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Molecular Genetic Analysis of Fetal Tissues 
from a Family Affected by Myotonic 
Dystrophy

Molekulárně genetická analýza tkáně plodu  
rodiny postižené myotonickou dystrofií

Abstract
development of the pathological phenotype in patients with myotonic dystrophy (Md1) 
largely depends on toxic effects of expanded DMPK gene repeats (cugexp) transcription and 
their interaction with binding proteins. the relationship between DMPK cugexp, MBnl1 
and MBnl2 has so far been studied on tissue cultures (myoblast cell lines) and transgenic 
animals. in this report, the first in situ molecular genetic analysis of fetal tissue from a family 
affected by Md1 is presented. intrauterine development, maturation and differentiation of 
skeletal muscles of the fetus (360 g, 22nd week of pregnancy) were only slightly delayed. in 
the fetus, paternally inherited expansion of the ctg repeat in the DMPK gene (350 ctg) 
was confirmed by molecular analysis. subsequent histopathological examination revealed 
signs of myotonic dystrophy. fetal tissue obtained at autopsy (skeletal muscles, esophagus, 
stomach and intestines), were studied by histopathological, immunofluorescence (expres-
sion of MBnl1/MBnl2 proteins) and in situ hybridization (DMPK cugexp) methods. intranu-
clear cugexp-containing foci were present in skeletal muscle fibers, muscularis externa of the 
esophagus, stomach and intestines, vascular smooth muscle, neurons and schwann cells 
of intrinsic ganglionic plexuses, and epithelial cells. MBnl1 protein was largely co-localized 
with the cugexp foci in all tissues examined. contrarily, MBnl2 protein was also detected 
in the tissue cytoplasm. the presence of DMPK transcript with expanded cug repeat and 
MBnl1 protein in the intranuclear foci of Md1 fetal tissues studied may theoretically result 
in sequestration of the protein and thus contribute to generation of the Md1 phenotype. 

Souhrn
vývoj patologického fenotypu u pacientů s myotonickou dystrofií závisí značnou měrou na 
toxickém účinku transkriptu expandované repetice genu DMPK a jeho interakci s vazebnými 
proteiny. vztah mezi cugexp tohoto genu a vazebnými proteiny MBnl1 a MBnl2 byl dosud 
studován na tkáňových kulturách myoblastů a na transgenních zvířatech. v tomto sdělení 
podáváme první molekulárně genetickou analýzu fetálních tkání plodu z rodiny postižené 
myotonickou dystrofií prvního typu (Md1). intrauterinní vývoj, zrání a diferenciace kosterního 
svalstva plodu (360 g, 22. týden) byly jen mírně opožděny. paternálně zděděná expanze re-
petice ctg v genu DMPK (350 ctg) byla potvrzena molekulárně genetickou analýzou a ná-
sledné histopatologické vyšetření plodu prokázalo znaky myotonické dystrofie. tkáně získané 
autopsií (kosterní sval, jícen, žaludek a střevo) byly vyšetřeny histologickými i molekulárně 
genetickými (imunohistochemickou analýzou proteinů MBnl1 a MBnl2, a in situ hybridi-
zací DMPK cugexp) metodami. intranukleární ložiska (foci) s cug transkripty byla zjištěna 
v kosterním svalu, ve svalovině (muscularis externa) zažívací trubice, v cévní medii, endotelu 
a intramurálních nervových pleteních i v epitelu. protein MBnl1 přitom s ložisky expandova-
ných transkriptů extenzivně kolokalizoval ve všech tkáních. naproti tomu byl protein MBnl2 
nalezen též v cytoplazmě. přítomnost transkriptu DMPK s expandovanou repeticí cug a pro-
teinu MBnl1 v intranukleárních fokusech fetálních tkání Md1 pacientů může teoreticky zna-
menat sekvestraci proteinu MBnl1, a tak přispět ke generaci patologického fenotypu Md1.
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Introduction
Myotonic dystrophy type 1 (Md1, 
oMiM#160900) is an autosomal domi-
nant genetic multi-systemic disorder with 
anticipation – the increase of the mutated 
allele expansion length and increased di-
sease severity seen through successive ge-
nerations [1]. genetic cause of Md1 was 
identified as an expansion of the ctg tri-
plet repeat in the 3´-untranslated region 
of the dystrophia Myotonica protein ki-
nase gene (DMPK, 19q13.3) [2,3]. Mu-
tant DMPK alleles could contain up to 
several thousand triplets, whereas nor-
mal alleles have between 5 and 35 ctgs. 
Both normal and expanded alleles are 
transcribed but intracellular transport of 
the expanded mrna is inhibited. this re-
sults in retention of the expanded tran-
scripts in the cell nucleus and formation 
of ribonuclear cugexp foci [4,5]. Mole-
cular pathogenesis of Md1 includes se-
questration of muscleblind proteins in the  
cugexp foci causing a loss of their func-
tion in the nucleoplasm. recruitment of 
human muscleblind (MBnl) proteins into 
cugexp foci in Md1 was firstly sugges-
ted by Miller et al [6] and illustrated in 
vivo by fardaei et al [7,8]. in addition to 
MBnl loss of function, there is also evi-
dence that elevation of another family of  
cug-binding proteins – cug-Bp(1) may 
play a role in Md1 pathogenesis [9–11].

