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Abstract

Myotonic dystrophy type 1 (DM1) is caused by CTG nucleotide repeat expansions in the 3'-untranslated region (3’-UTR) of the
dystrophia myotonica protein kinase (DMPK) gene. The expanded CTG repeats encode toxic CUG RNAs that cause disease,
largely through RNA gain-of-function. DM1 is a fatal disease characterized by progressive muscle wasting, which has no cure.
Regenerative medicine has emerged as a promising therapeutic modality for DM1, especially with the advancement of induced
pluripotent stem (iPS) cell technology and therapeutic genome editing. However, there is an unmet need to identify in vitro outcome
measures to demonstrate the therapeutic effects prior to in vivo clinical trials. In this study, we examined the muscle regeneration
(myotube formation) in normal and DM1 myoblasts in vitro to establish outcome measures for therapeutic monitoring. We found
normal proliferation of DM1 myoblasts, but abnormal nuclear aggregation during the early stage myotube formation, as well as
myotube degeneration during the late stage of myotube formation. We concluded that early abnormal nuclear aggregation and late

myotube degeneration offer easy and sensitive outcome measures to monitor therapeutic effects in vitro.
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Introduction

Myotonic dystrophy (dystrophia myotonica, DM) Type 1
(DM1) is a dominant monogenic neurodegenerative disorder.
DMlis the most common form of muscular dystrophy in
adults with the prevalence of 8—-10/100,000 [1, 2]. Its congen-
ital form, known as congenital myotonic dystrophy (CDM), is
reported to have an incidence of 2.1 per 100,000 live births
[3]. The disease is caused by an unstable CTG nucleotide
repeat expansion (> 50 CTG repeats) within the 3'-untranslat-
ed region (3-UTR) of the dystrophia myotonica protein ki-
nase (DMPK) gene on chromosome 19q13.3 [4]. The expand-
ed repeats encode for toxic CUG RNA repeats, which aggre-
gate with splicing factors to form intranuclear RNA foci, a
molecular hallmark of DM1. The sequestration of splicing
factors causes aberrant splicing of transcripts in a large num-
ber of genes (see recent reviews) [2, 5—10]. These aberrant
splicing events account for the clinical presentation of myoto-
nia, muscle weakness, diabetes, cardiac events, and cognitive
impairment. Unfortunately, there is no cure for the disease.
Induced pluripotent stem (iPS) cell technology has
emerged as a potential avenue for regenerative medicine,
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which includes personalized cell replacement therapy
[11-13]. Protocols have been developed to differentiate iPS
cells into skeletal muscle progenitors [14—17] and we have
developed a strategy to correct the mutation in DM 1 iPS cells
[18, 19]. However, there is an unmet need to find in vitro
outcome measures to assess therapeutic effects. In vitro
myotube formation assays are widely used in evaluating
myogenesis or muscle regeneration in muscular dystrophies
[20]. However, there are several inconsistent reports about
DMI1 myotube formation [21-27]. Many factors may explain
the contradictory/inconsistent findings, including differences
in the study subjects (age, sex, age at onset, the number of
CTG repeats), the clinical course, the site and severity of the
muscle from which satellites were isolated, and the passage
number of the myoblasts used in the assay, as well as the time
point of observation of myotube formation. In the present
study, we used early passage myoblasts to investigate the pro-
cess of myotube formation longitudinally, from myoblast pro-
liferation to early and late myotube formation. Our aim was to
establish outcome measures in an in vitro culture system for
monitoring DM1 therapies.

Materials and methods
Reagents

FISH probes were HPLC-purified, Cy3-labeled (CAG);q syn-
thesized by Integrated DNA Technologies (Coralville, 1A).
Antibodies: Desmin (Thermo Fisher, Cat. no. RB-9014), my-
osin heavy chain (MHC) (Sigma, Cat. no. M1570), alpha-
tubulin (Sigma, Cat. no. M1570), Aurora B (Cell Signaling,
Cat. no. 2914S), MBNL1 (3A4) (Santa Cruz, Cat. no. sc-
47740), or MBNL2 (3B4) (Santa Cruz, Cat. no. sc-136167).

