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Insulin-driven translational capacity is impaired in primary 
fibroblasts of Prader Willi
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1. Introduction

Prader-Willi (PW) syndrome is a complex neurogenetic 
disorder caused by the lack of expression of genes 
located on paternal chromosome 15q11-q13. It 
is characterized by severe obesity, mild to severe 
mental retardation and hypotonia. Muscle hypotonia 
and weakness is present during the neonatal stage 
and in childhood. It improves with time but adults 
remain mildly hypotonic with a decreased muscle 
mass (1). As consequence, patients show an altered 
motor performance, abnormal gait pattern and overall 

a decreased physical activity that it is considered 
to contribute to overweight and frailty. Physical 
rehabilitation is commonly used to improve skeletal 
mass performance and to control obesity of adult PW 
patients. A retrospective analysis of a PW patient 
cohort, trained at our institute, showed that intense 
physical exercise programs have beneficial effects 
on body weight, but do not improve muscle mass of 
patients, despite normal calories intake (2). Our data 
suggested that the regulation of muscle mass was 
defective in PW patients.
 Atrophy is a complex physiological process in 
which wasting or decreasing in size of tissues or organs 
undermine their functions. Various cells and tissues, 
including muscles, undergo atrophy in response to 
factors such ageing (sarcopenia), disuse, in fasting or 
disease states such as cancer cachexia, diabetes (3), 
obesity (4). The extent of cell atrophy is determined, at 
least in part, by changes in cell capacity of promoting 
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cell growth through the modulation of the protein 
synthesis process. The mammalian target of rapamycin 
complex 1 (mTORC1) is the key regulator of initiation 
and elongation of mRNA translation in response to 
diverse upstream signals including insulin (and other 
growth factors), amino acids and energy availability (5). 
The insulin signaling pathway sequentially involves 
the insulin receptor substrate-1 and -2 (IRS-1 and -2), 
phosphatidylinositol (PI) 3-kinase, and protein kinase 
B (PKB), also known as protein kinase B (AKT), that 
regulates the mTORC1 activity and the downstream 
effectors: the p70-kDa S6 protein kinase (p70S6K1) 
and the eukaryotic initiation factor 4E-binding protein 
(4E-BP1) (6). Both proteins modulate translation 
initiation, by controlling the binding of mRNA to the 
40S ribosomal subunit (7).
 mTORC1 can also be activated independently 
by branched-chain amino acids such as L-Leucine 
(L-Leu), through an inside-out mechanism recently 
described (8), where leucyl-tRNA synthetase is 
identified as the intracellular sensor for amino acid 
signaling to mTORC1 (9). The stimulatory effects 
of L-Leu on protein synthesis have been recorded 
in several model systems and it is known to interact 
with insulin signaling pathway by modulating its 
phosphorylation events (10). The key role of mTORC1 
in muscular trophism has been shown in several 
mouse models where the specific ablation of mTOR or 
Rictor induced specifically in the muscle, resulted in 
progressive dystrophic phenotypes (11). Furthermore, 
some evidences in humans suggest that mTORC1 and 
p70S6K1 protein expression (12) or phosphorylation 
status (13) is reduced in muscles from sarcopenic 
individuals, underlying the importance of the signaling 
through mTORC1 in the metabolic regulation of cell 
atrophy.
 At present there are no evidences of the existence 
of molecular dysfunctions leading to PW cell wasting, 
or the role of protein translation in PW’s muscle loss. 
Giving the hypothesis that cell atrophy is associated 
with alterations in protein synthesis, we wanted to 
verify the protein synthesis activity in response to 
insulin in PW cells and, if altered, whether stimulation 
of mTORC1 by L-Leu might rescue the associated 
defect. 
 In order to circumvent possible health complications 
arising from muscle biopsies taken from patients, and in 
absence of suitable muscle models for our exploratory 
investigations, we decided to use skin fibroblasts from 
PW individuals, hoping that the supposed alterations 
would be maintained in this type of cells.
 In this report, we show for the first time, evidences 
that the protein synthesis response to insulin is impaired 
in PW primary fibroblasts, and that L-Leu treatment 
restores the defective response. Our data support the 
therapeutic potential of the mTORC1 stimulation in 
Prader Willi disease. 

