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Abstract. Osteosarcoma is the most common malignant 
bone tumor in adolescents and young adults, and identifying 
biomarkers for prognosis and therapy is necessary. Bone 
morphogenetic protein receptor 2 (BMPR2) is involved in 
various cellular functions, including cell adhesion, proliferation 
and invasion, inflammation, apoptosis and metastatic spread. 
However, the correlation between BMPR2 expression levels and 
prognosis and tumor‑infiltrating immune cells in osteosarcoma 
is not well understood. In the present study, the expression 
level of BMPR2 was investigated using the Oncomine and 
R2 databases. The association between the expression level 
of BMPR2 and the clinical prognosis of patients with cancer 
was analyzed using the R2 database. The relationship between 
the expression level of BMPR2 and immune cell infiltration 
in the stroma of osteosarcoma was assessed using the Tumor 
Immune Estimation Resource (TIMER) and CIBERSORT. The 
correlations between BMPR2 expression level and infiltrated 
immune cell gene marker sets in osteosarcoma were validated 
in the TIMER and R2 databases. Analysis of a cohort of 
patients with osteosarcoma revealed that BMPR2 expression 
was significantly higher in osteosarcoma compared with in 
normal tissue and was correlated with poor prognosis. M0 
macrophages, M2 macrophages, resting mast, γ δ T and CD8+ 
T cells were the top five immune cells with the highest degrees 

of infiltration in osteosarcoma. In addition, BMPR2 expression 
level showed a significant negative correlation with the gene 
markers of CD8+ T cells, monocytes and M2 macrophages. 
Low levels of infiltrating CD8+ T cells, monocytes or M2 
macrophages in osteosarcoma was significantly associated 
with poor survival. These data suggested that CD8+ T cells, 
monocytes and M2 macrophages play significant roles in 
the establishment of the immune microenvironment of 
osteosarcoma. High BMPR2 expression was associated with 
poor prognosis and low infiltration of CD8+ T cells, monocytes 
and M2 macrophages in osteosarcoma. Hence, BMPR2 can be 
considered a biomarker of the immune infiltration, metastasis 
and prognosis of osteosarcoma.

Introduction

Osteosarcoma is the most common malignant bone tumor that 
occurs predominantly in adolescents and young adults (1,2). 
Despite significant progress in the management of osteosar‑
coma, no significant improvement in the survival rate has 
been achieved over the past three decades (3). Despite the 
continuous improvement of surgical techniques and the appli‑
cation of neoadjuvant chemotherapy, the 5‑year non‑invasive 
survival rate has remained <70% for decades (4,5). Patients 
with metastatic or recurrent osteosarcoma have a poor prog‑
nosis, with a 5‑year event‑free survival of <30% (6‑8). Hence, 
more effective treatment strategies are needed to improve the 
prognosis of these patients. 

Recently, a number of studies have aimed to elucidate the 
interaction between the immune system and tumors, and to 
identify potential targets within this interaction as therapeutic 
interventions (9‑11). In numerous malignant tumors, the 
composition of the tumor microenvironment (TME) requires 
the participation of innate and adaptive immune cells, which 
interact with lymphocytes, natural killer cells (NK) and 
antigen‑presenting cells, such as dendritic cells (DC) and 
macrophages, to effectively control the tumor (12). Abnormal 
immune cell function can result in poor tumor monitoring and 
clearance, can exacerbate local inflammation, and can establish 
a conducive environment for tumor growth, thus facilitating 
tumor progression (13,14). Although previous studies have 
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indicated that immune cells may act on osteosarcoma (15,16), 
the precise mechanisms underlying the function of the immune 
microenvironment in osteosarcoma are not well known. 
Therefore, it is important to elucidate the immunophenotype 
of the interaction between tumors and immune cells, and 
to identify novel immune‑related therapeutic targets for 
osteosarcoma.

Bone morphogenetic protein receptor 2 (BMPR2) is a 
member of the TGF‑β superfamily, which is reported to 
play a dual role in regulating tumor growth. In some tumors, 
BMPR2 acts as a tumor suppressor gene. For example, a lack 
of BMPR2 expression in the colonic matrix has been found 
to lead to colonic epithelial hyperplasia and polyps (17). 
In addition, deficient BMPR2 expression is more likely in 
bladder transitional cell carcinoma tissues compared with 
in normal tissues (18). Meanwhile, in some other tumors, 
BMPR2 functions as an oncogene. For example, in colorectal 
cancer where Smad4 is absent, BMPR2 can bind to LIM 
domain kinase 1 to activate the Rho/Rho‑associated protein 
kinase (ROCK) pathway, thereby promoting tumor invasion 
and metastasis (19). In addition, BMPR2‑overexpression 
is associated with poor prognosis in patients with resected 
osteosarcoma (20). Notably, a recent study revealed that BMP4 
secreted by bladder cancer cells induced M2 macrophage 
polarization in a tumor‑promoting immune environment, 
favoring tumor progression (21). However, the potential role 
of BMPR2 in tumor progression and its exact mechanism in 
osteosarcoma is not clear.

The present study comprehensively analyzed BMPR2 
expression levels and their relationship with the prognosis 
of patients with osteosarcoma in databases such as Gene 
Expression Omnibus (GEO), Oncomine and R2. Furthermore, 
the relationship between BMPR2 and immune tumor‑infil‑
trating cells in the osteosarcoma microenvironment was 
investigated using the Tumor Immune Estimation Resource 
(TIMER) and CIBERSORT. The study demonstrated the 
important role of BMPR2 in osteosarcoma and showed latent 
mechanisms in the BMPR2 and tumor‑immune interactions. 
These findings will improve our knowledge about the of tumor 
immuno‑microenvironment in osteosarcoma.

