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Abstract 

Myokines are cytokines that are secreted by muscle cells during exercises, muscle development and 
pathology. Studies have shown that expression of some individual myokines was altered in tumors. 
However, comprehensive analyses of myokines’ expression in osteosarcoma (OS), the most 
common malignant tumor in musculoskeletal system, have not been performed. In this study, we 
analyzed the expression of 35 myokines in osteosarcoma, peritumoral skeletal muscle, and 
cancellous bone by qRT-PCR. Heatmap analysis based on the expression pattern of these myokines 
revealed that OS is more likely derived from cancellous bone than peritumoral skeletal muscle. 
Thus, we compared the expression of myokines between OS and cancellous bone to reveal a 
potential role of myokines in OS development. Our results showed that expression of 19 myokines 
in OS was significantly lower than that in cancellous bone. KEGG signaling pathway analysis showed 
that these 19 myokines are involved in several important signaling pathways, one of which was 
associated with leukocyte recruitment in TNF-α signaling. We verified that expression of these 
leukocyte recruitment-related myokines were down-regulated in OS cell line MNNG compared to 
those in human BMSC. Downregulation of the myokines related to leukocyte recruitment suggests 
that escaping from host immune system may help the occurrence of osteosarcoma. 

Key words: myokine screening; osteosarcoma; cancellous bone; peritumoral skeletal muscle; leukocyte 
recruitment 

Introduction 
Osteosarcoma (OS), the most common and 

frequent primary malignant solid neoplasm in 
musculoskeletal system, is believed to develop from 
primitive transformed cells of mesenchymal origins 
which are differentiated into osteoblastic lineages and 
produces malignant osteoid tissues. Although the 
estimated incidence rate is only 5/1,000,000, osteo-
sarcoma (OS) has a peak incidence in teenagers and 
young adults [1, 2], which affects patients' life quality 
in their remaining years and places heavier burden on 
society. The major treatments of OS include tumor 
excision surgery, chemotherapy and radiotherapy. In 
the past decades, the 5-year survival rates for patients 
with localized OS remain approximately 60-70% [3]. 
Furthermore, the 5-year survival rates for patients 

who have remote metastatic niches is only around 
20% [4, 5]. The main reasons hindering the progress of 
osteosarcoma treatment is the lack of knowledge of 
tumorigenesis and biomarkers for early diagnosis [6].  

Although numerous studies have been perfor-
med to discover the biomarkers for osteosarcoma in 
its early stage, little successes have been achieved 
[7-9]. Up to now, the main diagnosis methods for 
osteosarcoma remain medical imaging and biopsy 
[10]. To our knowledge, none of the biomarkers under 
studies has been well accepted in clinic worldwide. It 
is well known tumor biomarkers are molecules that 
are secreted by tumors or specific responses of the 
body to the presence of tumors. Therefore, 
understanding the responses of osteosarcoma 
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peripheral tissues (e.g. skeletal muscle and cancellous 
bone) or their cross-talk may help the discovery of 
novel early diagnosis biomarkers of osteosarcoma.  

About 20 years ago, skeletal muscle has been 
identified as an endocrine and paracrine organ, which 
has the ability to produce a variety of humoral 
cytokines and growth factors termed as 
“myokine”[11, 12]. Skeletal muscle can communicate 
with other organs including bone, adipose tissue, 
brain, liver and pancreas by secreting myokines[13]. 
These muscle-derived peptides have been proposed 
to be involved in anti-inflammatory and metabolic 
effects, as well as mediating the preventive effects of 
exercise against chronic diseases [14, 15]. A few 
studies have focused on the functions and expression 
changes of myokines during exercises [16]. For 
example, during exercise, IL-6 is the first detectable 
myokine which have an anti-inflammatory effect[17]. 
Recent studies showed that a few individual myokine 
could mediate metabolic changes, regulate 
tumorigenesis and tumor invasion to other remote 
organs such as liver and breast [18, 19]. However, 
comprehensive analysis of expression for all known 
myokines under pathological condition, particularly 
in motor system diseases, is very limited [20]. 
Therefore, in this study, we analyzed the expression 
of all known myokines (n=35) in osteosarcoma tissue, 
cancellous bone and peritumoral skeletal muscles. 
Our results showed that expression of 19 myokines in 
OS was significantly lower than that in cancellous 
bone. KEGG signaling pathway analysis further 
showed that these 19 myokines are involved in 
several important signaling pathways, one of which 
was associated with leukocyte recruitment in TNF-α 
signaling. These results indicated that these 
differentially myokines could be potential biomarkers 
for the diagnosis of osteosarcoma. Downregulation of 
the myokines related to leukocyte recruitment in 
TNF-α signaling also suggests that osteosarcoma may 
occur by escaping from host innate immune system. 

