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Introduction
Facioscapulohumeral dystrophy (FSHD) is the third most common 

type of muscular dystrophy after Duchenne and myotonic dystrophy 
with an incidence of 12 per 100,000 worldwide [1,2]. FSHD is an 
autosomal dominant disease with an insidious onset and development, 
characterized by progressive weakness and atrophy of facial, shoulder 
girdle and upper arm muscles [1]. Currently FSHD diagnosis is mainly 
based on clinical evaluation, often supported by a genetic confirmation. 

FSHD is characterized by contraction or hypomethylation of repeat 
D4Z4 units on chromosome 4, which causes aberrant expression of the 
transcription factor DUX4 from the last repeat [3]. 

Kowaljow, et al. [4] initially proposed the role of DUX4 protein 
in FSHD, where they showed overexpression of DUX4 protein might 
induce toxicity to muscle cells and muscle degeneration.

To date several molecular pathways that activate or repress DUX4 
transcription have been investigated in addition to the downstream 
events in unmodified primary cells from FSHD-affected people [5,6]. 

In this context, the Wnt/β-catenin signaling pathway has been 
demonstrated to be implicated in FSHD pathology for its role in 
muscle development, facial muscle organization and muscle repair by 
facilitating myoblast differentiation and myotube fusion [7,8].

Although it has been demonstrated that Wnt/β-catenin signaling 
is involved in FSHD [5,6], the molecular mechanism of Wnt/β-catenin 
pathway is still unclear. 

Briefly, the Wnt/β-catenin signal transduction is characterized by a 
reaction cascade, which is initiated by extracellular Wnt molecules and 
that consequently leads to an accumulation of cytosolic β-catenin and 
its subsequent translocation into the nucleus. In the nucleus β-catenin 
binds members of the T-cell factor (TCF and lymphoid enhancer factor 
(LEF) transcription factors, triggering a pathway-specific gene response 
essential for the regulation of several processes including cell growth, 
regeneration and differentiation [9]. 

Recently, the involvement of Wnt/β-catenin pathway in FSHD 
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disease has raised so much interest. In 2015, Banerji, et al. [6] reported 
a meta-analysis of multiple microarray datasets from FSHD muscle 
biopsies, in which a central role of β-catenin in DUX4-driven network 
rewiring in FSHD has been demonstrated. Activation of the Wnt/β-
catenin signaling pathway suppresses DUX4 transcription in FSHD 
myotubes and can rescue DUX4-mediated myotube apoptosis. In 
addition, according to another study performed by Block et al. [5], 
β-catenin was identified as the main coordinator of FSHD-associated 
protein interaction signaling, together with pathways including 
canonical Wnt, HIF1-α and TNF-α clearly perturbed.

In parallel with the identification of pathways involved in 
FSHD pathology, recently Statland et al. [10] showed that the 
serum components of FSHD patients may provide novel molecular 
information as well as biomarkers for FSHD. 

In the present study we investigated the role of Wnt/β-pathway 
in peripheral blood mononuclear cells (PBMCs) obtained from four 
consanguineous patients affected since around 20 years by FSHD, with 
a positive family history for this disease and that did not shown any 
symptoms of disease if not refer to FSHD. 

Patients
We studied the case of four patients affected since around 20 years 

by FSHD and in specific a 44 and a 40 years old sister and a 37 and 33 
years old brother. As shown in family tree (Figure 1) also the father was 
affected by FSHD and he is nowadays deceased, while the mother is 
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healthy. Also, two paternal uncles, nowadays died, were suffering from 
the same disease. 

Genetic analysis was performed on the first daughter at disease 
onset (about 11 years old) by mapping of the disease locus to the 
subtelomeric region of chromosome 4, more specifically at 4q35 region 
with specific probes for FSHD. Following all the sons been subjected to 
the same genetic investigation confirming FSHD diagnosis. 

