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Outline 



Spliceopathy does not fully explain the multisystemic phenotype 
thus additional mechanisms may be involved  

Moxley, Hilbert, Meola. 2015 
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the phenotypic differences between DM1 and DM2 can be explained by other cellular and molecular 
pathways involved besides the shared toxic-RNA gain of function hypothesized 

Meola and Cardani, 2015 
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Alternative splicing  

 
                                                              DM1 vs DM2 

 
 
v  differences in muscle gene expression and splicing:  in particular, the aberrant 

splicing isoform of TNNT3 is twice as frequent in DM2 compared to DM1 
MOREOVER 

different protein expression pattern in the highly atrophic fibers  has been found 
between DM1 and DM2 

Vihola et al., 2010 



In DM2 muscle biopsies 273 alternative spliced exons in 218 genes were identified  
 
 

many of these splicing events had been previously described as deregulated either in 
DM1 or DM2 or both 

 
 
 

PDLIM3  
LIMCH1  
NDUFV3  
CAMK2G 

previously described 
in DM1 and/or DM2 

ZMYND11  
PDP1  
ERI2  
VCL 
MBOAT7 
LAMC2 

not previously described 
in DM1 and/or DM2 

a subset of alternative splicing events were validated by qPCR in biceps brachii biopsies 
from 19 DM2 and 15 CTR age and sex matched patients 

Perfetti et al., 2014 
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The affected genes are involved in numerous 
pathways and networks important for muscle 
physio-pathology, suggesting that the identified 
variants may contribute to DM2 pathogenesis. 
 
 

 
of particular interest 

Skeletal and Muscular Disorders 
Neurological Diseases 

Cell Death and Survival 
Cellular Development 

Calcium signaling 
Cardiac Arrythmia 

the molecular pathways involving  the identified aberrantly spliced genes, were studied by 
Interactive Pathway Analysis 

Perfetti et al., 2014 
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both in DM1 and DM2 

 it is clear that MBNL1 is 
depleted from nucleoplasm 
through recruitment into 
ribonuclear inclusions even 
when clinical symptoms and 
muscle alterations are very 
mild  

CUGBP1 overexpression has 
been clearly demonstrated in 
DM1 but not in DM2 muscle 

conflicting data have been 
reported on the expression of 
CUGBP1 in DM2 human 
skeletal muscle 

 

Toxic RNA                MBNL1 foci 
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v  CUGBP1 is overexpressed in DM1 muscle 
biopsies however the increase is evident only in 
“ c lass i c” DM1 fo r m wher e CUGBP1 
overexpression is accompanied by a parallel 
increase of the amount of phosphorylated 
isoform 

v  in DM2 muscle biopsies a slight increase of the 
CUGBP1 protein levels is observed not related 
to an increase of protein phosphorylation 

Cardani et al., 2013 

CUGBP1 seems to play a role in classic DM1 
more evidently than in DM2 
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ZNF9/CNBP protein levels are significantly 
reduced in DM2 muscle biopsies compared to DM1 
and non-diseased biopsies  

Cardani et al., 2013 

ZNF9/CNBP expression might play a role in 
phenotypic differences between DM1 and 

DM2 
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Greco et al., 2012 

MiRNA profiling identified 20 miRNAs significantly modulated in DM2 muscle  compared to CTR 

validation  by more sensitive and specific qPCR assays identified  
11 deregulated miRNAs  
                                                          ⇓ 
miRNA score allowed to discriminate DM2 patients from CTR with 

a good sensitivity and specificity.  
 

miR-193b-3p, miR-208a 
and miR-381 showed a 

similar significant 
modulation also in DM1 

patients 
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Zu et al., 2010 

a repeat expansion mutation can produce potentially 
toxic RNA and protein products expressed through a 
combination of: 
•  bidirectional transcription 
•  ATG-initiated translation 
•  repeat associated non-ATG (RAN) translation 
 
RAN translation of the expanded repeat results in the 

expression of up to six distinct RAN proteins 
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anti- poliGln 
 antibody  

Zu et al., 2010 

In DM1 mouse model polyGln nuclear aggregates  
•  Cardiac myocytes  
•  leukocytes  
•  myoblasts  
•  skeletal muscle 

RAN	
  transla+on	
  has	
  been	
  demonstrated	
  also	
  in	
  DM2	
  
	
  
	
  	
  

a	
  terta-­‐repeat	
  expansion	
  protein	
  is	
  produced	
  
poly-­‐Leu-­‐Pro-­‐Ala-­‐Cys	
  (LPAC)	
  	
  

	
  
	
  

DM2 brain 
poly-Leu-Pro-Ala-Cys (LPAC)  

 nuclear aggregates in :  
neurons, astrocytes and glia of frontal cortex 

hippocampus 
basal ganglia 

anti- poly-Leu-Pro-Ala-Cys (LPAC)  
 antibody  
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DM myoblasts have lower proliferative capability than control 
myoblasts and reach in vitro senescence earlier than controls 

HOWEVER 
differentely from DM1, the p16 pathway is 
not responsible for the premature growth 
arrest observed in DM2 myoblasts which stop 
dividing with telomeres shorter than controls 
 
 

These data could explain the different 
histological alterations observed between 

DM1 and DM2 skeletal muscle as for example 
the selective type 2 fiber atrophy present in 

DM2 muscle 

Renna et al., 2014 
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Myotonia 
In DM2 patients: 

v  usually is less severe than in DM1 patients 

v  sometimes may be difficult to reveal even with EMG 

however 
in several DM2 patients it can be very severe 

in a cohort of 45 genetically confirmed DM2 patients 4/45 patients (8,89%) presented a 
severe or early onset myotonia.  

The genetic analysis of CLCN1 and SCN4A revealed that 
v  2 patients showed a recessive mutation in CLCN1 gene 
v  2 patients showed a mutation in SCN4A gene 
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Cardani et al., 2012 

A 15-year-old DM2 patient and her mother 
were studied to further investigate the 
unusually young onset in this DM2 family  

Direct sequencing CLCN1 gene revealed a heterozygous mutation 
c.501C>G p.F167L in daughter maternally inherited 

v  the age at onset was earlier in the daughter than in the mother 
v  the daughter’s clinical, histopathological and biomolecular 

findings did not show greater severity than those observed in 
her mother 

HOWEVER  
daughter presented handgrip myotonia at the age of 14 years. 

the co-segregation of DM2 with a recessive CLCN1 mutation provided the explanation 
for the unusual clinical findings 
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A 26 year old patient complaining of hand cramps and difficulty relaxing her hands after activity 
was evaluated  
Genetic testing was positive: 
v  for DM2 (2650 CCTG repeat)  
v  for a variant c.215C>T (p.Pro72Leu) in the SCN4A gene 

The variation affects the cytoplasmic N-
terminus domain of  Nav1.4, where 
mutations have never been reported 

Electrophysiological studies of the P72L variant 
showed a hyperpolarizing shift (-5mV) of the 
voltage dependence of activation that may 
increase cell excitability 

Bugiardini et al., 2015 

If CLCN1 screening is negative, this case supports for screening  SCN4A mutations in DM2 patients 
with atypical cases with severe myotonia 
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Most of the molecules identified resulted to be toxic in cellular assays 

2011 

2014 

2014 

RNA	
  level:	
  small	
  molecules	
  



Take home message 



The enormous advances in the understanding of the molecular pathogenesis 
of DM1 and DM2 has revealed pathways of molecular pathogenesis more 
complex than previously appreciated  

however 
the basis for the differences between DM1 and DM2 has not been clarified at 

the molecular level 

important for the development of 
effective therapies 
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