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ABSTRACT Glioblastoma Multiforme (GBM) is the most malignant type of all brain tumors. Current GBM
treatment options include surgery, followed by radiation and chemotherapy. However, GBM can become
resistant to therapy, resulting in tumor recurrence. GBM cells develop resistance to treatments by either
downregulating cell death pathways (CD95) or upregulating cell survival pathways (NF-κB (p65)). Healthy
tissues can be affected by the increased therapeutic dose. Therefore, it is important to develop a method that
can only target GBM tumor cells, thereby reducing the non-specific uptake which will reduce the side effects.
Here we demonstrate an application of novel priori activation of apoptosis pathways of tumor technology
(AAAPT), which has been used to demonstrate the effect of targeted tumor sensitizers to make chemotherapy
work at lower doses in breast, lung and prostate cancers. Treatment of GBM spheroids with AAAPT in
3D PEGDA microwells, showed an increase in cell death, an upregulation of cell death pathways, and a
downregulation of cell survival pathways, in comparison to Temozolomide (TMZ), an oral alkylating agent,
which is a commonly used chemotherapy in the treatment of GBM. The dose of AAAPT sensitizers may
provide a promising method to increase treatment efficacy and reduce off-target toxicity, as an alternative to
existing methods which cause significant off-target damage.

INDEX TERMS Spheroids, glioblastoma, co-treatment, tumor microenvironment, PEGDA.

IMPACT STATEMENT Microwell-generated GBM spheroids are sensitized by AAAPT drugs using targeted,
cleavable linkages to reduce off-target toxicity.

I. INTRODUCTION
Glioblastoma Multiforme (GBM) is the most aggressive as-
trocytic tumor accounting for 47.7% of all Central Nervous
System (CNS) tumors [1] and for almost 80% of all malig-
nant primary brain tumors [2], [3]. Standard of care includes
surgical resection, followed by a combination of radiation and
chemotherapy. Despite these treatments, disease recurrence is
frequent, where only 3% to 5% of GBM patients live past
three years after diagnosis4,5. Temozolomide (TMZ), a DNA
alkylating agent, is the commonly prescribed chemotherapy
drug, however in the tumors expressing the direct repair
protein O6-methylguanine-DNA methyltransferase (MGMT),

TMZ resistance is commonly observed [6], [7], [8]. Tumors
possess the ability to reduce expression of cell death pathways
and increase expression of cell survival pathways, reducing
treatment effectiveness [9], [10], [11]. Due to the low survival
rate in considering a standard chemotherapy treatment, there
is a critical need to develop new regimens, discover novel
potential targets, and establish new assets for protecting the
efficacy of GBM treatment in each patient.

Previous studies conducted by our lab utilize a 3D PEGDA-
based hydrogel microwell platform, in which spheroids can
aggregate up to 400 μm in diameter, to provide a novel in
vitro platform for longitudinal cancer studies with support for
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selective suppression of tumor growth and angiogenesis [12].
Screening of potential treatments via in vitro culture of 3D
tumors, such as spheroids, has shown to better recapitulate
tumor attributes, than 2D culture, and are cost-effective [13],
[14], [15], [16], [17]. The platform demonstrated that the
addition of the synergistic drug, BAY11-7082, an inhibitor
of κB kinase (IKK), suppressed GBM cell survival pathway
expression by inhibiting DNA repair and increased apoptotic
activity [18]. Furthermore, co-culture studies conducted pre-
viously with the microwell system demonstrated the ability
of the platform to help define microenvironmental effects on
treatment [19].

A priori activation of apoptosis pathways of tumor tech-
nology (AAAPT) was developed to attack modulate dysregu-
lated cell death pathways which are the basis of mechanism
of cell desensitization [20], [21]. AMP-001-003, were syn-
thesized to be cleavable by the tumor specific secretion of
Cathepsin B [21], [22], [23]. Triple negative breast cancer
cells cultured in 3D were treated with AMP-001, resulting
in increased apoptosis activity, suppression of cell survival
pathways, and triggering of cell death pathways [20]. Cardiac
tissue treated in parallel saw little cytotoxic effect, demon-
strating the drug’s specificity and reduction of off-target
effects, commonly experienced in standard chemotherapy
regimens.