2. Materials and Methods

2.1. Human primary cell cultures

Human primary skin cells were obtained from 4 adult 
patients with a clinical diagnosis of PW syndrome 
established by fluorescent in situ hybridization and 
DNA methylation-specific PCR assay. All analysed 
patients showed deletions in chromosome 15q11-q13. 
Informed written consent was obtained from each 
subject before participation in the study, after the 
nature, purpose and risks of the study were explained. 
All experimental procedures involved in this study were 
formally approved by the Research Ethics Committee 
of the Foundation. Primary cell lines used in this study 
were established starting from sterile, non-necrotic 
biopsy samples, taken from the forearm of PW patients 
and directly transported in laboratory facilities in 50 
ml tubes containing culture medium supplemented 
with antimycotic (fungizone, Sigma-Aldrich, St. Louis, 
MO, USA) and a double concentration of antibiotics 
(pen/strep, Sigma-Aldrich, St. Louis, MO, USA). Skin 
punches were then thoroughly washed with PBS and 
tissue was mechanical fragmented into 1-2 mm in 
size. The fragments were distributed in 24-well plates 
and grown in Chang culture medium (Irvine scientific 
CA, USA) containing 30% foetal bovine serum 
(FBS, Thermo Fisher Scientific Waltham, Ma, USA), 
antibiotic-antimycotic solution (1X), L-glutamine (2 
mM). After 72 h, the extent of tissue adhesion and cell 
growth was assed using phase-contrast microscopy. 
Subsequently tissue fragments were removed and 
primary cells were expanded in Chang medium 
supplemented with 10%FBS until freezing. Control 
fibroblasts were obtained at surgery from the neck or 
arm skin of 5 control subjects. Biopsies were processed 
as described above and the primary fibroblasts isolated 
from skin tissue were used as controls. Primary cells 
maintained the proliferative capacity with a doubling 
time of 24h for more than 15 passages. Cells between 
passages 3 and 15 were used for experiments. Cells 
were routinely tested for Mycoplasma contamination 
and for senescence by the senescence-associated β 
galactosidase assay (14).

2.2. Insulin, Serum and L-Leu stimulation experiments

Human control and PW fibroblasts were seeded one day 
before at 0.15 × 106 cells in Chang medium containing 
10% FBS. Cells were thoroughly washed with PBS 
and incubated with 20% serum containing medium or 
deprived of serum for 2h prior to exposure to 100 nM 
insulin (Sigma-Aldrich, St. Louis, MO, USA) for 15 
min. In the experiments with L-Leu (Sigma-Aldrich, 
St. Louis, MO, USA), serum deprived cells were pre-
incubated with L-Leu for one hour and then stimulated 
with 100 nM insulin for additional 15 min. We used 
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by using a calibrated tablet with a density range of 
0.05 to 3.05 O.D. In addition, for comparison between 
different blots, the phosphorylated fraction of kinases 
was corrected for the total fraction of the protein. 

