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Relevance of glioblastoma stem cells (GSCs)

Glioblastoma (GBM) is the most frequent, malignant and 
lethal brain tumor in adults, with an associated 5-year 
survival of 5% and a median survival of 15 months (1). 
Current standard treatment includes surgery followed 
by radiotherapy and chemotherapy with temozolomide 
(TMZ). However, despite the initial tumor regression, 
therapy resistance frequently occurs leading to tumor 
recurrence and death. The presence of a subpopulation of 
undifferentiated cancer cells, called GSCs, is one of the 
most critical circumstances promoting the failure of the 
therapies in GBM. GSCs are quiescent cells that exhibit 
the stem cell properties of unlimited self-renewal and 
multilineage differentiation potential, and also resistance 
to therapies, characteristics that make them responsible for 
tumor formation and maintenance, as well as recurrence 
after therapy (2). Since conventional therapies are directed 
against proliferative cells, do not target quiescent cells 
as GSCs. Therefore, the identification of specific GSC 
biomarkers and regulators for their use as molecular 
targets is a prominent need that has become a priority for 
therapeutic development. 

Integrin α7 functions and implications in cancer 

Integrin α7 (ITGA7) belongs to the integrin family of 
adhesion molecules, which participates in relevant cell-cell 
and cell-extracellular matrix interactions in a broad range of 
cellular processes. Integrins are heterodimers consisting of 
an alpha and a beta subunit. Both subunits are single-pass 

type I membrane proteins with a large extracellular domain 
that interacts with extracellular matrix proteins and a 
short cytoplasmic domain that interacts with cytoskeletal 
components. The alpha-7 subunit is expressed mainly in 
skeletal and cardiac muscle and together with integrin 
beta 1 (ITGB1) conforms a specific cellular receptor for 
laminins in the basement membrane (3). ITGA7/ITGB1 is 
involved in the maintenance of the myofibers organization 
and functionality. The heterodimer also links Schwann 
cells to laminin and is essential for peripheral nerve 
development and function (4). In vascular smooth muscle 
cells (VSMCs) ITGA7/ITGB1 sustains the differentiated 
contractile phenotype (5). Regarding the implications 
of ITGA7 in cancer, it acts as a tumor suppressor in 
melanoma (6), prostate cancer (7,8), leiomyosarcoma (8) 
and mesothelioma (9). In contrast, ITGA7 is associated 
with adverse clinicopathological features in oesophageal 
squamous cell carcinomas, wherein it is involved in the 
regulation of the subpopulation of cancer stem cells  
(CSCs) (10). Until now, the participation of ITGA7 in the 
activity of GSCs and in glioblastoma was unknown. 

