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ABSTRACT
Glioblastoma multiforme is known as the primary malignant and most devastating 

form of tumor in central nervous system of adult population. Amongst all CNS cancers, 
Glioblastoma multiforme GBM is a rare grade IV astrocytoma and it has the worst 
prognosis initiated by metastasis to supra-tentorial region of the brain. Current options 
for the treatment include surgery, radiation therapy and chemotherapy. Substantial 
information of its pathology and molecular signaling exposed new avenues for 
generating innovative therapies. In our study, we have undertaken a novel combination 
approach for GBM treatment. PI3K signaling participates in cancer progression and 
plays a significant role in metastasis. Here, we are targeting PI3K signaling pathways 
in glioblastoma along with EZH2, a known transcriptional regulator. We found that 
targeting transcriptional regulator EZH2 and PI3K affect cellular migration and 
morphological changes. These changes in signatory activities of cancerous cells led 
to inhibit its progression in vitro. With further analysis we confirmed the angiogenic 
inhibition and reduction in stem-ness potential of GBM. Later, cytokine proteome array 
analysis revealed several participants of metastasis and tumor induced angiogenesis 
using combination regime. This study provides a significant reduction in GBM progression 
investigated using Glioblastoma Multiforme U-87 cells with effective combination of 
pharmacological inhibitors PI-103 and EPZ-6438. This strategy will be further used to 
combat GBM more innovatively along with the existing therapies.

INTRODUCTION

Aggressive metastatic tumor is the leading cause of 
cancer death in patients worldwide. Cancer accounted for 
approximately 9.6 million deaths in 2018 and statistically 
out of 6 there is 1 death due to cancer, globally [1] as 
per World Health Organization. Glioblastoma is known 
as the most frequent tumor in brain and aggressive in 
all human cancers [2, 3]. Regardless of these statistics, 
the brain tumor derived Glioblastoma needs utmost care 
towards therapeutic intervention due to limited therapeutic 
courses. Therapy limitations are the major cause of limited 
survival in patients approximately 10–14 months. Leaky 
and rich vasculature of GBM (U-87) is one of the most 

important cause of its aggression [4]. Due to higher rate 
of leakiness and VEGF secretion by GBM tumor cells, 
anti-VEGF therapy or anti-angiogenesis therapy (Avastin) 
is being utilized in clinical trials. A combination therapy, 
involved with bevacizumab and irinotecan, used in phase 
II clinical trial affect GBM in 50% population of patients 
but the effect was transient [5, 6]. In current situation, 
GBM treatment involves surgical removal and radiation 
therapy with adjuvant Temozolomide [2].

Glioblastoma multiforme is associated with fatal 
outcomes even during and after treatment. Heterogeneity 
of tumors is the prime cause of resistance and recurrence. 
Local recurrence represents immediate fatality in GBM due 
to chemotherapy and radiotherapy resistance [7–9]. Blood 

 Research Paper

https://creativecommons.org/licenses/by/3.0/


Oncotarget4755www.oncotarget.com

brain barrier presence hinders the therapeutic potential 
of chemotherapeutics and gene therapy in most of the 
cases. Glioblastoma multiforme is associated with high 
expression of CD24 and ROS at basal level [10–12]. Many 
studies reported that aggressiveness of Glioblastoma is 
linked with CD24 and ROS generation. Interestingly, ROS 
basal level expression is very high in GBM cells [13]. 

Despite, the current treatment including 
chemotherapy, surgery and radiotherapy the overall 
survival rate is less than 2–3 years for GBM patients 
[14, 15]. Recent advances for GBM treatment include 
hormonal and combinational approach and it allows 
cohort examination along with other therapies of the 
patients. As therapy failure gives the chance to innovate 
new approaches, it is necessary to elucidate novel regimes 
for the patients. This will give a vast data set of novel 
combinations of drugs which can be further utilized as a 
personalized medicine for different patients. 

We are reporting a novel combination regime for the 
inhibition of GBM aggression in in vitro conditions. In 
our studies, we worked on a combination that involved 
PI-103 and EPZ-6438 to treat GBM. Our aim was to target 
two separate but major signaling pathways in GBM cell 
cycle progression. Here, we focused on PI3K and EZH2 
signaling in GBM cells. PI3K works as a signal transducer 
enzyme for cell proliferation and intracellular trafficking 
in GBM. Cellular growth and cellular proliferation are 
directly linked with cancer cell progression. GBM showed 
a high range of mutation in PI3K subunit p110α and thus 
it is more active and responsible for tumor progression 
[16, 17]. On the other hand, we focused on a separate 
signaling of EZH2, which is known as transcriptional 
repressor. The basic target of EZH2 is histone methylation 
that causes transcriptional repression in general. EZH2 
functions to inhibit tumor suppressor genes in many 
cancer tissues including GBM [18–21]. GBM cells shows 
a healthy amount of EZH2 expression and thus cause high 
malignancy. A specific inhibitor of EZH2 can reduce its 
expression and halt the cell growth. 