The BCL-2 family proteins contribute to the resistance of
glioma cells to anticancer therapy by modulating the apoptotic
cascade, where BCL-2 is an inhibitor of apoptosis and BAX
promotes cell death [24], [25]. NF-κB also serves to upreg-
ulate antiapoptotic genes, while CD95 recruits proapoptotic
factors [26], [27], [28], [29], [30]. In this study, we hypothe-
size that treatment of GBM with novel tumor targeted sensi-
tizer, AMP-001, may increase the apoptotic activity and act as
a more specific treatment for GBM as opposed to Temozolo-
mide, which is an oral alkylating agent used for the first-line
therapy of GBM. Investigating these expression patterns in
relation to AMP-001 would verify the pathways causing GBM
to decrease in cell viability and could establish more targets
for future therapies. Here, we investigate a high throughput
screening of GBM cells via real-time PCR (RT-qPCR) and
Western Blot to investigate gene and protein expressions and
subsequently, the mechanisms for sensitization of resilient
GBM cancer cells.

II. MATERIALS AND METHODS
A. CELL LINES AND CELL CULTURE
Glioblastoma cell line LN229 was purchased from the Amer-
ican Tissue Culture Collection (ATCC) (Manassas, VA).
LN229 cells were cultured in cell culture plate up to pas-
sage 16, using Dulbecco’s modified Eagle’s medium (DMEM)
(Gibco, USA) supplemented with 10% FBS (HyClone, USA),
and 1% of 100 U/mL penicillin and 100 g/mL streptomycin
(Gibco, USA). All cells were stored in a cell culture incubator
at 5% CO2, 37 °C.

B. PEGDA MICROWELL FABRICATION AND 3D SPHEROID
CULTURE
Fabrication of PEGDA Microwells was conducted as de-
scribed previously [12]. 25 × 25 mm cover glass slides were
treated with 3-(Trimethoxysilyl) propyl methacrylate 98%
(TMSPMA) (Life Technologies, New York, NY, USA). The
slides were first layered with a 20 μL of 40% (w/w) PEGDA
(MW 700) (Life Technologies, New York, NY, USA), 0.2%
(w/v) photoinitiator (PI) 2-hydroxy-2-methyl propiophenone,
Phosphate Buffered Saline (PBS) (Life Technologies, New
York, NY, USA) solution. They were then exposed to Lu-
men Dynamics the OmniCure Series 2000 (Lumen Dynam-
ics Group Inc, Mississauga, ON, Canada) for 35 seconds at
a working distance of 6 inches. Next, 250 μL of PEGDA
solution was added to the slide and cured in UV light for
36 seconds with a photomask (CADart, Bandon, OR, USA)
with 400 μm diameter dots in a grid pattern, on top. Prepared
slides were washed and incubated overnight in 6-well plates
containing 2 mL of PBS each.

Cells were seeded as reported previously, at a concentration
of 0.2 × 106 cells/mL on each microwell in cell culture media
droplets of 200 μL, which were allowed to incubate at room
temperature for 5 minutes. The remaining 1800 μL of cell
culture media was added, for a final volume of 2 mL per well.
The plates were placed in the cell culture incubator and 1 mL
of warmed cell culture media was exchanged every 2 days for
a week to allow for spheroid aggregation. Spheroid forma-
tion was monitored using an Olympus microscope (Olympus,
Tokyo, Japan).

C. IC-50 DETERMINATION AND DRUG ADMINISTRATION
An MTT assay was conducted to calculate the IC-50 of
AAAPT drug, AMP-001, from the resulting cell viability.
LN229 cells were seeded in 96-well flat-bottom plates at the
density of 5 × 105 per well and allowed to attach overnight.
A 2:1 dilution of AMP-001, beginning at 100 μM, was for-
mulated to treat cells in 3 technical replicates per concentra-
tion. Treatments were applied and the cells were incubated
again for 24 hours. Then, 10 μl (3–45-dimethylthiazol-2-yl)-
25-diphenyltetrazolium bromide (Roche) were added to each
well and the plate was incubated in the cell culture incubator
for 3 hours. To dissolve the crystals, 100 μl of solubilization
buffer was added. Absorbance was read at 550 nm in an
Epoch plate reader (BioTek, Winooski, VT), normalized to a
reading of the blank well, filled with cell culture media only.
The concentration at which the cells demonstrated 50% cell
viability of the untreated well was determined to be the IC-50
(52 μM) for AMP-001.

