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Introduction

Thyroid gland carcinoma is the most common 
endocrine system malignancy, including two main 
groups: 1) follicular thyroid cells derived cancers and 2) 
para-follicular thyroid cell derived carcinoma. The 
first one contains follicular (FTC), papillary (PTC) and 
anaplastic (ATC) thyroid cancers and the second one
 includes medullary thyroid cancer (MTC) (Wrtofsky et al., 
2006; Cho et al., 2014). Roughly, 5% of all human thyroid 
cancers are of  MTC and it may take place in two forms of 
sporadic (75% of cases) and hereditary (25% in of cases) 
(Hedayati et al., 2006; Ceolin et al., 2012; Sheikholeslami 
et al., 2014). Three clinical forms of multiple endocrine 
neoplasia (MEN) type 2A, MEN 2B and familial MEN 
(FMEN) have been demonstrated for MTC manifesting 
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(Sheikholeslami et al., 2014). Hereditary pattern of MTC 
is autosomal dominant (Alvandi et al., 2011; Majidi et 
al., 2011; Ghazi et al., 2014) and in its hereditary form 
in addition to thyroid, parathyroid and adrenal glands 
are involved (Hedayati et al., 2011; Zarif Yeganeh et 
al., 2015a; Zarif Yeganeh et al., 2015b). Some chronic 
diseases such as diverse cancers are associated with 
cachexia, especially at the advanced stages of diseases. 
The word cachexia has been driven from two Greek words 
kakos and hexia meaning “bad condition” and has been 
demonstrated as a key sign in various malignancies 
( D o n o h o e  e t  a l . ,  2 0 11 ) .  I t  i s  a  c o m p l e x 
and multifactorial syndrome characterized by: 1) 
unintended body weight loss due to loss of skeletal 
muscle with or without fat  mass wasting, 2) 
anorexia, 3) inflammation, 4) insulin resistance, 5) increased 
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muscle protein breakdown, and 6) metabolic alterations 
in the central nervous and immune systems. In spite of 
appropriate nutritional intake, it is roughly an irreversible 
condition showing resistance to conventional nutritional 
support (Donohoe et al., 2011; Baracos et al., 2013; 
Loumaye et al., 2015). Depending on the tumor type, 
around 50–80% of cancer patients are affected by skeletal 
muscle and adipose tissue atrophy and at least 20% of 
them died of cachexia (Tisdale et al., 2009; Shum et 
al., 2012). Cancer-induced cachexia is associated with 
diminished quality of life, functional performance, 
reduced response to antitumor therapy, and increased 
morbidity and mortality (Elkina et al., 2011; Penet et 
al., 2013; Smiyh et al., 2013). Cancer-induced cachexia 
may be manifested before other signs and symptoms of 
cancer and in the early stages of tumor growth; therefore, 
on the one hand, its earliest manifestation; on the other 
hand, its role in the death of cancer patients have made 
cancer cachexia as an important diagnostic factor whose 
early detection and control might result in the increase of 
quality of life and prolonged survival in affected patients 
(Kern et al., 1988). Nowadays, an increasing interest in 
therapeutic interventions has emerged with the aim to prevent, 
postpone or treat cancer-related body weight loss (Smith 
et al., 2013). However, there are many ambiguous aspects 
in the precise understanding of molecular mechanisms of 
cachexia, and its molecular basis has not been 
characterized completely yet (Evans et al., 2008; 
Loumaye et al., 2015). Recently new strategies of 
cachexia therapy have targeted distinct molecules such as the 
skeletal muscle androgen receptor, Mst, ghrelin, 
interleukin 6, and interleukin 1 (Baracos 2013). Mst is one 
of the outstanding molecules in skeletal muscle loss process 
in cancer and it may be released by both skeletal muscles 
and cachexia-inducing tumors (Argilés et al., 2014). Mst, 
a member of tumour growth factor β (TGF- β) family, 
also known as growth/differentiation factor- 8 (GDF-8), 
has been introduced as a strong negative regulator of 
skeletal muscle growth (McPherron et al., 1997; Breibart 
et al., 2013). In the present study, in order to diminish 
the subsequent adverse effects of cachexia, we assumed 
a correlation between the manifested cachexia in MTC 
patients and their Mst serum levels. If there is a significant 
relationship between MTC-induced cachexia and serum 
levels of Mst, the use of Mst inhibitors will be promising 
to reduce the skeletal muscle wasting and fat mass loss 
in the case of MTC patients.

