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I. Introduction. 

Two main challenges of cancer gene therapy are the development of vectors targeted 
specifically to tumor cells and the efficient delivery of the therapeutic agent to all or to the 
majority of tumor cells. Addressing these two issues, we intend to develop Sindbis virus 
(SV), an alphavirus, into a novel vector for breast cancer gene therapy. The advantages of 
SV vectors include lack of serious disease caused by SV in humans, the ability of SV to infect 
nondividing and dividing cells, no risk of insertional mutagenesis because SV is an RNA 
virus, and the ability to produce high titer stocks and achieve high level of heterologous gene 
expression. Since SV kills cells by apoptosis, specific destruction of tumor cells will occur if 
the virus is targeted to tumor cells. Furthermore, use of a propagation-competent viral vector 
will provide a very efficient means of obtaining access to most or all of the tumor cell 
population. The long-term goal of this proposal is to develop target-specific SV vectors for 
application to breast cancer therapy by modifying the SV E2 envelope glycoprotein with 
ligands that recognize specific cell surface receptors on breast cancer tumors. 

II. Body. 

Task 1 of Statement of Work. Construct targeted viral vectors. 

Over the past year, repeated difficulties were encountered with synthesizing SV RNA in 
sufficient quantities to perform additional experiments. Our baseline method of producing 
RNA involves synthesizing viral RNA in vitro using an SP6 DNA dependent RNA polymerase. 
We tried for 6 months to produce high quantities and quality of viral RNA, but were not 
successful despite trying to troubleshoot various parameters of the reaction. We were forced 
to devise an alternative method for producing SV. 

SV can be produced by transfecting cells with SV genomic cDNA expressed from a pol II 
promoter. A strong pol II promoter, the CMV promoter, was cloned upstream of the 
5'untranslated region (UTR) of the SV plasmid dsTE-EGFP (figure 1). The CMV promoter 
was cloned into dsTE-EGFP so that transcription initiates as close as possible to the 
authentic 5' end of the 5'UTR. A fragment that contains an intron and poly A signal was 
inserted downstream of the poly A stretches of dsTE-EGFP to increase the transport 
efficiency of the viral RNA genome from the nucleus to the cytoplasm. 

PCMV-dsTE-GFP-lnA DNA was electroporated into BHK-21 cells. Forty-eight hours after 
transfection, the amount of viral vector in supernatant fluids was determined by plaque 
titration on BHK-21 cells. Viral titers similar to those achieved after transfection of SV RNA 
(10® to 10^ pfu/ml) were obtained. 
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Figure 1. Schematic 
diagrams of the parental 
Sindbis virus genome (TE), 
the genome containing 
eGFP expressed from a 
duplicated sub-genomic 
promoter (dsTE-GFP), arid 
the construct for making a 
molecularly "bred" E2 library 
(CMV-dsTE-GFP-lnA). 
CMV-dsTE-GFP-lnA 
contains the CMV IE 
promoter upstream of the 5' 
UTR and a fragment 
containing a synthetic intron 
and the late SV40 poly A 
signal at the 3' end of the 
genome. This diagram is not 
drawn to scale. 

We have cloned the EGF-like domain of heregulin and the NGR (Asn-Gly-Arg)-containing 
peptide motif that binds to the CD13 receptor on tumor-associated vasculature in place of the 
E2 receptor-binding domains. We are in the process of trying to produce recombinant virus 
by transfecting the viral cDNA into cells. 

Task 2 of Statement of Work: Test the targeted SV vectors for specificity of binding and 
specificity of infectivity of erbB-2-over-expressing breast cancer cells. 

In our previous annual reports, we demonstrated that virus production was significantly 
decreased after modification of the putative E2 receptor-binding domains with an 
heterologous sequence. Additional experiments outlined in the statement of work were 
difficult to perform without the ability to produce a sufficient quantity of replication-competent 
virus. 

The TE-NGR clone described previously was replication-competent and exhibited a 
similar ability to replicate in BHK-21 cells and SLK cells, which overexpress the CD13 
receptor. Other cell lines were not available to test TE-NGR. Cells that have been 
transfected with the CD13 receptor tend to express the receptor only transiently in culture 
and then lose expression of the receptor (personal communication, R. Pasqualini). 
Ultimately, we would like to test a panel of cancerous and noncancerous cells that do or do 
not express the appropriate targeted receptors to determine the ability of the recombinant SV 
vectors to infect and kill breast cancer cells. Further experiments with viral RNA could not be 
performed because of our inability to produce sufficient quantities of viral RNA to perform 
experiments in various cell lines. 

Task 3 of Statement of Work: Test the targeted SV vectors in a mouse model of breast 
cancer. 

Unfortunately, this work was also placed on hold because of the inability to produce 
sufficient quantities of viral RNA or virus for injection into tumors. 



Hi. Key Research Accomplishments. 

• i\/1oclification of the putative receptor-binding domains of tiie E2 glycoprotein results in 
significant impairment of SV production and release. 

• The SV clone containing the NGR-containing peptide motif did not preferentially infect 
SLK cells, which express the CD13 receptor. 

iV. Reportabie Outcomes. 

• Abstract, DOD Era of Hope Meeting, Orlando, Florida, Sept. 2002. 
Lesia K. Dropulic, J. Marie Hardwick, Boro Dropulic, Holly L. Hammond. Incorporation of 
the EGF-like Domain of Heregulin into the E2 Glycoprotein Modifies the Tropism of 
Sindbis Virus. 

• Pilot Project Grant awarded by the Breast SPORE grant at the Sidney Kimmel 
Comprehensive Cancer Center at Johns Hopkins. 
Cancer-specific replication-competent Sindbis virus. 

• The technician partially funded by this award received the necessary training and 
experience to obtain a higher level job in a lentiviral vector laboratory that also works on 
breast cancer. 

V. Conciusions. In our attempts to modify the E2 glycoprotein with ligands to try to target 
SV to specific receptors expressed on breast tumors, we have learned that this strategy can 
result in a significant decrease in virus production. This decrease in virus production has also 
been demonstrated by other investigators working on a similar strategy using other viral 
vectors, such as adenovirus (Era of Hope Meeting poster session, Orlando, Florida). The 
primary defect appears to occur at the level of trafficking of the modified glycoprotein through 
the secretory pathway. This can be further investigated by determining whether the modified 
glycoprotein is retained in a particular subcellular compartment. This obstacle will be difficult 
to overcome as one will need to find the optimal location in the viral glycoprotein for the 
optimal ligand that will not interfere with vims production. The structure of the SV E2 
glycoprotein is not available for guidance in locating the optimal site for ligand placement. 


