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1. Introduction

Glioblastoma multiforme (GBM) is the most common and aggressive primary brain tumor in 

adults. Over the last two decades many new multimodal therapeutic have been developed but 

the poor prognosis has remained largely unchanged. Recent research shows that 

immunosuppression plays a major role in GBM progression. While additional studies are 

needed to fully understand the immunosuppressive mechanisms that permit gliomas to evade 

immune surveillance, some key molecules have been identified that may hold therapeutic 

promise. We have investigated Fibrinogen-like Protein 2. The secreted form of this member 

of the fibrinogen family has unique immunosuppressive functions. Expression of FGL2 in 

the adult is primarily in T cells, endothelial and tumor cells. Its unique localization to these 

tissues gives it a prominent role in the microenvironment. In glioblastoma, it appears to 

facilitate immunosuppression which results in tumor progression.

2. Body

Recently, our laboratories have shown that gliomas that progress from low- to high-grade up 

regulate FGL2 expression. Additionally, RNA expression data from The Cancer Genome 

Atlas (TCGA) shows that low-grade gliomas (LGG) with high expression of FGL2 have 
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significantly poorer overall survival relative to those with lower expression of FGL2 [1]**. 

Analysis of samples from GBM patients showed that low levels of FGL2 expression with 

concurrent high granulocyte-macrophage colony-stimulating factor (GM-CSF) expression, a 

known activator of dendritic cells (DC), is associated with higher cytotoxic T cell infiltration 

(CD8B expression) and longer survival [2].

In a murine glioma model, we showed that FGL2 overexpression increased CD4+ forkhead 

box P3 (FoxP3) Regulatory T cell (Treg), suggesting that immunosuppression may be the 

mechanism in FGL2 tumor progression [1]**. Furthermore, macrophages from these tumors 

were found to be skewed toward the immunosuppressive M2 phenotype. Additional studies 

have shown that exposure of immature DCs to soluble FGL2 inhibited the expression of 

CD80 and MHC class II molecules and markedly inhibited NF-κB nuclear translocation, 

thus inhibiting DC maturation and antigen presentation capabilities. Soluble FGL2-treated 

DC had an impaired ability to stimulate allogeneic T cell proliferation [3]**. Suppression of 

DC and B cell function by soluble FGL2 is thought to be mediated via its binding to 

FcγRIIB [1,4]. Studies in which FGL2 has been knocked out in immunocompetent murine 

models can reverse the immune dysfunction in dendritic cells (DCs) and induce CD103+ DC 

differentiation in both the brain and in tumor-draining lymph nodes [2]. Collectively, this 

data suggests that FGL2 exerts its immunosuppressive role through multiple mechanisms of 

tumor-mediated immune suppression. These properties make FGL2 an intriguing molecule 

to study for its potential as a therapeutic target including as an immune modulatory agent.

Most therapeutic approaches for GBM have focused on various combinations of surgery, 

radiation, chemotherapy. Recently immune checkpoint inhibition has demonstrated efficacy 

for the treatment of brain metastases [5]. However, recent trials with immune checkpoint 

inhibitors have largely been met with disappointment in the treatment of GBM [6]. 

Programmed cell death protein 1 (PD-1) immune checkpoint inhibitors exemplify the failure 

of this strategy in general for the treatment of GBM. More specifically, a phase III clinical 

trial along with single institutional studies have shown limited responses when compared to 

current standards of care (CheckMate 143 Study [NCT02017717]) [7,8]. PD-1 is commonly 

found on the cell surface of T cells and restrains immunological reactivity. PD-1 checkpoint 

inhibitors aim to block this interaction through the use of antibodies that bind to PD-1 or its 

ligand PD-L1. These findings raise an obvious yet perplexing question: Why does 
immunotherapy, a treatment which has revolutionized cancer treatment in some peripheral 
tumors, fail to exhibit the same efficacy in GBM? One proposed hypothesis for this 

shortcoming has centered around the dogma that the central nervous system (CNS) is an 

immune privileged environment. In the recent past, conventional wisdom held that immune 

responses in the CNS were limited because of the blood-brain-barrier (BBB), low levels of 

immune cells, and the absence of a conventional lymphatic drainage system [9,10]. These 

views have largely been refuted with a growing body of evidence indicating that the CNS 

actively communicates with the immune system [10,11]. Thus, the problem of therapeutic 

immunomodulation in GBM is not one of therapeutic penetrance, but rather pathway 

redundancy. While PD-1 checkpoint inhibition is one such biological mechanism through 

which GBM suppresses the immune system, other such mechanisms exist and may 

predominate like FGL2.
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Unlike PD-1 and CTLA-4, which suppress T cell activation in response to inflammatory 

cues, FGL2 appears to target antigen presenting cells (APCs) primarily (Figure 1). Certain 

subtypes of APCs such as CD103+ DCs have been shown to play a crucial role in the 

priming CD8+ T cells via cross presentation of tumor cell-associated antigens [12]. 

