


tissue, including the associated non-tumoral cells. Tyrosine
kinases are a large family of antitumoral targets with a specific
tissue distribution and involved in key pathogenic processes.
Their constitutive activation not only determines the self-suffi-
ciency in growth, but also the prevalent tumor phenotype and the
tumor ability to modify the associated microenvironment. Mem-
bers of SRC family are often overactivated in glioblastoma. This is
not surprising because in glioblastoma the high frequency of
EGFR amplification and mutation leads to an overactivation of
downstream signaling intermediates, including SRC (14). SRC
activation determines increased migration ability and desensiti-
zation to radiation therapy. In our study, we confirmed that SRC
inhibition increased radiosensitivity in glioblastoma cells, and
this effect was evident in vitro in U-87 cells that basally expressed
high levels of PDGFR. Only in U-87 cells, we observed an
upregulation of the double-strand break marker gH2AX and a

significant reduction in clonal growth in association with radio-
therapy. Interestingly, it was demonstrated that PDGF overexpres-
sion in brain tissue determines the activation of an aggressive
phenotype mainly in association with SRC (15). In addition,
imatinib, an inhibitor of PDGF has demonstrated radiosensitiz-
ing activity (16). Our data suggested that concomitant overactiva-
tion of SRC and PDGFR in the same tumor phenotype could
contribute to glioblastoma progression after radiotherapy treat-
ment. Molecular interaction between SRC and PDGFR might
occur at different levels. PDGFR binds SRC homology 2 (SH2)
domain-containing proteins, including SRC, FYN, andYES, allow-
ing the activation of signal-transductionmitogenic pathway (17).
However, SRC phenotype was associated with a continuous
release of growth factors by autocrine mechanism (18). The
cooperation between SRC andPDGF in determining an aggressive
phenotype involves also the regulation of cell migration. In fact,
PDGF stimulation of integrin-mediated motility is dependent on
activation of SRC family members (19). However, our data
indicated that Si306 was able to inhibit glioblastoma cell migra-
tion in a manner that was independent from the expression of
PDGFR. In fact, also U-251 cells that expressed low levels of
PDGFR, were effectively inhibited in their motility by Si306. In
agreement, SRC-family inhibitor PP2 resulted similarly effective
in modulating EGF-induced glioblastoma migration.

The PDGF secreted by cancer cells has a dual role: directly
sustains cancer cell survival and migration, but also determines

Figure 4.

Histologic pattern of U-87 glioblastoma
tumors grown in vivo. On the left,
images of subcutaneous (A) or
orthotopic (B) xenograft sections
stained with Masson's trichrome
solution. The staining shows blue
collagen, light red or pink cytoplasm,
and dark brown cell nuclei. On the right,
images of subcutaneous (A) or
orthotopic (B) xenograft sections
immunostained for a-SMA and
visualized by brown DAB staining. CTR,
vehicle-treated control group; RT, 4 Gy
radiotherapy-treated group; Si306,
samples from 50 mg/kg Si306-treated
mice.

Table 2. TGFb concentration (pg/mL) in conditioned medium from U-87 cells

CTR Si306 P
21% O2 251.7 � 1.2 186.7 � 5.0 <0.001
1% O2 522.0 � 8.0 470.7 � 7.2 <0.001
NOTE: Conditioned mediumwas recovered from U-87 cells treated with vehicle
(CTR) or with 1 mmol/L Si306 after 48 hours of culture, and evaluated for the
presence of TGFb. The experiment was performed also in hypoxic condition (1%
O2). Mean value and SD of TGFbwas calculated from two different experiments
and from triplicates for each experiment

SRC Inhibition in Glioblastoma

www.aacrjournals.org Mol Cancer Ther; 15(7) July 2016 OF7

Research. 
on November 17, 2018. © 2016 American Association for Cancermct.aacrjournals.org Downloaded from 

Published OnlineFirst May 11, 2016; DOI: 10.1158/1535-7163.MCT-15-1011 



the phenotype of associated non-transformed cells. Tumor-
induced angiogenesis is the best known way in which the tumor
modifies normal surrounding tissues gaining an advantage for its
progression. Glioblastoma tumors are characterized by an abun-
dant new vasculature induced by cancer cells. The expression of
b-PDGFR in the endothelial cells of hyperplastic capillaries of
malignant glioma indicates the presence of PDGF paracrine loop
in the angiogenesis process (20). In the last decade, several
evidence have strengthened the hypothesis that angiogenesis
represents only one aspect of a wider ability of tumor cells to
modify in an active manner the microenvironment, inducing
differentiation and/or adaptation of associated cells. Recently,
diploid cells with phenotypic and functional properties in com-
mon with CAFs and that express a-SMA and b-PDGFR have been
isolated in the periphery of glioblastoma. Significantly, the sub-
cutaneous injection of stromal cells, together with U-87 cells, into
immunodeficient mice resulted in the induction of tumors larger
than those produced by U-87 cells alone (12). We have extended
these observations demonstrating newproperties of glioblastoma
cells. First, the capacity to recall and transform normal cells is a

phenotypic property of U-87 cells, which is conserved both in vitro
and in vivo. The presence of associatedfibroblasts is a characteristic
of fast growing tumors in vivo and it might be a component of
radiotherapy resistance. The use of Si306, counteracting the
differentiation of associated fibroblasts, resulted in a significant
reduction of tumor growth. Si306was able to reduce the autocrine
activation of glioblastoma cells, as demonstrated by the direct
antiproliferative effect observed in vitro. However, the increased
therapeutic potential expressed in vivo and the role on fibroblasts
differentiation in vitro, makes plausible that in vivo efficacy of
Si306 was the result of a synergic action on cancer and cancer-
associated cells.

