International Symposium 21% International Symposium on Plasma Chemistry (ISPC 21)

on Plasma Chemistry Sunday 4 August — Friday 9 August 2013
p, Cairns Convention Centre, Queensland, Australia

Plasma-activated medium induced apoptosis on glioblastoma brain tumor cells
by inhibiting growth/survival signaling.
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Abstract: Glioblastoma brain tumor cells and normal cells were treated with plasma-activated

medium (PAM). Cell proliferation assays showed that glioblastoma cells were selectively

killed by PAM. PAM induced apoptosis on glioblastoma. There are many signaling pathways

that lead to apoptosis. We found that PAM downregulated the PI3BK/PTEN-AKT pathway that

is responsible for cell survival and proliferation on glioblastoma.
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1. Background

Recently, applications of non-equilibrium atmospheric

pressure plasma (NEAPP) in the medical field, also called Seed cells in
plasma medicine, have become an emerging field because medium
many important effects such as wound healing, blood

coagulation, and promotion of regeneration have been \

reported to be mediated by NEAPP [1-3]. Some pioneer- A

ing work has shown that NEAPP exerts anti-tumor effects = :

and induces apoptosis in various cancer cells. NEAPP Incubate

with ultrahigh electron density (approximately 2 x 10 1 37°C,24 h

cm ) has been developed [4], and was previously applied 5% CO2

to inactivate Penicillium digitatum spores [5] and as ther- Treat fresh medium
apy for ovarian cancers [6]. Researchers in the field of with plasma

plasma medicine have begun to study the fact that plasma
affects cancer cells not only directly but also indirectly by
changing the biological environment around the cells
[7-9]. In other words, plasma-activated solutions may
have anti-tumor effects on cancer cells. Thus, studies of
plasma-activated solutions may lead to medical applica-
tions.

Glioblastomas are the most common malignant brain
tumors in adults, and these tumors generally recur within
a year regardless of the initial response to treatments [10].
It is often difficult to delineate tumor boundaries of
glioblastomas. The current standard of care for patients
with glioblastoma includes surgical resection followed by
adjuvant radiotherapy and/or temozolomide chemotherapy. ‘
However, treatment is complicated by the location and 1 Incubate

Replace with the
plasma-activated
medium

invasive nature of the tumors and patient prognosis is 3Z °C,
poor. Thus, innovative cancer therapeutic strategies are 5% CO2
needed to selectively kill glioblastomas.

Our previous results have shown that plasma-activated Analysis
medium (PAM) could be a powerful tool for cancer ther-
apy of glioblastoma [9], however, determining the molec- Fig. 1 The schematic of producing
ular mechanisms of the anti-tumor effects of plasma on plasma-activated medium (PAM)

glioblastomas requires investigation.
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2. Results and Discussion

We used plasma-activated medium (PAM) rather than
directly treating cells with plasma (Fig. 1).
Gliomablastoma and fibroblast cells were plated at a den-
sity of 5000 cells in 200 uL of medium on a 96-well plate.
On the following day, 3 mL of fresh medium (DMEM) in
a 6-well plate was treated with plasma for 2 min (L = 13
mm, 2.0 slm), and 200 pL of them (plasma-treated me-
dium) was replaced with the medium on the cells in the
96-well plate. On the following day, cell proliferation was
evaluated by MTS assay. The cell proliferation assays
showed that glioblastoma cells were effectively killed by
the PAM, while fibroblast cells were not affected by the
PAM (Fig. 2). These results suggest that the PAM selec-
tively killed glioblastoma.
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Fig. 2 Proliferation assay

In the previous study [9], PAM induced morphological
changes consistent with apoptosis in glioblastoma cells
and the cells decreased in size. In addition, an apoptotic
molecular marker cleaved Capase-3/7 was detected in
PAM treated cells. These results suggest that PAM in-
duced apoptosis on glioblastoma.

There are many signaling pathways that lead to apopto-
sis through cleavage of Caspase-3/7. Our purposes are to
figure out what signaling pathways are responsible for the
apoptosis by PAM and understand the interactions be-
tween the PAM and intracellular components including
membrane surface receptors, signaling molecules, ge-
nome, and so on.

One of the most important signal transduction pathways
for glioblastoma cancer cell is the PISBK/AKT pathway
(Fig. 3). Not only glioblastoma, but also many malignan-
cies are known to be associated with abnormal activation
of the PI3K-AKT pathway. The PI3K-AKT pathway is
involved in regulating the signaling of multiple biological
processes such as apoptosis, metabolism, cell proliferation,
and cell growth [11]. Its abnormal activation, frequently
observed in various types of cancer, leads to aberrant cell
cycle progression, altered adhesion and motility, inhibi-
tion of apoptosis, and induction of angiogenesis. While
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mutations in AKT have not been observed in human
gliblastoma, approximately 40% of glioblastoma tumors
show mutation or loss of expression of the tumor sup-
pressor gene PTEN, which functions as a major negative
regulator of the PI3K/AKT signaling pathway.

Signaling through the PI3K/Akt pathway is initiated by
stimuli from Growth factors that bind receptors in the cell
membrane. These receptors include IGFR (Insulin-like
Growth Factor Receptor), PDGFR (Platelet-Derived
Growth Factor Receptor), EGFR (Epidermal Growth
Factor Receptor), and so on.

