N

N

A phase I/II clinical trial of autologous myoblast
transplantation in facioscapulohumeral muscular
dystrophy
Sabrina Sacconi, Jean-Thomas Vilquin, Serge Colson, Jonathan Bocquet,
Jacques Darcourt, Jérémy Garcia, Véronique Tanant, Emmanuelle

Salort-Campana, Pierre Carlier, Jean-Pierre Marolleau, et al.

» To cite this version:

Sabrina Sacconi, Jean-Thomas Vilquin, Serge Colson, Jonathan Bocquet, Jacques Darcourt, et al..
A phase I/II clinical trial of autologous myoblast transplantation in facioscapulohumeral muscular
dystrophy. Myology 2016, Mar 2016, Lyon, France. hal-02394504

HAL Id: hal-02394504
https://hal.science/hal-02394504
Submitted on 4 Dec 2019

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-02394504
https://hal.archives-ouvertes.fr

.. A phase /Il clinical trial of autologous myoblast transplantation in

facioscapulohumeral muscular dystrophy

AFMTELETHON

INNOVER POUR GUERIR ) ‘

#) Centre
Hospitalier

- .' Universitaire Sabrina Sacconi'?, Jean-Thomas Vilquin34>, Serge Colson%®, Jonathan Bocquet’, Jacques Darcourt??, Jérémy Garcial, Véronique
=—— " de Nice . . . . ;A ’
Tanant!, Emmanuelle Salort-Campana?, Pierre Carlier>'9, Jean-Pierre Marolleau'?, Daniel Skuk'?, Jérome Larghéro!3, Claude
1,2
ﬁaﬁ{ffv/ /{agéf..L?:‘gh & Desnuelle

INeuromuscular Disease specialized center, Pasteur 2 University Hospital - IRCAN, CNRS UMR 7284/INSERM U1081; 2University of Nice-Sophia Antipolis; 3Sorbonne Universités UPMC Univ Paris
06, Inserm UMRS974, CNRS FRE3617; “Myology Research Center, Paris; °Pitié Salpétriere Hospital, Paris; ®University of Toulon, Laboratory of Human Motricity, Education and Health, Nice;

ASSISTANCE HOPITAUX ’Clinique St Jean, Toulon; 8TIRO Laboratory, UMRE 4320, iBEB, DSV, CEA, Nice; "Neuromuscular Diseases and ALS specialized center, La Timone University Hospital, Aix-Marseille University,

i

I
1!

il L oE PRANe Marseille; 1°AIM-CEA, NMR Laboratory, CEA, 12BM, MIRCen, Paris; 1'1EA4666, LNPC, UPJV - Department of Clinical Hematology and Cell Therapy, Amiens University Medical Center, Amiens;
12’Neurosciences Division-Human Genetics, CHUQ Research Center-CHUL, Quebec; *3Cell Therapy Unit, Inserm, CIC Biotherapies, U1160, University Institute of Hematology, APHP Saint Louis
Les Programmes Hospitaliers Hospital, University Paris Diderot, Sorbonne Paris Cité, Paris.
de Recherche Clinique
(PHRC)

Université
Nice

| Supyja Antipolis

UPMC

AR A1 PARIS

!nserm

IM

Institut de Myologie

Introduction Purpose of the study

Facioscapulohumeral muscular dystrophy type 1 (FSHD1) is one of the most
frequent adult myopathies (1/20.000), with selective involvement of specific
groups of muscles : facial, scapular fixator, anterior foreleg muscles, abdominal
and humeral muscles.

Vastus lateralis (VL) is usually spared clinically until late stages of the disease,
and myoblasts grown from VL have similar behaviour in vivo and in vitro than
myoblasts from control patients

Primary endpoints: Safety, feasability
- Feasability of cell preparation
- Safety of intramuscular injections of cells

Cljnically resistance to fatigue over 2 years

spared

-> Proposal:

Transplantation of autologous myoblast from spared muscle (VL) into an
affected muscle as the Tibialis anterior (TA) muscle could locally improve the
muscle’s regenerative capacities.

Clinically
; affected

- Clinical and biological tolerance of cell transplantation
Secondary endpoints : Follow-up of muscle strength and

- Mechanical testing of strength and resistance to fatigue
- Surface electromyography, MRI and FDG fixation by PET-Scan

Specific inclusion criteria Cell cultures

- Men and women aged 18-65.

- Clinical manifestations of DMFSH confirmed by molecular diagnosis (D424
repeats).

- Lack of clinical deficit in at least one VL muscle (assessed by score at knee
extension, MRC = 5), and absence of adipo-fibrotic invasion (assessed by
MRI).

