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Kenpaullone promotes MNs survival through a JNK signalling pathway 
inhibition

A,B. Quantification of MN survival (day 24) treated or not with kenpaullone. C. Quantification of MN survival after kenpaullone and specific Cdks
inhibitors: roscovitine and olomoucine (day 24). D,E. Immunostaining of phospho-c-Jun and quantification in MNs (day 24) treated or not with
kenpaullone. (n=3, one-way ANOVA test *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001).

4. Kenpaullone promotes MN survival
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5. Correction of SMA-related neuronal and muscular phenotypes by the JNK inhibitors

JNK3 inhibition might sufficient to promote the correction of SMA-related neuronal and 
muscular phenotypes

A,B,C,D. Immunostaining (A) and quantification of MN survival after JNK inhibitor treatments: CC401 (B) nonspecific no any JNK isoform, SR3576 (C) and IQ3 (D) JNK3 specific inhibitors.
E,F,G. Immunostaining (E) and quantification on MN day 21 of MN survival (F) and myotube area (G) after JNK inhibitor treatments.
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A. Schematic diagram of the co-culture protocol. B,C. Potential
synaptic sites (white arrows) demonstrated by colocalization of
AchR clusters (red), axonal terminal branched (Tuj1-white) and
nerve terminals (green) indicated by SV2 (B) or synaptophysin
(C). D,E. Quantification of myotube mean area (D) and MN
survival (E) per pattern on MN day 21 in WT, SMA and hybrid
co-cultures. F. Representative images of AchR (red), MF20
(green) and Tuj1 (white) on day 18 in WT, SMA, rescue and
hybrid co-cultures. G,H,I,J. Quantification on MN day 18 of MN
survival (G), neurite length (H), AchR clustering (I), myotube
area (J), in WT, SMA and hybrid co-cultures (data are presented
as the mean ± SD of the 1 WT, 2 SMA and 1 rescue hiPSC-
derived MN lines, 1 WT and 1 SMA skeletal muscle cells with 3
replicates per conditions). Statistics were calculated using the
one-way ANOVA test (ns P>0.05, *P<0.05, **P<0.01,
***P<0.001, ****P<0.0001).
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3. Study the interaction between MN and its skeletal muscle target

Analysis at d18 

(before MN cell death)
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F

SMN reduction does not affect the early steps of MN specification but their survival

A. Schematic diagram of the iPSC-derived MNs protocol. B,C. Quantification of the percentage of ISL1+ MNs on day 14. D,E. Quantification of the ISL1+ MNs at
day 18 and 24 normalized to day 14. F,G. The SMN expression level at MN stage were significantly decreased in SMA compared to control, and restored in
rescue line (n=3, one way ANOVA, *P < 0.05, **P < 0.01, ***P<0.001).

1. SMA iPSC-derived MNs have increased susceptibility to MN death
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Figure 5: Kenpaullone treatment restored gene synaptic defects identified in SMA. A,B. A,B. Quality control: principal component analysis (PCA) plot
of all annotated unique sequences (A) and SMN1-SMN2 mRNA level between the different samples (B) describe that SMA and control samples are clustered
together. C. Selected enriched reactome gene sets elucidated by GSEA. Gene sets related to the synaptic pathway are highlighted. D. Quantitative PCR of MNs
derived from wild-type and SMA cultures at day 14, day 24 treated or not with kenpaullone. SMA MNs show higher expression of RAB3B and SV2C at day
14, which are maintained at day 24 and restored with kenpaullone for RAB3B and SV2C. Gene expression is normalized to cyclophiline A. (n=3, one way
ANOVA, *P<0.05).

paullone is classified as a Cdks/GSK-3b inhibitor and several
studies have recently shown that modulation of GSK-3b path-
way may contribute to a neuroprotective effects [?, ?]. In
the present study, kenpaullone showed a protective effect on
SMA hPSC-derived MNs. Nonetheless this effect is not spe-
cific to SMA MNs, indeed it is also found in wild-type and
rescue lines. Consistent with this, kenpaullone ameliorates
the SMA phenotype in hPSC-derived MNs independent of
SMN induction. The molecular mechanisms that lead to the
development of SMA pathology are unclear and remain to
be elucidated. Evidence from SMA models identified pos-
sibilities including apoptotic [?, ?], necrotic and autophagic
[?] pathways. These potential mechanisms are not mutually
exclusive and may each play a role. After evaluation, we
determined that kenpaullone inhibited significantly caspase
activity-dependent apoptosis of MNs. In addition, our data
suggest that contrary to what it is widely agreed, in our model,

kenpaullone does not act as a Cdks inhibitor and would thus
act only as a GSK-3b inhibitor.

A key feature of spinal motor neurons is their ability to
form functional neuromuscular junctions (NMJ). Recent stud-
ies in SMA animal models have shown that in the pathogenesis
of SMA, pathological changes of the NMJ precede the motor
neuronal loss [?, ?, ?]. In this study, we provided a systematic
characterization of transcriptomic disorders at different time
points of differentiation between SMA and normal MNs in
order to identify the molecular consequences of SMN defi-
ciency in these cells. Analysis of transcriptome profiling using
RNA-Seq is advantageous because of the high signal-to-noise
ratio, independence from hybridization efficiency between
probes and targets and identification of novel RNA transcripts.
Recently, Maeda et al. examined for the first time the tran-
scriptome profiles of isolated MNs derived from severe SMA
and normal mouse embryonic stem cell (mESCs) [?, ?]. Us-
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A. Quality control: principal component analysis (PCA) plot of all annotated unique sequences describe that SMA and control samples are clustered together. B. Selected enriched
reactome gene sets elucidated by EnrichR analysis. Gene sets related to the synaptic pathway are highlighted. C. Quantitative PCR of MNs derived from wild-type and SMA
cultures Gene expression is normalized to cyclophiline A (one way ANOVA, *P<0.05, **P<0.01).

What are the functional consequences in term of connectivity? 

2. Dysregulation of synaptic markers in SMA spinal MN
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Conclusions
üiPSC-derived MNs as a solid and robust model to phenocopy the SMA disease

üDevelopment of an in vitro system that reproduce the main phenotypes of the NMJ described in
SMA murine models

üCorrection of SMA-related neuronal and muscular phenotypes by the JNK inhibitors

- Therapeutic target: JNK signalling pathway: an emerging therapeutic target for SMA?

- Functional consequences: Analyse of the JNK inhibition effect on other and more functional NMJ
phenotypes: neurite outgrowth, AChR clustering, calcium flux, synaptic markers...
Analyse of the JNK inhibition effect on SMN expression level

Perspectives

Conclusions & Perspectives


