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SCIENTIFIC BACKGROUND 
 
Aging often correlates with a progressive loss of physiological functions that, in human, causes an increased  
susceptibility to a number of diseases (Lòpez-Otin et al., 2013). Cross-sectional studies show a reduction of 
muscle mass and strength from the third or fourth decade onwards (Janssen et l., 2000; Silva et al., 2010), 
indicating that muscle tissue is involved in this decline. This degeneration, which leads to an irreversible 
loss of skeletal muscle mass and functionality in aged individuals, is defined as sarcopenia. 
 
Sarcopenia is a multifactorial syndrome that results in frailty, mobility disorders, loss of independence, and 
high risk of mortality (Cruz-Jentoft et al., 2010; Cederholm at al., 2013). The underlying mechanisms and 
etiology of sarcopenia remain poorly defined, but include hormonal changes, decrease physical activity, 
chronic inflammation, oxidative damage, insulin resistance and nutritional deficiency. The age-related 
decrease of anabolic factor, such as GH and IGF-1, testosterone and estrogen, and parallel increase of 
catabolic factors, such as pro-inflammatory cytokines (Barzilai et al., 2012; Shaw et al., 2013), generates an  
imbalance between the rates of muscle protein synthesis and muscle proteolysis, in which net muscle 
protein balance is negative (Breen et al., 2011; Yarasheski, 2003). This condition leads to the development 
of muscle atrophy. 
 
In addition to atrophy, the deterioration of skeletal muscle involves age-impaired muscle regeneration. 
Muscle regeneration is sustained by myogenic precursors called satellite cells, located underneath the basal 
lamina of the myofibers and responsible for muscle homeostasis (Collins et al., 2005).  
Normally, satellite cells are quiescent and characterized by the expression of the transcription factor 
paired-box 7 (Pax7) (Seale et al., 2000). After injury, different signals from the environment of damaged 
muscle trigger the activation and proliferation of satellite cells that start to express myogenic genes, such 
as the myogenic factor 5 (Myf5) and the myoblasts determination factor (MyoD) (Singh and  Dilworth, 
2013). After a proliferative phase, myoblasts undergo differentiation, accompanied by reduction in the 
expression of Pax7 and increase of myogenin and MRF4 (Dumont et al., 2015). At this stage, myoblast fuse 
into existing damaged myofibers or together to create de novo myofibers (Yin et al., 2013). Even after 
multiple injuries, the pool of satellite cells is maintained constant thanks to a mechanism called self-
renewal (Collins et al., 2005). Indeed, a minor fraction of activated satellite cells gives rise to quiescent 
Pax7+/MyoD- cells as a consequence of asymmetric division (Kuang et al., 2007). 
 
The lower regenerative potential during aging correlates with the reduction of the pool size of satellite cells 
and with the decline of their function (Jang et al., 2011; Verdijk et al., 2014). Aged mammals show a 
reduction of proliferation and differentiation of satellite cells (Lees et al., 2006; Corbu et al., 2010) and, 
above all, their abilities to exert self-renewal through asymmetric division (Bernet et al., 2014). Moreover 
functional changes in satellite cells can be consequence to age-related modification of their niche (Parker 
2015). On the long run, aged muscles replace damage tissue with fat deposition and collagen (Budui et al., 
2015). 
 



Acylated and unacylated ghrelin (AG and UnAG, respectively) are circulating peptide hormones generated  
by the ghrelin gene mainly in the stomach in consequence of fasting or caloric restriction (Kojima et al., 
1999; Asakawa et al., 2001). AG, through binding to growth hormone secretagogue receptor type 1a (GHSR-
1a), induces strong release of GH, stimulates food intake, adiposity and positive energy balance (Kojima et 
al., 1999; Tschöp et al., 2000). Acylation of ghrelin is essential for its binding to GHSR-1a, since the 
unacylated form does not activate this receptor and is devoid of any GH-releasing activity (Kojima et al., 
1999) and therefore UnAG has been considered for many years the inactive product of AG catabolism 
(Chen et al., 2009). 
However, both peptides share common activities, mediated by an unknown receptor, on skeletal muscle 
where they protect against atrophy, caused by burning, dexamethasone, denervation and fasting, and 
promote proliferation and fusion of myoblast (Sheriff et al., 2011; Porporato et al., 2013; Filigheddu et al., 
2007). In addiction UnAG promotes regeneration of skeletal muscle following hindlimb ischemia (Togliatto 
et al., 2013). Moreover, ghrelin can ameliorate the cachectic state in animal models of cancer cachexia and 
in cisplatin-induced and angiotensin-II-induced muscle wasting (Akamizu et al., 2012; Garcia et al., 2013; 
Sugiyama et al., 2012; Chen et al., 2015). The molecular mechanism by which AG/UnAG prevent muscle 
wasting involved PI3Kb/mTORC2/Akt, p38 and, only for AG, activation of GH/IGF-1 axis mediated by GHSR-
1a (Reano et al., 2014).  
 
