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Development Strategy Routes

two independent technology platforms

DYSTRCGEN

THERAPEUTICS

DYSTRGGEN

THERAPEUTICS
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. PATENT US20180221416A1 . PATENT US9970004B2
Cellular Therapy Platform RNAI Platform
Rare diseases: Neurodegenerative diseases:
Duchenne Muscular Dystrophy Huntington’s Disease
Anti-aging Machado-Joseph disease
Sickle Cell Disease DRPLA
Collagenopathies SCA7
GVvHD
\. S \. V.
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. . . DYSTRGGEN
Dystrogen Therapeutics Pipeline THERAPEUTICS

= Therapeutic Area ini
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(First-in-Human)
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RNAI Platform
Therapy for Huntington's Disease
and other Polyglutamine (polyQ) Diseases



RNA Platform for Huntington’s Disease

Orphan Diseases

Rare disease, caused by an inherited defect in a single gene

Huntington's disease (HD) is genetic disorder that results in death

of brain cells

Symptoms usually begin between 30 and 50 years of age
Prognosis: 15-20 years from diagnosis

Frequency: 4-151in 100,000 in Europe

Universal therapy with selective silencing of gene expression

(,Allele-selectivity”), and long-term silencing effect
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Short amm of chromosome 4

TRANSCRIPTION (in the nucleus) DNA strand
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Codon (triplet of 3 CAG codes for Repeating CAG codons.
nucleotides which code the amino acid The normal gene has less than 36 repeats.

Normal Abnormal huntingtin (mHtt) with
cytoplasmic protein, more than 36 glutamine
huntingtin (Htt) with (@)~ residues

less than 36 glutamine

residues @

Huntington's disease

v O. Glutamine chain



DYSTRGGEN

Dystrogen’s RNA Interference Technology as Potential ricrareurics

Therapy for Polyglutamine Diseases

7

Huntington s Disease (HD)

Spinal & Bulbar Muscular Atrophy (SBMA, Kennedy disease)
Dentatorubral Pallidoluysian Atrophy (DRPLA)
Spinocerebellar Ataxia Type 1 (SCA1)

Spinocerebellar Ataxia Type 2 (SCA2)

Spinocerebellar Ataxia Type 3 (SCA3, Machado-Joseph
disease)

Spinocerebellar Ataxia Type 6 (SCA6)
Spinocerebellar Ataxia Type 7 (SCAT)
Spinocerebellar Ataxia Type 17(SCA17)

\

Human diseases
caused by CAG
repeat expansions
(polyglutamine

diseases)
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.. o DYSTRCGEN
Product ComPOSItIOH THERAPEUTICS

VIRAL- based
VECTOR

UNIQUE
NUCLEIC ACID MOLECULE EXPRESSION VECTOR
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. . « o o DYSTRGCGEN
Mode of Action (intrathecal route of administration) THERAPEUTICS

Intrathecal
route of
administration

Viral-based

Selective silencing of Inhibition of

Y the mutant gene neurodegeneration

mutant allele
5UTR - exon []:': [ _|:||:3'UTR‘ |

fé-(:uccagcagcagcagcagcagcagcagcagcagcagcagcagcagcagcagcagcagcagcagca——_—;;_a_a_éég
Long acting
therapy!

normal allele
| . exon I—H—H— ‘__ﬂa'UTRl

'técttccagcagcagcagcagcagcagcagcagcagcaa.éég
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Competitive Advantagen of RNA Therapy

GENE THERAPIES

CAG sh-miRNA

DYSTRGGEN

THERAPEUTICS

Exon-targeting SNP-targeting

Allele-selectivity

Targets HD patients

Potential universal therapy
for other diseases with CAG
expansion

Mode of silencing

Acting only on the mutant gene

RNAI

Mutant CAG repeats

100%
Universal Therapy

Yes

Long-term
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NO Acting only on the mutant gene

RNAI Antisense

Specific sequence SNP1 and SNP2

Treatment for up to 70% of HD

100% :
patients
No No
Long-term Short-term

10



. . . . . DYSTRGCGEN
Mechanism of Action: Selective Silencing

USES NATURAL CELLULAR MECHANISMS TO SILENCE EXPRESSION OF MUTANT HUNTINGTIN

Cell produces Huntingtin o ,
Huntingin protein

NORMAL

®

»

MUTATED

Viral-based VECTOR

v

R Double-modified process in the cell of DNA
from viral-based vector to form siRNA