We are highlighting the synergistic effect of our 
novel targeting approaches in GBM treatment using 
Glioblastoma Multiforme U-87 cells as the model 
system. We are presenting a significant reduction of 
GBM progression while targeting with PI-103 and EPZ-
6438. Our outcomes showed that the combination regime 
inhibits the cells at sub G1 phase and reduces the ROS 
level initially. PI-103 acts as a major player but many 
results suggested that EPZ-6438 combination adds new 
dimensions to the effect of PI-103. Rigorous therapies 
alter the cells basic structure and also helps in generation 
of a small subset of stem cell populations, which causes 
the re-occurrence of GBM in patients after heavy load 
of therapies. Interestingly, we observed a significant 
inhibition of GBM stem-ness property during a two-
week treatment of PI-103 and EPZ-6438 combination. 
Later we performed a cytokine profiling proteome array 

to investigate many molecules that can be targeted by 
inhibiting PI-103 and EPZ-6438 combination treatment. 
We found a diverse group of molecules which were either 
directly or indirectly participating in GBM progression and 
their expression was highly modulated in our combination 
regime. Our study provides a novel precision targeting 
approach in GBM specifically targeting different signaling 
pathways which are responsible for GBM progression. 

RESULTS

PI-103 and EPZ-6438 combination targets 
GBM progression via precisely modulating 
cytoskeleton reorganization and reduced 
adhesion

GBM U-87 cells have the tendency to migrate 
exponentially in microenvironment conditions. PI-103 
and EPZ-6438 drugs were tested for targeting GBM 
U-87 progression. PI-103 and EPZ-6438 have different 
targets and signaling pathways, hence lesser opportunity 
for cross-talk exist. As the available literature lacks 
the information regarding the safe number of drugs, 
counting assay was used to determine the IC50 values 
(Supplementary Figure 1A) for further use. We have also 
found the effect of EPZ-6438 and PI-103 on HEK-293, 
PC3 and MDA-MB-231 cells for comparative analysis 
with GBM U-87 cells (Supplementary Figure 1B). 
Combination of drug molecules specially reduced the 
migration in Boyden chamber analysis. Control cells 
shows the high number of migrated cells which is also 
confirmed with 2D wound healing analysis (Figure 1A 
and 1B). GBM U-87 migratory properties are responsible 
for its aggression and fatality. Tumor cell migration is 
profoundly reliant on morphological changes, associated 
with vigorous changes in actin. Cell motility is the result 
of rearrangement of cytoskeleton and it helps to move 
cells towards forward directions [22]. Tubulin and actin 
reorganization showed the irregular shape of GBM U-87 
cells during combination treatment and also reduced 
adhesion leads to inhibition of cell migration (Figure 1C 
and 1D). We have already discussed in our results that 
this behavior of cell motility is associated with adhesion 
properties, cytoskeleton reorganization and/or cell cycle 
properties. Loss of adhesion during cellular treatment is 
one of the profound reasons for decreased migration.

PI-103 and EPZ-6438 combination block 
the cells in G-S transition without inducing 
apoptosis

As GBM U-87 cells tend to proliferate, combination 
of drugs was used for cell cycle analysis. Cells were stuck 
in G to S transition in treated cells compared to control, 
which laid the foundation of progression inhibition 
(Figure 2A). Cells blockade in G-S transition does not 
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confirm that cells are undergoing apoptosis. We evaluated 
the ROS generation and mitochondrial membrane 
potential (data not shown) in GBM U-87 cells. High basal 
level of ROS determines its aggression, interestingly we 
found ROS decreased in combination as well as individual 
treatment (Figure 2B). It opened a new window for further 
analysis of mitochondrial membrane potential as it is one 
of the widely known factor for ROS generation. This data 
shows that combination treatment although blocked cells 
in G-S transition but fails to induce apoptosis at these 
concentrations. 

GBM U-87 cells invasive potential is precisely 
compromised by EPZ-6438 and PI-103 treatment 
in combination

Perivascular space is the desired mode of invasion 
in GBM U87 cells. It is associated with almost all the 
Extra Cellular Matrix proteins and causes GBM U-87 
infiltration during treatment [23]. GBM U-87 invasion is a 
collective effort of GBM U-87 cells to interact with ECM 
and navigate to the surrounding healthy tissue. Transwell 
migration studies performed with matrigel showed a 

