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Introduction
Osteosarcoma (OS) is the most common primary bone malignancy, predominantly afflicting 

children and adolescents. Despite advances in multimodal treatment, the 5 year survival rate remains 
at 60-70% and [1] the outcomes for metastatic disease remain poor. A lack of scientific development 
of targeted treatments can be attributed to the high level of genetic and cytogenetic heterogeneity 
within OS [2]. This brief review highlights recent advances in both basic and translational research 
relevant to OS in the following selected areas of: immune therapy, miRNA expression, long non-
coding RNA, and novel growth factors. 

Immune Therapy for Osteosarcoma
Cancer surveillance by the immune system is accomplished through the presence of antigens 

on cancer cells, distinguishing them from non-neoplastic cells. This tumor ‘neoantigens’ are 
recognized by the endogenous immune system and targeted for destruction. However, neoplastic 
cells are able to evade this immune suppression through three phases: elimination, equilibrium 
and escape. Mechanisms include loss of tumor antigens, downregulation of Histocompatibility 
Locus Antigens (HLA) and alteration of immune regulation through regulatory T cells and MDSCs 
(Myeloid-Derived Suppressor Cells). Therefore, reintroduction of immune control to bypass tumor 
cell evasion of immune surveillance presents potential for the development of novel OS therapies. 
Currently, studies on immune therapy that have used various immune modulating methods to 
increase surveillance of tumors are promising, as tumors with a significant mutation burden are 
particularly susceptible to heightened immune response [3]. 

An important area of OS immunotherapy is in the treatment of metastatic disease, as outcomes 
remain poor: 5-year survival is around 20% for adolescents and even less for older patients [1]. 
Metastatic OS becomes resistant to CD8+ T cell-mediated responses due to the upregulation of 
Programmed Death Receptor-1 (PD-1) and its interaction with the (PD-L1) tumor cell ligand. PD-1 
acts as a key co-inhibitory receptor expressed on activated T cells, B cells, macrophages, dendritic 
cells and monocytes. The primary ligand for PD-1, PD-L1, is upregulated in metastatic solid OS 
tumors and inhibits cytokine production as well as PD-1+ CD4+ and CD8+ T cell activity. These 
inhibitory receptors effectively attenuate tumor-reactive T cell cytokine toxicity to the tumor. Using 
immunotherapy, a novel study in metastatic OS inhibited the PD-L1 ligand by using α-PD-L1 
monoclonal antibodies. Lussier, et al. tested this concept in mice by implanting K7M2 tumor cells 
and they found that mice treated with α-PD-L1 monoclonal antibodies showed increased survival 
with fewer pulmonary metastases than the control. However, the mice ultimately succumbed to 
pulmonary metastases, which remained resistant to PD-L1 antibody therapy [4]. Therefore, they 
focused on overcoming the resistance of metastatic K7M2 OS cells to PD-L1 antibody therapy. 
Other investigators, such as Curran, et al. combined antitumor immunotherapy with α-CTLA-4 
and α-PD-L1 mAb treatment in an implantable B16 melanoma mouse model and found a two-
fold increase in tumor rejection [5]. CTLA-4 is another T cell checkpoint, which increases tumor 
tolerance by downregulating T cell activation [6]. In a further study, Lussier, et al. found that 
combination α-CTLA-4 and α-PD-L1 mAb treatment resulted in a synergistic effect with complete 
control of tumors in 60% of mice, leading to long-term survival, as compared to 0% with α-PD-L1 
mAb treatment alone [7]. Additionally, mice with controlled OS were introduced with additional 
K7M2 cells 100 days post-initial inoculation and demonstrated complete immunity for an additional 
80 days until sacrifice [7]. Therefore, combinatorial immunotherapy shows potential for increased 
efficacy of T cell restoration to improve outcomes in metastatic OS tumor patients and prevent 
tumor recurrence. 