Toxic protein
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Results of Selectively Silencing Expression of Mutant DYSTROGEN
Genes on Protein Expression Levels

. ; :
> 1.5+ normal
< - =5 /] mutant
o 10 == - Western blot analysis
g_ demonstrated that shRNAs
i il . Sample 1 and Sample 2 efficiently
2 % * X % reduced mutant huntingtin
© ”-_;-7' 1 * * protein expression of about 90%
2 00 zzA i of the control level and left the
shLuc shA2R shA2R1 sh2.4 normal huntingtin gene intact.
Negative control ~ Sample 1 Sample 2 Positive control
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Safe Tools for in-vivo Applications DYSTRCGEN

THERAPEUTICS

Interfering RNA molecules directed against mutant CAG pathways are cut by Dicer RNAse to the pool of short heterogeneous siRNA molecules.
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Summary ehrtoTies
Competitive Advantages of RNAI Therapy

Our RNAi therapy provides:
Selective inhibition of mutant allele expression making it a promising therapeutic option

A new class of CAG repeat-targeting silencing reagents forming A:A or G:A mismatches between siRNA and a target transcript
(translation inhibition mechanism)

Preferential silencing of mutant allele of Huntingtin gene.

Long-term silencing effect: active and selective therapy when expressed from short hairpin RNA and miRNA vectors to achieve
more durable silencing effects; Active reagents can be expressed in cells from genetic vectors

Active on 100% of Huntington’s disease patients

Potential universal therapy for other diseases with CAG expansion
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Development Milestones DYSTRCGEN

= QOptimization of artificial miRNA (sh-miR) constructs

=  Preclinical study in HD mouse model

~—_

siRNA and shRNA reagents sh-miR development e
2007-2013 I/ 013 2018 2019 2020 2021
I | | | I
I | I | |
Development of selective Confirmation of activity Preclinical study, Preclinical study,
RNAI triggers for HD in other polyQ models mouse model model 2
- delivery, dose
- patent application (2013) - SCA7, FiszerA. etal., 2016 - distribution
- publication: - SCA3, FiszerA. etal., 2016 - toxicity
~Self-duplexing CUG repeats selectively - DRPLA, unpublished data

inhibit mutant huntingtin expression”
Fiszer A, Olejniczak M, Galka-Marciniak P,
Mykowska A, Krzyzosiak WJ.

Nucleic Acids Res. 2013;41:10426-37
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Intellectual Property - RNAI Platform

= US Patent granted US9970004B2

= EPO Patent Application no. EP 3041936
= Priority date: 2013-09-02

=  PCT Application

= Title: Nucleic acid molecule, expression cassette, expression vector,
eukaryotic host cell, induction method of RNA interference in
eukaryotic host and use of nucleic acid molecule in therapy of
diseases induced by expansion of trinucleotide CAG repeats

= Proprietary Technology

Usage of RNAI technology vector reagents for selective silencing
of mutant genes

» Exclusive Worldwide License From INST CHEMII BIOORG PAN Instytut

DYSTRGGEN

THERAPEUTICS

US009970004B2

.
a» United States Patent (10) Patent No.: US 9,970,004 B2
Krzyzosiak et al. (45) Date of Patent: May 15, 2018
(54)  NUCLEIC ACID MOLECULE, EXPRESSION (2013.01); CI2N 2310/531 (2013.01); CI2N
CASSETTE, EXPRESSION VECTOR, 2310/533 (2013.01): CI2N 2320/34 (2013.01):
EUKARYOTIC HOST CELL, INDUCTION _ CI2N 2330751 (2013.01)
METHOD OF RNA INTERFERENCDE IN (58) Field of Classification Search
EUKARYOTIC TOST AND USE OF THE None = )
NUCLEIC ACID MOLECULE IN THERAPY Sec spplication filke for complcic scarch history.
OF DISEASES INDUCED BY EXPANSION OF (5, References Cited

TRINUCLEOTIDE CAG REPEATS
U.S. PATENT DOCUMENTS
(71} Applicant: INSTYTUT CHEMII
BIOORGANICZNES PAN. Posnan 8481710 B2* 72013 Davidson ............ CI2N 157113

(PL) 536/24.1
20060088837 AL® 42006 Taim ... AOIK 670275

(72) Inventors: Wlodzimierz Krzyzosiak. Poznan (PL): o560

Marta Olejniczak. Poznan (PL):