Figure 1: EPZ-6438 and PI-103 hinders the cellular migration of GBM U-87 cells. (A) Boyden chamber analysis was 
performed for cell migration properties. Combination of drugs shows that a smaller number of migrated cells compared to control. (B) 
Wound healing assay shows the similar pattern of migration inhibition during combination of PI-103 & EPZ-6438. (C) Cytoskeleton 
analysis depicted the deregulation of actin and tubulin after treatment. It accounts for the morphological changes in the cellular architecture 
after the treatment EPZ and PI-103. (D) Adhesion properties of GBM U-87 cells was altered during treatment of combination of drugs and 
is one of the reasons of reduced cell migration during treatment.
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progressive inhibition in combination treated GBM U-87 
cells. Number of invaded cells in transwell membrane 
were few as compared to the control cells. A significant 
reduction in individual treatment also showed the potential 
of combination therapy (Figure 3A). Gelatin degradation 
assay described the GBM U-87 invasion through multiple 
black punctate formation in control cells. Control cells 
degrade the gelatin similarly to ECM degradation in 
the in vivo conditions. Combination data showed very 
less punctate formation and led to a reduced invasive 

capability of GBM U-87 cells (Figure 3B). Degrading area 
was quantified by Image J (Supplementary Figure 2A). 
ECM degradation is at the high priority during metastasis 
in cancer progression. MMP 2 actively participate in ECM 
degradation in GBM U-87 cells, and we have shown 
through Zymography that MMP2 secretion is inhibited 
during combination treatment of PI-103 and EPZ-6438 
(Figure 3C). MMP2 and MMP9 are categorized as the 
degraders of extracellular matrix and basement membrane 
[24]. These activities of MMPs allow the cancer cells to 

Figure 2: EPZ-6438 and PI-103 regulates the cell cycle progression and ROS generation. (A) Cell cycle analysis was 
conducted to confirm the effect of EPZ and PI-103 on cell migration. Cells were arrested in G1 phase (85.7%) after the treatment with 
combination of drugs. (B) Cell apoptotic analysis was performed to get the insight into the effect of drug. DCFDA analysis showed the 
reduction of ROS in GBM U-87 cells. GBM U-87 cells have the high frequency of ROS at basal level. This data suggests that GBM U-87 
cell progression is reduced after reduction in ROS. This data showed that cells are stuck in G1 phase but not going under apoptosis at this 
concentration.
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invade and spread to distant organs. Glioma cells express 
high level of MMP2 which is responsible for its aggression 
and invasion capabilities [25]. We did not detect MMP9 
during the treatment. MMP2 inhibition may explain that 
cells lose the invasive capabilities after the treatment of 
combination of drugs. Combination of EPZ-6438 and PI-
103 is targeting cellular invasion and metastatic potential 
of GBM U-87 cells. To further confirm the effect of our 
combination on GBM U-87 cells metastatic potential, we 
conducted western analysis for specific EMT markers i.e., 
β-catenin, SNAIL3, SMAD1. β-catenin has a vital role 

in cellular homeostasis. Higher expression of β-catenin 
always acts as an inducer of tumor proliferation and EMT 
effector. Targeting β-catenin can suppress the tumor cell 
aggression and we found the expression of β-catenin in 
combination was reduced [26]. Along with this we also 
performed a western analysis for SNAIL3 and SMAD1 
[27–29]. Combination regime effectively targets both 
the markers and strengthen our data for inhibition of 
metastasis potential in GBM cells (Figure 3E). All the blots 
were quantified and graphs were made (Supplementary 
Figure 2B). Interestingly, we also analyzed the CD24 

Figure 3: EPZ-6438 and PI-103 reduces the invasive behavior of GBM U-87 cells. (A) Invasion assay was performed to 
analyze the effect of drug molecules on GBM U-87 cells. We found that invaded cells were less compared to the control cells as confirmed 
with Gelatin degradation assay. (B) Small patches showed the gelatin degradation in control and treated cells. We found that the number 
of invaded patches were less in combination of EPZ and PI-103 treated cells. (C) Invaded cells activity was also analyzed with MMP2 
assay. We found that MMP -2 expression reduced while treating the cells. MMP-2 reduction suggests the inability of GBM (U-87) cells to 
invade the surrounding tissue. (D) CD24 expression represents the aggression of GBM U-87 cells. We found that combination of EPZ-6438 
and PI-103 reduced the expression of CD24. Less expression of CD24 indicates higher reduction in metastasis. (E) Western blot analysis 
performed and showed effective reduction in EMT specific markers. Inhibition of β-catenin along with SMAD1 and SNAI3 showed the 
reduction of metastatic potential of GBM U-87 cells. 
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expression as it became a major marker for GBM U-87 
motility and invasion. CD24 expression gradually reduced 
in separate and combination treatment of GBM U-87 cells 
(Figure 3D).

Combination regime reduces the recurrence 
properties of GBM U-87 cells

GBM U-87 recurrence is one of the responsible 
factors of poor patient prognosis and therapy failure. GBM 
U-87 contain a very small subset of stem cells (GSCs) that 
can regrow as a new tumor mass after the therapy [30–
32]. Stemness potential of such GSCs is very high. We 
investigated this property of GSCs through mammosphere 
studies. Continuous treatment of PI-103 and EPZ-
6438 was given after every 3rd day. Data was collected 
simultaneously under the microscope. Spheroid forming 
capacity of GBM U-87 cells gradually reduced day by 

day (Figure 4A). Number of spheroid and sphere cells 
were very less in combination treatment. This data gives 
insight about the reduced stemness properties of GBM 
U87. We have also included another representative image 
in (Supplementary Figure 3). Although mammosphere 
formation gave us the idea of inhibition of cell recurrence, 
we performed 2D colony forming assay for 12 days. 
Combination of PI-103 and EPZ-6438 reduced the colony 
formation in GBM U-87 cells (Figure 4B). 