Other studies on antitumor immune response examine the effect of dendritic cells and Anti-
Glucocorticoid-Induced Tumor Necrosis Factor Receptor (anti-GITR) antibodies in enhancing 
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adaptive immunity. Dendritic cells have the unique ability to 
potentiate primary and secondary immune responses and are used 
as a vaccine in multiple murine tumor models. Using pure dendritic 
cell therapy, Fang et al. treated Sprague Dawley rats with a dendritic 
cell-osteosarcoma fusion tumor vaccine and both the allograft and 
homograft groups displayed atrophy or disappearance of tumor [8]. 
Another antitumor factor, Glucocorticoid-Induced Tumor Necrosis 
Factor Related Protein, (GITR) is a co-stimulatory molecule of the 
TNF receptor family expressed on activated T cells, B cells, NK cells, 
myeloid cells and regulatory T cells. GITR increases proliferation, 
activation and cytokine production of CD4+ and CD8+ cells [9] 
and diminishes immunosuppressive activity of regulatory T cells 
[10]. Kawano, et al. investigated the synergistic effect of anti-GITR 
antibodies and lysate pulsed dendritic cells in C3H mice, and found 
reduced levels of immunosuppressive cytokines and regulatory 
T cells and increased levels of interferon IFN-γ and increased 
CD8+ T lymphocyte numbers [11]. Therefore, this combination 
immunotherapy increases systemic immune response, including 
immune response to tumor antigen. Although clinical trials for 
OS immunotherapy have not yet been executed, a recent RCT for 
immunotherapy in prostate cancer showed a promising relative 
reduction in death for refractory patients with metastatic disease 
(the IMPACT study) [12]. In summary, by upregulating and 
priming CD8+ and CD4+ T cells as well as downregulating T cell 
inhibitory pathways, researchers have demonstrated another model 
of immunotherapy to treat metastatic OS.

miRNA Expression in Osteosarcoma
Molecular targets for osteosarcoma play a critical role as they 

modulate cell cycle processes including: proliferation, metabolism 
and apoptosis. MicroRNAs (miRNAs) play a critical role in regulating 
these cell processes as they can act as oncogenes or tumor suppressors 
by altering gene function and products. These small non-coding 
regulatory RNA sequences range from 18-25 nucleotides and can bind 
to target mRNAs using the 3’-Untranslated Region (UTR) for post-
transcriptional gene regulation [13]. Current research into miRNAs 
has grown as multiple genes are targeted for potential therapeutic 
usage. Additionally, studies involving miRNAs may help understand 
the pathogenesis of osteosarcomas and serve as biomarkers for 
prognosis. Currently miRNA gene expression in osteosarcoma has 
revealed several distinct miRNA in OS tumors, see [14] for an in 
depth review of differential miRNA expression in osteosarcoma. 

Osteoblastogenesis is one relevant pathway in osteosarcoma 
and the RUNX2 gene encodes a master transcription factor for 
osteoblast differentiation. Dysregulation of RUNX2 has also been 
linked to osteosarcomas and Hey, et al. found an inverse correlation 
of expression between miR-23a and RUNX2 mRNA levels in 
osteosarcoma cells, indicating that miR-23a is a tumor suppressor 
in OS [15]. Zuo, et al. found that miR-103a also plays a role in the 
regulation of osteoblast differentiation by directly targeting the 3’-
UTR of RUNX2 mRNA to inhibit matrix mineralization and bone 
formation through mechanosensitive activation [16]. 

Another method by which miRNA regulates OS is through 
cellular proliferative pathways. For example, c-myc amplification in 
OS stimulates the MEK-ERK pathway and increases cell invasion, 
indicating poor prognosis [17]. MiRNAs identified by Liu et al. and 
Xu, et al., miR-135b [18] and miR-33b [19], respectively, have been 

discovered to directly repress c-MYC expression in osteosarcoma 
cells and inhibit cell proliferation, migration, and invasion. 