At the enrolling moment, the two sampled patients, with the above 
reported positive family history for FSHD, were on wheelchair because 
of a severe weakness of the lower limb girdle and abdominal muscles; 
the involvement of shoulder and facial muscle was also important, 
as they had difficulties in raising arms and had a decreased facial 
expression with lagophthalmos and dysarthria.

Routine hematochemical test values were within the normal range. 
All these patients not suffering from any infection of the respiratory, 
urinary tract neither were subject to catheterization or venous access 
of some type. 

In addition, hemogasanalisis was almost normal neverthless PCO2 
has a value of around 50 mmHg in all patients. Thoracal CT as well as 
electrocardiography was normal. 

FSHD patients did not show symptoms correlated with other 
diseases otherwise than on FSHD. For this reason healthy controls 
(N=5, mean age 35 years, 3 males and 2 females), were chosen so as to 
be well comparable to patients. Specifically, healthy controls were non-
smokers and not suffering from any disease, infections or subject to any 
pharmacological treatment. 

Also In addition, healthy control donors were subjected to genetic 
investigation to exclude any mutation involved in any genetic diseases 
or with a positive family history for genetic diseases.

Patients as well as healthy control donors selected have been 
subjected to a blood sampling after signing the informed consent for 
the processing of data for research purposes. 

Materials and Methods
Western blot analysis

Following blood sampling, PBMCs were isolated using density 
gradient separation technique with Ficoll 1077 tube separation. Then 
cytosolic and nuclear proteins were extracted, run in SDS-PAGE and 
blotted on PVDF-membrane according to a standardized protocol. 
Briefly, PBMCs were suspended in extraction buffer containing 0.32 
M sucrose, 10 mM Tris-HCl, pH 7.4, 1 mM EGTA, 2 mM EDTA, 5 
mM NaN3, 10 mM 2-mercaptoethanol, 50 mM NaF, protease inhibitor 
tablets (Roche Diagnostics Corporation, Indianapolis, USA) and 

chilled on ice for 15 minutes. Samples were centrifuged at 1500 g for 
10 min at 4°C and the supernatant (cytosol + membrane extract) was 
collected. Pellets were suspended in lysis buffer containing 1% Triton 
X-100, 150 mM NaCl, 10 mM Tris-HCl, pH 7.4, 1 mM EGTA, 1 mM 
EDTA, protease inhibitors tablets (Roche Diagnostics Corporation, 
Indianapolis, USA), and following centrifugation for 30 min at 15,000 
g at 4°C, supernatant (nuclear extract) was collected. Proteins were 
separated on SDS-PAGE and transferred onto 0.45 µm pore size 
Hydrophobic PVDF transfer membrane (Merck Millipore KGaA, 
Darmstadt, Germany), blocked with PBS containing 5% nonfat dried 
milk for 45 min at room temperature. Membranes were probed at 4°C 
overnight with specific antibodies for: β-catenin (1:500, Cell Signaling 
Technology); Wnt-1 (1:250, Santa Cruz Biotechnology); IkB-α (1:500, 
Cell Signaling Technology); NF-kB (1:500, Cell Signaling Technology); 
TNF-alpha (1:500, Cell Signaling Technology); SOD1 (1:2000, Abcam); 
Nrf2 (1:500, Santa Cruz Biotechnology); iNOS (1:500, Santa Cruz 
Biotechnology); Nitrotyrosine (1:2000, Millipore); PARP (1:250, 
Santa Cruz Biotechnology); cleaved caspase-3 (1:500, Cell Signaling 
Technology); cleaved caspase-9 (1:500, Abcam); Bax (1:500, Cell 
Signaling Technology) and Bcl-2 (1:500, Cell Signaling Technology) in 
1X PBS, 5% (w/v) non fat dried milk, 0.1% Tween-20 (PMT). HRP-
conjugated goat anti-mouse IgG or HRP-conjugated goat anti-rabbit 
IgG were incubated as secondary antibodies (1:2000 in PMT v/v; Santa 
Cruz Biotechnology, Inc) for 1 h at room temperature. To normalize 
protein expressions among different samples, the blots were also 
incubated with GAPDH (D16H11) XP® Rabbit mAb (HRP Conjugate) 
primary antibody (1:1000, Cell Signaling Technology, Inc, Danvers, 
MA, USA) and Laminin B1 (1:1000, Cell Signaling Technology). 
Protein expression bands were visualized using an enhanced 
chemiluminescence system (Luminata™ Forte, Western HRP substrate, 
Merck Millipore KGaA, Darmstadt, Germany) and protein bands 
were acquired and quantified with ChemiDoc™ MP System (Bio-Rad, 
Segrate, Italy) and a computer program (ImageJ), respectively. Blots 
are representative of three separate and reproducible experiments. The 
statistical analysis was carried out on three repeated blots performed on 
separate experiments. 