- Motor deficiency of at least one anterior leg (assessed by score at foot
dorsiflexion, MRC < 4) and fatty infiltration in at least one TA muscle
(assessed by MRI).
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-> Three groups of at least three patients selected in a sequential fashion.

Autologous cell transplantations
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. . 1-2g of VL muscle harvested under local anaesthesia in Nice Hospital and 800 million cells containing >50% CD56+ cells concentrated in an isotonic
Clinical parameters shipped to the Saint Louis Cell Therapy Laboratory in Paris. Within 24h, saline buffer.

biopsies minced, digested, filtered and cells grown in a myogenic proprietary Injection of cells suspended in 10ml, into half of TA muscle (surface:
Informations collected repeatedly from early (DO) to late phases (1mo). medium. Cells settled and expanded on days 8, 11, 14, 17, 20/21. approx. 20 cm? ; volume: approx. 40 cm3).
Clinical monitoring: overall wellness, heart rate and pressure, fever, Phenotypical characterization (CD56 NCAM), viability, microbiological 3 groups of patients : 3 injection modalities with increased densities of
cutaneous status, pain, redness, edema... controls, endotoxins assessed according to classical procedures. needle trajectories per surface unit :
Biological monitoring: blood formulation, sedimentation, inflammation Methodologies, products and clinical protocols validated by regulatory -> Group 1:64 sites,. inte.rspace 5 mm — Group 2 : 100 sites, interspace 4
(CRP), CPK, myoglobinemia, myoglobinuria, creatininemia, ions, calcemia, agencies. mm — Group 3: 183 sites, interspace 3mm.

pI T

phosphoremia, transaminases, transferases.

Description of patients Results of Cell cultures
MMT testing and Electromyography P P

Global manual testing performed at time of inclusion, then at 15d, 21 d, 1,

NMR imagery

At inclusion, absence of fatty infiltration in one VL (donor muscle) and the
nical tolerance

presence of abnormal fatty infiltration in one TA (recipient muscle) are

C

the control leg fluctuated.

PET-Scan evolution
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Patient characteristics Cell culture feasibilit

2, 3, 4,5, 6, 12 months. Measurement of dorsal and plantar flexion of N urationof Global  Tibialis MVIT  Quadreieps B.opsvI . Culture  Final number . Microbiologic
. . . . ed umbpber o umscore a i Nnitia i iabili % ibili
ankles, extension and flexion of knees, abduction and antepulsion of Patient A disease at o scoreat  MMT score at o e - [ I (%)  Viability (%) alcontrols / Feasibility
hould ¢ i d flexi : inclusion . D4Z4 repeats  inclusion - N eight (g) nuIT (i:)g) (days) (millions) Endotoxins
shoulders, extension and flexion of arms. inclusion inclusion inclusion cells
: (/80)
Maximal voluntary contraction (MVC) of ankle dorsiflexor muscles were e - : - P . c FSHD1 1,7 1,58 22 1238 96,2 93,4 Neg / Neg Good
measured with an ankle dynamometer (isometric strength). S ” 16 , o4 66 - : FSHD2 1,9 0,95 20 1937 98,2 92,5 Neg / Neg Good
Fatiguing exercise consisted in a maximal isometric dorsiflexion lasting 30 s. FHD3 29 6 : 65'68 . : FSHD3 19 0,68 20 993 94.1 95,6 Neg / Neg Good
A fatigue index (FI) was determined. D u s , o133 : i . 11 071 - - - 93,2 Neg / Neg Good
Muscle activity of TA muscle was recorded by bipolar sEMG electrodes (10 ’
mm diameter, 20 mm inter-electrode distance). ’ <HDE iy e . . oo o1 s Nea /N oo
. . . . - , , ; , eg / Neg 00
Common peroneal nerve stimulation was induced with a constant-current Elulble 2 = i s . >
. . . . . FSHD7 1,7 0,85 21 1767 63,6 98,1 N N Good
stimulator to evoke the electrophysiological and associated mechanical FSHD? 52 15 7 65,33 1+ 5 ' ' ' ' egi °6 . °°ﬁ .
. Neg / Not ot graite
responses. The peak-to-peak amplitudes of the three M __ responses of FSHD8 >9 2 7 74,33 3- 5 FSHDS 1,1 0,28 21 1081 25,3 * 97 e | ?eached
the TA muscle and the maximal amplitude of the three mechanical twitches FSHD9 64 15 6 73,33 4+ 5 T 15 G )1 2000 ane 96.4 Neg /Not Not grafted /
. . . . . ’ ’ ’ ’ Done Not reached
(Pt) elicited by single stimuli at rest were averaged. The root mean square FSHD10 61 20 8 65,69 3- 5
. FSHD10 1,6 1,26 28 804,5 95,94 95,7 Neg / Neg Good
(RMS) of the sEMG recordings of the TA muscle was analyzed over a 500ms FSHD11 59 3 9 63,33 2 5
. FSHD11 2 0,38 20 1855 97,63 97,8 Neg / Neg Good
period around the peak force. Mean+/-SD  55+/-6,4  15+/-8,1 66,3 +/- 4,3

