Heteroduplex Oligonucleotide (HDO)

Trial service

We launches a service that allows customers to try HDO widely.

Both of pharmaceutical companies and academies can try this trial service.

B About Technology

» HDO is an artificial functional nucleic acid consisting of an ANTISENSE strand and a CARRIER strand.
> A variety of LIGANDs can be bound to the CARRIER stand.

» HDO with LIGAND have significantly better knockdown activity than ASO.

ANTISENSE strand .
e.g., oligonucleotide (Gapmer, Mixmer, PMO) Ollgonucleohde

CARRIER strand (rRNA)

| SerVice Contents We offer HDO with ligand* in your specified sequence and ligand.

Synthesis A variety of modified oligonucleotides and ligands available

Purification LC (RP, IEX)

Double-Stranded Formation  ARIEEITe]

Drying Lyophilization

Standard Test Items RP-UHPLC and MS (single strand) / Native PAGE (double strand)

Cautions
» Maximum sample volume is 30 mg.
» For experiment and research purposes only (not for human studies).
» We may refuse sequences targeting fatty acid synthase genes.

* HDO with ligand is provided by Nippon Shokubai Co., Ltd. under license from Rena Therapeutics, Inc.

B Business Flow

STEP 01 STEP 02 STEP 03
Contact Quote Synthesis / Analysis

Trial NIPPON Health & Medical Business Division
Contact Service SHOKUBAI Email : health_medical@shokubai.co.jp

Information

Rena Business Development Division, Ryohei Shimizu
Technology Therapeutics Email : info@renatherapeutics.com

[DISCLAIMER]

This document is prepared for the purpose of product introduction for reference. Nothing contained in this document shall be construed as conferring any license of Nippon Shokubai’ s information
provided herein and other intellectual properties related to such information and introduced products. Nippon Shokubai makes no warranties of any kind whatsoever, with respect to such information
and products, including non-infringement of a third party's intellectual property right, and implied warranties of merchantability or fitness for particular purposes, and shall in no event be responsible for
any damages or liabilities arising in connection with the handling and/or use of our products and/or information. Copyright NIPPON SHOKUBAI CO., LTD. All rights reserved. 2025.09




Heteroduplex oligonucleotide

Rena

Therapeutics

(HDO) a nucleic acid pharmaceutical platform technology

RenaTherapeutics has an exclusive license to HDO technology.

Rena Therapeutics, Inc. , Tokyo, Japan| https://www.renatherapeutics.com/?lang=en| info@renatherapeutics.com

Overview

Heteroduplex oligonucleotide (HDO) is the third platform technology for mMRNA Therapeutics following short interfering RNA (siRNA) and single-
stranded antisense oligonucleotide (ASO), which serves as a therapeutic agent for the modulation of specific genes at the post-transcriptional
level. Rena Therapeutics Inc. (Rena) is a university-originated venture company established in 2015 to commercialize HDO technology. Rena
has licensed HDO technology to lonis Pharmaceuticals, Inc. and Takeda Pharmaceutical Co., Ltd., respectively and is focused on joint research
with pharmaceutical companies on drug discovery using HDO technology.

Structure

HDO is an artificial functioning nucleic acids composed of an antisense
strand (gapmer, mixmer, PMO etc.) that binds to a transcript of a target
gene and a carrier strand (RNA) that is complementary to the antisense
strand. Since a ligand (receptor ligands, antibodies, lipids, etc.) is
bound to the carrier strand, various ligands can be introduced without
affecting the activity of the antisense strand enabling cell-specific
delivery. HDO has high nuclear localization and low toxicity compared
to ASO.

RNase H dependent type (RNA digestion) : Gapmer
RNase H independent type (RNA function inhibition, splicing
control ) : Mixmer. PMO
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Antisense strand | Olige cleotide

Carrier strand

Various ligands can be attached to the carrier chain
Small molecular compound. Lipids. Sugar. Peptide

Mechanism of action
The mechanism of action of RNaseH-dependent antisense effects
using DNA gapmers is as follows.
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*HDO is also capable of RNaseH-independent antisense
effects (eg exon skipping).

Knockdown activity

Ligand-conjugated HDO has much better knockdown activity than
ASO.

Reagent : Saline, ASO, Toc-ASO, HDO, Toc-HDO 3% Toc=Tocopherol % : Compared fo Saline p<0.05
Target : ApoB mMRNA

Subject : c57BL/6J (n=5) *%% : Compared to Saline p<0.00|
Dose : 200 nmol/kg (0.87 mg/kg as antisense strand for all reagents)

Administration : Single bolus iv +1 : p<o.001

Time : 3 days after dosing

Comparison of knockdown activity of HDO & ASO in mouse liver
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Nuclear translocation

HDO has better nuclear translocation than ASO. The antisense
strand (AS) was labeled with AF647 and the carrier strand (CS) with
AF488. Cell line: Huh-7, target: intronic ApoB, HDO or ASO under
50 nM transfection (n = 50). Right picture: A strong and distinct
nuclear signal of AS was observed in HDO-transfected cells. Left
picture: a weak distribution that was diffuse or partially interspersed

throughout ASO-transfected cells was observed.
ASO AS-AFB4T HDO AS-AFE4T7 CS-AF488
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Efficient exon skipping

HDO is associated with higher skipping efficiency than ASO.

An increase in the skipping rate by at least 10-fold was seen for
mouse pre-mRNAIL-1 RAcP exon 9 when comparing HDO to ASO.
*Skipping efficiency (%) = (amount of mMRNA skipped)/(amount of
mRNA skipped + amount of mRNA not skipped) x 100
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Toxicity reduction

HDO is expected to reduce toxicity caused by non-specific protein
binding. This is partly because 50% of the PS modifications are
located within the double-helical Groove, resulting in reduced
interactions with proteins compared to ASOs.

®
s NS LASO
SN --Carrier strand
—® ...Phosphorothioate
(PS) strand
Q ...Protein

ASO

In fact, it has been reported that compared to ASO, HDO has a weak binding
force of about 1/60 to albumin and about 1/500 to IgG (see table below).

<Dissociation constants between HDO or ASO and plasma proteins (kd, pM)>

Albumin Transferrin IgG Fibrinogen AZM *1 HRG *2
ASO 10.4 1.3 0.9 0.3 0.044 0.009
HDO 762.9 450 >500 75 >3 >1

Gaus et al, Nucleic Acids Res 2019