Materials and methods

Oncomine database analysis. Data for the expression level of 
the BMPR2 gene in different types of tumors was gathered 
from the Oncomine cancer database (https://www. oncomine.
org/resource/login.html) (22). The thresholds for significance 
were P<0.05, fold‑change of 2.0.

R2 database analysis. The difference in the BMPR2 
expression level between sarcoma and normal tissue, as well 
as the relationship between BMPR2 expression and survival 
in osteosarcoma, was calculated using the R2 database 
(https://hgserver1.amc.nl/cgi‑bin/r2/main.cgi). Since the 
sample size of the sarcoma dataset in the Oncomine database 
was small, the expression level of BMPR2 was further 
analyzed in osteosarcoma and rhabdomyosarcoma using the 
R2 platform. R2 searches a large number of publicly available 
cancer microarray datasets (23‑26) (for relationships between 
gene expression and patient prognosis, such as the time period 

for overall survival (OS) and metastasis‑free survival. The 
threshold was set to a Cox P<0.05. The correlation coefficient 
was calculated by Spearman's method. Unpaired t‑tests were 
applied to identify the differences of two groups, and P<0.05 
was considered to indicate a statistically significant difference.

Sample information. The normalized expression data for 
patients with osteosarcoma were obtained from the GEO 
database (GSE33382). GSE33382 is one of the osteosarcoma 
datasets of the R2 platform (24). The clinical information 
including age, sex, tumor site, metastasis within 5 years, 
histological subtype and Huvos classification (27) was also 
extracted. Information from a total of 83 cases of osteosarcoma 
was obtained, including expression data and clinical data.

The Cancer Genome Atlas (TCGA) database analysis. The 
gene expression quantification data of 88 osteosarcoma 
samples were downloaded from TCGA (cancer.gov/tcga) on 
May 22, 2020. Updated clinical data about these osteosar‑
coma samples, such as age, sex, overall survival time and vital 
status, were also downloaded from the TARGET database 
(https://ocg.cancer.gov/programs/target) on May 22, 2020. 
Finally, information on a total of 85 cases of osteosarcoma 
was obtained, including expression data and clinical data.

TIMER database analysis. The TIMER Database 
(https://cistrome.shinyapps.io/timer/), a comprehensive 
database for the systematic analysis of immune invasion, was 
used to investigate the infiltrating pattern of immune cells in 
osteosarcoma (28). The links between BMPR2 expression 
and the proportions of infiltrated immune cells, including 
CD4+ T, CD8+ T and B cells, macrophages, neutrophils 
and dendritic cells, were investigated using gene modules. 
Furthermore, the relationship between the expression level of 
BMPR2 and tumor infiltrating immune cell gene markers was 
investigated through correlation modules. Genetic markers for 
tumor infiltrating lymphocytes included markers of B cells, 
CD8+ T cells, T cells (general), monocytes, tumor‑associated 
macrophages (TAMs), M1 macrophages, M2 macrophages, 
dendritic cells (DCs), neutrophils, natural killer (NK), 
follicular helper T (Tfh), regulatory T (Tregs), T helper 1 (Th1), 
Th2, Th17 and exhausted T cells. These genetic markers were 
taken from previous studies (29‑31). The correlation module 
analyzed and generated a scatter plot of expression between a 
pair of user‑defined genes in a certain cancer type, as well as 
Spearman's correlation and estimated statistical significance. 
BMPR2 was used for the y‑axis with gene symbols, and related 
marker genes are represented on the x‑axis as gene symbols. 
The gene expression level was displayed with log2 RNA‑Seq 
by Expectation‑Maximization.

CIBERSORT analysis. CIBERSORT (https://cibersort.
stanford.edu/index.php) uses a deconvolution algorithm to 
evaluate the pattern of tumor infiltrating lymphocytes in the 
TME. According to the standardized expression data in the 
tumor, the abundance of 22 types of infiltrating immune cells 
was analyzed by the CIBERSORT method (32). The immune 
cell profiles of all osteosarcoma samples were analyzed using 
CIBERSORT, and the number of permutations was set to 100. 
Samples of osteosarcoma with a P<0.05 were included.
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Gene set enrichment analysis (GSEA). To identify the poten‑
tial biological mechanisms between two biological states, 
GSEA was performed (33). The gene sets were collected from 
the Molecular Signatures Database (33) (‘c5.bp.v7.0.symbols.
gmtb (Gene Ontology)’). GSEA (3.0) was used to analyze the 
potential biological processes and signaling pathways associ‑
ated with BMPR2 that affect the prognosis of osteosarcoma. 
The normalized enrichment score was obtained by performing 
gene set permutations with 1,000 times. The nominal (NOM) 
P<0.05 was used to quantify statistically significant enrich‑
ment. GSEA was performed (false discovery rate <0.25, 
nominal P<0.05) in the enrichment of ‘c5.bp.v7.0.symbols.
gmtb (Gene Ontology)’.