2.4. Protein synthesis measured by the Surface Sensing 
of Translation

A recent developed method, known as surface sensing 
of translation (SUnSET) allows the measurement 
of protein synthesis in vitro and in vivo (15,16). 
This non-radioactive technique involves the use of 
puromycin, a structural analog of tyrosyl-tRNA, and 
of an anti-puromycin antibody for the detection of 
nascent puromycin-labelled peptides by Western blot. 
Briefly, primary PW fibroblasts and control cells 
were cultured on 6-well dishes in Chang medium 
supplemented with 10%FBS. Upon confluence, cells 
have been switched to serum free Dulbecco's modified 
Eagle's medium (DMEM, Thermo Fisher Scientific, 
Waltham, Ma, USA) for 16 h. The medium was then 
replaced with fresh medium with or without 100 nM 
insulin for 60 min. Subsequently, 1 µM Puromycin 
(Merck, Darmstadt, Germany) was added to all wells 
for an additional 30 min. Cells were then lysed and 
total proteins were subjected to western blot. For the 
detection of puromycin-conjugated peptides, PVDF 
membranes were incubated overnight at 4°C with a 
mouse IgG2a monoclonal anti-puromycin antibody 
(clone 12D10, 1:5000, Merck, Darmstadt, Germany) 
dissolved in TBST containing 1% BSA. After several 
washes, membranes were incubated for 1 h at room 
temperature in 5% milk-TBST containing horseradish 
peroxidise conjugated anti-mouse IgG Fc 2a antibody 
(1:50,000 Jackson ImmunoReasearch Laboratories Inc., 
West Grove, PA, USA). The immune complexes were 
visualized by enhanced chemiluminescence solution. 
After the capture of relevant images on photographic 
films the PVDF membranes were stained with 
Coomassie Blue to verify equal loading of proteins. The 
rate of protein synthesis was calculated by determining 
the intensity of each whole lane (incorporating 
the entire molecular weight range of puromycin-
labeled peptides) of the three replicate samples and 
by correcting for total protein intensity measured on 
PVDF stained membranes using the ImageJ software. 
Experiments were performed in triplicates and data are 
expressed as arbitrary units (a.u.).

2.5. Statistics

All analyses were performed by the statistical package 
SPSS, v.16.0 (SPSS Inc., Chicago, IL, USA). Student 
t-test and one-way analysis of variance assay were used 
for comparison of untreated and stimulated conditions 
in control and PW cells. A p value of p < 0.05 was 
accepted as the statistically significant.

a 100 nM concentration because it represents a well-
accepted level of insulin stimulation in cell cultures 
commonly found in the literature (10). At the end of 
the treatment, cells were washed twice with cold PBS 
and cells were lysed. Total proteins were extracted 
as indicated in the immunoblotting paragraph. Each 
experiment was repeated at least three times including 
cell cultures, in order to have available biological 
replicates. Measurements of each biological replicate 
were repeated in a number of 3 technical replicates, 
performed on different blots. 

2.3. Immunoblotting

Cells were lysed with a buffer containing 50 mM 
Tris-HCl, 0.5% NP40, 150 mM NaCl, 1 mM EDTA, 
1 mM PMSF and proteases inhibitors (Cocktail 
set II, Calbiochem, Merck, Darmstadt, Germany). 
After centrifugation at 12000xg at 4ºC for 15 
min, supernatants were removed and total protein 
concentration was measured using the QuantiPro™ 
BCA Assay (Sigma-Aldrich, St. Louis MO, USA). 
40 µg of protein homogenates were run on 10% 
SDS polyacrylamide gels and transferred onto a 
polyvinylidene fluoride membrane (PVDF, Bio-
Rad Laboratories, Carlsbad, CA, USA) using a semi 
dry system Trans-blot apparatus. Even transfer of 
proteins on membranes was evaluated by Ponceau S 
(Sigma-Aldrich, St. Louis MO, USA) according to 
the manufacturing protocol. Membranes were then 
incubated in Tris-buffered saline (pH 7.5) containing 
5% BSA and 0.1% tween-20 (TBST buffer) for 1 h 
at room temperature. The following phospho-specific 
antibodies were added and incubated overnight at 4°C 
in blocking buffer: p70S6K Thr389, GSK3betaSer9 
(Cell Signaling Technology, Danvers, MA, USA) and 
AKTSer473 (Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA, USA). Membranes were subsequently 
washed and incubated with anti-rabbit HRP-conjugated 
secondary antibody (1:10000; EDM Millipore) for 1 h 
at room temperature. Following this, membranes were 
washed repeatedly as before, and immune complexes 
were visualised on films, (Kodak, Sigma-Aldrich, St. 
Louis MO, USA) using enhanced chemiluminescence 
solution (Supersignal West Pico, Pierce, Thermo Fisher 
Scientific Waltham, Ma, USA). For normalisation, blots 
were mild stripped and then subsequently reprobed 
for total p70S6K, total GSK3beta, and AKT proteins 
to verify the relative amount of analysed proteins. 
Scanned images of photographic films were produced 
on a flatbed scanner and the intensity of the bands was 
quantified using ImageJ open source software (http://
rsb.info.nih.gov/ij/index.html). Images were adjusted 
in size and brightness, and backgrounds removed by 
using the "rolling ball" algorithm and transformed to 
bright background with dark protein bands. Intensity 
of bands was measured as optical density (O.D.) units 
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3. Results