IRB approval and myoblast isolation and maintenance

Adult-onset DM1 subjects were recruited. The clinical data of
the research subjects have been described previously and the
Southern blot of the fibroblasts from the subjects confirmed
the expansion of CTG repeats to be approximately 2829-3575
repeats for DM 1-03 and 1933-3152 repeats for DM1-05 [28].
Muscle biopsies were performed using a 7G UCH muscle
biopsy needle (Cat. no. 8066, Web: www.cadencescience.
com) in the vastus lateralis. Samples were cut into about 15
pieces and seeded into a 6-cm dish and myoblasts were ex-
panded at a 1:2 ratio until passage 4, when the cells grew to
80% confluence in two 75-cm? flasks as it took about 2 weeks,
for DM-03 and normal, and 4 weeks, for DM-05, to get the
same number of cells. All the following experiments were
conducted within passage 7, with synchronized passages of
each cell line.
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Cell culture

Permissive myoblast growth media (Clonetics™ SkGM™
BulletKit™ (CC-3160) containing a basal medium and
growth supplements (human epidermal growth factor; fetuin;
bovine serum albumin, dexamethasone; insulin, and gentami-
cin/amphotericin-B) were obtained from Lonza Walkersville,
Inc. (Walkersville, MD). The non-permissive skeletal muscle
differentiation medium was DMEM/F12 50:50 supplemented
with 2% horse serum (Thermo Fisher Scientific, Cat. no.
16050122).

RT-PCR for alternative splicing assay

Total RNA was isolated using Quick-RNA MiniPrep (Zymo
Research, Irvine, CA, Cat. no. R1055,) according to the man-
ufacturer’s protocol. Reverse transcription, PCRs, and alterna-
tive splicing assays were performed as described previously
[18, 29]. Primers for BIN 1 are BINI-F: 5'-AGAA
CCTCAATGATGTGCTGG 3’and BINI1-R: 5'-TCGT
GGTTGACTCTGATCTCGG-3'.

Cell proliferation assay

2 x 10° myoblasts (passage 5) per well were plated in 100-pl
media in a 96-well plate (8 eight wells for each cell). A WST-1
cell proliferation colorimetric assay was performed on days 0,
1, and 5 before cells became confluent using a kit from Roche
(Cat. no. 11644807001, Mannheim, Germany). Day 0 was
measured 6 h after plating the cells. 10 ul of WST-1 working
solution was added to 100 ul of culture medium for each well,
followed by incubation of 2.4 h at 37 °C. The plate was then
read for absorbance at a wavelength of 450 nm.

Myotube formation and nuclear aggregation assay

Myoblasts were grown in a 5% CO, humidified incubator.
Myoblasts were detached with 0.05% trypsin and resuspended
in a permissive culture medium. 3 x 10* cells were plated per
chamber in ibidiTreat p-slides (2.5 x 10* cells/cm?) supple-
mented with 80 nl media an hour later after the cells attached.
The cells in the chamber were allowed to grow or another 12 h
until the myoblasts were about 80% confluent. The medium
was changed to a non-permissive medium every day for 3, 5,
or 10 days as indicated. Cells were then subjected to RNA
FISH and immunostained with MHC (slow) as described
below.

Myotube formation was evaluated either by the myotube
formation index (the percentage of nuclei in myosin-positive
myotubes over a total number of nuclei; a total of 30 fields
were counted in three representative regions of the ibidiTreat
chamber at X 400 magnification) or by average myotube num-
ber per x 200 magnification field (30 fields were counted in
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three representative regions of the ibidiTreat chamber).
Nuclear aggregation was assessed by the nuclear aggregation
index (the percentage of myotubes with nuclei aggregation,
defined by more than three misaligned, eccentric nuclei at the
end of the myotube).

FISH and immunofluorescence staining

FISH was performed as described previously [28, 30]. Briefly,
cells were fixed in 10% buftfered formalin phosphate, and then
dehydrated in pre-chilled 70% ethanol. Cells were then hy-
bridized with Cy3-labeled (CAG);o DNA probes (500 pg/ul)
after pre-treatment. After hybridization, cells were washed
three times in pre-warmed 40% formamide, 2% SCC buffer
for 30 min at 37 °C and once in PBS (pH 7.4) followed by IF
staining. Cells were incubated overnight at 4 °C with antibod-
ies against Desmin (1:100), MHC (1:400), alpha-tubulin
(1:1000), Aurora B (1:100) or MBNL1/2 (1:100). The follow-
ing day, slides were washed and incubated with the secondary
antibody conjugated with Alexa Fluor 488 (Invitrogen)
(1:500) for 30 min at room temperature. Finally, the slides
were washed with PBS and mounted with Vectashield mount-
ing medium containing DAPI. Photomicrographs were taken
using Olympus IX81-DSU Spinning Disk confocal micro-
scope. Confocal images were captured in a z-stack interval
of 0.5-um increments, using a 60X objective to quantify the