Aging is characterized by modification of AG/UnAG pathway, due to decrease in plasmatic levels of these 
hormones in human or decline in receptor or post-receptor functions in animal models (Yin and Zhang, 
2015). As a result of this downregulation, we hypothesize that AG/UnAG may play a protective role against 
sarcopenia since AG/UnAG protect against atrophy (Sheriff et al., 2011; Porporato et al., 2013) and ROS-
induced cell damage and promotes muscle regeneration (Togliatto et al., 2013).  
 
AIMS OF THE PROJECT 
 
Aim of the project is to assess if UnAG could have protective effects against the development of sarcopenia. 
Our proposal is mainly focused on UnAG because, unlike AG, its activity does not involved GHSR-1a 
activation. Decrease of GH/IGF-1 axis is indeed associated with extended longevity (Garinis et al., 2008). 
Moreover, UnAG permit to avoid potential adverse metabolic side effect of AG, including the induction of 
insulin resistance, diabetes, and stimulation of fat accumulation (Dezaki 2013; Müller et al., 2015). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



EXPERIMENTAL PROCEDURES 
 
 
Mice  
All experiments were conducted on old FVB mice ( 12 and 24 months). In Myh6/Ghrl transgenic mice, the 
overexpression of Ghrl gene under the control of the cardiac-specific promoter of alpha-myosin heavy  
chain (Myh6) gene results in a 50-fold increase of circulating UnAG, without affecting AG levels (Porporato 
et al., 2013). 
 
Analysis of the plasmatic levels of AG and UnAG 
Plasmatic levels of AG and UnAG were analyzed at different ages (3 months, 1 year, 2 years) with the 
Acylated or Unacylated Ghrelin Express EIA kit (Spibio, Bertin Pharma) following the producer’s 
instructions. 
 
Non-invasive functional test 
Grasping test evaluates mouse limb strength, exploiting the natural tendency of the mice to grip to a bar 
when suspended by the tail. For this test, the mouse grasps on a horizontal bar while is pulled by the tail. 
The bar is attached to a force transducer that peak pull-force achieved on a digital display.  Each animal was 
tested 5 times, and the average value of the maximum weight that the animal managed to hold was 
recorded and normalized to the mouse’s weight. 
Hanging wire test measures global muscle force and endurance. The animals underwent 3 min hanging 
starting with 10 points, where every fall was scored by -1 point and every reach one of the side of the wire 
by +1 point. Data are expressed as average score for every time point. Moreover, during the same test it is 
possible to analyze “latency to fall”, namely the longest time between two falls.  
 
Tissue collection 
At the age of 2 years, epididymal fat, heart, liver, spleen, gastrocnemius, tibialis anterior, quadriceps, soleus 
and extensor digitorum longus muscles were collected from WT and Tg mice, weighted and snap-frozen.  
 
Gene expression  
Total RNA was extracted from gastrocnemius of WT and Tg mice using RNAzol (Sigma Aldrich) and  
retrotranscribed with High-Capacity cDNA Reverse Transcription Kit, (Ambion, Life Technologies). Gene 
expression was evaluated by real time PCR using Taqman probes for Myostatin (Mm01254559_m1, Life 
Technologies), MuRF-1a (Mm0115221_m1, Life Technologies) and beta-actin (Mm01205647_ g1, Life 
Technologies). 
 
Cross sectional area 
Serial transverse cryosections (7 μm thick) of the midbelly region of tibialis anterior of WT and Tg mice 
were cut at –20°C and mounted on glass slides. The sections were air-dried, fixed for 10 minutes in 4% 
paraformaldehyde and stained with anti-laminin antibody (Dako). Images of whole muscle sections were 
acquired with the slide scanner Pannoramic Midi 1.14 (3D Histech) and cross-sectional areas (CSA) of fibers 
quantifies with ImageJ software (v1.49o). 
 
 
 
 
 
 
 
 
 
 
 



RESULTS 
 
Plasmatic levels of AG/UnAG increase during aging. 
Since ghrelin signaling is modified in aging (Yin and Zhang, 2015), we analyzed the levels of AG and UnAG in 
WT mice of different ages: 3 month, 1 year and 2 years and we observed that the plasmatic levels of both  
AG and UnAG increase with aging (Figure 1). We hypothesize that this increase may represent a 
compensatory mechanism to the decline in receptor or post-receptor functions (Yin and Zhang, 2015). 
 

 
Figure 1. AG and UnAG increase during aging. 

Plasmatic levels of UnAG (A) and AG (B) in WT FVB mice of 3 months, 1 year and 2 years, determined by Acylated or 
Unacylated Ghrelin Express EIA kit (Spibio, Bertin Pharma) (3m N = 5, 1y N = 8; 2y N = 6). 

