SHORT COMMUNICATION

Sequestration of MBNL1 Protein by Mutant
ZNF9 mRNA in Lymphocytes of Patients with

Myotonic Dystrophy Type 2

Sekvestrace MBNL1 proteinu mutovanym ZNF9 mRNA
v lymfocytech pacientl s myotonickou dystrofii 2. typu

Abstract

Myotonic dystrophy type 2 (DM2) results from the (CCTG)n expansion in the ZNF9 gene
located on the long arm of chromosome 3. The pathogenesis of DM2 includes sequestration
of muscleblind-like (MBNL) proteins by pathological CCUG®® ZNF9 mRNA transcripts, lead-
ing to abnormal splicing of target pre-mRNAs and, consequently, to the development of the
pathological phenotype. In this report, we demonstrate expression of the ZNF9 transcript,
ZNF9 protein as well as MBNL1 protein in lymphocytes of non-DM controls and DM2 pa-
tients. In DM2 patients lymphocytes, MBNL1 protein is co-localized and partly sequestered in
CCUG#® ZNF9 mRNA intranuclear foci. We suppose that non-muscle tissues expressing ZNF9
transcript in DM2 patients might be affected by a similar molecular mechanism as the ske-
letal muscle. The presence of the expanded ZNF9 transcript in peripheral blood lymphocytes
may be useful for rapid diagnosis of DM2 from blood smears of suspected patients, or for
a follow-up of patients treated with molecular therapy.

Souhrn

Myotonickd dystrofie 2. typu (DM2) je zpUsobena (CCTG)n expanzi v ZNF9 genu lokali-
zovaném na dlouhém raménku chromozomu 3. Patogeneze DM2 zahrnuje sekvestraci
muscleblind-like (MBNL) proteinu patologicky expandovanym transkriptem ZNF9 mRNA, coz
vede k abnormalnimu sestfihu cilovych pre-mRNA a nasledné k rozvoji patologického feno-
typu. V nasi praci demonstrujeme expresi transkriptu ZNF9, proteinu ZNF9 a proteinu MBNL1
v lymfocytech periferni krve jak u non-DM2 kontrolnich pacientd, tak u DM2 pacientd.
V lymfocytech pacientl s DM2 jsme prokdzali ¢aste¢nou kolokalizaci a sekvestraci proteinu
MBNL1 na expandovanou ZNF9 mRNA. Predpokladame, ze i nesvalové tkdné exprimuijici
transkript ZNF9 mohou byt u pacientt s DM2 postizeny podobnym molekuldrnim mechanis-
mem jako kosterni sval. Pfitomnost expandovaného transkriptu mdze byt uzite¢na v rychlé
diagnostice z natérd periferni krve u pacientd s podezienim na DM2, nabizi se i moznost
sledovani efektu molekularni terapie.
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Introduction

Both myotonic dystrophy type 1 (DM1)
and 2 (DM2) are autosomal dominant,
multisystem disorders sharing a simi-
lar pathogenetic pathway that begins
with an expansion of CTG and CCTG
nucleotide repeats in the genes enco-
ding dystrophia myotonica protein ki-
nase (DMPK) and zinc-finger protein 9
(ZNF9), respectively [1,2]. The cur-
rent pathogenetic model of myoto-
nic dystrophy (DM) involves an inter-
action of CUG/CCUG® mRNA of the
DMPK/ZNF9 genes with CUG/CCUG-
-binding proteins. Transcripts with
CUG®Pand CCUG®® repeats are retained
in the nuclei and sequester CUG-bin-
ding proteins, leading to an abnormal
splicing of their target pre-mRNAs [3,4].
There are two groups of CUG-binding
proteins. The MBNL1 protein from the
MBNL family promotes transition of
splicing from fetal to adult exons. The
CUG-binding protein (CUG-BP1), on the
other hand, helps to retain fetal exons.
In DM2, MBNL1 is sequestered on
CCUG®® ZNF9 mRNA that accumula-
tes as ribonuclear foci. Sequestration of
the MBNL proteins then prevents their
activity at specific targets and this re-
sults in aberrant transcription and spli-
cing of a selected group of pre-mRNAs
transcripts. Recently, we demonstra-
ted sequestration of the MBNL1 protein
by an expanded ZNF9 transcript in soft
tissue of DM2 patients and expression
of ZNF9 transcript and MBNL1 protein
in non-DM controls [12]. In this report,
we extend the study by a molecular ge-
netic examination of peripheral blood
lymphocytes from DM2 patients and
non-DM controls. So far, an interaction
of CUG/CCUG® mRNA of the DMPK/
/ZNF9 genes with CUG/CCUG-binding
proteins in blood cells has not been stu-
died. We aimed to demonstrate that
sequestration of MBNL1 protein also
occurs in blood cells (lymphocytes). We
suppose that non-muscle tissues expres-
sing ZNF9 transcript in DM2 patients
might be affected by similar molecular
mechanism as the skeletal muscle.

