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Introduction

Gene therapy is a new method of cancer treatment that involves the manipulation of
intracellular DNA in order to control or destroy cancer cells. Cancer gene therapy has the potential to
provide highly selective, curative cancer treatment without systemic toxicity. However, application of
this type of cancer treatment requires an understanding of tumor biology; methods for gene delivery to
specific cell types; and strategies to regulate the level and duration of gene expression. The biological
uniqueness of each tumor cell has led to the development of a variety of techniques for cancer gene
therapy including oncogene inactivation, tumor suppressor gene replacement, inhibition of angiogenesis,
immunopotentiation, molecular chemotherapy, and transfer of drug resistance genes.

Body

Suicide gene therapy:
One approach to chemotherapy is the transfection of cancer cell with genes that encode for the

production by the cancer cell of an enzyme able to activate non-toxic pro-drugs in situ to form cytotoxic
products (suicide gene therapy). After insertion of the suicide gene constructs into the cancer cells,
treatment with high doses of a relatively non-toxic, pro-drug ensures that high concentrations of the
cytotoxic drug are being produced by the transfected cancer cells. As the intracellular concentration of
the cytotoxic product increases, survival of the transfected cell is maintained by diffusion of the
chemical through the gap junction into adjacent non-transfected cancer cells. Once the toxin reaches
high enough concentrations in the contiguous cancer cell mass, it kills both the transfected cells and
their neighbors (bystander effect). Thus, suicide gene therapy can cause tumor regression even when
only a fraction of the tumor cells are transfected.

One technique for suicide gene therapy is the use of herpes simplex virus (HSV)-thymidine
kinase (TK), followed by treatment with ganciclovir (GCV). GCV is a substrate for viral TK but is not
recognized by the analogous mammalian enzyme. Viral TK phosphorylate GCV. Monophosphate GCV
is converted to the triphosphate form by cytoplasmic enzymes. GCV triphosphate is incorporated into
replicating DNA and stops chain elongation resulting in cell death. Another strategy is to transfect with
the E. coli gene coding for cytosine deaminase (CD) followed by systemic use of 5-fluorocytosin (5-
FC). CD transforms the non-toxic pro-drug 5-FC into the cytotoxic drug 5-fluorouracil (5-FU). A
recent phase I study of adenovirus (Ad)- mediated double suicide gene therapy (HSV-TK and CD) for
the treatment of locally recurrent prostate carcinoma demonstrated that this technique can be safely and
successfully used in humans. A number of other suicide gene therapies have been developed and tested
in cell culture, laboratory animals, and some early clinical trials. The LINE-1 (L1) retrotransposons are
suppressed in primary somatic cells but elevated in many tumor cell types, including breast cancer cells.
The ability of a highly active Li vector to deliver selectively into mammary tumor cells 'suicide' genes
which will be expressed only upon retrotransposition and integration into the genome was tested.

The LI possesses several unique features making it attractive as a gene delivery vector. LI -
encoded proteins show a strong cis-preference for their own encoding RNA (Wei et al., 2001). It is
therefore very unlikely that proteins expressed by an LI -delivery vector would comobilize endogenous
L Is. Also, L I proteins are not foreign, and when expressed from a vector, are unlikely to provoke an
immune response. If immunogenicity is not an issue, .repeated administration of the Li vector should
improve therapeutic effect. Finally, LI- mediated genomic insertion permits long-term expression of a
therapeutic gene, important if the gene product is not toxic but rather one requiring prolonged secretion,
such as an angiogenesis inhibitor. Moreover, some cancer cells, such as those of the breast, prostate, and
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colon, are frequently slow growing, necessitating prolonged suicide gene expression and long-term

administration of the selected pro-drug to achieve adequate killing

OBJECTIVES

1) Construct a vector containing LINE-I gene and HSV-tk gene capable of delivering a suicide gene
into tumor cells in culture.
2) If the above the aim is successful, test the effect of the suicide vectors on the growth of tumor
xenografts in mice.

Method & Results:

HSV-tk is the most widely studied enzyme used for suicide gene strategies (Yazawa et al. 2002).
Tumor cells transduced with HSV-tk are sensitive to treatment with the nucleoside analog ganciclovir
(GCV) due to the ability of HSV-tk to catalyze the phosphorylation of GCV, thereby converting it to a
cytotoxic DNA analog which interferes with replication. A bystander killing effect has been reported
for HSV-tk both in vivo and in vitro, mediated by the transfer of phosphorylated GCV between cells
through gap junctions, (Vrionis et al .1997). In animal models of HSV-tk and GCV therapy, it has been
shown that expression -of the HSV-tk protein by as few as 10% of the tumor cells is sufficient to attain
complete killing of the tumor (Freeman et al. 1993).

Construction of plamid vector which contained Li and HSV-tk genes

The vector used was pIRES (BD Biosciences Clontech, Palo Alto, CA). The-Li gene was
synthesized with codon optimization (GeneArt, Germany) and designed to containing unique cloning
sties NheI/EcoRl. The pIRES vector multiple cloning site A was chosen for insertion of LI gene. The
vector was digested with NheI/EcoRI and gel-purified. The same enzymes digested, gel-purified LI
gene was ligated into the pIRES vector and transformed into E. coli DH5a to making pIRES-LI. The
plasmid pIRES-LI was purified with column (Qiagen, Valencia, CA). The size and orientation of the
fragment in the selected clones were verified through restriction mapping, and the insert was sequenced
from both directions.

The HSV-tk gene was also synthesized with codon optimization (GeneArt, Germany) which
contained open reading frame and cloned into pUC 18 plasmid. The product digested with XmaI and
Sma I. The gel-purified fragment was ligated into the pRIES-LI multiple cloning site B which was
digested with XmaI and Sma I and gel-purified. The size and orientation of the fragment in the selected
clones were verified through restriction mapping, and the insert was sequenced from both directions.

