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Serum Myostatin Levels are Elevated in Overweight Patients

Hui J. Zhu”, Hong B. Yang®, Xiang Q. Wang, Hui Pan, Dian X. Zhang, Nai S. Li, Lin J. Wang and

Feng Y. Gong”

Department of Endocrinology, Key Laboratory of Endocrinology of Ministry of Health, The Translational Medicine
Center of PUMCH, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences & Peking Union

Medical College, Beijing, China

Abstract: Objective: Myostatin has recently been proposed as an important factor that not only regulates skeletal muscle
mass, but also body fat mass. The aim of our study is to explore serum myostatin levels in overweight patients and its

association with metabolic-related characteristics.

Methods: 40 overweight patients and 40 normal weight controls were recruited, and serum myostatin were measured by
ELISA methods and the relationships between myostatin and metabolic-related parameters were investigated.

Results: Serum myostatin concentrations were significantly increased in overweight patients compared with normal
weight controls (10.99+1.99 vs. 9.75+0.96 ng/ml, P=0.001) and positively correlated with body weight (r = 0.272,
P=0.015), BMI (r = 0.263, P=0.018), waist circumference (r = 0.291, P=0.009), hip circumference (r = 0.336, P=0.002)
and TNF-a (r = 0.611, P<0.001) in all subjects. Contrarily, serum adiponectin levels were negatively associated with body
weight (r = -0.270, P=0.018), waist-to-hip ratio (WHR) (r = -0.253, P=0.027), TG (r = -0.235, P=0.040), ALT (r = -0.268,
P=0.019), uric acid (UA) (r = -0.262, P=0.021) and positively correlated with HDL (r = 0.454, P<0.001).

Conclusion: Serum myostatin levels in overweight patients are notably increased and positively correlated with BMI,
body weight, waist and hip circumference, TNF-a, suggesting myostatin is a metabolic regulatory factor.
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1. INTRODUCTION

Obesity is associated with genetic, environmental and
lifestyle factors that include a sedentary lifestyle and high
caloric diet. A growing body of evidence has found that
overweight and obesity are the main causes of co-morbidities
which can result in further morbidity and mortality [1, 2].
Recently, obesity is recognized to be associated with
endocrine abnormalities that are triggered by some secreted
proteins, a special class of biologically active molecules,
which is released into circulation by several organs
especially including adipose tissue and skeletal muscle [3].
Some of these secreted proteins were demonstrated to have
associations with insulin resistance and were involved in the
progression of diabetes mellitus, hypertension, cardio-
vascular disease and cancer, so they were considered as
biomarkers [4, 5].

Myostatin, also known as growth differentiation factor 8,
is a biological active molecules which is predominantly
produced by skeletal muscle. Human myostatin is 26 kDa
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protein, and its gene comprises of three exons and two
introns, mapping to chromosomal region 2¢g32.2 [6-8].
Myostatin was firstly found as a muscle development
inhibitory factor due to the evidence that mutations in
myostatin gene lead to a hypermuscular phenotype in mice
and cattle [9], and myostatin gene knockout mice present a
notable increase in myogenesis [10, 11]. In recent years,
substantial evidence from literature shows that myostatin is
related with obesity. Fat accumulation and fat mass were
significantly reduced, and insulin sensitivity was greatly
improved in myostatin-deficient mice or inhibition in the
role of myostatin in the muscle of mice [12]. The similar
results were gotten from the studies performed by Mitchell et
al who demonstrated that the percentage of body fat in mice
was significantly decreased after transgenic over-expression
myostatin pro domain which would inhibit the action of
myostatin  [13]. Our recent studies also showed that
myostatin gene SNP in rs3791783 (A/G) site is correlated
with obesity in Chinese north Han human subjects. Subjects
with AA genotype will have higher risk suffered from
overweight or obesity than those with GG genotype [8]. All
of these results show that myostatin is associated with fat
accumulation and adipogenesis in addition to its function in
regulation of muscle development and growth.

To date, there have been no studies that evaluated
whether serum levels of myostatin are related with obesity in
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Chinese North Han population. Therefore, in this study, we
investigate serum levels of myostatin in overweight patients
and its association with related clinical and biochemical
characteristics. Our results showed that serum myostatin
levels were significantly increased in overweight patients,
and positively correlated with body weight, BMI, waist and
hip circumference and TNF-a.

