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A cross-sectional survey in Japan reported that the prevalence of chronic musculoskeletal pain
was 15.4%. Even with current treatments, chronic musculoskeletal pain adversely affects
everyday activities and social functioning. Therefore, better treatments are needed for refractory
pain, especially pain due to neurotrauma and degenerative spondylosis.

Dorsal root ganglion (DRG) neurons are critical in facilitating pain signaling from peripheral
nerves to the central nervous system. The current program proposes the use of modified
DNA/RNA heteroduplex oligonucleotide (HDO) as a non-virally delivered therapeutic to directly
modulate the expression of pain-related genes in the DRG (Figure 1). It is projected that further
refinement of HDO should lead to enhancement of both potency and safety of HDO for clinical
application.

Professor Yokota heads the current program, of structurally modifying HDO for high efficacy
and reduced adverse effects. Professor Okawa hunts for molecular targets in DRG in preclinical
animal models of chronic pain. HDO was recently administered to nonhuman primates (Macaca
fascicularis) for safety evaluation.

Administration of modified HDO for mice non-coding RNA showed no adverse effects and
decreased DRG target gene expression by 70% compared vehicle-treated animals. Furthermore,
repeated weekly intravenous injections of the modified HDO for four weeks decreased the target
gene expression by 90% compared vehicle-treated animals. Based on these results, a strategy was
developed to inhibit endogenous gene expression in the DRG using intravenous administration
of modified HDO.

Additionally, HDO was administered in nonhuman primates and no abnormal behaviors, liver
and kidney dysfunction were observed. Preliminary results suggest the modified HDO 1is
relatively safe.

The current findings indicate that systemic administration of newly developed HDO
significantly inhibits gene expression in mouse DRG. The preliminary safely findings from
nonhuman primates suggest that the modified HDO could be nontoxic in humans and,
furthermore, could have efficacy against clinical chronic pain. Although license-out of our

technique, defined as final target, is never done so far, we plan to develop it near future.
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Figure 1. Silencing efficacy of HDO for Figure 2. Road map of the study.

endogenous expression.



M. FEROINEB~DREEK
(1) 256 - HEEEFICRT 2m—% (EWNEE 3fF EESE 81

10.

11.

Efficient Gene Suppression in Dorsal Root Ganglia and Spinal Cord Using Adeno-associated
Virus Vectors Encoding Short-Hairpin RNA. Enomoto M, Hirai T, Kaburagi H, Yokota T.
Methods Mol Biol. 2016, 1364, 277-290.

Drug delivery system of therapeutic oligonucleotides. Drug Discoveries & Therapeutics.
Asami Y, Yoshioka K, Nishina K, Nagata T, Yokota T. 2016;10(5):256-262

Bone marrow stromal cells combined with a honeycomb collagen sponge facilitate neurite
elongation in vitro and neural restoration in the hemisected rat spinal cord. Ukegawa M,
Bhatt K, Hirai T, Kaburagi H, Sotome S, Wakabayashi Y, Ichinose S, Shinomiya K, Okawa
A, Enomoto M. Cell Transplant. 2015, 24(7), 1283-97.

Enteral siRNA delivery technique for therapeutic gene silencing in the liver via the
lymphatic route. Murakami M, Nishina K, Watanabe C, Yoshida-Tanaka K, Piao W,
Kuwahara H, Horikiri Y, Miyata K, Nishiyama N, Kataoka K, Yoshida M, Mizusawa H,
Yokota T. Sci Rep. 2015, 5, 17035.

Blood-brain barrier: a novel therapeutic target in multiple sclerosis. Kuwahara H, Nishina
K, Yokota T. Clin Exp Neuroimmunol. 2015, 6(2), 129-138.

DNA/RNA heteroduplex oligonucleotide for highly efficient gene silencing. Nishina K, Piao
W, Yoshida-Tanaka K, Sujino Y, Nishina T, Yamamoto T, Nitta K, Yoshioka K, Kuwahara H,
Yasuhara H, Baba T, Ono F, Miyata K, Miyake K, Seth PP, Low A, Yoshida M, Bennett CF,
Kataoka K, Mizusawa H, Obika S, Yokota T. Nat Commun. 2015, 6, 7969.

Chimeric Antisense Oligonucleotide Conjugated to a- Tocopherol. Nishina T, Numata J,
Nishina K, Yoshida-Tanaka K, Nitta K, Piao W, Iwata R, Ito S, Kuwahara H, Wada T,
Mizusawa H, Yokota T. Mol Ther Nucleic Acids. 2015, 4, e220.