Precision NeuroOncology based effect on 
GBM U-87 cell metastasis and tumor induced 
angiogenesis mediated by combination therapy 
provided by PI-103 and EPZ-6438 

Tumor cells spread mainly in two stages namely 
distant metastasis and local intra-organ invasion. GBM U-87 
metastasize in brain through CSF [33, 34]. Combination 

Figure 4: EPZ-6438 and PI-103 combination affect the stemness properties of GBM U-87 cells. (A) Mammosphere assay 
was conducted for stemness properties. Two weeks analysis showed a high reduction in spheroid formation. We found that combination 
of EPZ and PI-103 reduces the effective stemness properties which promotes spheroid formation and sphere cells in-vitro. (B) To get the 
further role of treatment in GBM U-87 cells we performed colony forming assay. Clusters of cells during treatment highly reduced and cells 
were segregated. Treated cells were not able to make colonies for 2 weeks. Scale bar represents 100 µM.
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treatment of PI-103 and EPZ-6438 was analyzed for tumor 
metastatic properties using MENA, an actin-modulating 
protein [35] known for its association with metastasis. 
We found the downregulation of MENA and A2BR after 
treatment with combination of the drugs, which causes 
inhibition of migration and metastasis (Figure 5A and 5B). 
Interestingly, it is widely known that calcium participates 
in promotion of many characteristics of cancer [36, 37] and 
we found a significant reduction in intracellular calcium 
expression. This regulation in expression supports the 
idea of cancer inhibition in GBM U-87 cells (Figure 5C). 
GBM U-87 is rich in vasculature and is characterized by 
highly angiogenic capability. High proliferation rate causes 
nutrition depletion in tumor microenvironment. GBM U-87 
cells release specific growth factors to induce pre-existing 
capillaries for neo-angiogenesis. We analyzed the effect 
of PI-103 and EPZ-6438 on tumor induced angiogenesis. 
Tissue culture media (TCM) of GBM U-87 cells contains 
the required developmental factors for tube formation. TCM 
of treated cells alone and in combination reduced the tube 
formation in primary endothelial cells. TCM of control cells 
showed progressive and rich vasculature (Figure 5D). 

PI-103 and EPZ-6438 targets molecular 
pathways synergistically

Cytokine proteome profiling data gave the output 
about the role of cytokines in tumor microenvironment 
condition. Combination of PI-103 and EPZ-6438 targets 
multiple proteins and we are listing here few of very 
impressive outcomes. We have found the downregulation 
of VCAM-1. Expression of VCAM-1 is finely associated 
with cancer metastasis in several cancers [38]. In case 
of glioblastoma, it is associated with clinicopathological 
conditions. Combination of our inhibitors showed the 
reduction in VCAM-1 expression and strengthen our data 
of metastasis inhibition. We did also find downregulation 
of ST2 (suppression of tumorogenicity-2), which is 
classified as a intreluikin-1 receptor-like 1. The basic 
function of ST2 is participation in inflammatory 
pathways. It is associated with inflammation in tumor 
microenvironment and progression of several cancers 
[39, 40]. TNFR superfamily characteristically articulated 
in hematopoietic malignancies, germ line tumors. CD30 
is a member of TNFR superfamily and participated in 
malignant lymphoma. Its expression is correlated with 
tumor progression. However, the detailed study of CD30 
downregulation in glioblastoma needs to be explored, our 
data showed downregulation of CD30 in combination 
treatment [41–43]. We also found upregulated molecules, 
which are equally important in tumor microenvironment 
conditions. IL 24 is connected with IL10 subfamily. 
Many studies explained its crucial participation in tumor 
suppression. Our results of combination regime showed its 
upregulation which is also lined with the tumor suppressor 
properties of IL-24 [44–48]. Another cytokine, IL-10 was 

also upregulated in our combination treatment. IL-10 is 
produced by macrophages, T cells and NK cells. IL10 
functions as immunosuppressive and antiangiogenic 
units. It is being utilized for T-cell immune functions and 
suppression of inflammatory activities associated with 
cancers [49, 50]. Although we found multiple molecular 
changes in several proteins’ expression (Figure 6A) 
however their role in GBM U-87 is not directly connected 
and need to explored further for their specific roles. Heat 
map data expresses the ratio of low to high expression 
of protein molecules with specific targeting (Figure 6B). 
Schematic representation depicted our observation after 
the combination regime (Figure 6C). 