2. SUBJECTS AND METHODS

2.1. Study Participants, Clinical and Biochemical

Characteristics

Forty overweight patients and forty normal weight
healthy controls were recruited from outpatient in Peking
Union Medical College Hospital, and all subjects underwent
physical examination, anthropometric measurements and
biochemical screening. Body weight, height, waist
circumference and hip circumference were measured as we
described previously [14]. Body mass index (BMI, kg/m?)
was calculated as weight in kilogram divided by squared
height in meter and waist-to-hip ratio (WHR) was calculated
as waist circumference divided by hip circumference. All
blood samples were collected from an antecubital vein
between 8:00 and 9:00 A.M. following an overnight fasting.
Total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-c), low-density lipoprotein
cholesterol (LDL-c), fasting blood glucose (FBG), creatinine
(Cr), uric acid (UA), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), blood urea nitrogen (BUN)
were measured by routine automated laboratory methods.
The overweight patient group had simple or primary obesity
aged from 25 to 60 years, excluding secondary overweight
from other diseases. The inclusion criteria is as the
following: (1) Body mass index (BMI) > 25 kg/m%
(2) Normal liver function [ALT (U/L)<40, AST (U/L) <40]
and renal function [Cr (umol/L) < 84, BUN (mmol/L)<7.14].
(3) Systolic blood pressure (SBP)<140 mmHg and diastolic
blood pressure (DBP)<90 mmHg]. The study was approved
by the Ethics Committee of Peking Union Medical College
Hospital. All participants gave written informed consent
before their participation in the study.

2.2. Assays of Serum Myostatin and Other Adipokines

Blood samples were centrifuged at 3000 g for 10 min at
4°C and serum aliquots were stored at -80 °C until analysis
was performed. Serum myostatin, total adiponectin and
tumor necrosis factor-o. (TNF-a) levels were determined by
commercially available human ELISA kit (Shanghai
Westang Bio-tech Co.Ltd for myostatin, Adipo Bioscience,
INC, USA for adiponectin and R&D system Quantikine
ELISA for TNF-a) according to the manufacture’s
instruction. All antibodies used in these assays were specific
for human targeted factors with no detectable cross reactivity
to other factors and genus. All samples were assayed in
duplicate and random order, and laboratory measurements
were performed blinded to the readings of BMI and other
items. The intra-assay and inter-assay coefficient of
variations were 5.8% and 8.4% for myostatin, 2.4% and
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6.2% for
respectively.

adiponectin, 1.8% and 5.6% for TNF-q,

2.3. Data Analysis

Results were expressed as meantstandard deviation
(SD). All statistical computations were run on SPSS 13.0 for
Windows (SPSS Inc, Chicago, IL, USA). The Shapiro-Wilk
normality test was used for all continuous variables to
characterize the data distribution. Skewed data were log-
transformed and Mann-Whitney U test was used if data were
still not normally distributed for further analysis. Student's t
test was used to evaluate differences between the two study
groups in normally distributed continuous variables.
Correlations among the study variables were tested using
partial correlation coefficient controlling for age and gender.
P<0.05 was considered as statistically significant in all
analyses.

3. RESULTS

3.1. General Characteristics

The differences of anthropometric and laboratory
measurements in normal weight controls and overweight
patients are displayed in Table 1. As expected, overweight
patients had higher weight (P < 0.001), BMI (P <0.001),
waist (P < 0.001) and hip (P < 0.001) circumferences, WHR
(P=0.004), and FBG (P<0.001) than normal weight
controls. However, there was no significant difference with
regard to age, gender, SBP, DBP, ALT, AST, Cr, BUN, UA,
TC, TG, HDL-c and LDL-c between these two groups.

Student's t test was used to evaluate differences between
the two study groups for all parameters except for UA. UA is
not normally distributed and Mann-Whitney U test was used.

3.2. Serum Levels of Myostatin, Adiponectin and TNF-a
in Overweight Patients and Normal Weight Controls

Serum levels of myostatin, adiponectin and TNF-a in
healthy controls and overweight patients were determined by
commercial available ELISA Kkits. As shown in Table 1,
overweight patients presented 12.7% higher serum myostatin
(10.9941.99 vs. 9.75+£0.96 ng/ml, P=0.001) and 31.2%
higher serum TNF-oa (3.46+1.57 vs. 2.38+0.99 pg/ml,
P=0.001) when compared with controls. This increased
phenomenon was more obvious in women when compared
by gender. There is no significant difference in serum
adiponectin levels either in total groups or comparison by
gender (Table 1).

3.3. Correlations and Regression of Serum Myostatin,
Adiponectin and TNF-a Levels with Anthropometric and
Biochemical Items in Overweight Patients and Normal
Weight Controls

Partial correlation coefficient was calculated to analyze
the relationship between myostatin, adiponectin, TNF-a and
metabolic-related items controlling for age and gender in
overweight patients and normal weight controls. As depicted
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Table 1. Various items comparison in overweight patients and normal weight controls.