MBnl proteins have been implicated in 
an alternative splicing of several specific 
pre-mrna targets [12]. in addition to re-
gulating terminal muscle differen tiation 
through an alternative splicing control, 
MBnl proteins also participate in diffe-
rentiation of photoreceptors, neurons, 
adipocytes, and blood cell types [13].

cugexp mrna of the DMPK gene and 
sequestration of MBnl1 protein were de-
tected in skeletal muscles (both human 
and murine), heart, smooth muscles, 
brain, and some other differentiated tis-
sues [14,15]. retention of mutant rna ri-
bonuclear foci during fetal stages of de-
velopment was only studied in cultivated 
myoblasts derived from the quadriceps 
muscles of three cdM fetuses with va-
rious clinical severity [16]; the relation-
ship between cugexp expression and re-
cruitment of muscleblind proteins in fetal 
cdM tissues in situ has not been repor-
ted yet. 

in this study, we present the first mole-
cular genetic and histopathological in situ 

analysis of fetal tissues from a family af-
fected by myotonic dystrophy (Md1). We 
found cugexp retained in ribonuclear foci 
of the fetal tissue and co-localized with 
muscleblind proteins, and suppose that 
sequestration of the proteins may con-
tribute to the generation of the Md1 
phenotype. 

Material and methods
confirmation of Md1 diagnosis by 
tP-PcR
the family history of Md1 indicated a preg-
nancy with an increased risk of Md1. the 
father suffered from a mild form of adult 
dM with the disease onset at around 
25 years, with myotonia and slight incre-
ase of creatine kinase (450  u/l) but with 
no muscle weakness. the mother was free 
of Md1 symptoms and the fetus did not 
express signs of congenital dM (decrea-
sed fetal movements, polyhydramnion or 
relevant ultrasound findings) during preg-
nancy. an analysis of the ctg repeat size 
in the DMPK gene was performed on ge-
nomic dna isolated from peripheral blood 
leukocytes and from fetal cells (obtained 
by amniocentesis using standard proce-
dures) by standard flourescence pcr (with 
primers p1 and p2) in combination with 
tp-pcr [17, as described in 18]. the family 
members (father, mother, and father’s pa-
rents) were examined before prenatal te-
sting of the fetus. since dna test confir-
med expansion in the fetal DMPK gene, 
the parents were given an option to termi-
nate pregnancy. the termination of preg-
nancy was performed in accordance with 
the czech legislation and ethical rules.

determination of the ctG-repeat 
expansion size by southern 
blotting
the size of ctg-repeat expansions was 
determined by southern blot analysis as 
described in guida et al [19].

Fetal tissue samples
fetal tissue was extracted for diagnostic 
purposes at the 22nd week of pregnancy. 
samples from cross-striated muscles (vas
tus lateralis and gastrocnemius), esopha-
gus, stomach, and intestines were ob-
tained at autopsy performed 9 hours 
after the abortion. the samples were 
deep-frozen in a propane-butane mix-
ture cooled with liquid nitrogen. cryo-
stat sections were processed using a set 

of conventional histological and histo-
chemical methods [20] supplemented by 
immunohistochemical detection of (1) 
fetal (developmental) myosin heavy chain  
(d-Mhc) in cross-striated muscle fibers, 
and (2) neurofilaments in intramural fetal 
plexuses of esophagus, stomach, and 
intestine.