In another crucial signaling network, p53, the master tumor 
suppressor gene regulates the expression and maturation of miRNA 
in several types of cancer, including OS. Wang et al. studied relevant 
miRNAs, including miR-192 and miR-215 and found that low levels 
of these two miRNAs were associated with high p53 expression and 
poor prognosis [20]. Therefore, miR-192 and miR-215 may have 
significance as biomarkers for prognosis and drug response in OS.

PI3K/Akt is another important pathway for cell proliferation 
and has been studied in OS pathology. Phosphatase and Tensin 
Homolog (PTEN) is a tumor suppressor that negatively regulates 
the PI3K/Akt pathway and regulation of PTEN has been a focus of 
many OS researchers. PTEN is inhibited by miR-17 binding to the 
3’UTR and Gao, et al. induced downregulation of miR-17, thereby 
increasing PTEN mRNA in OS [21]. Therefore, miR-17 expression 
demonstrates its function as an oncogenic miRNA and its potential 
contribution to progression and metastasis of OS [22]. Additionally 
miR-93 is significantly up-regulated in OS and is negatively 
correlated with PTEN expression and suppressed miR-93 signaling 
leads to subsequent reduced tumor growth in vivo [23]. mTOR, 
another component of the PI3K/Akt pathway, has been found to 
have increased expression in cancer. In OS, Zhang, et al. found that 
direct repression of mTOR by miR-10 inhibited cell proliferation and 
apoptosis [24].

Although many miRNAs have been identified in the pathoetiology 
of OS, few studies have investigated delivery of miRNA applicable to 
gene silencing in OS cells. One study by Zhang, et al. loaded dextran 
nanoparticles with miR-199a-3p and the miRNA precursor, let-7a. 
Further examination with Western blotting and cell proliferation 
assay in vitro showed effective downregulation of target proteins, 
leading to successive inhibition of tumor cell growth and proliferation 
[25]. 

Long Non-Coding RNA Understanding in 
Osteosarcoma

Noncoding RNAs can be grouped into 2 classes, small noncoding 
RNAs (<200 bp) and long noncoding RNAs (>200bp). Long non-
coding RNAs (lncRNAs) no longer function as templates for protein 
synthesis; however, they have intrinsic RNA-mediated functions [26]. 
They are involved in cell proliferation, cell cycle progression, cell 
growth, apoptosis, and as chemotherapy and radiation resistance in 
diverse cancers. Furthermore, lncRNAs are able to regulate expression 
of genes on epigenetic, transcriptional and post-transcriptional levels 
[27]. Importantly, the biologic relevance of lncRNA has already been 
determined in several carcinomas, including breast, gastric, non-
small-cell lung and liver carcinoma [28-30]. 

MALAT-1 (Metastasis-Associated Lung Adenocarcinoma 
Transcript 1), an evolutionarily conserved long non-coding RNA, 
is expressed in many normal tissues and over expressed in multiple 
carcinomas [31]. MALAT-1 participates in cellular differentiation, 
development, promotion of tumor growth and metastasis by binding 
to tumor suppressor gene SFPQ and releasing a proto-oncogene, 
PTBP2, from the SFPQ/PTBP2 complex. Dong, et al. found MALAT-1 
to be a mediator of OS proliferation, migration and invasiveness, as 
knockdown of MALAT-1 significantly decreased growth of OS cell 
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lines and reduced expression of Matrix Metallopeptidase 9(MMP-
9), an important enzyme in cancer invasion [32]. Although the 
pathway in which MALAT-1 regulates proliferation and metastasis 
is still under investigation, knockdown of MALAT-1 reduced 
levels of phosphorylated PI3K and Akt, but detected no change in 
the products of the ERK/MAPK pathway, p-MEK1/2, p-ERK 1/2, 
and p-JNK. Therefore, MALAT-1 may regulate OS through the 
PI3K/Akt pathway. It is also known that 17β-Estradiol (E2), post-
transcriptionally regulates MALAT-1 [33]. Further analysis by Fang 
D, et al. found high E2 concentration downregulates MALAT-1 
through detachment of the SFPQ/PTBP2 complex and promotes 
apoptosis in OS cells [34].

