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Introduction

• Osteosarcoma (OS)
• Most common primary tumor of bone
• Disproportionally affects children
• 3rd most common tumor of childhood
• 2nd highest mortality rate of all malignant disorders in adolescents
• 35% of patients will develop metastases despite current therapy

• Surgery is the first step in treatment of OS
• Surgery has been linked to the acceleration of metastasis
• Macrophages have been implicated in mechanisms underlying surgery-

accelerated metastasis.
• Here, we assess gene expression changes in pulmonary macrophages 

following complete surgical resection of the primary tumor in a model of 
osteosarcoma.



Methods

• Balb/c mice were divided into three groups: control (C), tumor-bearing (TB), and amputation (AMP). 

• TB and AMP mice were injected intra-tibially with syngeneic osteosarcoma K7M2 cells. 

• The AMP group underwent amputation of the primary tumor-bearing limb one week after tumor inoculation. 

• After an additional three weeks (four weeks post tumor-implantation), animals were sacrificed, lungs were 
excised, and Fluorescence-activated cell sorting (FACS) was used to isolate F4/80+/CD45+ macrophages. 

• Macrophage RNA was isolated and analyzed using a Qiagen qPCR array of 84 immunologically and oncologically 
relevant genes. 

• Fold change (2-δδCT) was computed by comparing gene expression normalized to housekeeping genes in the 
experimental groups compared to gene expression normalized to housekeeping genes in the control group. 

• Student's t-tests were used for statistical analysis.



Results

Figure 1. Volcano plot demonstrating altered 
expression of genes in the tumor-bearing 
group compared to healthy controls. 
Statistically significant decreases in gene 
expression were observed in IL4 (p=0.0004), 
IL1a (p=0.004) , IL1R1 (P=0.02), TNF (p=0.02), 
IFNγ (p=0.03), Gbp2b (p=0.03), NFKB1 
(p=0.03), and TGFB1 (p=0.03). A statistically 
significant increase in gene expression was 
observed in the GUSB gene (p=0.01). 

Overall, many genes associated with immune 
responses were downregulated following 
tumor implantation.
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Results - Continued

Figure 2. Volcano plot demonstrating 
statistically significant increases in gene 
expression of CCR1 (p = 0.01) and CCR2 (p = 
0.03) following surgical amputation of the 
tumor-bearing hindleg compared to 
untreated, tumor-bearing mice. 

CCR2+ monocytes are recruited to the 
metastatic niche through activation by its 
ligand (CCL2). 

In the metastatic niche, these monocytes 
differentiate into metastasis-associated 
macrophages (MAMs) following activation of 
CCR1 by its ligand (CCL3).
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Conclusions

• Macrophages have been shown to play a role in surgically accelerated metastasis.

• Here, we demonstrate a downregulation of several genes associated with 
immune responses following tumor implantation.

• Further, we observe a notable increase in CCR1/2 gene expression three weeks 
after tumor excision compared to non-surgerized, tumor-bearing mice.

• CCR2 and CCR1 receptors are shown to be involved in the recruitment and then 
differentiation, respectively, of tumor supportive metastasis-associated 
macrophages.

• This suggests that the pro-metastatic effects of surgery occur as a result of a pro-
tumor immunosuppressive environment that is generated within the metastatic 
niche.

• These receptors may be potential targets for perioperative adjunct treatment to 
decrease the risk of surgically accelerated metastasis.