Paulina Galka-Marciniak. Zdunska FOREIGN PATENT DOCUMENTS

Wola (PL). Agnieszka Fiszer. wo 03013437 A2 22003
Dabrowka (PL) wo 2006031267 A2 32006
WO 2011097388 Al 82011
(73)  Assignee: INSTYTUT CHEMII wo 2012109667 Al 82012
BIOORGANICZNES PAN. Poznan wo 2013033223 AL 32013
(PL)

OTHER PUBLICATIONS

Hu J et al: “Allcle-Sclective Inhibition of Huntingtin Expression by
Switching to an miRNA-like RNAI Mechanism”, Chemistry and

(*) Notice: Subject 1o any disclaimer. the term of this
patent is extended or adjusted under 35

US.C. 154(b) by 0 days. days. Biology. vol. 17, No. 11, Nov. 24, 2010 (Nov. 24, 2010). pp.
1183-1188.
(21) Appl. No.: 14/916,039 Agnieszka Fiszer e al: “An evaluation of oligonucleotide-based
o ic iics for poly0 discases™. Bmcmolecular Biology,
(22) PCT Filed: Sep. 1, 2014 \W&Om 7. ZUIT;)(.\!:( 7. 2012), p. 6. =
Dongboyu <t al: “Single-Stranded RN As UscRNAi to Potently and
(86) PCT No.: PCT/PL2014/000100 Allele-Sclectively Inhibit Mutant Huntingtin Expression™, Cell, vol.
) 150, No. 5. Aug. 1, 2012 (Aug. 1, 2012), pp. $95.908
§ 371 (ex1), A. Fiszer et al: “Self-duplexing CUG repeats selectively inhibit
(2) Date: Mar. 2, 2016 mutant huntingtin cxpression”, Nuclcic Acids Rescarch, vol. 41,

No. 22, Dec. 1, 2013 (Dec. 1, 2013), pp. 10426-10437.
(87) PCT Pub. No.: WO2015/030616

* cited by examiner
PCT Pub. Date: Mar. 5. 2015

Primary Examiner - Kimberly Chong

(65) Prior Publication Data {74) Attorney, Ageni, or Firm — Amgo, Lee, Guttman &
H H H H US 201600376586 Al Dec. 29, 2016 Mowua-Bellum LLP
Chemii Bioorganicznej Pan o - P

Subjects of the invention are: nucleic acid molecule, expres-
. Sep. 2, 2013 (PL) v 405224 son cassette, expression vector, eukaryotic host cell, induc-
= https://patents.google.com/patent/US9970004B2/un . o i oy s i o
(51) lat. CL of nucleic acid molecule in therapy of discases induced by
Co7H 21/04 (2006.01) expansion of trinucleotide CAG-type repeats. Solution
CI2N I5/113 (2010.01) relates 10 the new concept of treating hereditary human
(52) US.CL logical di caused by expansion of CAG-type

CPC ... CI2N 15/113 (2013.01); CI2N 2310141 trinucleotide repeats vsing RNA interference technology.

(2013.01). CI2N 23100334 (201301}, CI2N
2310335 (2013.01); CI2N 2310336 14 Claims, 4 Drawing Sheets
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Peer-Reviewed Publications
Professor Marta Olejniczak
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bmed/24038471
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doi: 101093 \nar/gki825
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Self-duplexing CUG repeats selectively inhibit
mutant huntingtin expression
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of mRNAs in animal cells (1.2) Exogenous short
interfering RNAs (siRNAs). which are used in RNA inter-
ference (RNAI) technology. use the miRNA pathway to
silence the expression of sclected genes (3). Effective
siRNAs. unlike miRNAs, have perfect or nearly perfect

to the target sequence and are located in
cither the ORF or UTR of the gene. The siRNA targets
are cleaved through the ‘slicer” activity of the Argonaute

(AGO?2) protein in the RISC complex (4.5). The miRN
and siRNA-mediated gene silencing is prmarily governed
by the type of AGO protein involved and the level of
between the target gene and short

pmmmmmmwam

class of CAG repeat

mmdwmmmsm-
through

RNA sequence (6). siRNAs exhibited behavior similar to
miRNAs when their complementarity with their target
was decreased. and miRNAs behaved similarly to
siRNAs when their sequence mismatches with their
target were replaced with perfect matches (7-9)-

