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Research to develop sense oligonucleotides as novel nucleic acid drugs for
hepatic ischemia-reperfusion Injury
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Hepatic ischemia-reperfusion injury (HIRI) is a problematic cause of
postoperative complications after extensive liver resection and liver transplantation.
(1) In the rat model of HIRI with hepatectomy, functional foods and drugs acting on the antisense
transcript of induced nitric oxide synthase (iNOS-AS) showed anti-inflammatory effects and
ameliorated liver injury. In addition, we designed a nucleic acid drug, a sense oligonucleotide,
from the gene induced in the liver by HIRI and proceeded to analyze its hepatoprotective effects.
(2) In the rat liver transplantation model, the expression of inflammatory cytokines/chemokines,
antioxidant, heat shock, and anti-stress genes in the liver was significantly altered. iINOS sense
oligonucleotide treatment reduced INOS mRNA expression and hepatic enzyme activity of the perfusate.



HIRI

NO
TNF-a NO
iNOS TNF-o AS MRNA
[Matsui K .2008; Yoshigai E . 2013; Yoshigai E  .2014] AS
AS
[Yoshigai E . 2012; NishizawaM
RNA & Disease 2016] iINOS-AS mMRNA
MRNA [Matsui K . 2008]
LPS iNOS iINOS  TNF-o
mMRNA [OkuyamaT . 2018]
HIRI
MRNA AS AS
[Nishizawa M,
OkuyamaT, Nakatake R. 2022; . 2023] iNOS TNF-
o
AS AS mMRNA
HIRI
1 PM+PH
Pringle maneuver:
PM HIRI
Sprague Dawley
15 70%
HIRI 3,6, 24
HIRI 30 70%
168
sulforaphane SFN baicaein BAE
Lentinula edodes ECLM, AHCC® 10
2 Isolated Perfused Rat Liver 1PRL exX Vivo
Wistar 4°C Histidine-tryptophan-ketoglutarate; HTK
24 Cs 24°C 5
37°C Krebs-Henseleit
bicarbonate Buffer; KHB 3ml/ / 5-120 /
3
Wistar
SFN BAE IL-1p

BKC



4

mRNA 3 JUTR
[Yoshigat E . 2013; Yoshigai E . 2014]
MATra-A IBA [Matsui K . 2008]
1 HIRI
PM+PH
NO MRNA
NF-xB
i iINOS
PM+PH AS
iNOS-AS
HIRI
ECLM iNOSAS iNOS
[Matsui K . 2007; Nakatake R.
2016] PM+PH ECLM
[Nakatake R, Okuyama T, Nishizawa M.  Nutrients, 2024] ECLM
HGF 24
HIRI
SFN  PM+PH
SFN NF-xB
[Nakatake R, Okuyama T, Nishizawa M. Int J Mol Sci,
2024] SFN HIRI iNOSmMRNA
SEN _ iNOS-AS
BAE
3
[Okuyama T, Nakatake R, Nishizawa M. Mol Biol Rep, 2024] BAE
iINOS-AS iNOS mRNA
NF-xB L1 Akt 2 BAE
HIRI iINOS-AS
iNOS iNOS-AS HIRI
iNOS
i
HIRI HIRI
iNOS mRNA [Nakatake R . 2022]
HIRI iNOS NO HIRI
PM+PH
MRNA
A A X
A mMRNA RT-PCR
PM+PH mMRNA X
2 IPRL iNOS
mMRNA iINOSMRNA

iNOS IPRL



IPRL KHB KHB AST ALT LDH

iNOS
iNOS
MRNA
iNOS
RT-PCR
iNOS mRNA
PM+PH IPRL iNOS

Matsui K, Nishizawa M, Ozaki T, Kimura T, Hashimoto I, Yamada M, Kaibori M, Kamiyama, Ito S,
Okumura T. Natural antisense transcript stabilizes inducible nitric oxide synthase messenger RNA in rat
hepatocytes. Hepatology 47: 686-697 (2008) DOI:10.1002/hep.22036