In an elegant study Haas and collaborators have 
identified ITGA7 as a specific marker of GSCs and have 
described in detail its role in this relevant subpopulation 
of cells (11). Their research, published in Cell Stem Cell, 
followed an unbiased and unsupervised approach with the 
purpose of identifying specific surface markers of GSCs. In 
order to reach this aim, the authors generated a hybridoma 
library using as immunogen a previously characterized 
culture of neurospheres derived from a human GBM 
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(GSC1) (12). Through a high-throughput screening 
based in flow cytometry, they analyzed the ability of the 
monoclonal antibodies (mAbs) generated to bind GSC1, 
and also the corresponding isogenic differentiated cells and 
non-tumoral cells [peripheral blood leucocytes (PBLs)]. 
They selected those antibodies that presented no affinity 
for PBLs and a binding ratio of 1.8-fold for GSCs respect 
to the correspondent differentiated cells. After validating 
the binding properties of the selected antibodies in 
additional independent primary GSC cultures, the authors 
selected those able to bind GSCs also in monolayer culture 
conditions. After certifying that these antibodies did not 
bind to different commercial brain tumor cell lines, they 
focused on the antibody exhibiting the most robust binding 
properties in a panel of different primary GBM lines, the 
mAb named 1.4A12 (Figure 1) (11). Then, the authors 
validated the binding of 1.4A12 to GSCs and human GBM 
samples by immunofluorescence analysis, noticing a low 
binding to differentiated GSCs and an enrichment in the 
perivascular areas of GBMs. After that, the phenotype 
of GBM cells exhibiting high or low 1.4A12 binding 
was compared. For that, they used tumor cells freshly 
dissociated from xenograft tumors generated with primary 
spheroid GBM cultures established from GBM patients. 
They performed fluorescence activated cell sorting (FACS) 
based on the binding of 1.4A12 and found that, in vitro, cells 
exhibiting high 1.4A12 binding were more proliferative, 
contained a higher number of clonogenic cells and 
exhibited an enhanced sphere formation capacity respect 
to cells presenting low binding. This aggressive phenotype 
was accompanied by high expression of genes involved 
in proliferation and CSC biology, and low expression of 
genes driving neuronal differentiation. Accordingly, high 
1.4A12 binding cells were more tumorigenic when they 
were orthotopically implanted in mice and formed tumors 
that grew faster, reducing significantly the survival of 
mice respect to mice developing tumors from low 1.4A12 
binding cells (Figure 1) (11). Thereby, through experiments 
of immunoprecipitation using 1.4A12 in biotinylated GSC1 
cells, followed by mass spectrometry procedures, they 
deciphered that the selected antibody recognized ITGA7 
and/or its partner ITGB1. Finally, through transduction 
and knockdown approaches in cell lines, followed by the 
evaluation of the 1.4A12 binding, the authors concluded 
that the direct antigen of 1.4A12 was ITGA7 (11), a marker 
never before analyzed in GSCs. 

To unravel more deeply the oncogenic function of 
ITGA7, the authors performed several functional studies 

and analyzed different available clinical datasets (Figure 1). 
Thus, through reverse-phase protein arrays (RPPA) in GSCs 
derived from patients and submitted to ITGA7 silencing by 
shRNA, they found consistent changes affecting cell cycle-
regulating proteins, the oncogenic transcription factor 
FoxM1, as well as the phosphorylation status of p38 MAPK 
and members of the PI3K/AKT pathway. The effect on p38 
and AKT was confirmed by Western blot and reproduced, 
albeit modestly, in response to the anti-ITGA7 antibody. 
Reduced levels of FoxM1 with ITGA7 knockdown were also 
confirmed and diminished phosphorylation of its regulator 
FOXO3a was reported. Consistently, the expression of 
FoxM1 target genes was reduced in ITGA7-silenced GSCs. 
The study of cycle-regulating proteins such us p27, Skp2 or 
cyclin B by Western blot in ITGA7-silenced cells revealed 
a molecular context against the entry into the S phase of 
the cell cycle, effect that was parallelled by a cellular arrest 
in G0/1 phase in cell cycle analysis. Moreover, the authors 
found that ITGB1 silencing provoked the same effect on 
the analyzed cell cycle-regulating proteins, attributing the 
observed phenotype to the ITGA7/β1 dimer (11). They 
showed that ITG7 and also ITGB1 silencing reduced the 
proliferation and the clonogenic survival of GSC cells. 
Furthermore, pharmacological inhibition of AKT, but 
not p38, reproduced the growth impairment, showing the 
relevance of AKT in the ITGA7-mediated proliferation. 
Interestingly, ITGA7 silencing reduced the tumorigenicity 
of GSCs in heterotopic and orthotopic xenografts, having a 
significant impact in tumor growth and mice survival (11).  
Since the ITGA7/β1 dimer is involved in muscle cell 
motility (13), Haas and collaborators analyzed this 
aspect and revealed that ITG7A silencing decreased the 
spreading of the GSCs into matrigel and their invasion 
in laminin, being the effect on invasion reproduced by 
ITGB1 knockdown. ITGA7 knockdown abolished the 
phosphorylation of Src and FAK kinases induced by 
laminin, suggesting that ITG7A is critical in the signaling 
initiated by components of the extracellular matrix. The 
authors also showed that the pharmacological inhibition 
of p38, but not AKT, reduced the invasive capacity of 
GSCs, suggesting that the phenotype may rely on the 
effect on p38. However, they proved that 1.4A12 was 
able to inhibit the spreading of GSCs into matrigel and 
their invasion in laminin without affecting phospho-p38 
levels and having a marked impact on laminin-induced Src 
and FAK phosphorylation (11). Then, the authors went 
a step forward to assess the clinical relevance of ITGA7 
(Figure 1). Thus, after certifying the positive correlation 
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between ITGA7 protein and mRNA expression levels in 
different GSCs and conventional cell lines, they analyzed 
the Repository of Molecular Brain Neoplasia Data 
(REMBRADT) datasets (14) and the microarray data 
obtained in an independent study with glioma patients 
(GEO accession number GSE4290) (15), and found ITGA7 
overexpression in human glioma samples in a progressively 
increasing manner from grade II to grade IV. Using 
REMBRADT and TCGA datasets they also determined 
an association of ITGA7 high expression with lower 