DISCUSSION

Glioblastoma multiforme is known as the most 
common cancer of central nervous system and deadliest 
form of brain cancer. It includes approximately 52% in 
total cases of gliomas [51]. GBM (U-87) is associated with 
diffused necrosis, high proliferation rate of cancer cells 
and neo-angiogenesis in tumor microenvironment [52, 53]. 
In our studies we have investigated the role of combination 
of two different chemical inhibitors on GBM U87 cells. 
PI3K participates in cancer progression and tumor cells 
growth and EZH2 worked as a transcriptional repressor in 
cell growth [54, 55]. Precision Neuro-Oncology resulting 
from specific and precise targeting of identified gene 
mutations is a new paradigm for glioblastoma therapy. 
We started with initial assays to determine specific 
concentrations of both the molecules. EPZ-6438 did not 
provide a significant cell death on higher concentrations 
i.e., 25 µM but PI-103 inhibits the cell viability at 5 
µM. We stabilize the PI-103 concentration (5 µM) and 
vary the EPZ-6438 concentrations to determine the 
synergistic effect on cancer cell viability and we found 
that the effective concentration of EPZ-6438 was 5 µM 
(Supplementary Figure 1).

GBM U-87 cells have the high potential of 
migration and invasion activities. Glioblastoma migration 
is a very complex dynamic process, which includes 
cells interaction with extracellular molecules, cellular 
structure reorganization for invadopodia and degradation 
of surrounding matrix through many proteolytic enzymes 
secreted by tumor cells. Boyden chamber analysis was 
performed to explore the role of PI-103 and EPZ-6438. 
Combined regime of PI-103 and EPZ-6438 reduced 
the cell migration significantly (Figure 1A). Thus, the 
adhesion properties of GBM (U-87) analyzed along with 
cytoskeleton reorganization and the data supports the 
idea of migration inhibition synergistically (Figure 1B). 
As PI-103 is known for its anti-proliferative effect on 
cancer cells, we found that cells were stuck in sub GI 
phase (Figure 2A) during treatment of both the molecules. 
Synergistic effect increased the population of sub G1. This 
data gave another hope that cell migration stopped due 
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to cell cycle inhibition. Generally, chronic inflammation 
increased oxidative stress in brain tissue. 

Generation of high amount of reactive oxygen 
species (ROS) can affect mitochondrial and chromosomal 
DNA and can lead to damage DNA [56, 57]. This 
promotes abnormal metabolic activities and genetic 
instability. Interestingly the basal level of ROS is high 
in GBM U-87 cells and it participates in regulation in 

many signaling pathways [58]. We found that ROS 
expression decreased gradually in treatment with PI-
103 and EPZ-6438 (Figure 2B). As mitochondria is one 
of the main reasons for ROS generation in tumor cells, 
we found that compromised membrane of mitochondria 
repair during this treatment (data not shown). This repair 
mechanism can be the reason of reduced ROS generation 
and inhibition of cancer progression in GBM U87 cells. 

Figure 5: Treatment of EPZ and PI-103 inhibits the angiogenesis. (A and B) IFA and WB data showed that metastatic markers 
are altered during combination treatment. Which strongly support that metastasis inhibition during treatment of combination of drugs. 
(C) High level of Ca+2 helps in GBM (U-87) proliferation and stemness potential. We treated the cells with EPZ and PI-103 and found a 
significant reduction of Ca+2 levels. (D) Tube formation assay was performed for GBM (U-87) induced angiogenesis. We found that TCM 
of treated GBM U-87 cells showed a smaller number of branches sand tubes compare to alone and control cells. This data suggests the role 
of combined treatment of EPZ and PI-103 in tumor microenvironment. Graphical representation shows the nodes and branches details.
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Invasive properties were analyzed gradually with Boyden 
chamber analysis and gelatin degrading assay (Figure 3A 
and 3B) and we found that MMP 2 degradation is the key 
reason for inhibiting the invasion property of GBM U-87 
cells. Combination of PI-103 and EPZ-6438 showed less 
expression of MMP2 in zymography analysis (Figure 3C). 

The aggression of GBM U-87 is due to reoccurrence 
after the treatment or therapies in patients. It is reported 
that a small subset of stem cell population derived the 

reoccurrence capability for lethality of GBM U87 [8, 
30, 59, 60]. Monotherapeutic approaches for continuous 
Treatments could be a major reason of drug resistance. 
Small molecule inhibitors can also start such behaviors 
in tumor cells for long treatment. As we did not find 
apoptosis, a dose reduction treatment may overcome the 
effect on resistance in tumor cells. Combination approach 
with chemo/radiotherapy may also overcome the drug 
resistance with effective treatment efficacy in patients 

Figure 6: Cytokine analysis explain the key proteins involved in tumor progression. (A) Cytokine array analysis showed 
the various proteins of angiogenesis and metastasis are effectively changed during the course of combination treatment. (B) Heat map data 
depicted the intensity of upregulation and down regulation of all the affected proteins. (C) Schematic representation of effect of EPZ-6438 
and PI-103 in GBM U-87 cells.
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[61]. GBM known to have a high rate of recurrence due 
to small subset of stem cells populations i.e., GSCs. GSCs 
can escape from chemotherapy or radiotherapy and may 
proliferate after the treatment [26, 62, 63]. Inefficient 
targeting of these stem cells helps in tumor resistance and 
recurrence [64–68]. Therapeutic targeting of these stem 
cells with surface markers, signaling pathways may help 
to overcome these properties of stem cells. We found a 
gradual reduction in sphere formation till 12 days and it 
did not show any sign of recurrence. Our combination 
approach can be effective along with targeting specific 
stem cell markers or stem cell specific signaling pathways 
for the reduction of tumor recurrence. It could be due 
to participation of PI3k signaling in tumor invasiveness 
and stemness [69]. Later we observed the metastatic 
and angiogenic behavior of GBM U-87 cells. We found 
that combination regime downregulated MENA and 
A2BR molecule expression (Figure 5A and 5B), which 
participates in cancer metastasis. 