Inter-individual variabilities may be important. CD56+ cut-off reached 9 times out
o of 11 within three weeks. In two cases, biopsies looked fibro-adipocytic, purity was
Clinical outcomes not reached. Muscle biopsy were then extemporaneously qualified using histology.

MMT and Electromyography
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muscle signal obtained by NMR imaging using Gadolinium contrast agent and Patient gé 2 g 2 8 = § 3 § 53 o 38 § ) @ gl 5B 8 tolerance Serie 1 Serie 2 Serie 3
. o . > ! c I c — - Q ~ U - (7 g o o —~ E
T1 ponderation done before, 1, 3 and 6 months after implantation to evaluate ¥ 22 33 g =y 28 =3 g8g "3° 3 34
. . . . [ . = 5 5T =< Z8 > = <& o = T X%
the inflammatory reaction and the evolution of the volume of fatty infiltration 3 B S 2 S 3 ATreated AUntreated Asﬁ:“:':;')re ATreated AUntreated Asﬁlr:::;re ATreated AUntreated Asﬁ'r:':;')re
(at middle and lower parts of the thigh and of the leg). oy S0y N N \ \ s S
_net
. M1  -1997% -679% -17,51% 6,31%  0,00%  -0,94% 2371%  0,00%  -1,88%
FSHD2 ND ND N N N N N N N Y Good
PET-Scan analy5|s FsHD3 Ym0 D N N N N N N N Y Good M3  -1331% -2,59% -11,48% 17,31%  0,00%  -1,28% 2371%  0,00%  -2,24%
FSHD4 N N N N N N N N N Y Good
B " N N N N N N N y o M6  -1662% -9,38% -10,16% 17,31%  0,00%  -2,32%  19,79%  0,00%  -1,74%
’ . . . 00
18E-fluorodéoxyglucose (®FDG) accumulates in some tissues as a function
. . . . . . . . FSHD6 N ND N N N N N N N Y Good - - - - - -
of their metabolic activity, especially in brain, myocardium and skeletal > Wl 2Lz | Sheetn | SR | LSl | sV ) et | DSR2 | g2 D2eE
mUSC|e upon exercise FSHD7 N N N N N N N \;égrg) AN Y Questionable
P ' _ ¥ (clinically M12  -1551% -9,38%  -7,65%  28,64%  -1,33%  -1,86%  1544% -1337% -2,07%
Measurements have been done at the level of TA upon standardized FSHD10 N N N N N N N not N Y Good
. . . . significant) i .
exercise before implantation, then 3 and 6 months later to quantify the BN B "o \ \ N N \ X \ PR The maximal voluntary isometric strength of the dorsiflexor muscles remained
volumes of metabolically active muscle tissue. constant during the follow-up period. The fatigue index of the dorsiflexor muscles

of the experimental leg tend to decrease over the 12 months whereas the one from

The neuromuscular transmission was preserved after the cell therapy. The
mechanical twitch response of the dorsiflexor muscles of the experimental leg

No significant changes were noted over the follow-up period. Taken together, and considering that no changes were observed on the control leg,
these results lead us to conclude that the cell therapy may have positively affected

Discussion and Conclusions

the niches, and muscle regeneration may have been inefficient, too transitory, aborted or too unstable.

patients) in other indications.

Cell productions were feasible but the quality of the initial muscle biopsy is important. Cell administrations were feasible and clinically well tolerated by all patients but one. The
control of local cell distribution may be improved by echographic monitoring. Results show slight increases in twitch response and slight decrease in fatigue in the 3rd group. The
combination of cell type (myoblasts) and of the modality (dense multisite injections) may have positively affected the TA muscle, BUT: No clinically significant gain of function perceived
by FSHD patients, and no significant changes were noted at MRI and PET-Scan.The local FSHD1 degenerated muscle environment may be detrimental to the stability of the fibers or of

The slight muscle strength increase may not be clinically significant for FSHD patients, but may improve the quality of life of patients with more advanced muscle loss (e.g. DMD