Quantitative Real-time PCR

Total RNA was extracted using TRIzol (Life Technologies, Monza, 
Italy) reagent according to the manufacturer's instructions. RT-PCR was 
performed using QuantiTect Reverse Transcription (Qiagen, Milano, 
Italy). PCR was performed in a final volume of 20 μL containing 0.02 
μM cDNA, 0.5 μM sense and antisense primers, 1.5 mM MgCl2, and 1 
unit of platinum TaqDNA polymerase (Life Technologies). The PCR 
was performed according to the manufacturer's instructions. The PCR 
products were electrophoresed on a 2% agarose gels in the presence of 
ethidium bromide. Real-Time quantitative PCR (qPCR) analysis was 
performed in Applied Biosystems real-time PCR machine (ABI7300) 
using TaqMan Gene Expression Master Mix (Life Technologies). 
mRNA expression levels were calculated by the Comparative ΔΔC(t) 
method relative to beta-actin (Actb) housekeeping gene.

Primers used for Wnt-1: 

For: GCGTCTGATACGCCAAAATC Rev: GGATTCGATG-
GAACCTTCTG

Primers used for β-catenin: 

For: AAAATGGCAGTGCGTTTAG Rev: TTTGAAGGCAGTCT-
GTCGTA

Figure 1: Family tree shows positive family history for FSHD. Sqaure = male, 
circle = female, oblique line = deceased, fully filled symbols = subject with 
FSHD, not full symbol = healthy subject. 
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Bonferroni post hoc test for multiple comparisons. A p value less than 
or equal to 0.05 was considered significant. Results are expressed n ± 
SEM of n experiments.

Results and Discussion
Our study aimed to investigate the role of Wnt/β-catenin pathway in 

PMBCs from FSHD patients. We noticed a significant downregulation 
of β-catenin expression in FSHD patients compared to healthy control 
donor measured by quantitative PCR analyses (Figure 2A). In addition, 
a totally negative expression of β-catenin in cytosolic (Figure 2C) as 
well as in nuclear fraction (Figure 2D) of PMBCs extract was found 
in FSHD patients by western blot analysis. On the contrary, healthy 
control donor displayed a basal level expression of β-catenin. However, 
expression of Wnt-1, which works generally via the canonical pathway 
[11], was homogeneously expressed in FSHD patients as well as in 
healthy control donor (Figures 2B and 2E). Since β-catenin is mainly 
involved in stabilizing cytoskeleton and cellular junctions as well 
as promoting development and cell differentiation [12], the severe 
impairment in β-catenin signaling pathways in the PBMCs of FSHD 
patients lead us to assume that such degradation of β-catenin in FSHD 
patients may occurred by Wnt-independent signaling cascade. 

Therefore, we have supposed that the aberration of β-catenin 
expression could be crucially involved in the failure to maintain a 
balance between oxidative stress and apoptosis triggered by NF-
kB nuclear translocation. It is known that in several types of cancer 
β-catenin can directly interact with NF-kB, resulting in a reduction of 
NF-kB transactivation activity [13]. 

In our study, we found a marked increase in nuclear translocation of 
NF-kB (Figure 3B) with a cytoplasmic degradation of IkB-α (Figure 3A) 
in FSHD patients which triggers the downstream-associated apoptotic 
and cell death mechanisms as confirmed by an enhanced expression of 
pro-inflammatory cytokines, like TNF-α. (Figure 3C). 