2D angiogenesis showed reduction in tube 
formation (Figure 5D), which suggested that our 
molecules significantly target the tumor microenvironment 
conditions and inhibits GBM U-87 cell progression. To 
validate further the molecules responsible for metastasis 
and angiogenesis inhibition, we performed cytokine 
proteome profiling array analysis. Cytokine profiling data 
gives a vast information about the molecules and helps in 
targeting a few interesting molecules which are crucial for 
angiogenesis and metastasis. 

Combination of PI-103 and EPZ-6438 increased the 
expression of BDNF. Many reports explained that BDNF 
along with receptor, Tropomyosin receptor kinase B is 
found to be upregulated in many tumors but recently it has 
been investigated that BDNF has immuno-augmentation 
properties and participates in anti-tumor response. Ang2 
known to be an inducer of tumor progression and invasion 
in several cancers [70–72]. However, we found that Ang2 
expression is decreased in combination of EPZ-6438 and 
PI-103. It is widely accepted that MMP2 expression is 
correlated with the expression of Ang2 in glioblastoma. 
Selective inhibition of MMP2 at invasive front can 
hampered the Ang2 induced activities in glioblastoma 
[73]. In our studies we found the significant inhibition of 
MMP2 with the combination of EPZ-6438 and PI-103. 
There may be an activity inhibition of Ang2 occurred in 
GBM U-87 cells via inhibition of MMP2 and cells are not 
able to invade and metastasize. 

IL-10 is known as the activator of T helper cell, it 
helps in blocking tissue inflammation and participates 
in cancerous cell clearance through cellular players. 
Apart from many interleukins, IL-24 is known as a 
multifunctional cancer killing interleukins, we found the 
expression of IL-24 was high in combination of PI-103 
and EPZ-6438. Many therapies target VCAM-1 due to 
its role in adhesion properties. We found that VCAM-1 
expression significantly reduced with synergistic effect 

of our combined regime (Figure 6A). Lipocalin 2 is also 
named as neutrophil gelatinase-associated lipocalin, has 
been identified as a potential biomarker in several cancers. 
Although the function of lipocalin-2 is not well defined but 
its expression is correlated with progression and metastasis 
of majority of these cancers [74]. Downregulation of 
Lipocalin 2 added the new outcomes in glioblastoma. 
This data shows multiple key molecules (Supplementary 
Figure 4), which are responsible for tumor progression and 
angiogenesis.

Our idea of combination regime for GBM U-87 
cell treatment gives the insight into many important 
characteristics of cancerous cells. Glioblastoma 
multiforme is known to be an aggressive brain tumor 
and has a high rate of disease recurrence [26, 62, 63]. 
Increasing resistance in chemotherapy or monotherapy 
have opened a new window towards combination therapy 
regime. New innovative combination drugs are being 
tested in preclinical and clinical trials and many are 
undergoing in development process. TMZ along with focal 
chemotherapy is one of the existing typical care of GBM 
after surgical removal of tumor. Many studies explained 
about the resistance along with many side effects of TMZ 
in GBM [8, 75]. Our studies using PI-103 and EPZ-
6438 targets PI3K/mTOR and EZH2 respectively. We 
have shown the potential of inhibition of metastasis and 
invasion capacities of GBM. Although our data is not 
showing apoptosis in later stages but may strengthen the 
combination approach with TMZ and can be a potential 
way of first line of treatment to GBM. Targeting two 
or more signaling axes in cancer is more effective than 
chemotherapy or monotherapy [61, 76] and in-vitro and 
in-vivo characterization of such novel molecules led to the 
development of these drugs to clinical trials in GBM.

We found that significant amount of metastatic 
and angiogenic proteins are reduced during treatment. 
Cytokine proteome profiling array data gives a brief of 
effect of combination treatment and the molecules that 
need to be further elucidated for better outcomes in novel 
combination therapies.

MATERIALS AND METHODS

Cell line, inhibitors and primary antibodies

GBM (U-87) cell line was obtained from NCCS, 
Pune. Inhibitor PI-103 was procured from Echelon 
Biosciences and EPZ-6438 from APExBIO. CD24 
antibody, Fluo-4 AM, DCFDA/H2DCFDA and Oregon 
green 488 were procured from Invitrogen. MENA antibody 
was purchased from Novus, USA. A2BR antibody was 
procured from Alomone labs, Israel. Phalloidin- Actin 
was obtained from Cell signaling. α-tubulin antibody was 
procured from sigma. β-catenin, SMAD1, SNAI3 were 
procured from cloud clone (USA). All the media were 
purchased from HiMEDIA, India.



