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Direction of Gene Therapy and Virotherapy
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Gene therapy is a group of therapies to treat diseases by
expressing gene in the body. Originally, the concept was initiated
for complementation of the defective gene for hereditary diseases
(e.g. ADA-SCID “the bubble boy disease, but was soon expanded to
acquired diseases which include a variety of benign and malignant
diseases. In this sense, the gene therapy is now a broad concept
representing therapeutics which treats hereditary and acquired diseases
by introducing transgene into the target cells/organs.

Basically, clinical functionality of gene therapy modalities are
determined by the gene transfer efficiency defined by the vector
system as well as the level of gene expression/transduction required to
achieve the clinical effect in the target diseases. From the view point
of disease specific requirement of transduction level, these numbers
are largely different depending on what disease we are talking about.
For hemophilia, blood coagulation factor level even at a few percent
of normal control makes significant clinical impact for avoidance of
bleeding from micro injuries. On the other hand, cancer treatment may
require virtually 100% transduction. From the stand point of vector
efficiency, most of non-viral methods tend to show low efficiency
although they are less toxic in most cases. Viral vectors taking advantage
of viral life cycle as “naturally engineered gene transfer machinery”
are very efficient, but have drawbacks as a pathogen. Virotherapy,
alternatively called oncolytic viruses, is a kind gene therapy which
utilizes replication competent virus for achieving oncolysis as a result
of viral replication cycle and is expected to overcome the issue of
transduction efficiency by permitting cancer specific viral replication
and intratumoral spread. Thus, virotherapy shares the same challenge
for clinical significance with other gene therapy modalities.

In 1995, Dr. Harold Varmus, Director, National Institutes of
Health (NIH), appointed an ad hoc committee to assess the status and
promise of gene therapy and provide recommendations regarding
future NIH-sponsored research in this area. So called Orkin-Motulsky
Report [1] from this committee pointed out “Major difficulties at the
basic level include shortcomings in all current gene transfer vectors
and an inadequate understanding of the biological interaction of these
vectors with the host.” So, the gene therapists at that era started variety
of researches along with this line, and even now efforts to improve
gene therapy modalities still are trying to answer the suggestions in
this report. To this end, lots of vector improvements were made and
a variety of experiments for analyzing vector-host interaction has been
performed in both hereditary and acquired diseases.

In the gene therapy in hereditary diseases, there are several break-
through clinical outcomes published recently. ADA-SCID gene
therapy with retrovirus vector achieved expected corrections, meaning
adequacy of concept, while emergence of lymph proliferative disease
due to insertional geno-toxicity due to older version of the vector,
which mandates further improvement of the vector [2]. (Geno-toxicity
observed in this study is often stressed but achievement of clinical
correction is very important point of this study as well.) AAV-2 vector-
based gene therapy for RPE65-associated Leber’s congenital amaurosis

achieved good response [3]. More recently, a paper by Nathwani et al.
[4] about gene therapy of hemophilia B with adenovirus-associated
virus (AAV) vector was impressive. Infusion of a single dose of a
serotype-8—pseudotyped, self-complementary AAV vector expressing
a codon-optimized human factor IX(FIX) transgene (scAAV2/8-LP1-
hFIXco) in a peripheral vein achieved expression of FIX at 2 to 11% of
normal levels, and four of the six discontinued FIX prophylaxis and
remained free of spontaneous hemorrhage. This positive outcome is a
result of logical vector design and right choice of target disease. AAV
has been used for the gene delivery for hereditary diseases but there
was an issue of time line for transgene expression. The single strand
DNA virus takes weeks before the virus genome is converted to double
strand leading to high level transgene expression. This issue was dealt
with self-complementation although this modification reduces the
limit of the size of the transgene. The pseudotyping of the virus with
AAV8 capsids permits favorable distribution profile without sacrificing
efficient expression system derived from AAV2. More importantly, the
choice of the disease was just right. The avoidance of symptomatic
bleedings require only tiny fraction of restoration compared to the
normal level of factor IX. However, most diseases that achieved clinical
effects were so far either the ones low level complementation can
make clinical significance or strong selection/survival benefits exists in
genetically corrected cells. In this sense, treatment of many hereditary
enzyme deficiencies is still difficult since it requires high percentage of
correction and the clear survival benefit of the corrected cells. In this
meaning, in vivo selection of the transduced cells reported by Paulk
et al. [5] is very interesting approach and may solve the issue of low
correction rate. The most important take-home message is that logical
vector design and rational clinical protocol are expected to enable
clinically meaningful gene expression by gene therapy.