The IC-50 was then used to treat the microwells which had
grown for a week and developed into spheroids. AMP-001
was weighed and dissolved in MilliQ water, freshly for each
experiment. The drug was then diluted in 2 mL of cell culture
media to the appropriate concentration and gently adminis-
tered to the proper wells after the initial cell culture media was
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removed. The spheroids were incubated and monitored us-
ing an Olympus microscope (Olympus, Tokyo, Japan). AMP-
001 was compared to previously determined concentration
(300 μM) of the traditional chemotherapy treatment.

D. CELL VIABILITY QUANTIFICATION
Trypan blue cell viability assay was conducted by first col-
lecting the cells after washing with PBS and incubation with
trypsin. Cells were stained with 0.4% trypan blue solution,
counted using a hemocytometer, and cell viability was calcu-
lated by normalization to the control group.

E. QUANTITATIVE REVERSE TRANSCRIPTION PCR
Total RNA from LN229 cells, which had been cultured
into spheroids in microwells, were extracted and purified
using the RNeasy Kit (Qiagen, Germantown, MD, USA).
The RNA concentration was quantified using a Nanodrop
(Thermo Fisher Scientific, Houston, TX), where the optical
density (OD) was measured at 260 and 280 nm. Reverse
transcription was performed to produce cDNA using the High-
Capacity cDNA Reverse Transcription Kit with RNase In-
hibitor (Thermo Fisher Scientific, Houston, TX). Using the
StepOnePlus Real-Time PCR System (Thermo Fisher Scien-
tific, Houston, TX), qPCR was conducted in 20 μL reactions.
Primer sequences for the pre-formulated BAX, BCL-2, and
GAPDH Taqman Gene Expression Assays (Thermo Fisher
Scientific, Houston, TX) utilized are unknown, but were se-
lected to span exons, to prevent gDNA replication. Each reac-
tion mixture contained 14 ng of cDNA, 10 μL of Master Mix
and 1 μL of the specific Taqman Gene Expression Assay. The
plates were run for 2 min at 50 °C, 20 seconds at 95 °C, and
both 1 second at 95 °C and 20 seconds at 60 °C for 40 cycles.

F. WESTERN BLOT
After washing with cold PBS, protein was extracted from the
spheroids using cold RIPA Lysis Buffer, including freshly
added protease inhibitor cocktail and phosphatase inhibitor
cocktail 3 (Sigma-Aldrich), and a cell scraper. Cell lysates
were incubated on ice for 5 minutes, then centrifuged at
4 °C, 16000 rpm for 10 min. The supernatants were collected,
and a Micro BCA Kit (Thermo Fisher Scientific, Houston,
TX) was used to determine the protein concentration of each
biological sample. A cell lysate mass of 50 μg from each
sample was subjected to 12% SDS-PAGE gels in 1x Running
Buffer and transferred onto a methanol activated, PVDF mem-
brane (Thermo Fisher Scientific, Houston, TX, USA) in 1x
Transfer Buffer. Membranes were blocked with 5% milk (in
1 × TBST) for 1 hour, then underwent primary antibody in-
cubation overnight at 4 °C. Following three, 5-minute washes
of TBST, membranes were incubated with secondary anti-
body in appropriate buffer for 1 hour. Separated protein bands
were visualized using ECL Western blot detection solution
(Amersham Pharmacia Biotech) and imaged. BAX, BCL-2,
GAPDH, and β-Actin (Cell Signaling Technology, Danvers,
MA, USA) antibodies were used at a concentration of 1:500.
Goat anti-Mouse IgG (H+L) Secondary Antibody (HRP)

(Cell Signaling Technology, Danvers, MA, USA) was used at
1:2000 concentration. The expression data were normalized to
GAPDH and β-actin.