Oncotarget4764www.oncotarget.com

Cell cytotoxicity assay

GBM (U-87) cell line were seeded into fresh 24 well 
plates with 15000 cells/well. After cells were attached 
for 12–18 hrs, they were treated with PI-103, EPZ-6438 
and in combination with different concentration (10 nM, 
100 nM, 500 nM, 1 uM, 5 uM, 10 uM and 25 uM) for 
48 hrs. After 48 hrs of treatment, cells were harvested 
using 0.25% trypsin and counted with hemocytometer to 
get IC50 value of drug as compared to untreated control. 
After counting we converted cell number into percentage 
then graph was made as percent reduction of cell number 
as compared to the drug. The IC50 value of PI-103 is 
approximately 10 μM, for EPZ-6438 we didn’t get IC50 
value and for combination we got less than 5 μM IC50 
value. Rest of the experiment were done according to 
these concentrations only and we used 5 μM of each drug 
alone and in combination for further experiments.

Transwell-chamber migration and invasion assay

Transwell inserts (24-well, 8-µm pore size; HiMEDIA) 
with or without 50 µg/ml Matrigel (BD Biosciences) coating 
layer were used to assess the cells invasive and migratory 
abilities, respectively. Pre-treated (48 hrs with PI-103, EPZ-
6438 and in combination) GBM U-87 cells were suspended 
at a final density of 3.5 × 104 cells/mL in a serum-free 
medium and seeded in the upper well of the chamber. The 
lower well of the chamber contained media supplemented 
with 10% FBS. After 24 hrs, cells on the upper surface of 
the filter were removed using a cotton swab. Cells that had 
invaded or migrated through the matrigel or filter to the lower 
surface were fixed with 4% paraformaldehyde and stained 
with 1% crystal violet. Cells were counted from 3 randomly 
selected fields per each chamber.

Wound healing assay

Wound healing assay was performed in a 12 well 
culture plate. Cells were grown in 12-well tissue culture plate. 
Cells were grown up to 80 to 90% confluency. A scratch was 
made by a 10 μL pipette micro tip through the center of all 
the wells to create an artificial and uniform wound. Culture 
media removed and fresh media with and without drug were 
added. Then migratory properties analyzed by taking picture 
under microscope (10X DIC) at 0 hr, 12 hrs and 24 hrs. 
Wound healing rate was calculated by counting five to seven 
fields per image. Migration rate calculated and converted into 
percentage wound closer in reference to control.

Immunofluorescence assay

The assay was performed as described in our 
previous paper [77]. Briefly, GBM U-87 cells were 
seeded on coverslip and treated with/without drug (PI-
103, EPZ-6438 and in combination). Cells were probed 

with phalloidin β-Actin (Cell signaling) and α-Tubulin 
(Sigma) and image were taken under microscope (60X 
Nikon fluorescent microscope).

Cell adhesion assay

Cells were seeded in 60 mm dish and treated with 
drugs as mentioned above for 48 hr. Cells were harvested 
and re-suspended in media. Meanwhile 12 well plate 
coated with 50 µM Poly-L-lysine for 1 hr at RT. Treated/
untreated GBM U-87 cells were harvested and suspended 
at a final density of 3 × 105 cells/ml and plated on Poly-
L-lysine coated plates for 30 mins. Thereafter unattached 
cells were removed by inverting the 12 well plate and 
gently washed with 1X PBS twice. Attached cells were 
fixed with ice-cold methanol for 10 mins at RT. Washed 
with 1X PBS and stained with 1% crystal violet stain for 
5 mins with gentle shaking. Plate was washed with water 
and kept for drying. After that image was taken by color 
camera and stain solubilized into 1 ml of 1% SDS for 1 hr 
and collected in fresh 1.5 ml centrifuge tubes. Absorbance 
was taken at 595 nm (Bio-Rad microplate reader) in 96 
well plate in 4 replicates. Absorbance value was converted 
into percentage and graph was made accordingly.

Cell cycle analysis

GBM U-87 cells were treated with drugs as 
mentioned above for 48 hrs. Meanwhile hypotonic 
solution (100 ml DDW, 100 mg Na-citrate, 4 mg RNase 
A, 5 mg Propidium Iodide, 30 µl Tween20) was prepared 
with or without PI stain. Cells were washed with 1XPBS. 
Hypotonic solution was added to the monolayer of cells 
and collected using cell scraper. Cells were shaken 
vigorously and dislodged by fine tipped pipette. Treated/
untreated cells were transferred to 1.5 ml centrifuge tube 
and centrifuged at 100 RCF and the nuclear pellet was 
suspended in fresh hypotonic PI solution. Sample was run 
in FACS canto II on the same day.