 
 
Constitutively high levels of UnAG improve muscle functionality. 
Aging correlates with reduced muscle functionality that results in mobility disorders and loss of 
independence. To investigate the putative effects of UnAG, described as anti-atrophic hormone (Sheriff et 
al., 2011; Porporato et al., 2013), on this phenomenon, we used two different kinds of test: grasping test, 
which allows to evaluate grip strength, and hanging wire test, which analyzes global muscle force and 
endurance. 1-year-old Tg mice showed a slightly reduced grip force compared to WT (Figure 2A) but, 
despite this, they are characterized by better physical condition. Indeed, Tg mice performed better in 
hanging wire test (Figure 2B) and they showed a significantly increased latency time between two 
successive falls (Figure 2C). Preliminary results on 2-years-old mice demonstrated that constitutively high 
levels of circulating UnAG protect aged muscle from loss of strength. Indeed, Tg mice are characterized by 
significantly higher grip force compared to WT mice of the same age (Figure 2D). 
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Figure 2. Tg mice show better muscle functionality compared to WT. 
Forelimb normalized force in grasping test in 12 (A) and 24-months-old (D) WT and Myh6/Ghrl transgenic mice. * p < 
0.05 vs WT (12 months WT N = 19; Tg N = 18; 24 months WT N = 6; Tg N = 4). Average score trend in hanging wire test 
of 12-months-old WT and Myh6/Ghrl transgenic mice (WT N=13; Tg N=11) (B). Average latency to fall of 12-months-
old WT and Myh6/Ghrl transgenic mice – the longest time between two falls measured during hanging wire test. *p < 
0.05 (WT N=13; Tg N=11) (C). 
 

 
Myh6/Ghrl transgenic mice show a slight decrease in body mass index, muscles weight and body fat 
accumulation. 
Aging is characterized by body fat accumulation and impaired muscle regenerative abilities that can lead to 
muscle mass loss and to the substitution of myofibers with ectopic tissues including fat (Sciorati et al., 
2015). 2-years-old Tg mice showed a slight decrease in body mass index compared to WT (Figure 3A), 
reflecting the trend toward lower body fat deposition (Figure 3B). Moreover, even if tissues collected from 
Tg mice do not show significant differences compared to WT mice, the muscles of Myh6/Ghrl mice show a 
mild decrease in weight (Figure 3C-G, data not shown).  
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Figure 3. Myh6/Ghrl transgenic mice show a slightly decrease in BMI, body fat accumulation and muscle weight. 
Body mass index (A) and weight of epididymal fat pad (B) were measured in 24-months-old WT and Myh6/Ghrl 
transgenic mice. Weight of extensor digitorum longus (C), quadriceps (D), tibialis anterior (E), soleus (F) and 
gastrocnemius (G) were measured in 24-months-old WT and Myh6/Ghrl transgenic mice. WT N=6; Tg N=4. 
 

 
Myh6/Ghrl transgenic mice are protected against atrophy. 
Since atrophy is one of the principal causes of skeletal muscle mass loss in aged individuals, we wanted to 
verify if UnAG, which shows anti-atrophic activity in different conditions, maintained this activity also in 
aging (Sheriff et al., 2011; Porporato et al., 2013). Cross-sectional area (CSA) distribution of tibialis anterior 
from WT and Tg mice, shows a mild shift towards bigger areas in Tg muscles, indicating that they are 
slightly protected against muscle mass loss. Then, we examined the expression of MuRF-1 and Myostatin 
(MSTN), an atrogene upregulated in atrophy (Bodine et al., 2001) and a negative regulator of muscle 
growth (McPherron et al., 1997) respectively, obtaining a mild decrease in Tg mice compared to WT 
counterpart. Taken together, these results prove that the slight decrease in muscle weight is not due to 
muscle atrophy since Tg mice have better CSA distribution than WT and they additionally show a down-
regulation of the expression of MuRF-1 and Myostatin. 
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Figure 4. UnAG protects against atrophy. 
Frequency distribution of CSA of myofibers in tibialis anterior muscles from WT and Myh6/Ghrl transgenic mice; WT 
N=6; Tg N=4. (A) In the inset, representative image of cross section of tibialis anterior fiber stained with Ab against a-
laminin. MuRF1 (B) and Myostatin gene expression (C) was determined by real-time RT-PCR in gastrocnemius of 24-
months-old WT and Myh6/Ghrl transgenic mice; WT N=6; Tg N=4. 

 
 
CONCLUSIONS 

 
Ghrelin receptor functions and/or post-receptor pathways declines in old mice (Akimoto et al., 2012). We 
have demonstrated that plasmatic levels of AG and UnAG are significantly increased in aged FVB mice 
(Figure 1), so it is possible to speculate that this augmented production represents a compensatory 
response to the downregulation of ghrelin signaling.  
Upregulation of UnAG production, overcoming its signaling pathway decline, could represent a protective 
mechanism against age-induced atrophy and impaired muscle regeneration. We achieved upregulation of 
circulating UnAG by myocardial Ghrl overexpression in Myh6/Ghrl mice (Porporato et al., 2013).  
 
Preliminary results demonstrate that overexpression of UnAG improves muscle functionality in old mice. 
Even if 1-years-old Tg mice are characterized by lower grip force (Figure 2A), they show an improvement of 
general muscle force and endurance compared to WT mice (Figure 2B-C). Moreover, UnAG overexpression 
results in greater strength of grip compared to WT mice of the same age (Figure B). 
Tg mice showed a trend in atrophy protection and lower body fat accumulation that will be confirmed in 
the future, increasing the population of mice included in the study, as the preliminary results here reported 
were obtained on a very small number of mice.  
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