The origin of tumor-associated fibroblasts in brain is not clear.
We demonstrated that conditioned medium from U-87 was able
to induce myofibroblastic differentiation in mouse embryonic
fibroblasts. Also, in tumor xenograft it seems reasonable to
assume that the infiltrating cells were fibroblasts recalled from
neighbor tissues, although we cannot exclude other hypotheses,
including the recall of mesenchymal stem cells (MSC). Recent
evidence highlights the importance of tropism of MSCs for
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Figure 5.

In vitro effects of U-87 glioblastoma cells on NIH/3T3 fibroblasts. A, real-time proliferation pattern of NIH/3T3 cells treated with vehicle (CTR), 10 ng/mL TGFb, 30%
conditionedmedium fromU-87 cells (U-87CM), 10 ng/mL TGFb plus 0.1 mmol/L Si306, or 30% conditionedmedium fromU-87 cells plus 0.1mmol/L Si306. The vertical
line indicates the start of the treatments and the point of normalization of Cell Index values. The average� SD Cell Index recorded each hour from triplicate is shown.
B, real-time proliferation pattern of NIH/3T3 cells treated with vehicle (CTR), 30% conditioned medium from U-87 cells (U-87CM-n), 30% conditioned medium
from U-87 cells cultured in hypoxia (U-87CM-h), U-87CM-n plus 0.1 mmol/L Si306, or U-87CM-h plus 0.1 mmol/L Si306. The average � SD Cell Index from triplicate
normalized 30 minutes after treatment is shown. The right histogram shows the doubling time in hours calculated by mean Cell Index in the interval 20 to
40 hours. � , P < 0.01 according Student t test between experimental points indicated by top line.
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glioblastoma. In addition, it was demonstrated that conditioned
medium from U-87 cells can induce the transformation of MSCs
to a CAF phenotype (21). In our study we usedmouse embryonic
fibroblasts NIH/3T3 that represent a normal cell model highly
responsive to U-87 cells. In fact, NIH/3T3 cells were greatly
affected by TGFb regarding their proliferative rate and phenotype.
The greatest effect on fibroblasts was obtained when these cells
were treated with conditioned medium from U-87 stimulated
by hypoxia to secrete more TGFb. Hypoxia is a common feature
of glioblastoma as suggested by frequent presence of central
necrotic areas in patients and in vivo models. Thus, hypoxia
through the release of TGFb by cancer cells contributes to deter-
mine a response that mimics wound healing, driving the differ-
entiation of myofibroblasts.

The ability of TGFb to induce myofibroblasts differentiation,
together with its profibrotic role is well documented. Our data,
obtained by screening for kinase activity, do not support a direct
role of Si306 in blocking the signaling downstream of TGFb (data
not shown). Thus, we propose a mechanism in which the acti-
vation of SRC and/or PDGFR is required to accomplish the
myofibroblastic differentiation. In rodent model of fibrosis, it is
well known that pharmacologic inhibition of SRC was associated
with suppression of myofibroblast phenotype. A possible mech-
anism involves SRC-induced activation of FAK, which is required
for TGFb induced a-SMA expression and myofibroblast differen-
tiation (22). In myofibroblasts, the reorganization of filament
network with the incorporation of a-SMA is regulated by the
formation of large focal adhesions that requires the activation of
FAK. In addition, SRC plays a key role also in the epithelial-to-
mesenchymal transition. In our previous work, we demonstrated
that SRC inhibition is important in the regulation of cell migra-
tion andof FAK expression in cancer cells. Importantly, we proved
that FAK disturbance by SRC inhibitor was important in reducing
tumor-associated angiogenesis by targeting endothelial cells in
the tumor (23).

Although the very promising preclinical data, the clinical trials
with the SRC inhibitor dasatinib in glioblastoma were frequently

disappointing. The reasons that may account for this failure are
unknown, but probably reside in two major categories: inade-
quate pharmacologic characteristics of the drug and non-appro-
priate patient selection. In the first case, we can cite the low
delivery to the brain and the drug resistance, in the second,
signaling pathway redundancy and cancer heterogeneity (24).
The pharmacokinetic data demonstrated that Si306 was able to
reach the brain, overcoming the hurdle represented by the blood–
brain barrier. The significant concentration identified 24 hours
after administration proved the favorable pharmacokinetic prop-
erties of our drug candidate, a crucial feature to further consider
this drug as a possible candidate to treat glioblastoma (25).
Orthotopic growth of U-87 cells was effectively inhibited by
Si306, doubling, in some cases, the survival time of treated mice
with respect to control mice. In addition, our data suggest that
antitumoral activity of Si306 is particularly effective in interfering
with the recruitment of associated non-tumoral cells, a tumor
characteristic that was previously neglected in study about SRC
inhibition. This is a very promising aspect, although the thera-
peutic value of this potential drug should be further explored. In
fact, since the timing and the biologic features of stroma contri-
bution to cancer progression are largely unexplored, the antitu-
moral action of Si306 could be limited to particular glioblastoma
subtypes or stages. In the next future, a deeper knowledge of
glioblastoma biology with particular attention to the phenotype
and the origin of glioblastoma-associated cells might confirm the
real potential of the proposed therapeutic strategy.
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