DCFDA/ROS analysis

GBM U-87 cells were treated for 48 hrs as 
mentioned above. After 48 hrs of treatment with PI-
103, EPZ-6438 and in combination cells were washed 
with 1XPBS and 5 µM of DCFDA (Invitrogen) was 
added for 30 mins in complete media. After that cells 
were trypsinized and collected in 1.5 ml centrifuge tube. 
Cells were washed with 1X PBS in to 0.1% FBS and re-
suspended the cells in PBS/FBS solution. Flow Cytometry 
analysis was done on same day by BD FACS CANTO II.

Invadopodia assay

GBM U-87 cells were harvested and seeded into 
60 mm dish for invadopodia experiment. The cells were 
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treated with specific drugs for 48 hrs as mentioned above. 
Prepared fluorescent gelatin coated coverslips according 
to the protocol [78]. Briefly, U87 cells were harvested and 
plated on coverslip in 60 to 70% confluency which was 
already coated with Gelatin labeled with Oregon green 
488. After that coverslip with the cells was transferred 
to the CO2 incubator for 14–16 hours for initiation of 
the gelatin degradation. After 14–16 hrs of incubation 
the coverslip was taken out from the plate and quickly 
fixed with 4% formaldehyde for 10–15 min at room 
temperature. Fixation solution was removed and washed 
with 1X PBS twice, blocking and permeabilization was 
performed with solution (3% BSA in 1X PBS containing 
0.1% Triton X-100) for 15–20 min at room temperature 
in dark. Blocking solution was removed and washed with 
1X PBS twice. This was probed with Alexa Fluor 555 
Actin-Phalloidin (1:500 dilution) for 30–40 min in dark. 
Phalloidin was removed and washed with 1X PBS twice 
and thereafter the coverslip was mounted by inverting 
over a glass slide containing a drop of mounting medium 
ProLong™ Gold antifade reagent with DAPI. Slides were 
dried and sealed with colorless Nail paint. Images were 
taken under Nikon Fluorescent Microscope (at 60X) and 
quantified [80].

CD24 marker staining

GBM U-87 cells were seeded in 60 mm dish and 
treated with drugs as mentioned above for 48 hrs. After 
48 hours of treatment, cells were harvested using trypsin. 
Cells were washed with 1X PBS 1 to 2 times and then re-
suspended in 1X PBS+0.1% FBS solution. Human CD24 
FITC (Invitrogen, Fluorescein isothiocyanate) antibody 
was conjugated at a concentration of 1:100 for 45 minutes 
in dark at RT. Cells were centrifuged and pelleted down 
after 45 minutes and resuspended in 500 μl of PBS/
FBS solution. The cells were analyzed using BD FACS 
CANTO II on the same day.

Western blot analysis

Effect of treatment of PI-103 and EPZ-6438 on 
metastatic proteins was analyzed as described in previous 
studies [79]. Cells were treated and harvested after 48 hrs. 
Protein lysates were ran on to SDS PAGE for 3 hrs. The 
gel was transferred onto the nitrocellulose membrane and 
incubated with antibodies O/N at 4°C. Membrane was 
developed and analyzed.

Sphere formation assay

Growth media preparation: Incomplete media 
(MEM) 24 ml, Hydrocortisone (10 mg/ml) 1 ml, Insulin 
(10 mg/ml) 100 µl, EGF (100 µg/ml) 5 µl and 500 µl of 
B-27 (50X) were mixed gently and kept in 4°C for use in 
sphere formation. Twelve well plate coated with 1% low 

melting agarose (HiMEDIA) in incomplete MEM media. 
GBM (U-87) (U87) Cells were harvested and seeded in 
low melting agarose and plates were coated with 2500 
cells/well in previously prepared growth media with and 
without drug. Every 3rd day growth media was added with 
drug up to 12 days. After 12 days spheres were counted 
and images were taken under the light microscope (20X). 
Treated/untreated sphere were collected and centrifuged 
at 2500 rpm for 5 mins. After that sphere cells dislodged 
using accutase and sphere cells were also counted and 
graph was made as percent reduction of spheres and 
sphere cells.

Gelatin zymography assay

Treated/untreated tissue culture conditioned (CM) 
media were collected and concentrated using concentrator. 
Equal amount of protein containing CM was loaded on 
10% SDS gel containing 2% gelatin. Then gel was 
run on 60V for 2–3 hrs. After that washed the gel with 
renaturation buffer (2.5% Triton X-100) 3 times for 20 
mis each. Gel was kept in developing buffer (premade 
HiMEDIA) for 16–18 hrs and stained with Coomassie 
brilliant blue stain for 1 hr. MMP-2 band was detected 
after destaining the gel. Picture was taken using a color 
camera.

Tube formation assay and cytokine array

Tube formation assay and cytokine array analysis 
were conducted as described previously [80]. Briefly, 
primary endothelial cells were cultured and incubated 
with conditioned media of treated and untreated cells. 
Tube formation was analyzed after 4 hrs and images were 
taken and analyzed by AngioTool software. For cytokine 
proteome array analysis, CM of all treated cells was 
collected and quantified. Equal amount of protein was 
loaded on each membrane for 24 hrs and developed. The 
data was quantified with ImageJ. 
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