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(= &) Development of mutant herpes simplex virus vector using genome evolution
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Herpes simplex virus (HSV) vector has a large genome and a high capacity for transgene cassettes. One of the barriers
to clinical application of HSV vectors is their cytotoxicity. We have eliminated vector toxicity by silencing all the toxic
genes in HSV genome. The remaining obstacles are silencing of transgenes and vector delivery to target organs. The
aim of this study is to develop novel mutant HSV vector with durable transgene expression and improved transduction
efficiency in nervous system or liver. We do not have a prior knowledge about required modifications of HSV genome
to overcome these problems. This leads us to hypothesize that random mutagenesis of HSV genome is a promising
approach to prolong duration of transgene expression and to enhance vector delivery. We use an in vivo mutagenesis
system in which HSV genome is replicated in a mutator strain of E. coli. The mutant vectors are individually tested

for its tropism and duration of transgene expression.

We first inserted a bacterial artificial chromosome (BAC) cassette into HSV vector genome, followed by removal of
cytotoxic genes: ICP27, ICP4, ICP0, and ICP22. HSV genome has two copies of /CP4 and ICP(. Unlike the
conventional approach, we deleted two copies of these genes one by one to leave the adjacent sequences intact. The
flanking regions of /CP4 and /CP( contain many non-coding RNAs that have a role in maintaining transcriptional
activity of HSV genome. Our HSV vector retains expression of these non-coding RNAs, which potentially has a

positive effect on transgene expression.

We transformed E. coli with a plasmid that express genes known to decrease DNA replication fidelity. This highly
mutagenic E. coli was then transformed with the HSV vector genome. The mutation rate during replication of this E.
coli increases upon addition of arabinose to the medium. We thus evaluated the effect of arabinose concentration on
the mutation rate. The concentration of arabinose was increased from 1 uM to 1 M. Bacterial growth was inhibited in
the medium with 1 M arabinose. This level of arabinose was thought to induce accumulation of deleterious mutations
in E. coli genome. HSV vector genome was extracted from the bacteria grown in the medium with 1 uM to 100 mM
of arabinose. Sequencing analysis revealed that mutation rate was associated with arabinose concentration. We decided
to use three levels of arabinose concentration in the following experiments: 100 uM, 1 mM, and 10 mM. Large-scale
culture was performed at these concentrations. The obtained HSV-BAC was then transfected into a vector-producing

cell line to produce mutant HSV vector libraries.

We transduced in vitro a neuroblastoma-derived cell line IMR32 and a hepatocellular carcinoma cell line HepG2 by
the HSV vector. IMR32 was treated with retinoic acid to promote differentiation into neurons and then infected with
the vector. RNA was extracted from the infected cells over time, and gene expression analysis was performed. A
specific vector genomic region was identified to show high transcriptional activity immediately after transduction in
both IMR32 and HepG2. Gene expression from this region sharply decreased after 3 days post-infection. On the other
hand, another region in the HSV vector genome showed low but persistent transcriptional activity, which was

particularly prominent in IMR32.

These results indicated vector genomic regions suitable for transient and persistent transgene expression. We inserted
a Gateway cassette into these regions for the ease of the exchange of transgenes. Since we retained the junction region
of the HSV vector genome, we were able to insert two copies of a Gateway cassette. We established a protocol that
simultaneously exchanged two cassettes into a transgene. We are currently comparing our HSV vectors with
conventional ones. Vectors for sustained expression tend to have higher biological titers than conventional ones, which

suggests higher transduction efficiency.