Materials and Methods

Patients and sample preparation 
 The  present  s tudy  was  per formed in  the 
C e l l u l a r  a n d  M o l e c u l a r  R e s e a r c h  C e n t e r 
(CMRC)  Resea r ch  In s t i t u t e  f o r  Endoc r ine 
Sciences, Shahid Beheshti University of Medical Science. 
For the purpose of this investigation, 90 subjects were 
selected among which 45 were MTC patients (20 male 
29±13.9 years, 25 female 29±14.5 years) who were 
referred from different health centers to the CMRC, and 
45 volunteer controls (25 male 23.08±11.6 years, 20 
female 31.5±14.4 years) without any history of cancer 

and systemic disease participated in this study. Written 
informed consent was obtained from participants and 
under aseptic condition 2ml venous blood was collected 
and then the samples were incubated for 5min at the room 
temperature in order for clot formation. By centrifuging 
(Centrifuge 5702R, Eppendorf AG, Hamburg, Germany) 
at 3000 rpm for 10 min, serum was separated from plasma 
and stored at -80oC before analysis. The participants’ body 
mass indexes (BMIs) were calculated after weight and 
height measurement.

Myostatin assessment                                        
In order to measure the serum Mst in patients 

diagnosed with MTC and in the volunteer controls, we 
used an ELISA assay by Human 
Myostatin, ELISA, CUSABIO BIOTECH, and Wuhan 
China Sensitivity: 0.31ng/ml.

Statistical analysis: The present study is a descriptive 
and case-control one. In order to design the study, 
MedCalc software was applied to calculate the sample 
size. Continuous quantitative variable analysis and 
comparison of two means (two groups’ means) were 
carried out by Kolmogorov–Smirnov and independent 
“t” test respectively. Pearson correlation coefficients were 
determined between serum levels of Mst and BMI, and 
age in the both MTC and control groups. 

Results

According to the obtained results from MedCalc 
software, the sample size was calculated 45 subjects for 
both case and control groups (overall 90 participants). 
The confidence interval (type I error, α=0.05), study 
power (with type II error, β=0.2), mean variation and 
standard deviation were evaluated 95%, 80%, 1.2 and 2 
respectively. The Kolmogorov–Smirnov test demonstrated 
that the distribution of age and BMI as continuous 
quantitative variables were normal and it also showed that 
log transformed of Mst levels had a normal distribution 
in both MTC and control groups. In two participants (one 
of them from MTCs and the other from control group) 
the levels of Mst were far out of the range; therefore, the 
related data were set aside. In the Table1, the subjects’ 
demographic, anthropometric and biochemical data 
were demonstrated. The geometric mean of Mst levels 
between MTC and control groups were compared by 
independent “t” test and statistical significance of the 
test considered p<0.05. According to the results of 
independent “t” test, there was a significant difference 
between Mst concentration means in MTC and control 
groups. No significant statistical difference was observed 
between BMI and age means in MTC and control groups. 
Geometric mean of Mst in patient and control groups was 
5.9 and 8.2 ng/ml, respectively with P< 0.01, showing 
statistically significant difference between two groups 
(Figure1). On the other hand, a significant difference 
was found between the means of serum levels of Mst in 
female gender of control and MTC groups (P=0.2) but 
such difference was not observed between males in control 
and MTC groups (P=0.03). According to the Pearson 
correlation tests, no correlation was seen between age and 
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BMI with Mst serum levels (Figure2).