RNAI technology is typically used to silence a gene of
interest through targeting sequences specific to that gene.
However. RNAi might also be used to target repetitive
sequences. such as the CAG repeats that cause
Hi ’s disease (HD) and other polyglutamine dis-

orders (10.11). In the search for potential therapics against
these discases, several attempts have been made 10 select-
ively silence the mutant allcles that contsin expanded
CAG repeats in the presence of the normal alleles of
these genes and other genes containing shorter tracts
of CAG repeats (12-19). However, sclective sikencing is

MicroRNAs (miRNAs) are natural regulators of gene
expression that guide the RNA-induced silencing
complex (RISC) to partially complementary sites in the
3-UTR of mRNAs. thereby causing the deadenylation

because the sRNA duplex that
targets the expanded CAG repeat is composed of a
CUG repeat sequence and a complementary CAG
fepeat strand. which is also active in RNAi and
s CUG repeats (13).
To increase discrimination between normal and mutant
alleles containing repeat of different
lengths. specific mutations were introduced into the
repeat-targeting SiRNA duplexes (13.15). A number of
different approaches have been proposed to increase
gene sclectivity and reduce the off-target effects of the
passenger strand in typical RNAI .upplu.nuons 20} In
the most straig ard ger strand

and subs or
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siRNA release from pri-miRNA scaffolds is controlled by the sequence and @Umm

structure of RNA

Paulina Galka-Marciniak , Marta Olejniczak ?, Julia Starega-Roslan %, Michal W. Szczesniak ®,

Izabela Makalowska ®, Wiodzimierz J. Krzyzosiak **

* Department of Molecular ioorgasic Chemiry, oskomestiego 12(14, 61-74 Panan, Pelanad
* Deporment of B of Biotechnolegy. P PrT——
ARTICLE INFO ABSTRACT
rile sty ” GRNA e RNA. i " imcells to
Reochved 19 Janary 2016 mmggmmmmmMnmhmmmmmm
Reccbved in revised form based reagents suich a5 ShRNAS In this study,
e i Frin using high resolron morthern hloeing an sall RNA sequeeing, we nvestigared the precision with which
puailabie nd Dicer process shmiks. The fidelity of SRNA release from the commonly used pri-miRNA

shuttles insert and the pri-mik scaffoid Then, for specific
o
A and the mucleotide sequence at Drosha and Dicer processing sites contribuee to clcavage site scloction and
-l hased sHENA plexiry Dicer processing.
Droska Aside fedige regarding | P biogrnes,
Dicer our results Facilitate the rational design of more efficient genetic reagents for RNA technology.

© 20016 Elsevier BV, All rights reserved.

1. Introduction MiRNA primary precursors have subsequently been employed to con-

RNAI technology benefits from the endogenous pathway of miRNA
biogenesis and functioning to knockdown the expression of any gene
of interest by degrading its transcript. This technology employs a
number of teols, including shRNAs (short hairpin RNAs) and siRNAs
[mmmkm]wmemﬂﬂnmmwmnﬁw

and cytoplasmic steps, respectively [1-3). The pri-miRNA-based
reagents called artificial miKNAs, or shimiRs, enter the pathway at an
early stage and undergo two-step processing by the RNases Drosha
and Dicer in a manner similar to the processing of most endogenous
mammalian pri-miRNAs [4-6). The shmiRs are engineered 1o contain
ahighly efficient siRNA sequence embedded in the pri-miRNA backbone:
[7:8]. iRNAs released from the shmiR reagents are present in cells for
long periods of time at relatively low levels, characteristic of abundant.
miRNAs. Such an siRNA dosage does not saturate the proteins invobeed
i mikNA biogenesis and doees not significantly alter the functioning of
emugmnus ‘miRMAS [,10). Hence, shmiRs are considered effective

struct artificial miRNAs [17-22]; however, aside from pri-miR-30a,
only pri-miR-155 has been widely applied [23]. These two pri-miRNA
mmmm»mmﬁymwmm,mrwu—
sion of their corresponding miRNAs in multiple mammalian tissves.

However, umm:umdwzy:nnﬁ:uuzpmnismn

5-end of SRNA by Drosha
or Dicer ul
source of undesired off-arget effects [24].
shmiR optimization has been performed in terms of their construc-
tion [7.25] to achieve antisense selection [5.26] and

efficiency in sikNA release |27 28|. However, the role of the
sequence and structure of the pri-miRNA backbone and SIRNA insert

in the field of miRNA biogenesis in animals. For instance, the RNA

and relatively non-toic silencing reagents [11,12] that are suitable for
invivo applications [11,13-15].