In acquired diseases, most frequent target of gene therapy is cancer
because its lethality makes acceptable risk of the treatment higher.
On the other hand, the challenge for clinical efficacy is higher. Since
the target population of cancer gene therapy/virotherapy is currently
the group of patients with unresectable diseases, most patients have
metastases or locally advanced lesions. The treatment of metastatic
lesions requires the therapeutic effect via systemic administration or
the vector function which achieves therapeutic effect in the tumors
other than the originally injected region. For the locally advanced
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lesions, the transduction efficiency becomes the biggest issue since
the residual untreated cancer cells in the tumor will lead to the quick
relapse of the disease.

A variety of efforts has been made to enable systemic treatment of
cancer. In the field of adenoviral vectors where our group is working,
capsid modification is a way to change the behavior after intravenous
delivery. Recent focus of adenovirus capsid modification is hexon
protein. Various alternations in hyper-variable regions of adenovirus
hexon protein reduce the sequestration of the virus to reticulo-
endothelial system (i.e. liver and spleen) via reduction of reaction with
the coagulation factor X [6], which is related to the Ad induced innate
immunity also [7]. In this sense, hexon modification makes a lot of
sense in the context of extension of blood circulation half-life as well as
reduction of toxicity.

On the other hand, selective transduction of target cancer cells
without reducing the efficiency upon systemic delivery has been a
big challenge for all gene delivery systems. Wind-type adenoviruses
bind to the target cells via the binding of the fiber-knob region to
the receptors on the surface of the target cells. Thus, it is logical to
incorporate the selective ligand into the fiber knob region, but vast
majority of the efforts fail because of rigidity of the fiber structure. After
most modifications, the adenovirus cannot be assembled efficiently or
loses the binding affinity even in case they are successfully assembled.
Thus, identification of functional ligand is theoretically possible but is
actually like “finding a needle in a haystack”. Recently, we developed
a novel technology enables high efficiency Ad vector production and
applied it for adenovirus targeting motif library and its high throughput
screening. The screening of the Ad library (5 x 10° diversity) with target
moiety expressing cells led to the identification of novel targeting motif
permitting systemic targeting to the target-expressing tumor [8]. It is
hoped that such advance in vector engineering enables treatment of
cancers via systemic administration.

In the context of the therapeutic effect in uninjected lesions,
immunotherapy approach is very interesting and promising. In
genetic vaccine clinical trial with allogeneic GM-CSF secreting
tumor immunotherapy (GVAX’), some pancreatic cancer patients
showed delayed-type hypersensitivity and the target was mesothelin
[9]. Another interesting approach in pancreatic cancer is interferon
expressing adenovirus vector reported by Ohahsi et al. [10]. Adenovirus
injection into one side of the tumor regressed the tumor on the counter
side, and this effect was suppressed by NK cell depletion. This provides
evidence that gene therapy with immunostimulatory molecule can
provide therapeutic effect on the tumors which are not directly treated.

The transduction efficiency issue is a major issue because required
efficiency for suppression of tumor growth is high. This is the reason
that the approach producing bystander effect (e.g. HSV-TK with
ganciclovir) has been preferred for gene therapy compared to the
molecules whose effect is limited to the transduced cells. One interesting
concept which has potential to be used for this purpose is radionuclides.
A variety of radionuclides have been used for radiotherapy of cancers
(e.g. *'I). If gene therapy approach can achieve selective accumulation
of radionuclides to the level required for therapeutic effect, the clinical
impact would be big. Dwyer et al. [11] reported such approach in
prostate cancer models.

Another approach for transduction efficiency is to permit the

injected virus to replicate in the tumor locale. The produced progeny
virus infects the surrounding cells and continues to spread. If the virus
is designed to replicate selectively in cancer cells, the virus will produce
ultimate bystander effect by its spread and cytocidal effect specifically
in cancer cells. Many viruses have been studied for this direction.
Adenoviruses have been studied a lot by many groups including ours.
Major benefits of Ad are well understood virology and good size for
genetic manipulation. Thus, Ad is one of the best choices for detail
virus engineering. The genetically modified first oncolytic adenovirus,
H101, is the first virus approved by a regulatory agency in the world
[12]. Many more advanced generation oncolytic adenoviruses are being
developed and tested. More recently, oncolytic viruses based on herpes
simplex virus (OncoVEX GM-CSF") and vaccinia'* entered phase IIT
clinical trial with high anticipation of clinical impact. In this sense,
oncolytic virus is very attractive field for cancer gene-/viro-therapy,
and a lot of vector engineering is going on for the development of next
generation oncolytic viruses [13,14].

As described above, gene therapy researchers are improving the
vectors and treatment regimen along with Orkin-Motulsky Report.
However, this does not mean there isn’t much advance. The researcher
in the field of gene-/viro-therapy have made significant advance both
technologically and clinically. Simply, the report grasps the core feature
and issue of gene therapy, and thus many issues mentioned in the
report will continue to be the guideline for the improvement of gene
therapy and its related technologies. Logical vector design and rational
clinical protocol will lead to clinical impacts of gene therapy.
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