Intrathecal AAV Serotype 9-mediated Delivery of shRNA Against TRPV1 Attenuates
Thermal Hyperalgesia in a Mouse Model of Peripheral Nerve Injury. Hirai T, Enomoto M,
Kaburagi H, Sotome S, Yoshida-Tanaka K, Ukegawa M, Kuwahara H, Yamamoto M, Tajiri
M, Miyata H, Hirai Y, Tominaga M, Shinomiya K, Mizusawa H, Okawa A, Yokota T. Mol
Ther. 2014, 22, 409-419.

SRk, PRHPEE EEESE DS/ DDS. Ml LY 34(10):2-8, 2015

R —FE, HRBERES, SIzsk, BIRPAERE PR BT 2 B EHRIC K 5 8 n FIa MRk
NFE 83(4):283-288, 2015

KL, B s MR B O RNA AT 5 FLLNIZECEIT % 2 2 . Frontiers in
Parkinson Disease 8(3):16-20, 2015




(2) #

10.

11.

12.

13.

c VURT T LEICRITT A OE - R AKX —FEFR

Role of voltage-gated sodium channels and calcium channel subunit alpha-2/delta-1 in the
lumbar dorsal root ganglions of persistent peripheral neuropathic pain model mice, 7~ A %
—%%3%, Kaburagi H, Sumi A, Hirai T, Wakabayashi Y, Yokota T, Okawa A, Enomoto M, The
46th annual meeting of the Society for Neuroscience, 2016/11/15, [E4}.

An EGFR inhibitor induces Schwann cell proliferation and promotes functional recovery with
remyelination in injured proneal nerve after end-to-side neurorrhaphy, &N A &% —¥& 3,
Enomoto M, Ukegawa M, Kaburagi H, Hirai T, Yagishita K, Okawa A, Wakabayashi Y, The
44th annual meeting of the Society for Neuroscience, 2016/11/15, [E4}.

DNA/RNA heteroduplex oligonucleotide a novel concept of therapeutic oligonucleotide, HEH,
Yokota T, 18th Annual TIDES: Oligonucleotide and Peptide Therapeutics, 2016/5/11, [E4}.
DNA/RNA heteroduplex oligonucleotide for highly efficient gene silencing (I158) Yokota T
Honolulu (2015 International Chemical Congress of Pacific Basin Societies) 2015.12.15
DNA/RNA heteroduplex oligonucleotide - a novel concept of therapeutic oligonucleotides.(H
§A) Yokota T Canton Nucleic Acids Forum2015 2015.11.18 [E#}.

A model of chronic pain from human prostate cancer cells implanted into the mouse tibia, 7~
A K —%%5%, Enomoto M, Kaburagi H, Hirai T, Yagishita K, Yokota T, Okawa A. The 45th
annual meeting of the Society for Neuroscience, 2015/10/18, [E4}.

PRI E MR © 7 VIZ B 1T 2 B AR ET COBMNAKEET M) D AB LIV T LT
¥RV a28 7=y FORE, RAZ—RE, BRA WAHR FPHeE RIE B
JerR 5 31 IRl A ARSI IS A IR 2, 2016/10/13, [EN.

BIRGIRIEEE, ~T n R ORIA (AEE) BIHMERE % 22 (8] JBIC /N A B AR HAf 7T
2015.12.11 EW

DNA/RNA ~7 v #48 % FI N2 AR T o Mg i BA P o BEREmI A (RER) R E R, SRk,
KA H G ) BUE R KR B EE BARRER ST — RIS 2015.12.1
EH

AT X AT 2 ARPLIRIEIRIZ L 28~ A 7 0 RNA IiGIEEO M (D80 FPEKER, 5
BT, BUBCERAT, MHUEL FOCHE SR, R R, KB, B B ARZR
RHE R —RIE S 2015.11.30 [E

KRBT T /BT D BBMRET COI N T AF v 3L a28 7 2= v b OFHIEAL,
WAL=, WARFGR, EACH, FHES, BHEERE, XIE, AARBEIARIER AT RS,
2015/10/23, [EWN.

% 3 DERRESRRD [~7 m “EHHEIE] OBYE. (ABH) BHEERE AAANERRYES % 60 KR
£ 2015.10.17 EWN

TRPV1 Z4ERY & L7z shRNA-AAV9 < & 5 FEF G-I TR b 5 AR ~ o A O BUilEus i 2 A
B4 5, R, VR, EAH, SASHR, BOolE—, WEk—, BHEEE, XIE,
55 29 [a] F ARSI AR BARE IR &, 2014/10/10, [EX.

H>




V) FH.Fr
IR B HL
sl It o)

S Heffret REtE S

L DR

) THEE

(3 o

(4) e
BL