3.1. PW cells do not increase protein synthesis in 
response to insulin

Skin fibroblasts from PW patients were used as cellular 
model for the verification of possible dysfunctions 
in the regulation of protein synthesis. Insulin and its 
related growth factors, has been shown to stimulate 
protein synthesis in a variety of cells in culture (17). 
Hence, we measured the insulin capacity of promoting 
protein synthesis in PW cells, using the non-radioactive 
SUnSET method. This technique quantifies the 
puromycin-labeled peptides by immunodetection, 
as measurement of global protein synthesis (15). 
Fibroblasts from control and patients were serum 
deprived for an overnight and stimulated for 1h with 
insulin, followed by 30 min incubation with puromycin. 
The translation activity recorded in 5 independent 
control samples increased significantly after exposure 
to insulin (5260 a.u. ± 972 vs. stimulated cells 8205 

a.u. ± 193, p < 0.05), whereas the rate of puromycin 
incorporation was unaltered in skin fibroblasts derived 
from 4 PW individuals (6933 a.u. ± 862 vs. stimulated 
cells 6134 a.u. ± 193, p = 0.43) (Figure 1 C and 1D). 
We measured no significant difference between PWs 
and controls in the rate of protein translation at baseline 
(without serum), although the puromycin incorporation 
was 25% higher in patients compared to controls 
(compare Figure 1 A and 1B, Puro panels). We conclude 
that protein synthesis is unresponsive to insulin in PW 
fibroblasts. 

3.2. PW fibroblasts do not activate p70S6K1 after 
insulin treatment

In order to gain insight into the changes of the 
insulin signaling pathway occurring in PW cells 
and responsible of the observed reduction of protein 
synthesis, we monitored the main phosphorylation 
events on pivotal kinases. Initially, we analyzed the 
activity of AKT/PKB in consideration of its central 
role as mediator of insulin signaling (18). Subsequently 
we focused on the action of active AKT/PKB that 
promotes initiation of protein translation (17) by 
phosphorylating the GSK3beta. As last, we considered 
the effects of AKT/PKB activation on mTORC1, 
which in turns regulates p70S6K1, leading to an 
increased protein elongation during protein synthesis. 
The phosphorylation profile of these 3 kinases was 
determined after exposure to 20% serum or to insulin 

Figure 1. Insulin fails to stimulate protein synthesis in 
PW cells. A non-radioactive assay (SUnSet test) was used 
to evaluate protein synthesis in 5 controls and 4 PW-derived 
fibroblasts. Primary cells were serum deprived for 16 h. The 
medium was then replaced with fresh serum-free DMEM with 
(+) or without (-) 100 nM insulin for 1h and the incorporation 
of puromycin-labeled peptides was determined as described 
in materials and methods. (A) and (B): Representative images 
of WB analysis for puromycin (Puro) - and Coomassie Blue 
staining (CB) to verify equal loading of proteins - in Controls 
(A) and PW cells (B). (C) and (D): Quantification of protein 
translation in response to insulin is expressed as arbitrary units 
(a.u.) and it is shown in panel (C) (Controls n = 5) and (D) 
(PW cells n = 4). Each data points are the mean of experiments 
conducted in triplicates. Data reported are means ± SEM. The 
statistical significance level was set at p < 0.05 (*); n.s. non 
significant.