overall survival in low-grade gliomas and also in GBM, 
this finding being extrapolated to three other independent 
cohorts of GBM patients. TCGA data revealed the lowest 
ITGA7 expression for the proneural subtype of GBMs, 
wherein ITGA7 expression was heterogenous and a robust 
prognostic marker (11). Furthermore, underlining the 
potential of ITG7A as a molecular target, they determined 
by flow cytometry that the expression of this marker was 
much lower in the surface of human neural progenitor cells 
(NHNPs) respect to GSC lines. Haas and collaborators 
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Figure 1 Methodological strategy used to identify ITGA7 as a novel functional marker of GSCs associated with poor prognosis of GBM 
patients. GSCs, glioblastoma stem cells; GBM, glioblastoma.
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determined that other α integrins partners of ITGB1 
such as ITGA3 or ITGA6 were present in the surface of 
GSCs, yet their expression was less abundant and their 
prognostic value in patients was weaker. Considering all 
the implications of ITG7A in the biology of the GSCs and 
its clinical relevance, the authors evaluated the capabilities 
of the antibody generated in their study (Figure 1).  
Thus, through in vitro experiments with cell lines they 
showed that 1.4A12 not only marked ITGA7+ cells, but also 
interfered the binding of ITGA7 to laminin. In vivo, anti-
ITGA7 treatment suppressed tumor growth in subcutaneous 
xenografts and its effect on FAK and AKT activation was 
confirmed in formed tumors. Furthermore, having shown 
the ability of the antibody to reduce the invasion of GSCs 
in vitro, the authors demonstrated its effectiveness also in 
intracranial xenografts, showing very limited brain invasion 
in anti-ITGA7-treated mice respect to control mice, which 
reached larger tumor volumes, exhibited a significant 
shorter survival and presented a higher number of tumor 
cells infiltrating diverse brain regions (11). 

In summary, the work of Haas and collaborators brings 
valuable new information in the field of GBM treatment, 
for the targeting of GSCs in particular. Spheres derived 
from GBM samples represent valid models to study GSC 
markers, yet their analysis commonly has followed supervised 
approaches and has not been systematic, providing conflicting 
results (16). So far, no studies had displayed a hybridoma 
screening method for the search of surface markers in GSCs. 
In this way, the authors have identified ITGA7 as a novel 
functional marker of GSCs involved in their proliferation 
and invasion through the activation of FAK, AKT and Src. 
Furthermore, while the clinical relevance of other putative 
GSC markers is null or not robustly demonstrated, Haas et 
al. have determined that high ITGA7 expression in GBM is 
associated with reduced survival in five independent cohorts 
of GBM patients. From a translational point of view, it is 
remarkable that ITGA7 expression is much lower in normal 
human neural progenitor cells respect to GSCs, fact that 
raises the possibility of a specific GSC targeting. The study 
also demonstrates the effectiveness of the antibody-based 
ITGA7 neutralization in vitro and in vivo, so it provides 
evidence that could be sufficient to foster the implementation 
of therapeutic strategies aimed at ITGA7 targeting in GBM.
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