Yoshigai E, HaraT, Araki Y, Tanaka Y, Qishi M, Tokuhara K, Kaibori M, Okumura T, Kwon AH,
Nishizawa M. Natural antisense transcript-targeted regulation of inducible nitric oxide synthase mMRNA
levels. Nitric Oxide 30: 9-16 (2013) DOI:10.1016/j.niox.2013.01.001

Yoshigai E, Hara T, Inaba H, Hashimoto I, Tanaka Y, Kaibori M, Kimura T, Okumura T, Kwon AH,
Nishizawa M. Interleukin-1p induces tumor necrosis factor-a secretion from rat hepatocytes. Hepatol Res
44; 571-583 (2014) DOI:10.1111/hepr.12157

Yoshigai E, Hara T, Okuyama T, Okumura T, Kaibori M, Kwon AH, Nishizawa M. Characterization of
natural antisense transcripts expressed from interleukin 1f3-inducible genesin rat hepatocytes. HOAJ
Biology 1: 10 (2012) DOI:10.7243/2050-0874-1-10

Nishizawa M, KimuraT. RNA networks that regulate mMRNA expression and their potential as drug
targets. RNA & Disease 3: €864 (2016) DOI:10.14800/rd.864

OkuyamaT, Nakatake R, Kaibori M, Okumura T, Kon M, Nishizawa M. A sense oligonucleotide to
inducible nitric oxide synthase mRNA increases the survival rate of rats in septic shock. Nitric Oxide 72:
32-40. (2018) DOI:10.1016/j.ni0x.2017.11.003

Nishizawa M, OkuyamaT, Nakatake R. ‘The natural antisense transcript-targeted regulation technology
using sense oligonucleotides and its application’. Oligonucleotides - Overview and Applications.
IntechOpen (2022) DOI:10.5772/intechopen.108281

o1
>mRNA
ISBN:978-4-86104-937-8

Matsui K, Kawaguchi Y, Ozaki T, TokuharaK, TanakaH, Kaibori M, Matsui Y, KamiyamaY, Wakame K,
MiuraT, Nishizawa M, Okumura T. Effect of active hexose correlated compound on the production of
nitric oxide in hepatocytes. JPEN J Parenter Enteral Nutr 31: 373-380. (2007)
DOI:10.1177/0148607107031005373

Nakatake R, Tanaka Y, Ueyama, Miki H, Ishizaki M, Matsui K, Kaibori M, Okumura T, Nishizawa M,
Kon M. Protective effects of active hexose correlated compound in arat model of liver injury after
hepatectomy. Funct Foods Health Dis 6: 702-717. (2016) DOI:10.31989/ffhd.v6i11.305

Nakatake R, OkuyamaT, Ishizaki M, Yanagida H, Kitade H, Yoshizawa K, Nishizawa M, Sekimoto M.
Hepatoprotection of a standardized extract of cultured Lentinula edodes myceliaagainst liver injury
induced by ischemia-reperfusion and partial hepatectomy. Nutrients 16:256. (2024)
DOI:10.3390/nu16020256

Nakatake R, OkuyamaT, Hashimoto Y, Ishizaki M, Yanagida H, Kitade H, Yoshizawa K, Nishizawa M,
Sekimoto M. Sulforaphane is protective against warm ischemia/reperfusion injury and partial




hepatectomy in rats. Int J Mol Sci 25:579. (2024) DOI:10.3390/ijms25010579

OkuyamaT, Nakatake R, Ito K, Ishizaki M, Yanagida H, Kitade H, Yoshizawa K, IkeyaY, Nishizawa M,
Sekimoto M. Hepatoprotective effects of baicalein against liver ischemia-reperfusion injury and partial
hepatectomy in arat model. Mol Biol Rep 51:643. (2024) DOI:10.1007/s11033-024-09548-9