Figure 2. Insulin activates AKT but not p70S6K1. (A): 
Representative Western blots of PW and control cells for 
pAKT S473 and total AKT, pGSK3betaS9 and total GSK3beta, 
p70S6K1T389 and total p70S6K1, after exposure to 20% 
serum or to 100 nM Insulin. NT, Not treated; W/o serum, 
without serum. (B) and (C): Phosphorylation profile obtained 
by densitometric quantification of the effects of insulin and 
serum respectively. Data are means ± SEM (n = 3). The 
statistical significance level was set at p < 0.05 (*). Open bars, 
control cells; solid bar, PW cells.
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(Figure 2). Serum increased the phosphorylation of 
all 3 kinases, with a significant upregulatory effect 
on AKT/PKB in patient compared to control cells 
(Figure 2A and 2B). Likewise, insulin treatment 
induced a phosphorylation increment of AKT/PKB 
and GSK3beta, although to a less extent compared to 
serum. A substantial difference was recorded for the 
phosphorylation of p70S6K1 that was significantly 
higher in control and PW fibroblasts stimulated with 
serum while no insulin-mediated increase of p70S6K1 
phosphorylation was observed in PW fibroblasts 
(Figure 2C). 
 To assess whether the dysfunctional insulin 
response is a feature of PW fibroblasts, we extended 
the analysis to 3 additional PW patients and 4 controls. 
The AKT/PKB phosphorylation profile resembles that 
one shown in Figure 2, confirming that insulin activates 
the AKT/PKB-mediated signaling in both control 
and patient groups (data not shown). By focusing on 
signaling downstream of AKT/PKB, we quantified the 
p70S6K1 phosphorylation in response to stimulations. 

All control fibroblasts showed an increment of the 
p70S6K1 phosphorylation at T389 following exposure 
to serum and four in five control samples to insulin. On 
the contrary, none of the four PW patients responded 
to insulin by increasing the p70S6K1 activation, 
while all responded to serum (Figure 3A and 3B). 
Overall, our data support the existence in PW cells of 
a dysfunctional protein translation response to insulin, 
mediated by AKT/mTORC1/p70S6K1 axis.

3.3. L-Leu pretreatment augments insulin effect on 
p70S6K1 signaling

Protein synthesis is stimulated by the availability 
of amino acids and energy (ATP). Besides their 
use as substrate for the building of polypeptide 
chains, the essential amino acids have been shown 
to directly activate the regulatory proteins of mRNA 
translation (19). Particularly interesting is the effect 
of the branched amino acid L-Leu, which enhances 
translation initiation and protein synthesis via induction 

Figure 3. PW cells show low p70S6K1 activation in response 
to insulin. (A): Representative blots of the expression level of 
p70S6K1 T389 (a) and total p70S6K1 (b), after treatment with 
20% serum or insulin of controls (C1-5) and patients (PW1-
4). NT, Not treated cells; W/o serum, without serum. (B): 
Densitometric quantification of the effects of treatments on the 
analyzed cells. Open bars, serum stimulation; solid bar, Insulin 
stimulation. Data reported are means ± SEM. The statistical 
significance level was set at p < 0.05 (*).