Material and method 
Clinical tissues and cells 

All the osteosarcoma tissues and peritumoral 
muscle tissues were obtained from the patients with 
osteosarcoma who received the surgery treatment in 
Shanghai Sixth People's Hospital. The normal 
cancellous bone tissues were obtained from the 
normal distal end of patients with osteosarcoma 
treated with amputation, or the patients with severe 
trauma who underwent the amputation in Shanghai 
Sixth People's Hospital. All the tissues were harvested 
for RNA and protein extraction. The human 
osteosarcoma cell line MNNG was purchased from 

the American Type Culture Collection (Manassas, VA, 
USA). The BMSC were obtained from Shanghai sixth 
People's Hospital (Shanghai, China) 

RNA Preparation 
Approximately, 100 mg tissues were put in a 

grind tube with steel balls and 1 ml Trizol reagent, 
and homogenized by a tissue grinder (Scientz-48, 
Ningbo, China). About 1 x 107 cells were mixed with 1 
ml Trizol reagent. Total RNA from cells, osteosarcoma 
tissues, peritumoral muscle tissues, and cancellous 
bone tissues was extracted and purified using The 
E.Z.N.A.® Total RNA Kit IR6834-01 (OMEGA Bio-tek, 
Norcross, GA, U.S.A) according to the manufacturer’s 
protocol. The concentration and quality of RNA were 
determined by a NanoDrop ND-1000 spectrophoto-
meter (Thermo Fisher Scientific, Waltham, MA, USA). 

Reverse‐transcription quantitative PCR 
(RT‐qPCR) 

About 1 μg of total RNA was reverse transcribed 
using the C1000™ Thermal Cycler (Bio-Rad, CA, 
USA) according to the manufacturer’s instruction. 
Thermal profile consisted of 10 minutes at 25 °C 
followed by 60 minutes at 55 °C and 5 minutes at 85 
°C. All qPCR reactions were performed in a total 
volume of 10 μl mixture, including forward and 
reverse primers, cDNA and 1x SYBR® Green PCR 
Master Mix (Thermo scientific, Waltham, MA, USA). 
Cycling conditions were as follows: 95 °C for 10 min, 
followed by 40 cycles of 15 s at 95 °C and 60 s at 72 °C 
using a ABI 7900HT machine with software SDS 
version 2.3 (Thermo scientific, Waltham, MA, USA). 
Primers used in this study are listed in Table S1, 
including Eukaryotic Translation Elongation Factor 2 
(eEF2) and Glyceraldehyde-3-phosphate Dehydro-
genase (GAPDH) as endogenous invariant controls 
for data normalization. 

Protein analysis 
All lysates were obtained by using RIPA Lysis 

Buffer (Santa Cruz, Dallas, TX, USA). 30μg proteins 
were applied to SDS-PAGE (10% gel) and transferred 
to PVDF membranes (Bio-Rad Laboratories, Hercules, 
CA), probed with primary antibodies anti-FNDC-5 
(1:4000, Abcam), anti-ANGPTL-4 (1:1000, Abcam), 
anti-IL-15(1:1000, Abcam), anti-MCP-1 (1:1000, 
Abcam) over night at 4℃. After washing, they were 
incubated with HRP-labelled anti-mouse (1:3000, 
CST) and anti-rabbit (1:3000, CST) secondary 
antibodies for 1h at room temperature. Anti-actin Ab 
was used as control of protein loading. 