“The first shiniR reagents were designed more than a decade ago with
the use of human pri-miR-30a as a siRNA shuttle [16]. Several ather

* Canespanding suther.

Keyeoniak).

secondary structure motifs present in the siem portions of pri-miRNA
and pre-miRNA, to influence miRNA length [29].
iases. of their end [30-32), and

«context of RNAI technology for shnik construction has not been
explored.

Biochimica o Biophysica Ada 1859 (7016) 306314

Contents lists available at ScienceDirect
Biochimica et Biophysica Acta

journal homepage: www. el

er.com/locate/bbagrm

Sequence-non-specific effects generated by various types of RNA @mm,ﬂ

interference triggers

Izabela

Marta Olejniczak **, Marrym 0. Umanck' Edyta Jaworska ?, Lukasz Witucki *, Michal W. Szczesniak ®,
I H

:mummmimm.mmmmwunmmm—
e . e o 1

ABSTRACT

e m.mnuumgmm;smmmmmmmmm;muum
Koceived 5 July 2015 (shRNA) and of specific genes. In addition
Receives! in revised form 26 Ociobes 2015 p— Tode.
Accpled 17 November 2015 i i activation 2 i ‘we anakyzed the re-
At oline 22 Noveanber 2015 sults ‘gathered in the RNA 2.0) and GEO o better characterize

ries in corresponding SIRNA, D-sIRNA, shRNA and sh-miR forms. To exchude sequence- specific effects the re-

ENAimierference
A agenes targeted 3 different transcripes (Lur, ATXN3 and HTT). We demonstrate that RNAI reagents induce 2
e resporce brmad variety of sequence-non-spedific effects, ‘miRNA levels. Typical
miRNA SIRNAS are weak stimulators ummmmmnnmmmm
Off-target 1o the downregulation of highly expressed miNAs, whereas phasmid based reagents induce known markers
e of imanune fesponse and may aler MENA levels and their somiR

KAl © 2015 Blsevier BV, All rights reserved.
1. Introduction (PRRs). There are approximately 6 known sensors of foreign RNA, in-

RNA interference (RAT i a natural process in various organisms
that regulates the expr of genes and

Function asa cell defiense system against viruses|1-3] RNAi is triggered
by approximately 21-n-long short RNA duplexes that arise from longer
molecules that are processed by RNase Dicer, To silence the expression
of targeted genes, RNAL technology uses :h:mlﬁly mhumd small

cluding cytoplasmic IPN-inducible dsRNA-activated protein kinase
(PKR), retinoid acid-inducible gene | (RIG), 2*-5"oligpadenylate syn-
thetase (0AS), and endosomal Tol-like receptors TLRS, TLK7, and
.. TR, and ab-

rﬂnmnl:lmmll.llﬂ).ﬂ:mw
latory factors (DAI), IFN gamma inducible factor 16 (IF116) and DNA-
dependent protein kinase (DNA-PKcs)[11]. The stimulation of PRRs

interfering RNAs (SIRNAS) or vector-ba
and artificial miRNAs, also known as sh-miRs [4-6].

In addition to silencing specific mus. hese mumx may i]w
induce various sequence-
effects including immune ttspmlsratnﬂlmn [7-10]. The mmk im-
mune response plays a key role in the recognition of exogenous signals
derived

activation of intracellular signaling pathways, in-
cluding m.mpmuhm(q.mdnhmnmmuﬂ and
IRFs)), leads is of signaling mole-

mm:mmmwlm

amnarm»anup.munmmmmwmmm)

patierns (PAMPs), {e.g., unmethylated CpG DNA, viral RNA, 5"-triphos-
phate RNA and lipepolysaccharide (LPS)). These signals are recognized
in cells by conserved sensors, known as pattem -recognition receplors

ph:mll[IMinivizl zn-mmnrd
pathways that lead yiokine and
[12-14).

lular machinery for biogenesis and function, including the AGO2, Dicer
and Exportin-5 proteins (vector-hased reagents). RNAi reagenis may
compete with the miRNAs for transport and incorporation into the

ey Olefoiczak = ,  WNAdinduced silencing complex (RISC), thereby leading to the deregu-
i o BE b2l tion of mIRNA levels [15- 20] and the expression of genes regulated
) by 6:21] Non-sp in the cellular :
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