Statistical analysis. Kaplan‑Meier analysis with log‑rank was 
used. The results from the Oncomine database analysis are 
displayed as P‑values, fold‑changes and ranks. Survival curves 
were generated by the R2 Platform. Spearman's correlation 
was used to assess the correlation of gene expression, P<0.05 
was considered to indicate a statistically significant differ‑
ence. The strength of the correlation was also determined by 
rs‑value correlation with rs‑value >0.3 or <‑0.3 was considered 
as significant and between ‑0.3 to 0.3 was considered as weak 
or negligible correlation. The relationships between BMPR2 
expression and tumor‑infiltrating immune cells were analyzed 
using SPSS software (version 20). The correlations between 
BMPR2 expression and the clinicopathological features of 
osteosarcoma were evaluated by logistic regression analysis. 
The matrix data of gene expression levels were normalized 
with the limma package of R software (version 3.5.2) (34) and 
R studio (version 1.2.5001) (35). The specificity and sensitivity 
of survival prediction according to BMPR2 expression levels 
were analyzed by time‑dependent receiver operating char‑
acteristic (ROC) curves, whose area under the curve (AUC) 
values quantified with the pROC package (https://cran.rstudio.
com/bin/macosx/contrib/4.0/pROC_1.16.2.tgz).

Results

BMPR2 mRNA expression levels in different types of human 
cancer. To verify the difference in the BMPR2 expression 
level between tumors and normal tissues, the Oncomine 
database was used to analyze the levels of BMPR2 mRNA 
in different types of tumors and the corresponding normal 
tissues. The results showed that BMPR2 expression was 
higher in brain and CNS (oligodendroglioma), breast 
(invasive ductal breast carcinoma), colorectal (rectal 
mucinous adenocarcinoma), esophageal (esophageal 
adenocarcinoma) and kidney cancer (clear cell sarcoma 
of the kidney and renal oncocytoma), leukemia (chronic 
lymphocytic leukemia), head and neck cancer (floor of the 
mouth carcinoma), lymphoma tumors (follicular lymphoma 
and germinal center B‑cell‑like diffuse large B‑cell 
lymphoma), pancreatic (pancreatic ductal adenocarcinoma) 
and prostate cancer (prostate carcinoma), sarcomas (clear cell 
sarcoma of the kidney) and others, including skin basal cell 
carcinoma and teratoma, compared with in normal tissues 
(Fig. 1A; Table I). Meanwhile, BMPR2 expression was lower 
in glioblastoma, lung cancer (large cell lung carcinoma, 
lung adenocarcinoma and squamous cell lung carcinoma), 

invasive lobular breast carcinoma, chromophobe renal cell 
carcinoma, T cell prolymphocytic leukemia, skin basal cell 
carcinoma and myeloma compared with in normal tissues. 
Detailed results of BMPR2 expression in various types of 
cancer are listed in Table I.

The results revealed that BMPR2 expression was higher 
in osteosarcoma, acinar rhabdomyosarcoma (ARMS) 
and embryonal rhabdomyosarcoma (ERMS) compared 
with in normal tissues (Fig. 1B). BMPR2 expression was 
significantly higher in metastatic osteosarcomas compared 
with in non‑metastatic osteosarcomas. Its expression was also 
significantly higher in sarcomas that did not respond well 
to chemotherapy compared with in those that did (Fig. 1C). 
These data suggested that BMPR2 is a protumor gene in 
osteosarcoma and rhabdomyosarcoma.

High BMPR2 expression impacts the prognosis of patients 
with osteosarcoma. To improve our understanding of the 
role and underlying mechanism of BMPR2 expression in 
osteosarcoma, the relationship between BMPR2 expression 
and the clinicopathological features of patients with 
osteosarcoma was examined in the R2 database. High 
expression levels of BMPR2 indicated worse OS and 
metastasis‑free survival (Fig. 1D). In addition, patients with 
osteosarcoma with high BMPR2 expression had a 2.794 times 
greater risk of metastasis within 5 years compared with those 
without metastasis (Table II). The specificity and sensitivity of 
metastatic and survival prediction according to the expression 
level of BMPR2, as shown by time‑dependent ROC curves, 
were analyzed to evaluate its ability to predict metastasis and 
survival in patients. The results suggested that the AUC for 
the expression level of BMPR2 in predicting metastatic and 
5‑year survival were 0.711 and 0.601, respectively (Fig. 1E). 
The relationship between BMPR2 expression level and the 
prognosis of osteosarcoma was also analyzed using TCGA 
database. The results showed that patients with high expression 
levels of BMPR2 had worse OS (Fig. 1F). These data indicated 
that a high BMPR2 expression level serves as an adverse factor 
in the prognosis of osteosarcoma.

Infiltrating immune cells in osteosarcoma. It has been 
reported that malignant tumors tend to construct an 
immunosuppressive microenvironment by interacting with 
their stromal contents, including infiltrating immune cells (35). 
However, the function and mechanism of infiltrating immune 
cells in regulating the microenvironment of osteosarcoma 
remain unclear. Therefore, 81 osteosarcoma samples with a 
P<0.05 were obtained by the CIBERSORT method (Fig. 2). 
Among 22 immune cell types, M2 macrophages, M0 
macrophages, resting mast, γ δ T and CD8+ T cells were the 
top five immune cells with the highest degree of infiltration 
in osteosarcoma (Fig. 3). These results indicated that these 
five immune cells play important roles in maintaining the 
immune microenvironment of osteosarcoma.

Correlation analysis between BMPR2 expression and immune 
marker sets. To investigate the signaling pathways activated 
by BMPR2 in osteosarcoma cells, GSEA was performed. The 
significant results are displayed in Figs. S1, S2A and B (NOM 
P<0.05) in the enrichment of ‘c5.bp.v7.0.symbols.gmtb (Gene 
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Ontology)’. Notably, the data showed that the ‘regulation of 
the macrophage differentiation pathway’ and ‘establishment 
or maintenance of the monopolar cell polarity pathway’ were 
modulated by BMPR2 (Fig. 4A).