Material and methods

Whole human peripheral blood samples
from five patients with DM2 and three
non-DM controls were diluted 1 : 1 (with
saline). Lymphocytes were isolated using
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Fig. 1. ZNF9 protein immunoblotting i
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the LymphoprepTM (Axis-Shield PoC AS,
Oslo, Norway) solution according to the
manufacturer’s instructions.

Muscle biopsies containing skeletal
muscle fibers, vascular endothelia and

liver
skeletal muscle
fat tissue
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n human lymphocytes, liver, skeletal
he 19kDa level (hon-DM controls).

muscle samples due to autolysis.

smooth muscle cells from both DM2 pa-
tients and non-DM controls were tested
as controls.

MB1a monoclonal antibody supplied
by Professor Glenn Morris, MDA, Mono-

Fig. 2. Reactivity of ZNF9 mRNA in lymphocytes (a) and muscle fibers (b) from
non-DM2 controls (FISH). Fine granular deposits of ZNF9 protein in the sarco-
plasm (c) and in lymphocytes (d), non-DM2 controls (immunofluorescence).
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Fig. 3. Intranuclear foci with CCUG®® ZNF9 mRNA (a) in DM2 patient (FISH).
Distinct foci of MBNL1 protein in the nucleoplasm of lymphocytes (b) in DM2
patient (immunofluorescence).

clonal antibody resource, Wolfson CIND, = CAGG CAGG CAGG-3'2'-O-Me-NA5'F,
RJAH Orthopaedic Hospital, Oswestry, UK scale 200 nmol) and to the CUG®® trans-
was used to detect MBNL1 protein. cript (5'-CAG CAG CAG CAG CAG CAG

The probe to the expanded CCUG®  CAG-3'2'-O-Me-RNA5FI) were supplied
transcript (5'-CAGG CAGG CAGG CAGG by Generi Biotech s.r.o., Czech Republic.

Fig. 4. Double label of CCUG**® ZNF9 mRNA and ZNF9 protein in a DM2 patient:
partial colocalization of MBNL1 protein (red, immunofluorescence) with mu-
tant CCUG®® ZNF9 mRNA (green, FISH), combined signal (yellow).

Probe to ZNF9 transcript: for the exon
in situ hybridization studies, PCR pro-
ducts specific to either exon 1 or exon 5
were generated using the following pri-
mers: ZNF9 exon 1F, ZNF9 exon 1R; ZNF9
exon 5F and ZNF9 exon 5R were prepa-
red by Generi Biotech s.r.o., Czech Re-
public. In this study, we used probes
specific to exon 5, conjugated with Cy3
fluorochrome.

Polyclonal anti-ZNF9 protein antibody
(Moravian-Biotech, Czech Republic) was
obtained by immunization of a rabbit
with a 20 amino-acid peptide from the
C-terminus of human ZNF9 (CYRCGES-
GLHARECTIEATA) that includes the se-
venth zinc finger.

Fluorescence in situ hybridization (FISH)
for ZNF9 RNA and immunofluorescence
for ZNF9 and MBNL1 proteins in the
blood smears and frozen muscle secti-
ons were performed as described by Holt
et al [5].