Fig. 1 All three myoblast lines
had similar percentage of
Desmin-positive myoblasts
(green). There was no difference
between normal and DM1 cells.
DMI myoblasts (DM-03 and
DM-05) showed intranuclear foci
(red)

a-Normal

foci within the cellular volume. Mitotic phases were identified
by mitotic spindle and chromosome morphologies.

Statistical analysis

An ANOVA run on SPSS software was used to compare the
difference among groups. P <0.05 was used as significant
difference.

Results

Equal percentage of Desmin-positive myoblasts
from normal and DM1 subjects

Myoblasts that had been egressed from muscle tissues of one
normal and two DM1 (DM-03, DM-05) subjects were ex-
panded in permissive myoblast culture medium. To estimate
the percentage of myogenic cells, we performed an immuno-
cytochemistry analysis using a muscle-specific anti-Desmin
antibody. We found no significant difference in percentage
of Desmin-positive cells among the three myoblast lines
(Fig. la—d, Supplemental Fig. 1). All three cell lines had rel-
atively pure myoblasts with Desmin-positive cells above 90%
at passage 7. In the medium permissive for proliferation, DM1
myoblasts were spindle shaped and there was no morphology

BIN1 + exon 11

BIN1 - exon 11

MBNL1 + exon 7

MBNL1 - exon 7

GAPDH
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Fig. 2 Southern blot of normal and DM1 myoblasts. Genomic DNAs
were digested by EcoRI, which will generate two different normal allele
size, one around 8.7 kb and one around 9.6 kb (Alu— or Alu+ in intron 8
polymorphisms). Normal myoblasts in this study contain both alleles.
CTG repeats in DM-03 and DM-05 myoblasts are calculated to be around
3600. Negative and positive peripheral blood (PBL) samples are included
as controls

difference from the normal control. Alternative splicing assay
confirmed the aberrant splicing of exon 11 of BIN1 gene in the
DM1 myoblasts (Fig. 1e). The CTG expansion was confirmed
by Southern blot (Fig. 2).

Increased proliferation of DM1 myoblasts

In order to investigate the proliferative function of DM 1 myo-
blasts, we performed morphological analysis of mitosis by
immunofluorescence and cell proliferation assays. Aurora B
is a protein kinase and a chromosomal passenger protein that
undergoes dynamic redistribution during mitosis [31].
Therefore, we performed Aurora B staining to investigate
the mitosis process in myoblasts. We found Aurora B follows
the normal distribution dynamics. In both normal and DM1

Fig. 3 Dynamics of Aurora B
(red) during mitosis of DM1
myoblasts. Aurora B localized to
the centromeres at the metaphase
(a) and persisted through the ana-
phase (b), but relocated to the
midzone microtubules. At the
telephase (¢) and cytokinesis (d),
Aurora B condensed and coa-
lesced laterally to form the
midbody before abscission. Cell
morphology was shown by -
tubulin staining (green)

Q Metaphase

C Telephase
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myoblasts, Aurora B was found at centromeres in the pro-
phase and in the metaphase (Fig. 3a). It then relocated to
midzone microtubules in the anaphase (Fig. 3b), and subse-
quently condensed and coalesced laterally (Fig. 3c) to form
the midbody during cytokinesis (Fig. 3d). Tubulin staining
also confirmed normal morphology during mitosis (Fig. 3).
Aurora B labeling was further analyzed to quantify prolifera-
tive capability, and showed higher percentage of DM1 myo-
blasts undergoing mitosis compared to normal myoblasts
(Fig. 4a). Cell proliferation capacity was further quantified
by WST-1 cell proliferation assay, and again showed the
higher proliferative rate in DM1 myoblasts (Fig. 4b).