Moreover, expression of several NF-kB target genes, including 
inducible nitric oxide synthase (iNOS) (Figure 4A) as well as 
nitrotyrosine (Figure 4B) was significantly higher in FSHD patients. As 
known, over-production of NO generated by iNOS causes accentuated 
lipid peroxidation, protein and DNA modifications [14]. These results 
suggest that loss aberration of β-catenin aggravates TNF-α induced 
reactive nitrogen species through increase of SOD1 activity (Figure 
4C) as well as decrease of Nrf2 (Figure 3D), whose expression was 
significantly reduced in FSHD patients compared to healthy control 
donors, proving that redox balance is significantly impaired during 
FSHD. 

Among the first cellular responses to DNA damage is the production 
of Poly (ADP-ribose) polymerase (PARP), a marker of oxidative stress 
synthesized in large quantities by PARP enzymes, whose activity 
increases when cells are subjected to injury [15]. 

Continuous or excessive activation of PARP-1 resulted in a 
substantial depletion of ATP, leading to cellular dysfunction and cell 
death [16]. Here we found an increased expression of PARP-1 in FSHD 
patients compared to healthy control donors (Figure 4D). 

As PARP expression is correlated and in turn activated by caspases, 
we investigated the expression of cleaved caspase-3 (Figure 5A) and 
cleaved caspase-9 (Figure 5B), and found enhanced expression of these 
proteins in FSHD patients. Moreover, correlation between caspases 
and Bax/Bcl-2 expression suggests a role of mitochondria in this cell 
death pathway [17]. Indeed Bax is known to induce apoptosis through 

Statistical evaluation

GraphPad Prism version 6.0 program (GraphPad Software, La 
Jolla, CA) was used for statistical analysis of the data. The results were 
statistically analyzed using unpaired Student's t-test followed by a 

Figure 2: qPCR analysis of β-catenin (A) and Wnt-1 (B). All data are presented 
relative to the expression of Actb mRNA. The results were analyzed by unpaired 
Student's t-test and shown as means ± S.E.M. **p<0.005. Western blot analysis 
for cytosolic β-catenin (C), nuclear β-catenin (D) and Wnt-1 (E) expression. 
The results were analyzed by unpaired Student's t-test. A p value of 0.05 was 
considered to be statistically significant. Results are expressed as the mean ± 
S.E.M. of n experiments. GAPDH and Laminin B1 were used as internal control. 
Blots are representative of three separate and reproducible experiments. ND: 
Not detectable.

 

Figure 3: Western blot analysis for IkB-α (A), NF-kB (B) and TNF-α expression 
(C) and Nrf2 (D). The results were analyzed by unpaired Student's t-test. A p 
value of 0.05 was considered to be statistically significant. Results are expressed 
as the mean ± S.E.M. of n experiments. GAPDH and Laminin B1 were used 
as internal control. Blots are representative of three separate and reproducible 
experiments. ND: Not detectable.
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the release of cytochrome c from mitochondria and activation of the 
caspase 3 and 9 pathway, while Bcl-2 promotes cell survival. In our 
study we noticed an upregulation of Bax and a downregulation of Bcl-2 
in the PBMCs of FSHD patients (Figure 5C).

Conclusion
In summary our results showed severe impairment in β-catenin 

signaling pathways in the PBMCs of FSHD patients.

We suppose the aberration of β-catenin expression in the PBMCs 
of FSHD patients may greatly reflect the severity of neuromuscular 
degeneration of FSHD pathology per se, which may occurred due to 
the loss of β-catenin and its prosurvival and regenerative roles against 
the inflammatory/oxidative/apoptotic cascades of FSHD pathology.

Although the present study is limited by the small number of 
patients, our results from four consanguineous FSHD patients may 
offer, at least in partial, putative molecular cues underlying the 
pathophysiology of FSHD.

We strongly hope that this preliminary evaluation can be an alert to 
the whole scientific community for further studies. 
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