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Peptide drugs for enhancing opioid analgesia and suppressing tolerance development
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Market problem
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Opioids are basically the sole medicine for treating severe pain, but
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Tolerance Overdose
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Addiction

3) TOARDENER

Other side effects
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No medicine or strategy is available
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Market problem

HES / BE
Consumer Customer

o WAEBE (BHEOACACSEEIEINHS) Cancer/poor-risk patients

- HAEFIE. EAD Oncologists/doctors
o BIFEN—H— Pharma manufacturers

HIHh & Ent

Reason and motivation

o AEAA RE(ERULDZEREBSEROTSE, X CHE

The market for better/safer pain management employing opioids

« 20204E(36,000/2M. 2030£(C(F1IEMHBZ DF1E
S4.4 billion in 2020, $6.1 billion expected in 2030
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Existing technologies and their problems

%9,%10)?\]‘9&7'5%& Fl:ﬁ EE,"\I—\:'\ Current clinical strategies

(1) AEAA RO—7—33> Opioid rotation

—

AT - ShERHMELY Opioid rotation leads to cross-tolerance

(2) AEAAL RIEHEE Opioid antagonist drugs
— FDA FAGROIETE (FOFVY>. TTLINI1> FILRLFYY) (. AEA( REFIIEER

NEARDFZEADFEFNC(FBEZIIN. REACHIZAMIIEGEEC (BRI TEZRL
FDA-approved antagonist drugs (naloxone, buprenorphine, and naltrexone) are only useful for rapidly
reversing opioid overdose symptoms but not for the long-term tolerance treatment
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The long-term opioid therapy (such as longer than a week) is performed with the risk of
tolerance development and overdose - new drugs are absolutely needed
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Key aspects of our technology

AEAAL RGEEBHZE (RTFREH])

Opioid potentiators (Peptide drugs)

(1) AEAA ROiETERN Rz 154

Enhance the analgesic efficacy of opioids

(2) AEAA RADTMm 4 Z 1]

Suppress resistance development to opioids

> (3) AEAM ROIRAZEAL

Lower opioid doses

> (4) IKFEREOBIHWERZ KR

Lower addictivity and other side effects
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New Technology Presentation Meetings!
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Key aspects of our technology and comparison with the existing technologies

Techniques to suppress the (XSt (ZEBEEY (ERfIEE) (B (K~ 0EX) (r5iE)
tolerance Low Toxicity =~ OR specificity  Analgesia Enhance. High solubility Brain delivery  Treatment methods
Currently existing tech (IRTZHz447)
Antagonists X \/ X J / Oral

Ref: US20040186081A1 X

Oral

Immunomodulatory drugs
Ref: US10519207B2

X
Peptide \/ \/
v

Ref: CN1025800918

IV, nasal spray, oral
thin film

Our invention

v v
X X Lumbar puncture
Peptide / \/ \/
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Mechanism of Action

- HIRMRERAOAE A RSBRTHES 'Oplifid rece";tOrf(OR): "
° Tz o ey receptor for morphine
BILEXR  u-AEAL RZEFAR (MOR) L-opioid receptor (MOR)

- 5D/ 8-7|'t°7|"f REFZSYK (DOR) - Another OR called 6-OR (DOR).

MOR-DOR OAFOZEAR(FHIFRIZRED MOR Zip 83 — MTEOFEIR

Heterodimers of MOR-DOR decrease MOR on the cell surface, which leads to tolerance
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Mechanism of Action

MOREDORDZEMMEZRE I 2T F Rz FHH

We invented peptides that block heterodimer formation of MOR-DOR and KOR-DOR + Homo-dimers

YIRCBEWT, DpepDMEZFFTEM-DZEMARAERTFRH, EILE
ROIERNEZIERL . ACAA REESZIIGI T2 7 B UL

In mouse, a peptide called DpepDM, which blocks M-D hetero-dimers, enhanced the analgesic effect of

morphine and delayed the tolerance development to morphine.

Opioids ] Peptide~> | DpepDM
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Side effects
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These peptides bind to the
extracellular domains of opioid
receptors without competing with
agonists
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Advanced single-molecule imaging
techniques and theories developed in our lab

HAREIEER TOMOR-DOR
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Quantitative MOR-DOR dimerization detection
in the cell membrane is unique




DpepDM (2,169 Da)

¥

Heal Sotace Timer
F

/

o< ;“)"\5 ? 'jcf-; s

Y

BRE T A IV I ER
Tail flick test

Image source:

Author: D4ua13, A drawing of a tail flick test apparatus
and identification of parts. Data: November 17, 2012,
http://commons.wikimedia.org/wiki/File:Tail_Flick_Test_

Apparatus.jpg
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Enhancing analgesia and delaying tolerance development
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SN T + RTFR
1 [ Y&, . 30 min > >2h
:/ v -RTFEK
04— 71T 711
10 30 60 30 120

Time after morphine injection (min)

Antinaciceptinn
(%MPE)
n
o
1

Long-term tolerance
development to morphine

: $Fe

Morphine-induced analgesia prolonged

5 100 BIVERICHT I DMFERAZ RN : ESE
E‘ IJ-H"{ Tolerance development to morphine
B \T + RTFR 5 days 2> >11 days
= % 3
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1 9 g N
Days of morphine injection (day)
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fMIMERIPI (BBB) iZ&NM MAATORITFROE (DEOHIF)

Brain-blood barrier (BBB) permeability Prolonging peptide lifetimes in the body

BBB shuttle peptlde DpepDM (23 a.a; 2,169 Da)
-: 0k

TAT Linker F'aptlde

DpepDM-TAT (44 a.a.; 4,281 Da)
(D-type a.a. at N- and C- termini)

Image source:
Ganger S, Schindowski K. Tailoring, Pharmaceutics, 2018, Image source:

10(3):116. https://doi.org/10.3390/pharmaceutics 10030116 Courtesy of American Heart Association journal, Hypertension,

Volume 9. No 07F July 2021
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Our peptide

AEAA R#EBNEE: DpepDM-TATEREKR

Opioid potentiator DpepDM and its derivatives
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Further development plans

- BIEROERIMRER : 3097 — EFRE (1048)

Prolong the morphine analgesic effect 0.5 h Several hours (10x)
- BIERICKBMMERE : 5H — 148 (648)
Delay morphine-induced tolerance from 5 days to 1 month (6x)
- AKFIEOR T Z5lER

Lower addictivity

- FACESY. 2T —. BROBIRICLSIES

Deliver by IV, nasal spray, and/or oral thin film
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Potential ways for technology transfer
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Looking for research collaboration with companies that had experience of selling and using analgesics,

with FDA approval, and/or are interested in development and sales of opioid potentiators

o AEAAMOIERRIZRFEIDEEE

Companies developing opioids and pain killers will benefit from this technology
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Patent application status

FEHADBFR : ACAA MEBIFEDORIFE

J7# [ PEPTIDE DRUGS FOR SUPPRESSING TOLERANCE DEVELOPMENT BY
BLOCKING HOMO- AND HETERO-DIMERIZATION OF OPIOID RECEPTORS |
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New Technology Presentation Meetings!
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Contact
TPRERIZ RN KR E R AE
OIST ‘ Innovation

TEL . 098-966-8937
FAX . 098-982-3424
E-mail : tls@oist.jp
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