LncRNA may also be relevant to OS resistance to chemotherapy. 
Zhang, et al. found ODRUL (Osteosarcoma Doxorubicin-Resistance 
Related Up-Regulated lncRNA) functions as a pro-doxorubicin-
resistant molecule by inducing the expression of multidrug resistance-
related-ATP-binding cassette, subfamily B member 1 (ABCB1) in OS 
cells. Inhibition of ODRUL inhibited OS cell proliferation, migration 
and partly reversed doxorubicin resistance in vitro [35]. Therefore, 
lncRNAs, such as ODRUL may provide a novel target for reversing 
drug resistance in OS as well as a biomarker to predict chemotherapy 
response and prognosis. Another potential OS lncRNA prognostic 
marker is the Highly Up-Regulated in Liver Cancer Gene (HULC), 
which is associated with hepatocellular carcinoma development 
and progression. In order to understand its potential role in OS, 
Sun, et al. analyzed HULC expression using Kaplan-Meier and Cox 
proportional regression. The study found HULC over-expression 
was correlated with a late clinical stage and distant metastasis and 
associated with shorter overall survival of OS patients [36].

Although lncRNAs have been associated with stem cell properties, 
there have been few studies looking into its function in cancer stem 
cells. Using bioinformatics analysis, Wang Y, et al. selected multiple 
lncRNA-mRNA pairs to investigate their role in cancer-associated 
stem cells. An lncRNA located at 2p21, Hypoxia-Inducible Factor-2α 
(HIF-2α) Promoter Upstream Transcript (HIF2PUT) was identified 
as a regulator of transcription factors, especially HIF-2α, a key 
transcription factor in stem cell pluripotency that maintains stem cell 
survival [37]. Overexpression of HIF2PUT inhibited cell proliferation 
as well as migration of CD133+ cells, a marker of cancer stem cells 
in OS, and increased HIF-2α mRNA expression; whereas loss of 
function of HIF2PUT concurrently decreased mRNA expression of 
HIF-2α [38]. Therefore, HIF2PUT may positively regulate HIF-2α 
expression and thereby its effects on cancer stem cells. Although this is 
new field, recent developments in lncRNA research may improve the 
understanding of the molecular pathway underlying the progression 
of OS. Importantly, lncRNA, may be another measure of prognostic 
and therapeutic relevance, particularly for metastatic disease. 

Growth Factors in Osteosarcoma
Recent advances in the understanding of signaling molecules 

involved in osteosarcomas may also reveal new prognostic criteria. 
Several recent insights have been made into growth factors in OS, 
including VEGF (Vascular Endothelial Growth Factor), HDGF 
(Hepatoma-Derived Growth factor), and NELL-1 (Neural Epidermal 
Growth Factor-Like protein 1), each discussed below.

VEGF plays an important role in tumor angiogenesis and its 
expression may be an important biomarker in OS. In low oxygen 

conditions as exhibited during early OS growth, VEGF may activate 
pathways that induce cell proliferation, produce angiogenic factors and 
promote endothelial cell growth. These changes prolong the survival 
of malignant cells and are critical to tumor growth [39]. Recently, 
VEGF gene polymorphisms also have been found to increase the risk 
of OS. Two independent studies have found the VEGF AA genotype 
to be at an increased risk of OS. Li-Lian, et al. found an increased 
risk of OS in both SNP -2578C/A VEGF AA and CA+AA genotypes 
OR 2.32 as compared to the CC genotype OR 1.68. Additionally SNP 
-460T/C phenotypes for VEGF CC and TC+CC genotypes showed an 
increased risk as compared to the TT genotype OR 2.15 and OR 1.60, 
respectively [40]. These findings were corroborated by Tie, et al. who 
also found that the SNP -2578C/A AA genotype was associated with 
increased risk of OS, in particular, in male patients, patients less than 
20 years old, and those with a shorter family history of cancer. The 
study also found that the SNP -634G/C GG genotype is correlated 
with increased risk of OS in female patients, patients less than 20 
years old, and those with a family history of cancer [41]. 