- I4 IZ LI T S I SHVsv40

Figure 1. Construction of plamid vector which contained LI and HSV-tk genes

Transfection of vector into tumor cell lines.

Optimize the transfection components:

In order to obtain optimum transfection efficiencies, the reporter vector pSV-B-Galactosidase
(Progema, Madison, WI) and Lipofectemine T M 2000 (Invitrogen, Carlsbad, CA) were used. The
plasmid was purified on miniprep columns (Qiagen). The medium used in transfection process was
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Opti-MEM I reduced serum medium (Invitrogen). We assessed how different ratio of DNA and
liposome, and cell number affect transfection rate and toxicity. B-Galactosidase enzyme assay system
kit (Progema, Madison, WI) were used for examining the transfer rate. The more detailed method was
followed the manufacture's protocol (see Fig 2-5).

100-

-4- 5 x 10(4) cells
o 50 - - 1 x 10(5) cells0 -- - 2 x 10(5) cells

0-

I-

0 2 4 8 12 16

Lipofectamine 2000 (microliters)

Figure 2. Effect of MCF7 cell number and lipid concentration on transfection rate. MCF7 cells were transfected with I jIg of

pSV-j3-Galatosidase plasmid DNA. Error bars indicate standard deviation determined in triplicate experiments.
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Figure 3. Toxicity effect of MCF7 cell number and lipid concentrations on transfection cells. Cells were transfected with I
gg of pSV-03-Galatosidase plasmid DNA. Error bars indicate standard deviation determined in triplicate experiments.
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Figure 4. Effect of DNA and Lipid concentrations on transfection rate. 1 x 105 MCF7 cells/well/6 well plate were transfected
with pSV-3-Galatosidase plasmid DNA. Error bars inicatestandard deviation determined in triplicate experiments.
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Figure 5. Toxicity effect of DNA and lipid concentrations on transfection cells.
1 X 105 MCF7 cells/well/6 well plate were transfected with pSV-P3-Galatosidase plasmid DNA. Error bars indicate standard
deviation determined in triplicate experiments.

Breast cancer cell line MCF-7 was obtained from the American Type Culture Collection (ATCC,
HTB-22). MCF-7 was maintained in DMEM medium supplemented with 10% fetal bovine serum
(Hyclone, Logan, UT), 2 mM L-glutamine, 1 mM sodium pyruvate, at 370 C, 5% CO 2 in air.
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Transfection of vector into tumor cell lines

A total of 1 x 105 exponentially growing MCF-7 cells cultured in 6-well dishes were grown to
80% confluency in DMEM complete medium. Plasmid DNA was purified on maxiprep columns
(Qiagen) and diluted in sterile millipore water to 1 [tg/ul. Cells were transfected with 2 gg of
recombinant plasmid vector DNA with 6 [tg of Lipofectemine 2000 in Opti-MEM I Medium
(Invitrogen) following the above optimized protocol. After 24 hours of culturing, the transfected cells
were selected with G418 (0.5 mg/ml, active) (Invitrogen), for 2 weeks with medium exchange every
week.

Three individual neoR colonies were isolated by limiting dilution and further established as stable
cell lines and propagated in DMEM medium with 10% fetal bovine serum (Hyclone).

Detection of genomic DNA with HSV-tk eDNA incorporation and RNA expression

To examine the integrated HSV-tk gene in the transfected cell line, total genomic DNA was
isolated for PCR amplification of HSV-tk cDNA. To determine the expression of HSV-tk, cellular RNA
isolated with RNAzol reagent (Tel-Test, Friendswood, TX) was extracted 4 times with phenol
chloroform, ethanol-precipitated and resuspended in diethylpyrocarbonte-treated water to reach a final
concentration of 0.5 mg/ml. Contaminated DNA was removed by incubating the RNA mixture with
DNase 950U/0.5mg RNA) at 370 C for 1 hr. The reaction was terminated by adding 100 ul of 0.1M
EDTA (pH 8.0) and extracting the RNA twice with phenol chloroform. RNA was ethano l-precipitated,
washed once with 80% ethanol and resuspended in 2 ml of diethylpyrocarbonate-treated (DEPC) water.
Primer for PCR was used at an excess concentration of 500 ng in a 50 ul final reaction volume. PCR
was performed using AmpliTaq DNA polymerase, as described in the Clontech (Palo Alto, CA)
Advantage RT-for-PCR kit protocol (25 cycles of 94°C for 45 sec. 60'C for 45 sec. 72°C for 2 min; 7
min final extension at 72°C), and the amplified product separated in a 0.7% agarose gel.

Key Research Accomplishments:

>Codon optimized genes for construction.
> Constructed plasmid vectors containing LI and HSV-tk genes.
> Included neo-resistant gene to allow selection of the transfected cells.
> Studied human tumor cell transfer rate.
SAchieved high transfer rates - 70% to 75% - by varying amount of DNA, cell count, and amount

of liposome.
>Established several neo-resistant clones.
> PCR analysis indicated that the vector was inserted into the genome of the transfected cells.
> Did not detect expression of the HSV-tk gene in the transfected cells by RT-PCR.
SDid not detect expression of the HSV-tk gene in cell culture in vitro.

Reportable Outcomes

No manuscripts or presentations have been developed based on this study.
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Conclusions:

Because we did not achieve expression of the HSV-tk gene in cell culture in vitro, we did not
proceed to animal testing. Because of the high promise of suicide gene therapy, we believe that
additional efforts in vector construction and expression in vitro are desirable. Once these efforts are
successful, animal tests can be reevaluated.
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