Accumulation of nuclear foci during early myotube
formation

Although DM1 is a multisystem disorder, muscle tissue is
primarily affected. One possible explanation is the relatively
high expression of the DMPK gene in muscles and, accord-
ingly, more toxic intranuclear mutant transcripts. Intranuclear
RNA foci have been shown to be toxic to the cell via a RNA
gain-of-function of expanded CUG repeats [2, 5—10]. We have
shown that intranuclear RNA foci undergo dynamic changes
in proliferating cells [30]. Intranuclear RNA foci are released
into the cytoplasm and degraded during mitosis, which offers
a mechanism to lessen the toxic nuclear RNA load [30]. Since
myoblasts from DM1 did not demonstrate any obvious mor-
phological abnormality, we further investigated whether this
was due to the low expression of DMPK in myoblasts com-
pared to differentiated muscle cells. We observed a higher
number and a bigger size of intranuclear RNA foci in DM1
myotubes compared to myoblasts (quantitative data not

b Anaphase

¢ 3

d Cytokinesis
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shown). We also found more foci in myotubes than non-
myotube-forming cells (Fig. 5 b, ¢, and d). These results sug-
gest that intranuclear RNA foci accumulate during muscle
differentiation. We further studied the co-localization of
intranuclear RNA foci and MBNL1. We found that
intranuclear RNA foci and MBNLI1 co-localization occurs in
myoblasts. We also observed that co-localization depleted the
soluble MBNLI1 as compared to normal myoblasts (Fig. 6).
These findings confirm that the sequestration of MBNL1 con-
tributed to the pathogenesis in DM1.

Abnormal nuclear aggregation during early stage
of myotube formation in DM1

Sequential images of cultured myoblasts were acquired during
myotube formation. We observed that nuclei started accumu-
lating as early as day 2 in DM1 myoblasts, and aggregates
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Fig. 4 DM1 myoblasts have a higher proliferation rate than normal. a
Aurora B labeling index to reflect cell proliferative capacity. Aurora B
labeling index was calculated as the percentage of Aurora B-positive cells
that are undergoing mitosis (from prophase to cytokinesis). Both DM1
myoblasts (DM03 and DMOS5) have higher Aurora B labeling
(*P<0.01). b Cell proliferation was evaluated by a WST-1 cell prolifer-
ation colorimetric assay

commenced (more than three misaligned, eccentric nuclei at
the end of myotubes) on day 3 in DM1 myoblasts (Fig. 7,
Supplemental Fig. 2).

On day 5, aggregation became more prominent, and tended
to accumulate at the ends of newly formed myotubes, showing
decreased nuclear anisotropy (Fig. 8 a, b). In contrast, the
fusion started later in normal myoblasts (not obvious on day
2), and the nuclei were aligned linearly and more evenly dis-
tributed along the myotubes with well-organized sarcomeres
(Fig. 8 ¢). To quantify this phenomenon, we established a
nuclear aggregation index (percentage of myotubes with ag-
gregation of nuclei). We found significantly greater nuclear
aggregation in DM1 myoblasts compared to the normal con-
trol (Fig. 8 d).

On day 5 of the differentiation, we again noted that the foci
became even more prominent in the aggregated nuclei and
they co-localized with MBNLI, leading to the depletion of
soluble MBNL1 in the nuclei compared to the normal control
(Fig. 9). We concluded that nuclear aggregation index may be
used as an early outcome measure to reflect the defective
myotube formation in DM1 and to assess the effects of poten-
tial therapies.

Myotube degeneration during the late stage
of myotube formation in DM1

To measure dynamic changes of myotube development, we
observed myotube formation over sequential days in DM-03
myoblasts and compared them to normal myoblasts. We noted
that myotubes formed earlier in DM1 cells than in the normal
controls, but looked comparable to normal myotubes on day 5
of the differentiation. Significant degeneration of myotubes
only happened on day 10 of the differentiation (Fig. 10). To
verify whether the lower myotube fusion index in DM1 was
due to unequal cell number, we performed a separate experi-
ment on the both DM-03 and DM-05 myoblasts and con-
firmed the higher level of myotube degeneration on day 10,
but without significant difference in nuclei density. This sug-
gests that myotube degeneration precedes cell loss (Fig. 11).