Immunofluorescence visualization (IFl)  
of Mbnl1 and Mbnl2 proteins
ifl was performed according to holt 
et al [21]. fresh frozen sections (6 μm 
thick) were placed on superfrost plus 
microscope slides (Menzel-gläser), dried 
and fixed with acetone-methanol (1 : 1) 
at room temperature (rt). alternatively, 
the sections were fixed in 4% paraformal-
dehyde. after washing in pBs, the slides 
were incubated for 1 hour at 37 °c with 
the MB1a (mouse, dilution 1 : 3), MB2a 
(mouse, 1 : 3) [22], MBnl1 (mouse, 
1 : 200, sigma) MBnl2 (rabbit, 1 : 200, 
sigma) and nfh (neurofilament-h, no-
vocastra) primary antibodies, respectively. 
subsequently, the sections were washed 
in pBs at rt and incubated with a secon-
dary antibody labeled with alexa fluor 
488 (alexa fluor 488 goat anti-Mouse, 
sfX kit, or goat anti-rabbit Molecular 
probes™, invitrogen) for 1 hour at 37 °c. 
following incubation, the slides were wa-
shed in pBs and mounted in vectashield 
Mounting Medium (vector laboratories, 
usa). nuclear chromatin was counters-
tained with 0.075 μg/ml diamino-2-phe-
nylindole (dapi). the image acquisition 
and evaluation of the results were per-
formed on a leica dMrXa2 fluorescence 
microscope; leica 100x plapo oil-immer-
sion objective, na 1.4.

visualization of cUGexp ribonuclear 
foci by fluorescence in situ 
hybridization (FIsH)
visualization of cugexp ribonuclear foci 
was performed by fish on frozen muscle 
sections, as described in holt et al [21]. 
frozen sections (6 μm) were placed onto 
superfrost plus slides (Menzel-gläser), air 
dried at rt for 30 minutes, fixed in mo-
dified carnoy’s fixative [73% ethanol, 
25% acetic acid, 2% formalin (sigma)] 
for 30 minutes at 4 °c, and washed in 
pBs (rt). then, the sections were incuba-
ted in prehybridization buffer [30% for-
mamide (sigma) in 2× ssc (eppendorf)] 
for 5 minutes at rt and thereafter hyb-
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ridized for 16 hours with 200 nM of the 
probe (see below) at 37 °c in hybridiza-
tion buffer [consisting of 30% formamide 
(sigma), 2× ssc, 0.02% Bsa (invitro-
gen), 66 ng/μl of yeast trna (invitrogen), 
and 2 mM vanadyl complex (sigma)]. the 
probe for cugexp (in the DMPK gene) was 
5’-cag cag cag cag cag cag cag- 
-3’2’–o-Me-rna5’fl (generi Biotech, 
czech rep.). the hybridized sections 
were washed in a post-hybridization solu-
tion [30% formamide (sigma) in 2× ssc]  
for 30 minutes at 45 °c, followed by  
1× ssc wash for 30 min/rt. finally, the 
sections were mounted with dapi (vecta-
shield Mounting Medium with dapi, vec-
tor laboratories, usa). the slides were 
examined in a leica dMrXa2 fluores-
cence microscope; leica 100x plapo oil-
immersion objective, na 1.4.

combined immunofluorescence 
and fluorescence in situ 
hybridization (IFl-FIsH)
for ifl-fish, the sections were dried, fixed 
with acetone-methanol (1 : 1) at rt, and 
then incubated with the primary and se-
condary antibodies as described above. 
following the incubation, the slides were 
washed in 2× ssc, fixed in 4% para-
formaldehyde in pBs for 5 minutes at rt, 
and prehybridized in 30% formamide in  
2× ssc for 5 minutes (rt). next, the tis-
sue sections were hybridized for 16 hours 
at 37 °c with 200 nM of 5’-end cy3-labe-
led rna probe, containing cug repeats 
and mounted as described above.