Additionally, the correlation between BMPR2 expression 
and immune cell infiltration in sarcoma was studied 
in the TIMER database. The results suggested that the 
BMPR2 expression level was inversely correlated with the 
concentrations of DCs. CD4+ T cells (P=3.72x10‑3) and 
macrophages (P=9.67x10‑3) was statistically significant with 
P‑values, while the strength of the correlation was weak or 
negligibly according to the aforementioned cut‑offs (Fig. 4B). 
In addition, low infiltration of CD4+ T cells and neutrophils 
were associated with worse survival (Fig. 4C).

To further explore the correlations between the expression 
level of BMPR2 and the degrees of infiltration of different 
types of immune cells, the relationship between the expres‑
sion of BMPR2 and the marker genes of various lymphocytes 
in sarcomas was investigated using the TIMER database. 
The detailed results about the relationships between BMPR2 
expression and immune marker sets of various types of immune 
cells, including T (general), B and CD8+ T cells, monocytes, 
TAMs, M1 and M2 macrophages, NKs, DCs, neutrophils, 
Th1, Th2, Th17 and Tfh cells, Tregs and exhausted T cells in 
sarcoma, are shown (Table III, Figs. 4, 5A and S3). Notably, the 
data reported that the majority of marker sets of the immune 
cells, including gene markers of T (general), B and CD8+ 
T cells, monocytes, TAMs, M1 and M2 macrophages, DCs, 

Figure 1. BMPR2 expression levels in different types of human cancer. (A) Abnormal expression of BMPR2 in data sets of different cancer types compared with 
normal tissues in the Oncomine database. (B) BMPR2 expression was higher in osteosarcoma (14 samples) compared with in normal tissues (four samples). 
BMPR2 expression level was higher in AMRS (15 samples) and ERMS (15 samples) compared with in the normal tissues (26 samples). (C) BMPR2 expression 
was significantly higher in metastatic osteosarcomas than in non‑metastatic osteosarcomas. BMPR2 expression was significantly higher in sarcomas that did 
not respond well to chemotherapy compared with in those that did. (D) High expression level of BMPR2 was associated with worse OS and metastasis‑free 
OS. (E) AUC values for the expression level of BMPR2 in predicting metastatic and 5‑year survival. (F) High expression level of BMPR2 was associated with 
worse OS. ARMS, acinar rhabdomyosarcoma; ERMS, embryonal rhabdomyosarcoma; BMPR2, bone morphogenetic protein receptor 2; OS, overall survival; 
AUC, area under the curve.
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Table I. BMPR2 expression in cancer vs. normal tissue in the Oncomine database.

Cancer  P‑value  Fold‑change Rank, % Sample size (Refs.)

Brain and CNS cancer     
  Oligodendroglioma 5.19x10‑8 2.132 5 73 Sun et al (70)
  Glioblastoma 6.73x10‑4 ‑3.216 7 15 TCGAa

Breast cancer     
  Invasive ductal breast 1.60x10‑2 2.896 6 25 Turashvili et al (71)
  carcinoma     
  Invasive lobular breast 1.40x10‑2 ‑2.075 3 25 Turashvili et al (71)
  carcinoma     
Colorectal cancer     
  Rectal mucinous 2.10x10‑4 2.171 5 9 Kaiser et al (72)
  adenocarcinoma     
Esophagus cancer     
  Esophageal  6.11x10‑4 2.529 9 5 Hao et al (73)
  adenocarcinoma     
Head and neck cancer     
  Floor of the mouth 1.61x10‑4 3.473 7 5 Pyeon et al (74)
  carcinoma     
Kidney cancer     
  Clear cell sarcoma  4.44x10‑4 2.479 4 17 Cutcliffe et al (75)
  Renal oncocytoma 1.00x10‑3 2.37 6 9 Yusenko et al (76)
  Chromophobe renal 7.00x10‑3 ‑2.961 6 9 Yusenko et al (76)
  cell carcinoma     
Leukemia     
  Chronic lymphocytic 2.96x10‑13 3.465 1 12 Alizadeh et al (77)
  leukemia     
  Chronic lymphocytic 1.69x10‑10 2.589 1 39 Rosenwald et al (78)
  leukemia     
  Chronic lymphocytic 1.23x10‑92 3.446 1 448 Haferlach et al (79)
  leukemia     
  Chronic lymphocytic 1.00x10‑3 2.188 7 3 Rosenwald et al (80)
  leukemia     
  Chronic lymphocytic 1.50x10‑6 3.205 5 34 Basso et al (81)
  leukemia     
  T cell prolymphocytic 6.04x10‑4 ‑2.972 3 6 Dürig et al (82)
  leukemia     
Lung cancer     
  Lung adenocarcinoma 5.66x10‑17 ‑2.281 3 43 Hou et al (83)
  Large cell lung 1.08x10‑12 ‑2.775 3 19 Hou et al (83)
  carcinoma     
  Squamous cell lung 6.86x10‑17 ‑3.47 3 27 Hou et al (83)
  carcinoma     
Lymphoma     
  Follicular lymphoma 7.00x10‑3 2.425 5 6 Basso et al (81)
  Germinal center B 3.31x10‑6 2.934 3 9 Compagno et al (84)
  cell‑like diffuse large     
  B cell lymphoma     
  Follicular  3.99x10‑9 3.239 9 38 Compagno et al (84)
  lymphoma     
Myeloma     
  Non‑neoplastic nevus 4.00x10‑3 ‑2.388 7 9 Haqq et al (85)
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neutrophils, Th1, Th2 and Th17 cells, Tregs and exhausted 
T cells, had significant negative correlations with BMPR2 
expression in sarcoma (Table III).