Figure 4. Leucine pretreatment augments insulin effect 
on p70S6K1 in PW cells. (A): Representative blots of the 
expression level of p70S6K1 T389 (a) and total p70S6K1 
(b), after pre-treatment with L-Leu (0.5, 5, 10mM) alone or in 
combination with insulin (Ins, 100 nM) in PW cells (PW1-4). 
20% serum stimulation was used as positive control (serum). 
(B): Densitometric quantification of the effects of stimuli on 
PW cells. Data are means ± SEM. The statistical significance 
level was set at p < 0.05 (*).
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of the mTOR pathway (6,20,21) and activation of 
the downstream target p70S6K1. Therefore L-Leu is 
considered the main anabolic signal responsible for the 
increase of protein synthesis.
 Since both L-Leu and insulin are known activators 
of p70S6K1, we wondered whether L-Leu could 
rescue the insulin-mediated p70S6K1 response in PW 
fibroblasts. The addition to serum deprived cells of 0.5, 
5 or 10 mM L-Leu for 1h followed by 15 min insulin 
stimulation, resulted in a significant activation of 
p70S6K1 quantified in 2.7-folds at 0.5 mM, 4.2-folds 
at 5 mM and 3.7-folds at 10 mM (Figure 4 A and 4B). 
No significant effects on the kinase activity of L-Leu 
alone were detected, despite a slight improvement 
observed at 5 mM (1.2-folds) and at 10 mM (2.2-folds) 
L-Leu. These results suggest beneficial effects of 
L-Leu administration to PW cells and confirmed the 
role of L-Leu as modulator of the insulin signaling 
pathway and in particular of the protein translation via 
mTORC1. 

4. Discussion

The regulation of protein synthesis by specific metabolic 
signaling pathways is crucial for normal cell growth. In 
a patient cohort trained at our institute we observed that 
muscular mass did not increase after training in a normal 
dietary regimen (2). Muscle mass loss in PW patients 
has been pointed out by others (1,22) and contributes to 
alterations in motor performance that leads to obesity 
and severe disabilities. The causes of muscle weakness, 
and motor problems in PW patients are not clear. In this 
paper we explored the possibility that muscle mass loss 
at cellular level may be caused by alteration in protein 
translation, impairing cellular growth. Our hypothesis 
was tested on skin primary fibroblasts of control and PW 
group exposed to growth stimuli. As mentioned earlier, 
the choice of this model was determined by the absence 
of a suitable in vitro model for PW muscle, and by the 
risks associated with muscular biopsies for patients. 
Although we are aware of the limitations of this model, 
our data may represent a useful step forward in the 
comprehension of muscle atrophy in PW disease.
 Our major finding is that the translation response 
to insulin is impaired in the PW group compared 
to controls (Figure 1). The baseline of translational 
activity in absence of serum was overall higher 
in diseased cells (Figure 1A and 1B, Puro panel), 
suggesting that their metabolic phenotype could be 
slightly more active compared to controls. Additionally, 
we recorded more variable response to insulin in control 
cells as evidenced by the lack of p70S6K1 activation 
in one of the control sample (Figure 3A, Control cells, 
C4a, Insulin 100nM).. It may be possible that the 
variability of control group selected on the absence of 
apparent diseases and availability of biopsies, mirrors 
underestimated biological factors in few samples. 

