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Abstract
Recent evidences suggest the involve-

ment of the Vacuolar H+ ATPase (V-
ATPase) in the development and/or progres-
sion of Glioblastoma Multiforme (GBM).
This proton pump could be a valid thera-
peutic target but more in-depth studies are
necessary. The aim of this study is to better
define the in vitro effects on Glioma Stem
Cell (GSC) primary cultures viability of
single and combined treatment with
Bafilomycin-A1 (Baf-A1), a V-ATPase
inhibitor, and Temozolomide (TMZ), the
chemotherapeutic agent currently used to
treat GBM patients. We found out that GSC
were resistant to TMZ and more sensitive to
treatments with Baf-A1 and that the two
drugs exerted a synergistic effect when
administered together.

Introduction
Glioblastoma Multiforme (GBM) is a

grade IV astrocytoma and is the most com-
mon and malignant primary tumor of the
central nervous system.1 GBM patients
have a poor median overall survival of 14-
16 months after gross total surgical resec-
tion and adjuvant chemo-radiation therapy.2
The failure of current therapies is mainly
due to the striking inter- and intratumoral
heterogeneity and to the presence within the
tumor mass of cells with stem-like proper-
ties, called Glioma Stem Cells (GSCs).
GSCs are crucial for tumor growth and
response to therapy and we need a deeper
understanding of how selectively target and
ablate these cell population.3 GSCs from
patient-derived biopsy samples are the most
straightforward, reliable and reproducible
in vitro model currently available to study
GBM, as they derive from patients and
resemble the tumor-of-origin the most.4 In

Glioma dysregulated ion balance is emerg-
ing as a key factor that could contribute to
rapid and aggressive tumor formation and
relapse. Specifically, alkalinization of the
cytosol and acidification of the extracellular
space allows GSCs to evade apoptosis, and
increases multidrug resistance, cell prolifer-
ation, migration and invasion.5 The
Vacuolar H+-ATPase (V-ATPase) is an ATP-
dependent proton pump of the endomem-
brane system of all eukaryotic organisms.
This multisubunit nano-motor acidifies sub-
cellular compartments and, in certain spe-
cialized tissues, the extracellular space and
is essential for vital cellular processes. In
addition, recent evidence indicates that V-
ATPase acts directly in the endolysosomal
compartment to modulate dysregulated
pathways in cancer, such as Notch, Wnt or
mTOR signaling.6 This evidence, together
with the fact that a variety of human tumors,
including GBM, displays overexpression of
V-ATPase subunits, suggests that V-ATPase
might play a crucial, albeit largely unex-
plored, role in supporting tumorigenesis. So
far, overexpression of V-ATPase in human
tumors has been associated with invasive
and chemoresistant phenotypes and to
increased proliferative activity making V-
ATPase a potential drug target.7

Materials and Methods
- GSCs isolation from tumor biopsies:

GBM tumor biopsies were obtained

from patients undergoing surgery. We
optimized a method for the isolation of
stem cells from tissue specimens.
Briefly: a mechanical and enzymatic
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Figure 1. Data are expressed as percentage of viable cells relative to the control (untreated
cells). T-Student test were calculated on raw data *, p < 0,05; **, p < 0,01. From left to
right: CTRL=control; T1=TMZ 100 μM; T2=TMZ 200 μM, B1=Baf-A1 20 nM, B2=Baf-
A1 40 nM, TB=TMZ and Baf-A given simultaneously, B+T=Baf-A1 for 24 hours and then
TMZ for 24 hours.
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digestion step was followed by wash-
ing, centrifugation and cell strainer pas-
sage step and finally a red blood cell
lysis. GSCs were cultured in a selective
medium for neural stem cells, whose
key features are the lack of serum and
the presence of growth factors (EGF
and FGF).

- GSCs characterization: 1. evaluation of
their self-renewal efficiency with clonal
assay 2. evaluation of their
multipotency capability by performing
IF with neural differentiation markers
(G-FAP, BIII-Tubulin, MBP). 

- In vitro drug response test: GSCs were
treated with TMZ and Baf-A1 either
alone or combined, simultaneously or at
deferred times. The number of viable
cells and the percentage of survival
after treatments was evaluated using

Cell Counting Kit-8 (CCK-8, Sigma-
Aldrich).

- Synergy Finder online program was
used to evaluate the synergistic activity
of TMZ and Baf-A1. 

Results
Our results show that inhibition of V-

ATPase by Baf-A1 is highly effective on
cell viability of GSC primary cultures and
that a statistically significant and higher cell
death is observed under combined treatment
of Baf-A1 and TMZ (Figure 1).
Furthermore, TMZ and Baf-A1 proved to
have a synergistic effect together with a
higher synergy score under combined treat-
ment at deferred times (Figure 2).

Discussion and Conclusions
In conclusion, this work allowed the

development of a good method to isolate
the stem cell component from biopsy sam-
ples and to grow, expand and characterize
GSC primary cultures. Data obtained from
drug response tests represent a good starting
point for understanding the antitumor activ-
ity of V-ATPase inhibition in sensitizing
GSCs to TMZ therapy. So, in the future, this
study could lead to the development of a
new target therapy for a better control of
this lethal tumor.
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Figure 2. Images show synergy scores as the average excess response due to Baf-A1 (X-
axis) and TMZ (Y-axis) interaction compared to the Bliss independence reference model.
Red areas represent synergy (synergy score > +10). Synergy scores of (a) simultaneous
combined treatments (9.969) and (b) at deferred times (17.559).
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