KEGG pathway analysis 
Kyoto Encyclopedia of Genes and Genomes 

(KEGG) pathways were obtained from the website: 
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http://www.genome.jp/kegg/pathway.html to 
determine the differentially expressed genes. 
Processes and pathways that showed high enrichment 
of upregulated levels of myokines and certain 
pathway cascades were displayed. 

Statistical analysis 
GraphPad Prism v.6.0 (GraphPad software, CA, 

USA) and SPSS versions 18.0 (SPSS Inc., Chicago, IL) 
were used for statistical analysis. Data are presented 
as the mean ± SEM. Myokine gene expression data 
were analyzed using a 2-△△CT method and eEF2 was 
used as an internal control for each technical replicate 
and averaged for each biological replicate. Gene 
expression of normal cancellous bone was regarded as 
the baseline for the comparison. △CT values from 
each group were compared by the non-parametric test 
to determine statistically significant differences 
between osteosarcoma and cancellation bone. P 
values of < 0.05 were considered as statistically 
significant. 

Result 
Myokines are expressed universally in 
musculoskeletal tissues 

In order to analyze whether myokines are 
universally expressed in musculoskeletal system in 
OS patients, we analyzed the expression levels of all 
35 myokines in OS tissue, peritumoral muscles and 
cancellous bones using qRT-PCR. The results showed 
that all 35 myokines were universally expressed in 
these three tissues (Table S1). Moreover, the myokine 
expression patterns in these three tissues can be 

clearly clustered into two parts in heat map pattern 
(Fig. 1). The left part consists of all 8 peritumoral 
muscle tissues and 2 OS tissues; and the right part is 
formed from other 6 OS tissues and all 8 cancellous 
bone tissues. In the right part, bone tissues B4-8 were 
clustered, while OS tissues OS1-5 were also clustered. 
These data indicated that the myokine expression is 
universal in musculoskeletal tissues, and myokine 
expression pattern of OS to cancellous bone is more 
similar than that to peritumoral tissues. 

Most of the myokine expression was 
down-regulated in OS compared with those in 
cancellous bone 

As myokine expression pattern in cancellous 
bone and osteosarcoma are close and osteosarcoma is 
believed to be derived from transformed bone 
marrow mesenchymal cells, we compared the 
expression levels of all 35 myokines in these two 
tissues in order to identify myokines that are 
differentially expressed between osteosarcoma and 
cancellous bone tissues. qPCR results showed that 19 
genes were significantly down-regulated in osteo-
sarcoma compared with those in cancellous bone 
tissues (Fig. 2). These down-regulated genes could be 
divided into 5 groups according to their biological 
functions (Fig. 2). We also found that 3 myokines 
(FNDC5, IL-7 and PAI-1) were upregulated in the 
osteosarcoma compared to those in cancellous bone 
(Fold changes > 2.0). Although none of them showed 
significant difference between these two tissues, the 
expression level of myokine FNDC5 was over 20 folds 
higher than that in cancellous bone tissues (Fig. 2D). 

 

 
Fig. 1 The relationships of osteosarcoma, cancellous bone and peritumoral skeletal muscle in myokine expression angle. The myokine expression 
levels of cancellous bone, peritumoral muscle and osteosarcoma tissues were clearly clustered into two parts. Myokine expression between peritumoral muscle 
tissues and cancellous bone tissues differed obviously, whereas the myokine expression in osteosarcoma tissues were remained between them. 
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Fig. 2 The myokine expression levels in osteosarcoma tissues compared with cancellous bone tissues. (A) Expression levels of myokine related with 
immunological regulation and inflammatory, CCL7, CHI3L1, CX3CL1, DDP4, IL1b, IL4, IL8, IL15, LIF and MCP1 showed significant differences. (B) Expression levels 
of myokines related with cell survival and differentiation, DCD, FGF2 and OSM showed significant differences. (C) Expression levels of myokines related with neural 
growth, BDNF showed significant differences. (D) Expression levels of myokines related with metabolism, ANGPTL4, Fam132b and FGF21 showed significant 
differences. (E) Myokines with other functions, TNF-α showed significant differences. (n = 8, **P < 0.01, *P < 0.05) (F) The protein level of ANGPTL4, IL15 and MCP1 
in three randomly chosen OS tissues and cancellous bone tissues. 

