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Nucleic acid drugs with chemical modification are useful for new gene therapy based on 
various mechanisms such as gene regulation and immune response. However, nucleic acid 
drugs have problems with in vivo stability, binding affinity, side effects, and drug delivery 
system (DDS). In this study, I designed and synthesized artificial oligonucleotides to 
overcome these problems.  
In chapter 1, I described synthesis of chemically modified triplex-forming oligonucleotides 

(TFOs) that can bind to the major groove of DNA duplex without sequence dependent and 
inhibit the targeted gene expression, because the biding sites of unmodified TFOs are only 
homopurine sequences. I developed the modified antiparallel TFOs containing quinoline 
derivatives as nucleobases(6DAQAc), for improvement of sequence-dependencies. It was 
revealed that the TFOs containing 6DAQAc can bind to T-A base pair most stably compared to 
other base pairs. 
In chapter 2, I focused on the chemical synthesis of U1 snRNA which is the important 

molecules involved in the splicing reactions. U1 snRNA is a useful molecule for 
downregulation of gene expression and splicing regulation for gene therapy. Addition to this, 
U1 snRNA is expected as new RNA adjuvant based on the previous reports. However, there 
are few reports on chemical synthesis of U1 snRNA. In chapter 2, I described the chemical 
synthesis of U1 snRNA analogs containing 2,2,7-N-trimethylguanosine (m32,2,7G) cap 
derivatives by ligation using T4 DNA ligase in the presence of splint DNA. Moreover, I 
observed the immune response properties of these U1 snRNA analogs. 
In chapter 3, I developed new DDS for nucleic acid drugs. Nucleic acid drugs have two 

drawbacks: low permeability and low nuclease resistance. In order to improve these 
problems, I designed and synthesized the cyclic oligonucleotide containing acyl groups in 5´- 
and 3´- terminal sites. It was found that this cyclic oligonucleotide improved serum stability. 
Further, I also reported the binding regulation by changing the chemical structure, and the 
cell introduction by using lipofectamine. 
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