In addition, the relationship between BMPR2 expression 
and marker genes of various immune cells in osteosarcoma was 
examined using the R2 database (Table III and Figs. S5 and 6). 
The results revealed that CD8+ T cell, monocyte and M2 
macrophage markers, such as CD8A, CD8B, CD86, CD115 
(CSF1R), CD163, VSIG4 and MS4A4A, showed statistical 
significance with BMPR2 expression (Table III and Fig. 5B).

Next, whether BMPR2 expression is associated with the 
immune infiltration pattern was investigated by assessing the 

abundance of 22 types of immune cells in 81 osteosarcoma 
samples. As displayed in Table IV and Fig. 5C, BMPR2 
expression was statistical negatively correlated with CD8+ 
T, γ δ T cells, monocytes, M2 macrophages and neutrophil 
cells. Meanwhile, BMPR2 was statistically positively corre‑
lated with the concentrations of naïve B cells, naïve CD4+T, 
memory resting CD4+T and M0 macrophages. Taken consid‑
ering of the rs‑values, the correlation was defined as weak 
or negligible correlation according to the aforementioned 
cut‑offs.

Taken together, the aforementioned results indicated 
that high expression of BMPR2 was correlated with low 

Table I. Continued.

Cancer  P‑value  Fold‑change Rank, % Sample size (Refs.)

Pancreatic cancer     
  Pancreatic ductal 1.82x10‑12 2.055 2 39 Badea et al (86)
  adenocarcinoma     
  Pancreatic  1.82x10‑12 3.078 6 12 Iacobuzio‑
  adenocarcinoma     Donahue et al (87)
Prostate cancer     
  Prostate carcinoma 2.70x10‑2 4.768 8 15 Luo et al (88)
Sarcoma     
  Clear cell sarcoma of 4.44x10‑4 2.479 4 14 Cutcliffe et al (75)
  the kidney     
  Gastrointestinal stromal 3.69x10‑4 2.62 7 6 Cho et al (89)
  tumor     
Other     
  Skin basal cell 2.51x10‑5 2.144 3 15 Riker et al (90)
  carcinoma     
  Teratoma, NOS 2.48x10‑08 2.606 4 14 Korkola et al (91)
  Skin basal cell 5.08x10‑06 ‑2.996 1 15 Riker et al (90)
  carcinoma

aTCGA, The Cancer Genome Atlas, No Associated Paper, http://tcga‑data.nci.nih.gov/tcga/; CNS, central nervous system; NOS, not otherwise 
specified.

Table II. Association between high bone morphogenetic protein receptor 2 expression with clinicopathological characteristics of 
osteosarcoma.

Factors OR CI P‑value Value, n

Sex, female vs. male 0.908 0.638‑1.291 0.629 71
Age, <16 vs. ≥16 years 1.047 0.743‑1.473 0.825 83
Tumor site, femur vs. tibia/fibula 0.856 0.577‑1.268 0.466 68
Metastasis within 5 years, yes vs. no 2.794 1.282‑6.089 0.001 53
Histological subtype    
  Osteolastic vs. chondroblastic 0.985 0.637‑1.523 1.000 68
  Osteolastic vs. fibroblastic 1.436 0.594‑3.469 0.427 59
  Huvos grade, 1 and 2 vs. 3 and 4 0.908 0.638‑1.291 0.629 71

OR, odds ratio; CI, confidence interval.
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infiltration of CD8+ T cells, monocytes and M2 macrophages 
in osteosarcoma.

The relationship between the survival of patients with 
osteosarcoma and the markers of CD8+ T cells, monocytes 

and M2 macrophages, such as CD8A, CD8B, CD86, CD115, 
CD163, VSIG4 and MS4A4A, were analyzed using the R2 
database. The results showed that low expression levels of 
CD8A, CD8B1, CD86, CSF1R, CD163, VSIG4 or MS4A4A 

Figure 2. Infiltrating immune cells in osteosarcoma analyzed using the CIBERSORT method. Color from blue to red represents the infiltration abundance of 
the immune cells from low to high RNA‑Seq by Expectation‑Maximization.
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Figure 3. Infiltration of 22 types of immune cells in osteosarcoma. NK, natural killer.

Figure 4. Correlation analysis between BMPR2 expression and the infiltrating immune cells. (A) GSEA was performed (false discovery rate <0.25, nominal 
P<0.05) in the enrichment of ‘c5.bp.v7.0.symbols.gmtb (Gene Ontology)’. The regulation of the macrophage differentiation pathway and establishment or 
maintenance of the monopolar cell polarity pathway were mediated by BMPR2 in osteosarcoma. (B) BMPR2 expression level in sarcoma was statistically 
significant with CD4+ T cell, and negligibly correlated with macrophage and dendritic cell infiltration. (C) Low infiltration of CD4+ T cells and neutrophil 
cells was correlated with worse survival in sarcoma. BMPR2, bone morphogenetic protein receptor 2; NES, normalized enrichment score.
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Table III. Correlation analysis between bone morphogenetic protein receptor 2 and related genes and markers of immune cells in 
R2 and Tumor Immune Estimation Resource databases.