 
 In order to verify the expressions of these 

myokines in their protein levels, representative OS 
and cancellous bone tissue lysis were analyzed by 
antibodies against selected myokines. The results 
showed that ANGPTL4, IL15 and MCP1 proteins 
were indeed down-regulated in OS tissues, whereas 
FNDC5 was up-regulated (Fig. 2F). 

KEGG analysis revealed pathways that are 
associated with OS 

In order to identify the molecular mechanism 
underlying the changes in myokine expression 
between OS tissue and normal cancellous bone, we 
performed a KEGG pathway analyses on 19 genes 
whose expression significantly differed in these two 
tissues. The top 10 signaling pathway are displayed in 
Fig. 3a. and the top 3 are ‘Cytokine-cytokine receptor 
interaction’(ko04060), ‘IL-17 signaling pathway’ 

(ko04657) and ‘TNF signaling pathway’ (ko04668). 
Cytokine-cytokine receptor interaction has a very 
broad definition, IL-17 signaling is mainly reported in 
the immune system and TNF signaling is associated 
with leukocyte recruitment and Inflammatory.  

Verification of the TNF signaling pathway in 
OS cell line  

We are most interested in TNF signaling 
pathway as it may suggest potential inhibition of 
immune system in osteosarcoma tissues. To verify the 
TNF signaling pathway, we further determined the 
expression of genes that are associated with 
inflammatory (IL1b, IL6, IL15, LIF), leukocyte 
recruitment (MCP1, CCL5, CCL20, CXCL1, CXCL2, 
CXCL3, CXCL10, CX3CX1) and the receptor of TNF-α 
(TNFR1) in osteosarcoma cell line MNNG using 
qPCR. Human BMSC cells, which is from normal 
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cancellous bone, are used as a normal control. Not 
surprisingly, the result showed that majority of these 
genes (with three exceptions: CX3CL1, CXCL10 and 
LIF) were significantly down-regulated in MNNG cell 
compared to that in human BMSC cells (Fig. 4A). 
Taken together, these results verified that TNF 
signaling pathway is down-regulated in OS. 
Down-regulation of myokines related to leukocytes 
recruitment in TNF signaling may protect OS from 
being attacked by leukocytes (Fig. 4B). 

Discussion 
In the last decades, myokines are identified as 

cytokines and growth factors that exert their functions 
through endocrine or paracrine pattern [11, 21]. The 
function of myokines has been widely studied in 
physiological processes, such as exercise [16], fasting 

and temperature keeping [22], pathological processes, 
such as diabetes [23, 24], and obesity [25]. More 
importantly, many studies have revealed the role of 
some individual myokines in various type of cancers, 
such as breast cancer, prostate cancer and so on 
[26-28]. However, comprehensive analysis of all 
known myokines has not been performed under 
pathological condition, particularly in OS. To our 
knowledge, this is the first study that identified all 
known myokines that are differentially expressed in 
osteosarcoma, peritumoral skeletal muscle and 
cancellous bone, and explored the potential molecular 
mechanisms underlying these differences in 
osteosarcoma, and cancellous bone, which may 
become potential biomarkers for the diagnosis of 
osteosarcoma.  

