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Studies on the regulation of gene expression and immune activation
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In recent years, tailor-made therapy that provides the optimum treatment for each individual has
been attracting attention. Nucleic acids are becoming increasingly important as tailor-made
therapeutic molecules mainly for the ease with which the specificity for a vast range of targets of
these drugs is achieved. Therefore, many researchers in academia and pharmaceutical companies are
paying attention to the development of nucleic acid based drugs. In particular, stimuli responsible
nucleic acid drugs have a great potential for organ specific therapy. In this study, the author suggests
the high photo-responsible antisense oligonucleotides and radiation trigger of artificial CpG
oligonucleotide (CpG ODN).

Antisense oligonucleotides are valuable tools for selectively inhibiting target gene expression.
Recently, Higuchi et al. reported that a photocrosslinkable oligonucleotide containing psoralen
moiety at the 2' position of adenosine effectively and specifically inhibits the expression of the
codon 12 point-mutated K-ras (G12V) gene in living cells. Because of the specific and irreversible
complexation between photoreactive AS-ODN and the target mRNA, the regulation of gene
expression was achieved with a low concentration of AS-ODN (ICsy = 50 nM) and UV irradiation.
This method has the potential to provide a location-specific drug that can regulate gene expression
by photoirradiation at the desired location in the body; however, the requirement of relatively long
photoirradiation because of the low photoreactivity of AS-ODN may cause undesired toxicity to
healthy cells. In this study, the author tried to develop other photoresponsive AS-ODNs using a

photoresponsive nucleoside analogue, 3-Cyanovinylcarbazole nucleoside ("

K), which can quickly
photocrosslink to the pyrimidine base in complementary RNA strands with only a few seconds of
photoirradiation. ““VK was incorporated into antisense oligonucleotides (" VK-ASs), and the author
evaluated the photoreactivity and the sequence selectivity to mutated K-ras oligoRNAs, as well as

CNV

the regulation of the function of K-ras mRNA. In this result, the = "K-AS is quickly and selectively

photocrosslinked to ORNs having mutated K-ras sequences by a few seconds of photoirradiation and




the selectivity can be enhanced by adopting the mutated pyrimidine base as the photocrosslinking
site of “NVK. The ““VK-AS clearly photocrosslinks to its target mRNA in a sequence selective
manner and then the mRNA function is clearly regulated with only 1 second of photoirradiation

suggesting that ™V

K-AS have the potential to be effective photodynamic antisense drugs that act at
desired locations around the body with a few seconds of photoirradiation. Moreover, the author
successfully demonstrated that “NVK-AS that target GFP mRNA, effectively regulate GFP
expression in a stable cell line expressing the GFP gene in a photo-responsive manner and that the
expression level of GFP can be controlled temporally by 10 seconds of 366 nm irradiation. These
photoreactive antisense oligonucleotides can be effective in the spatiotemporal regulation of
endogenous gene expression in living cells.

CpG ODNs are short single-stranded synthetic DNA molecules that induce TLR9
mediated-immune activation. The author has synthesized disulfide crosslinking tethered CpG
oligonucleotide (S-S CpG) as a radiation-trigger immune activator. The S-S CpG had an alkyl chain
and two CpG DNA units were connected by an X-ray-sensitive disulfide bond. X-irradiation of Raw
cells, to which S-S CpG was administered, resulting in an induced Ifnb mRNA expression because
of the reductively-cleaved CpG immune activation. Thus, S-S CpG are promising as

radiation-trigger immune activators that are applicable to drugs.
MAEEOBROEE

A SCCIIAMB RSB N TR & 2 B8R F BRI & S iliE LIz BT 2 P 5Eic o
TEEDEDTHY, LLTORTIHFITHHA»OMAIRNRNE TH T,

BHEAMONHEIZEIDV ) I VAL RBROICHEBAIRERAN LEBTH D
3-cyanovinylcarbazole (CNVK) % 7 v T & > A4k LA A bE 5 2 & T, MlasoRIZHBWT
SRR B Koras mRNA (2 R 12.GGU>GUU)DRERE & YIRS X » THIEIT 5 2 L ICHzh L
oo AFEEANWDZ LT, 1 BBONEBEHZ LY ONVK 2 HW=T > F ko AR, D
2588 mRNA (2% U CHIEELSRIAIOEAUE L, 2 OWERG RIS ER) 97%E W 5 @R T
FHEFRECTH D Z L2 R Lz, 18 E W 5 B O SE RS CHIE Al e 70 i R B O F
BEELTNESTLZENTED,

WIZ, WIEME GFP B{s 1 ORELZ B HAL ORI K- N THIHIT&E 5 2 L 2 EFE L
7o ONVR 25 Te T T2 U ARG E VD Z & T, 10 PO IRH TR IV TER TR E]
A CHD Z 2R LTz, 61T, BBFEOT v F R AIEDZE 1%, 1C50 7> uM #
— X —=ToHDLDIZK LT, NK ZHWeT7 T AR, KRE (980 nM) THiEET
FENEIHTRETCHH Z A AM Lz, R CHELZFF>L FHIEN 5 GFP mRNA H 0O
4 SOEMEHNZE LT, 2RI T 5 VK 2 &80 7 o F & o AR & IV CRlli L 7232
BRIZCBW T B TORICBWTHRICK 2BEFRIEGIEHNAIRETH D Z &b FLH L7z, CNVK 23,
LRGBS K o TIFPESOSR THEERIRLY] &G T 5720 B FHBUHIH 23R mRNA
DACHEIKFELRP2TeDOTIEEERDND, 7o, KRHF DX A I 712 L > THNTENME
B HEBLOBENRFRETH D Z E L EIEL TB Y 0 AW FEREFZOSFICBWTHHATH
LEEBEZLND,



F o, BRI K o THRIEIRTETEME ORI ATRE e, e %4 BAR & U 7o S liiE Al D% G - &
B ) L7z, CpG DNA & R4 5 Rk 7Bl 2479 5 8D DNA X, HilaN OEES %
RISk SN D Z & CREBISERISZFHET 5 Z L AMEINTn5b, 22 T, K& (20Gy)
DHEBRIREFHC XV R ATREZR AL 7 ¢ RiEG T2 2D CpG DNA #EHEE5 2 LT, #
PR BRI SNy 2L 7 o K7 A 7 CpG DNA & L., flgIZE A L%
THHRBSIC L > T AL T ¢ FEGZHRSE D 2 & T, AEilinAl & U CHiliE - fife s
HZEMAERETH D L& R Uiz, R IBENC X o CHEBAL AR A S A RS A A ¢ &
LR FEMORBICKII LI B2 b5,

PIE. AL, SMERHRIBS AN TR IC > T R O eI & 2 85 TR BLHI A S O
HRIZ L B RERIE L Z FiE L LTHOTH Y Aied TH AN OMAIN D THh Y i,
PEEMNZEIRT D& ZANKEN, Lo THLE(T U 7 A = RO BRI E LTl
EHDHDERDT,



