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Glioblastomas, or glioblastoma multiforme tumors (GBM), 
are aggressive high-grade malignant gliomas. They are 
the most frequent brain tumors in adults, corresponding 
to 12% to 15% of all intracranial tumors and 50% to 60% 
of astrocytic tumors (1). GBM are heterogeneous tumors 
caused by mutations in epidermal growth factor receptor 
(EGFR), isocitrate dehydrogenase (IDH) and platelet 
derived growth factor receptor alpha (PDGFRA) genes (1). 
Recent reports support the notion that GBM growth is 
mediated by stem cells [GBM stem cells (GSCs)] (2-4) that 
express neural stem cell markers (2) and can differentiate 
into pericytes and endothelial cells to support tumor 
vascularization (3,4). Different markers have been described 
for specific GSC sub-populations (2-4), but no common 
stem cell marker has been defined yet. Identification of 
GSC stem cell markers is critical for the development of 
new therapeutic targets for GBM.

In order to define specific GSC markers, Haas et al.  
[2017] generated a hybridoma library of antibodies 
that strongly react to primary GSCs (5). The authors 
identified one clone, 1.4A12, which robustly binds to 
different primary GBM lines and identified its ligand to be 
integrin α7. The monoclonal antibody 1.4A12 binds and 
blocks integrin α7 signaling in the presence of laminin. 
Integrins are heterodimeric cell surface proteins composed 
of α and β subunits that act as mechanosensors and 
mechanotransducers of the extracellular environment (6).  
Integrin α7β1 heterodimer is a major laminin receptor in 

skeletal and cardiac muscle (7) and mutations affecting 
ITGA7 result in congenital myopathy (8). In cancer, 
several studies underpin the role of integrin α7 as a tumor 
suppressor in GBM and other types of tumors (9-11). 
Haas et al. [2017] demonstrate that integrin α7 is enriched 
in undifferentiated GSCs in the perivascular regions 
and downregulated in cells expressing typical neuronal 
differentiation markers. In vivo orthotopic implantations 
of xenograft-derived cells revealed that high integrin  
α7-cells are more proliferative and invasive, suggesting that 
these undifferentiated GSCs constitute a group of highly 
aggressive cancer cells. This hypothesis is supported by Jiang 
et al. [2017] studies, where the authors demonstrated that 
glioma malignancy is dependent on the cell of origin (12).  
Jiang et al. [2017] showed that undifferentiated cell-
derived tumors become more invasive and aggressive 
when compared to more differentiated, nestin- and 
glial fibrillary acidic protein (GFAP)-positive cell-
derived tumors. To describe the mechanism underlying 
integrin α7 function in GSCs, Haas et  al .  [2017] 
provided evidence that GSC proliferation is mediated by 
downstream integrin mediator Akt, whereas invasiveness 
is regulated by FAK and Src (Figure 1). Akt is a well-
known regulator of cell proliferation and is involved 
in  cel l -cycle  progress ion by inducing G1/S (13)  
and G2/M cell cycle transitions (14) and its proposed role 
on GSC proliferation is consistent with a recent report 
demonstrating that Akt activation induces glioma cell 
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proliferation and invasion (15). FAK and Src are downstream 
components of the protein complex that couples the 
integrin β-cytoplasmic tail to the actin cytoskeleton 
that act as primary regulators of cell motility (16).  
Together, the knowledge of the signaling properties of 
integrin α7 effectors FAK, Src, and Akt supports the 
involvement of integrin α7 in the basic cellular processes 
driving GCS mediated GBM progression.

To test the potential for integrin α7 as a therapeutic 
target for GBM, Haas et al. [2017] performed intracranial 
brain xenografts of intermediate or high integrin α7 
expressing GSCs and then treated the mice with the 1.4A12 
antibody. Antibody treatment impaired tumor growth, 
invasiveness and reduced the number of proliferating cells 
with active FAK and Akt, extending the survival of the mice. 
These results suggest that the high malignant profile of 
GSCs is regulated by integrin α7 and therapeutics targeting 
integrin α7 might generate successful treatments for GBM 
patients. Remarkably, the treatment success was based on a 
local therapy in contrast to most cancer therapies, which are 
based on systemic approaches that target several tissues and 
display many side effects.

