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PP
MD  Duchenne Muscular Dystrophy

Incidence 1:4600
Diagnosis 3-5 years
Early signs: speech
delay, waddling
gait, gower’s
maneuver

1990 —mean age of
death = late teens
2016 mean age of
death = mid 20’s
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Schematic Natural History of DMD

(Adapted from Bushby, Connor. Clin Investig (Lond). 2011; McDonald, et al. Muscle Nerve. 2013)
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Prior to Treatment, 1960s

Loss of Standing

Loss of Ambulation
Loss of Self-Feeding

1970 — 1990 Spinal Surgery and Ventilation

Loss of Standing
Loss of Ambulation

Loss of Self-Feeding
Ventilation

Contemporary: With Steroids and Improved Cardiac Management

—
— Loss of Self-Feeding
— Ventilation

Death

Steroids affect disease progression in DMD
over the entire course of the disease, prolonging
clinically meaningful functions (time to loss of milestones)
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1990’s
Myoblast Transfer as a potential therapy

- Issues:

- Delivery

--Migration, Engraftment
-Rejection

Vlyoblast ‘1ranster in

Duchenne Muscular Dystrophy

George Karpari, MD," Djordje Ajdukovic, PhD,T Douglas Arnold, MD,* Robert B. Gledhill, MD,%
Ronald Guetmann, MD,§ Paul Holland, PhD,* Penelope A. Koch, MD,# Eric Shoubridge, PhD,*
Desmond Spence, MD,F Michel Vanasse, MDY Gordon V. Watters, MD,1 Michael Abrahamowicz, PhD,**
Catherine Duff, BSc,t% and Ronald G. Worton, PhDit

One biceps muscle of 8 patients with Duchenne muscular dystrophy was injected at 55 sites with a total of 55 million
viable, purified, and contamination-free normal myoblasts (myoblast cransfer). The other biceps of each patient was
injecred with a placebo to serve as a control. The procedure was blinded to the patients, parents, and investigators.
Myoblasts derived from a biopsy specimen of the fachers were cultured and purified under scrice conditions and
carefully screened for microbial contamination. All patients received cyclophosphamide for i ppression for
6 or 12 months. No serious complications were observed after myoblast transfer, indicating that the procedure is safe.
The overall therapeutic efficiency of myoblast transfer was poor as judged by the results in maximal voluntary force
generation, dystrophin content of the muscle, magnetic resonance imaging of the muscle, and the lack of donor-derived
DNA and dystrophin messenger RNA in the injected muscle. An improved efficiency of the take of myoblasts might
be achieved by using younger cells and injecting the myoblasts with a myonecrotic agent (to increase the prevalence
of regeneration) and a basal laminal fenestrating agent.

Karpani G, Ajdukovic D, Arnold D, Gledhill RB, Gurrmann R, Holland P, Koch PA, Shoubridge E,
Spence D, Vanasse M, Warters GV, Abrahamowicz M, Duff C, Worton RG. Myoblase
transfer in Duchenne muscular dystrophy. Ann Newrol 1993.34:8-17
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Cell based therapy for Duchenne muscular dystrophy.
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Mutations in the dystrophin gene cause an X-linked genatic disorder: Duchenne muscular dystrophy (DMD). Stem cell therapy is an attractive
method to treat DMD because a small number of cells are required to obtain a therapeutic effect. Here, we discussed about multiple types of

myogenic stem cells and their possible use to treat DMD. The identification of a stem cell population providing efficient muscle regeneration is Similar articles

critical for the progression of cell therapy for DMD. We speculated that the mast

different approaches, such as gene and stem cell therapy.
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Human mesenchymal stem cells ectopically expressing full-length d!
lar dystrophy myotubes by cell fusion.
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Abstract

Duchenne muscular dystrophy {DMD) is the most prcvdlcnt inheritable muscle disease. It
25 [s] y phin (Dys) gene. T p pts at DMD have relied
immune rejection of these cells and their limited availability have prompted the search for a
Stem cell-based gene therapy aims to restore tissue function by the fransplantation of gene

capacity of stem cells 1o participate in tissue regeneration and (ii) the efficient genetic corre
the potential of bone d stemn calls (hMSCs) genetically
engage in myogenesis. By tagging hMSCs with enhanced green fluorescent pratein (EGFF
they could participate in myotube formation when cultured together with differentiating hum
marked hMSCs and DsRed-labeled DMD myoblasts revealed that the EGFP-positive DMD
hMSCs participate in human myogenesis through cellular fusion. Finally, we showed that h
hybrid viral vector enceding full-length Dys could complement the genetic defect of DMD m

d human
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Stem and prog cells in skeletal le develog t. 1ance, and therapy.
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Abstract
Satellite cells are dormant progenitors located at the periphery of skeletal

that can be to for both salf-
differentiation into myogenic cells. In addition to anatomic location, satellite cells are typified by markers such as M-cadherin, Pax7, Myfs, and
neural cell adhesion molecule-1. The Pax3 and Pax7 transcription factors play I roles in the early sp . and

satellite cells, multi-lineage stem cells encountered in emhryclnlc as well as adult,
tissues exhibit P in tal iti These multi-lineage stem cells include side-pop cells, muscle-derived stem
cells (MDSCs), and mesoangicblasts. Although the ic di identity, and of these non-conventional myegenic cells remain
elusive, recent results suggest their ultimate origin in blood vessel walls. Indeed, purified pericytes and endothelium-related cells d high
myogenic potential in culture and in vivo. Allogeneic

| and

differentiation of satellite cells. In addition to muscle.