 OS SARC
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Gene markers Cor P‑value Cor P‑value

CD8+ T cell    
  CD8A ‑0.300 0.029 ‑0.148 0.017
  CD8B ‑0.288 0.036 ‑0.183 0.003
T cell (general)    
  CD3D ‑0.109 0.437 ‑0.267 0.001a

  CD3E ‑0.355 0.009 ‑0.196 0.001
  CD2 ‑0.273 0.048 ‑0.200 0.001
B cell    
  CD19 ‑0.133 0.342 ‑0.288 0.001a

  CD79A ‑0.099 0.479 ‑0.162 0.009
Monocyte    
  CD86 ‑0.543 0.001a ‑0.382 0.001a

  CD115 (CSF1R) ‑0.467 0.001a ‑0.316 0.001
TAM    
  CCL2 ‑0.099 0.48 ‑0.197 0.001
  CD68 0.312 0.023 ‑0.453 0.001a

  IL10 0.012 0.933 ‑0.345 0.001a

M1 Macrophage    
  INOS (NOS2) ‑0.043 0.761 0.129 0.037
  IRF5 ‑0.385 0.004 ‑0.325 0.001a

  COX2 (PTGS2) 0.248 0.073 0.149 0.016
M2 Macrophage    
  CD163 ‑0.542 0.001a ‑0.347 0.001a

  VSIG4 ‑0.517 0.001a ‑0.323 0.001a

  MS4A4A ‑0.354 0.009 ‑0.337 0.001a

Neutrophils    
  CD66b (CEACAM8) ‑0.183 0.190 ‑0.126 0.043
  CD11b (ITGAM) ‑0.224 0.106 ‑0.327 0.001a

  CCR7 ‑0.228 0.101 ‑0.082 0.185
Natural killer cell    
  KIR2DL1 ‑0.131 0.349 ‑0.155 0.012
  KIR2DL3 ‑0.169 0.228 ‑0.142 0.022
  KIR2DL4 0.014 0.921 ‑0.312 0.001a

  KIR3DL1 ‑0.365 0.007 ‑0.066 0.289
  KIR3DL2 ‑0.167 0.233 ‑0.041 0.507
  KIR3DL3 ‑0.258 0.062 ‑0.119 0.055
  KIR2DS4 0.219 0.115 ‑0.140 0.024
Dendritic cell    
  HLA‑DPB1 ‑0.201 0.150 ‑0.294 0.001a

  HLA‑DQB1 ‑0.259 0.061 ‑0.274 0.001a

  HLA‑DRA ‑0.484 0.001a ‑0.265 0.001a

  HLA‑DPA1 ‑0.451 0.001a ‑0.238 0.001a

  BDCA‑1 (CD1C) 0.235 0.090 0.020 0.752
  BDCA‑4 (NRP1) 0.183 0.189 0.167 0.007
  CD11c (ITGAX) ‑0.331 0.015 ‑0.325 0.001a

Th1    
  T‑bet (TBX21) 0.197 0.157 ‑0.204 0.001a
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were correlated with poor survival in osteosarcoma 
(Fig. 6A‑C). Hence, these data indicated that low infiltration of 
CD8+ T cells, monocytes or M2 macrophages in osteosarcoma 
is significantly associated with poor prognosis.

Discussion

BMPs and receptors (BMPR1 and BMPR2) are members 
of the TGF‑β superfamily. BMPR2 patriciates in numerous 
cellular functions, including cell adhesion, proliferation 
and invasion, inf lammation, apoptosis and metastatic 
spread (36,37). In recent years, studies have reported the 
expression and roles of BMPR2 in various types of cancer 
malignant tumors, such as colorectal cancer, prostate cancer 
and osteosarcoma (17,19,20,38). However, the function of 
BMPR2 in cancer immunology is unclear. The present study 
reported the differential expression of BMPR2 in different 
types of cancer. A high level of BMPR2 expression was asso‑
ciated with metastasis and poor prognosis in osteosarcoma, 

indicating the predictive value of BMPR2 for risk of metas‑
tasis in osteosarcoma. In addition, the results showed that the 
level of BMPR2 expression in sarcomas and osteosarcomas 
was negligibly correlated with different sets of gene markers 
of immune cells. Low infiltration of CD8+ T cells, monocytes 
and M2 macrophages was associated with poor survival in 
osteosarcoma. Consequently, the results indicated the influ‑
ential role of BMPR2 in tumor immunology and its potential 
application as a tumor biomarker. As aforementioned, correla‑
tion with a rs ‑value between ‑0.3 to 0.3 was considered as 
weak or negligible correlation. Therefore, the current results 
do not present powerful statistical evidence to demonstrate 
the correlation between the gene markers of T (general) and 
B cells, TAMs, M1 macrophages, DCs, neutrophils, Th1, Th2 
and Th17 cells, Tregs and exhausted T cells (Table III) and 
CD8+ T, γ δ T cells, monocytes, M2 macrophages, neutro‑
phils, naïve B, naïve CD4+T, and memory resting CD4+T cells 
and M0 macrophages (Table IV) with BMPR2 expression. 
Further basic experiments and clinical studies focused on 

Table III. Continued.