Results
clinical and histopathological 
features of the fetus
the fetus was aborted in the 22nd week 
of pregnancy in a family with Md1 his-
tory (tab. 1). its body weight (360 g) cor-
responded to the 19th –20th week rather 
than the 22nd week of the normal de-
velopment. Many skeletal muscle fibers 
were in fact myotubes with central nuc-
lei, and only a minority of muscle fibers 
with peripheral sarcolemmal nuclei were 
identified (fig. 1a). Muscle fibers were 
arranged in loose fascicles and interfasci-
cular connective tissue was focally incre-
ased. the majority of muscle fibers/myo-
tubes was small, measuring 3–10 μm 
only. however, the mean size of muscle 
fibers was 5.7 ±1.1 μm in the vastus la
teralis and 7.2 ±1.3 μm in the gastro

cnemius; these values correspond to the 
normal range with regard to the body 
size [23], as well as to the 22nd week of 
fetal development [24]. the fiber type 
analysis, performed according to the 
standard ca-atpase reaction at ph 9.4, 
did not reveal any distinct populations of 
muscle fibers, while in a normal develo-
ping muscle histochemical fiber types are 
recognizable after the 18th to 19th week 
of gestation [24]. either a complete 
uniformity or only small fluctuations  
in the enzyme activity (fig. 1b) could 
be seen in both muscles examined: re-
activity to developmental myosin heavy 
chain (dMhc) was uniformly positive in 
all myofibers (fig. 1c). uniform myofi-
bers without fiber type differentiation 
were also identified after staining with 
the antibody to the fast Mhc (Mhcf) 
and to mitochondrial dehydrogenases. 
early differentiation of the muscle fibers 
was identified through reactivity to slow 
Mhc (Mhcs) (fig. 1d). histological exa-
mination of the esophagus, stomach, 
and intestine showed clear stratification 
of the wall into the mucous membrane 

(epithel, lamina propria, muscularis mu
cosae), submucosa, muscularis propria, 
and serous membrane. 

Mutation analysis of the DMPK 
gene in the affected family; 
confirmation of Md1 in the fetus
Mutation analysis of the DMPK gene per-
formed by tp-pcr in accessible members 
of the affected family revealed ctg ex-
pansions in leukocytes of the father and 
grandfather as well as in amniotic cells 
of the fetus (tab. 1). this confirmed the 
diagnosis of Md1 in symptomatic mem-
bers of the family (the fetus and its father) 
and in the still asymptomatic grandfather. 
the mother had, in line with her non-dM 
status, no expansion of the DMPK gene. 
these results reveal a rare case of pater-
nal transmission of the disease in a family.

determination of the ctG-repeat 
size in the fetus and members of 
the affected family by southern 
blotting
determination of expanded allele sizes 
larger than about 100 ctg is not possi-

Fig. 1. Histopathological features of fetal myotubes and muscle fibers.
fig. 1a) hematoxylin eosin staining. the majority of muscle fibers corresponds to the 
myotubular stage of development. Bar, 10 μm.
fig. 1b) histochemical fiber type analysis, ca-atpase, ph 9.4; no distinct populations 
of muscle fibers were found.
fig. 1c) reactivity to developmental myosin heavy chain (dMhc); the staining was uni-
formly positive in all myofibers.
fig. 1d) reactivity to slow myosin heavy chain (Mhcs); reaction intensity revealed two 
differentiating myofiber types (strongly reacting myofibers are indicated by arrows).
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ble with tp-pcr [17–18,20]. therefore, 
southern blot analysis (sB) was used 
to further confirm Md1 diagnosis and 
to evaluate the size of large expansi-
ons (especially those associated with 
cdM). sB proved ctg expansions in 

the DMPK gene in the fetus and its fa-
ther, 350 and 280 ctgs, respectively, 
and clearly demonstrated both clini-
cal and genetic anticipation of the di-
sease in the three generations studied 
(tab. 1).

cUGexp ribonuclear foci in fetal tissue
neither the DMPK gene mutation analy-
sis nor the presence of cugexp ribonuc-
lear foci were studied in situ in fetal tis-
sue. therefore, we attempted to visualize 
these foci in individual cell types using the 
rna-fish method in combination with 
high-resolution fluorescence microscopy.