Haas et al. [2017] provide strong in vitro and in vivo 
evidence that integrin α7 acts as a tumor adjuvant in 
GBM malignancy by promoting GSC proliferation and 
migration. A similar role for integrin α7 has been described 
in oesophageal squamous carcinoma stem cells as a high 
incidence of integrin α7-positive cells in oesophageal 

squamous cell carcinoma tissues result in increased 
lymph node metastasis and worse patient prognosis (17). 
Interestingly, the role of integrin α7 in proliferation and 
migration has been described in other cell types including 
muscle cells. Integrin α7 is highly enriched in muscle 
stem cells, commonly known as satellite cells, which drive 
muscle regeneration (7,18). Integrin α7 is defined as a 
universal marker for satellite cells as reviewed in (19) and 
its expression is critical for the stem-like cell behavior and 
binding to laminin in the basement membrane as reviewed 
in (18). Integrin α7 is highly expressed throughout myoblast 
differentiation into myofibers and plays a key role in 
myofiber survival (7,20). The role of integrin α7 in satellite 
cell proliferation and migration appears to be shared 
between satellite cells and GSC. Strikingly, integrin α7 
function in stem cells contrasts with its role in differentiated 
muscle and GBM cells as integrin α7 is critical for myofiber 
survival, but downregulated in GBM cells (Figure 2). In 
certain types of cancer such as melanoma, prostate cancer, 
and mesothelioma, integrin α7β1 is suggested to act as a 
tumor suppressor (9-11). Ren et al. [2007] isolated high 
and a low integrin α7-expressing cell lines from GBM, 
melanoma and prostate cancer and demonstrated that high 
integrin α7 expressing-cells show less invasiveness compared 
to low-integrin α7 expressing-cells. In the case of melanoma 
and prostate cancer, malignancy was abolished by forced 
expression of ITGA7 in the low-integrin α7 expressing  
cells (9). These opposing results may be explained by 

Figure 1 Integrin α7 signaling in glioblastoma cells. Model of integrin α7 signaling pathway associated with glioblastoma stem cell 
proliferation and invasion. Glioblastoma stem cells express higher levels of integrin α7 as well as phosphorylated Akt, FAK, and Src 
compared to differentiating glioblastoma cells, resulting in militant tumorigenic properties.
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differences in the cells driving each type of cancer. Recent 
reports show that stem cell derived-gliomas display higher 
malignancy when compared to differentiating-cell derived 
tumors (12,21). Other studies show that prostate cancer 
growth can be mediated by luminal or basal differentiating-
cells as reviewed in (22), while melanomas can be 
derived from both stem cell precursors or differentiating 
melanocytes depending on microenvironment (23,24). One 
possibility is that high-grade tumors are always derived 
from stem cell-like cells that express high levels of integrin 
α7 and influence the proliferative and invasive profile of 
these cells, whereas differentiated cell-derived tumors no 
longer express such high levels of integrin α7.

Tu m o r  m a l i g n a n c y  i s  a l s o  r e g u l a t e d  b y  t h e 
microenvironment in which the tumor’s cell of origin is in 
contact with. Integrins are known to be primary transducers 

of microenvironmental cues (6), and therefore they are 
strong candidates to mediate the context dependent 
behavior of different tumorigenic cells of origin. Haas et al. 
[2017] analysis of glioma patient databases showed that the 
majority of GBM patients expressed high levels of integrin 
α3, integrin α6, and integrin α7. However, the co-expression 
of integrin α7 with integrin α3 and α6-integrins did not 
translate into a dramatically worse outcome when compared 
with patients only expressing high levels of integrin α7. 
This suggests that even though integrin α6 might play an 
important role in maintaining GSC identity (25), integrin 
α7 expression is strongly associated with tumor malignancy 
and its expression levels seem to be sufficient to determine 
the glioma patient prognosis. It is conceivable that the 
presence of different integrin combinations or stoichiometry 
in the cell surface might provide tissue type environmental 

Figure 2 Integrin α7 expression in various stem cells. Integrin α7 expression levels are shared at stem-like stages and diverge as cells drive 
more toward differentiation. (A) Glioblastoma stem cells express high levels of integrin α7 followed by down regulation as they progress 
toward malignancy; (B) proposed (dotted line) expression level of Integrin α7 in melanoma luminal or basal cells during differentiation; (C) 
muscle cells maintain elevated levels of integrin α7 from stem cells to myofibers.
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cues that affect cell malignancy. Further studies are needed 
to elucidate the mechanism underlying the combined 
function of integrins during glioma malignancy and how 
integrin repertoires might influence tumor development.

One alternative non-exclusive hypothesis is that tumor 
malignancy is dependent on the integrin α7 isoform 
diversity. Alternative RNA splicing can generate isoforms 
α7A, α7B, and α7C with variations in the cytoplasmic 
domain, and isoforms α7X1 and α7X2 with distinct 
extracellular domains (7). These different isoforms display 
differing ligand specificities and therefore, differing distinct 
signaling outputs (7) which might affect tumorigenic cell 
behavior. Future studies should design experimental setups 
considering the integrin isoform diversity.

Haas et al. [2017] highlight a surprising function of 
integrin α7 in GBM malignancy. Together with previous 
papers, this study illustrates diverse context dependent-
functions for integrin α7 in cancer. In addition, the authors 
provide a successful local therapy based on antibody 
injection into the brain that sets a solid framework for 
future cancer therapies. This advancement opens a new 
avenue for future studies on the nature of integrin α7-
positive stem cell-derived tumors as targets therapeutic 
development.
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