Nevertheless, we considered more appropriate to 
include all control samples in the statistical analysis. 
Overall our data showed a dysfunctional translation 
response in PW patients.
 The analysis of the phosphorylation profile induced 
by serum showed no changes in the activation in 
diseased or control cells. On the contrary, the molecular 
analysis of the insulin mediated signaling pathway 
showed that while AKT/PKB and GSK3beta activity is 
unchanged (Figure 2), the phosphorylation of p70S6K1 
is decreased in PW cells (Figure 2 and Figure 3). Since 
the AKT activity, as well as the downstream target 
GSK3beta, is comparable in PW and control fibroblasts, 
our data suggest that the dysfunction to insulin response 
resides in mTORC1/p70S6K1 axis. A further support to 
the existence of an alteration in the mTORC1/p70S6K1 
signaling pathway is the rescue effect exerted by L-Leu 
treatment on Insulin mediated phosphorylation of 
p70S6K1 recorded in PW fibroblasts (Figure 4). 
 It is known that L-Leu is a modulator of the 
insulin activity in several in vitro and in vivo models 
(10,23) by regulating the mTORC1 activity. The 
mechanism by which L-Leu activates mTORC1 has 
been recently elucidated (8). According to this model, 
L-Leu stimulates mTORC1 activity in a manner 
that requires v-ATPase, the Ragulator and the Reg 
GTPase, and favours the translocation of mTORC1 to 
the membrane compartment of the lysosomes, where 
Rheb (small GTPase Ras homolog enriched in brain), 
phosphorylates mTORC1 activating it (Figure 5). 
 In our experimental settings, L-Leu alone shows 
slight effects of p70S6K1 phosphorylation, indicating 
that mTORC1 is not fully active (Figure 4). Since the 
magnitude and rate at which mTORC1 is activated by 
L-Leu is reduced in KO cells for Reg GTPase (8), it is 
tempting to speculate that dysregulation of RegGTPase, 
which binds to and recruits mTORC1 to lysosomes, 
might be the possible cause of the modest effects of 
L-Leu treatment. 
 Addition of insulin to L-Leu treated cells resulted 
in a significant enhancement of the p70S6K1 
phosphorylation levels and therefore of mTORC1 
activity (Figure 4). Insulin activates mTORC1 through 
AKT/PKB mediated phosphorylation of PRAS40 
and TSC1/TSC2 complex, preventing their inhibitory 
effects on mTORC1 (24,25) and favours the docking 
of mTORC1 to lysosome where mTORC1 is activated 
by Rheb (Figure 5). It is conceivable that alterations of 
mTORC1 activation observed in PW fibroblasts are the 
result of pathological modifications in the interaction 
between mTORC1 and regulatory proteins, Rags, Rheb 
and PRAS40, induced by L-Leu or insulin.
 Given the complexity of the mTORC1 pathway and 
the presence of feedback loops between components, 
further investigations are needed to establish the 
mechanisms underlying our observations. In addition 
we cannot exclude that other pathways in addition to 
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mTORC1/p70S6k1 may play a role in the regulation of 
protein translation in response to growth factors. In this 
context p70S6K1 has emerged as a critical signaling 
component in the development of insulin resistance 
through phosphorylation and inhibition of insulin 
Receptor 1 and 2 functions (26).
 The evidences reported in this manuscript were 
obtained from a limited number of patients, but they 
represent a good starting point for further investigations. 
Our data suggest a common dysfunction in the regulation 
mechanism of protein translation in response to insulin 
in PW fibroblasts. In addition, our in vitro data show a 
possible molecular link between alterations in protein 
synthesis in vitro and reduced muscle mass growth 
observed in vivo in PW patients (23). 
 We are aware that the results obtained with patient 
fibroblasts, cannot reproduce the complexities of what 
occurs in muscle cells in vivo. Therefore our findings 
must be further evaluated in different models such as 
patient muscle biopsies or PW reprogrammed fibroblasts 
differentiated into muscle cells. Nevertheless, patient-
derived skin fibroblasts have been proven to be suitable 
disease models for studying phosphorylation events in 
response to growth factors because of their dependency 
to trophic signals. PW primary fibroblasts therefore 
must be regarded as a useful in vitro model for studying 
signal transduction.
 In conclusion, in this study we showed for the 
first time that protein translation in response to 
insulin is dysfunctional in PW primary fibroblasts 
and it is associated with a decrease in P70S6K1 
phosphorylation. Since protein synthesis regulation is 

crucial for maintenance of cellular growth, our data 
support a molecular basis for the motor problems 
observed in PW patients. Finally we show that pre-
incubation with the branched amino acid L-Leu can 
restore the insulin sensitivity suggesting its possible use 
in the treatment of muscle mass loss of PW patients.
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