Demographics Overweight Control P-value
MI/F (n) 9/31(40) 16/24(40) 0.094
Age (y) 53.6+3.6 53.047.9 0.692

Anthropometry Overweight Control P-value
Weight (kg) 70.5+8.1 62.1+9.8 < 0.001
male 77.7£10.7 70.1+8.9 0.066
female 68.4+5.9 57.4+7.2 < 0.001
BMI (kg/m?) 28.242.5 22.9+2.1 < 0.001
male 27.7£3.0 23.5%1.6 < 0.001
female 28.4+2.4 224422 < 0.001
Waist (cm) 88.7£6.3 78.6£8.1 < 0.001
male 93.3+£7.7 83.5%6.3 0.002
female 87.445.3 75.0£7.4 < 0.001
Hip (cm) 100.845.5 93.245.3 < 0.001
male 101.2+4.9 95.5+4.6 0.004
female 100.5+5.7 91.6+5.1 < 0.001
WHR 0.88+0.06 0.84+0.05 0.004
male 0.92+0.07 0.87+0.05 0.059
female 0.87+0.05 0.82+0.05 0.001
SBP (mmHg) 120.2+6.4 122.4+14.2 0.396
DBP (mmHg) 76.4+4.7 75.2£11.1 0.507
Biochemical items Overweight Control P-value
FBG (mmol/L) 5.56+1.18 4.86+0.44 < 0.001
male 5.56+0.83 4.99+0.89 0.131
female 5.56+1.27 4.89+0.43 0.015
ALT (U/L) 24.9+20.6 21.2+12.8 0.992
AST (U/L) 22.2+6.4 22.0£9.3 0.653
Cr (umol/L) 74.7£13.8 78.7£16.3 0.234

BUN (mmol/L) 5.06£1.15 5.35£1.61 0.361

UA (mmol/L) 247.3+78.7 245.6+87.2 0.926

TC (mmol/L) 5.09+1.05 4.80+0.78 0.167

TG (mmol/L) 1.53+1.02 1.25+0.58 0.131

HDL-c (mmol/L) 1.32+0.27 1.38+0.42 0.430
LDL-c (mmol/L) 3.18+0.82 2.91+0.69 0.120
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Table 1. contd..

Adipkines Overweight Control P-value
Myostatin (ng/ml) 10.99+1.99 9.75+0.96 0.001
male 11.242.52 10.0£1.02 0.099
female 10.9+1.85 9.58+0.90 0.002
Adiponectin (pg/ml) 4.89+1.78 5.10+£2.46 0.673
male 3.79+1.37 4.62+3.08 0.453
female 5.23£1.77 5.39+2.00 0.755

TNF-a (pg/ml) 3.46+1.57 2.384+0.99 < 0.001
male 3.48+1.68 2.86+0.95 0.238

female 3.45+1.56 1.99+0.86 < 0.001

BMI: body mass index; WHR: waist-to-hip ratio; SBP: systolic blood pressure; DBP: diastolic blood pressure; FBG: fasting blood glucose; ALT: alanine aminotransferase;
AST: aspartate aminotransferase; Cr: creatinine; BUN: blood urea nitrogen; UA: uric acid; TC: total cholesterol; TG: triglycerides; HDL-c: high-density lipoprotein cholesterol;
LDL-c: low-density lipoprotein cholesterol.
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Fig. (1). Correlation between serum myostatin levels and body weight (A), BMI (B), waist (C) and hip circumference (D) in normal weight
controls and overweight patients.

in Fig. (1), serum myostatin level was positively correlated (r = 0.336, P=0.002), respectively, when all subjects were
with body weight (r = 0.272, P=0.015), BMI (r=0.263, considered together. Similarly, serum TNF-a level was also
P=0.018), waist (r = 0.291, P=0.009) and hip circumference positively correlated with BMI (r = 0.245, P=0.026)
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Fig. (2). Correlation between serum TNF-o levels and BMI (A), myostatin (B) in normal weight controls and overweight patients.