into O

muscular dystrophy (DMD) patients have been, in early
trials, largely inefficient owing o immune repectlon rapid death, and limited i | g Il ot les that are now being alleviated, at
least in part, by more efficient i PP and lated cell doses. As an alt ive to stem cells such as
mesoangioblasis and CD133+ progenitors administered through bloed circulation have recently shown great ial to dystrophi

muscle,
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and ch 1 of a non-
satellite cell muscle resident [Nat Cell Biol. 2010]

A Pax3/Pax7-dependent population of skeletal
muscle progenitor cells. [Mature. 2
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ion cells in
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skeletal muscle.

i The potential of muscle stem cells.
[Dev

[T The emerging biology of satellite cells
and their therapeutic pote [Trends Mol Med. 2008]
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Abstract

Treating muscle disorders poses several challenges to the rapidly evolving field of regenerative medicine.
Considerable progress has been made in isolating, characterizing, and expanding myogenic stem cells and,
although we are now envisaging strategies o generate very large mumbers of transplantable cells {eg. by
ditterentiating induced pluripotent stem cells), limitations directly linked to the interaction between
transplanted cells and the host will continue to hamper a successful outcome. Among these limitations, host
inflammatory and immune responses challenge the eritical phases after cell delivery, including engraftment,
migration, and differentiation. Therefore, it is key to study the mechanisins and dynamics that impair the
efticacy of cell transplants in order to develop strategies that can ultimarely improve the ontcome of allogeneic
and autologous stem cell therapies, in particular for severe disease such as muscular dystrophies. In this review
we provide an overview of the n players and issues involved in this process and discuss potential
approaches that might be beneficial for future regenerative therapies of skeletal muscle.
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Duchenne Therapeutic
Approaches
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Clinical trials pipeline

DRUG ‘ PRECLINICAL ‘ PHASE | ‘ PHASE I/l ‘ PHASE 1l ‘ PHASE 11l

ETEPLIRSEN [SAREPTA]

SPIRONOLACTONE & EPLERENONE [OHIO STATE
UNIVERSITY]

TADALAFIL [ELI LILLY]
COMPLETED

TRANSLARNA™ (ATALUREN) [PTC THERAPEUTICS]

GIVINOSTAT (ITF2357) [ITALFARMACQ]

RAXONE® (IDEBENONE) [SANTHERA]

SRP-4045/SRP-4053 [SAREPTA]

COENZYME Q10 & LISINOPRIL [US DEPARTMENT
OF DEFENSE]

PF-06252616 [PFIZER]

FG-3019 [FIBROGEN]

NS-065/NCNP-01 [NS PHARMA]

VAMOROLONE (VBP15) [REVERAGEN]

CAT-1004 [CATABASIS]

EZUTROMID (SMT C1100) [SUMMIT PLC]

FOLLISTATIN GENE TRANSFER [NATIONWIDE
CHILDREN'S]

BMS-986089 [BRISTOL MYERS SQUIBB]

MYOBLAST TRANSPLANTATION [CHU DE
QUEBEC]

CAP-1002 [CAPRICOR]

GENE TRANSFER OF MICRO-DYSTROPHIN
[NATIONWIDE CHILDREN'S]

*Pipeline graphic represents the clinical trial FAQ sheets included in this booklet and it not intended to be a comprehensive list.
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PP
MD 2016 — targeted delivery

o Capricor: CAP-1002- cardiosphere-derived

cells (CDCs) which are clusters of cells obtained
from heart cells. demonstrated that they possess
regenerative properties, meaning the cells are able

to promote growth of new heart cells.

? Exosomes - technology which may
have the potential as a next generation
therapeutic platform in regenerative
medicine
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PP
MD Hope-Duchenne

e Sponsor: Capricor Inc.

« Randomized, open label study of the
safety and effectiveness of multi-vessel
Intracoronary Delivery of Allogeneic
Cardiosphere-derived Cells in patients
with cardiomyopathy secondary to DMD

— Allogeneic: not of self, tissues or cells genetically dissimilar

o Coax cardiac stem cells to regenerate
normal cardiac cells
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PP
MD  Study Design/completed

e Age: > 12 years
e N=24
— 12 treatment
— 12 placebo
« DSMB look early on

— Group 1: 15t 3 to 8 boys enrolled
— Look at 72 hours post-infusion data
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MD  2016-Modeling pathology?

« Human IPSC-based 3D
Microphysiological System for Modeling
DMD Cardiomyopathy

« Human IPSC-based 3D
microphysiological system for modeling
DMD skeletal muscle pathology

o ?7? WIll this model adequately model
disease burden
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