 OS SARC
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Gene markers Cor P‑value Cor P‑value

  STAT4 ‑0.031 0.827 ‑0.181 0.003
  STAT1 ‑0.166 0.234 0.064 0.303
  IFN‑γ (IFNG) ‑0.216 0.120 ‑0.216 0.001a

  TNF‑α (TNF) ‑0.314 0.022 ‑0.203 0.001
Th2    
  GATA3 ‑0.181 0.195 ‑0.162 0.009
  STAT6 0.092 0.514 0.253 0.001a

  STAT5A ‑0.483 0.001a ‑0.183 0.003
  IL13 ‑0.320 0.019 ‑0.030 0.632
Tfh    
  BCL6 0.099 0.479 0.018 0.771
  IL21 0.031 0.825 ‑0.113 0.070
Th17    
  STAT3 ‑0.545 0.001a 0.448 0.001a

  IL17A ‑0.529 0.001a 0.003 0.961
Treg    
  FOXP3 ‑0.171 0.221 ‑0.126 0.042
  CCR8 ‑0.072 0.608 ‑0.025 0.689
  STAT5B 0.158 0.257 0.365 0.001a

  TGFβ (TGFB1) ‑0.045 0.751 ‑0.4 0.001a

T cell exhaustion    
  PD‑1 (PDCD1) ‑0.133 0.341 ‑0.237 0.001a

  CTLA4 ‑0.112 0.424 ‑0.2 0.001
  LAG3 ‑0.209 0.133 ‑0.357 0.001a

  TIM‑3 (HAVCR2) ‑0.599 0.001a ‑0.407 0.001a

  GZMB ‑0.324 0.018 ‑0.409 0.001a

aP<0.001. OS, osteosarcoma; SARC, sarcoma; TAM, tumor‑associated macrophage; Th, T helper cell; Tfh, follicular helper T cell; Treg, 
regulatory T cell; Cor, coefficient value of Spearman's correlation.
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tumor infiltration immune cells and tumor microenvironment 
are needed to identify whether this statistical difference is true 
or negligible correlation. 

Over the past few decades, immunosuppression in TME 
has received increasing attention in cancer research. Myeloid 
cells (macrophages, monocytes and DCs) and T lymphocytes 

act as key members of the immune microenvironment in 
osteosarcoma (39). Osteosarcoma cells can regulate the recruit‑
ment and induce the differentiation of infiltrating immune 
cells by secreting cytokines, such as CCL2, CCL4 or IFN‑γ, 
thus establishing an immune‑tolerant or immune‑resistant 
local microenvironment (39). The TME causes CD8+ T cell 

Figure 5. Association of BMPR2 expression and immune marker sets in sarcoma and osteosarcoma. (A) BMPR2 expression in sarcoma was correlated with 
CD8+ T cell, monocyte and M2 macrophage markers, such as CD8A, CD8B, CD86, CD115, CD163, VSIG4 and MS4A4A. (B) BMPR2 expression in osteosar‑
coma was correlated with CD8+ T cell, monocyte and M2 macrophage markers, such as CD8A, CD8B, CD86, CD115, CD163, VSIG4 and MS4A4A. (C) High 
expression of BMPR2 in osteosarcoma was correlated with low infiltration of CD8+ T cells, monocytes and M2 macrophages. BMPR2, bone morphogenetic 
protein receptor 2; RSEM, RNA‑Seq by Expectation‑Maximization.
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dysfunction or exhaustion, removing the cytotoxic effect of 
CD8+ T cells towards tumor cells (40,41). Previous studies 
have shown that functional damage to CD8+ T cells is present 
in a variety of malignancies, including lung cancer (42), mela‑
noma (43), prostate cancer (44) and osteosarcoma (45). The 
CD8+/forkhead box protein P3+/‑ ratio has been reported to 
be a powerful prognostic indicator for patients with osteosar‑
coma (46). It was also found that TAMs are correlated with a 
positive prognosis (47,48). The current study demonstrated that 
M2 and M0 macrophages, resting mast, γ δ T and CD8+ T cells 
were the top five immune cells with the highest degrees of infil‑
tration in osteosarcoma. Zhang et al (49) analyzed the immune 
infiltration of osteosarcoma samples in TCGA database. Their 
results showed that the two most common types of immune 
cells in osteosarcoma tissue are macrophages and T lympho‑
cytes, in line with the present findings. According to the current 
understanding of the TME, low infiltration levels of CD8+ T 
cells, monocytes and M2 macrophages in osteosarcoma are 
associated with poor prognosis. It can be concluded that CD8+ 
T cells, monocytes and M2 macrophages play critical roles in 
regulating the immune microenvironment of osteosarcoma.

In the adult immune system, the BMP signaling pathway 
actively participates in dominating the fate of the immune 
lineage and the development of immune cells (50). BMP 
ligands secreted by tumor cells into the extracellular matrix 
act on immune cells, thereby regulating the functions of 
immune cells (21,51,52). Studies have suggested that activated 