Results
In various tissues from non-DM controls,
immunoblotting of the ZNF9 protein de-
tected by the polyclonal anti-ZNF9 anti-
body showed a typical band at the level
of 19 kDa, corresponding to the ZNF9
protein molecular weight (Fig. 1). ZNF9
mRNA was found as granular cytoplasmic
deposits in non-DM blood lymphocytes
(Fig. 2a) and strong reactivity was identi-
fied in the sarcoplasm of skeletal muscle
controls (Fig. 2b). The ZNF9 protein also
displayed fine granular deposits in the
sarcoplasm of muscle fibers (Fig. 2¢). Po-
sitive immunoreactivity was also found in
the cytoplasm of the vascular endothelia
and smooth muscle cells, Schwann cells,
and adipocytes (not demonstrated) [12].
A weak reactivity — a thin chain of peri-
nuclear granules — was observed in peri-
pheral blood lymphocytes (Fig. 2d). The
MBNL1 protein from non-DM controls
was found as irregular deposits in the
nucleoplasm (not demonstrated).
CCUG®» ZNF9 mRNA was found in lym-
phocytes of DM2 patients in a form of
1 to 4 distinct intranuclear foci (Fig. 3a).
The MBNL protein from DM2 patients
(Fig. 3b) was also present as intranuc-
lear foci. Double label tests (immunoflu-
orescence and FISH) demonstrated that
only a portion of intranuclear MBNL1 sig-
nals were sequestered in the ribonuclear
foci, while the rest of the protein was lo-
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Tab. 1. Reaction of lymphocytes
with CUG/CCUG probes in DM2
and non-DM2 patients. Positive
reactivity with CCUG®® probe
identified in lymphocytes from
DM2 patients only.

Patient/probe CCUG®® CUG®®
DM2 ++ 0
non-DM2 0 0

calized as extrafocal, finely granular de-
posits (Fig. 4). No foci were identified in
lymphocytes of non-DM2 control patients
(Tab. 1).

Discussion

The ZNF9 gene is a ubiquitously expres-
sed gene but the level of expression of
the ZNF9 transcript, splicing of ZNF9
pre-mRNA, ZNF9 protein expression or po-
st-transcriptional modification in human
tissues is largely unknown. ZNF9 protein
is highly conserved at the amino acid and
nucleotide levels in human, mouse, rat,
chicken, and frog tissues. It is expressed
in a variety of animal tissues [6]. In hu-
mans, expression of CCUG®® ZNF9 mRNA
or co-localization of CCUG®® ZNF9 mRNA
foci with MBNL1 protein was reported in
muscle tissue and cell cultures [7,8] and
the level of expression was extensively
studied in skeletal muscle and myoblast
cell lines only [8]. Recently, expression of
the ZNF9 transcript and protein and se-
questration of the MBNL1 protein by ex-
panded CCUG®®» ZNF9 mRNA transcript
in soft tissues from DM2 patients and
expression of the ZNF9 transcript and
MBNL1 protein in non-DM controls were
analyzed in human soft tissue and epider-
mal derivatives [12].

To address the issue of the role of ZNF9
in DM2, the effects of (CCTG)n expan-
sion on ZNF9 expression in lymphoblas-
toid cell lines from DM2 patients were

analyzed by Botta et al [9] but ZNF9 ex-
pression or MBNL1 protein sequestration
in peripheral blood cells were not repor-
ted. On the other hand, DMPK gene ex-
pression was identified in lymphocytes of
adult-onset patients with DM1 and nor-
mal controls [10]. These results suggest
that expression of the two alleles at the
DMPK locus in lymphocytes is coordina-
ted and reduction at mutant-allele trans-
cript levels is compensated by an increase
in wild-type allele mRNA levels. It would
be interesting to know whether similar
compensatory mechanisms take place in
lymphocytes from DM2 patients.

MBNL1 regulates terminal differentia-
tion of cells through alternative splicing
control and it also participates in diffe-
rentiation of photo-receptors, neurons,
adipocytes and blood cell types [11]. Our
double label tests (immunofluorescence
and FISH) demonstrated that only a por-
tion of intranuclear MBNL1 signals were
sequestered in the ribonuclear foci, while
the rest of the protein was localized as
extrafocal deposits. Sequestration of the
MBNL1 protein is the core feature in the
development of the myotonic dystrophy
phenotype. In this report, we demonstra-
ted that sequestration of MBNL1 protein
also takes place in the blood cells (lym-
phocytes). It is a question whether, and
to what extent, sequestration of MBNL1
in blood cells may contribute to DM2
pathology.

Conclusion

The ZNF9 gene is expressed in periphe-
ral blood lymphocytes: the presence of
ZNF9 transcript as well as MBNL1 protein
were demonstrated by in situ hybridiza-
tion and immunofluorescence/immunob-
lotting methods, respectively. The MBNL1
protein colocalizes with and is partially
sequestered in intranuclear CCUG®® foci.
Possible toxic effect of MBNL1 sequestra-
tion in lymphocytes on the DM2 pheno-
type is currently unknown. Detection of

CCUG®® foci in peripheral blood sme-
ars of suspected patients may be useful
in the diagnosis of DM2 — or during fol-
low-up of patients treated with molecu-
lar therapy.
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