using this method, cugexp ribonuc-
lear foci were identified in all muscle 
tissues studied: in numerous myonuc-
lei of cross-striated muscles (vastus late
ralis and gastrocnemius) (fig. 2a), nuc-
lei of smooth muscle cells of muscularis 
externa (propria) of the esophagus, sto-
mach and intestines (fig. 2b), and vas-
cular smooth muscle (not shown). in ad-
dition, cugexp foci were found in some 
nuclei of schwann cells and ganglion cells 
in the intrinsic (auerbach) ganglionic ple-
xus (not shown); the combined fish and 
immunofluorescence staining (ifl-fish) 
of nerve fibers (nf-h neurofilaments) 
showed an intimate spatial proximity 
of the schwann nuclei with the nerve 
fibers, thus confirming the identity of the 
schwann cell (fig. 2c). the foci were also 
present in epithelial cells of the esopha-
gus (fig. 2d).

these results provide evidence that 
transcription of the DMPK gene and nuc-
lear retention of the expanded transcripts 
take place in all cell types studied, even 
in a 22-week fetus with congenital Md1. 

expression of Mbnl1 and Mbnl2 
proteins in fetal tissues and their 
co-localization with cUGexp foci
the immunofluorescence (ifl) showed ex-
pression of MBnl1 protein in all the tis-
sues examined. reactivity with the MBnl1 

Tab. 1. Molecular-genetic analysis (TP-PCR, Southern blotting) of the DM1 family.

Family member Biological material 
(tissue)

Apparent signs  
of DM1

[CTG]n determined 
by TP-PCR 

[CTG]n determined 
by SB

CTG-repeat expan-
sion size [kb] (de-
termined by SB)

proband‘s father blood – 10 / 57 57 n. r.

proband‘s mother blood – 5 / 13 n. r. n. r.

proband‘s uncle,fa-
ther‘s brother

blood – 5 / 13 n. r. n. r.

proband (the father 
of the fetus)

blood + 13 / exp > 100 ctg 280 10.6

fetus amniotic cells + tissues 21 / exp > 100 ctg 350 10.8

[ctg]n – number of  ctg repeats in DMPK gene, tp-pcr – triplet-primed pcr [17,18], exp – ctg expansion, sB – southern Blotting [19], 
n. r. – not required

Fig. 2. Detection of CUGexp transcripts in fetal tissues. CUGexp ribonuclear foci 
(FITC, green) detected by RnA-FISH method. Yellow arrows point to areas en-
larged in the insets.
fig. 2a) Myonuclei of skeletal muscle fibers.
fig. 2b) nuclei of smooth muscle cells (muscularis externa of large intestine).
fig. 2c) schwann cells.
fig. 2d) expression of cugexp intranuclear foci (cy3, red) and nf-h neurofilament pro-
tein (fitc, green) in schwann cells; close spatial relation of schwann nuclei to nerve 
fibers (white arrows) is demonstrated (ifl-fish).
fig. 2e) cugexp intranuclear rna foci in epithelial cells (desquamated layers of epithelial 
cells) of esophagus; rna-fish. leica 100× plapo oil-immersion objective, na 1.4. 
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antibody in the cross-striated muscle was 
mostly confined to the nuclei and ap-
peared as foci or granules (fig. 3a); spo-
radically, the signals were observed also 
as groups of granules in the sarcoplasm. 
a combined immunofluorescence and 
fluo rescence in situ hybridization (ifl-fish) 
clearly demonstrated co-localization of 
the MBnl1 protein with the cugexp rna 
in intranuclear foci in smooth muscle cells 
(fig. 3b) as well as in skeletal muscle fib-
res (fig. 3c). in addition, some nuclei con-
tained MBnl1 deposits but no or single 
cugexp foci (fig. 3d). these findings in-
dicate that nucleoplasmic MBnl1 is only 
partially sequestered into the cugexp nuc-
lear foci (fig. 3d). MBnl1 expression was 
also found in fetal smooth muscle cells of 
the esophagus, intestines, schwann cells, 
and in capillary endothelial cells. 

the MBnl2 protein was detected in 
both nuclei and cytoplasm of the fetal tis-
sue studied. ifl-fish demonstrates co-lo-
calization with cugexp in ribonuclear foci 
as well as complete separation of cugexp 
from MBnl2 reactivity in skeletal muscle 
fibers (fig. 4). 