Discussion

In spite of the animal studies findings showing 
cancer-induced muscle wasting as a significant 
outcome of circulating proteins produced by the host and 
tumor cells, the effects have not been identified completely 
(Lokireddy et al., 2012). According to the recent findings 
emphasizing Mst critical role in the cancer cachexia, in 
the present study we assumed that the Mst serum levels in 
the affected patients by MTC will be higher in comparison 
with healthy controls. The results of this research 
support our hypothesis and we found a significant difference 
between serum Mst concentrations in two groups. 
This finding is consistent with the results of many 
different studies which examined Mst in cancer-induced 
cachexia in various cancers. In 2012, Lokireddy el al. 
introduced the Mst as a novel tumor factor inducing cancer
 cachexia. In order to identify tumoral factors involved in

Table1. Demographic, Anthropometric and Biochemical Data of Cases (MTC Patients and Controls)
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Figure 1. Independent t-test Showed a Significant Dif-
ference between Logarithmic Transformations of Mean 
Mst in MTC and Control Groups.

Variables Unit Subjects Minimum Maximum Mean Female Male
Age year control 20.0 60.0 32.2 33.0±10.5 31.1±9.6

case 20.0 59.0 33.3 35.6±12.6 30.3±7.8
BMI kg/m2 control 24.0 27.9 25.8 25.7±0.9 26±1.4

case 24.1 28.9 26.2 26.4±1.2 26.1±1.4
Myostatin ng/ml control 3.1 18.5 8.2 9.8±5.3 9±4.2

case 2.0 17.9 5.9 8.2±4.6 6.1±4.3

Figure2. Pearson Correlation Test Showed no Correlation between Age/Mst and BMI/Mst Levels in Both Control and 
MTC Groups
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cancer-induced cachexia, they investigated the secretome 
of C26, colon cancer cells. Abundant secretion of Mst 
was observed by C26 cell line. To confirm the Mst 
signaling during cachexia, differentiated C2C12 myotubes 
were treated by the medium including C26 secretom and 
myotubular atrophy was observed following this 
treatment. They also reported the induction of 
autophagy–lysosome pathway and reduction of the 
number of mitochondria in myotubes when they were 
treated with C26 conditional medium (Lokireddy et 
al., 2012). Aversa et al studied Mst signaling in muscle 
samples obtained from gastric and lung cancer patients. 
The expression of Mst in patients who suffered from 
gastric cancer significantly increased but in lung cancer 
there was no difference between Mst levels in patients and 
controls. Such different expression of Mst was attributed to 
different patterns of molecular changes within the muscle 
in different cancer types (Aversa et al., 2012). In another 
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result surprising and despite the ambiguous reasons 
they suggested that such different results may be due 
to some factors such as posttranslational modifications, 
disease stage and or muscle activation to maintain the 
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disorders and Mst. Carneiro et al, demonstrated an 
increased levels of Mst expression in hyperthyroidism 
rats associated muscle wasting (Carneiro et al., 
2008). To our knowledge no study was found to 
have investigated the relationship between Mst 
serum levels and thyroid cancer cachexia previously. 

In this study, not only we found that there is 
statistically a significant difference between Mst serum 
levels in MTC and control groups, but also we observed 
a difference between this molecule concentrations among 
females in two groups. The latter difference can be 
attributed to lower muscle mass in the females, which 
can be affected by cancer condition sooner than males. 
Forasmuch as MTC has a low incidence, in this study 
cancer stage did not equal in all cases, and this can be 
considered as a limitation of the research.

In conclusion, this investigation has shown that serum 
levels of Mst can be considered as an early diagnosis 
biomarker for identifying cancer-induced cachexia in 
MTC patients. This study can be a starting point for more 
investigations in order to introduce Mst as a significant 
tumor factor inducing cancer cachexia.
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