G. STABILITY ASSAY
AMP-001 (10 μL of 100 μM DMSO stock solution) was
added to 490 μL of the selected matrix. Final concentration
of test compound in the assay is 2 μM and final organic
(DMSO) content in the assay is 2%. Immediately after adding
AMP-001, 50 uL aliquot is taken, and was mixed with 200 uL
of acetonitrile containing Carbamazepine as internal standard
(10 ug/mL). Remaining 450 uL reaction is incubated at 37 °C,
and at various time-points (0, 1, 2, 4, 6, 24 hours) aliquots
were withdrawn and the reaction was stopped with acetonitrile
as an internal standard. Precipitated protein was removed by a
brief centrifugation and the supernatant was analyzed by LC-
MS/MS. Compound stability was calculated and reported as
% PCR (% parent compound remaining relative to untreated
control, (% PCR = (“nth” minute sample area ratio/zero-
minute sample area ration) x 100 (PCR = Percent parent
compound remaining; n = specific time-point), Area Ratio
= (Analyte Area in LC-MS/MS)/(internal standard Area in
LC-MS/MS).

H. STATISTICAL ANALYSIS
All reported results were from three independent experiments
performed in triplicate. The unpaired two-tailed Student’s t-
test was employed for statistical comparisons between groups,
where a p value < 0.05 indicated a statistically significant
difference between values. The data were displayed as the
average ± standard deviation.

III. RESULTS
A. CELL VIABILITY AND DRUG ADMINISTRATION
As a proof of concept in verifying the effect of AMP-001 on
GBM cell line, LN229, an IC-50 assay was conducted. LN229
cells were plated at a concentration of 5 × 105 cells/mL
and treated with AMP-001 in dilution. MTT indicated that
the IC-50 for AMP-001 on LN229 GBM cells was 52 μM
(Fig. 1). This is within the range of other approved drugs by
the FDA for cancer chemotherapy treatment [31]. AMP-001
was used alone or in combination with TMZ at a concentration
of 300 μM [18]. Control microwells went untreated and were
allowed to grow unhindered by any manipulation.

To understand the proposed drug’s effect on the 3D
spheroids, cell viability assay was performed after the drugs
were introduced. As shown in (Fig. 2(a)), the drug treatments
resulted in a decrease in spheroid diameter and therefore also
decreasing the viability of cells, with AMP-001 most strongly
decreasing cell viability (p < 0.01). The cell viability of the
spheroids after 7 days of treatment were normalized to the
viability of the control group and determined to be 19.94
± 2.98% after AMP-001, and 45.45 ± 1.54% after TMZ
treatment. The data demonstrated that the novel AMP-001
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FIGURE 1. IC-50 of AMP-001 in LN229 cell line, via MTT colorimetric assay.
The concentration related to the 50% survival of total LN229 cells as
determined to be 52 μM. Student’s T-test conducted, where data represent
the mean ± SD of three biological replicates, p < 0.05.

FIGURE 2. Representative images of treated GBM spheroids in PEGDA
microwells. (a) Representative images of LN229 cells in the PEGDA
microwells (400 μm) after 7 days of drug administrations: Control, TMZ,
and AMP-001. Effects of the drug treatment were visualized by the
disaggregation of the dead cells on day 7 of treatment. X20 objective.
Scale bars, 100 μm. (b) Normalized viability of LN229 cells after treatment
using trypan blue staining. Data represents the mean ± SD of three
biological replicates. Student’s T-test was conducted between biological
groups. ∗ indicates p < 0.01.

FIGURE 3. Drug treatment results in RT-qPCR BAX/BCL-2 (ratio >1). Real
time qPCR fold-change results, in BAX to BCL-2 ratio, normalized to the
control (=1). Ratios >1 indicate an increase in ratio from the control,
upregulation of cell death pathways, and downregulation in cell survival
pathways. Data represents the mean ± SD of three biological replicates. A
student’s T-test was conducted between each biological group. ∗ indicates
p < 0.05.

treatment was more effective than using chemotherapy gold
standard, TMZ treatment, at a lower dose.

B. GENE EXPRESSION STUDIES
To understand the changes in the key apoptotic markers BAX
and BCL-2 after drug treatment, gene expression analysis was
completed.