in summary, these results show that 
cugexp rna is retained as ribonuclear foci 
even at the fetal stage of the develop-
ment. the MBnl proteins co-localize and 
are sequestered in the foci. 

discussion 
in this paper we present the first in situ 
molecular genetic and histopatholo-
gical analysis of human fetal tissue of  
a 22-week fetus from a family affected by 
myotonic dystrophy (Md1), where a pa-
ternal path of transmission was establis-
hed. the uniform reactivity of the fetal 
muscle fibres to mitochondrial dehydro-
genases differs from that described by 
dubowitz [25] who found a small pro-
portion of large dark fibers in a human 
(21–23 weeks of gestation) triceps. re-
tarded fiber type differentiation sugge-
sting muscle immaturity in 30–37 week 
old fetuses with the congenital form of 
dM (cdM) was described by farkas-Bar-
geton et al [26] and in infants with con-
genital and infantile myotonic dystrophy 
by saghal et al [27], iannaccone et al [28], 
and karpati et al [29]. decreased levels 
of myotonic dystrophy protein kinase 
(DMPK) and delayed differentiation were 
also established in human myotonic dys-
trophy myoblasts [16].

Fig. 3. Immunoreactivity of MBnL1 protein in fetal tissues. Colored arrows point 
to areas enlarged in the insets.
fig. 3a) MBnl1 protein in intranuclear foci of skeletal muscle. ifl detection of MBnl1 
(fitc, green).
fig. 3b) co-localization of cugexp (cy3, red) and MBnl1 (fitc, green) in smooth muscle 
cells of the colon; combined ifl and fish method (ifl-fish), MB1a antibody.
fig. 3c) intranuclear co-localization of gugexp rna (cy3, red) and MBnl1 protein (fitc, 
green) in skeletal muscle fibers, combined ifl and fish method (ifl-fish), MB1a antibody.
fig. 3d) Muscle nuclei with foci containing both MBnl1 and cugexp signals (red arrow); 
some nuclei contain no (or very few) cugexp foci (yellow arrow). leica 100× plapo 
oil-immersion objective, na 1.4. 

Fig. 4. Immunoreactivity of CUGexp and MBnL2 protein in fetal tissues.
separation of cugexp and MBnl2 reactivity in skeletal muscle fibers demonstrated by 
ifl-fish; intranuclear cugexp foci (white arrows, cy3, red) and sarcoplasmic MBnl2 gra-
nules (yellow arrow, MBnl2 antibody, fitc, green). leica 100× plapo oil-immersion ob-
jective, na 1.4. 
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on the other hand, the results presen-
ted here suggest that migration and re-
distribution of MBnl1 and MBnl2 pro-
teins from the sarcoplasm to the nuclei 
occurs during fetal development. a com-
parison of the presented findings with 
non-affected age-matched fetuses would 
be necessary to assess migration and dis-
tribution of MBnl1 and 2 in fetal tissues.

the presence of DMPK transcript with 
expanded cug repeat in the studied 
(non-muscle) fetal tissue may theoreti-
cally result in distinctive histopathologi-
cal changes in Md1 patients, and thus 
contribute to the generation of the Md1 
phenotype. for example, it would be use-
ful to answer the question whether the 
presence of cugexp nuclear foci and se-
questration of the MBnl1 protein in 
fetal smooth muscle cells of the intesti-
nes, schwann cells and neurons in intra-
mural nerve plexuses is related to impai-
red motility of the gastrointestinal tract in 
Md1 patients [33–35]. interestingly, sou-
thern Blot analysis [36] showed that the 
size of ctgexp repeats varies in differenti-
ated tissues (somatic mosaicism) and rai-
sed another question as to whether there 
was any relationship between the degree 
of expansion in various tissues and multi-
systemic involvement in Md1. in support 
of this, muscleblind proteins were shown 
to bind to cugexp transcripts in a manner 
proportional to the size of the expanded 
repeat [6].

however, it is not known whether the 
fetal expression pattern of cugexp rna 
and MBnl proteins is preserved up to the 
mature state of the tissues. therefore, 
more concrete conclusions on the patho-
logical consequences and biological out-
come of the findings presented here can-
not be drawn. nevertheless, it is evident 
that sequestration of the MBnl1 protein 
begins during fetal development, both 
in the muscles and non-muscle tissues 
studied. 
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