Bone Morphogenic Protein Receptor 1α (BMPR1α)‑deficient 
CD4+ T cells produce a large amount of IFN‑γ and enhance 
tumor proliferation, indicating the adverse effect of BMP 
signaling on the adaptive immune response (53). Abrogation 
of BMPR1α signaling during CD4+ T cell activation induced 
inflammatory effector cells to express various of cytokines 
such as IL‑17, IFN‑γ, and TNF family and transcription 
factors defining the Th17 cell lineage (54). BMPs and BMPRs 
also serve an important role during the process of B cell 
activation (55). The current data revealed that the expression 
levels of BMPR2 in chronic lymphocytic leukemia, follicular 
lymphoma and germinal center B cell‑like diffuse large B cell 
lymphoma were significantly higher compared with those in 
normal tissues. These results suggested that BMPR2 plays a 
pivotal role in the progression of some cancer types. Moreover, 
CD8+ T cell, monocyte and M2 macrophage markers, such 
as CD8A, CD8B, CD86, CSF1R, CD163, VSIG4 or MS4A4A, 
were negatively correlated with BMPR2 expression. These 
results indicated the importance of BMPR2 in the suppression 
and regulation of infiltrating immune cells in the osteosarcoma 
microenvironment. However, the detailed mechanism by which 
BMPR2 inhibits the infiltration of CD8+T cells, monocytes 
and M2 macrophages remains unclear. Activated BMPR2 
can sequentially activate the downstream p38 MAPK/ERK, 
RHO/ROCK/LIMK and JNK signaling pathways through a 
non‑classical pathway (56). The p38 MAPKs proteins are key 
therapeutic targets in Rheumatoid arthritis, Crohn's disease 
and other inflammatory diseases (57). It has been revealed that 
p38 MAPKs can inhibit expression of pro‑inflammatory cyto‑
kines, such as IL‑6, TNF‑α, MCP‑1 and IL‑1β, and promote 
expression of anti‑inflammatory cytokines, such as IL‑10 
and TGF‑β (58). This signaling pathway has been shown to 
be important to the immune microenvironment of numerous 
tumor types (59,60). Zhang et al demonstrated the mechanisms 
of crosstalk between myeloid cells and tumor cells through 
EGFR/MAPK signaling pathway to restore CD8+ mediated 
anti‑tumor immunity in pancreatic cancer (59). MAPK‑mutant 
tumors are the only CD8+ T cell‑inflamed tumors with high 
immunoreactivity and a constitutively cytolytic tumor micro‑
environment. The MAPK‑mutant head and neck squamous‑cell 
carcinoma model with immune function shows active cell 
death and extensive CD8+ T cell recruitment (61,62). We 
infer that BMPR2 regulates the immune microenvironment of 
osteosarcoma tissue through the MAPK/ERK pathway. In the 
future, more clinical and experimental studies are expected to 
future clarify the role of BMPR2 in regulating the infiltration 
of immune cells in osteosarcoma.

Several studies have shown that BMPR2 mutation and 
methylation affect BMPR2 expression levels in disease 
such as pulmonary hypertension disease (63‑66) and 
tumor (67). Kodach  et al (67) demonstrated that BMPR2 
was mutated in the microsatellite‑unstable of colorectal 
cancer cells, which decreased the BMPR2 expression 
level. In addition, the mutation of the BMPR2 gene has 
been positively correlated with the abundance of CD8+ T 
cells and neutrophils, suggesting that the mutation of the 
BMPR2 gene can promote the infiltration of lymphocytes 
in colon adenocarcinoma (68). Previous studies have shown 
that patients with osteosarcoma with high expression levels 
of BMPR2 have a worse prognosis compared with patients 

Table IV. Relationship between bone morphogenetic protein 
receptor 2 and infiltration of immune cells according to 
CIBERSORT analysis.

Cell type Cor P‑value

B cells naive 0.237 0.030
B cells memory ‑0.196 0.074
Plasma cells 0.169 0.124
T cells CD8 ‑0.224 0.040
T cells CD4 naive 0.260 0.017
T cells CD4 memory resting 0.487 0.001
T cells CD4 memory activated ‑0.059 0.593
T cells follicular helper 0.023 0.836
T cells regulatory ‑0.165 0.133
T cells γ δ ‑0.254 0.020
NK cells resting 0.212 0.053
NK cells activated 0.150 0.174
Monocytes ‑0.220 0.045
Macrophages M0 0.233 0.033
Macrophages M1 ‑0.138 0.212
Macrophages M2 ‑0.276 0.011
Dendritic cells resting ‑0.156 0.157
Dendritic cells activated 0.010 0.930
Mast cells resting 0.091 0.411
Mast cells activated ‑0.103 0.352
Neutrophils ‑0.251 0.021

NK, natural killer.
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expressing low levels of BMPR2 (20,69). This is in line with 
the current results. However, the present results revealed 
that AUC for the expression level of BMPR2 in predicting 
5‑year survival was 0.601, suggesting that BMPR2 was not 
a good indicator of 5‑year survival. This may be because 
the GEO dataset that was analyzed only collected gene 
expression data from high‑grade osteosarcoma diagnostic 
biopsies. In addition, our previous study demonstrated that 
the depletion of BMPR2 in osteosarcoma cells markedly 
reduced the invasive capacity in vitro and metastatic 
potential in vivo. Mechanistically, it was revealed that 
BMPR2 could active LIMK2 through the RhoA/ROCK 
pathway and could also interact with LIMK2 directly in 
osteosarcoma cells (20,69). Similarly, the present study 
reported that the AUC for the expression level of BMPR2 
in predicting metastatic was 0.711, indicating that BMPR2 
was a good indicator to predict metastasis. However, 
whether BMPR2 is mutated before the development of 
osteosarcoma and its role in lymphocyte infiltration is 
unknown. 

Above all, the present study demonstrated that CD8+ T 
cells, monocytes and M2 macrophages play critical roles in 
constructing the immune microenvironment of osteosarcoma. 
Increased BMPR2 expression was associated with decreased 
infiltration of osteosarcoma tissues by CD8+ T cells, 
monocytes and M2 macrophages, and was also correlated 
with poor prognosis in patients with osteosarcoma. Therefore, 
BMPR2 has potential as a prognostic biomarker for immune 
infiltration, metastasis and prognosis in osteosarcoma.
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