LN229 cells were seeded in the aforementioned microwells
at 0.2 × 106 cells/mL, cultured into spheroids for 7 days
and treated. Using RT-qPCR, gene expression analysis was
assessed. An increase in BAX expression and a decrease
in BCL-2 expression was observed in the treatment groups
in comparison to the control. This subsequently lead to a
BAX/BCL-2 ratio of greater than 1 for all treatment groups
(Fig. 3), with the AMP-001 group showing the highest ratio
at 1.82 ± 3.4%, in comparison to TMZ at 1.75 ± 4.1%, when
normalized to expression of the control group (Fig. 2).

C. WESTERN BLOT
Confirmation of qPCR results, studying sensitization-
indicative genes, was conducted with western blot. The ex-
pression of BAX (cell death indicator), in comparison to the
control group and normalized by the intensity of GAPDH,
increased in AMP-001 by 35%. BCL-2 (cell survival indica-
tor) expression minorly increased, in the combination treat-
ment group, by 2%. A p value of less than or equal to 0.05
was calculated for all groups, demonstrating significance in
the difference of expression. When converted into a ratio of
BAX/BCL-2 (Fig. 4(a) and (b)), the overall increase from the
control group was 32% for AMP-001, reflecting a ratio of
1.32. NF-κB (p65) expression decreased in the treated cells by
45%, while CD95 increased by 21% from the control group.

For further mapping of the affected protein expression path-
ways, NF-κB (p65) and CD95 were investigated post AMP-
001 treatment, versus a control (Fig. 4(c), (d), and (e)). NF-κB
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FIGURE 4. Effect of AMP-001 and TMZ on protein expression. BAX and
BCL-2 activity (normalized by GAPDH) in LN229 spheroids treated with or
without AMP-001, collected from the microwells and subjected to western
blot as visualized by (a) raw blot and (b) a graph of the BAX/BCL-2 ratio.
(c) NF-κB (p65) and CD95 (normalized by GAPDH), as well as P-IKB-a and
IKB-a (normalized by B-actin) representative immunoblots. The (d) (e) fold
change ratios for NF-κB (p65) and CD95 and (f) phosphorylated versus
total IKB-a expression ratios. Student’s T-test conducted, where data
represent the mean ± SD of three biological replicates. ∗ indicates
p < 0.05.

FIGURE 5. Stability of AMP-001 in human and mouse plasma using LC-MS.
(a) The peak area under AMP-001 did not change significantly up to 24
hours in human plasma, (b) stability of control procain in human plasma
which gets degrades in 5 mins, p < 0.004, n = 4.

(p65), representative of cell survival, demonstrated a signifi-
cant 45% decrease in AMP-001 groups in comparison to the
control. CD95, indicative of cell apoptosis, showed a signifi-
cant 21% increase in AMP-001 groups versus the control.

Finally, to verify NF-κB inactivation in AMP-001 treated
groups, the phosphorylation of IKB-a was studied. AMP-001
treated spheroids demonstrated a 24% decrease in expression
of p-IKB-a, divided by total IKB-a expression, in comparison
to control groups (Fig. 4(c) and (f)).

D. STABILITY OF AMPS
Stability of drugs in either serum or in blood plays an im-
portant part of the drug design so that there is a sufficient
concentration of the drug that circulates in the blood stream
for long time enough to reach the tumor. Stability assessment
also reveals the presence of potential metabolites and their
clearance.

We have investigated stability of AMP-001 after incubation
with both human and mouse plasma for greater than 24 hours.
Procaine as a reference compound was used and the sta-
bility was quantified using LC-MS/MS method, specifically
developed and calibrated for stability assay. Fig. 5(a) shows
time-dependent stability of AMP-001 over 24hours which is
graphically depicted in Fig. 5(b). On the contrary, the control
Procaine degraded very fast in few minutes (Fig. 5(c)).