Nakatake R, Schulz M, Kalvelage C, Benstoem C, Tolba RH. Effects of iNOS in hepatic warm ischaemia
and reperfusion modelsin mice and rats: A systematic review and meta-analysis. Int J Mol Sci 23:11916.
(2022) DOI:10.3390/ijms231911916



13 13 3 10

Nakatake Richi Okuyama Tetsuya Ishizaki Morihiko Yanagida Hidesuke Kitade Hiroaki 16

Yoshizawa Katsuhiko Nishizawa Mikio Sekimoto Mitsugu

Hepatoprotection of a Standardized Extract of Cultured Lentinula edodes Mycelia against Liver 2024

Injury Induced by Ischemia-Reperfusion and Partial Hepatectomy

Nutrients 256 256
DOl

10.3390/nu16020256

Nakatake Richi Okuyama Tetsuya Hashimoto Yuki Ishizaki Morihiko Yanagida Hidesuke Kitade 25

Hiroaki Yoshizawa Katsuhiko Nishizawa Mikio Sekimoto Mitsugu

Sulforaphane Is Protective against Warm Ischemia/Reperfusion Injury and Partial Hepatectomy in 2024

Rats

International Journal of Molecular Sciences 579 579
DOl

10.3390/i jms25010579

Okuyama Tetsuya Nakatake Richi Ito Kentaro Ishizaki Morihiko Yanagida Hidesuke Kitade 51

Hiroaki Yoshizawa Katsuhiko Ikeya Yukinobu Nishizawa Mikio Sekimoto Mitsugu

Hepatoprotective effects of baicalein against liver ischemia-reperfusion injury and partial 2024

hepatectomy in a rat model

Molecular Biology Reports -
DOl

10.1007/s11033-024-09548-9

Nakatake Richi Okuyama Tetsuya Kotsuka Masaya Ishizaki Morihiko Kitade Hiroaki Yoshizawa 60

Katsuhiko Tolba Rene H. Nishizawa Mikio Sekimoto Mitsugu

COMBINATION THERAPY WITH A SENSE OLIGONUCLEOTIDE TO INDUCIBLE NITRIC OXIDE SYNTHASE MRNA AND 2023

HUMAN SOLUBLE THROMBOMODULIN IMPROVES SURVIVAL OF SEPSIS MODEL RATS AFTER PARTIAL HEPATECTOMY

Shock 84 91

DOl
10.1097/SHK.0000000000002135




Nishizawa Mikio Okuyama Tetsuya Nakatake Richi

The Natural Antisense Transcript-Targeted Regulation Technology Using Sense Oligonucleotides 2023
and Its Application

IntechOpen

DOl
10.5772/intechopen.108281

Nakatake Richi Schulz Mareike Kalvelage Christina Benstoem Carina Tolba Ren? H. 23

Effects of INOS in Hepatic Warm Ischaemia and Reperfusion Models in Mice and Rats: A Systematic 2022
Review and Meta-Analysis

International Journal of Molecular Sciences 11916 11916

DOl
10.3390/i jms231911916

3 0 3

Richi Nakatake, Tetsuya Okuyama, Morihiko Ishizaki, Hidesuke Yanagida, Hiroaki Kitade, Katsuhiko Yoshizawa, Mikio Nishizawa,
Mitsugu Sekimoto

Effects of AHCC(R) on hepatic ischemia-reperfusion injury and partial hepatectomy in rats

31 ICNIM2023

2023

Tetsuya Okuyama, Richi Nakatake, Kentaro Ito, Yukinobu lkeya, Mitsugu Sekimoto, Mikio Nishizawa

Baicalin and baicalein, constituents of Scutellariae radix, inhibit the induction of nitric oxide production in interleukin
1P -treated rat hepatocytes

30 1CNIM2022

2022




73

2023

411

MRNA

(NISHIZAWA Mikio)

(40192687) (34315)
(NAKATAKE Richi)
(40779401) (34417)