Phosphatidylinositol (4,5)-bisphosphate (PIP2) and
phosphatidylinositol  (3,4,5)-trisphosphate  (PIP3) are
low-abundance membrane phospholipids that function in
a number of crucial cellular processes, like membrane
trafficking, plasma membrane-cytoskeleton linkages, se-
cond messenger signaling, cell adhesion and motility and
regulation of proteins involved in phospholipid metabo-
lism. These phosphoinositides direct two major inde-
pendent signaling cascades. PIP3 is the effector of multi-
ple downstream targets of the PI3K pathway. Activation
of PI3K by growth factor stimulation of cells results in
PIP3 synthesis generated by phosphorylation of PIP2.

Growth factors,
Nutrients,

PI3K, mTORC2,,,
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Fig. 3 The PI3K/AKT signaling pathway

AKT contains a pleckstrin homology (PH) domain
which binds to PIP3 in the plasma membrane with high
affinity. Once in correct position in the membrane, AKT
can be phosphorylated by 3-phosphoinositide dependent
protein kinase 1 (PDK1) at threonine 308 (Thr308) resi-
due. Phosphorylation of serine 473 (Ser473) residue is a
target of the mTOR complex 2 (MTORC?2). Maximal
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AKT activity is dependent on the phosphorylation status
of both Thr308 and Ser473 residues.

To investigate whether the PISK/AKT pathway is af-
fected by PAM, the activity of AKT was measured by
Western blotting analysis.

Glioblastoma and fibroblast cells were plated at a den-
sity of 3 x 10° cells in 6 mL of DMEM medium on a
6-well plate. On the next day, 4 mL of fresh medium
(DMEM) in a 60 mm dish was treated with plasma for 5
min (L = 7 mm, 2.0 slm), and all of them (PAM) was re-
placed with the medium on the cells in the 6-well plate.
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Fig. 4 PAM down-regulated the AKT
signaling on glioblastoma.

Four hours after treatment with PAM, cells were lysed
with RIPA Lysis Buffer containing protease inhibitors for
10 min on ice. Protein concentrations were determined
using the Bradford Reagents. Total proteins (20 pg) were
loaded onto 4~12% Nupage Bis-Tris gels and transferred
electrophoretically to polyvinylidene fluoride membranes.
Membranes were blocked with Block Ace for 1 h at room
temperature and then incubated with anti-total AKT
(1:1000) and anti-phosphorylated AKT (Ser 473) (1:1000)
and B-actin (1:10000) antibodies and subsequently
washed with T-PBS. Then, membranes were incubated
with horseradish peroxidase-conjugated secondary anti-
body. Blotted proteins were visualized using enhanced
chemiluminescence reagent, and visualized with
ImageQuant LAS 4000.

As shown in Fig. 4, PAM-treated cells showed
downregulation of both total AKT expression and phos-
phorylated AKT (at Ser 473) compared to the expression
of phosphorylated (at Ser 473) and total AKT in untreated
cells. Phosphorylated AKT was not detected in fibroblast
cells since the PI3K/AKT pathway was not over-activated
in fibroblast cells (Fig. 4). The AKT activation is partially
responsible for inhibiting apoptosis, suggesting that
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apoptosis was induced in PAM-treated cells through
downregulation of the activity of the PISBK/PTEN-AKT
signal transduction pathway. Our finding that PAM
downregulated the expression of total AKT kinase and
phosphorylated AKT kinase suggests potential possibili-
ties for therapy of glioma brain tumors and other cancers
that show overactivation of the PISK/PTEN-AKT path-
way.
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Fig. 5 Interactions between plasma and
intracellular signaling networks

Our ultimate purpose is to figure out what interactions
occur between plasma and cellular components such as
signaling molecules (Fig. 5). Plasma interacts with gas
phase and liquid phase to produce the secondary products
that reach on and into cells. What products in gas and
liquid phases critically affect cells are poorly understood.
Those products might interact with cell surface receptor,
lipid bilayer of the cell membrane, or directly any mole-
cules in the cells. The fact that plasma induces apoptosis
on cancer cells suggest that plasma somehow interacts
with the signaling network on cells.

Previous studies have shown that the DNA damage and
ROS production might be important to understand the
interactions [8]. Our discovery that PAM downregulated
the PI3K/AKT pathway on glioblastoma cells might pro-
vide new insights into the interactions between plasma
and cells.

The modern pharmacology aims at designing the mo-
lecular target drugs for anti-cancer therapy so that it pre-
vents the secondary effects based on the intracellular mo-
lecular mechanisms. This is why it is very important to
understand what signaling pathways are affected by
plasma and responsible for apoptosis of cancer cells.

Selective killing of cancer cells by PAM is another im-
portant aspect. There are some differences between cancer
cells and normal cells in signaling networks. For example,
the PISK/AKT pathway is over-activated in cancer cells
that harbor mutations in the pathway. PAM might attach
the vulnerability in cancer cells based on the signaling
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network. The molecular mechanisms of selective killing
of cancer cells by plasma and/or PAM remain to be dis-
covered.
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