IV. DISCUSSION
GBM is highly treatment resistant due to activating path-
ways which promote cell survival and deactivating those that
promote cell death. TMZ, its gold standard chemotherapy
treatment, is non-specific, leading to damage of important
surrounding tissues. Both factor into a high recurrence prob-
ability and overall low survival rates. Care must be improved
to increase the quality of life for GBM patients. Screening of
drugs through the microwell platform allows for an in vitro,
fast comparison of outcomes and analysis of the mechanisms
behind triggering apoptosis in treatment resistant cells. AMP-
001, which has been shown to have the possibility to treat
other cancers as in prostate, lung, and triple negative breast
cancer (TNBC) [20], [21], was proposed to have a potential

VOLUME 4, 2023 255



MENDIETA et al.: TARGETED SENSITIZATION OF GLIOBLASTOMA MULTIFORME USING AAAPT TECHNOLOGY

to treat GBM through similar mechanisms. In the case of
discovering a new drug like AMP-001, utilizing the microwell
assay allows for efficient screening to verify its capabilities as
a targeted tumor sensitizing agent. This is especially true, in
that the use of spheroids which have been shown to be efficient
to generate and act as an accurate representation of tumors
in vivo. 3D culturing recapitulates characteristics of in vivo
tumors such as cell–cell and cell–ECM interactions, nutrient
and oxygen gradients, and layers of cell populations, gene
expression and activation of cell signaling pathways [32].
Accuracy on the lab bench will help to translate the results
more precisely to patient treatment.

By understanding the desensitization mechanisms in tu-
mors which inactivate or downregulate specific cell death
pathways and reactivate cell survival pathways, drugs can
also be designed to induce sensitization more specifically in
cells which show low response to therapy. Specificity means
decreased cardiotoxicity, which is beneficial since systemic
desensitization can induce poor outcomes such as neurode-
generation, myelosuppression, and more, without much pos-
itive contribution to cancer survival [33], [34], [35]. This is
how AAAPT, AMP-001 has been shown to serve in potential
chemotherapy regimens. AMP-001 spares normal cells from
off-target effects, by releasing the drug near tumor sites and
only activating upon the cleavage of its valine-citrulline link.
This linkage is only cleavable by tumor-specific biomolecule
Cathepsin B, which is highly upregulated by malignant tumors
in comparison to normal tissues and becomes attached to
the tumor surface [36], [37], [38], [39]. Furthermore, due to
its pegylation AMP-001 is water soluble, enhancing it’s by
keeping it intact in blood circulation until reaching pertinent
tumor cells [20], [21]. The BAX/BCL-2 ratio is a well-known
identifier of such capabilities and can act as a proof-of-concept
biomarker for the effectiveness of new chemotherapy propos-
als. Observing an increase in the ratio to a value above 1, sig-
nifies a higher value of BAX (apoptosis pathways triggered)
expression than BCL-2 (cell survival pathways triggered) ex-
pression, meaning that the drug is able re-sensitize the cells
[24], [25]. In our previous studies, TMZ has shown to have
this effect, especially in synergy with NF-κB inhibitor, BAY-
11-7082 [18]. For this reason, the BAX and BCL-2 biomark-
ers were chosen to observe in both RT-qPCR and western blot.
NF-κB (p65) and p-IKB-a, as well as CD95 were also chosen
as biomarkers in that they too play a role in resistance to cell
death and cell death signaling, respectively. Damage to DNA
initiates NF-κB (a complex of heterodimers, RelA/p65 and
p50) to orchestrate DNA repair by acting as a transcription
factor, ultimately aiding cell survival [40]. The presence of
IKB inhibits NF-κB expression, but the phosphorylation of
IKB-a is known to degrade IKB [41]. Therefore, p-IKB-a
expression results in cell desensitization, although it must be
viewed with respect to the overall IKB-a protein expression
to demonstrate that the change in phosphorylated protein is
not due to variation in total protein across treatment groups.
CD95 is triggered by CD95 ligand, setting off caspase-3 and
8 to promote cell death [42].

Before gene and protein expression studies, the IC-50 was
determined in order to utilize the lowest effect concentration
possible in our study. Although AMP-001 is meant to be spe-
cific, reducing the drug concentration should result in further
reducing the potential of off target effects. An MTT assay
following the treatment of GBM cells with AMP-001, deter-
mined that a 52 μM concentration would be enough to cause
apoptosis in half of the cells available. This is in comparison to
the 300 μM concentration, previously determined to be neces-
sitated by the TMZ treatment. Similarly in previous AAAPT
studies, 50 μM was determined as the IC-50 in other cancers
[10]. Further testing may be done to optimize the concentra-
tion of AMP-001 for GBM alone or in synergy with another
drug. Trypan blue staining of GBM spheroids treated with
AMP-001 or TMZ revealed that there was a steeper decrease
in the number of cells which survived in the presence of both
AMP-001. When normalized to the control for comparison,
only about 20% of the AMP-001 treated cells survived at the
treatment 7-day mark. It can also be observed via imaging,
that the spheroids became less tightly bound and dispersed
at a faster rate in the AMP-001 treated biological group than
in the other groups. This is similar to the results from our
previous studies, indicating that the cell death following TMZ
can be improved. The significance of the novel drug AMP-001
demonstrating higher cytotoxicity in GBM cells is that it may
be able to replace TMZ, at a lower concentration, and systemic
toxicity can be avoided.