In a hypoxic microenvironment, VEGF is involved in multiple 
pathways including the Hypoxia-Inducible Factor-1 (HIF-1) 
pathway. The three known forms of Hypoxia-Inducible Factors 
(HIF-1, HIF-2 and HIF-3) are heterodimeric transcription factors, 
which regulate genes in response to low oxygen levels. HIF-1 is 
expressed in all tissues under hypoxia and is the best-studied isoform. 
Accumulated HIF-1 translocates to the nucleus and binds to hypoxia-
target genes including those involved in glucose metabolism (GLUT-
1), erythropoiesis (erthyropoeitin) and angiogenesis (VEGF) [42]. 
The significance of Hypoxia-Inducible Factor 1 (HIF-1) in OS is not 
well understood, but may be of importance in the clinical pathology 
of OS. In a recent study by Zhao, et al., expression of HIF-1 was high 
in 56.82% of OS samples and HIF-1 expression was significantly 
associated with metastasis and poorer overall survival. Additionally, 
HIF-1 was found to be a prognostic biomarker (P=0.019) that may 
promote OS invasion by inducing VEGF-A expression [43].

A less studied growth factor, Hepatoma-Derived Growth 
Factor (HDGF), is in a family of growth factors called HDGF-
Related Proteins (HRPs). These growth factors have a homologous 
N-terminal amino acid that is able to bind to the PWWP domain of 
DNA. HDGF has been found to be in numerous biological pathways 
including cellular growth, differentiation, regeneration, apoptosis 
and migration [44-46]. Its overexpression in multiple cancers and 
particularly its potential prognostic significance in Ewing’s sarcoma 
have led to studies on its significance in OS [47,48]. In OS, HDGF 
was detected by immunohistochemistry and high expression was 
associated with larger tumor size [49]. Human recombinant HDGF 
can activate the AKT/MAPK pathway resulting in OS proliferation; 
whereas HDGF knockdown through oligo-siRNA transfection results 
in decreased OS proliferation [49]. 

Lastly, the osteoinductive differentiation factor NELL-1 has 
recently been shown to have potential importance in OS biology [50].
The pro-osteogenic effects of NELL-1, in which binding to integrin 
α3β1leads to activation of canonical Wnt signaling and increased 
transcription of Runx2 are well studied [51]. Although its function 
in bone regeneration has been well elucidated [52], its effects on 
tumorigenesis are still unknown. Recently, Shen, et al. showed that 
OS cell lines overexpress NELL-1 in comparison to human BMSC 
(bone marrow mesenchymal stem cells) [50]. Likewise, primary 
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human OS tumors showed marked upregulations in NELL-1 protein 
expression in comparison to normal adult human bone tissue. Diverse 
expression patterns of NELL-1 were found between tumors and 
NELL-1immunoreactivity was not observed to correlate with osteoid 
production or markers of osteogenic differentiation [50]. Although 
the functional importance of NELL-1 in OS is still being understood, 
this study suggests that NELL-1 may have alternative bioactive effects 
in neoplastic OS cells. 

Osteosarcoma has been an important area of scientific 
investigation in the past few years and researchers continue to 
clarify and appreciate the multiple molecular mechanisms that are 
involved in OS development. With better understanding of the 
cellular pathways involved in OS, new developments in prognosis 
and treatment can be found with advancements in immune therapy, 
miRNA expression, long non-coding RNA, and novel growth factors 
in OS.
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