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Abstract 
Objective: to explore the expression and clinical value of CSF2RA in pan-cancer. 
Methods: the data was extracted from ONCOMINE, Human Protein Atlas 
and Kaplan Meier-plotter. The expression level of CSF2RA on cancer tissues 
and normal tissues, the relationship between CSF2RA and overall survival of 
cancer patients were analyzed, respectively. Results: CSF2RA mRNA was 
over-expressed on breast cancer, colorectal cancer, kidney cancer and liver 
cancer, and CSF2RA protein was over-expressed on melanoma. The expression 
level of CSF2RA was not associated with overall survival of cancer patients 
significantly. Conclusion: CSF2RA is over-expression on certain cancers and 
most immune cells, which maybe contributes to activation of immune sys-
tem. The high expression of CSF2RA protein on melanoma is maybe asso-
ciated with adverse outcome of application of GM-CSF. 
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1. Introduction 

CSF2RA, “Colony stimulating factor 2 receptor alpha subunit (CD116)”, is a re-
ceptor for GM-CSF (granulocyte-macrophage colony-stimulating factor), and 
plays a vital role for proliferation, differentiation and functional activation of 
hematopoietic cells such as macrophages and leukocytes [1]. The absence of 
GM-CSF or disruption of CSF2RA/GM-CSF pathway would interfere the diffe-
rentiation of macrophages. It’s been reported that CSF2RA is at over-expression 
in cancer tissues compared to normal tissues, and could enhance immune activ-
ity in tumor microenvironment [1] [2]; however, the internal mechanism about 
it hasn’t been explored clearly. Similarly, the ligand, GM-CSF, has been ap-
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proved for clinical treatment of malignant tumor as an immune adjuvant, to in-
itiate more robust activation of CD4+ and CD8+ T cells, induce rapid maturation 
of granulocytes, macrophages and specific antigen presentation reaction of den-
dritic cells and improve neutropenia subsequent after chemotherapy and radio-
therapy. Nevertheless, it was reported that the GM-CSF could promote angioge-
nesis around tumors, inhibit immune response for tumor and facilitate to tumor 
relapse when GM-CSF was used for anti-tumor therapy, and the GM-CSF se-
duced negative cytokines to modulate immune suppression, which was possibly 
related with the expression of CSF2RA protein in tumor tissue [3] [4] [5]. 
Hence, this study supposes that CSF2RA is associated with cancer significantly, 
and analyzes expression difference between cancer and normal tissues, relation-
ship between CSF2RA and overall survival of cancer patients, explores its clinical 
value by mining ONCOMINE, HPA and Kaplan Meier-plotter databases. 

2. Methods 
2.1. Data Retrieval and Preprocessing from ONCOMINE Data 

The ONCOMINE data (https://www.oncomine.org/) and the screening condi-
tions are as follows: “Gene: CSF2RA”; “Analysis Type: Cancers vs. Normal 
Analysis”; “Data Type: DNA and mRNA”. 

2.2. Data Retrieval and Preprocessing from Human Protein Atlas  
Data 

The HPA data (https://www.proteinatlas.org/) and the screening conditions are 
as follows: “Gene: CSF2RA”; the data were collected from “tissue”, “cell” and 
“pathology” columns, respectively. 

2.3. Data Retrieval and Preprocessing from Kaplan Meier-Plotter 

The Kaplan Meier-plotter (http://kmplot.com/analysis/) and the screening con-
ditions are as follows: “Gene Type: mRNA”; “Cancer Type: pan-cancer”; “Gene 
symbol: CSF2RA”; “Split patients by: Auto select best cutoff”; “Survival: OS”. 

3. Results 
3.1. Expression of mRNA of CSF2RA in Multiple Cancers 

There were 378 researches about expression of mRNA of CSF2RA in cancer 
compared to normal tissues collected and derived from ONCOMINE data, and 
219 researches presented the difference of expression was significant. Among 
them, 116 researches had a conclusion that CSF2RA is over-expression in ma-
lignant tumor compared to normal tissue; on the contrary, 103 researches pre-
sented that CSF2RA is under-expression in malignant tumor compared to nor-
mal tissue (Figure 1). In addition, the result from HPA data showed that mRNA 
of CSF2RA was expressed in 17 kinds of cancer tissues and the expression in 
glioma was at the most high level (Figure 2). Next, the meta-analysis was per-
formed for these researches, and the results were shown in Table 1. The  
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Figure 1. Difference of expression of CSF2RA in cancers. 

 

 
Figure 2. Expression level of CSF2RA in cancers. 
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Table 1. The meta-analysis about expression level of CSF2RA in cancers. 

Cancer Type Over/Under Expression Median Rank p-Value Numbers of Analyses 

Bladder Cancer Over 11,110.0 0.896 9 

Brain and CNS Cancer Over 3324.0 0.248 24 

Breast Cancer Over 7157.0 0.009 29 

Cervical Cancer Over 6925.5 0.209 6 

Colorectal Cancer Over 7182.0 0.024 24 

Esophageal Cancer Over 7117.0 0.608 9 

Gastric Cancer Over 8260.0 0.191 25 

Head and Neck Cancer Over 4078.5 0.477 26 

Kidney Cancer Over 1253.5 9.40E−5 16 

Leukemia Over 3250.0 0.416 16 

Liver Cancer Over 728.5 0.002 6 

Lung Cancer Over 7927.0 0.511 17 

Lymphoma Over 1766.5 0.300 28 

Melanoma Over 6635.0 0.289 5 

Myeloma Over 5634.0 0.006 7 

Ovarian Cancer Over 5809.0 0.232 13 

Pancreatic Cancer Over 4077.0 0.139 9 

Prostate Cancer Over 5022.0 0.042 13 

Sarcoma Over 10,023.0 0.275 17 

 
over-expression of mRNA of CSF2RA in breast cancer (p = 0.009), colorectal 
cancer (p = 0.024), kidney cancer (p = 9.40E−5), liver cancer (p = 0.002), mye-
loma (p = 0.006) and prostate cancer (p = 0.042) tissues compared to normal 
tissues were significant. 