Additionally, activated CD103+ DCs have been shown to play a vital role in the generation 

of memory CD8+ T-cells through the production of Th1-differentiating cytokines such as 

IL-12 [13]. Overexpression of FGL2 by glioma cells inhibits proper maturation of CD103+ 

cells and therefore attenuates the immune response in the tumor microenvironment [2]. 

FGL2 has also been shown to play a crucial role in the modulation of myeloid derived 

suppressor cells (MDSCs), which are known to be present in the glioma microenvironment 

and also play critical roles in immunosuppression through their inhibition of T cell 

proliferation [14]. Additionally, gliomas have been shown to skew macrophages and other 

APCs in the tumor microenvironment from the inflammatory (M1) or nascent (M0) 

phenotype towards the immunosuppressive (M2) phenotype.12 Overexpression of FGL2 has 

been shown to skew macrophages towards the M2 phenotype in a mouse glioma model, 

ultimately leading to diminished T cell priming capabilities.1,2 Our results, in genetically 

engineered murine glioma model, show that mice treated with anti-FGL2 antibody have 

reduced levels of CD39(+) Tregs, M2 macrophages, PD-1, and MDSCs.1 Similar effects 

were achieved through the ablation of the FGL2 receptor FCyRIIB in FCyRIIB −/− mice 

[15]**. FGL2 blockade with targeting resulted in 100% cures in preclinical murine models 

of glioblastoma [1]. These studies suggest that the mechanism behind FGL2 mediated 

immunosuppression may lie both upstream and downstream of PD-1 or CTLA-4 dependent 

pathways and provides additional insight into why PD-1 checkpoint inhibitors may not have 

been as efficacious as anticipated. Antigen presentation to T cells via APCs such as CD103+ 

DCs is a necessary step in T cell activation. FGL2 attenuates the APC maturation potentially 

mitigating this function. The development of FGL2 inhibitors may play a crucial role in 

therapeutic targeting of glioma-mediated immunosuppression. Its use in conjunction with 

checkpoint inhibitors may help to reverse immunosuppression within the tumor 

microenvironment.

Emerging evidence suggests that glioma-mediated immunosuppression may play a central 

role in GBM malignancy, allowing tumors to evade immune surveillance. This profound 

immunosuppression is unique to GBM and has been a key factor in the failure of immune 

checkpoint inhibition for the treatment of this cancer. As we have learned repeatedly in the 

treatment of GBM, targeting a single pathway or molecule is insufficient to significantly 

inhibit tumor growth and progression. Inhibiting multiple immunosuppressive pathways or 

those that are key nodes for many immune suppressive mechanisms such as FGL2 may 

provide sufficient immunomodulation to achieve a better therapeutic effect. Preliminary 

results of FGL2 inhibition in murine models have been promising. While it remains to be 

seen if anti-FGL2 therapies succumb to the same fate as their predecessors the dual ability of 

FGL2 inhibition to enhance the function of cell mediated and innate immunity provides a 

promising opportunity that should be explored.
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3. Expert Opinion

Glioblastoma has remained incurable with survival rates that have remained largely 

unchanged for decades. Immunotherapy has revolutionized cancer care even for patients 

with disease metastatic to the brain, however, these remarkable results have not been 

observed in glioblastoma. This may be due to the immunosuppressive tumor 

microenvironment of glioblastoma which is hostile to various forms of immunotherapy. We 

have investigated a facilitator of this immunosuppression, Fibrinogen-like protein 2 (FGL2). 

FGL2 draws Tregs and M2-polarized macrophages into the microenvironment. We have 

been able to target FGL2 expression in vivo to reverse immunosuppression and improve 

survival in genetically engineered mouse models of glioma. This strategy of targeting the 

stroma to inhibit immunosuppression may be the key to unlocking the benefits of 

immunotherapy, such as checkpoint inhibition, for the treatment of glioblastoma.
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Figure 1: 
Schematic of FGL2 function. FGL2 activates the FcγRIIB on antigen presenting cells 

(APC) which can override PD1 (programmed cell death) blockade, resulting in T-cell 

inactivation. FcγRIIB blockade will subsequently result in T-cell activation in conjunction 

with anti-PD1 antibody therapy.
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