Discussion

Satellite cells play an important role in adult myogenesis.
After asymmetric division, the apical satellite cell undergoes
multiple rounds of division to generate muscle precursor cells
(myoblasts) prior to fusion into multinucleated myofibers
[32]. Though it is relatively challenging to study satellite cells
in vitro, the abnormalities of satellite cells in muscular dystro-
phy have recently been found in Duchenne muscular dystro-
phy [33]. In this study, we focused our study on early
myogenesis from satellite-derived myoblasts, where we found
no proliferative dysfunction of DM1 myoblasts. Previous
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Fig. 5 Intranuclear RNA foci
accumulated during early
myotube formation. There were
no foci in the normal control cells
(a). Foci accumulated and
became bigger and brighter when
myoblasts began to express
myosin heavy chain in
conjunction with fusion (b, c).
Average focus number in the
myotube is significantly higher
than that in non-myotube forming
cells (d). *P<0.01

Fig. 6 Co-localization of mutant
RNA foci and MBNL1 in DM1
myoblasts. Even though the foci
were smaller and fewer compared
to differentiated myotubes

(Figs. 7 and 9), almost all soluble
MBNLI1 were sequestered into
the mutant RNA foci. Some
MBNLI aggregates had no visi-
ble RNA foci. It is unlikely that
MBNLI self-aggregated. When
we increased the foci signal, we
consistently observed that the foci
were associated with MBNLI. In
contrast, normal myoblasts had
soluble MBNLI staining in the
nuclei, which was best seen when
the DAPI channel was turned off
(bottom panel)
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Fig. 7 Nuclear aggregation in
early DM1 myotubes observed
under phase-contrast microscopy.
Both normal and DM1 myocytes
were spindle-like and there were
no morphology differences. As
early as day 2 of the differentia-
tion, DM1 myoblasts fused to
become multinucleated
myotubes. Nuclei tended to ag-
gregate at the end of the
myotubes. In contrast, myotube
morphology was not obvious on
day 2 of normal myocyte
differentiation

studies have found DMPK expression increases fivefold 24 h
after switching from the proliferative medium (permissive cul-
ture condition) to the differentiation medium (non-permissive
culture condition), resulting in increased toxic, mutant,
intranuclear DMPK transcripts [26]. In our study, we also
discovered a lower focus load in myoblasts in contrast to
myotubes, which may explain why myoblast function is not
apparently affected. We conclude that the process of

Fig. 8 Increased nuclear
aggregation was observed in
DM1 myotubes grown in non-
permissive culture medium for

5 days. DM1 myotubes contained
aggregated, misaligned nuclei
with foci accumulation and poor-
ly defined sarcomeres (a, b). In
contrast, nuclei were aligned lin-
early in normal myotubes which
contained well-organized sarco-
meres (¢). Nuclear aggregation
index was significantly higher in
DM1 myotubes than in the nor-
mal control (d). *P<0.01

10um

differentiation from satellite cells to myoblasts in vitro is pre-
served and may not be the cause of muscle wasting in DM1.

Interestingly, we found that DM1 myoblasts proliferated
faster than normal myoblasts. We also found the proliferation
rate of fibroblasts from DMI1 subjects and DM1 iPS-derived
neural stem cells is faster than normal control cells of the same
passage (our unpublished data). We therefore expect that the
higher proliferation rate is intrinsic to DM1 cells, which may

Normal

@ Springer



1262

Neurol Sci (2019) 40:1255-1265

Fig. 9 MBNLI co-localized with
foci in DM1 myotubes. On day 5
of the differentiation, strong co-
localization of RNA foci and
MBNLI was observed in aggre-
gated nuclei. The MBNLI was
sequestered into the mutant foci.
In contrast, nuclei in normal
myoblasts were linearly aligned
with soluble MBNL1 staining

predispose the development of cancer in certain tissues. Early
studies, and a recent large cohort study, revealed that DM1
patients have a higher risk for developing gynecologic, brain,

day10 x

40 = :# -

35 4

25 -«

L o—————————— )

15 -+

Myotube formation index (X40)

DMO03

Fig. 10 DM1 (DMO03) and normal myotube formation. The myoblast
fusion continued until day 5 when it peaked for both normal and DM1
myotubes. DM1 myotubes started degenerating while normal myotubes
remained about the same on day 10. *P > 0.05; *P < 0.01

Normal
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and thyroid cancer [34-36]. The underlying mechanism and
its relationship with the mutation merit investigation, which
may give further insight into cancer cell biology.