3.2. Expression of Protein of CSF2RA in Multiple Cancers 

The expression levels of CSF2RA protein in 20 kind of malignant tumors were 
summarized from HPA data, as shown in Figure 3. In most cancer tissues of pa-
tients, the expression of protein was negative, however, the positive rate of pro-
tein in melanoma could reach at 42%. Moreover, the expression level was mod-
erate and even high in melanoma tissues and the protein was primarily ex-
pressed on cytoplasm of tumor cells. 

3.3. CSF2RA and the Prognosis of Cancer Patients 

The overall survival analysis of breast cancer, colorectal cancer, kidney cancer 
and liver cancer patients with over-expression of CSF2RA were accomplished by 
Kaplan Meier-Plotter data. The results showed there was no significant differ-
ence about the overall survival between patients at low or high expression levels 
of CSF2RA with breast cancer (P > 0.05), colorectal cancer (P > 0.05), kidney  
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Figure 3. Expression of protein of CSF2RA in multiple cancers. 

 
cancer (P > 0.05) and liver cancer (P > 0.05), respectively. Therefore, it’s consi-
dered that the expression levels of CSF2RA were not associated with overall sur-
vival of cancer patients and CSF2RA couldn’t be a prognostic factor of cancer 
patients (Figure 4). 

3.4. Expression of CSF2RA in Human Tissues and Cells 

The results from HPA data indicated that the expression of CSF2RA is at high 
level in Granulocytes, Dendritic cells and Monocytes in immune system, and 
Placenta tissue (Figure 5(A)). The expression level of CSF2RA on granulocytes 
was higher than other cells. Beside of placenia tissue, the expressions of CSF2RA 
on other tissues were relatively low. Similarly, the expression results of cells showed 
that expression of CSF2RA on Monocytes is at the most high level (Figure 5(B)). 
In the blood system, the expression levels of CSF2RA on monocytes, macro-
phage, kupffer cells and hofbauer cells were relatively higher than other cells. 

4. Discussions 

CSF2RA as a tumor-related gene has been approved to be a drug target by FDA. 
In this study, mRNA of CSF2RA is over-expression in certain cancers such as 
breast cancer, colorectal cancer, kidney cancer and liver cancer. And the expres-
sion on other cancer patients is not significant. In terms of protein expression, 
it’s significantly positive on melanoma tissue and signal of other cancer tissue 
was negative, which indicates that the CSF2RA protein may be expressed on 
melanoma cells specifically. CSF2RA participates the biological process by in-
corporating GM-CSF ligand. According to Figure 5, the CSF2RA was 
over-expressed on immune cells, which is related with immune activation func-
tion of GM-CSF. The integration of GM-CSF and CSF2RA promotes the matu-
ration of granulocytes, dendritic cells and T cells, polarization of macrophages 
and induces ADCC [3] [4] [6] [7]. Moreover, it could trigger strong anti-tumor 
immune response in cancer treatment. And the GM-CSF/CSF2RA could cor-
rect low level of granulocytes to recover immunity of patients undergoing  
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Figure 4. The survival curves of cancer patients with different levels of CSF2RA expression. (A) Breast Cancer; (B) Co-
lorectal Cancer; (C) Kidney Cancer; (D) Liver Cancer. 
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Figure 5. Expression of CSF2RA in human tissues and cells. 

 
chemotherapy and radiotherapy [5] [8]. Although the expression of CSF2RA on 
cancer tissue is relatively weak, the expression on immune cells such as mono-
cytes and granulocytes is at high level. Therefore, GM-CSF integrates with 
CSF2RA receptor on immune cells to activate immune system to trigger an-
ti-tumor response in cancer patients. In addition, although it’s been considered 
as a potential prognostic factor for tumor patients, the results showed that there 
was no difference between survival time of cancer patients at low or high 
CSF2RA mRNA levels respectively from analysis of database, indicating that the 
CSF2RA plays an insignificant role in tumor of post-treatment patients possibly 
without application of GM-CSF drug. And the GM-CSF was contributed to tu-
mor relapse probably [3]. 

Currently, it has been reported that GM-CSF had potential to induce immune 
suppression for cancer, even stimulate the progress of cancer by inducing tumor 
angiogenesis [5] [9] [10] [11] which was associated with high expression level of 
ligand such as CSF2RA possibly [3]. Interestingly, CSF2RA protein is over- 
expression on melanoma significantly. A study presented that GM-CSF could 
recruit tumor-related macrophages into melanoma site and even enhance the 
proliferation and invasion of melanoma cells [12]. In addition, Slingluffs and Fa-
ries reported that the application of GM-CSF immune adjuvant weakens the an-
ti-tumor immune response in vaccine trial on melanoma [13] [14]. Therefore, 
the over-expression of CSF2RA protein maybe leads to adverse outcome for 
cancer treatment with the application of GM-CSF. The clinical value and the 
molecule mechanism for cancer treatment of CSF2RA on cancer cells needs to 
be further explored. 
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