oncolytic virotherapy on regional
lymph nodes.

For effective treatment of metastatic tumors, intravenously
infused chemotherapeutic drugs must be distributed in sufficient
concentrations into the tumor sites; oncolytic viruses, however,
are still able to replicate in the tumor, cause oncolysis and then
release virus particles that could reach the distant metastatic
lesions. Moreover, intratumoral injection can avoid hepatotoxic-
ity that may be induced by systemic adenoviral administration.
Therefore, intratumoral administration that causes the release
of newly formed virus from infected tumor cells is theoretically
suitable for oncolytic virus rather than systemic administration.

Preoperative intratumoral administration of
telomelysin against lymph node metastasis

Currently, surgery and radiation are the most effective and clini-
cally reliable local management strategies for human malignan-
cies, including lymphatic metastases. Indeed, jonizing radiation
targeting the lower half of the mouse body, including primary
tumors and the para-aortic lymphatic area, significantly inhib-
ited lymph node metastasis, although systemic toxicity such as
weight loss was remarkable in irradiated mice compared with mice
treated with telomelysin. In fact, total-body irradiation at a dose
of 10 Gy has been reported to be lethal in mice because of acute
radiation syndromes involving the hematopoietic system and GI
tract [56]. We demonstrated that regional injection of telomelysin
might be more simple and safe than radiotherapy as a treatment
for metastatic lymph nodes [54].

We also assessed the effect of surgical resection of primary
rectal tumors on lymph node metastasis. Unexpectedly, meta-
static tumor cells in the lymph nodes considerably increased
after surgical removal of primary rectal tumors, presumably due
to the spread of tumor cells into the lymphatic circulation dur-
ing the surgical procedure. Another possible explanation of this
phenomenon includes a decrease in angiogenic inhibitors such
as angjostatin and endostatin secreted from the primary tumor
mass [57). By contrast, intratumoral injection of telomelysin prior
to surgical resection significantly inhibited lymph node metasta-
sis. Telomelysin causes viral spread into the regional lymphatic
area and selectively replicates in neoplastic lesions, resulting in
eradication of lymph node metastasis. Tumor cells infected with
telomelysin in the primary tumors are also unable to metastasize
to the regional lymph nodes. Therefore, although the surgical
procedure itself has the potential to promote regional metasta-
sis, the preoperative treatment with telomelysin may prevent this
undesirable event.

Clinical application of telomelysin

Preclinical models suggest that telomelysin could selectively kill
a variety of human cancer cells i vitro and in vive via intracel-
lular viral replication regulated by hTERT transcriptional activity.
Pharmacological and toxicological studies in mice and cotton rats
have demonstrated that none of the animals treated with telome-
lysin showed signs of viral distress (e.g., ruffled fur, weight loss,
lethargy or agitation) or histopathological changes in any organs
atautopsy. These promising data led us to design a Phase I clinical
trial of telomelysin as a monotherapy.

The protocol “A Phase I injection study of intratumoral injec-
tion with telomerase-specific replication-competent oncolytic
adenovirus, telomelysin (OBP-301) for various solid tumors”,
sponsored by Oncolys BioPharma, Inc., is an open-label, Phase I,
three-cohort dose-escalation study [s8,59]. The trial commenced
following approval from the US FDA in October 2006. The
study has been completed to assess the safety, tolerability and
feasibility of intratumoral injection of the agent in patients with
advanced solid cancer. The doses of telomelysin were escalated
from low to high virus particles in one log increment. In total,
16 patients with a variety of solid tumors such as melanoma, head
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and neck cancer, breast cancer, lung cancer, and sarcomas were
treated with a single-dose intratumoral injection of telomelysin
and then monitored over 1 month.

All patients received telomelysin without dose-limiting toxicity.
Common grade 1 and 2 toxicities included injection-site reactions
(pain, induration) and systemic reactions (fever, chills). The data
of pharmacokinetics and biodistribution of telomelysin may be of
interest. Clinical trials of intratumoral and intravenous administra-
tion of CG7870, a replication-selective oncolytic adenovirus genet-
ically engineered to replicate preferentially in prostate tissue, dem-
onstrated a second peak of the virus genome in the plasma [60.61],
suggesting active viral replication and shedding into the blood-
stream. In fact, circulating viral DNA was transiently (<6 h after
injection) detected in plasma in 13 out of 16 patients within 24 h of
injection. This dose-dependent initial peak in circulating virus was
followed by a rapid decline; however, three patients demonstrated
evidence of prolonged viral replication through the detection of
plasma viral DNA at days 7 and 14, suggesting telomelysin replica-
tion in primary tumors. One of these three patients had disappear-
ance of the injected malignant lesion and locoregional uninjected
satellite nodules, fulfilling a definition of complete response at day
28. Seven patients fulfilled the Response Evaluation Criteria In
Solid Tumors (RECIST) definition for stable disease 56 days after
treatment, although six patients showed a 6.6-43% reduction
in tumor size. Thus, telomelysin is well-tolerated and warrants
further clinical studies for solid cancer.