Additionally, we found that intranuclear RNA foci accu-
mulated when myoblasts started fusing into myotubes. This
could be from the increased expression of the DMPK gene
[26] or the accumulation of stable mutant transcripts when
cells exit the cell cycle, as we observed in neural stem cells
[30]. The accumulation of mutant transcripts sequestered
MBNLI, depleted soluble MBNL1, and may have produced
more toxic effects. This may explain why mature myotubes
are more affected than myoblasts.

We also noticed poor nuclear polarization and prominent
nuclear aggregation as early as day 2 of the myotube forma-
tion in the two DM1 myoblast lines, but not in normal myo-
blasts. Similar images were also found in studies investigating
DM2 myotube formation [37], but the phenomenon has never
been systematically evaluated. In our present study, we quan-
tified this phenomenon and compared it to a normal control.
We found nuclear aggregation was a common phenomenon at
the early stage of myotube formation, which was significantly
different from normal myoblasts. We also observed nuclear
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Fig. 11 DMI myotube
degeneration on day 10 of the
differentiation. a, b, ¢
Representative field of normal
and DM1 myotubes on day 10 of
the differentiation. DM1
myotubes were thinner and fewer
as shown by MHC staining. d
Quantification of myotubes per x
20 field showed fewer myotube in
DM1. e Quantification of
myotube formation by the
myotube formation index also
showed similar findings. f The
cell density of normal, DM-03,
and DM-05 was comparable

50 4

w
(=]
i

[
(=]

index (X40)

Myotube formation
Pt
(—J

(=}
"

Normal

aggregation occuring earlier than myotube degeneration.
These observations suggest that nuclear aggregation may be
used as an early outcome measure to assess effects of therapies
in an in vitro culture system. Furthermore, the nuclear aggre-
gation assay is easy to perform. As nuclear aggregation pre-
cedes myotube degeneration, nuclear aggregation may be a
more sensitive outcome measure than the myotube formation
index. Poor nuclear polarization was also found in DM1
myotube formation, and was attributed to poor sensitivity of
myoblasts to cues in the extracellular matrix [20]. Further
investigation of abnormal nuclear aggregation may shed light
onto the pathophysiology of muscular dystrophies.

The skeletal muscle regenerates via proliferation of satellite
cell-derived myoblasts that fuse into multinucleated
myotubes, which eventually mature into myofibers. This pro-
cess occurs during embryonic muscle development and in
postnatal muscle regeneration in response to external or
inherited injury. Traditionally, skeletal muscle regeneration is
evaluated in vitro via the myotube formation index. Decreased
myotube formation has been reported in both CDM and adult
DMI. Early studies reported a malfunction of satellite cell-
derived myoblasts in CDM1 [24, 38]. However, a recent study
on adult DM1 revealed normal myogenesis but impaired

-
[
i

per field (20X)

Myotube number

Normal DM-03 DM-05

—h
'S
n

’

Average cell number
per field (40X)

Normal DM-03 DM-05

DM-03 DM-05

muscle mass maintenance [39]. Our findings revealed no dif-
ference with the myotube formation index on day 5 of the
differentiation. However, dramatic degeneration was noted
on day 10 of the differentiation. These observations are con-
sistent with myotube degeneration rather than altered
myogenesis. The degeneration occurs later than abnormal nu-
clear aggregation; therefore, the myotube formation index
may be utilized as a late outcome measure for functional anal-
yses of DM1 myoblast following treatment. For myotube for-
mation analysis, we recommend looking for changes of
myotube formation starting on day 5 of the differentiation.
The mechanism of myotube degeneration in DM1 remains
unclear. In a recent report using myoblasts generated from an
adult DM1 muscle biopsy, the authors reported normal
myogenesis, but considerable myotube loss and atrophy in
DMI1 myotubes differentiated for 15 days, which was attrib-
uted to apoptosis [39]. In our study, we found equal cell den-
sity during DM1 myotube degeneration on day 10 of the dif-
ferentiation. Thus, apoptosis may not be the only reason for
myotube formation degeneration. This is also supported by
the fact that atrophied muscle fibers contain nuclear clumps
in the biopsied tissue [24]. We propose the degeneration of
myofibrils may launch the starting process of muscle wasting.
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There are limitations for this study. This study was done on
only two DMI1 cases. Ideally, 4 or 5 cases would be ideal in
order to do a statistical analysis.

Conclusions

We concluded that early abnormal nuclear aggregation and
late myotube degeneration offer easy and sensitive outcome
measures to assess effects of therapies for DM1 in vitro.
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