 

 
Fig. 3 TNF-α signaling pathway was found to be inhibited in osteosarcoma. (A) Top 10 signaling pathways discovered by KEGG were displayed basing on 
the significantly differentially expressed myokines. (B) Significant changes in myokine expression levels were observed in osteosarcoma compared to cancellous bone 
in the downstream of TNF signaling pathway(ko04668). Hit myokines are labeled with grey boxes.  
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Fig. 4 Verification of the down-regulation of TNF-α pathway. (A) 
Cytokines involved in inflammatory and leukocyte recruitment in the TNF 
signaling pathway map (ko04668) were detected by qPCR in osteosarcoma cell 
line MNNG and human BMSC cell. CCL20, CCL5, CXCL1, CXCL2, CXCL3, 
IL15, IL1b, IL6, MCP1 and TNFRSF1 were significantly decreased (**P < 0.01, *P 
< 0.05). (B) The diagram of how the inhibition of TNF protects osteosarcoma 
cells from host immune system.  

 
In this study, the expression of 35 myokines (to 

the best of our knowledge, these are almost all the 
myokine genes) were analyzed in the osteosarcoma 
tissues, normal cancellous bone tissues and 
peritumoral muscle tissues. It is well known that bone 
and skeletal muscle are both derived from somatic 
mesoderm during embryonic development. Muscle 
pouch has also been fully used in ectopic bone 
formation induced by BMPs [29]; hence, we thought 

that there might be some similarity of myokine 
expression between these three tissues [30, 31]. As 
expected, the results from qPCR screening showed a 
universal expression of myokines in OS, peritumoral 
muscle and cancellous bones. Besides, the clustered 
heat map (Fig. 1) showed that the expression of 
myokines in osteosarcoma is more similar to that in 
the cancellous bone compared with that in 
peritumoral muscle tissues. This indicates that 
myokines can be used as a parameter to tell the 
relations between musculoskeletal tissues. Based on 
the different expression profile between cancellous 
bone and osteosarcoma, the result suggests that the 
inhibition of the TNF-α signaling pathway probably 
protects osteosarcoma cells from the attacking of 
leukocytes according to the KEGG signaling pathway 
analysis. 

As known to all, tumor necrosis factor alpha 
(TNF-α), which is mainly secreted by activated 
macrophages and activated T lymphocytes, has been 
demonstrated to play an important role in 
inflammatory, apoptosis, angiogenesis, and cell 
proliferation via the regulation of various signaling 
pathways, such as MAPK signaling pathway [32, 33]. 
On the other hand, it has the ability to cause apoptosis 
of tumor-associated endothelial cells by clustering 
death domain-containing proteins, leading to caspase 
activation [34], ultimately leading to the complete 
destruction of the tumor vasculature [35]. With regard 
to the functions of TNF-α in osteosarcoma, some 
studies showed that TNF-α and inflammatory 
cytokines are required for the tumorigenesis and 
inducing the migration and invasion of osteosarcoma 
[36-38], whereas some diverse conclusions were 
observed in other studies. A recent study reported 
that TNF-α were upregulated when the tumorigenesis 
gene HOTAIR was knocked down in osteosarcoma to 
inhibit the proliferation and differentiation [39]. 
Moreover, Pahl et. al. also showed that human 
macrophages which take a major responsibility for 
TNF-α secretion can be induced to exert direct 
anti-tumor activity against osteosarcoma cells [40]. 
Consistent with this result, our study also indicates 
that TNF signaling is probably attenuated to reduce 
the expressions of leukocyte-related cytokines in 
osteosarcoma cells, which protects osteosarcoma cells 
from the attack of leukocytes from host. This finding 
enriches our knowledge of how osteosarcoma protect 
themselves from host immune system, which could 
offer a novel approach to develop osteosarcoma 
therapies in the future. 

In conclusion, we demonstrated that the 
expression of myokines is universal in OS, 
peritumoral muscle and cancellous bone and the 
relation between cancellous bone and OS is closer 
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than that between peritumoral muscle and OS in 
terms of myokines’ expression pattern. Moreover, we 
also indicate that the TNF-α signaling pathway is 
inhibited in OS tissue and cell, resulting in 
suppression of downstream cytokines related to 
inflammation and leukocyte recruitment in OS. Our 
results also suggest that myokines that are associated 
with TNF signaling pathway could be potential 
biomarkers for the diagnosis of OS. 

Supplementary Material  
Table S1.  http://www.medsci.org/v15p0859s1.pdf  
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