Expert commentary

There have been very impressive advances in our understanding of
the molecular aspects of human gastrointestinal cancer and in the
development of technologies for the genetic modification of viral
genomes. Transcriptional targeting is a powerful tool for tumor
selectivity in cancer therapy, and the hTERT-specific oncolytic
adenovirus achieves a more strict targeting potential due to the
amplified effect of viral replication. Several independent studies
that used different regions of the hTERT promoter and different
sites of adenoviral genome responsible for viral replication have
shown that the hTERT promoter allows adenoviral replication
as a molecular switch and induces selective cytopathic effects in a
variety of human tumor cells [38-40.46-48]. Among these viral con-
structs, to the best of our knowledge telomelysin seems to be the
first \TERT-dependent oncolytic adenovirus that has been used in
a clinical trial based on preclinical pharmacological and toxicologi-
cal studies. Thus, telomerase-specific targeted oncolytic adenovirus
holds promise for the treatment of human cancer.

Nevertheless, many ethical and technical hurdles remain to be
tackled and must be solved before virotherapy ever reaches routine
clinical application. Safety considerations in the manufacture
of the virus and clinical protocols are among the most impor-
tant issues to be studied. Another important issue is to find ways
to improve virus cell binding and entry. Although telomelysin
showed a broad and profound anti-tumor effect in human cancer
originating from various organs, one weakness of telomelysin is
that virus infection efficiency depends upon CAR expression,
which may not be highly expressed on the cell surface of some

types of human cancer cells. Thus, tumors that have lost CAR
expression may be refractory to infection with telomelysin. Since
modification of fiber protein is an attractive strategy for over-
coming the limitations imposed by CAR’s dependence on telome-
lysin infection, we modified the telomelysin fiber to contain the
Arg—Gly-Asp (RGD) peptide, which binds with high affinity to
integrins (ovPB3 and avP5) on the cell surface, on the HI loop
of the fiber protein. The resultant adenovirus, termed telomely-
sin—RGD or OBP-405, mediated not only CAR-dependent virus
entry but also CAR-independent, RGD-integrin-dependent virus
entry [4762]. Telomelysin~RGD has an apparent oncolytic effect
on human cancer cell lines with extremely low CAR expression.
These data suggest that fiber-modified telomelysin—RGD exhibits
a broad target range by increasing infection efficiency, although
one needs to be cautious regarding increased toxicity since hema-
topoietic cell populations such as denderitic cells can be efficiently
infected with RGD-modified adenovirus [63].

It has been shown that telomelysin delivered to the primary
tumor site is able to spread into the regional draining lymphat-
ics, selectively replicate in neoplastic foci, and then reduce the
number of tumor cells in metastatic lymph nodes in an ortho-
topic human colorectal cancer xenograft model [54]. This virus-
mediated molecular surgery for lymph node metastasis mimics the
clinical scenario of lymphadenectomy; the technique, however,
seems to be safer and less invasive. Moreover, we have demon-
strated that preoperative delivery of telomelysin into primary
tumors prevented the exacerbation of lymph node metastasis by
surgical procedures. Telomelysin may offer advantages over other
oncolytic viruses targeting lymphatic metastasis, as its safety pro-
file as well as biodistribution pattern after intratumoral delivery
have already been confirmed in a Phase I clinical trial for various
types of solid tumors [58,59]. Our study provides evidence for the
in vivo purging effect of telomelysin in regional lymph nodes that
is sufficiently reliable to support this approach. Thus, Phase II
studies of telomerase-specific virotherapy targeting lymph node
metastasis in human cancer patients are warranted.

Five-year view

A possible future direction for telomelysin includes combination
therapy with conventional therapies such as chemotherapy, radio-
therapy, surgery, immunotherapy, and new modalities such as
antiangiogenic therapy. Since the results of a Phase I clinical trial
demonstrated that even partial elimination of the tumor induced
by intratumoral injection of telomelysin could be clinically ben-
eficial, the combination approaches may lead to the develop-
ment of more advanced biological therapy for human cancer.
The combination of systemic chemotherapy and local injection
of telomelysin has previously been shown to be effective [64-66].
As a replication-deficient adenovirus could replicate in cancer
cells and enhance the anticancer effect when cotransfected with
telomelysin that could produce E1 protein, we demonstrated the
synergistic effects of telomelysin combined with an El-deleted
replication-deficient adenoviral vector expressing human wild-
type p53 tumor-suppressor gene (Ad5CMV-p53; Advexin) [67.68].
Telomelysin is also synergistic with ionizing radiation against
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human esophageal cancer cells, and we clarified the E1B 55 kDa-
mediated mechanism used by telomelysin to inhibit DNA repair.
Peri- or post-operative administration of telomelysin may be also
valuable as adjuvant therapy in areas of microscopic residual
disease at tumor margins to prevent recurrence or regrowth
of tumors.

The field of targeted oncolytic virotherapy is progressing con-
siderably and is rapidly gaining medical and scientific acceptance.
Although many technical and conceptual problems remain to be
solved, ongoing and future clinical studies will no doubt continue

to provide important clues that may allow substantial progress in
human gastrointestinal cancer therapy.
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