Cancer cells which demonstrate a sensitivity to drug treat-
ment are believed to have triggered a cell pathway altering
the expression of BAX and BCL-2. The two genes have been
shown to previously correlate inversely: BAX as an indica-
tor of sensitivity to apoptosis and BCL-2 as an indicator of
resistance. Previously, we have demonstrated using microw-
ells in our lab that TMZ and BAY-11-7082 in combination
trigger such a response in GBM, leading to an increase in
cell death. Ratio values greater than 1 relay the increase in
BAX expression, or cell death pathway down regulation, and
a relatively lower BCL-2 expression, indicating cell survival
pathway upregulation. Using RT-qPCR, AMP-001 was found
to cause an increase in the BAX/BCL-2 ratio, significantly,
from the control.

Under western blot, the AMP-001 treated sample group
reflected an increase in BAX expression, and slight in-
crease in BCL-2 expression, resulting in an overall increased
BAX/BCL-2 ratio, which matches our RT-qPCR result. From
prior experiments in our lab, it has been found that TMZ
both induces cell death and increases the BAX/BCL-2 ratio,
just as AMP-001 treatment has shown in this study. Yet, the
concentration of the AMP-001 treatment is more targeted and
smaller in dose. Further investigation of the protein expres-
sion pathways via western botting included NF-κB (p65),
p-IKB-a, and CD95. Phosphorylated IKB-a is initially upreg-
ulated in cancers to degrade IKB-a and subsequently activate
the NF-κB pathway. Upregulation of NF-κB is common in
GBM to evade treatments such as those that methylate DNA
[43]. Cancer cells tend to obtain advantages to survive during
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tumor growth by decreasing their sensitivity to CD95-induced
apoptosis, often by downregulating CD95 expression [44].
The AMP-001 treated group indicated cell sensitization via
the down regulation of NF-κB (p65), which was verified by
the phosphorylation of IKB-a (relative to total IKB-a) expres-
sion. Cell sensitization was also indicated by an upregulation
of CD95 expression. RT-qPCR and western blot data, paired
with the cell viability data, demonstrates a correlation between
AMP-001 triggering the investigated pathways and cell death,
leading to the conclusion that the cells were likely sensitized
via the AMP-001 treatment.

The translation of preclinical to potential clinically viable
drug mainly depends on the stability of the drug in either
serum or blood in situ and further in vivo. Our preliminary
data on AMP-001 subjected to time dependent quantification
of the remaining AMP-001 intact for 24 hours in human serum
clearly indicates that AMP-001 did not undergo any signifi-
cant degradation in sera. On the contrary, the control Procain
degraded fast to show that stability assessment was carried out
in control conditions.

V. CONCLUSION
Here, we have developed a rapid proof of concept study, us-
ing our previously developed microwells, for the novel drug,
AMP-001. AMP-001has shown promise as a re-sensitizing
drug for lung and breast cancers. In this study, we con-
firmed that AMP-001 could be used as a promising thera-
peutic approach for GBM, compared to chemotherapy gold-
standard, Temozolomide, at only about 17% of the dosage.
Thereby, off-target effects may be reduced at greater effec-
tiveness and patient survival rate may also improve. Future
studies should aim to increase knowledge of the pathways
triggered by AMP-001, such as recent findings that support
the activation of NF-κB by eEF2K in most cancers, there-
fore rendering it a possible therapeutic target [45], [46], [47].
Studies may also aim to optimize the treatment for delivery
to the blood-brain barrier, and to dynamically co-culture cells
with other important tissues to further investigate the speci-
ficity of mechanisms which serve to decease off-target effects
[48], [49], [50], [51].
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