(Fig. 2A). On the contrary to myostatin and TNF-a, serum
adiponectin level was inversely correlated with body weight
(r = -0.270, P=0.018), WHR (r = -0.253, P=0.027), TG
(r = -0.235, P=0.040), ALT (r =-0.268, P=0.019), UA
(r = -0.262, P=0.021), and positively, with moderate
strength, correlated with HDL (r = 0.454, P<0.001) in all
subjects (Fig. 3). Interestingly, a significant positive
relationship was found between myostation and TNF-a
(r = 0.611, P<0.001) among these three adipokines in all
subjects (Fig. 2B). Furthermore, the relationships between
myostatin, adiponectin, TNF-o and metabolic-related items
still existed when overweight patients and normal weight
controls were considered separately. Both myostatin and
TNF-a levels were positively associated with BUN in
overweight patients (r = 0.358, P=0.024; r = 0.454,
P=0.003), and positively associated with UA in normal
weight controls (r = 0.334, P=0.035; r = 0.320, P=0.039).

Furthermore, multiple linear regression was performed to
determine independent variables that contribute to serum
myostatin  levels. Our results showed that waist
circumference and TNF-o were independent contributors to
circulating myostatin levels after adjusting the age, gender
and BMI in all subjects (all P<0.05). The standardized
coefficient Beta is 0.214 for waist circumference and 0.328
for TNF-a (all P<0.05).

4. DISCUSSION

It has been reported that myostatin is a secreted protein
that acts as a negative regulator of skeletal muscle
development and growth. Animals with myostatin gene loss
of function by genetic mutations have dramatically increased
skeletal muscle mass, which is due to hyperplasia and
hypertrophy of skeletal muscle fibers [15, 16]. Recent
studies demonstrated that myostatin is associated with
obesity and fat accumulation. In the current study, we found
for the first time that serum myostatin levels in overweight
patients were higher than normal weight controls in Chinese
North Han subjects, and were positively correlated with
body weight, BMI, waist and hip circumference in all
subjects. In agreement with our results, Hittel et al. reported

that circulating myostatin protein levels were increased in
obese human subjects, which were subsequently decreased
by 37% following 6 months of moderate aerobic exercise
training in North American population. Myostatin mRNA
levels of muscle biopsies were also reduced in obese human
patients following weight loss due to either biliopancreatic
diversion or gastric bypass surgery in North American
population [17, 18]. In addition, studies performed by Wang
et al. [19] demonstrated that female subjects showed higher
myostatin levels than male subjects in heath people.
However, there was no difference in myostatin level by
gender in our study. One explanation may be the different
population. Our population were come from Chinese North
District and Wang’s population were from Chinese South
District.

Adiponectin, a 29 kDa adipocyte protein, which displays
a variety of protective actions on obesity-induced
pathological conditions [20, 21], has been presented
decreased in obesity patients in many studies [22]. In our
present study, we found that serum total adiponectin levels
were inversely correlated with body weight, WHR, TG and
UA, respectively, and positively correlated with HDL in
overweight patients and normal weight controls although
serum total adiponectin levels were not significant different
between these two groups. A similar negative association
between serum levels of adiponectin and obesity-related
items has been shown in healthy subjects [23] and in
nondiabetic subjects with varying degrees of obesity and
insulin resistance [24]. In our present study, we also found
an inverse relationship between adiponectin and ALT in all
subjects although their ALT levels were still in normal range
[25]. The similar results were observed in a study of type 2
diabetes patients performed by Liu et al. [26] who found that
mean ALT levels showed a progressive decrease as high
molecular weight (HMW) adiponectin levels increased after
adjustment for age, gender and diabetes status. All these
findings suggested that adiponectin may play a protective
role in obesity-induced disorders. Unfortunately, any
correlations between myostatin and adiponectin were found
in our study. A large sample study needs to be done to
elucidate this question in the future.
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Fig. (3). Correlation between serum adiponectin levels and weight (A), Waist-to-hip (B), Triglycerides (C), High-density lipoprotein
cholesterol (D), Aalanine aminotransferase (E) and Uric acid (F) in normal weight controls and overweight patients.

In consistent with myostatin, serum TNF-a levels were
higher in overweight patients as compared with normal
controls and positively correlated with BMI. TNF-a is an
inflammation promoter and plays an important role in the
development of obesity and diabetes. We found for the first
time serum myostatin is positively correlated with TNF-a in
all subjects. Similarly, Wilkes et al. [27] found that
circulating TNF-a levels and TNF-a expression in adipose
and muscle of myostatin gene knockout (Mstn Ln/Ln) mice
with high lean, low-fat body compositions compared with
wild types were significantly decreased when compared with

wild type mice, and the treatment of mice with myostatin
increased plasma TNF-a levels accompanying insulin
resistance. All these findings implied that myostatin was
involved in the occurrence and development of obesity and
its related disorders through crosstalks with proinflammatory
cytokine TNF-a.

5. STRENGTHS AND LIMITATIONS

Our study firstly reported that the serum myostatin levels
were higher in overweight patients in comparison with
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